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1Introduction to Physiopathology, 
Vascular, and Imaging 
Investigations in Skin Necrosis

Luc Téot

Skin necrosis is a consequence of local devascu-
larisation, induced by multiple causal factors 
like infection, macroangiopathy or microangi-
opathy, hyperpressure coming from outside or 
inside, or high-velocity trauma (Figs.  1.1, 1.2, 
1.3, 1.4, 1.5, and 1.6). Necrosis is a consequence 
of cascades of events starting on the venous side 
and then blocking the arterioles and larger 
arteries.

Most of the time, the clinical context is clear 
enough to determine the origin of the necrosis 
and the potential risks of extension to the depth 
or over the surface. In this part, the authors 
resume the present knowledge on how necrotic 
tissue develops, which capacity of reperfusion 
can be expected, how to explore the extent of the 
necrotic process, and predominantly the vascular 
investigations mandatory prior to determining a 
debridement strategy. The capacity to properly 
treat ischaemic limbs as emergencies, revascular-
ise segments of limbs (lower limbs predomi-
nantly), and prevent amputation is a real progress, 

allowed by early diagnosis and accurate strate-
gies of revascularisation, using innovative per-
forming stents and distal bypasses. In the same 
time, necrotic and devascularised tissues repre-
sent a potential risk for the vascular surgery itself, 
imposing a local debridement contemporary to 
the revascularisation procedure.

Keeping in mind that a freshly revascularised 
limb will take some days to eliminate oedema 
and inflammation stuck into the tissues, the risk 
of renecrosis remains during this period of time. 
Amputation itself may be the cause of hyperpres-
sure of the suture edges, and the problem of leav-
ing a transmetatarsal amputation open is posed, 
especially due to the emerging capacities of 
negative- pressure wound therapy (NPWT) to 
help local angiogenesis and improve the local 
granulation tissue. Imaging investigations are 
needed to define the limits of vascular and tissu-
lar damages, beyond which debridement is not 
any more possible or at risk of renecrosis issuing 
to an amputation.
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Epidermis and dermis

Vertical terminal arterioles

Longitudinal vessels

The transverse terminal arterioles form an area of vascular fragility. Any excessive mechanical force exerted
on them (coming from outside like in PU of inside like in dissecting haematomas) will crush the subcutaneous
fatty tissue layer, decreasing the skin perfusion.
Deeper, a blockade of longitudinal arteries or of venous return induces a complete devascularisation of the
angiosome

Fig. 1.1 The vascular anatomy of the skin explains necrotic events of the skin

1
Slowing of the arterial flow

2
Distal veinule thrombosis

Progressive venous blockade

3
Distal arteriolar thrombosis
Progressive arterial blockade

Fig. 1.2 Sequence of skin necrosis formation

L. Téot
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Hyperpressure
from outside

Trauma

Hyperpressure induces vascular thrombosis, depending on the exerted forces:
the necrotic process remains just limited to the skin 
or the underlying structures may be involved 

Hyperpressure from
internal cause:

Bone,
Haematoma, Abdominal

hyperpressure

Fig. 1.3 Effect of Hyperpressure on skin tissues

Modified ECM due to transvasation
 from venous hyperflow. Skin necrosis

Arterial insufficiency linked to vessel wall thickening

Fig. 1.4 Mixed predominantly arterial leg ulcer

1 Introduction to Physiopathology, Vascular, and Imaging Investigations in Skin Necrosis
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Fig. 1.5 Skin necrosis 
due to vascular 
thrombosis

Fig. 1.6 Circulating toxin leading to tissue distruction

Open Access This chapter is licensed under the terms of the Creative Commons Attribution- NonCommercial- 
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2Dry Necrosis, Wet Necrosis: When 
to Debride, When Not to Debride

Luc Téot and Sergiu Fluieraru

2.1  Introduction

Skin necrosis is a result of several factors.
Ischaemia of a skin territory leads to venous 

congestion, which blocks microcirculation. The 
damage caused may remain reversible for a few 
hours, but 6 h or more of ischaemia leads to an 
irreversible situation and tissue loss. Several fac-
tors contribute to ischaemia. The most common 
is thrombosis of small arterioles, which progress, 
together with regional inflammatory processes, 
to devascularisation of a defined anatomical terri-
tory (angiosome) during the spreading of infec-
tions, necrosis is linked to the destructive effects 
of germs, which induce tissue damage by simple 
germ proliferation or induce vessel thrombosis. 

The germs may also secrete toxins, which are 
diffused inside the arteriolar and capillary vascu-
lar systems. This leads to rapid obstruction of the 
vessels by chemical intimal and subintimal 
lesions, causing necrosis of large territories 
involving not only the skin but also the underly-
ing muscles, tendons and bones.

2.2  Dry Necrosis

Subdermal necrosis may be induced by excessive 
pressure, leading to a mechanical crush. This is 
the most common factor in pressure ulcers and 
diabetic foot ulcers. In this situation, successive 
stages of skin necrosis can be observed—a situa-
tion reflected in the non-blanching stage 1 pres-
sure ulcer following the National Pressure Ulcer 
Advisory Panel (NPUAP) classification, which 
probably corresponds to a prenecrotic stage. This 
is also observed in extravasation injuries [1].

Necrotic tissue and the normal skin with 
which it is in contact are both adherent to each 
other for a period of time of around 1 week. The 
crust that develops, including epidermis and der-
mis, is a mechanical obstacle to the germ pene-
tration. After some time, a separation starts from 
the edges where the crust is in contact with the 
living tissues. The process starts with a fissure 
occurring between living and necrotic tissues, 
initiated by a difference in mechanical resistance 
and elasticity. This dissociation creates the “elim-
ination fold”, allowing the germs to penetrate 
deeply and to destroy the mechanical links 
between dead and living tissues. These germs 
proliferate in the subdermal fatty tissues. In large 
burns, the dissemination of germs all over the 
involved area is the main cause of death.

The time to complete the necrosis may vary 
from 6 h to 2–3 days, depending on the state of 
vascularisation of the limb and the exposure to 
air. It may be more progressive, such as observed 

L. Téot (*) · S. Fluieraru 
Wound Healing Unit, Department of Surgery, 
Montpellier University Hospital, Montpellier, France
e-mail: l-teot@chu-montpellier.fr

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-60954-1_2&domain=pdf
https://doi.org/10.1007/978-3-031-60954-1_2#DOI
mailto:l-teot@chu-montpellier.fr


8

during terminal limb ischaemia or during angio-
dermatitis. Microvascular impairment, autoim-
mune vasculitis, macroangiopathy and venous 
blockade are the most frequent causes, together 
with infection and microarterial emboli.

Other toxins and venoms may be secreted by a 
series of different animals (snails, mosquitoes) 
and may create an intense local inflammatory 
process leading to localised skin necrosis com-
bined with an extensive subepidermal tissue deg-
radation [2].

2.3  Wet Necrosis

Epidermal-dermal necrosis may rapidly appear at 
the skin surface. However, in some areas, such as 
the foot or when the depth of keratinised epider-
mis is thick, the necrotic tissue may resemble a 
subepidermal collection. This is partly because of 
the Tyndall effect—a light scattering observed 
when particles are present in colloid suspension, 
with blue light being much more strongly affected 
than red light.

When mature, this subdermal necrosis is eas-
ily confused with a deep haematoma. This situa-
tion is often observed on the heel. When the 
wound macerates, a wet necrosis may be 
observed, without any crust covering the necro-
sis. This situation is easily infected, with the 
mechanical protection of the crust being absent. 
Dermal necrosis may be present during a severe 
infection such as necrotising fasciitis, where the 
presence of germs secreting highly active toxins 
quickly involves all surrounding tissues and cre-
ates a regional progressive necrosis, a spreading 
infection rapidly leading to a septicaemic life- 
threatening shock. The proliferation of germs is 
facilitated inside the fatty tissue, such as in 
Fournier gangrene involving the perineal area 
and progressing very quickly in the perineum and 
under the abdominal skin.

In some situations, the necrotic tissue pres-
ents as wet, usually when necrosis is covered 
with damp dressings, allowing anaerobes to 
develop. This wet necrosis is often seen on the 

heel or other parts of the foot, the perineum, 
and places where maceration usually occurs. 
Wet skin necrosis is considered to be at high 
risk of local infection and should be quickly 
removed.

2.4  Debridement

 1. Evidence-Based Medicine
When analysing the literature from an 
evidence- based point of view, the Cochrane 
review considers that debridement has not yet 
demonstrated its efficacy. Nevertheless, most 
of the practitioners and paramedics involved 
in wound healing recognise the beneficial 
effect of debridement.
Skin necrosis is not infected for the first few 
days but becomes heavily colonised when the 
edges are dissociated from the healthy skin. 
The time effect depends on a number of fac-
tors, grouped under the name of comorbidity 
markers. These markers may define the capac-
ity of the patient to heal. Some of them, such 
as ankle brachial pressure index, albuminae-
mia, glycated haemoglobin and blood pres-
sure measurement, are easily collected. 
Others, such as inflammatory markers or evo-
lution with time of the wound healing process 
(surrogate end point), should be accurately 
determined.

 2. Indications and Contraindications of 
Debridement
Debridement in leg ulcer or heel pressure 
ulcer is only indicated when the limb is vascu-
larised enough to prevent renecrosis on the 
edges of the wound. Lower limbs presenting 
an ankle brachial pressure index (ABPI) lower 
than 0.5 should not be debrided. When the 
ABPI is over 0.5, the debridement should fol-
low an algorithm depending on multiple fac-
tors such as accessibility to surgery, 
availability of expertise in the use of advanced 
dressings such as hydrogels, hydrobalance or 
new debriders. Wet to dry techniques are not 
recommended any more.

L. Téot and S. Fluieraru
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2.4.1  Algorithm of Debridement 
(Fig. 2.1)

The strategic decision of debridement is multi-
factorial and should take into account local and 
systemic factors.

Depending on the first assessment, the 
debridement is possible or not. If the local vascu-
larisation has not been checked, debridement is 
not recommended. If the patient is in a palliative 
situation, debridement is not recommended.

When debridement is possible, determine if a 
surgical debridement is needed and transfer the 
patient to an expert surgical team. If local avail-
ability of sharp debriding agents like scalpel or 
curette is poor or if expertise of the caregiver is 
poor, do not debride. In most of the situations, a 
large choice of solutions exists and can be used, 
depending on the local skills and the technical 
availabilities.

During a post-operative period after flap sur-
gery, when the skin flap becomes necrotic, a sur-

gical revision removing the necrotic areas is 
required.

2.4.2  Dissecting Haematomas

In the presence of spreading extended necrotic 
areas, an adapted debridement should be quickly 
proposed. In necrotising fasciitis, extravasation 
injuries, haematomas or Fournier gangrene, a 
large and extensive surgical debridement, includ-
ing the edges of undermined cavities (decap pro-
cedure), is needed and must be considered as an 
emergency. The immediate post-debridement 
period should consider the need for repetitive 
debridement procedures when infection is still 
present. New debriders such as Versajet or 
NPWT Instill with VCC foam are useful in 
destroying local germs and preventing biofilm 
formation.

In the case of necrotising angiodermatitis, 
pain and skin necrosis may need surgical 

Fig. 2.1 This algorythm of surgical debridement describes the different possible strategies including or not a surgical 
debridement and when to redebride

2 Dry Necrosis, Wet Necrosis: When to Debride, When Not to Debride
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 debridement and rapid skin grafting using pinch 
grafts to stop pain.

Pressure ulcers are common causes of necro-
sis, particularly in the perineal area and over the 
heel. On the perineal area, undermining is fre-
quently observed, as a consequence of the shear-
ing forces exerted on the skin. The skin is more 
mechanically resistant than the underlying struc-
ture, with a relatively small opening covering a 
large undermined area being frequently observed. 
In this situation, all hidden cavities need to be 
opened to expose living edges. The granulation 
tissue and retraction are more rapidly obtained. 
Excision of the cover (decap surgery) by non- 
surgeon means is an option, but deep excisions 
along the undermined area are realised by sur-
geons (Figs. 2.2, 2.3, and 2.4). Concerning heel 
PU, a vascular assessment is mandatory (pedal 
pulse absence is the first sign and should indicate 
ABPI and Doppler ultrasound, and in case of 
arteriopathy, a vascular surgery consultation is 
needed to prevent renecrosis of the edges before 
any mechanical debridement). An ABPI below 
0.5 is a contraindication to debride. Poor vascu-
larisation, end-of-life and palliative situations are 
contraindications to surgical debridement.

Toe necrosis in diabetic foot ulcers realises a 
complete dry necrosis, and mummification can be 
recommended (spontaneous evolution towards 
spontaneous amputation). Below the second meta-

Fig. 2.2 Heel pressure ulcer: a spreading infection is 
observed some days after the necrotic tissue appeared

Fig. 2.3 A tigh haematoma presenting an “iceberg-like” 
situation. The necrotic skin hides a large undermined zone 
of dissecting blood, source of potential infection

a b

Fig. 2.4 (a, b) Progressive necrosis of the distal phalanx in a renal insufficient patient submitted to an arterial thief after 
arteriovenous fistula for haemodialysis

L. Téot and S. Fluieraru
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tarsal joint, plantar ulcers present as a skin necro-
sis reduced to a small black spot with a large cavity 
behind, with the foot becoming oedematous and 
inflammatory. Pus may leak from different zones 
on the foot, the dorsal aspect, the interdigital webs 
or from any necrotic area. Early surgical debride-
ment may prevent amputation if carried out rap-
idly, in close collaboration with the vascular 
surgery team in order to prevent amputation.

2.5  How to Manage Skin 
Necrosis

 1. Wet to dry is a technique used in the past to 
eliminate debris on the wound.
Classically, the technique involves applying a 
wet gauze soaked in sterile water and waiting 
for its desiccation. When dry, it will be 

removed together with crusts, pus and debris. 
This painful technique will harm the granula-
tion tissue, inducing local haemorrhage, and 
should not be used any more.

 2. Which techniques can be proposed? (Fig. 
2.5)
Multiple technologies are now available for 
debridement. At home, grating, scalpel and 
syringe water projection under pressure can 
be easily utilised, as well as adsorbing and 
moisturising dressings. In advanced wound 
care centres, hydrojets or NPWT Instill plus 
VCC foam can be proposed.
Progressive Autolytic Debridement
Conservative solutions such as dressings pro-
viding moisture (autolytic debridement) will 
induce a progressive release and detachment 
of undesired tissues over the wound. 
Hydrogels are the most used dressing at home, 

Curetage

Section 

Enzymes

Hydrojet-aspiration

Syringe 

Adsorbing 

Dressings

Moisturizers

NPWTI+VCC

NPWT I +VCC

Maggots

Fig. 2.5 Multiple techniques are available for debride-
ment, depending on the availability and the skill to use 
them. Negative-pressure wound therapy instillation plus a 

specific VCC foam has recently demonstrated its capacity 
to debride large cavities

2 Dry Necrosis, Wet Necrosis: When to Debride, When Not to Debride
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a b

c d

Fig. 2.6 (a–d) Midtarsal amputation after a failing flap in 
a young diabetes type 1 patient 42 years old; high level of 
comorbidities. Amputation could be prevented using local 

application of silver sulfadiazine plus cerium nitrate for 
11 consecutive months

with the nurse moisturising the wound 1 day 
and gently removing the sloughy tissue the 
next. This less painful technique allows a bet-
ter psychological management; curettage of a 
leg ulcer every 2 days induces pain impacting 
the quality of life. Mechanical debridement 
remains extremely painful and should be re- 
evaluated in the light of the new dressing per-
formances, the capacity to remove 
metalloproteases from the wound surface and 
using local irrigating fluid. Negative-pressure 
wound therapy was proposed as a possible 
treatment for soft necrotic tissue [3].

 3. Preventing Elimination Folds Around Skin 
Necrosis: Playing the Dry Card

Flammacerium, an antibacterial cream composed 
of silver sulfadiazine and 0.2% cerium nitrate, 
offers a solution involving stopping all possi-

bilities for germs to penetrate the edges of 
necrosis and stabilising the crust in order to 
transform it into a protective calcified armour 
against infection. The dry necrotic process is 
stuck in its evolution and no longer becomes 
infected (Fig.  2.6). Flammacerium was ini-
tially proposed as a barrier to germ penetra-
tion in third-degree burns [4] and then 
proposed for arteriopathic necrotic wounds 
when revascularisation is not possible to limit 
or prevent amputations [5]. When applied 
onto extensive areas such as an 80% third- 
degree burn surface, methemoglobinaemia 
may cause life-threatening damage [6]. Blood 
dosage of methemoglobinaemia is required in 
these specific situations, but this has not yet 
been described for wounds presenting small 
surfaces [7].

L. Téot and S. Fluieraru
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2.6  Conclusion

Necrosis may present under a dry aspect, evolv-
ing spontaneously towards wet necrosis, depend-
ing on the local bacterial status. Each situation 
should be evaluated clinically in the context of 
the patient, taking care of the comorbidities, the 
vascularisation of the segment of limb and the 
availability of resources.
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3Ischemia/Reperfusion: A Potential 
Cause of Tissue Necrosis

Poon Apichartpiyakul, Raj Mani, 
Supapong Arworn, and Kittipan Rerkasem

3.1  Introduction

Ischemia/reperfusion injury (IRI) is a sequelae 
following the restoration of circulatory flow to an 
ischemic organ. IRI can occur following different 
forms of acute vascular occlusion, for example 
acute myocardial infarction, stroke, limb isch-
emia, free-tissue transfer, and organ transplanta-
tion [1]. Injuries can manifest from both local 
and systemic effects, ranging from tissue edema, 
dysfunction, and necrosis to multi-organ failure. 
The pathophysiology of IRI includes the trigger-
ing of cellular oxidative stress and inflammatory 
response. Cellular oxidative stress and inflamma-
tory response are caused by reactive oxygen spe-
cies (ROS) overproduction in mitochondria. 
There are several preventative interventions in 
IRI that have shown beneficial outcomes in 

in  vitro, in  vivo, and clinical studies [2]. This 
chapter focuses on tissue necrosis, which is a 
potential local manifestation of IRI.

3.2  Pathophysiology

Tissue ischemia/reperfusion injury (IRI) mani-
fests in either local or systemic effect. Local 
effect such as tissue necrosis from IRI can be 
found from skin to bone and muscle. Etiologies 
of IRI-involved muscle and skin necrosis are 
found in acute tissue ischemia of musculoskeletal 
system such as tissue free-flap transfer and acute 
limb ischemia, which receives immediate resto-
ration of blood supply. Systemic effects can range 
from remote organ injury to multi-organ failure. 
IRI is a consequence of two phases of injuries. 
The initial ischemic phase, microcirculation to 
the affected tissue, has been occluded by masses 
of platelets in postcapillary venules [3]. Local 
effects, such as skeletal muscle necrosis during 
tissue ischemia in low collateral blood flow, were 
also detected in skeletal muscle model of IRI [4]. 
Muscle edema and systemic effects, which are 
observed in later phases, are not evident at this 
phase [5]. The reperfusion phase then follows, 
leading to further tissue damage. In this phase, 
despite successful revascularization of ischemic 
tissue, tissue perfusion is decreased compared to 
during its pre-ischemic state. This has been seen 
in acute myocardial infarction tissue, where up to 
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50% of myocardial microvasculature remained 
non- perfused, an event known as a “no-reflow 
phenomenon” [6, 7]. These findings could be 
caused by intravascular hemoconcentration and 
thrombosis, which leads to further tissue malper-
fusion. In the reperfusion phase, tissue necrosis, 
edema, and muscular contractile dysfunction are 
increased dramatically during reperfusion, in 
comparison to ischemic period [4, 8, 9]. Lactic 
acidosis, rhabdomyolysis, and increased pro-
inflammatory cytokines were also observed in 
previous studies, which are affect to systemic 
organ during skeletal muscle IRI  
[5, 10, 11].

Pathology in cellular level from IRI originated 
from triggering oxidative stress and inflamma-
tory response. There are studies that mimic 
human skeletal muscle in order to investigate 
subcellular and cellular pathophysiology. In vitro 
and in vivo studies have demonstrated that sev-
eral intracellular molecules are involved in the 
inflammatory cascades of IRI. At a cellular level, 
mitochondrial dysfunction plays a crucial role in 
the pathogenesis of IRI [12]. Mitochondrial func-
tions define as adenosine triphosphate (ATP) pro-
duction, reactive oxygen species (ROS) 
generation, detoxification, metabolite synthesis, 
catabolism, and regulation of apoptosis. During 
tissue hypoxic period, ATP, a major source of 
energy and produced by oxidative phosphoryla-
tion, is depleted [12]. Moreover, IRI has been 
shown to shift mitochondrial dynamics toward 
mitochondrial fission, resulting in cellular apop-
tosis [13]. Under conditions of ischemia, xan-
thine dehydrogenase (D-form) is changed to 
xanthine oxidase (O-form), resulting in increased 
ROS generation [14]. These excessive ROS lev-
els result in cellular oxidative stress, which leads 
to protein carboxylation, lipid peroxidation, and 
DNA damage. Furthermore, ATP depletion 
induces the translocation of Bax, Bad, and Bcl2 
proteins to the mitochondrial membrane, which 
results in mitochondrial swelling and mitochon-
drial fission [15]. Additionally, an increase in 

intracellular calcium ions (Ca2+) level during 
ischemia may alter mitochondrial permeability 
transitional pores (mPTPs) from a transient to a 
persistent opening state. The opening of the 
mPTPs allows the efflux of ROS and cytochrome 
c into the cellular matrix, and the influx of the 
Ca2+, leading to mitochondrial swelling and 
membrane rupture, thus causing cellular apopto-
sis in the cells [16].

In clinical studies, there are different presenta-
tions during ischemia and reperfusion phases. In 
the ischemic phase, local effects in skeletal mus-
cle tissue such as decreased intramuscular blood 
flow and increased cellular acidosis were 
observed [17]. In the case of systemic effects, 
oxidative stress and inflammatory markers from 
the peripheral blood samples were increased 
[18–24]. Leukocyte activation, leukocyte- 
adhesion molecules, and oxidative stress param-
eters such as glutathione and free sulfhydryl 
groups increased to a greater extent during the 
reperfusion phase than in the ischemic phase 
[18]. Local effects during the reperfusion phase 
were observed as cellular endothelial dysfunction 
as indicated by decreased brachial artery flow-
mediated dilatation, which is observed in an 
healthy arm IRI model [19]. Intramuscular acido-
sis was decreased compared to the ischemic 
phase, measured by an increase in inorganic 
phosphate/phosphocreatine ratios, observed from 
31P nuclear magnetic resonance [17]. Skeletal 
muscle injuries including muscle edema, mortor 
dysfunction, and tissue necrosis were also 
observed after 3 h of ischemia [25]. Multi-organ 
failures, such as rhabdomyolysis and increased 
kidney, intestine, and liver injury biomarkers, 
were observed [21, 26]. In addition, preoperative 
rhabdomyolysis, positive fluid balance, poor 
intraoperative back bleeding, and an increase in 
end-organ injury markers were proposed as pre-
dictors of the occurrence of post-reperfusion 
compartment syndrome [20]. A summary of the 
proposed mechanisms in musculoskeletal tissue 
IRI is illustrated in Fig. 3.1.
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Fig. 3.1 Pathophysiology in tissue ischemia/reperfusion 
injury. Abbreviations: ARDS acute respiratory distress 
syndrome; Ca2+ calcium ion; Cytc cytochrome-C; mt 

mitochondria; mPTP mitochondrial permeability transi-
tion pore; O2 oxygen; ROS reactive oxygen species; XO 
xanthine oxidase

3.3  Clinical Manifestations

Tissue necrosis after IRI is the end stage of injury. 
Tissue necrosis, including of the skin, subcutane-
ous fat, and skeletal muscle, as a result of IRI has 
been observed in acute limb ischemia and after 
tissue free-flap transfer surgery. Injuries begin 
during the ischemic phase, and more severe dam-
age subsequently occurs in the reperfusion phase. 
Clinical manifestation can be well observed in 
the reperfusion phase. Local changes in the skin 
and muscle resulting from IRI are listed below.

 1. Tissue edema
Following reperfusion of ischemic tissue, 

mild tissue edema can be observed as a result 
of successful restoration of blood flow to the 
affected area. This is a result of fluid shifts 
from intravascular to interstitial spaces by 
endothelial dysfunction. However, if severe 
edema is observed early, venous outflow 
obstruction of the organ/tissue flap should be 

considered. Initial management of tissue 
edema includes elevation and adequate blood 
pressure raising to ensure capillary perfusion 
pressure of the affected tissues. IV fluid and 
blood transfusion should be done to keep sys-
tolic blood pressure at normal range.

 2. Acute compartment syndrome
Sequelae of ischemia/reperfusion injury is 

tissue edema in close space, such as intramus-
cular compartment, where the compartment 
pressure raises enough to compress capillary 
bed and compromise blood supply to tissue, are 
called “acute compartment syndrome.” This 
syndrome is caused by compression of edema-
tous tissue to venous outflow and increased 
venous pressure, which then results in increased 
fluid shifts into interstitial spaces, resulting in 
further tissue edema. The intramuscular pres-
sure gradient overcomes vascular supply to 
skeletal muscle cell. This vicious cycle leads to 
acute compartment syndrome, which is defined 
as tissue malperfusion occurring as a result of 
the intra- compartment pressure overcoming 
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the  vascular bed. Lower extremity compart-
ment syndrome manifests as massive leg 
edema and severe pain of the leg. Intra-
compartment pressure measurement should be 
evaluated if clinical results are inconclusive, 
such as if the patient was unconscious. White 
side method [27] is used to evaluate absolute 
static intra- compartment pressure, which, 
when greater than 30  mmHg, indicates com-
partment syndrome. However, prospective 
studies found that dynamic pressure measure-
ment called “delta pressure,” which is diastolic 
blood pressure minus the intra-compartment 
pressure, has more value in the diagnosis of 
compartment syndrome than static pressure. If 
delta pressure is less than 30  mmHg, acute 
compartment syndrome could be diagnosed 
and therapeutic fasciotomy should be per-
formed to release compartment pressure [28, 
29] as delays in diagnosis and treatment can 
result in muscle dysfunction and tissue necro-
sis. Figure  3.2 shows the patient’s necrosed 
skin after acute compartment syndrome. After 
therapeutic fasciotomy, edematous muscle was 
protruded out of skin.

 3. Tissue Necrosis
End processes of local effects of IRI are 

tissue ischemia and necrosis. These can be the 
result of either process of IRI or delay in treat-
ment of acute compartment syndrome. 
Preoperative factors, such as prolonged isch-

emia, can lead to tissue necrosis after 
IRI. Tissue ischemic time, which can tolerate 
ischemia, is different depending on the type of 
tissue. Summary of ischemic time is given in 
Table  3.1. If necrotic tissue is observed, the 
tissue is irreversible. Treatment should be 
adequate debridement of the necrotic tissue in 
case it will proceed to local infection and sys-
temic bacteremia.

3.4  Treatment and Prevention

Debridement of necrotic tissue is the main treat-
ment of tissue necrosis. Adjudication of tissue 
viability remains primarily dependent on the 
clinical judgment of the healthcare team. Fixed 
mottling skin and noncontractile muscle are signs 
of irreversible tissue damage indicating tissue 
necrosis. Adequate tissue debridement, including 
amputation, until viable tissue is present is 
required if tissue necrosis has occurred. 
Unremoved necrotic tissue can lead to sepsis and 
drain toxic metabolites to systemic circulation. 
There were many investigations in therapeutic 
modalities to prevent tissue IRI.  These have 
shown promised outcome in the prevention of tis-
sue necrosis. Clinical studies in tissue and skin 
necrosis IRI were investigated in free-flap tissue 
and acute limb ischemia patients. Both pharma-
cological and non-pharmacological therapeutic 
interventions are used in studies on secondary 
prevention of tissue necrosis from IRI. Examples 
of preventive strategies, that are currently investi-
gated in tissue necrosis after IRI, are listed in 
Table 3.2. Several preventive interventions have 
shown significant warranty but have not yet been 
investigated in humans [2]. Further clinical stud-
ies are needed.

Fig. 3.2 Skin necrosis caused by acute compartment syn-
drome (above picture). Patient’s muscle was protruded 
after fasciotomy (below picture)

Table 3.1 Maximal tissue ischemia, which leads to 
necrosis, applied from S. Gillani et al. [30]

Type of tissues Ischemic time (normal temperature)
Muscle 4 h
Nerve 8 h
Fat 13 h
Skin 24 h
Bone 4 days
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Table 3.2 Examples of prevention in IRI-related tissue 
and skin necrosis—result from clinical trials

IRI 
models

Pharmacological 
treatments

Non- 
pharmacological 
treatments

Acute 
limb 
ischemia

IV mannitol [31], IV 
antioxidative vitamin 
[32]

Controlled 
reperfusion 
[33–36], RIC [37]

Free-flap IV lidocaine [38], IV 
arginine [39], 
preconditioning with 
sevoflurane [40]

RIC [41, 42], 
NPWT [43]

Abbreviations: IV intravenous; NPWT negative-pressure 
wound therapy; RIC remote ischemic conditioning

3.5  Conclusion and Future 
Research

Musculoskeletal tissue IRI can result in  local 
effects ranging from tissue edema to necrosis, 
leading to systemic effects such as remote organ 
injury to multi-organ failure. The pathogenesis of 
IRI is a consequence of cellular oxidative stress 
and inflammatory responses. To prevent IRI, 
investigators try to block the injuries by remedi-
ating oxidative stress and inflammation. Several 
interventions in the form of pharmacological and 
non-pharmacological treatments can prevent tis-
sue necrosis from IRI.
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4Imaging, Vascular Assessment: 
Extension in Depth and Vascular 
Anomalies

Sadanori Akita, Hideki Ishimaru, 
and Miho Noguchi

4.1  Introduction

Vascular anomalies are comprised of two main 
types: vascular tumors, which include infantile 
hemangioma and other rare vascular tumors in 
both children and adults, and vascular malforma-
tions [1]. Vascular tumors are differentiated from 
vascular malformations based on the clinical 
appearance, imaging, and pathologic characteris-
tics [2]. Examples of vascular tumors include 
infantile hemangioma, congenital hemangioma 
(rapidly involuting congenital hemangioma 
(RICH), partially involuting congenital heman-
gioma (PICH), or non-involuting congenital 
hemangioma (NICH)), kaposiform hemangioen-

dothelioma, tufted angioma, pyogenic granu-
loma, and hemangiopericytoma. Diagnosis of 
vascular malformations involves the use of vari-
ous imaging methods that must be correlated 
with clinical findings and the purpose of imaging, 
whether it is for diagnosis, pre- or intra-treatment 
assessment, or follow-up.

The majority of infantile hemangiomas (IHs) 
are small and not hazardous and may recede 
spontaneously in three phases of proliferation, 
involution, and involuted phases by the age of 
7  years or so. However, IH can be alarming if 
found in life- and function-threatening locations 
such as the eyelid, orbit, ear, or airway. Treatment 
is required for ulceration, continued infection, or 
hemorrhage (Fig. 4.1), which are the most com-
mon complications of IH. The incidence of ulcer-
ation in a referral population is generally reported 
to be about 16%. A prospective study of 1096 
patients showed that the median age at ulceration 
was 4.0 months, which correlates with the end of 
the proliferative phase [3]. Risk factors for ulcer-
ation include segmental morphologic characteris-
tics, large size, and mixed superficial and deep 
subtype. Early white discoloration may suggest 
impending ulceration [4].

Vascular malformations consist of capillary 
malformation (CM), venous malformation (VM), 
lymphatic malformation (LM), and arteriovenous 
malformation (AVM). Some cases involve a 
combination of more than one malformation 
and  are categorized as combined vascular 
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Fig. 4.1 Progression of 
infantile hemangioma on 
the right side of the face 
at 1 month in the first 
visit (left) and at 
1.5 years (right). The 
ulcers in the 
preauricular, the cheek, 
and the submandibular 
areas are healed

 malformations or complex syndromes such as 
Klippel- Trénaunay syndrome (CM + VM + LM) 
or Parkes Weber syndrome (AVM/or arteriove-
nous fistula (AVF) + skin pseudo-CM + lymph-
edema), which exhibit more systemic signs and 
symptoms. Skin necrosis is often manifested in 
severe AVM, LM, combined CM  +  LM, and 
minority cases of hemangiomas, such as IH.

4.2  Assessment and Imaging 
Tools

Many imaging tools are able to determine the 
diagnosis of vascular malformations.

4.2.1  Conventional X-Rays

The conventional plain X-rays outline the mass 
and the area of the lesions. Sometimes, they also 
identify the contrasted lesions. Venous malfor-
mations (VMs) may be diagnosed when phlebo-
liths (vascular or venous stones) are visible on 
plain X-rays. Bone distortion is often seen in 
large malformations that have a soft tissue mass 
effect. Some diffuse and extensive VMs can 
cause osteolytic lesions and increase the risk of 

pathological fractures. AVMs affecting bones can 
sometimes result in osteolytic lesions due to the 
presence of periosteal and intraosseous nidus 
(nest) or large draining venous channels after the 
nidus.

4.2.2  Duplex Ultrasonography

This imaging is primarily used as a diagnostic 
and therapeutic tool [5] during the first clinical 
visit. It distinguishes between tumors and mal-
formations using duplex ultrasonography. It 
also identifies a vascular malformation and pin-
points its type. The imaging demonstrates 
whether the lesion is cystic or tissular, clarifies 
the presence or absence of flow, and thus distin-
guishes between fast-flow and slow-flow mal-
formations (Fig.  4.2). The angiostructure and 
vessel density can be assessed, but its reliability 
is not always high. Peak flow velocities and 
arterial output can be measured in AVMs. In 
head and neck or extremity AVMs, comparing 
the arterial output on the normal side to the 
abnormal contralateral side is crucial for diag-
nosis and prognosis, particularly regarding the 
possibility of cardiac failure, and therefore use-
ful for follow-up of AVMs.
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Fig. 4.2 Typical duplex ultrasonic examination. Flow patterns and localization of the lesions are depicted (left); flow 
intensity and pulse are demonstrated (right)

4.2.3  Computed Tomography (CT)

This method was previously considered of lim-
ited interest, even with enhanced contrast, as it 
only provides information on whether a lesion is 
highly vascularized or not. However, precise 
delineation and diagnosis of soft tissue lesions 
remain challenging, except for macrocystic LMs, 
where cysts are clearly depicted. The presence of 
phleboliths may indicate a diagnosis of venous 
malformation, as distinctive calcifications 
develop on thrombosis and debris resulting from 
slow flow. Bony displacement or alteration can 
also be seen due to long-term compression in 
both VMs and LMs. Pathologic fractures and 
absorption may be observed in bone or bone- 
adjacent AVMs. Currently, the less invasive 4D 
CT has replaced angiography and can contribute 
to therapeutic planning and post-therapy 
assessment.

4.2.4  Magnetic Resonance Imaging 
(MRI)

This is the best diagnostic modality for optimal 
analysis of soft tissue masses, as it provides 
proper diagnosis, distinguishes between tissular 
and cystic forms, and delineates fast or slow ves-
sel flows. Venous and lymphatic malformations 
have their own distinct pattern. They appear as 
hyperintense on T2-weighted spin-echo 

sequences and are optimally seen in fat- 
suppression sequences. T1-weighted and fat- 
suppression sequences with contrast agents such 
as gadolinium demonstrate intense enhancement 
in infantile hemangiomas, while the enhance-
ment is inconsistent and progressive on dynamic 
sequences in VMs. Gadolinium contrast allows 
for differential diagnosis between VMs and LMs. 
LMs can be distinguished from VMs as LMs 
show enhancement only at the margins of the 
cysts, whereas VMs are clearly and evenly 
stained.

MRI is necessary before treatment to make 
decisions about the extent of the lesion and its 
relationship to neighboring nerves, vessels, and 
vascular malformation. It is also necessary for 
the identification and diagnosis of the lesion. In 
fast-flow vessels, they can be identified as flow 
voids. MR angiography can confirm the diagno-
sis of fast-flow pathology, but it remains insuffi-
cient for accurately detecting AVMs’ nidus and 
angiostructures.

4.2.5  Vascular Imaging

This procedure is primarily used for the assess-
ment of fast-flow vascular lesions. Angiography 
is a powerful tool for the pretreatment evaluation 
of AVMs, particularly in detecting its characteris-
tic early venous drainage. The angiostructure of 
an AVM can be determined by determining its 
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location, arterial supply, draining veins, and rela-
tionship with normal neighboring arteries and 
veins. Angiography is also used for diagnosing 
quiescent AVMs, which may mimic a capillary 
malformation. However, with the current 
advancements in technology, 4D CT imaging can 
often replace angiography for pretreatment 
assessment with less invasiveness and greater 
accuracy.

4.3  Treatment

4.3.1  AVM

In vascular malformations, skin lesions are most 
commonly seen in AVMs,, which can develop 
ulcers during their natural clinical course or as a 
result of post-therapeutic side effects following 
embolization or sclerotherapy. A practical clini-
cal staging system has been proposed for AVMs. 
This staging, as described by Schobinger, con-
sists of four stages: (I) the lesion presents as 
warm, pink-blue macules; (II) it expands with 
pulsations, thrills, and bruits; (III) it becomes 
destructive with pain, hemorrhage, or ulceration; 
and (IV) it progresses to decompensation and 
congestive heart failure [6]. Treatment is ideal in 
stages I and II, but often the lesion goes unno-
ticed until stage III, when ulceration is observed 

as a clinically destructive sign. With a mean fol-
low- up of 4.6 years, the cure rate for AVMs was 
75% for stage I, 67% for stage II, and 48% for 
stage III [6]. AVMs can worsen after trauma, hor-
monal changes, pregnancy, or puberty. Duplex 
ultrasonography, as well as clinical signs and 
symptoms, can assist in the therapeutic decision- 
making process. However, a more precise and 
effective evaluation using contrast MRI, 4D CT, 
and angiography is necessary. While MRI pro-
vides information on the spatial relationship 
between the lesion and surrounding tissue and 
organs, 4D CT and angiography are most useful 
for abnormal vascular assessment and therapeu-
tic evaluation during embolization, which is often 
required to eliminate the nidus, flow, pooling, and 
drainage patterns around the lesion. When the 
AVM lesion is localized, as is often seen in stage 
II, and to protect vital organs, surgical removal 
alone or combined with prior embolization within 
24–48 h is the preferred first choice. If the defect 
is large, reconstruction will follow [7]. If the 
lesion is extensive and destructive (stage III) and 
the margin of the lesion is unclear, controlled 
reduction of the lesion should be considered. 
Embolization to control flow supply and drainage 
and subsequent percutaneous transcutaneous 
ultrasonic-guided sclerotherapy within 24–48  h 
may result in sufficient reconstruction of the 
wound bed (Fig. 4.3).
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Fig. 4.3 (a) A 30-year-old male with capillary malforma-
tion and arteriovenous malformation (CM-AVM) in his 
right face including the ear. Skin discoloration and bulg-
ing in the right face due to CM-AVM are seen with minor 
pinhole wounds. (b) The imaging data of MRI, 4D CT, 
and ultrasonic demonstrated multiple in-flow vessels with 
enlarged venous pouches. (c) After second selective 
embolization, the nidus and the abnormality are con-

trolled, but the tissue necrosis is seen. (d) At day 13, both 
necrotic tissue and exposed embolizing agents were 
excised, and the ear was reconstructed. (e) At 9 months 
after the final reconstruction, the angiogram and MRI 
imaging improved. (f) The patient demonstrated a satis-
factory appearance, and no bruit or thrill is observed in the 
right face

a
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b

Fig. 4.3 (continued)
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Direct puncture

c

d

Fig. 4.3 (continued)
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Angiogram 

Lateral view  

Frontal view  MRI 

e

Fig. 4.3 (continued)
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f

Fig. 4.3 (continued)
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5Imaging of Hypodermal Fat 
Necrosis

Ximena Wortsman

5.1  Introduction

Fat necrosis is a benign nonsuppurative inflam-
matory entity of the adipose tissue that results 
from the aseptic saponification of lipids by 
enzymes. The reported causes include trauma, 
radiotherapy, anticoagulation, inflammatory dis-
eases, surgery, percutaneous interventions, and 
perinatal asphyxia, hypoxemia, or hypothermia 
[1]. Imaging has been growingly used for study-
ing fat necrosis due to the often variable history 
and clinical findings that can simulate other con-
ditions, which include the differential diagnosis 
of palpable lumps and bumps when this entity 
affects the hypodermis. Additionally, patients 
may not spontaneously refer to an inciting event 
such as trauma. Reports on imaging of fat necro-
sis started with the usage of X-rays, such as 
mammography, and have expanded to other 
imaging modalities such as ultrasound, magnetic 
resonance imaging (MRI), and most recently 
positron emission tomography-computed tomog-
raphy (PET-CT). Besides the support to the clini-
cal diagnosis, the usage of these imaging 
techniques may provide an anatomic perspective 
for evaluating the extent and characteristics of the 

structural changes in the tissues, as well as a sup-
port for assessing the differential diagnosis.

The aim of this chapter is to focus on the 
imaging characteristics of hypodermal fat necro-
sis with different imaging modalities and discuss 
some general principles, indications, advantages, 
and disadvantages for each method.

5.2  Imaging Methods

5.2.1  X-Ray Mammography

X-rays are the most simple and accessible form 
of imaging study and involve the usage of low- 
dose radiation for diagnostic purposes. Usually, 
this modality is not intended for particular study 
of fat necrosis; however, there are radiological 
signs suggestive of this condition that are fre-
quently and incidentally found in the hypoder-
mis, commonly during mammography 
screenings. The most frequent mammographic 
characteristic of fat necrosis is the presence of 
round- or oval-shaped hypodense structures, fre-
quently showing a hyperdense calcified rim, also 
called “eggshell”- or “rim-like”-type calcifica-
tion that corresponds to calcified lipid cysts 
(Fig. 5.1). This sign is almost pathognomonic of 
fat necrosis; therefore, the patients presenting 
this feature may not need additional imaging 
studies and should continue with the recom-
mended screening program according to their age 
and history. Less frequent forms of presentation 

X. Wortsman (*) 
Institute for Diagnostic Imaging and Research of the 
Skin and Soft Tissues, Department of Dermatology, 
Faculty of Medicine, Universidad de Chile,  
Santiago, Chile

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-60954-1_5&domain=pdf
https://doi.org/10.1007/978-3-031-60954-1_5#DOI


34

Fig. 5.1 Fat necrosis on mammography (lateral view) 
shows a “rim-like” or “eggshell” type of calcification 
(arrow) within the fatty tissue of the breast

of fat necrosis on mammography include focal 
asymmetries that may imply parenchymal edema. 
However, microcalcifications or spiculated dense 
masses can also be detected, with the latter being 
related to a major presence of fibrosis or scarring 
[2, 3]. Since these occasionally seen mammo-
graphic signs may mimic a breast malignancy, 
more imaging studies are usually needed in these 
particular cases.

5.2.2  Ultrasound

Also called sonography, this widely available 
imaging method is based on the properties of 
sound waves and has been increasingly used for 
studying fat necrosis in soft tissues due to the 
high-definition images of the superficial layers 
provided by the current machines. Besides its 
non-radiating nature and proved safety character-
istics, there are several advantages of ultrasound 
such as its real-time, 2D, and 3D multiaxial and 
dynamic performance as well as its reasonable 
balance between resolution and penetration that 
allow us to obtain a wide range of anatomical 

information that can reach from the skin layers to 
the bony margin. Also, ultrasound can show the 
vascularity of the tissues through its color or 
power Doppler capabilities, which include the 
detection of the type of vessel (arterial or venous) 
and the velocity of blood flow (cm/s) [4, 5]. This 
may avoid the adverse reactions due to the use of 
contrast media that have been widely reported 
with other imaging modalities such as CT or 
MRI.  The current limitations of ultrasound are 
lesions that measure <0.1 mm, with only epider-
mal location, and the detection of pigments such 
as melanin [6]. These last two limitations are not 
relevant for the study of fat necrosis. In fact, the 
hypodermis seems to be a perfect target for ultra-
sound use, due to its anatomically superficial 
location in soft tissue that makes it easily acces-
sible with most of the linear probes that work 
with frequencies ≥7.5 MHz. Nevertheless, probes 
working with higher frequencies (≥12 MHz) are 
most commonly recommended for studying the 
hypodermis due to their higher definition at this 
tissue depth. On ultrasound, the most common 
sign of fat necrosis is the presence of well-defined 
round or oval-shaped anechoic pseudocystic 
structures, frequently with posterior acoustic 
enhancement, and sometimes surrounded by a 
hyperechoic calcified rim. These pseudocystic 
structures correspond to the oily cysts produced 
by the liquefaction of the fatty tissue. Internal 
echoes and a fluid–fluid level may sometimes be 
recognized in these pseudocysts, usually in cases 
with a history of trauma where the serohematic 
material combines with the liquefied material of 
the fatty lobules. Also, increased echogenicity of 
the hypodermis and isoechoic pseudonodules, 
surrounded by an anechoic or hypoechoic halo, 
may be detected. These latter ultrasound features 
indicate the degree of hypodermal inflammation. 
Less frequent sonographic signs are anechoic 
masses with a posterior acoustic shadowing arti-
fact due to gross calcification and well- or ill- 
defined hypoechoic solid pseudo-masses due to 
prominent fibrosis and scarring. All these charac-
teristics may appear as single or combined fea-
tures in the affected region (Figs.  5.2 and 5.3). 
Hypo- or hypervascularity in the hypodermis 
may be detected according to the level of 
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Fig. 5.2 Fat necrosis on 
ultrasound (gray scale, 
transverse views) 
demonstrates the wide 
range of appearance of 
this condition. Symbols: 
* pseudocyst; o 
pseudonodule; x fibrosis; 
arrow calcification; 1 
and 2 fluid–fluid level. 
Abbreviations: d dermis; 
h hypodermis
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Fig. 5.3 Fat necrosis on 3D ultrasound (gray scale, 5–8-s 
reconstruction, transverse views) shows variable forms of 
presentation. Symbols: * pseudocyst; o hyperechogenicity 
(top) and pseudonodule (middle and bottom locations); 
arrows pointing out the lesional sites. Abbreviations: d 
dermis; h hypodermis

 inflammation present in the tissue, with hyper-
vascularity being the most commonly found in 
inflamed stages [1, 3, 7]. In cases presenting sub-
cutaneous fat necrosis of the newborn, ultrasound 

has been reported to successfully support the 
diagnosis [8–10]. Thus, the main indications for 
ultrasound in fat necrosis are to support the early 
diagnosis and rule out solid tumors that may be 
hard to differentiate on a clinical basis only.

5.2.3  Magnetic Resonance Imaging

This is an imaging method based on the response 
of the body’s hydrogen ions in a magnetic field. 
This technique has been widely used in the study 
of soft tissues, mainly in the musculoskeletal 
field, due to its high-definition anatomical 
images. The main disadvantages of this method 
are its high cost and the potential adverse reac-
tions to gadolinium, the usual contrast medium 
used in these examinations. Additionally, MRI 
has limited ability to show small calcifications, a 
common finding in fat necrosis which may be 
seen in this imaging technique as areas of signal 
void or may simply go undetected. On MRI, a 
wide spectrum of findings have been reported in 
fat necrosis, and some of the findings may even 
mimic a malignant tumor such as a breast cancer. 
The most typical finding on MRI is a round or 
oval nodule or mass with hypointense 
T1-weighted signal on fat-saturated images that 
correspond to a lipid pseudocyst. Also, fat necro-
sis can show as well- or ill-defined isointense or 
hypointense areas or pseudonodules on 
T1-weighted images probably due to its inflam-
matory and hemorrhagic characteristics. In case 
with strong fibrosis, architectural distortion, with 
or without spiculated margins, and variable 
degrees of intensity (low, intermediate, or high 
signal) on T1-weighted images are reported. Fat 
suppression sequences may help to differentiate 
fat necrosis from malignant tumors. On 
T2-weighted sequences, isointense, hypointense, 
and hyperintense appearances have been 
described. Pseudonodular, globular, and lami-
nated appearances have been additionally 
reported (Fig.  5.4). After the injection of gado-
linium contrast medium, fat necrosis can show 
variable appearances that can range from no 
enhancement to irregular or peripheral enhance-
ment and from thin to thick rims of enhancement 
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a b

Fig. 5.4 (a, b) Fat necrosis on MRI (axial views). (a) 
T1-weighted sequence shows isointense pseudonodule 
with a hypointense rim located in the hypodermis of the 
right side of the lower back (arrow, fat necrosis area). In 
the vicinity, a hypointense oval-shaped hypodermal struc-
ture is detected that corresponds to a hematoma (hm). (b) 

T2-weighted image of the same case shows a change in 
the intensity of the hematoma (hm) with a fluid–fluid level 
(hyperintense/hypointense) and no change in the intensity 
of the pseudonodule (arrow, fat necrosis site) in compari-
son with the T1-weighted sequence. (Courtesy of Drs. 
Raul Valenzuela and Herly Pulgar)

[1–3, 7, 11, 12]. The most frequent indications 
for MRI regarding fat necrosis are to complete 
the imaging study in cases with mammographic 
abnormalities, especially the ones where a malig-
nancy must be ruled out, and to assess the differ-
ential diagnosis in cases presenting palpable 
large lumps or extensive trauma.

5.2.4  Computed Tomography 
and Positron Emission 
Tomography

Computed tomography (CT) implies the cross- 
sectional usage of X-rays and has a broad range 
of applications, mainly in the neurological, car-
diac, and abdominal fields. Thus, CT has been 
extensively used for staging malignant condi-
tions. However, there are few reports in literature 
on the usage of CT for studying hypodermal fat 
necrosis, mostly showing isolated case reports. 
Advantages of CT are its wide availability and 
relatively short time of examination due to the 
new multi-slice machines that can acquire and 
process the images very rapidly. Disadvantages 
of CT are its high cost, its radiating nature, and 

the need for intravenous contrast media. On CT, 
fat necrosis has been reported as a well-defined 
hypodense mass with rim enhancement or a glob-
ular mass with central fat density [11].

Positron emission tomography (PET) is a 
nuclear imaging modality that registers the 
gamma rays emitted by a positron-emitting radio-
nuclide, also called tracer. The most commonly 
used tracer is fluorodeoxyglucose (FDG), an ana-
log of glucose. However, this is a radiating 
modality that also requires injection of an agent.

In recent years, the combination of these two 
modalities (PET-CT) has gained adepts due to the 
mix of the anatomical and biological images that 
have been widely used in the staging of cancer-
ous lesions [13]. However, PET-CT has certain 
notable shortcomings, including the inability to 
perform simultaneous data acquisition and the 
significant radiation dose to the patient [14]. 
PET-CT is now used in the staging of melanoma, 
showing high sensitivity especially in advanced 
stages [15, 16]. Nevertheless, there are several 
reports of false positives of PET-CT due to the 
glycolytic activity present in inflammation that 
can easily mimic a malignancy in this modality 
[17–19]. These inflammatory features are 
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a

b

Fig. 5.5 (a, b) Fat necrosis on 3D ultrasound and 
PET-CT. Patient with a history of removed in situ mela-
noma in the left leg. (a) 3D ultrasound (gray scale, 5–8-s 
reconstruction, longitudinal view) shows two anechoic 
pseudocysts (*) surrounded by a hyperechoic pseudonod-
ular structure (o) consistent with fat necrosis. (b) PET-CT 
(coronal view) demonstrates a false-positive uptake of 
FDG in the hypodermis of the left thigh with two hyper-
metabolic pseudonodules (arrows). Abbreviations: d der-
mis; h hypodermis. (PET-CT image courtesy of Dr. Vicky 
Roizen)

 common in fat necrosis; therefore, this condition 
seems to be one of the most common pitfalls for 
PET-CT.  These reports mention pseudonodular 
solid images with hypermetabolic activity and 
increased uptake of FDG (Fig. 5.5). Besides fat 
necrosis, other causes of false positives of 
PET-CT have been reported. Among them are 
acute and chronic inflammation or infection, 
physiologic lactation, and benign breast masses, 
including silicone granuloma, fibroadenoma, and 
postsurgical or radiotherapy changes. Therefore, 

the usage of PET-CT is not recommended as a 
first imaging modality in fat necrosis. Moreover, 
the usage of this imaging modality may cause 
diagnostic dilemmas in oncologic imaging [20].

5.3  Conclusion

There are several imaging methods that can 
reveal the anatomical characteristics of hypoder-
mal fat necrosis. The usage of imaging in this 
condition is intended for the assessment of the 
differential diagnosis of lumps and bumps in the 
soft tissues and also to try to rule out malignant 
tumors. The advantages and disadvantages of 
each technique as well as the availability of these 
modalities in the medical institutions should be 
considered, when selecting the appropriate imag-
ing modality for each case.
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6Skin Necrosis and the Need 
for Vascular Assessments
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and Rajgopal Mani 

6.1  Introduction

The vascular assessment in peripheral arterial dis-
ease (PAD), which is a condition of atheroscle-
rotic stenosis or occlusion of the peripheral 
arteries, plays a vital role in the diagnosis and 
treatment of disease. The anatomic location of the 
PAD involves carotid artery, vertebral artery, mes-
enteric artery, renal artery, upper extremity, and 
lower extremity artery [1, 2]. The most common 
location of symptomatic PAD is lower extremity. 
When the perfusion to the lower extremity is 
lower than a threshold value of resting metabolic 
requirement, the legs and feet turn to skin necrosis 
including gangrene and ischemic ulcer. The death 

of the cell due to ischemia is the continuing pro-
cess which is associated with morbidity, amputa-
tion, and impaired quality of life. Critical limb 
ischemia (CLI) or chronic limb- threatening 
 ischemia (CLTI) is the advanced stage of athero-
sclerotic disease due to severe impaired perfusion, 
which is a clinical syndrome of PAD in combina-
tion with rest pain, gangrene, or ischemic ulcer 
more than 2 weeks’ duration [1]. There are other 
causes of chronic lower extremity ischemia, such 
as smoking arterial inflammation (thromboangi-
itis obliterans or Buerger’s disease (TAO)), 
chronic arterial embolism, arterial entrapment, 
fungal arterial infection, Takayasu’s disease, and 
other uncommon arteriopathies such as drug-
induced arteriopathy [3–7]. The vascular assess-
ment, which ranges from noninvasive methods 
such as ankle-brachial index and tissue oxygen 
measurement to invasive methods such as angiog-
raphy, is important to  differentiate the cause of 
disease, determine the severity of ischemia, sur-
veil the progression of disease and prognosis, 
select the medication and modalities of treatment, 
and determine the requirement of revasculariza-
tion procedure [1, 8–10].

6.2  Epidemiology of Peripheral 
Arterial Disease

PAD results from atherosclerotic occlusion of the 
blood vessels in the lower and upper limbs symp-
tomatically expressed as pain on exercise that is 
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relieved by transient rest: this condition is known 
as intermittent claudication (IC). IC worsens with 
reduction in blood flow and perfusion leading to 
CLTI. This in turn leads to cell death, ulceration, 
and necrosis; the pathophysiology of this condi-
tion is described in a separate section in this 
chapter. PAD presents a significant clinical bur-
den. Fowkes reported that 202 million people 
were living with PAD worldwide: 69.7% of this 
population lived in low- to middle-income coun-
tries (LMICs) with a breakup of 54.8 million in 
Southeast Asia and 45.9 million in the Western 
Pacific countries [11]. Fowkes used ankle- 
brachial pressure index (ABI) threshold of ≤0.9 
to define the presence of PAD in 34 studies from 
22 high-income countries (HICs) and 12 from 
LMICs. Song and Fowkes [11, 12] conducted a 
systematic review and meta-analysis on 118 stud-
ies and, based on their modeling, estimated the 
global population of PAD to be 236.92 million 
people in 2015. Both reports found that PAD 
increased with age and sex: prevalence of 5.28% 
(95% CI 3.38–8.17%) in HIC in 45–49-year-old 
women and 5.41% (3.41–8.49%) in men. In the 
85–89-year group, prevalence found was 18.38% 
(11.16–28.76%) in women and 18.83% 
(12.03–25%) in men. In LMIC group countries, 
prevalence rates were higher in women than men, 
especially in the younger age group, with 6.31% 
(4.86–8.15%) in 45–49-year group, which has 
implications for planning health care [11].

However, the true prevalence and incidence 
rate of PAD may be underestimated due to the 
lack of a good screening system, which makes it 
impossible to report the exact number of PAD 
patients in the group who has no symptoms or 
has minor symptoms [13]. According to the data 
registry of the Society for Vascular Surgery 
(SVS) and the European Society for Vascular 
Surgery (ESVS), 80% of PAD patients are 
asymptomatic, of which half of them are associ-
ated with DM and 10–30% and 20–40% are pres-
ent with intermittent claudication and atypical 
leg pain, respectively [1, 8–10, 14–16].

The associated risk factors for PAD are the 
following:

• Smoking 2.72% (95 CI 2.39–3.09%) in HIC, 
1.42% (1.25–1.62%) in LMIC

• Diabetes mellitus (DM) 1.86% (1.66–2.14%) 
in HIC, 1.47% (1.29–1.68%) in LMIC

• Hypertension 1.55% (1.42–1.71%) in HIC, 
1.36% (1.24–1.50%) in LMIC

• Hypercholesterolemia 1.19% (1.07–1.33%) in 
HIC, 1.14% (1.03–1.25%) in LMIC

Of these risk factors, the association between 
DM and PAD is especially significant to this 
chapter. DM affects platelet aggregation and 
increases inflammation with raised AGE and reac-
tive oxygen species, endothelial dysfunction, and 
vascular smooth muscle cell dysfunction, all of 
which are implicated in PAD. Pain is attenuated in 
people with diabetes and neuropathy. ABI could 
be falsely high (>1.30) owing to the presence of 
medial calcinosis. Estimated prevalence could be 
inaccurate since ABI relies on detecting two of the 
three vessels around the ankle, and the variation 
of ABI with vessel narrowing is unknown in some 
ethnic minorities. The narrative from these data is 
that the PAD is significant and an increasing bur-
den affecting both genders: it is worse in women 
in the younger age range in LMIC and could be 
expected to affect daily life considerably: walking 
to work, shopping, and life in general would be 
affected and likely to get worse [17].

PAD is associated with morbidity and mortality 
due to amputation and major adverse cardiovascular 
events (MACEs), especially in CLTI. The major 
cause of death is acute coronary syndrome (ACS). 
Because of atherosclerotic involvement of multiple 
vascular beds, 50% of patients with CLTI are coro-
nary artery disease (CAD) and cerebrovascular dis-
ease (CVD) [14, 18]. The 5-year mortality rate in 
patients with PAD is 10–15%. When diagnosed 
with CLTI, the 1-year mortality rate increases to 
25%. 6.5% and 4.5% of CLTIs are fatal myocardial 
infarction (MI) and fatal stroke, respectively. 25% 
of CLTI patients undergo major amputation due to 
ischemic limb process or infection [19]. MACE 
rapidly increases during the perioperative period 
due to the stress from the foot infection or active 
comorbid disease and risk of the operation includ-
ing revascularization, debridement, and amputation. 
Poor performance status occurs in patients with loss 
of ambulatory state due to amputation, limb ulcer-
ation, gangrene, rest pain, or disabling claudication, 
all of which are increased risk for MACE. The SVS 
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Objective Performance Goals (OPGs) established 
standardized tools to report benchmark of periop-
erative outcome including MACE and major 
adverse limb events (MALEs) after revasculariza-
tion procedures in patients with CLTI [20, 21].

6.3  Pathophysiology 
of Peripheral Arterial 
Disease

Arterial obstruction can lead to skin necrosis. 
Atherosclerosis is the most common cause of 
arterial occlusion. Dyslipidemia, obesity, hyper-
tension, DM, and smoking are the risk factors for 
the development of atherosclerotic lesions [22]. 
However, the distribution is different between the 
risk factors. For example, in a diabetes patient, 
the obstructive lesion is mainly in tibial vessel 
occlusion, whereas with smoking, it is in the aor-
toiliac segment.

The metabolic abnormality in patients with DM 
leads to hyperglycemia, insulin resistance, and 
increasing of free fatty acid [23]. Hyperglycemia 
increases the oxidative stress by increasing reac-
tive oxygen species (ROS). In addition, the cel-
lular mitogenic pathway activation through the 
mitochondrial generation of the superoxide 
anion including advanced glycation end products 
(AGEs), protein kinase C (PKC) activation, and 
nuclear factor kappa B (NF-κB) is induced by 
high blood glucose level. In patients with long-
duration DM, insulin resistance causes endothe-
lial dysfunction, decreasing of nitric oxide (NO) 
synthase, expression of adhesion molecules, and 
atherosclerotic lesions [23]. In addition, a throm-
bosis risk in DM increases through the hyper-
coagulation and platelet aggregation. Insulin 
resistance is also promoted in the atherosclerotic 
process due to lipid metabolism disturbance such 
as high triglycerides (TGs), high apolipoprotein B 
(ApoB), small and dense low-density lipoprotein 
(LDL), and low high- density lipoprotein (HDL) 
cholesterol [1, 16, 24]. In early atherosclerotic 
process, the endothelial dysfunction is associ-
ated with hypertensive patients. A reduction in 
NO results in a reduced vasodilatory response and 
thereby inflammation, thrombosis, and activate 
coagulation cascade [1, 16, 23–26]. The repetitive 

blood pressure alterations in hypertensive condi-
tion cause ongoing renin-angiotensin system acti-
vation, which impacts the atherosclerotic lesions 
[1, 16, 24]. Smoking causes an inflammation of 
vessel wall, which is related to atherosclerotic 
plaque formation through interleukin-6, tissue 
necrosis factor-α, interleukin-1-β, leukocyte, 
C-reactive protein (CRP), and other inflamma-
tory markers [1, 16, 24]. The prothrombotic state 
of platelet activation and aggregation is created 
by increasing of thromboxane A2 (TXA2), von 
Willebrand factor (vWF), thrombin, and fibrin 
and decreasing of prostacyclin, antithrombotic, 
and fibrinolytic substances [1, 16, 24].

Detailed postmortem studies of patients of dif-
ferent ages show that atherosclerosis progresses 
from small and inconsequential fatty streaks 
to fibrolipid plaque and complicated lesions, 
which are the cause of many different clini-
cal disorders such as skin necrosis (gangrene), 
myocardial infarction, or stroke. Atherosclerotic 
plaques begin with the subendothelial accumu-
lation of lipid-laden foamy macrophages and 
T-lymphocytes (T-cells), which form non- stenotic 
fatty streaks. This progresses to the formation of 
acellular core of lipid cholesterol, bound by a 
fibrous cap that contains vascular smooth muscle 
cells (VSMCs) and inflammatory cells, espe-
cially macrophages, mast cells, and T-cells. In an 
advanced lesion, new blood vessels and calcium 
hydroxyapatite are present [1, 16, 24].

Although atherosclerosis is a systemic dis-
ease involving especially large- and medium-size 
arteries, atherosclerotic plaque tends to develop in 
certain places such as the carotid artery, the infra-
renal aorta, and the arteries of the lower extremi-
ties, in particular at the sites of bifurcation, the 
ostia, the branchings, and the bends. This suggests 
that hemodynamic forces play a role in athero-
genesis; many hypotheses have been proposed to 
explain this unique focal pattern.

6.4  Atherosclerosis 
and Symptomatology

There are two mechanisms by which symptoms 
of atherosclerotic lesions can develop. Firstly, by 
the time that atherosclerotic lesion has increased 
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in size with the deposition of a necrotic core, 
inflammatory cells, and a fibrous cap, the lesion 
is so large that the downstream blood supply is 
not sufficient. Initially, this usually occurs 
because of exertion associated with increased 
blood flow demand such as intermittent claudica-
tion of the calf. Patients have calf pain when 
walking, but the symptom relieves when patients 
rest their leg. The muscle contraction during 
exercise needs much more energy (blood supply) 
than those with resting stage. Then in case the 
atherosclerotic lesion causes further obstruction, 
this can progress to rest pain and dry gangrene 
(skin necrosis). In case this dry gangrene becomes 
infected, this leads to wet gangrene, in which 
massive and rapid skin necrosis can occur 
(Fig.  6.1). The second mechanism begins with 
erosion or rupture plaque, resulting in exposure 
of the blood to thrombogenic lipid cores. 
Consequently, a rapid accumulation of platelets, 
deposition of fibrin, and occlusion of the vessel 
by thrombus or distal embolization of thrombotic 
material occur, which may lead to very severe 
problems suddenly such as acute arterial occlu-
sion (thrombosis). This can cause massive skin 
necrosis in the leg (Fig.  6.2). Since these two 

Fig. 6.1 The foot of a diabetic patient who started with 
gangrene in the fifth toe; then the infection resulted in 
massive skin necrosis of his foot in 5 days’ time. This pic-
ture shows the foot after the first debridement due to wet 
gangrene and necrotizing fasciitis

a b

Fig. 6.2 Acute thrombosis of the aortoiliac artery shows 
fixed mottling skin of the foot following acute thrombosis 
of the aortoiliac artery (a), and computed tomographic 

arteriography demonstrated occlusion of distal aorta and 
bilateral common iliac artery with arterial wall calcifica-
tion (b)
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mechanisms can cause massive skin necrosis, 
consequently these lead to major amputation of 
the leg.

6.5  The Effects of Diabetes 
on PAD 
and the Diabetic Foot

DM is the major atherosclerotic risk factor that 
increases the risk of PAD. Chronically high blood 
glucose levels, increases in free fatty acids, and 
insulin resistance can be seen in diabetes patients. 
In addition, the increasing of blood glucose level 
activates the inflammatory response of blood ves-
sels, leading to vasoconstriction and decreasing 
of thrombosis threshold [1, 16]. The diabetes 
patients are at risk of lower limb amputation 
more than normal people about 20 times. 
Complications from diabetes are caused by mul-
tiple factors such as hypoglycemia and high 
blood HbA1c level, as well as lack of knowledge 
of improper foot care and socioeconomic condi-
tions of the family [1, 16, 24]. The complications 
of DM involve the peripheral artery that feeds the 
legs. Both macroangiopathy and microangiopa-
thy cause limited blood supply to the tissue of the 
foot. The PAD is the part of macroangiopathy 
under atherosclerotic process of medium and 
large vessel. The incidence of PAD in patients 
with DM is 10–30% [9]. Most common anatomic 
distribution of macrovascular involvement by 
atherosclerosis in patients with DM is crural 
arteries, including tibial and peroneal arteries 
leading to diabetic foot ulcer (DFU) and chronic 
limb-threatening ischemia (CLTI) [1, 16]. In 
addition, the gangrene and skin necrosis can 

 originate from microvascular involvement, which 
causes the capillary basement membrane thick-
ening and decreasing of capillary blood flow and 
microcirculation. Another process of diabetic 
foot (DF) and DFU is peripheral neuropathy, 
which is found in 60% of DM patients and 80% 
of patients with DFU. Peripheral motor neuropa-
thy causes foot deformity due to loss of muscle 
imbalance, causing bone and joint damage, called 
neuro-osteoarthropathy or Charcot foot, found in 
2% of all diabetics, or causes deformed feet in 
other ways, such as pes cavus, claw toes, flat feet, 
and hallux valgus [16]. The limited ankle and feet 
joint mobility and their deformities cause the 
abnormal distribution of foot weight and repeated 
minor foot trauma injuries and callous formation 
[11, 14, 15]. A disorder of the peripheral sensory 
nervous system causes a decrease in the sensation 
of the feet [14]. The autonomic nerve involve-
ment causes dry, cracked, and ulcerative skin to 
easily become ulcerative or infected in the skin 
layer [27]. Both vascular and neurologic involve-
ment of DF causes chronic recurrent and high 
risk of infected ulcer in diabetes patients. Chronic 
hyperglycemias activate the inflammatory pro-
cess and ongoing cell death processes (apoptosis) 
by oxidative stress. The neutrophil dysfunction 
associated with hyperglycemia causes the impair-
ment of the immune system, which causes the 
infection-prone DFU or diabetic foot infection 
(DFI) [28, 29]. Diabetic foot infection (DFI) is 
caused by the invasion of microorganisms into 
the ulcer or tissues of the feet through the fissures 
of the skin in patients with diabetes. The DFI 
aggravates the inflammatory processes of sur-
rounding tissue, which leads to the tissue loss and 
skin necrosis [29–31] (Fig. 6.3).
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Fig. 6.3 The association between atherosclerosis, peripheral arterial disease, and diabetic foot ulcer

6.6  Macrovascular 
and Microvascular 
Assessment Tools

Vascular assessment techniques of PAD, particu-
larly in gangrene and ischemic ulcer, are based 
on the severity and prognosis of disease, risk and 
level of amputation limit, prediction of the wound 
healing rate, and requirement of revasculariza-
tion. Both macrovascular assessment technique 
such as ABI and computed tomographic 
 angiography (CTA) and microvascular assess-
ment technique such as skin perfusion pressure 
(SPP), transcutaneous oxygen tension (TcPO2), 
or transcutaneous oxygen measurement (TCOM) 
and other skin perfusion imaging are the modali-
ties to obtain the diagnosis and anatomic distribu-
tion of PAD. When the patients indicate to lower 
extremity revascularization, urgently assess and 
treat patients, which can decrease the risk for 
major limb amputation [1, 16, 32, 33]. To prevent 
the amputation of lower extremity due to PAD, 
do not assume that microangiopathy, when pres-
ent, is the cause of poor healing in patients with a 
chronic recalcitrant ulcer [34]. Although some 
techniques are not widely used to evaluate the 

perfusion of skin necrosis of the lower extremity, 
the appropriate use of any of the following vascu-
lar assessment modalities is useful to guide the 
physician to appropriate treatment modalities.

6.7  Macrovascular Assessments 
of Tissue Viability

The ankle-brachial index (ABI), which is the 
noninvasive test of chronic arterial occlusion, has 
been widely used for diagnosing the PAD [1, 16, 
35–37]. Because of the simplicity of the mea-
surement technique, high availability, and less 
expensive instrument, the ABI is recommended 
as the first-line screening test in patients who 
have high risk or are suspected of PAD [15, 36, 
38]. The normal range of ABI is 1–1.3. Diagnosis 
of PAD is established by (1) the value of ABI less 
than 0.9 or (2) the value of ABI less than 0.9 after 
exercise or (3) the decreasing of postexercise ABI 
more than 20% by walking on a 3.2 km/h speed 
treadmill test for 5 min with the incline slope of 
12° [5, 14, 35, 36, 39]. The sensitivity and speci-
ficity of ABI to diagnose PAD are 79% and 96%, 
respectively [40].
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The ABI measurements are performed using 
a handheld sphygmomanometer cuff at the 
ankles. Doppler ultrasounds detect the signals 
and measure ankle systolic blood pressure at 
the position of the posterior tibial artery or dor-
salis pedis artery and also the systolic blood 
pressure of the brachial artery under supine 
position; the ABI calculation is done using the 
ipsilateral highest ankle systolic blood pressure 
(ankle pressure) divided by the highest brachial 
systolic blood pressure [5, 40–42]. Lower ABI 
values indicate greater severity of PAD in the 
same patient (Table 6.1), while patients with an 
ABI value greater than 1.3 represent a stiffness 
of the arterial wall. The ABI can also determine 
the severity of atherosclerosis in other vascular 
beds and predict the risk of MACE including 
stroke, MI, and cardiovascular death [43]. The 
ankle pressure alone is less reliable due to 
changes in systemic blood pressure conditions 
such as hypertension, hypotension, shock, or 
heart failure that affect the ankle pressure. ABI 
has often been unreliable, with high false-neg-
ative rate of the test particularly for diabetes, 
old age, and end-stage renal disease (ESRD) 
patients. The false elevation of ankle pressure 
due to medial calcinosis causes the overestima-
tion of ABI value and underestimation of sever-
ity of PAD (Fig.  6.4). The false elevation of 
ankle pressure and ABI value may present 
either noncompressible vessel value (ABI 
>1.30) or normal range of ABI (ABI 1.00–1.29) 
(Fig.  6.4) [1, 16, 34]. Arain’s study included 
17,485 consecutive patients who underwent 

ABI measurement to identify the incidence of 
noncompressible vessel. The result showed that 
2781 (16%) had noncompressible vessels [44]. 
Randhawa’s study, which is a retrospective 
observational study, showed that 70% of the 
tibial vessels that were considered to be non-
compressible are actually occluded or severely 
stenotic by angiography [45]. So, patients who 
have clinical characteristics that indicate symp-
tomatic PAD with discordant ABI result will 
suffer from (1) fainting, or absent pedal pulse, 
brittle nail, calf muscle hypotrophy, hairless 
leg, IC, and rest pain but will have ABI value 
higher than 0.90 [36], (2) ABI values greater 
than 1.3, (3) decreasing of the pedal pulse’s 
intensity or systolic ankle pressure during leg 
lifting, and (4) monophasic or damping of 
Doppler waveform with a normal ABI value 
should evaluate the additional measurement 
such as toe pressure, toe-brachial index (TBI), 
pulse volume recorder (PVR), and Doppler 
waveform analysis (Fig. 6.4) [5, 38]. If TBI is 
less than 0.70 or toe pressure is less than 0.4, 
the diagnosis of PAD is established [36, 39–41, 
46]. Currently, toe pressure and TBI, which are 
simplified, quick, and inexpensive tools for 
perfusion assessment, are the recommended 
tests of forefoot perfusion appropriately to 
diagnose and manage CLTI. Comparing with 
ABI, toe pressure assessment offers more accu-
racy in detecting limb ischemia in the presence 
of noncompressible or false elevation of ankle 
pressure in heavily calcified vessels. However, 
toe gangrene, previous toe amputation and 
extensive ulcer, and concomitant infection in 
the forefoot and toe area are limitations of toe 
pressure measurement [1, 47]. The vascular 
assessment, which included clinical history 
taking, physical examination and perfusion 
measurement of the ischemic limb, revealed 
that CLTI is a chronic form of limb-threatening 
ischemia that can result in severe limb loss due 
to inadequate perfusion to gangrene or isch-
emic ulcers. The SVS Wound, Ischemia, and 
foot Infection (WIfI) classification should be 
staging to predict a risk of amputation, 
 likelihood of wound healing, and benefit for 

Table 6.1 The severity of peripheral arterial disease 
related with resting and postexercise ankle-brachial index 
[5, 36, 39]

Disease severity
Resting 
ABI

Postexercise 
ABI

Noncompressible 
arteries

≥1.30

Normal 1.00–1.29
Borderline 0.91–0.99
Mild PAD 0.71–0.90 0.51–0.90
Moderate PAD 0.41–0.70 0.16–0.50
Severe PAD ≤0.40 ≤0.15

ABI ankle-brachial index; PAD peripheral arterial disease
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CLTI with Gangrene or
Ischemic ulcer

Vascular assessment
Absent/Faint pulse on

examination

Normal ABI 0.9–1.29

Ischemic ulcer or
Gangrene on
examination

Wound care and
Control infection

TP and/or TCOM
measurement

WIfI Staging

Obtain Vascular imaging
(CTA/MRA/DSA

of lower extremity)
Revascularization

AP and ABI
measurement

Abnormal ABI ≤ 0.9

No

Yes

Yes

No

ABI ≤ 1.30 or
discordant AP, ABI

and/or Doppler
waveforms

Wound care and
Control infection

Fig. 6.4 The algorithm of decision-making for revascu-
larization based on vascular assessment and clinical pre-
sentation of gangrene and ischemic ulcer in patients with 
chronic limb-threatening ischemia. CLTI chronic limb- 
threatening ischemia; AP ankle pressure; ABI ankle- 

brachial index; TP toe pressure; TCOM transcutaneous 
oxygen measurement; CTA computed tomographic arteri-
ography; MRA magnetic resonance arteriography; WIfI 
Wound Ischemia foot Infection; DSA digital subtraction 
arteriography

revascularization. The aim of revascularization 
procedure is to prevent limb amputation 
(Fig. 6.4) [48–50].

Catheter arteriography by performing plain 
radiography or fluoroscopy in conjunction with 
the administration of contrast media intra- 
arterially can evaluate anatomical characteris-
tics and dynamic blood flow of lower 
extremities. Because arteriography can provide 
a complete map of the lower limb arteries and 
selective catheter placement during lower 
extremity arteriography enhances imaging, 
reduces contrast material dose, and enhances 
sensitivity in patients with CLTI, arteriography 
is a gold standard diagnostic tool for PAD 

patients who have indicated revascularization 
including disabling IC and CLTI, particularly 
when below-the-knee to pedal artery disease is 
suspected (Fig. 6.5).

The arteriography shows the intraluminal 
anatomical characteristics of the arteries, 
including stenosis, occlusion, dissection, and 
intimal  calcification. Arteriography allows 
intervention at the same setting such as balloon 
angioplasty with stenting and coil emboliza-
tion (Fig. 6.5). For open vascular bypass proce-
dure, completion arteriography immediately 
after an operation is recommended to identify 
the occult lesion to prevent restenosis of vascu-
lar bypass. Digital subtraction angiography 
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a b c d

Fig. 6.5 Digital subtraction arteriography (DSA) demon-
strated superficial femoral artery occlusion in chronic 
limb-threatening ischemia patient. (a) Arteriography to 
evaluate below-the-knee artery; (b) arteriography to eval-

uate below-the-knee and foot arteries; (c) balloon angio-
plasty of proximal superficial femoral artery; (d) after 
superficial femoral artery stenting

(DSA) is currently developed to remove the 
bones and opaque matter, which provides the 
intraluminal imaging clearly from an inflow 
suprainguinal aortoiliac segment to crural and 
foot arteries [1, 16, 47]. However, intra- arterial 
contrast media injection poses a higher risk of 
contrast-induced nephropathy (CIN) than 
peripheral vein injections, especially in 
patients who have estimated glomerular filtra-
tion rate (eGFR) less than 30 mL/min/1.73 m2. 
Because of the high exposure to ionizing radia-
tion and contrast media, the catheter angiogra-
phy should be preserved in patients who are 
candidates for revascularization. In addition, 
the risk factors of catheter and wire- associated 
complications during arteriography include 
arterial dissection, thrombosis, distal emboli-
zation, and extravasation and increased risk of 
limb loss during the diagnostic procedure [1].

Carbon dioxide arteriography (CO2 arteriog-
raphy) by using carbon dioxide directly into the 
arteries can be used in patients with a chronic 
kidney disease to prevent CIN and allergy to con-
trast media. The carbon dioxide replaces the 
blood in artery temporarily. However, the use of 
CO2 arteriography has certain limitations, includ-
ing low quality of the artery image that is less 

clear than contrast media intra-arterially. So, CO2 
arteriography is usually used as an additional 
agent in conjunction with regular contrast media. 
CO2 angiography is generally considered inferior 
to iodinated angiography but can still provide 
useful diagnostic images by using power injec-
tion and adjust the 30° Trendelenburg patient’s 
position during intervention to increase carbon 
dioxide concentration and reduce the velocity of 
blood flow, respectively [51, 52].

Computed tomographic arteriography (CTA) 
can provide a more detailed overview of the 
lower limb vascular and confirm an uncertain 
PAD diagnosis or verify the severity and an ana-
tomic distribution of the arterial occlusive lesion 
before revascularization (Fig.  6.6). In addition, 
the CTA composite is used for the extraluminal 
and intraluminal study. For extraluminal study, 
CTA can evaluate the source of external com-
pression, associated organ or structural abnor-
malities, inflammation of the vessel wall, and 
surrounding structure. CTA has advanced in 
terms of high accuracy and acquisition times. The 
development of the CTA in modern era creates a 
multiple-plane view with high-resolution image 
and three-dimensional (3D) reconstructions. The 
sensitivity and specificity of the arterial occlusive 
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Fig. 6.6 Computed tomographic arteriography (CTA) of 
aortoiliac occlusive disease (AIOD) in chronic limb- 
threatening ischemia patient with bilateral groin calcifica-

tion (right and left, Fig.  6.5, of axial view CTA) and 
occlusion of aortoiliac segment with heavy calcification 
(central, Fig. 6.5, of CTA reconstruction)

disease of CTA in the aortoiliac segment are 95% 
and 96%, respectively, and those of the femoro-
popliteal segment are 97% and 94%, respectively, 
and below-the-knee arteries are 95% and 91%, 
respectively [53, 54]. However, the limitations of 
the study on the CTA include the image interfer-
ence on artifact, calcified artery, and limited eval-
uation or overestimation of below-the-knee artery 
lesion, especially in concomitant proximal artery 
occlusive disease. Because of the potentially 
nephrotoxic contrast agents and radiation expo-
sure of CTA, the CTA should be performed in 
patients who are candidates for revascularization 
or who had uncertain PAD diagnosis by other 
modalities of investigation. Thus, the clinical 
value of CTA in the CLTI target population 
remains uncertain. Below-the-knee and below- 
the- ankle artery runoff vessel usually gets a com-
plete evaluation on catheter angiography or DSA 
or foot magnetic resonance arteriography (MRA) 
due to less reliability for CTA imaging of below- 
the- knee artery [1].

Magnetic resonance arteriography (MRA) is a 
noninvasive imaging method with non-exposure 
to ionizing radiation, which can create the 3D 
images of the entire arterial map. So, the MRA is 

suitable for patients with CLTI who have plans 
for revascularization, unaffected by arterial calci-
fication. Both sensitivity and specificity of MRA 
are 93–100% [40]. However, MRA interpretation 
depends on the availability of subspecialist vas-
cular radiologist or expert interventionist. The 
overestimation with the false-positive result of 
the stenotic lesion is higher in MRA imaging 
when compared with CTA and DSA. In addition, 
venous contamination can obscure arteries below 
the knee. CLTI patients with pacemakers, defi-
brillators, and other metallic implantation such as 
cerebral clips are contraindicated to perform 
MRA.  In addition, the metallic material can 
cause artifacts that mimic vessel occlusions. If 
MRA cannot provide the adequate below-the- 
knee and below-the-ankle imaging, the foot 
MRA or catheter arteriography is the choice of 
further investigation to identify the occult lesion 
[1, 16]. Contrast-enhanced MRA (CE-MRA) 
using gadolinium-based contrast agents is gener-
ally preferred because of the high contrast-to- 
noise ratio, better spatial resolution, more rapid 
acquisition, and less artifact. In addition, time- 
resolved techniques can improve image flow pat-
terns and increase the accuracy to identify 
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below-the-knee arterial occlusive disease and 
runoff vessel. However, CE-MRA using 
gadolinium- based contrast media agents has not 
been associated with CIN. The most severe com-
plication of gadolinium-based contrast media 
agent is nephrogenic systemic fibrosis, which 
usually risks patients who have eGFR less than 
30 mL/min/1.73 m2 [55].

6.8  Microvascular Assessments 
of Tissue Viability

Tissue viability is a significant area of concern 
when clinicians are managing skin necrosis: 
depending on the cause or insult leading to necro-
sis, these concerns vary. Trauma, burns, pressure, 
underlying conditions such as ischemia, and 
infection require different management regimes: 
however, since perfusion and oxygenation are 
essential to growth and survival, these are also 
key parameters to be monitored along with others 
such as nutrition and pressure.

Skin blood flow was historically used to 
denote these parameters: skin blood is influenced 
by both extrinsic and intrinsic factors, which 
include pressure, temperature, position, humid-
ity, sympathetic and/or autonomic control, hor-
monal effects, topical and/or systemic nutrition, 
and glycemic control. Skin blood flow was mea-
sured in mL/100 mL of tissue/min or it was a vol-
ume measurement [56, 57]. Numerous methods 
of skin blood flow have been described in the lit-
erature, which include isotope washout methods, 
volume measurements, and optical methods:

• Clearance of 131iodine
• Clearance of 4-iodoantipyrine (I125)
• Sodium fluorescein (Na 24) clearance
• Plethysmography
• Laser Doppler flowmetry
• TV video microscopy of the capillaries
• Transcutaneous oxygen tension using skin 

sensors
• Optical measurement of oxygen saturation
• Laser angiography

Each method has its merits as well as limita-
tions. Radioisotope methods yield volume flow in 

mL/100 ms of tissue/min, which is very important 
especially for research into therapeutics, but suf-
fer the disadvantage of being difficult to repeat: in 
some cases, the use of 4-iodoantipyrine methods, 
with which there are good data to determine levels 
of amputation, requires a gamma camera to detect 
washout imposing limitations despite the inherent 
accuracies of the measurement.

Holstein used a photoelectric probe to measure 
skin reddening due to histamine release after 
blanching by studying the washout of 131I in con-
trols as well as N  =  24 patients with PAD and 
reported excellent correlation (r = 0.97, p < 0.001) 
[58]. This group reported SPP of 30 mmHg, which 
was in overall accord with the previous work on 
Landis’ original work on capillary pressures—
clearly important observations albeit not without 
its limitations which were discussed in their study.

Laser Doppler flowmetry is a simple technique 
to use on intact skin. There is vast literature con-
cerning its validation and many uses especially in 
detecting the thickness of burn wound damage 
[59]. Capillary microscopy and its successor, TV 
video-microscopy, are elegant methods even 
though they are limited to studying capillary 
blood flow, structure, and function in nail beds 
and the web space between thumb and first finger. 
This limits its applicability. Skin surface sensors 
to measure the partial pressure of oxygen on skin 
(TcPO2) and optical probes to measure oxygen 
saturation (SO2) offer reliable and accurate means 
to monitor tissue viability based on the use to 
determine amputation levels [60].

TcPO2 is a noninvasive technique which relies 
on skin surface sensors using electrochemical 
means of measuring the partial pressure of oxy-
gen in heated volume of tissue beneath skin. This 
skin volume may be heated between 37 and 44C, 
though at 43C and 44C, the reliability of the 
probe is not affected. Its function is dependent on 
the O2 dissociation curve. It is reliable, reproduc-
ible, and dependent on oxygen delivered to the 
volume of tissue beneath the probe as well as the 
oxygen consumed locally and the resistance to 
diffusion in tissue beneath [61]. So, edema and 
infection will affect readings. It helps to assess 
tissue viability around wound sites [62]. On a 
cautionary note, TcPO2 sensors must be moved 
from a test site after 2 h to prevent burns. A sys-
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tematic review and meta-analysis of data from 
four studies including 901 patients (n  =  911 
wounds) showed that prediction of healing was 
accurate and reliable using cutoff values <30 or 
<20  mmHg, with TcPO2 odds ratio being 3.21 
(95% CI 1.07–9.69) with I2  =  77%. Note that 
most studies used a value of 20 mmHg to predict 
nonhealing [63].

SO2 probes rely on detecting reflected light 
from a volume of tissue beneath to measure oxy-
gen saturation; it is based on the Beer’s law of 
exponential decay of light through tissues. The 
ratio of the intensity of reflected (or transmitted) 
light to that of the incident beam is a measure of 
the optical impedance/transmittance of the 
medium: the amount of transmission/reflection of 
light is a function of the wavelength light as well 
as the tissues. At 805 nm, the amount reflected is 
affected by the volume of tissues: at 633 nm, it is 
affected maximally by the color as well as the 
volume of tissues. Since oxygenated hemoglobin 
and deoxygenated hemoglobin are cherry red and 
dark blue in color, respectively, measurements at 
both wavelengths permit the level of oxygen sat-
uration to be computed using Beer’s law. In prac-
tice, the transmittance/reflectance of small 
samples of blood contained in cuvettes are mea-
sured over a range of wavelengths to calibrate the 
detection of oxygen saturation in tissues. Early 
oximeters were worn on the earlobe which, in 
healthy, is richly perfused. These devices do not 
heat tissues, which is a great advantage. In cur-
rent practice, oximeters are more like clips to fit 
on to a forefinger and widely used in emergency 
medicine departments. Such probes can be used 
on toes to measure SO2 on toes or on the proxi-
mal edge of a nonhealing wound. Castronuovo 
studied the use of SO2 probes to measure SPP in 
a cohort with critical limb ischemia, ulcers, and 
gangrene and reported that SPP <30 mmHg was 
85% sensitive and 73% specific with an overall 
accuracy of 79.3% (p < 0.002) [60]. This princi-
ple is used with a laser source for angiography 
[64].

Apelqvist and Lepantalo, in a bid to determine 
the most useful device to detect tissue viability, 
studied SO2 and TcPO2 probes against ankle- 
brachial index (ABI) measurements and con-

cluded that both SO2 and TcPO2 techniques are in 
the 25–40  mmHg range: 30  mmHg is a safe 
threshold for tissue viability [65]. ABI, a measure 
at ankle level, was less sensitive to tissue viabil-
ity. SO2 and TcPO2 are recommended to be used 
on the proximal edge of lesions [37].

Laser angiography is a skin perfusion imag-
ing by tissue infusion visualization technique. 
Indocyanine green (ICG), which is a water- 
soluble contrast, nonradioactive, nonionizing, 
and nontoxic contrast agent that is approved by 
the US Food and Drug Administration (FDA) 
for administering intravascularly, is used to 
determine the real-time tissue perfusion under 
the near-infrared laser light spectrum 
(650–900 nm) via a camera system. Laser angi-
ography is an invasive technique of skin perfu-
sion imaging due to requiring of intravascular 
ICG administration. ICG is infused to tissue by 
the binding to plasma proteins [32, 66]. For 
PAD and CLTI, the ICG fluorescence angiogra-
phy is used for patients with PAD. Zimmermann’s 
study demonstrated the value of ICG angiogra-
phy in the determination of tissue perfusion in 
patients with PAD, which showed significant 
difference in the perfusion index indicating the 
severity of PAD.  A receiver-operating charac-
teristic (ROC) curve demonstrated a positive 
likelihood ratio and negative likelihood ratio of 
6.00 and 0.00, respectively, with an area under 
the curve (AUC) of 0.949 to discriminate the 
CLI and non-CLI patients [67]. The ICG angi-
ography is used to evaluate the success of revas-
cularization immediately after the procedure 
and intraoperative assessment [33, 68]. Colvard 
studied the measurement of plantar perfusion by 
laser-assisted fluorescence angiography 
(LAFA), which also showed a significant 
increase in the fluorescence intensity and peak 
perfusion on the plantar surface during LAFA, 
from 7.1 to 12.4 units/s (P < 0.001) and 97.1 to 
143.9 units (P < 0.001), respectively. The result 
of the study also showed a strong correlation of 
different LAFA parameters with an overall 
change in ABI [66]. The ICG fluorescence angi-
ography can be used to evaluate superficial tis-
sue perfusion of the foot and leg because of the 
tissue penetration in the range of 3–7 mm [66, 

S. Orrapin et al.



53

67, 69]. However, ICG fluorescence angiogra-
phy may have limited efficacy in patients with 
asymptomatic and early PAD and who need 
more penetration depth. ICG is prohibited in 
patients with a history of sulfa allergy. In addi-
tion, the recent systematic review demonstrated 
the multiple unclear and high risk of bias with 
low quality of six included cohort studies on tis-
sue perfusion by laser angiography [33].

Indigo carmine is another agent for skin perfu-
sion imaging, which is used in evaluating limb 
perfusion, microcirculation, and angiosomal 
revascularization immediately after the  procedure 
[47]. The organic salt property, which is com-
monly used as a food-coloring agent, guarantees 
the safety of indigo carmine administration intra-
arterially. DIESEL study demonstrated that if 
revascularization is a success and the wound is 
adequately perfused, the indigo carmine stains 
the wound and demarcation of the arterial perfu-
sion distribution is visualized [70]. However, the 
data on the use of indigo carmine in patients with 
PAD are limited and need further studies to deter-
mine the possibility of wound healing.

A lot of studies have demonstrated the cor-
relation between measurements of the ABI, 
TcPO2, and perfusion parameters from LAFA 
[66, 71, 72]. The 85 and 100% of sensitivity and 
specificity correlated to ABI are reported, 
respectively [73]. They are useful for evaluating 
amputation limits and predicting the further 
wound healing process. However, a recent 
cohort study reported the paradoxical decrease 
in perfusion following successful angioplasty, 
possibly due to microemboli, vasospasm, or 
microvascular disease. The result reported no 
significant correlation between the ABI and per-
fusion parameters. Inflow perfusion rate corre-
lated significantly with Rutherford stage 
(Spearman rho 0.398, P  =  0.036). Thirty- nine 
percent had a decrease in inflow rate, and 57% 
had a decreased total inflow after successful 
angioplasty. So, real-time perfusion imaging is 
not correlated with angiographic outcome and 
may not predict the possibility of wound healing 
[47]. Because of LAFA measurements affected 
by temperature and vasoactive medication, the 
limitation of LAFA is a severe ischemic ulcer or 

extensive gangrene and concomitant foot infec-
tion [66, 71, 72].

Two-dimensional perfusion angiography (2D 
PA) is the skin perfusion imaging method, which 
is used for standard DSA runs without extra ion-
izing radiation or contrast agents. 2D PA pro-
vides a functional status of foot perfusion. The 
advantages of 2D PA are providing a quantitative 
data for the diagnosis of PAD and success of 
revascularization procedures. However, DSA 
acquisition protocols are heterogeneous. The 
motion artifacts are seen in up to 10% of the 
patients. Ikeoka’s study demonstrated the 
increase of mean ABI significantly from 
0.87 ± 0.14 to 1.030.17 (p < 0.001). Mean sys-
tolic ankle pressure increased significantly from 
120 ± 24 mmHg to 137 ± 24 mmHg (p = 0.025) 
[74]. However, majority of studies have not dem-
onstrated the correlation analysis between 2D PA 
parameters and ABI. Kim’s study reports no sig-
nificant correlation between the degree of change 
in 2D parameters (arrival time (AT), time to peak 
(TTP), AUC, peak, wash in rate, width, mean 
transit time (MTT), and degree of change in the 
ABI) [75]. Other noninvasive skin perfusion 
imaging methods include laser speckle contrast 
imaging (LSCI), micro-lightguide spectropho-
tometry (O2C), near-infrared spectroscopy 
(NIRS), and plantar thermography (PT). Invasive 
techniques include contrast-enhanced ultrasound 
(CEUS) and computed tomography (CT) perfu-
sion imaging. However, none of these techniques 
is currently widely used peri-procedurally 
because of lack of strong evidence-based data, 
high cost, and expensive imaging system [32, 33, 
47].

6.9  Treatment Strategy for Limb 
Salvage

After all patients undergo limb staging by a clas-
sification system, such as WifI which correlates 
with the risk of amputation, likelihood of wound 
healing, and benefit for revascularization, the 
wound infection must be controlled, before con-
sidering the need for revascularization by surgi-
cal procedure to remove all infected tissues; then, 
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revascularization is carried out as indicated. The 
diagnostic tools to complete anatomic imaging of 
lower extremity arterial tree should be performed 
[48–50]. Although catheter arteriography or DSA 
is the gold standard imaging technique, the CTA 
and MRA are preferred to investigate before 
revascularization in some institutions to decide 
the choice of revascularization and the strategic 
planning such as endovascular treatment or open 
vascular bypass procedure. DSA is typically used 
only when MRA or CTA is not available or imag-
ing fails to identify the arterial anatomy, or for 
those patients expected to proceed to endovascu-
lar treatment at the same setting especially in 
below-the-knee arterial occlusive disease. 
Finally, physicians should not assume microan-
giopathic cause of unhealed ulcer or gangrene 
and should always consider additional high- 
resolution vascular imaging and revasculariza-
tion in a patient with a gangrene or ischemic 
ulcer and PAD, irrespective of the results of ini-
tial diagnostic tests such as ABI or TBI, when the 
wound is not healing within 4–6 weeks despite 
optimal management. Without complete angiog-
raphy of lower extremity artery to the foot, the 
physician should not deny the revascularization 
procedure in candidate patients [34].

6.10  Revascularization Procedure

The CLTI patients require urgent revasculariza-
tion if the patient’s status and arterial lesion are 
feasible for bypass surgery or endovascular ther-
apy. Limb salvage rates have been reported as 
high as 80% for ischemic ulcers and gangrene 
undergoing urgent revascularization [1, 76]. The 
revascularization modality of choice for lower 
limb revascularization is multifactorial, which is 
determined by the patient and disease character-
istics. The comorbidities, anatomic distribution 
and severity of disease, clinical presentation, 
degree of tissue loss, availability of venous con-
duit, as well as physician’s preference and expe-
rience determine the revascularization strategy. 
In the new era, the “endovascular-first strategy” 
or “endovascular-first approach” for revascular-
ization in patients with CLTI is generated to 

decrease the morbidity and mortality of the open 
vascular bypass procedure [77]. There are a lot of 
publications reporting the endovascular treat-
ment in CLTI patients. Complex, severe, athero-
sclerotic occlusive disease can be treated by 
revascularization through endovascular-first 
approach, which is associated with the improve-
ment of amputation-free survival but relative 
increased risk of reintervention [78]. Although 
the study of CLTI in the Vascular Quality 
Initiative (VQI) reports that the endovascular 
treatment procedures are more offered to older 
patients and who are with more comorbidities, 
the patients who underwent endovascular treat-
ment still demonstrated lower perioperative mor-
tality when compared with open vascular bypass 
[79]. However, long-term patency and freedom 
from reintervention rate of open vascular bypass 
procedures are better than endovascular treat-
ment. The selection of CLTI patients for open 
vascular bypass or endovascular treatment should 
be done carefully. Finally, the endovascular-first 
strategy is the preferred approach for the CLTI 
patients. The open vascular bypass procedures 
are more likely to be performed for reinterven-
tion procedures, young patients, and those with 
few comorbidities [79]. The patient-based indi-
vidual approach and risk-benefit consideration 
including the risk of perioperative MACE, limb 
amputation, reintervention, quality of life, mor-
bidity, and mortality of each procedure are very 
important [80, 81].

6.11  Wound Care and Biological 
Therapy

Not only the revascularization procedure is man-
datory in CLTI to limb salvage, but also proper 
wound care is promoting wound healing until the 
complete closure of the wound [1, 76]. In addi-
tion, the risk of revascularization should be 
weighed against the patient’s life-threatening 
comorbidities. During the preoperative and post-
operative periods of revascularized patients, 
wound care acts as an adjuvant therapy and 
improves the healing of ischemic ulcer. 
Revascularization that restores the blood flow to 
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the foot is perfused only with the macrocircula-
tion but does not involve microcirculation that 
feeds oxygen and nutrients to the ulcer directly. 
An ischemic process of tissue may persist in the 
microcirculation system, which prohibits healing 
process. Although wound care cannot replace 
surgical and endovascular revascularization, 
when they are used in combination, the outcome 
of wound healing can be significantly improved. 
Currently, there are a lot of advance wound thera-
pies such as oxygen, biophysical, and biological 
therapies. Growth factor, platelet-rich plasma 
(PRP), cellular and acellular tissue-based treat-
ment, stem cell therapies, and other bioactive 
wound dressing products are categorized in the 
biological therapy, which are the most recent 
advances in wound care technology. All of them 
are the additional modalities which are available 
if the ischemic wounds do not adequately heal 
with standard treatment after revascularization 
[10, 37].

6.12  Nonoperative Treatment

Nonoperative treatment in patients with CLTI is 
very important to stop the process of atheroscle-
rosis [40, 52, 82]. Lifestyle modifications such as 
exercise with diet control and control of athero-
sclerotic risk factor, including blood glucose, 
HbA1C, LDL level, systemic blood pressure, and 
smoking cessation with administration of statin 
therapy and antiplatelet (aspirin or clopidogrel) 
in symptomatic PAD and CLTI, can decrease 
both MACE and adverse limb events such as limb 
amputation and reintervention rate [15, 37]. The 
medical treatment is related to the improvement 
of the clinical outcome in patients with PAD 
including antithrombotic therapy, lipid-lowering 
therapy, and antihypertensive therapy. The single 
antiplatelet such as aspirin or clopidogrel as well 
as the combination of low-dose aspirin and rivar-
oxaban, 2.5 mg twice, are recommended to pre-
vent MACE in patients with CLTI. The Critical 
Leg Ischaemia Prevention Study (CLIPS) group 
which demonstrated the benefit of 100  mg of 
aspirin per day in patients with symptomatic 
PAD reported a 64% risk reduction in vascular 

events compared with a 24% reduction in the pla-
cebo group [83]. The Vascular Outcomes Study 
of Acetylsalicylic Acid Along With Rivaroxaban 
in Endovascular or Surgical Limb 
Revascularization for PAD (VOYAGER PAD) 
trial reported that the MACE and adverse limb 
event rates at 3  years of low-dose aspirin and 
rivaroxaban, 2.5 mg twice, and low-dose aspirin 
alone are 17.3% and 19.9%, respectively (hazard 
ratio, 0.85, 95% confidence interval [CI], 
0.76–0.96; P = 0.009) [84]. HMG-CoA reductase 
inhibitors or statin therapy is associated with the 
inhibition of plaque rupture process. In addition, 
moderate- to high-intensity statin therapy may 
reduce cardiovascular death and MACE in 
patients with CLTI.  Angiotensin-converting 
enzyme inhibitor (ACEI), angiotensin receptor 
blocker (ARB), calcium channel blocker, and 
diuretic drugs are recommended for antihyper-
tensive therapy in PAD patients [36, 37, 52]. 
Phosphodiesterase III inhibitor, which is a 
smooth muscle cell proliferation inhibition, can 
increase a maximal walking distance (MWD) in 
IC patients and increase the patency outcome 
after revascularization especially in femoropopli-
teal arterial occlusive disease [1, 84, 85].

The Sufficient Treatment of Peripheral 
Intervention by Cilostazol (STOP-IC) study 
found that the angiographic restenosis rate at 
12 months is 20% in the cilostazol group versus 
49% in the noncilostazol group (P  =  0.0001) 
[85]. Other medications which have showed ben-
eficial outcome in patients with CLTI for MWD 
or pain-free walking distance include methylxan-
thine derivative (pentoxifylline), serotonin antag-
onist (naftidrofuryl), and prostanoid 
(prostaglandin E1) [1].

6.13  Conclusion

Appropriate use of vascular assessment modali-
ties in patients with PAD and CLTI is guiding the 
patients to proper treatment. The delayed diagno-
sis of PAD and CLTI causes limb loss and 
increasing of the perioperative and long-term 
MACE. The initial diagnostic tools for macrocir-
culation assessment are ABI and TBI. In patients 
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who indicate revascularization, the completion of 
anatomic imaging, including CTA, MRA, and 
DSA of lower extremity artery, is necessary for 
planning of the revascularization strategy. The 
catheter arteriography or DSA is the gold stan-
dard imaging technique, which is typically used 
when there is uncertain diagnosis by other imag-
ing modalities or endovascular treatment is 
expected to be performed at the same setting, 
especially in below-the-knee segment. The 
microcirculation assessment plays a vital role in 
evaluating tissue viability, which is a significant 
area of concern when clinicians are managing 
skin necrosis. The TcPO2, SPP, SO2, skin 
 perfusion imaging, and other microcirculation 
assessment tools are advance technologies to 
evaluate the perfusion of the foot, which aim to 
evaluate the response of revascularization proce-
dure and evaluate the possibility of wound heal-
ing. Both microcirculation and macrocirculation 
are used to determine the outcome after revascu-
larization and requirement of biotherapy and 
other adjunctive treatments.
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7Arterial and Mixed Leg Ulcer

Monira Nou Howaldt

7.1  Introduction

Leg ulcers are chronic wounds which are unable 
to heal spontaneously after 4–6 weeks. The inci-
dence of leg ulcers in the general population is 
around 1–2% of industrialized countries, with up 
to 5% of the over-80s affected. 80–90% of leg 
ulcers are of vascular origin, with venous involve-
ment predominating. Arterial etiology accounts 
for 10–15% of leg ulcers, while mixed etiology 
(i.e., involving both arterial and venous involve-
ment) accounts for 15–20% [1]. Arterial insuffi-
ciency is linked to the presence of peripheral 
arterial disease (PAD). Atherothrombosis is the 
most frequent cause of PAD. The management of 
arterial and mixed ulcers requires a vascular 
assessment involving vascular explorations and 
specific vascular imaging. The prognosis for 
healing depends on the severity of arterial isch-
emia: in the case of arterial ulcers, revasculariza-
tion is the reference treatment, whereas in the 
case of mixed ulcers, the choice of revasculariza-
tion will depend on the severity of arterial insuf-
ficiency and must be weighed against venous 
insufficiency [1].

7.2  Metabolic Origin

Atherothrombosis is by far the most frequent 
cause of arterial ulceration. Other causes of PAD 
include thromboembolic causes, inflammatory 
vascular diseases (Horton, Takayasu, Behcet dis-
eases), Buerger’s disease, iatrogenic causes (corti-
costeroids, chemotherapy, etc.), and degenerative 
causes (fibromuscular dysplasia) [1].

Mixed ulcer combines PAD and chronic 
venous insufficiency, which is secondary to 
venous hyperpressure. The main causes of venous 
insufficiency are varicose veins, post-thrombotic 
syndrome, and functional causes [1].

7.3  Pathophysiology

• PAD Related to Atherothrombosis
Artery is made up of three tunics. The inner-
most is the intima, made up of endothelial 
cells; the media is the intermediate layer, 
made up of smooth muscle cells; and the 
adventitia is the outermost layer, acting as an 
envelope. Atherothrombosis develops slowly 
over several decades, starting early but pro-
gressing very slowly as it alters the function of 
the intimal endothelial cells. Gradually, a 
thickening will appear, giving way to a plaque 
which may become complicated (rupture, 
bleeding, ulceration, etc.). Atherothrombotic 
plaque forms as follows: LDL cholesterol 
penetrates the intima and oxidizes. This leads 
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to endothelial cell activation, migration, and 
leukocyte adhesion. The accumulation of oxi-
dized LDL leads to the agglomeration of foam 
cells between intima and media and the prolif-
eration and migration of smooth muscle cells. 
Gradually, a lipid core forms, creating a 
plaque that is covered by a fibrous cap of mus-
cle cells. In the event of plaque rupture or 
bleeding, arterial thrombosis may occur, 
obstructing the vessel lumen (Fig.  7.1). 
 Arterial obstruction generates ischemia and 
tissue hypoxia, leading to skin necrosis [2–4].

• Mixed ulcers are associated with venous 
insufficiency
Ninety percent of venous return is provided 
by the deep veins and 10% by the superficial 
veins (saphenous veins and their tributaries). 

The two networks communicate via perforat-
ing veins (Dodd, Hunter, Boyd, and Cockett), 
saphenous junctions, and Giacomini’s vein, 
which provides an anastomosis between the 
saphenous veins. The veins are equipped 
with valves that prevent the blood from flow-
ing back downwards in an orthostatic posi-
tion. Pressure in the veins is determined by 
two components: hydrostatic pressure 
(weight of the blood column) and hemody-
namics resulting from muscle contraction. In 
a static position, venous pressure is around 
90  mmHg at the ankles. On initiation of 
walking, this pressure gradually decreases to 
an average of 30 mmHg, thanks to the con-
traction of the calf muscles (muscular pump) 
and the crushing of the plantar sole, which 

Fig. 7.1 From top to bottom: Atherothrombotic plaque formation in an artery
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Fig. 7.2 Evolution of 
venous pressure in the 
lower limbs when 
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veins or post-thrombotic 
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behaves like a veritable blood-filled sponge 
(Fig. 7.2). The valvular system ensures seg-
ment-by-segment return of the blood column, 
and the abdominodiaphragmatic system acts 
on hydrostatic pressure [5, 6].
Chronic venous insufficiency is linked to 
poor venous return, which generates venous 
and veno-capillary hyperpressure. The result 
is capillary and venous dilatation, increased 
endothelial cell permeability, and leukocyte 
infiltration, leading to toxin accumulation 
and cellular hypoxia, which in turn leads to 
the production of inflammatory mediators. 
Ultimately, this leads to skin remodeling, 
culminating in the appearance of skin ulcer-
ation [5, 6].

7.4  Clinical Diagnosis

• Arterial ulcer
Arterial ulcers are painful trophic disorders. 
Most often of recent onset (a few days to a few 
weeks), it is located on both the leg and the 
foot. The patient has cardiovascular risk fac-
tors (hypertension, diabetes, smoking, dyslip-
idemia, etc.). The characteristics of arterial 

ulcers are as follows: rounded, clean edges, 
possible exposure of underlying structures 
(tendon, bone), low exudation, and presence 
of necrosis (Fig. 7.3) [1].
Skin involvement is accompanied by signs of 
arterial insufficiency: intermittent claudica-
tion of the lower limbs (i.e., pain in the lower 
limbs when walking), pain at rest, coldness, 
paleness of the limb with declivity erythrocya-
nosis, coldness of the foot, disorders of the 
Phanera (thin skin; thick, brittle nails; depila-
tion; dry skin, etc.), and sometimes 
 amyotrophy when the PAD has been evolving 
for a long time [3].

• Mixed ulcer
Mixed ulcers combine signs of arterial ulcer-
ation with signs of chronic venous insuffi-
ciency. Signs of venous stasis include edema, 
phlebalgia (pain along the veins), and corona 
radiata phlebectatica. Skin changes such as 
ochre dermatitis (brown pigmentation of the 
leg due to hemosiderin deposition), lipoderma-
tosclerosis, inflammatory hypodermatitis, and 
Milian’s white atrophy may also be present [1].
The mixed ulcer is exudative and can be pain-
ful, and the peri-ulcer skin is pathological 
(erythema, maceration, hyperkeratosis, 
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Fig. 7.3 Arterial ulcer

Fig. 7.4 Mixed ulcer predominantly venous

Fig. 7.5 Mixed ulcer predominantly arterial with exposed 
tendon

eczema). The difficulty lies in assessing the 
predominant vascular component, as this will 
determine the choice of treatment (Figs.  7.4 
and 7.5).

7.5  Vascular Explorations

• Ankle-Brachial Pressure Index (ABI) and 
Toe-Brachial Index (TBI)
Measurement of ABI is recommended, as it 
offers good sensitivity and specificity in the 
detection of PAD (Fig. 7.6). It is the ratio of 
ankle systolic pressure to humeral systolic 
pressure. In the event of a result <0.91 or >1.4, 
it is necessary to search for PAD by means of 
additional examinations [2–4, 7].
However, PAD is less accurate in the case of 
wounds, particularly if there is Mönckeberg 
mediacalcosis (calcium deposits in the arte-
rial wall responsible for parietal stiffness). 
The guidelines recommend measuring toe 
systolic pressure and calculating the TBI, 
which is the ratio of toe systolic pressure to 
humeral systolic pressure, in patients with 
diabetes and kidney failure and the very 
elderly (Fig. 7.7). The pathological threshold 
is a ratio <0.7 [2, 3, 7].

• Arterial Doppler Ultrasound of the Lower 
Limbs
Arterial Doppler ultrasound is a noninvasive, 
first-line examination for leg ulcers. It is thus 
possible to visualize hemodynamically signif-
icant arterial lesions (stenoses or occlusions) 
that may explain the ischemic picture [7].
In the case of mixed ulcers, arterial assess-
ment must be complemented by an analysis of 
the venous network, in order to identify the 
cause of superficial venous insufficiency (var-
icose veins) or deep venous insufficiency 
(post-thrombotic syndrome). In the case of 
varicose veins, there is venous reflux, and in 
the case of post-thrombotic syndrome, there 
may be obstructive sequelae or valvular 
incompetence [8].

• Venous Doppler Ultrasound of the Lower 
Limbs
This exploration is indicated in case of 
venous insufficiency signs in order to detect 
varicosis or to research a post-thrombotic 
syndrome. This test can be used to detect 
venous reflux.
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Figs. 7.6 and 
7.7 Measurement of 
ankle-brachial pressure 
index (ABI) and 
toe-brachial index (TBI)

• TcPO2

This is a subcutaneous oxygen pressure mea-
surement. Using polarographic sensors (Clark 
electrodes) positioned close to the trophic dis-
order, an automaton will record an 02 pressure 
value expressed in mmHg. The cutoff value 
for healing is 30 mmHg. Below this value, the 
prognosis for healing is very poor, and impos-
sible if <10 mmHg [7].

• Vascular Imaging
Vascular imaging (CT angiography, MRI 
angiography, or arteriography of the lower 
limbs) is essential if revascularization is to 
be performed. These examinations enable a 
more detailed analysis of the lesions 
detected by echo-Doppler. Arteriography is 
used in cases where the sub-popliteal arte-
rial axes of the leg are affected, as it is more 
effective than MRI or CT angiography in 
exploring the leg axes, especially if there is 
mediacalcosis.

7.6  Treatment

Arterial ulcer treatment aims to correct arterial 
ischemia. Revascularization may be proposed 
either by surgery or by transluminal angioplasty. 
Medical treatment of PAD combining lipid- 
lowering therapy, antiplatelet therapy, and a con-
verting enzyme inhibitor is systematically 
associated with the control of cardiovascular risk 

factors and a healthy lifestyle including daily 
walking [2–4, 7].

There are no recommendations to guide the 
therapeutic management of mixed ulcers, and the 
role of compression therapy for patients with ABI 
<0.8 is controversial as there is thought to be a 
greater risk of iatrogenic skin damage with the 
use of compression therapy in the presence of 
arterial disease. However, it has been demon-
strated that modified compression therapy, using 
short stretch or inelastic material with a pressure 
<40 mmHg, is very effective in obtaining healing 
of a mixed ulcer, provided that the absolute value 
of the ankle pressure is >60 mmHg, the toe pres-
sure >30  mmHg, and the ABI >0.6 [8–11]. In 
addition, curative treatment of superficial venous 
insufficiency would be effective in treating mixed 
ulcers [8–10]. In case of post-thrombotic 
 syndrome, for patients with iliac vein outflow 
obstruction and severe symptoms/signs, endovas-
cular treatment should be considered [8].

Revascularization may nevertheless be neces-
sary if compression is no longer tolerated and the 
wound no longer progresses, or if it worsens 
under compression.

7.7  Conclusion

Since 80–90% of leg ulcers have a vascular cause, 
a vascular assessment using ABI, TBI, and arte-
rial and/or venous Doppler ultrasound should be 
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carried out systematically in the case of chronic 
leg or foot wounds. Arterial ulceration is a seri-
ous pathology resulting from arterial insuffi-
ciency and responsible for ischemia. The 
appearance of necrosis is often a clinical element 
that guides the diagnosis, and revascularization is 
the only curative treatment. In the case of mixed 
ulcer, management will depend on the degree of 
severity of the PAD, which can be quantified and 
assessed using the various vascular function tests. 
Venous insufficiency must not be neglected, as 
this may delay healing. Appropriate venous com-
pression is often necessary in the case of mixed 
ulcers and warrants monitoring of treatment tol-
erance and efficacy.
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8Introduction to Physical Injuries 
in Skin Necrosis

Sebastian Probst

Skin necrosis, a distressing condition character-
ized by the death of skin cells and tissues, is a 
medical concern with a range of underlying 
causes [1]. Physical injuries leading to skin 
necrosis are one of the most common triggers for 
this condition, posing serious challenges to 
patients and healthcare professionals alike. 
Whether the result of trauma, extremes of tem-
perature, radiation exposure, or electric shock, 
skin necrosis can have devastating consequences, 
impacting the affected individuals’ quality of life 
and often requiring complex medical interven-
tions. This chapter aims to explore the various 
forms of physical injuries that can lead to skin 
necrosis, their underlying mechanisms, and the 
potential treatment strategies employed to man-
age and alleviate the distressing effects of this 

condition. Understanding the complexities of 
skin necrosis due to physical injuries is crucial 
for early detection, prompt intervention, and, 
ultimately, improvement of patient outcomes. 
Through enhanced awareness and comprehen-
sive research, health care professionals can strive 
to prevent and mitigate the burden of skin necro-
sis in those vulnerable to its development.
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9Skin Mechanobiology: From Basic 
Science to Clinical Applications

Aleksei Orlov and Amit Gefen

9.1  Introduction

The skin forms the physical interface between the 
human body and the environment, and its mechan-
ical properties are therefore important in both 
health and disease. Among other functions, this 
largest organ of the human body constantly coun-
teracts external and internal mechanical forces 
during all daily activities. For tolerating these 
forces, the human skin has evolved to have remark-
able biomechanical properties that are uniquely 
suited to its function, both locally and overall. 
While it is relevant to know how skin tissue 
deforms and fails from a basic science aspect, it is 
even more important, from an applied medical- 
clinical perspective, to understand how mechani-
cal forces act on skin tissue to maintain normal 
tissue physiology and to regulate inherent biologi-

cal processes such as wound healing. In addition 
to its protective mechanical function and ability to 
conform to the changing body structure, the skin 
maintains water equilibrium in the body, reduces 
heat and water loss, and contains nerve fibers for 
sensation and immune-responsive cells [1, 2].

The external layer of the skin, called the epi-
dermis, varies in thickness depending on its ana-
tomical location and function. This layer consists 
of a stratified squamous epithelium of keratino-
cytes, delimited by the basal membrane and con-
taining melanocytes, Langerhans cells, and 
Merkel cells [3, 4]. The internal skin layer, 
termed the dermis, is a connective tissue that rep-
resents most of the skin substance and structure. 
The dermis is composed of fibroblasts and extra-
cellular matrix (ECM) enriched in collagen and 
elastin fibers and can be divided into two sub- 
layers: the upper papillary and the thicker lower 
reticular dermis. The skin mechanical properties 
at a certain anatomical site, such as the stiffness 
and strength, are mostly due to the local compo-
sition, organization, and directional preference of 
the ECM microarchitecture in the dermis [5]. 
Lastly, beneath the dermis is the hypodermis 
which is composed primarily of adipocyte cells 
that store lipids and triglycerides; this is often not 
regarded as an integral part of the skin organ.

Healthy skin tissue is normally “pre-stretched” 
over the body surfaces, that is, has inherent resid-
ual tension internally (known as residual tension 
stresses), but upon even a small incisional wound, 
the skin relaxes as cell-cell and cell-matrix forces 
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are disrupted at the wound margins, and the wound 
may thereby extend with respect to its original 
shape. Skin damage can be the result of an extrin-
sic trauma such as a mechanical, thermal, or chem-
ical insult. Alternatively, skin cell and tissue 
damage may develop over time due to a chronic 
disease or condition that increases the fragility of 
the skin itself or disables the protective discomfort 
and pain sensation, which  originates in the skin, or 
compromises the supportive vascular and lym-
phatic structures leading to, for example, skin 
tears, frictional blisters, diabetic foot ulcers, 
venous leg ulcers, and pressure ulcers/injuries; all 
of these wounds may deteriorate to involve infec-
tion or even cause sepsis and osteomyelitis [6].

9.2  Skin Biomechanics 
on a Tissue Scale

For those patients who suffer from loss of mobil-
ity, the skin viability and integrity are constantly 
challenged by external factors, particularly fric-
tional forces at the skin surface that typically 
intensify due to moisture and wetness, and are 
further affected by the characteristics of the 
clothing and bedsheet materials, the body habi-
tus, the posture, and any relative motion between 
the skin and contacting objects (Fig. 9.1) [7, 8]. 
Frictional forces may strip the stratum corneum, 
which triggers inflammation and opens a portal 
for infections. A combination of pressures and 
shear stresses, which is always present in real- 
world conditions, may, above a critical level, fur-
ther cause the dermal blood vessels to be distorted 
and angulated in a manner that compromises per-
fusion and, thereby, normal skin metabolism [9]. 
Specifically, moisture on the skin is known to 
increase the coefficient of friction (COF) between 
the skin and any contacting object (Fig.  9.1), 
which in turn elevates the frictional forces and 
shear stresses on and within the skin, as the fric-
tional force is proportional to the COF [7, 8, 10]. 
Moisture or wetness also weakens the dermal- 
epidermal anchoring complex and dissolves col-

lagen, which eventually manifests 
macroscopically as skin maceration [11, 12]. The 
tolerance of skin to the intensity and duration of 
frictional forces and shear stresses depends on 
numerous factors such as the age, chronic condi-
tions affecting the skin structure, function, vascu-
lar status, and inflammatory status such as 
diabetes, obesity, and central nervous system 
injuries, as well as the anatomical site, the indi-
vidual orientation of the Langer lines, and the 
level of dryness of the skin [9, 13]. In particular, 
it was shown that shear stresses in the superficial 
skin (stratum corneum) increase with the depth 
of age wrinkles or development of nonage-related 
wrinkles [7, 8, 14]. It was further demonstrated 
that a rise in the local skin temperature, or in the 
ambient temperature or in the relative humidity, 
as well as a decreased permeability of the support 
surface materials in contact with the skin or in 
close proximity to the skin, all raise the risk for 
pressure ulcers/injuries [10]. Related to that, 
repositioning an elderly bed-bound patient with 
their aged, stiffer and wrinkled skin, under moist 
or wet conditions, increases the risk of superficial 
pressure ulcers/injuries forming during the repo-
sitioning (Fig. 9.1) [15]. Accordingly, in individ-
uals confined to wheelchairs or beds, wetness of 
the skin in weight-bearing body regions should 
be avoided.

An effective biomechanical means to mitigate 
pressure and friction damage to skin in the con-
text of pressure ulcer/injury prevention is through 
the use of multilayer silicone-foam prophylactic 
dressings. Schwartz and colleagues [16] investi-
gated relationships between design features and 
biomechanical efficacy of sacral prophylactic 
dressings. Using computer modeling, they simu-
lated a commercial anisotropic multilayer dress-
ing and another hypothetical dressing with 
different mechanical properties, under dry and 
three levels of moist/wet conditions. They devel-
oped 16 finite element model variants represent-
ing the buttocks with applied dressings. Their 
model variants utilized slices of a weight-bearing 
female buttocks for segmentation of the pelvic 
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Fig. 9.1 Biomechanical computational modeling of a 
skin region under a bony prominence in a person lying 
supine in a hospital bed (top frame). As gravity pulls the 
patient’s body towards the foot of the bed, skin is sheared 
between the support surface and the underlying tissues 
(middle frame). With the level of moisture that exists in 

the microenvironment, the coefficient of friction (COF) 
increases, e.g., due to perspiration or incontinence, which 
intensifies the level of shear stress and the overall stress 
magnitudes that the skin experiences (bottom frame). The 
detailed study results are reported in [17]
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bones and soft tissues [16]. Effective stresses and 
maximal shear stresses in a volume of interest of 
soft tissues surrounding the sacrum were calcu-
lated from the simulations, and a protective 
endurance index was further calculated for the 
different dressing cases [16]. Resistance to tissue 
deformations along the direction of the spine in 
the presence of wetness was determined by rating 
simulation outcomes (i.e., the volumetric expo-
sures to effective stress) for the different dressing 
conditions. Based on this analysis, the studied 
commercial anisotropic multilayer prophylactic 
dressing exhibited superior protective endurance 
(80%), which was approximately four times that 
of the hypothetical dressing (22%) [16]. The 
above Schwartz et al.’s study provided important 
insights regarding the optimal design of prophy-
lactic dressings for effective skin protection in 
individuals who are at a risk of developing pres-
sure ulcers/injuries, especially when exposed to 
moisture [16].

Bioengineering studies of how the skin 
interacts with prophylactic dressings are not 
only limited to protecting the sacral area. For 
example, prone positioning is used for surgical 
access and also, more recently, was used widely 
while treating COVID patients who are venti-
lated prone. To reduce the risk for a facial pres-
sure ulcer/injury, prophylactic dressings can be 
used on the head. Peko and colleagues [17] 
evaluated facial soft tissue exposures to sus-
tained mechanical loads in a prone position, 
with versus without multilayer silicone foam 
dressings applied as tissue protectors at the 
forehead and chin. They used an anatomically 
realistic validated computer (finite element) 
model of an adult male head to determine the 
contribution of the dressings to the alleviation 
of the sustained tissue loads. They found that 
the application of the dressings considerably 
relieved the tissue exposures to loading [17]. 
Specifically, with respect to the forehead, the 
application of a prophylactic dressing of the 
studied type on the facial skin resulted in 52 
and 71% reductions in soft tissue exposures to 
effective stresses and strain energy densities, 

respectively. Likewise, a chin dressing of the 
type under investigation lowered the soft tissue 
exposures to stresses and strain energy densi-
ties by 78% and 92%, respectively.

Another related field where knowledge on 
skin biomechanics is critical for effective skin 
protection is in the prevention of medical device- 
related pressure ulcers/injuries [18]. Peko-Cohen 
and colleagues [19] studied the biomechanical 
efficacy of prophylactic dressings in protection 
from facial injuries caused by noninvasive venti-
lation masks, which are commonly used for 
respiratory support where intubation (or a surgi-
cal procedure) can be avoided, including in 
COVID patients who suffer a respiratory distress 
syndrome. However, prolonged use of respiratory 
masks involves risk to facial skin, which is sub-
jected to sustained deformations caused by tight-
ening of the mask and humid microclimate 
conditions. The risk of developing such medical 
device-related pressure ulcers/injuries can be 
reduced substantially by providing additional 
cushioning at the mask-face interface. 
Accordingly, the Peko-Cohen study [19] deter-
mined differences in facial tissue stresses while 
using a respiratory mask with versus without 
using foam dressing cuts. First, they developed a 
force measurement system that was used to 
experimentally determine the local forces applied 
to skin at the bridge of the nose, cheeks, and chin 
while using a mask. They further demonstrated 
facial temperature distributions after use of the 
mask using infrared thermography [19]. Next, 
using the finite element method, Peko-Cohen 
et  al. [19] delivered the measured compressive 
forces per site of the face in the model and com-
pared maximal facial effective stresses with ver-
sus without the dressing cuts. The dressings have 
shown substantial biomechanical effectiveness in 
protecting facial skin from device-related pres-
sure ulcers/injuries by providing localized cush-
ioning to skin sites at risk. Taken together, the 
above studies clearly demonstrate the importance 
of understanding skin tissue biomechanics for the 
development and evaluation of clinical methods 
for skin protection.
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9.3  The Mechanobiology of Skin 
at a Cell Scale: Focus 
on Fibroblasts

Dermal fibroblasts are the main cell type present 
in the dermis. These fibroblasts interact with epi-
dermal cells and immune cells and play an essen-
tial role during cutaneous wound healing. 
Fibroblasts are known to be highly mechano- 
responsive; namely, if a wound forms, the 
mechanical properties and deformations of the 
wound and peri-wound skin influence the prolif-
eration and collective migration of fibroblasts 
into the wound site [20], which are essential for 
epithelization of the wound bed, granulation, 
revascularization, and, eventually, tissue repair 
and scar formation [21]. The adhesive 
 interactions, likelihood of apoptosis, and velocity 
and directionality of the collective cell migration 
are also affected by the wound environment, and 
specifically by its mechanical environment such 
as the tissue stiffness characteristics and the level 
and regime of deformations that apply within and 
in the vicinity of the wound (Fig. 9.2) [22].

The above understanding led to the develop-
ment of the biological theory for the mode of 
action of negative-pressure wound therapy at 
the cell niche, which is supported by robust 
experimental evidence from cell culture assays 
(Fig. 9.2). Specifically, during the proliferative 
phase of the normal wound healing cascade, 
dermal fibroblasts proliferate and migrate into 
the wound bed to fill the gap, synthesize growth 
factors, and, ultimately, produce new ECM. This 
collective fibroblast migration followed by col-
lagen synthesis by the arriving cells results in 
the scarring of wounded skin [23]. As such, 
dermal fibroblast migration into wounds is vital 

for wound healing, and therefore, in  vitro 
“wound healing” assays typically focus on the 
kinematics of migration of these cells, e.g., 
through transwell assays, stopper-based assays, 
and scratch assays [24, 25]. The cell migration 
behavior observed in monolayer fibroblast cul-
ture models in vitro was found to be informa-
tive and useful with respect to understanding 
the in vivo cell migration process, specifically 
with regard to factors that accelerate or inhibit 
collective fibroblast migration, including mech-
anobiological factors such as the substrate stiff-
ness and pre-stretch levels (Fig.  9.2) [26–28]. 
With regard to the latter factor, it has been 
shown that the mechanical stretching of cells 
and their environment (within a certain optimal 
domain) triggers intracellular biochemical sig-
naling, which increases the expression of vari-
ous proteins (e.g., fibronectin), alters gene 
expression, and activates molecular pathways 
of proliferation, differentiation, or angiogenesis 
[23]. Mechanobiology work in fibroblast cul-
tures revealed that these cells are irresponsive 
to low strains below 0.5%; however, fibroblasts 
may accelerate their collective migration 
towards a damaged site in response to strains 
above 3%. Given that it was demonstrated that 
the plasma membranes of cells may be dam-
aged above strains of ~12%, there must be a 
strain sweet spot within the 0.5–12% range for 
optimally stimulating fibroblasts to migrate in 
response to mechanical perturbations [23, 29, 
30]. This new mechanobiological knowledge, 
implemented in the design of advanced 
negative- pressure wound therapy system hard-
ware and treatment protocols, will improve 
both clinical outcomes and cost-benefit mea-
sures in skin and wound care.
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Fig. 9.2 Fibroblasts are skin-repairing cells which are 
stimulated by an immune response to migrate into sites of 
cell and tissue damage for synthesis of collagen in order to 
form scar tissue. Automated migration assays developed 
at Professor Gefen’s research group ([21] and articles 
cited therein), which are illustrated here, allow objective, 
quantitative, standardized, and cost-effective tracking of 
the collective cell migration for studies of environmental 
factors such as the mechanobiological conditions (e.g., 
the level of stretch or the stiffness of the substrate) or the 

biochemical conditions (e.g., the pH level or certain 
medium supplements) and how they may affect damage 
accumulation and repair. The size of the gap in fibroblast 
cultures over time and the dynamics of the repair process 
automatically captured by digital optical microscopy 
allow to determine characteristic closure times and 
speeds, per specific experimental conditions, using 
custom- made image processing software developed for 
these studies, as reported in [21] and the previous Gefen 
group articles cited there
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9.4  Conclusion

Understanding the mechanobiology of human 
skin at both the macroscopic and microscopic 
scales not only has a basic science objective; it is 
also essential for protecting the skin integrity and 
viability. This was demonstrated in this chapter 
in the context of bioengineering studies to achieve 
more effective pressure ulcer/injury prevention 
using prophylactic dressings, and as related to 
repairing damaged skin by promoting dermal 
fibroblast migration into a wound site using con-
temporary negative-pressure wound therapy 
systems.

The bioengineering work conducted at the 
senior author’s (AG) research group for the last 
two decades utilizes an integrated approach 
including studies of skin physiology and micro-
climate conditions, e.g., by means of infrared 
thermography, subepidermal moisture measure-
ments, analysis of skin inflammatory markers, 
anatomically realistic computer (finite element) 
modeling and simulations (Fig. 9.1), cell culture 
studies including microscopy and image process-
ing methods (Fig. 9.2), and, importantly, a com-
bination of all of these together, to form a 
hierarchical description of the mechanobiology 
of human skin, from the cell to the organ level. As 
the above research methods continue to improve 
and reveal the mechanobiology of skin in health 
and disease, bioengineers can now create better 
skin and wound care technologies, including 
enhanced dressings for prophylaxis and treat-
ment of wounds, non-dressing-based skin protec-
tion methods, novel negative-pressure wound 
therapy systems for superior wound closure, etc.
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10Necrosis in Burns

Christoph Hirche, Holger Engel, Thomas Kremer, 
and Ulrich Kneser

10.1  Pathophysiology of Burns 
with Respect to Necrosis

Burn wound progression refers to the phenome-
non of continued tissue necrosis in the zone of 
stasis after termination of the initial thermal or 
toxic exposition. It includes partial- or full- 
thickness dermal burns.

The basis of necrosis in burns has been intro-
duced in 1953, when Jackson described the three 
concentric zones of a burn wound as the basis of 
research on burn wound necrosis and progres-
sion: the central zone of coagulation, the interme-
diate zone of stasis, and the outer zone of 
hyperemia [1]. The zone of coagulation received 
the greatest damage due to direct thermal or toxic 
exposition and has been characterized by irre-
versible necrosis with complete destruction of 
the subdermal capillary network. In 1969, the 
zone of stasis was observed to have the ability to 
recover with bleeding from a small number of 
arterioles [2]. Subsequently, investigations 

focused on the questions regarding what factors 
may contribute to or even ameliorate the progres-
sion of tissue destruction in the zone of stasis [3]. 
The answer to this question was expected to lead 
to interventional measures with high clinical sig-
nificance. It was expected that improved perfu-
sion in the zone of stasis may influence the depth 
and total body surface area determining both 
mortality and morbidity, rates of delayed wound 
healing, hypertrophic scarring, dyspigmentation, 
contractures, infection, and shock [3–5].

A cascade of various endogenous factors trig-
gers the local pathophysiologic process of burn 
wound progression [3]. The continuous release of 
cytotoxic mediators and free radicals maintains 
inflammation. In addition, an increase in secre-
tion of neutrophils has been demonstrated which 
leads to clotting of obliterated dermal venules. 
The decrease of venous drainage leads to 
increased vascular permeability and interstitial 
hydrostatic pressure. Capillary leakage contrib-
utes to augmented interstitial fluid retention and 
hydrostatic pressure and thus leads to edema with 
potential ischemia. In accordance, hypercoagula-
bility and venous thrombosis impair blood flow, 
and hypoxia-induced mediators lead to endothe-
lial cell damage with compromised arteriole and 
capillary circulation. Singh et  al. reviewed all 
peer-reviewed, original, and review articles pub-
lished in English-language literature relevant to 
the topic of burn wound conversion and further-
more described infection, tissue desiccation, cir-
cumferential eschar, metabolic derangements, 
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advanced age, and poor general health as further 
factors with influence on necrosis [6].

Various authors have approached the mecha-
nisms of burn wound progression and necrosis in 
order to investigate strategies and agents which 
aim to reduce inflammation, capillary leakage, 
edema, hypercoagulability, and venous thrombo-
sis in acute burns [7–10].

Nevertheless, the clinical benefit and appli-
cability of the results still raise controversial 
 discussions. Further research is necessary to 
improve the understanding of all interrelated 
mechanisms and the convergence of burn 
wound progression in order to limit cell apop-
tosis as the basis of burn necrosis (Fig.  10.1) 
[3].

a b

c

e

d

Fig. 10.1 Origination of burn necrosis. The acute trauma 
induced by heat or chemical toxin exposition leads to par-
tial (*) dermal primary necrosis with necrotic epidermis 
layer (a). In case of partial necrosis (*), reduction of 
inflammation can limit full-thickness necrosis (#) (b). If 

inflammation continues, secondary necrosis with neces-
sity of split- or full-thickness skin transplantation occurs. 
In case of tertiary necrosis of burns, transplant loss may 
lead to secondary healing (§) or requires retransplantation 
(c–e)
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10.2  Apoptosis and Oncosis 
in Burn Wounds

Apoptotic dermal cells are found in normal, 
unburned skin, in superficial partial-thickness 
and in full-thickness burns. Nevertheless, a 
higher rate is found in deep partial-thickness 
burns than in normal skin, superficial partial- 
thickness burns, and full-thickness burns [9, 11]. 
These results suggest that apoptosis has an impact 
on burn wound progression of deep partial- 
thickness wounds. Apoptosis has been shown to 
continue for at least 23 days after the initial burn 
injury, which represents the window for pharma-
cologic intervention [12]. Apoptotic rates are 
mainly influenced by the local conditions in the 
zone of stasis.

Further investigation by Singer et al. showed 
that both apoptosis and oncosis to cell death in 
the zone of stasis play a role in burn wound 
necrosis and progression [13]. In order to 
approach apoptosis in the zone of stasis, Giles 
et al. developed a pharmaceutical agent to block 
the mechanism of apoptosis before irreversible 
loss of cell viability [14]. Giles et al. investigated 
inhibition of c-Jun, a transcription factor involved 
in multiple cell processes, including inflamma-
tion, proliferation, and apoptosis in an animal 
model. They found that direct application of the 
c-Jun inhibitor to full-thickness burn wounds in 
mice resulted in improved reepithelialization and 
a reduction in apoptotic cells at 24 h after burn 
injury [14].

10.3  Inflammation as a Key Step 
in Burns

Inflammation has an important key role in pro-
moting local wound healing. Nevertheless, 
depending on the extent, it may constrain the 
healing process. Positive effects of local inflam-
mation include local clearance of cellular frag-
ments and local immunoactivity against microbial 
agents [15]. In contrast, prolonged inflammation 
mediated by neutrophil and macrophage release 
may increase secretion of proinflammatory cyto-
kines. This secretory imbalance may trigger col-

lagen degradation and keratinocyte cell apoptosis, 
adherence of neutrophils to the venular endothe-
lium, production of oxygen-derived free radicals 
with disruption of plasma membranes, DNA 
cross-links and strand breaks, and peptide frag-
mentation [3, 16]. Further regulatory steps which 
keep up an imbalanced inflammation are delayed 
neutrophil apoptosis, local neutrophil aggrega-
tion, venule occlusion, and cytokine production. 
Wound infection has a major impact on inflam-
mation due to endotoxin production and protease 
release that destroy tissue but also perpetuate the 
prolonged inflammatory response [3, 16, 17].

Deep partial-thickness burns are subject to these 
pathophysiological changes surrounding the pri-
mary zone of thermally induced coagulation, with 
potential expansion within 48 h postburn. From the 
clinical point of view, intervention by pharmaco-
logical interaction aims at reducing the need for sur-
gical debridement and the area requiring skin 
grafting by keeping a balanced inflammation level, 
but potential systemic reactions have to be taken 
into consideration with limitation of application.

10.4  How to Prevent Necrotic 
Burns

In this chapter, primary necrosis is defined as 
resulting initially after the thermal or chemical 
exposition and is irreversible, while secondary 
necrosis results from conversion of the zone of 
stasis due to insufficient perfusion. Tertiary 
necrosis is defined as necrosis after transplanta-
tion with need for revision or secondary healing.

10.4.1  Primary Necrosis

The emergency preclinical and clinical therapy 
may have an early influence on burn wound pro-
gression and necrosis. With reference to the 
national and international guidelines, the early 
steps include stopping the burn, cooling the 
wound with care, appropriate dressings, and 
goal-directed, individual burn wound care [18].

At the site of the accident, the burning process 
has to be stopped or rather extinguished. All burnt 

10 Necrosis in Burns



84

clothing and any jewelry should be removed unless 
it is merged with the patient (e.g., polyvinyl chlo-
ride, polyester). There are controversial discussions 
about cooling of burns, especially regarding the cor-
rect time, temperature, timeframe, and medium. 
Many patients are mistakenly cooled down and 
arrive with mild to severe hypothermia. Cooling has 
a high analgesic potency and can reduce area of the 
zone of stasis where capillary perfusion is reduced 
when applied correctly. If the burnt body surface 
area is small (<10%), cooling of the burn should be 
performed [19]. Medium-tempered running tap 
water (approximately 15–20 °C) with a maximum 
cooling time of 15 min is recommended, while spe-
cially manufactured burn dressings (Water−Gel®, 
Burn−Pack®) have raised concerns regarding hypo-
thermia following application due to handling 
errors. Dressings are important for pain manage-
ment and to prevent the burnt area from contamina-
tion as a potential source of infection and 
inflammation. Dressings also play a role in thermal 
balance. Customary metal films (e.g., Metalline®) 
can reduce the risk of undercooling as a further 
external measure with impact on burn progression 
[20, 21].

Goal-directed, individual burn wound care 
includes specialist treatments, regular antiseptic 
dressing with appropriate wound climate, bal-
anced fluid supply to prevent unnecessary edema, 
and analgesia in order to reduce pain-associated 
vasoactive mediator release.

10.4.2  Secondary Necrosis

Although research is going on, current milestones 
of treatment include adequate fluid resuscitation, 
nutritional support, and local wound care, with 
focus on topical antimicrobial agents and dress-
ings. With potential therapeutic application, 
resolvins, a class of endogenous mediators 
derived from omega-3 polyunsaturated fatty 
acids, have been shown to regulate the resolution 
of inflammation in an animal model. By preserv-
ing the microvascular network, the agent was 
shown to enhance neutrophil access to the der-
mis, but prevented neutrophil-mediated damage 
[8].

Ipaktchi et al. hypothesized that topical atten-
uation of burn wound inflammatory signaling 
will control the dermal inflammatory source, 
attenuate SIRS, and reduce acute lung injury. 
They applied a topical p38 mitogen-activated 
protein kinase (MAPK) inhibitor to wounds. 
Topical p38 MAPK inhibition resulted in signifi-
cantly less pulmonary inflammatory response by 
reducing pulmonary neutrophil sequestration, 
pulmonary cytokine expression, and a significant 
reduction in pulmonary microvascular injury and 
edema formation. They concluded that there is a 
strong interaction between dermal inflammation 
and systemic inflammatory response; thus, atten-
uating local inflammatory signaling appears 
effective in reducing SIRS and subsequent sys-
temic complications after burn injury [22].

10.4.3  Tertiary Necrosis

In order to prevent tertiary necrosis, adequate 
necrectomy remains the key factor in the prepara-
tion of high-rate transplant take. In addition, a 
balanced specialist and multidisciplinary therapy 
includes adequate fluid supply, nutritional sup-
port, and local wound care. Vasoactive mediators 
may lead to capillary occlusion impairing trans-
plant take. If epithelial islands are surrounded by 
tertiary necrosis, secondary wound healing vs. 
retransplantation have to be evaluated on the 
basis of affected burned area, localization, and 
expected healing period. Hypertrophic scarring, 
dyspigmentation, and potential contractures can 
result from tertiary necrosis.

Key Messages for Necrosis in Burns
Primary necrosis:

Inflammation, capillary leakage, edema, 
hypercoagulability, venous thrombosis, and arte-
riole and capillary stasis lead to burn progression 
and involve a number of factors which are linked.

Establish early diagnosis of primary necrosis 
and debridement and adequate initial care.

Secondary necrosis:
Try to prevent or limit inflammation.
Conversion zones may lead to secondary 

necrosis.
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Tertiary necrosis:
Sufficient necrectomy enables high rate of 

transplant take.
Loss of transplant may lead to tertiary 

necrosis.
Tertiary necrosis necessitates secondary heal-

ing or retransplantation.
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11Electrical Burns

Christian Herlin

11.1  Introduction

Electrical burns are rare but can be particularly 
severe or injuring and sometimes fatal. They rep-
resent approximately 5% of burns [1]. In addi-
tion, it is estimated that 4000 people every year 
undergo an electrocution in France.

This type of burn affects mainly two catego-
ries of patients:

• The young child exploring his environment.
• The adult in his workplace.

They are of two types:

• Damage by direct contact with the electric 
current. The lesions spreading from an entry 
point to an exit point of the current (our focus 
of interest in this chapter).

• Injury by electric arcs in accidents at very high 
voltage. That is mainly thermal burns but at a 
very high temperature (>2000 °C).

They can be divided into two groups:

• Low-voltage injuries (<1000  V) occurring 
mainly at home.

• High-voltage injuries (>1000  V) occurring 
more often in the workplace.

In a recent review of the literature [2] 44% of 
patients presented low-voltage injuries (LVIs) 
and 38.3% high-voltage injuries (HVIs), and 
some studies did not characterise outcomes 
according to LVIs vs. HVIs. Psychological out-
comes such as post-traumatic stress disorder 
were poorly documented. Mortality rates from 
electrical injuries are 2.6% in LVI, 5.2% in HVI, 
and 3.7% in not otherwise specified situations 
with a ratio of 2.4:1 for deaths caused by LVI 
compared with HVI. HVIs lead to greater mor-
bidity and mortality than LVIs. However, the 
results may suggest that immediate mortality 
from LVI may be underestimated.

They mainly concern two locations:

• The upper limb.
• The face.

Mechanisms of tissular injury appear to be of 
three different types:

• The Joule effect: generating heat depending 
on tissue resistance—“J = R I2 T.” The amount 
of the heat intensity generated (J) depends 
indeed on voltage U because U = RI. T is the 
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duration in seconds of the contact, R is the 
resistance in ohms, and I is the intensity in 
amperes.

• The higher the resistance, the greater the heat 
generated will be and the more serious the 
injuries are, but less current will travel 
through.

• Actually, two parameters influence tissue 
resistance:

• Its category (with decreasing resistance): 
Bone > fat > skin > muscle > mucosa > ves-
sel > nerve.

• Its diameter: the smaller the diameter (wrist, 
elbow, and ankle), the higher the resistance, 
and thus the damage related to the Joule effect 
is significant [2].

• Cell membrane destruction by electric shock 
(electroporation) [3] increasing tissue damage 
and promoting the release of myoglobin.

• Massive depolarisation, which will result in the 
damage of muscle and cardiac and nervous cells. 
The “shock” causes the phenomenon of tetanisa-
tion, which increases the contact time of the vic-
tim with the electric current source (cable grasps, 
feeling of being “stuck” to the source). 
Furthermore, tetanisation allows the joint’s jump 
of current by hyperflexion of the joints [4].

11.2  Tissue Injury

11.2.1  Entry and Exit Skin Points

These points are most often located at the extrem-
ities. The entry point is centred by a sore indicat-
ing carbonisation. This area is surrounded by a 
burn of decreasing depth (“cockade aspect”). On 
the way to the exit point, an area of deep burn 
should be suspected, following theoretically the 
path of sensory and motor nerves (the superficial 
veins also).

However, the current path remains unpredict-
able. Meanwhile, the exit point more often repre-
sents a whitish area. During the impact, it links 
the body to the ground or other external elements 
connected to it (Fig. 11.1).

11.2.2  Muscle Injury

It is always more severe than suggested by skin 
lesions and is due to the action of depolarisation 
and Joule effect. It represents the most important 
vital and functional prognosis factor in this type 
of burn. Muscles submitted to high voltage will 
undergo a very significant oedema, which can 

Fig. 11.1 Example of multiple points of entry and exits in the same patient
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Fig. 11.2 Carbonisation of upper limb responsible for 
major and composite tissue lesions

lead quickly to a compartment syndrome 
(>30 mmHg). This syndrome, if not managed by 
a fasciotomy, will significantly increase muscle, 
nerve, and vascular damage, by direct compres-
sion, thrombosis [5], and necrosis, leading to 
local acidosis. This vicious cycle is to be broken 
as soon as possible (Fig. 11.2).

11.2.3  Myocardial Damage

Except the acute cardiac fibrillation, approxi-
mately 10% of patients admitted for electrical 
burn present electrocardiographic abnormality. 
This is most often represented by bundle branch 
block, supraventricular tachycardia, or non- 
specific repolarisation disorder. To these mecha-
nisms is added necrosis by coronary thrombosis 
according to the same mechanisms mentioned 
above.

11.2.4  Buccal Mucosa Damage

It is typical of young children biting electric 
cables. The lesions are most often at the commis-
sures, gums, and tongue. Full necrosis occurs 
most often before the end of the second week. 
Spontaneous wound healing is often adequate, 
but sometimes secondary interventions are 
required [6]. Their objective is in fact to recon-
struct the anatomical subunits. The establishment 

of a shaper must be compulsory if there is a risk 
of microstomia.

11.2.5  Nerve Damage

It is most often a direct injury of axons by the 
current, causing paralysis or sensory disturbances 
more or less permanent. Indirect injury, often 
persistent, is caused by thrombosis or 
compression.

11.2.6  Deep Damage (Except Viscera)

They are the consequences of the Joule effect. 
With the bone and fascia being poor conductors, 
the heat effect is very significant, causing perios-
teal bone necrosis. In addition to that, fractures 
and serious sprains (typical posterior 
 glenohumeral dislocation) are not uncommon 
due to tonic muscle tetanisation.

11.2.7  Other Damages

• Renal: damage by renal parenchymal necro-
sis, thrombosis, or disseminated intravascular 
coagulation (DIC) and acute tubular necrosis 
by accumulation of myoglobin.

• Visceral damage represented by gastrointesti-
nal perforation, paralytic ileus, hepatorenal 
syndrome, liver injury, or acute pancreatitis. 
Liver enzymes as well as amylase/lipase are to 
be obtained.

11.3  Medical Management

11.3.1  Monitoring

The intensive care management (cardiovascular 
monitoring, rehydration, coagulation, CPK, K+, 
etc.) must be rigorous and precautionary [7]. 
Compartment syndrome is to be ruled out 
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(increased pressure of the compartments, hypo-
aesthesia, impaired distal perfusion, etc.).

11.3.2  Assessment of the Lesions

If entry and exit skin points are usually obvious, 
the path and the internal damages are sometimes 
more difficult to assess. Scintigraphy (99mTc; 
133X) and MRI can provide important informa-
tion on the condition about the deep integuments 
[8].

11.4  Surgical Management

11.4.1  First Surgery

It must be determined by the existence of a com-
partment syndrome, which must be managed 
within 6 h of the injury [9]. Deep exploration is to 
be done while carrying out escharotomies and 
fasciotomies. Necrotic tissue should be removed; 
the damaged muscles and nerves have to be pre-
served if we consider a possible recovery espe-
cially after fasciotomy (Fig. 11.3).

Immediate flap coverage is recommended by 
many authors to limit devascularisation, but in 
emergency cases, we think that it must be 
reserved for vital organ coverage [10]. Besides 
these situations, we believe that we must avoid 
performing locoregional or free flaps before 
3 weeks to allow time for oedema to decrease and 
promote drainage of all local toxins (free radi-
cals, lactate) leached after the trauma. Immediate 
amputation is limited to extreme cases with 
anuria or shock; it will aim to keep a length 
always compatible with future equipment.

11.4.2  Second Look

It is carried out 2–3 days later. We have to spare 
the maximum of tissue (tendon, nerve, etc.) even 
if they fall in a grey zone. Skin coverage remains 
our priority; the damaged nerves will be repaired 
in a second time. Even if not widely practised, 
these interventions bring some interest as they 
will allow being less aggressive in the first sur-
gery and opening a window for a new debride-
ment of secondary necrotic tissue after the 
removal of the ischemia-reperfusion syndrome 

Fig. 11.3 Deep burn of the lateral side of the face due to a very-high-voltage electric arc
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Fig. 11.4 Realisation of an island flap for the reconstruction of the proximal defect. Skin graft was used for the middle 
finger

(when fasciotomy is performed). Ultimately, a 
third or a fourth revision is sometimes necessary 
to achieve complete debridement of large areas 
(Fig. 11.4).

Furthermore, a polymicrobial infection of 
necrotic tissue can occur with plurimicrobiens 
processes often including anaerobes or 
Pseudomonas aeruginosa. Bacteriological sam-
ples are systematically taken, and antibiotics are 
given as needed.

11.5  Global Management

This type of patients requires hospitalisation in 
specialised burn unit with experienced teams. 
Supervision by physiotherapists to limit retrac-
tions is necessary, but also the psychological side 
should not be neglected.

It is indeed known that electrocution can have 
a psychological impact and even cause psychiat-
ric diseases.

The final healing is often long and delayed. 
Thus, 3–4 weeks may be required to obtain gran-
ulation tissue after debridement and 2–3 months 
to hope for healing of the entry and exit skin 
points.

11.6  Prevention

In developed countries, electrical burns occurring 
in working conditions as well as paediatric burns 
have decreased, and most of the patients are 
admitted with low-voltage burns, whereas in 
developing countries, patients are more fre-
quently admitted with high-voltage burns, with 
an extensive need for acute and reconstructive 
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surgical interventions. Voltage of the burn injury 
is a determinant factor in the severity of the 
necrotic lesions. A reduction in paediatric high- 
voltage injuries was observed over the past two 
decades, likely due to the enhancement of electri-
cal safety [11, 12].

11.7  Conclusion

The electrical burns are rare but often severe. The 
initial management is dominated by the detection 
of deep lesions and the prevention of organ fail-
ure. Management of muscle injury is important 
for vital and functional outcomes; however, it 
remains very difficult to assess in the early days. 
Surgery is often delayed and should usually aim, 
after a second look, to restore the original anat-
omy and function. Cosmetic and functional 
sequelae will be supported later, usually at 
18–24 months.

References

1. Koumbourlis AC.  Electrical injuries. Crit Care 
Med. 2002;30(11 Suppl):S424–30. PubMed PMID: 
12528784

2. Shih JG, Shahrokhi S, Jeschke MG. Review of adult 
electrical burn injury outcomes worldwide: an analy-
sis of low-voltage vs high-voltage electrical injury. J 
Burn Care Res. 2017;38(1):e293–8.

3. Hunt JL.  Electrical injuries of the upper extremity. 
Major Probl Clin Surg. 1976;19:72–83. PubMed 
PMID: 1256066

4. Lee RC, Gaylor DC, Bhatt D, Israel DA. Role of cell 
membrane rupture in the pathogenesis of electrical 
trauma. J Surg Res. 1988;44(6):709–19. PubMed 
PMID: 3379948

5. Skoog T.  Electrical injuries. J Trauma. 
1970;10(10):816–30. PubMed PMID: 5506363

6. Holliman CJ, Saffle JR, Kravitz M, Warden GD. Early 
surgical decompression in the management of electri-
cal injuries. Am J Surg. 1982;144(6):733–9. PubMed 
PMID: 7149133

7. Garson S. Les levres brulees [Burned lips]. Ann Chir 
Plast Esthet. 2002;47(5):547–55. PubMed PMID: 
12449878

8. Purdue GF, Hunt JL. Electrocardiographic monitoring 
after electrical injury: necessity or luxury. J Trauma. 
1986;26(2):166–7. PubMed PMID: 3944840

9. Ligen L, Hongming Y, Feng L, Huinan Y, Quan H, 
Guang F.  Magnetic resonance imaging features of 
soft tissue and vascular injuries after high-voltage 
electrical burns and their clinical application. Injury. 
2012;43(9):1445–50. PubMed PMID: 21764053

10. Teot L, Griffe O, Brabet M, Gavroy JP, Thaury 
M. Severe electric injuries of the hand and forearm. 
Ann Hand Upper Limb Surg. 1992;11(3):207–16. 
PubMed PMID: 1382511

11. Zhu ZX, Xu XG, Li WP, Wang DX, Zhang LY, 
Chen LY, et  al. Experience of 14 years of emer-
gency reconstruction of electrical injuries. Burns. 
2003;29(1):65–72. PubMed PMID: 12543048

12. Depamphilis MA, Cauley RP, Sadeq F, Lydon M, 
Sheridan RL, Driscoll DN, Winograd JM.  Surgical 
management and epidemiological trends of pediatric 
electrical burns. Burns. 2020;46(7):1693–9. https://
doi.org/10.1016/j.burns.2020.03.005. Epub 2020 Mar 
31.PMID: 32245570

Open Access  This chapter is licensed under the terms of the Creative Commons Attribution-NonCommercial- 
NoDerivatives 4.0 International License (http://creativecommons.org/licenses/by- nc- nd/4.0/), which permits any non-
commercial use, sharing, distribution and reproduction in any medium or format, as long as you give appropriate credit 
to the original author(s) and the source, provide a link to the Creative Commons license and indicate if you modified the 
licensed material. You do not have permission under this license to share adapted material derived from this chapter or 
parts of it.

The images or other third party material in this chapter are included in the chapter's Creative Commons license, 
unless indicated otherwise in a credit line to the material. If material is not included in the chapter's Creative Commons 
license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to 
obtain permission directly from the copyright holder.

C. Herlin

https://doi.org/10.1016/j.burns.2020.03.005
https://doi.org/10.1016/j.burns.2020.03.005
http://creativecommons.org/licenses/by-nc-nd/4.0/


93© The Author(s) 2024 
L. Téot et al. (eds.), Skin Necrosis, https://doi.org/10.1007/978-3-031-60954-1_12

12Gunshot Wounds

Supaporn Opasanon 
and Apirag Chuangsuwanich

12.1  Introduction

Gunshot wounds (GSWs) are one of the most 
fatal traumatic injuries. Bullets not only cause 
direct vital organ damage, but also further 
problems from undermanagement of the 
wounds [1–3]. Soft tissue damage, foreign 
bodies, and bacterial contamination at GSW 
sites and along the wound tract are the factors 
that may cause infection and delay wound 
healing [4, 5]. After the Advanced Trauma Life 
Support (ATLS®) protocol [2] for life-threaten-
ing condition, GSWs should be managed thor-
oughly. In this chapter, we describe the updated 
knowledge and principle of GSW 
management.

12.2  Etiopathogeny

Gunshot causes tissue damages by disrupting 
the tissue, through bleeding, and by permitting 
entrance of infection [1–3, 6]. The mechanism 
of tissue injuries is mixed, blunt, and penetrat-
ing trauma injuries. For penetrating trauma, 

destruction of flesh tissue is due to passing of 
the bullet through it and the large amount of 
kinetic energy transferred to the tissue. Some 
blunt trauma is due to displacement of tissue 
adjacent to the track of the penetrating bullet. 
The bullet’s shock wave may damage the adja-
cent structure. Severity of a bullet wound may 
be expressed by the formula KE = ½ MV2. This 
formula expresses the amount of the energy 
transfer to the body by a bullet. Contusion and 
hemorrhage will occur. Increasing the velocity 
of the bullet will have more tissue destruction 
than increasing its mass. A bullet is not steril-
ized and may carry viable bacteria and clothing 
into a wound [4, 5].

12.3  Clinical Detailing

12.3.1  Characteristics of GSWs

Tissue destruction relies on the kinetic energy of 
the bullet. A high-velocity bullet causes more tis-
sue damage than a low-velocity bullet. The anat-
omy of the wounds is also an important factor of 
severity:
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12.3.1.1  Cavity
Kinetic energy dissipates forward and laterally 
away from the bullet and pushes the surrounding 
tissue aside causing a cavity (Figs. 12.1 and 12.2). 
Entrance wound is round with abrasion ring and 
shows soot deposition or blackening of the skin 
edge (Fig. 12.3). Stellate-shaped entrance wound 
may be found in near-contact shooting due to tear-
ing of the skin from expanding gas (Fig.  12.4). 
Exit wound is typically larger and more irregular 
than the entry. If the path of the bullet is long, 
entrance and exit wounds may be small. Negative 
pressure may suck debris into the wound track.

12.3.1.2  Abrasion Ring (Marginal 
Abrasion, Contusion Ring)

Bullet indents the skin and abrades the margin of 
entrance wound.

12.3.1.3  Crush and Laceration
Direct laceration and disruption of the tissues 
occur along the track with any penetrating object 
and effects of gases.

12.3.1.4  Secondary Shock Wave
Tissue damage may occur in the remote tissue 
caused by the kinetic energy of a high-velocity 
bullet, which produces a shock wave.

12.3.1.5  Skin Burn
The bullet’s kinetic energy is converted to heat. 
Heat is transmitted to the surrounding tissues.

12.3.1.6  Bullet Wipe
Lubricant and debris on bullet surface wiped off 
onto the wound edge.

Fig. 12.1 Kinetic energy of the bullet dissipates in the 
wound track and another way, which causes damage out-
side the track

Permanent
wound cavity

Temporary
wound cavity

Fig. 12.2 The energy and heat expand explosively, caus-
ing a cavity in the tissue

Marginal
abrasion

Soot

Cavity

Fig. 12.3 Round 
entrance gunshot wound 
showing dark soot 
deposition with marginal 
abrasion

Fig. 12.4 Stellate-shaped entrance wound with soot
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12.3.1.7  Smudging
Soot from partially burnt gases.

12.3.1.8  Tattooing
Burning propulsive grains embedded in the skin.

12.3.1.9  Retained Foreign Materials
GSWs penetrate the soiled clothing and intro-
duce foreign bodies such as lubricant, debris, and 
bacteria into the wound track. They are the source 
of wound contamination. Retained wadding and 
bone fragment should be removed.

12.4  General Principles of GSW 
Management

12.4.1  Save Life

• For initial management, ATLS protocol should 
be performed.

12.4.2  Local Wound Care to Prevent 
Infection

• Control bleeding: Wound hematomas 
(Fig. 12.5) lead to infection [4].

• Cleansing.

• Adequate debridement [4]: Debridement of all 
grossly nonviable tissues should be 
undertaken.

• Remove foreign materials: soot, clothing, 
lubricant, and bone fragment.

• Antibiotics [4]: Bullets are not sterile. 
Puncture wound is a risk factor for serious 
infection. Antibiotic prophylaxis is recom-
mended in GSWs.

• Tetanus immunization [4]: GSWs are at risk 
for tetanus, and the patient should receive teta-
nus prophylaxis.

12.5  Gunshot Wound 
Management

12.5.1  Initial Dressing

Bleeding should be controlled with direct pres-
sure. As always, GSWs should be treated as soon 
as possible in a hospital.

12.5.2  Wound Surgery

“Treat the wound, not the weapon” is the key of 
GSW management [7].

12.5.3  Irrigation and Debridement

Gunshot wounds are contaminated wounds and 
are at high risk of infection. Wound must be 
cleaned as much as possible. Wound irrigation 
with copious volumes of saline can reduce the 
number of bacteria in the wound. Soot and lubri-
cant are removed. High-pressure irrigation may 
be as effective in removing contamination [4, 8].

Adequate debridement is very important. Skin 
necrosis and damaged subcutaneous fat are 
removed by sharp debridement. High-pressure 
hydrosurgery [4] is one of the new debridement 
techniques. It is very effective to cut and debride 
the abrasion ring and laceration and clean bullet 
wipe. In addition, hydrosurgery is an easy method 
to clean the cavity wounds.Fig. 12.5 Gunshot wound with hematoma
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12.5.4  Dressing and Closure

Wound should be left open [4, 8]. Closing a con-
taminated wound can trap bacteria inside and 
lead to infection. Wide excision may be required 
to clear foreign materials. Moist saline gauze is 
inserted directly into the wound to allow drainage 
twice a day for the first few days or until there is 
no more fluid draining from it. Reinspection at 
72–96  h should be considered. After reevalua-
tion, if there is no remaining fluid or other 
 contaminants with no excessive loss of skin, 
delayed primary closure is accepted [4]. If the 
patient has deep cavity or large skin and soft tis-
sue defect, flap reconstruction should be consid-
ered. The principle of wound management is to 
keep the wound environment moist [9]. Hydrogel 
supports autolytic debridement and provides a 
moist wound bed. It is a good choice for rela-
tively desiccated wounds. Fluid in cavity wound 
can cause infection. Absorbent dressing is 
needed. Calcium alginate [9] and hydrofiber 
dressings are appropriate to control exudates. 
Alginates are available in rope form, which is 
very easy to apply in the cavity wound. An ionic-
silver dressing is also a good choice for GSWs.

12.5.5  Instructions for Special Areas

12.5.5.1  A Bullet Wound to the Head
Bone fragment should be removed. It is easy to 
miss these in hairy parts of the body such as the 
scalp, axilla, and perineum, so careful examina-
tion is very important.

12.5.5.2  A Bullet Wound to the Face
A good examination with attention to possible 
nerve damage and parotid gland and Stensen’s 
duct injuries should be performed. The skin at the 
face is highly vascular and tends to heal better than 
other areas of the body. It can be sutured after good 
wound cleansing. In case of through- and- through 
GSWs, connecting between the skin and mucosa, 
such as the cheek and mouth, primary closure of 
mucosal wound must be done and thorough wound 
irrigation is recommended. Delayed primary clo-
sure of the skin may be considered.

12.5.5.3  A Bullet Wound to the Arm 
or Leg [8, 10]

Evaluation of injury to the neurovascular struc-
tures, muscle, and bone should be done. Massive 
debridement is required to clear the dead tissue, 
foreign material, and bone fragment. Close moni-
toring of compartment syndrome is mandatory. 
Hyperbaric oxygen therapy (HBO) [11] may help 
to reduce swelling and inflammation in pending 
case or be used as adjunctive treatment. However, 
complete fasciotomy is the primary treatment for 
compartment syndrome. Retained foreign mate-
rial and inadequate debridement may lead to late 
infection.

12.6  Conclusion

GSWs can cause immediate life-threatening con-
ditions that should be treated first followed by 
associated injuries. The severity of tissue damage 
depends on the bullet’s kinetic energy and loca-
tion of the wounds. Thorough wound evaluation, 
effective wound debridement, and prevention of 
infection are the principles of GSW management. 
Hydrosurgery with high pressure and hydrogel 
may be the tools for debridement with good 
outcome.
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13Frostbite

Marc-James Hallam, Steven J. Lo, 
and Christopher Imray

Frostbite is defined as the injury sustained by tis-
sues subjected to temperatures below their physi-
ological freezing point (−0.55 °C). The severity 
of a frostbite injury is related to the temperature, 
wind chill and duration of exposure to that tem-
perature, as well as the volume of tissue subjected 
to cooling. As a result, a description of a frostbite 
injury is somewhat of an umbrella term used to 
describe wounds ranging from those with mini-
mal tissue damage over small areas to substantial 
necrosis of entire limbs, necessitating amputa-
tion. Advances in frostbite management have 
improved the potential outcome in frozen inju-
ries, and thus, it is important that front-line medi-
cal staff can recognise and treat frostbite 
effectively [1].

13.1  Aetiology

Frostbite typically affects the extremities with 
90% of injuries affecting the fingers and toes 
although the nose, ears and external genitalia are 

also commonly affected [2]. Although histori-
cally it was most frequently observed in military 
personnel, there has been a shift over the last few 
decades with increasing numbers of civilians 
being affected. Modern epidemiological evi-
dence suggests that high-risk groups still include 
those in military organisations but also the home-
less, extreme sports enthusiasts, those in poor 
health, and individuals intoxicated through drink 
or drug use and genetic susceptibility, e.g. people 
from warm climates (see Table 13.1) [1, 2].

13.2  Classification of Frostbite

There are a number of ways one can classify 
frostbite injuries, and the most commonly uti-
lised classification is simply one of mild or severe 
injury, but the first predictive outcome classifica-
tion was suggested by Cauchy et al. (2001) [3]. 
Cauchy’s classification is based on the anatomi-
cal location, radiotracer uptake on technetium 
scanning and skin blistering. This was based on a 
retrospective study of 70 frostbite patients pre-
senting to the Department of Mountain Medicine 
in Chamonix, France (Table 13.2).M.-J. Hallam (*) 
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• Extreme cold exposure
• Innapropriate clothing
• Homelessness
• Smoking

Extrinsic
factors

• Vascular/raynauds disease
• Diabetes
• Psychiatric illness
• Previous frostbite injury

Systemic
pathology

• -blockers
• Sedatives
• Anxiolytics
• Illicit drugs

Pharmacologic

• Head injury
• Spinal cord injury
• Multi-trauma
• Injuries compromising circulation

Injury

Table 13.1 Aetiological 
factors predisposing to 
frostbite injury

Table 13.2 Predictive classification of frostbite injuries affecting the limb extremities

Severity 
grade

Lesion 
location (day 
0)

Radioactive tracer uptake 
on bone scan (day 2)

Character of 
blistering (day 2) Likely outcome

1. Not visible N/A None No tissue loss or long-term sequelae
2. Distal 

phalanx
Hypo-fixation Clear Soft tissue loss with nail changes

3. Mid-phalanx Absence of uptake at 
phalanx

Haemorrhagic Amputation of digit. Functional 
sequelae

4. Carpus/tarsus Absence of uptake at 
carpus/tarsus

Haemorrhagic Extensive amputation with likely 
sepsis or thrombosis. Functional 
sequelae

(Reproduced and adapted with permission from Grieve et al. [2], © BMJ, All Rights Reserved)

13.3  Pathology

A frostbite injury results from both direct and indi-
rect effects of freezing and pathologically is charac-
terised by a continuum of overlapping pathological 
phases that ultimately cumulate in cellular isch-
aemia and necrosis of the affected tissues. These 
phases can be broadly divided into the following:

• Pre-freeze phase.
• Freeze-thaw phase.
• Vascular stasis phase.
• Late ischaemic phase.

13.3.1  Intracellular Effects

The direct effects of freezing are principally due 
to the formation of ice crystals within the tissues 
themselves. These crystals increase the oncotic 
pressure within the extracellular space, dehydrat-
ing cells via the osmotic movement of water out 
of the cellular membranes and disturbing the 
intracellular homeostasis. With the rewarming of 
tissues, the crystals melt producing interstitial 
tissue oedema. Indirectly, the freezing injury 
stimulates the release of a variety of pro- 
inflammatory cytokines.

M.-J. Hallam et al.
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13.3.2  Extracellular Effects: 
The Freeze-Thaw-Refreeze 
Injury

Initial exposure to cold temperatures results in an 
immediate, localised vasoconstriction. This may 
sometimes be followed by a transient vasodila-
tory reflex known as the “hunting response” or 
cold-induced vasodilatation. This physiological 
reflex results in a redistribution of flow from the 
core and is thought to be a primitive reflex to pro-
tect the extremities from freezing. Ultimately, 
this results in a drop in core body temperature 
and furthermore is ineffective in protecting the 
peripheries against extreme cold stress. The 
reduced blood flow secondary to vasoconstriction 
in turn further exacerbates localised cooling pro-
ducing a vicious cycle of ever-increasing vaso-
constriction and tissue cooling. An oedematous 
state results through a combination of increased 
plasma viscosity, microvascular damage and 
fluid migration. The microvascular (endothelial) 
damage produces a pro-thrombotic environment 
through activation of the clotting cascade in 
which microthrombi form, occluding the capil-
laries, resulting in ischaemia. When such a time 
as tissue rewarming occurs, further microvascu-
lar clot occlusion occurs due to the promotion of 
a pro-thrombotic state through the lysis of frozen 
cells. Local mast cells degranulate in response to 
the lytic cell membranes, releasing histamine 
which further increases vascular permeability 
and oedema. The end point of all of these pro-
cesses is potentially devastating local tissue isch-
aemia, and as first noted by Baron Larrey, 
Surgeon General to Napoleon, the most signifi-
cant ischaemia, and therefore tissue necrosis, is 
seen in injuries that freeze and thaw and are then 
frozen again.

13.3.3  Long-Term Sequelae

It should also be appreciated that aside from 
these immediate-type effects seen following a 
freezing injury, there is also long-term pathologi-
cal damage sustained by tissues, which may 
result in chronic dysfunction or impact upon the 

patient many years post-injury. Although rare, 
one of the most serious observed syndromes is 
probably related to chronic vasomotor dysfunc-
tion, manifesting clinically as chronic pain affect-
ing the previously frostbitten area that is often 
unresponsive to conventional analgesia and 
requires anaesthetic or pain specialist input. 
Those that develop these complex regionalised 
pain syndromes frequently also suffer with asso-
ciated problems such as paraesthesia and cold 
intolerance. It should also be noted that all 
patients who have experienced frostbite are at 
increased risk of further future episodes (presum-
ably again secondary to vasomotor dysfunction), 
and all patients must be warned of this and given 
appropriate preventive advice. More serious 
long-term sequelae of frostbite that have been 
reported include the malignant transformation of 
frostbitten tissues and bone and joint pathologies 
including osteoporosis and arthritic changes [1].

13.4  Clinical Evaluation 
of Frostbitten Patients

13.4.1  History

Critical details of the patient history include the 
likely temperature, duration and timing of expo-
sure, as this will help predict the severity of injury 
and may affect subsequent management. It is also 
important to obtain information relating to the 
patient’s premorbid state such as peripheral vas-
cular disease and pertinent risk factors such as 
smoking or use of β-blockers.

13.4.2  Examination

In rare cases, frostbite injuries may present as a 
purely uniform frozen injury, but more fre-
quently, there is a mixed clinical picture with 
overlapping areas between deeper frozen tissues 
and more superficial nonfrozen tissues. Even in 
the case of a purely frozen injury, there is much 
variation in severity from the lesser affected 
forms (frostnip) to large areas of frozen tissues or 
indeed whole limbs.

13 Frostbite
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It can be seen that frostbite presents in vari-
able fashions and the injury evolves with time, 
and thus one is often unable to determine the full 
or likely extent of injury for some time after the 
injurious cooling from clinical examination 
alone, illustrating the importance of a thorough 
history. Nonfreezing injuries may be managed 
locally without the need for specialist interven-
tion, and they typically follow a short exposure to 
(relatively) warmer temperatures and involve the 
feet most commonly with patients complaining 
initially of localised numbness and/or paraesthe-
sia. As the tissues rewarm, severe pain is experi-
enced with the rapid onset of a reactive 
hyperaemia and tissue oedema. The pain is usu-
ally transient but may become chronic with 
patients suffering long after tissues have recov-
ered. Actual tissue loss is uncommon in these 
cases with most injuries only exhibiting mild dis-
colouration, and very occasionally small areas of 
watery blisters may develop.

Any potentially serious frostbite injury how-
ever must be discussed with a suitably experi-
enced unit for consideration of patient transfer, 
especially if the patient has presented less than 
24 h post-injury as they may be a candidate for 
thrombolytic therapy.

13.4.3  Radiological Investigations 
in Frostbite

Due to some of the difficulties outlined in accu-
rately assessing the initial severity of tissue devi-
talisation in frostbite injuries (hence avoiding 
early surgical debridement), a variety of radio-
logical investigations have been suggested as 
clinical assessment adages. It is important to 
appreciate however that no radiological investi-
gation is currently predictive in isolation and 
these studies are designed only to augment clini-
cal opinion in cases that may be unclear.

Many investigations have been suggested over 
the years to image frostbite injuries, but the most 
clinically useful appear to be technetium 99 (Tc- 
99) triple-phase scanning and magnetic reso-
nance angiography. There is convincing evidence 
from a large retrospective review of 92 patients 

with severe frostbite injuries that Tc-99 scanning 
in the first few days can predict the subsequent 
level of amputation in up to 84% of cases [4]. 
However, further large-scale studies are required 
in this area, and currently, there is little role for 
complex imaging in routine and less severe frost-
bite cases. Possible exceptions to this include 
severe injury with early presentation and no asso-
ciated traumatic injuries, those rare cases where 
early surgery is being undertaken, or if thrombo-
lytic therapy is being considered.

13.5  Acute Frostbite Management

13.5.1  Prioritisation of Life- 
Threatening Injuries 
and Specialist Referral

It is vital to appreciate that patients presenting 
with frostbite frequently present with coexisting 
severe and life-threatening emergent conditions 
such as hypothermia or significant traumatic 
injury. In line with the management of any emer-
gency situation, such coexisting morbidities must 
be treated and stabilised before commencing 
treatment or transferring a patient to an expert 
centre for localised frostbitten tissue(s). 
Hypothermia should be corrected, and core tem-
perature should be raised to 34  °C [2]. In any 
case, frostbite injuries often occur in remote 
regions where transfer or access to expert centres 
is not immediately possible and immediate man-
agement must be commenced locally. In today’s 
technologically advanced age, those treating 
frostbitten patients can seek expert advice 
through the use of satellite phones and the 
Internet; indeed, many remote facilities rely on 
such technology.

13.5.2  Prevention of Refreezing 
and Differential Approach 
to Rewarming

It is also imperative that rewarming of the locally 
frostbitten tissues must only be commenced once 
there is absolutely no risk of refreezing as this 
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will result in further tissue damage; similarly, it is 
advised that frostbitten tissues should not be 
rubbed or massaged for similar reasons. Once a 
patient with a frozen injury has been secured in a 
safe environment and any emergent conditions 
are stabilised, directed therapy can be com-
menced. In such injuries (be they minor areas of 
freezing or more extensive), the principal goal of 
treatment is to rapidly rewarm the affected area in 
a water bath with an antiseptic agent such as 
chlorhexidine in an attempt to preserve the der-
mal circulation. State of Alaska guidelines sug-
gest a warming bath of 37–39 °C, whilst others 
suggest 40–41 °C [1, 5]; in practice, especially if 
in the field, it is nearly impossible to maintain 
exact water temperatures, and the critical factor is 
that the water should be warm, not hot, as the tis-
sue will be neuropathic and one must avoid scald-
ing. The rewarming should continue for a 
minimum of 30 min or as long as necessary for 
all affected tissues to be defrosted, thoroughly 
rewarmed and pliable exhibiting a deep-red or 
purple colour, carefully monitoring the water 
temperature throughout. This 30-min regime of 
rewarming should be repeated at twice-daily 
intervals until such a time that there is either evi-
dence of tissue regeneration or clear demarcation 
of necrotic tissues, and the tissues should be kept 
warm and dry during in-between periods. There 
are a variety of commercial whirlpool or foot spa 
devices suitable for this purpose. It should be 
noted that a differential approach to rewarming is 
used in true frozen injuries in comparison to 
milder, nonfrozen cases. Milder cases should be 
warmed more slowly at normal room tempera-
ture, as rapid rewarming may exacerbate injury.

13.5.3  Pharmacological Support 
During Rewarming

Patients with frostbite require pharmacological 
support with respect to analgesia, vasodilatation 
and antibiosis, but certain caveats apply to the 
drugs that should be used and those that should 
be avoided. The rewarming of frozen tissues is 
frequently accompanied with severe pain, and all 
patients must therefore be provided with judi-

cious amounts of analgesia. Analgesia should 
always, where possible, include ibuprofen due to 
its selective anti-prostaglandin activity, which 
may improve tissue perfusion in addition to pro-
viding analgesia. Some authors have recom-
mended avoiding aspirin-based analgesia as it 
irreversibly blocks prostaglandin function and 
some vasodilatory prostacyclins, which may be 
beneficial in the healing wound [6]. Regarding 
vasodilators, surgical sympathectomy used to be 
used routinely but has now been superseded by 
vasodilatory drugs such as iloprost. Iloprost 
should be infused over a 5-day period in an 
appropriate high-care facility that is capable of 
performing regular (at least every 30 min) patient 
observations. Most units have locally approved 
infusion protocols for iloprost, but a suggested 
regime is to commence a 10  mL/h infusion of 
100  mcg iloprost in 500  mL 0.9% saline. The 
dose can then be titrated up incrementally to a 
maximum of 50 mL/h or until there are observed 
side effects and should be run over a period of 6 h 
in any 1 day. Necrotic or devitalised tissues are at 
risk of infection, which may secondarily worsen 
tissue damage, and prophylactic broad-spectrum 
antibiotics, such as co-amoxiclav, should be 
administered together with tetanus vaccination 
where appropriate.

Thrombolytic therapy (see Table  13.3) with 
tissue plasminogen activator (t-PA) aims to lyse 
the multiple small intravascular thromboses that 
occur during the vascular stasis phase of frostbite 
and restore perfusion to the affected area, improv-
ing tissue survival. The use of t-PA reduced 
amputation rates from 41% to 10% in a study 
when administered within the first 24 h of injury 
[7]. Treatment with thrombolytic agents is not 
without risk (severe haemorrhage), and throm-
bolysis should only be reserved for patients pre-
senting with severe frostbite within 24 h of injury 
and without any contraindications to treatment 
such as concurrent traumatic injuries. This form 
of treatment should only be considered in facili-
ties that are equipped with high-dependency care 
facilities and are familiar with caring for patients 
undergoing thrombolytic therapy. Aside from the 
risk of associated major haemorrhage, the resto-
ration of perfusion following thrombolysis to a 
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limb may cause a compartment syndrome (sec-
ondary to oedema from damaged capillaries), and 
the requirement for prophylactic fasciotomies 
must always be considered. The vasodilatory 
agent iloprost has been shown to be a suitable 
alternative to t-PA in a randomised controlled 
trial [8]. Cauchy et  al. randomised 47 patients 
with frostbitten digits to receive either buflom-
edil, iloprost or iloprost + t-PA treatments follow-
ing rewarming and antiplatelet therapy. Results 
showed that the risk of amputation was signifi-
cantly lower in the iloprost and the iloprost + 
t-PA groups compared with the group that 
received buflomedil alone. No evidence was 
gained to suggest superiority of either treatment, 
and the study recommends that prostacyclin (ilo-
prost) be used in patients with severe (grade 3) 
frostbite and the addition of t-PA be reserved for 
severe (grade 4) frostbite [8].
Adapted from Bruen et al. [7]

13.6  Post-thaw Frostbite Care

13.6.1  Management of Blisters

Areas subject to a freezing insult will frequently 
exhibit blistering, and a clinical decision must be 
taken as to the management of such areas. 
Generally speaking, small blistered areas that are 
not tense with clear fluid should be left intact as 
de-roofing these blisters may increase suscepti-
bility to opportunistic infection. Blisters are ster-
ile until they burst, and immunoglobulins have 
been shown to be present in blister fluid [9]. 
However, in most circumstances, more extensive 
areas of tense blistering or haemorrhagic blisters 
should be carefully de-roofed in aseptic condi-
tions by a specialist. In rare cases where the 
patient is at particular risk of opportunistic infec-
tion, such as in dirty wounds, or if the patient is 

Insert central
venous catheter

t-PA bolus 2–4 mg
Infusion t-PA

1 mg/hr & heparin
500 U/hr

Repeat angiography
at 24 h

Check bloods 6
-hourly FBC/Clotting

profile

Continue heparin
for 72–96 h

Discontinue t-PA
infusion

If total reperfusion
stop t-PA infusion. If

not continue t-PA
for another 12 h

Repeat angiography
at 12 h

Table 13.3 Treatment 
algorithm for t-PA infusion
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known to be colonised with a resistant organism, 
then it may be appropriate to leave all blistered 
areas intact to reduce the risk of a potentially dev-
astating tissue infection, and all such cases must 
be discussed with a specialised unit. Topical aloe 
vera is a commonly suggested therapy in minor 
frostbite cases due to its anti-prostaglandin 
actions, and whilst there is little evidence to rec-
ommend its use, it may be considered in minor 
cases [1, 2].

13.6.2  Physiotherapy Protocols

Regardless of the clinical appearance, the affected 
area needs to be elevated in order to reduce 
venous stasis and tissue oedema. Similarly, all 
affected tissues will be fragile and easily dis-
rupted through even gentle mechanical stresses; 
thus, all lower limb injuries must be placed on a 
strictly non-weight-bearing status to protect 
against ischaemia. These measures are designed 
to prevent extension of injury through progres-
sive tissue oedema, thrombosis and ischaemia, 
and frequently areas that initially appeared non- 
salvageable will recover.

13.6.3  Surgery

Early surgical debridement of frostbite injuries is 
nearly always contraindicated, as the reversibility 
and progression of the frostbite injury cannot be 
quantified in the early stages. Debridement is 
best delayed until definitive demarcation of devi-
talised tissues at approximately 6–8 weeks post- 
injury. With appropriate management, surgery is 
frequently not required, despite the initial appear-
ance of the injury. Similarly, it may be appropri-
ate to leave demarked areas to auto-amputate if 
expert surgical input is not available or if the 
patient has substantial comorbidities making 
anaesthesia unsafe. Exceptions to this conserva-
tive approach to surgery include injuries with 
uncontrolled severe infection, concurrent severe 
limb trauma and compartment syndrome, all of 
which may require urgent limb surgery. 
Fortunately, these are infrequent and are more 
commonly seen in freeze-thaw-refreeze injuries 
(Table 13.4).
Adapted from Hallam et al. [1]

13 Frostbite



106

Frostbite injury

Rapidly re-warm when
safe

Major cases

>24 h after exposure
(or CI to thrombolysis)

Tc99 or CT
Angiography

Iloprost infusion

Await demarcation

<24 h after exposure

Diagnostic CT
Angiography

Thrombolysis (if no CI)

Angiography every
24 h

Continue untiil success
for maximum 72 h

Await demarcation

Minor cases

Ibuprofen, Aloe vera &
dressings

Await tissue
recovery/demarcation

Table 13.4 Treatment 
algorithm for frostbite 
(Reproduced and adapted 
with permission from 
Hallam et al. [1],  
© BMJ, All Rights 
Reserved)
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13.7  Summary Points

• Prevention is paramount.
• Treat any serious or life-threatening condi-

tions as a priority.
• Do not rewarm frozen tissues until there is no 

risk of refreezing occurring.
• Rewarm nonfreezing cold injuries slowly in air.
• Rewarm freezing cold injuries at 37–39 °C or 

40–41 °C in a whirlpool device or foot spa for 
a minimum 30 min with a mild antiseptic, and 
continue treatment twice daily until improve-
ment is seen.

• Any patient with actual tissue loss should be 
given empirical broad-spectrum antibiotics.

• Discuss all significant cases with a specialised 
unit.

• Consider treatment adjuncts such as throm-
bolysis following discussion with a special-
ised unit.

• Avoid early surgical debridement.
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14How to Manage Radiation Injuries

Chikako Senju, Masaki Fujioka, Katsumi Tanaka, 
and Sadanori Akita

14.1  Introduction

Complex chronic ulcers due to irradiation are 
sometimes seen in patients who have undergone 
radiation therapy for malignancies or X-ray fluo-
roscopic procedures for ischemic heart disease or 
radiation accidents. Radiation-induced ulcers are 
difficult to treat because of the poor state of the 
wound bed. Radiation of tissues results in insuf-
ficient vascularity and tissue damage, leading to 
erythema and dermal atrophy with resultant tis-
sue necrosis, infection, and later fibrosis, all of 
which are characteristics of chronic radiation 
injury syndrome [1]. More specifically, 95% of 
cancer patients receiving radiation therapy will 
develop some form of radiodermatitis, including 
erythema, dry desquamation, and moist desqua-

mation [2]. These undesirable complications 
cause continuous distress for patients and impair 
their quality of life.

14.2  Ionizing Radiation

Exposure to ionizing radiation generates a burst 
of free radicals, causing damage to deoxyribo-
nucleic acid (DNA) and altering proteins, lipids, 
carbohydrates, and complex molecules [3]. The 
most sensitive cells are those that divide rapidly, 
such as the cells of the skin, bone marrow, and 
gastrointestinal tract. The severity of radiation- 
induced morbidity depends on the dose received, 
the time over which the dose is received, the vol-
ume of tissue irradiated, and the quality or type of 
radiation [4]. There are individual differences in 
the appearance of radiation-induced symptoms. 
Symptoms of acute radiation injury such as red-
ness, blisters, sores, and skin ulcers occur within 
a few weeks after treatment. In contrast, late 
complications such as skin ulceration, tissue 
necrosis, and osteomyelitis may take months or 
years to develop and are often permanent.

The technique of radiation therapy for malig-
nant tumors is improving, and the number of 
patients who develop radiation ulcers is thus 
decreasing. The technique of cardiac catheteriza-
tion has advanced in recent years, and the proce-
dure has become complicated. As a consequence, 
the irradiation time has become longer, and the 
number of people who develop radiation ulcers is 
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increasing. Therefore, despite these advance-
ments, patients still experience the clinical conse-
quences of radiation ulcers.

14.3  Radiation Ulcers

Radiation causes endothelial damage and fibro-
sis, leading to impairment of vascular and lym-
phatic flow. This impairment produces hypoxic, 
hypocellular, and hypovascular tissue that is 
unable to maintain normal tissue turnover, result-
ing in tissue necrosis, infection, and ulceration 
[5]. The naturally progressive wound-healing 
stage, which includes the hemostasis, inflamma-
tory, proliferative, and remodeling phases, is 
impaired by collagen deposition and excessive 
extracellular matrix and fibrogenesis [6]. If 
wound healing is unsuccessful, a serious radia-
tion ulcer will occur.

14.4  Management of Radiation 
Ulcers

Conservative treatments are not effective in most 
patients when a wound does not heal naturally. In 
such cases, surgical procedures are often required.

14.4.1  Debridement

Radiation ulcers are intractable and difficult to 
heal naturally because of the progression of 
necrosis. The underlying ischemia sets in motion 
a cycle of infection and necrosis, leading to the 
development of additional ulcers in the surround-
ing tissue and finally to gangrene. The principle 
of treatment is to perform sufficient excision 
including the surrounding red and pigmented tis-
sue affected by radiation. However, there is no 
established index for the excision range, and it is 
often difficult to determine how much debride-
ment should be performed. When the damage 

extends deep into the muscles and bones, exten-
sive wound resection should extend to the area 
that has soft and sufficient blood flow. Although 
magnetic resonance imaging can help to diag-
nose infected bone presenting as osteomyelitis 
[7], it is generally difficult to determine the extent 
of bone resection required. Checking for bleed-
ing from the bone marrow during surgery will 
allow the surgeon to determine the extent of 
resection required. If important tissues such as 
large blood vessels or nerves are damaged, as 
much tissue as possible should be excised with-
out leaving any serious dysfunction. In case of 
calcification, resection including the calcified tis-
sue will be required [8]. In addition, refractory 
radiation ulcers may require histological exami-
nation because they may include radiation- 
induced squamous cell carcinoma, skin cancer 
such as sarcoma, or recurrence of the original 
tumor [9, 10].

14.4.2  Methods of Wound Closure

After debridement, proper treatment that aids 
wound closure by surgery or stem cell transplan-
tation is required.

14.4.2.1  Surgical Treatment
Local cutaneous flaps located within the radiation 
field are unreliable; they result in partial necrosis 
and rarely provide stable wound closure because of 
the poor blood flow of the surrounding skin [11]. 
Because skin grafts lack blood flow, adequate blood 
flow in the wound bed is required for skin engraft-
ment. Thus, one of the two conditions is necessary: 
either thorough debridement to expose muscle with 
adequate blood flow or formation of good granula-
tion tissue for successful skin engraftment [11, 12]. 
The most widely recommended method to heal 
these complex wounds is placement of musculocu-
taneous flaps harvested from nonirradiated areas; 
such flaps provide good blood circulation for effec-
tive results. This technique is also useful when 
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important organs such as the carotid artery, nerves, 
or bronchi are exposed [9]. Additionally, free flaps 
are useful for covering wounds. However, if the 
blood vessel on the recipient side is within the irra-
diation range, the condition of the vascular endothe-
lial cells may be poor, and the blood vessel may be 
clogged. Therefore, to the greatest extent possible, it 
is necessary to perform anastomosis with a well-
conditioned blood vessel outside the irradiation 
range on the recipient side [13].

14.4.2.2  Stem Cell Therapy
Many studies have confirmed that stem cells 
can improve tissue damage and dysfunction 
and that they may have clinical applications. 
Adipose- derived stem cells can differentiate 
into fibroblasts, keratinocytes, and endothelial 
cells. They can also secrete some cytokines 
that may promote their proliferation and migra-
tion. This increases angiogenesis and granula-
tion, which promote wound healing [14]. 
Autologous adipose- derived regenerative cells 
(ADRCs) comprise several types of stem and 
regenerative cells, including adipose-derived 
stem cells. ADRCs can be collected via mini-
mally invasive surgery by liposuction through 
a small incision [15]. When artificial dermis is 
used in combination with adipose stem cells, 
the artificial dermis becomes a scaffold for 
wounds, and the stem cells enter the artificial 
dermis to perform wound healing. By this pro-
cess, intractable ulcers such as radiation ulcers 
can be healed [16].

14.5  Case Reports

14.5.1  Case 1

A 77-year-old man underwent cardiac cathe-
terization. Nine months after irradiation, pig-
mentation, redness, and dermal atrophy were 
observed at the irradiation site (Fig.  14.1a). 
Twelve months after irradiation, the skin 
inflammation had progressed, resulting in the 
development of dry necrosis (Fig.  14.1b). 

Seventeen months after irradiation, an inade-
quate wound bed was observed after the 
necrotic tissue was removed (Fig.  14.1c). 
Debridement was performed, including adi-
pose tissue and muscle that had been exposed 
to radiation, because healing had not occurred 
with conservative treatment (Fig.  14.1d). 
Nevertheless, the adipose tissue and muscle 
necrosis progressed (Fig.  14.1e). Because the 
wound did not heal properly, the patient was 
referred for plastic surgery. Extensive, deep 
debridement of the skin, adipose tissue, and 
muscles was performed, including the normal 
tissue around the irradiated area, and the 
wound was covered with a latissimus dorsi 
musculocutaneous flap (Fig.  14.1f). One year 
after surgery, the patient showed favorable 
wound resurfacing and no recurrence of the 
skin ulcers (Fig. 14.1g).

14.5.2  Case 2

A 66-year-old woman underwent radiation ther-
apy 40  years previously for the treatment of 
breast cancer after ablation of the tumor. Redness 
of the skin was seen in the precordium, and a pus- 
draining fistula reached the sternum (Fig. 14.2a). 
Intraoperative examination revealed necrosis of 
the sternum and ribs, which were ablated with the 
parietal pleura (Fig.  14.2b). The thorax and 
pleura were restored using artificial substances 
(Fig. 14.2c). The wound was covered with a ver-
tical rectus abdominis musculocutaneous flap. 
Nine months after surgery, the patient showed 
favorable wound resurfacing and no recurrence 
of skin ulcers (Fig. 14.2d).

14.5.3  Case 3

A 77-year-old woman underwent radiation treat-
ment for breast cancer after ablation of the tumor. 
Examination revealed chronic chest ulcers that 
formed fistulae penetrating to the rib (Fig. 14.3a). 
Intraoperative examination showed necrosis of 
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Fig. 14.1 (a) A 77-year-old man who underwent cardiac 
catheterization had developed irradiation, pigmentation, 
and redness after 9 months. (b) Twelve months after irra-
diation, the skin inflammation had progressed, leading to 
dry necrosis. (c) Seventeen months after irradiation, the 
necrotic tissue was removed. (d) Debridement was per-

formed. (e) Five days after debridement, progression of 
adipose tissue and muscle necrosis was observed. (f) The 
debridement excision was enlarged, and a latissimus dorsi 
musculocutaneous flap was constructed. (g) One year 
after the surgery, the wound was resurfaced

the ribs, which were ablated with the parietal 
pleura. The pleura was restored using artificial 
material (Fig. 14.3b). The wound was covered by 
transfer of a latissimus dorsi musculocutaneous 
flap from the back (Fig. 14.3c). Six months after 
surgery, the radiation ulcer was reconstructed 
without disruption of shoulder movement 
(Fig. 14.3d).

14.5.4  Case 4

A 52-year-old woman developed intractable 
chronic radiation wounds. The thyroid cartilage 
was exposed, and the carotid artery was adjacent 
to the exposed cartilage (Fig. 14.4a). After surgi-
cal debridement, the size of the defect was 
25 × 17 mm and reached partially to the left thy-
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Fig. 14.2 (a) A 66-year-old woman underwent radiation 
therapy 40  years previously for the treatment of breast 
cancer after ablation of the tumor. The necrotic sternum 
was exposed. (b) Intraoperative examination showed 
necrosis of the sternum and ribs. (c) After debridement, 

the thorax and pleura were restored using artificial sub-
stances. (d) The radiation ulcer was reconstructed using a 
vertical rectus abdominis musculocutaneous flap. (e) Nine 
months after the surgery, the wound was resurfaced

a b c d

Fig. 14.3 (a) A 77-year-old woman underwent radiation 
treatment of breast cancer after ablation of the tumor. The 
necrotic rib was exposed. (b) After debridement, the pleura 

was restored using artificial substances. (c) A latissimus 
dorsi musculocutaneous flap was transferred from the back. 
(d) Six months after the surgery, the wound was resurfaced

14 How to Manage Radiation Injuries



114

a b c

Fig. 14.4 (a) The thyroid cartilage was exposed because 
of a neck radiation-induced injury. (b) After debridement, 
the wound defect measured 25  ×  17  mm. ADRCs were 

injected around the wound and into the artificial dermis. 
(c) Six months after the surgery, the wound was 
resurfaced

roid cartilage. Approximately 335 mL of adipose 
tissue containing 4.1 × 107 ADRCs was harvested 
by liposuction. Artificial dermis was used, and 
ADRCs were injected into the debrided wound 
margin, wound base, and artificial dermis 
(Fig. 14.4b). The wound had healed completely 
by 75  days after surgery. Six months later, the 
injected subcutaneous lesion maintained its soft 
texture and exhibited thick and vascularized soft 
tissue (Fig. 14.4c).

14.6  Conclusion

Radiation ulcers impair blood circulation in the 
irradiation field. The resulting wound becomes 
intractable because the natural healing process is 
unsuccessful. Radiation ulcers require treatment 
with adequately deep and wide debridement of 
the necrotic skin, adipose tissue, muscle, and 
sometimes bone. After debridement, healing 
must be promoted by covering the wound with 
well-circulated tissue or using adipose stem cells.
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15Excessive Internal Pressure 
(Dissecting Hematoma, Abdominal 
Hyperpressure, Abscesses, etc.) 
Leading to Skin Necrosis

Luc Téot

15.1  Introduction

Hyperpressure coming from inside is encoun-
tered in different clinical situations potentially 
leading to skin necrosis. Abdominal hyperpres-
sure, dissecting hematoma, excessive edema, and 
infected collection are the most encountered 
causes of a progressive skin devascularization, 
leading to an occlusion of the dermal arteriolar 
system, causing necrosis of the skin.

15.2  Gastroschisis

Early management of large open abdomen occur-
ring in gastroschisis during the neonatal period is 
mostly realized using mesh prosthesis. This very 
specialized surgical procedure should take care 
about the potential pulmonary hyperpressure 
together with an abdominal hyperpressure if an 
excessive tension is exerted over the abdominal 
fascial edges. The use of foreign implant material 
(Teflon, polytetrafluoroethylene patch) was 
reported to enhance the risk of mechanical hyper-
pressure and infection. This technique also 
imposes some degree of skin undermining, with 
potential complications, from a transient ischemia 

to a complete necrosis, leading in some cases to an 
infected prosthesis varying from 3% to 10% [1, 2]. 
Surgical procedures like myocutaneous flaps are 
needed in case of large skin necrosis [3].

15.3  Dissecting Hematoma

Hyperpressure induced by a progressing collec-
tion between the muscular fascia and the skin 
may be devastating for the skin. Blood impregna-
tion of the fatty subcutaneous tissues transforms 
the mechanical properties of the skin, limiting the 
skin elasticity and creating a bumpy surface over 
a nonmobile area.

Elderly women are more affected than men, 
and the leg is the affected part; a predisposing 
factor is the dermatoporotic skin encountered in 
the elderly. Systemic corticosteroids and antico-
agulation are also frequently observed.

Skin necrosis appears after a period of edema, 
confounding the clinical aspect with erysipelas, 
and an antibiotherapy was often started. 
Dissecting hematomas are rarely seen by an 
expert before 2–3 weeks. The diagnosis is con-
firmed by echography or RMI.  Deep incision, 
clot evacuation, and debridement are the key ele-
ments to prevent local infection and allow wound 
healing [4].
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15.4  Foreign Bodies 
and Paraosteoarthropathy

Pressure ulcers occurring in neurologically defi-
cient patients presenting paraosteoarthropathy 
can be found in the literature [5]. The mecha-
nisms generating a PU are comparable to pres-
sure ulcers, with an extended risk linked to the 
heterotopic bone formation located superficially 
in the deep part of the skin. These heterotopic 
formations are usually located under the subcuta-
neous tissues, forming a nonelastic sheet with 
anarchic surface. In paraplegic patients, the posi-
tion inside a rolling chair may induce an exces-
sive pressure over the heterotopic subcutaneous 
bone formation in regard to the hip. Large hema-
tomas may be observed, with the risk of hetero-
topic bone infection leading to the difficulty to 
heal and adding a risk of hip septic arthritis. 
Large debridement including all foreign bodies 
followed by NPWT Instill preparing flap surgery 
may be considered as the standard of care.

Heterotopic ossifications may be observed in 
leg ulcers [6] and in the extremities of amputated 
limbs, both in BK and AK amputations.

Calciphylaxis is observed in patients present-
ing a chronic renal insufficiency under frequent 
hemodialysis. Calcification of subdermal fat may 

induce rigid calcified blocks capable of skin per-
foration leading to severe infection (Fig. 15.1).

15.5  Diabetic Foot Abscesses

Wagner stage 4 cases involving large cavities in a 
diabetic foot should be considered as a surgical 
emergency and admitted rapidly in a specialized 
center [7, 8]. However, when this organization of 
care cannot be realized, some emergency proto-
cols may save tissue.

Fig. 15.1 Large abdominal calciphylaxis in a patient pre-
senting a chronic renal insufficiency under hemodialysis
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1: abcess hyperpressure
inducing tissue damage

3: wire drainage

2: incision in regard of 
the hard instrument
 inserted in the abcess

Fig. 15.2 Schematic emergency procedure to drain a hyperpressure linked to a diabetic foot abscess

Fig. 15.3 Drainage of an infected DFU

In large abscesses with an infected tense, 
inflammatory foot showing a single minimal skin 
perforation in an interdigital web space, wound 
exploration of the depth of the cavity using a for-
ceps measuring the length of undermining is cru-
cial. Usually directed toward the dorsal aspect of 
the foot, the forceps can raise the skin at the 
extremity. A small incision using a scalpel will 
allow a drainage using polyethylene wires, rap-
idly reducing the tissue damage induced by the 
abscess hypertension (Figs. 15.2 and 15.3).
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16Telemedicine and Skin Necrosis

Anne Dompmartin and Véronique Hyppolite

16.1  Introduction

Tissue death or skin necrosis can occur from an 
injury, trauma, radiation treatment, chemical 
exposure, or inflammatory disease. DNA struc-
ture damage appears within the cells, preventing 
mitosis which is an essential process of healthy 
and normal cell duplication. Removing all the tis-
sue necrosis is mandatory to heal the wound and 
prevent infection [1]. The level of tissue necrosis 
depends on the etiology of the lesion. Withdrawal 
of these tissues can be performed by surgery, but 
it may be difficult as necrosis has to be circum-
scribed. Therefore, nurse care needs to be per-
formed to accelerate the process. Communication 
technology devices currently available can ade-
quately support the need of tele-assistance for 
this specific wound care.

16.2  Diagnosis of Skin Necrosis

There are two main types of necrotic tissue pres-
ent in wounds. One is a dry, thick, leathery tissue, 
usually tan, brown, or black in color. The other is 

often yellow, slough, tan, green, or brown and 
might be moist, loose, and stringy in appearance. 
Necrotic tissue will eventually become black, 
hard, and leathery. Before any wound care, the 
knowledge of the etiology of the skin necrosis is 
mandatory. It will guide wound care and global 
follow-up of the patient. Management of a 
necrotic ulcerated skin tumor (Fig. 16.1) is differ-
ent from a calciphylaxis (Fig. 16.2).
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Fig. 16.2 Calciphylaxis of the leg in a patient with renal 
insufficiency

16.3  Tele-Assistance

Telemedicine can be performed with two modali-
ties: live interactive and store and forward. The 
live interactive systems operate in real time and 
include a video monitor and high-resolution cam-
era [2–5]. The store and forward technology can 
be described as e-mail pictures; the clinical his-
tory collected is accompanied by radiologic and/
or photographic images to support the clinical 
history. Tele-consultation and tele-assistance 
need synchronous communication via video con-
ferencing or telephone calls to allow real-time 
interaction between the home nurse and the phy-
sician or the expert nurse during the wound care. 
The store and forward technology is used for 
tele-expertise: dermatoses, interpretation of bio-
logic examinations, etc. There is a need for a 
common clear regulation for practicing telemedi-
cine, encompassing privacy issues and data man-
agement, and these rules have been established in 
most countries.

16.4  Technology

Technology is adapted according to the different 
countries. Initially only for medical care, it has 
been widened to other healthcare professionals to 
decrease professional isolation through mutual 
aid. It uses a wireless technology, which is an 
audiovisual communication system that has the 
capacity for synchronous electronic voice and 
image transfer. The bedside nurse has a mobile 
phone or a computer tablet, and an expert nurse 
observes the wound on her computer screen. All 
data are transmitted via a secure connection.

The expert nurses are enterostomal therapy 
nurses or nurses with strong knowledge (diploma 
in wound care) and clinical experience in com-
plex wound care. They need to write reports of 
virtual clinical sessions, which are inserted in the 
medical file of the patient and sent to all the 
healthcare professionals of the patient. Expert 
and resource nurses need familiarization with the 
service and the related technologies but have also 
to be convinced of the importance of secure 
transmission of medical data [6].

16.5  Telemedicine and Skin 
Necrosis

Prior to the removal of the death tissue, the first 
step is clinical assessment of the necrosis in order 
to decide if the necrosis needs to be softened or 
hardened before removal. Swelling, edema, and 
inflammation need to be detected as the main 
problems are the underlying tissues, which will 
be the bed of wound healing. This first step is 
usually decided in specialized centers before 
remote follow-up and wound care analgesia are 
prescribed. Acral lesions are usually mummified 
so that hard necrosis is circumscribed and comes 
off easily (Fig. 16.3a, b). Wound care is simple 
with dressing that absorbs exudates. Necrosis can 
also be softened with hydrogel and removed pro-
gressively with a scalpel, on the face, limbs, or 
trunk (Fig. 16.4). Therefore, the type of wound 
care has to be clearly explained to the resource 
nurses before the patient comes back home.
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Tele-assistance is proposed as a remote fol-
low- up to remove necrosis. Removal of skin 
necrosis is often difficult at home for bedside 
nurses who feel isolated and need clinical sup-
port. It is an interventional care that needs a team 
to reassure the bedside nurse. It is also an oppor-
tunity for the resource nurses to widen their 
knowledge and feel more comfortable for wound 
debridement. This knowledge transfer is also 
closely linked to the rise of professional auton-
omy and reduces professional isolation. Another 
important benefit of tele-assistance is to reduce 
the travel of patients to hospitals, which promotes 
time and cost savings [7, 8].

16.6  Conclusion

Tele-assistance helps to support resource nurses 
and improves nurse practice and quality of care. 
The resource nurse needs to trust the experience 
and the knowledge of the expert nurse or the 
medical doctor who assists them remotely. 
Contrary to tele-consultation, tele-assistance is 
not integrated in most healthcare systems 
although the benefit is widely recognized. 
Removal of skin necrosis that needs specific care 
is a good illustration of the interest of remote 
wound care assistance.
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17Introduction to Skin Necrosis 
of Toxic Origin

Sadanori Akita

Medical toxic agents and animal or insect bites 
can cause skin necrosis. In addition, there are 
clinical and forensic signs of opioid abuse. 
Coma-induced blisters are a rare condition asso-
ciated with prolonged impairment of conscious-
ness levels, which is relatively well known in 
adults following an overdose of barbiturates. This 
chapter covers skin ulcers and necrosis due to 

medications, snakebites, jellyfish and stonefish, 
spider Loxosceles reclusa, scorpions, and “drugs” 
such as Cannabis sativa, cocaine, and heroin. It 
also discusses the systemic conditions of the 
toxic syndrome and how to resuscitate foot 
necrosis. Each theme can bring about a better 
understanding of how it develops and how to 
treat it properly.
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18Resuscitation Foot Necrosis: A New 
Entity for a Complex 
Management?

Franck Duteille

18.1  Introduction

As in every medical discipline, resuscitation 
techniques are regularly progressing, allowing 
more and more patients to survive. In these 
departments, acute skin problems are observed, 
particularly those linked to the use of vasopres-
sive drugs prescribed to maintain a stable patient 
haemodynamics.

Once the acute phase is solved and the patients 
are stabilised, the consequence of the use of these 
vasopressive drugs may appear and become the 
main difficult problem. The context is variable, 
but most of these patients have presented or still 
present with prolonged haemodynamic shocks 
(septic shock, purpura fulminans, etc.) [1].

Since the last decade, we have been con-
fronted with a series of patients presenting with 
skin and tissular distal extremity necrosis follow-
ing intensive care. Problems were essentially 
involving the hands and feet. This new capacity 
of resuscitating desperate life-threatening situa-
tions in patients who already died creates a series 
of new challenging tissular reconstruction. The 
management of these patients is delicate in terms 
of the therapeutic decisions (amputation or limb 
salvage) but also of the OR planning and modali-
ties. We hereby propose action to be taken and 

the elements of management, which have shown 
to be important in view of our clinical 
experience.

18.2  Clinical Presentation

This dry necrosis has probably evolved from the 
superficial to the deep structures. The whole skin 
and subcutaneous tissues may be affected (skin, 
subcutaneous cellular tissue, muscles). The dam-
age is essentially located at the level of the toes 
but also involves the plantar vault leaving intact 
the calcaneal area, a sign of pejorative evolution.

Lesions appearing on the dorsal aspect of the 
foot are usually less extended than on the plantar 
aspect and appear secondarily. The pathophysiol-
ogy is linked to vasoconstriction (linked to 
amines) potentialised by the existence of a hae-
modynamic failure already present in these 
patients. This drop in blood flow linked to vaso-
constriction may lead to small-diameter vessel 
thrombosis explaining the clinical situation: 
necrosis from superficial to deep toe necrosis 
with thrombosis of the collateral arteries.

18.3  The Therapeutic Decision

18.3.1  Evolution

The choices made during the surgical debride-
ment procedure should be carefully balanced 
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because of their impact on the whole success. 
This decision must be made in careful consulta-
tion with the critical care team. The evolution of 
this necrosis is different to that found in arterial 
patients. In fact, intensive care patients are often 
young and do not present with preliminary vas-
cular lesions or permanent heart failure. The vas-
cular injury observed in resuscitation is therefore 
an epiphenomenon, and the improvement of the 
haemodynamic status associated with the limita-
tion of vasopressive drug administration will 
sometimes allow the partial recovery of tissue 
which initially appeared as destroyed. Also in 
Fig. 18.1, this patient presents with an extremely 
disturbing situation of the foot arch and for 
which we observed a complete or partial tissue 

recovery (with the disappearance of the shock 
associated with the suppression of amines). The 
necrosis was limited to the superficial part of the 
cutaneous tissue; the toes could not be saved. 
There is therefore a real danger in planning a 
surgical procedure before the patient is in a com-
pletely stable status. In our experience, the surgi-
cal procedure started 15 days at the earliest after 
the stabilisation of the clinical status and the 
suppression of amines. An earlier debridement 
can conduce to excise tissue with uncertain evo-
lution. This is equally true of a certain number of 
intensive care specialists who ‘push’ to debride-
ment partly because the fever presented by the 
patients may be linked to necrotic tissue 
(Fig. 18.2).

Fig. 18.1 Initial state of a patient still taking vasopres-
sive drugs

Fig. 18.2 Evolution 3  weeks after and the stopping of 
vasoactive drugs and amputation of the toes

F. Duteille
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18.3.2  The Strategy Concerning 
the Therapeutic Attitude

The therapeutic decision is complex and does not 
comply with the established decision tree. It 
mainly depends on the experience of the practi-
tioner, but the final decision often comes from the 
patient himself.

We exclude the situations relying on classical 
techniques of healing (skin graft, treatment by 
negative pressure, etc.). We have limited our-
selves to the most serious situations where the 
only solution is to perform a free flap to avoid the 
amputation of the leg [2].

Some authors describe the interest of hyper-
baric oxygen. But it was only one case report and 
in a child [3]. And the study did not describe the 
importance of tissue necrosis; thus, it is difficult 
to evaluate the real interest of this treatment. 
Situations exist where all attempts at salvage are 
excluded due to the clinical situation: necrosis 
affecting the entire foot (plantar side, dorsal side, 
and heel cup) and especially when the necrosis 
reaches the proximal aspect of the ankle 
(Fig. 18.3), the contraindications to microsurgery 

(arterial patient, heart failure, renal failure, etc.), 
and a patient who has no donor site (latissimus 
dorsi muscle). When a solution seems conceiv-
able, the patient must be seen awake and the ther-
apeutic stake must be clearly explained, as well 
as the risks of amputation, in case of failure. 
These patients should be in complete physiologi-
cal and mental recovery, and this decision does 
not need to be taken urgently. It is also necessary 
to see the patient several times to be sure that the 
situation and the potential complications are 
completely understood. Of course, all the ele-
ments will be taken into account in the therapeu-
tic option (age, professional activity, uni- or 
bilateral injury, etc.). As in many of these difficult 
decision-making moments, care must be taken to 
avoid increasing the number of people involved 
as this makes the decision process more compli-
cated for the patient. Nevertheless, we ask a reha-
bilitation doctor specialised in limb prostheses to 
visit the patient, so that the patient has a complete 
picture of the problems. The options can be sim-
plified to salvage or amputation of one or more 
limbs or parts of the limbs. The objective is sav-
ing the foot, but toes were usually not saved. The 
aim is therefore to anticipate a back-to-normal 
walking. However, running will definitively be 
compromised.

The salvage requires a microsurgical muscle 
transfer. Usually, the latissimus dorsi muscle is 
used (isolated or associated with the dental mus-
cle) to cover this large loss of substance. The 
choice of muscle (versus cutaneous flap) is fun-
damental. This choice remains controversial [4], 
but for us, it will be the only way to fill the dead 
space volume after debridement, it is the only 
way to be sufficiently thick to ensure a secondary 
support and avoid the soaping phenomenon, and 
it is the best way to reduce the risk of infection. In 
addition, we think that the blood reserve that rep-
resents the muscle allows debridement to be lim-
ited because certain undefined tissue limits may 
benefit the vascular supply brought locally by the 
revascularised muscle. The only negative in this 
strategy is the sacrifice of the latissimus dorsi 
muscle, which may be detrimental if the inter-
vention fails, and the use of crutches proves to be 
necessary.

Fig. 18.3 A young boy 6  years of age presenting with 
necrosis of 2 ft. going up to the ankle. Surgical explora-
tion having confirmed this extensive necrosis with notable 
necrosis in the two ankle bones; no solution has unfortu-
nately been envisioned
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Fig. 18.4 Arteriogram of a 42-year-old patient present-
ing with a ‘resuscitation foot’ with a clear interruption of 
the flow and a desert afterwards

Fig. 18.5 A 42-year-old patient presenting with necrosis 
of almost all of the insteps following a visit in rehabilita-
tion for septic shock and the use of vasoconstrictive drugs

Fig. 18.6 The foot of the same patient after the surgical 
debridement (we may note that the heel cup is partially 
preserved, which is often the case), the debridement is not 
exhaustive, and certain tissues have uncertain vitality but 
are left in place because we hope for a certain part of 
‘revascularisation’ contributed from the free flap

If the decision is taken, a vascular assessment 
is performed in order to explore the arteries of the 
lower limbs. The choice of an arteriogram or an 
echo/Doppler with a flux calculation may be per-
formed. The arteriogram usually shows a clear 
interruption of the arteries with a healthy network 
before and a vascular desert after (Fig. 18.4).

18.3.3  Surgical Intervention

Debridement and free flap will be performed dur-
ing the same operation. Debridement must 
remove all the necrotic tissue but must try to 
leave in place the tissue which is in doubt or 
especially limit the bone structures for the rea-
sons explained earlier. The flap specimen will 
only be started (by a second team if possible) 
once the debridement has been performed and 
the salvage indication has been confirmed 
(Figs.  18.5 and 18.6). The vessels must be 
addressed in a healthy zone. On the strategic 
plan, it is necessary to expect an option for cover-
ing pedicle anastomoses of the free flap because 

complete debridement does not offer any option 
of covering the remaining tissue on the foot. For 
these, the Z incisions (allowing a V/Y closure) 
are made opposite to the recipient vessels. In 
addition, the entire latissimus dorsi is removed 
(level with the tendinous insertion). The high part 
of the muscle may also be redriven over the ves-
sels after anastomosis completion in order to 
cover them.

The recipient vessels have always been of 
good quality, in our experience (Fig.  18.7), 
because it concerns a young patient with no 
mechanical avulsion and trauma. The limit 
between the healthy and pathological zone is 
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Fig. 18.7 Expose the vessels of the patient; these appear 
healthy during the surgical exploration

Fig. 18.8 The flap is put in place and grafted 15  days 
after the intervention. Its bulky appearance is only 
temporary

Fig. 18.9 The result at 4 months with slight decrease in 
the size of the flap allowing a normal walking for the foot 
supported by adapted shoe inserts

actually extremely clean. Technically, this micro-
surgical act does not at all differ from the stan-
dard free flap. During the follow-up period, we 
apply the normal protocols: fasting during 12 h in 
case it is necessary to perform further surgery, 
bed rest for 5 days, and regular monitoring of the 
flap. The dermo-epidermal skin graft on the mus-
cle is performed between the fifth and eighth 
days associated with the restructuring of the flap.

18.3.4  Follow-Up

When complete healing of the flap has been 
achieved, it is necessary to be sure of its very 
bulky aspect and especially its temporary charac-
teristics (Fig. 18.8). Volume reduction will take 
place progressively and may require between 2 
and 6 months (Fig. 18.9). Compression stockings 
are applied 21 days after the surgical intervention 
as well as when leaving the rehabilitation centre 
where walking will be gradually recommenced.

Patients are seen every 3 months and then 
every 6 months; often, there are inflammation 
episodes which translate into an inflamed pres-
sure, most often on a fragment of necrotic 
bone. Surgical action must be done sparingly. 
Usually, walking limitation by a 10-day course 
of antibiotics allows the problem to be resolved. 
Sometimes, the radiographic assessment high-
lights a bony fragment potentially in relation 
with the clinical signs. A surgical excision may 
then be suggested, preferably conducted by the 

same physician who performed the free flap. 
We would not cover all aspects of rehabilita-
tion here (learning to walk again, shoes and 
adapted shoe inserts, etc.), which remain a fun-
damental part of the patient learning to walk 
normally again.
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18.4  Conclusion

The advancement in resuscitation has led to the 
appearance of a new type of pathology that we 
commonly call ‘pied de réanimation’. It refers 
to a necrosis of all or part of the foot (and some-
times other extremities) by a phenomenon 
resulting from a combination of haemodynamic 
shock and the use of vasopressive drugs in high 
doses.

These necroses are often a major challenge for 
the plastic surgeon to envisage the possibilities of 
‘limb salvage’. This is done via the execution of 
a large-sized muscular free flap (still the latissi-
mus dorsi) in our experience. This surgery 
 presents an increased failure rate than the usual 
rate of failure, but a 77% success rate is still 
acceptable.

The follow-up of patients nevertheless shows 
a large majority who are able to walk, enjoy lei-

sure activities, and live a normal life, and this 
pushes us to continue this method of treatment 
(Figs. 18.7 and 18.8).
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19Skin Necrosis and Ulcers Induced 
by Medications

Joachim Dissemond

19.1  Introduction

In recent decades, it has been reported for numer-
ous medications that their systemic administra-
tion can lead to the development of skin necrosis 
and subsequently to ulcerations. Allergic as well 
as nonallergic etiologic mechanisms have been 
described. Most of the relevant pathological reac-
tions induced by these medications are a type of 
vasculitis or vasculopathy. Although these reac-
tions often manifest as rashes or other skin dis-
eases, some medications can also cause skin 
necrosis and ulcers [1]. Therefore, in this chapter, 
an exemplary number of medications are pre-
sented, which had been discussed to be responsi-
ble for the development of skin or mucosal 
necrosis and ulcers (Table 19.1).

19.2  Medications

19.2.1  Hydroxyurea

Hydroxyurea, synonym referred to as hydroxy-
carbamide, is a hydroxylated urea derivative 
which inhibits as an S-phase-specific inhibitor of 
ribonucleotide reductase during the DNA synthe-
sis. It is clinically used for example for the treat-

ment of patients with chronic myelogenous 
leukemia, essential thrombocythemia, and poly-
cythemia vera.

In a retrospective study, 41 patients were pre-
sented in which a leg ulcer was caused by 
hydroxyurea. In these patients with a mean age of 
67 years, ulcers occurred after an average treat-
ment period of 5  years with hydroxyurea. 
Clinically, in most patients, multiple ulcerations 
in the area of the malleoli could be found. In 
total, 80% of patients with ulcers healed after dis-
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Table 19.1 Overview of the systemically given medica-
tions associated with the development of skin necroses 
and ulcerations

Amezinium methylsulfate [2]
Anagrelide [3, 4]
Barbituric acid [5]
Coumarins [6–10]
Diltiazem [11]
Erythropoietin [12]
Estrogen combinations [13]
Furosemide [14]
Heparin [15, 16]
Hydralazine [17]
Hydroxyurea [18–20]
Leflunomide [21–23]
Levamisole [24–26]
Methotrexate [27, 28]
Nicorandil [29–32]
Nifedipine [33]
Pentazocine [34–37]
Pentamidine [38]
Propylthiouracil [39, 40]
Tyrosine kinase inhibitors [41–45]
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Fig. 19.1 Extremely painful ulcerations of the lower legs in different patients after long-term intake of hydroxyurea

Fig. 19.2 Livid erythema with clinically typical but not 
specific atrophie blanche in a patient after many years of 
taking hydroxyurea

continuation of the medication [20]. Comparable 
data have been presented by Best et al. in a study 
of 14 patients [18].

Hydroxyurea is the most widely publicized 
medication that is associated with the develop-
ment of leg ulcers. It has been described that the 
first appearance of this extremely painful ulcer-
ations is usually 1–10 years after starting therapy 
with hydroxyurea [19, 46, 47]. Hydroxyurea- 
induced ulcers are manifested in particular sym-
metrically in the area of the malleoli, dorsum of 
the foot, or heel (Fig. 19.1). In rare cases, genital 
wounds also occurred [48].

The underlying pathogenesis is so far not fully 
understood. It is discussed that a graft-versus- 
host-like reaction with degeneration of the basal 
keratinocytes and an epidermodermal gap forma-
tion could be directly related to cytostatic effects 
of hydroxyurea on the basal keratinocytes. In 
addition, a disturbance of microcirculation by 

effects on erythrocytes with decrease in their 
number, increase of their mean volume, and thus 
reduced deformability has been described [20, 
49]. The typical but not specific atrophie blanche 
was discussed as a clinical indicator for an under-
lying impaired microcirculation (Fig.  19.2). 
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Since some of these lesions are not reversible, it 
is also observed that despite discontinuation of 
therapy, in some patients, the wounds persist for 
long periods of time or recur [50].

19.2.2  Anagrelide

Anagrelide is an imidazoquinazoline derivative, 
which is used for the treatment of patients with 
myeloproliferative diseases such as essential 
thrombocythemia. The inhibitory effect of 
anagrelide on human platelets is mediated by the 
formation of a delay of maturation of megakaryo-
cytes by inhibiting cyclic AMP phosphodiester-
ase III.

In a case report, our group reported a 38-year- 
old patient with extremely painful ulcers with 
atrophie blanche on both outer ankles, which 
occurred 6  weeks after starting treatment with 
anagrelide (Fig.  19.3). Despite an intensified 
advanced wound therapy, the wounds were 
refractory. A complete healing of the ulcer was 
achieved after stopping of the medication. An 
underlying disturbed microcirculation compara-
ble to hydroxyurea effects was discussed [3]. 
Another case report was of a 77-year-old woman 
who developed a very painful ulcer on the dor-

sum of the foot and outer ankle with marked atro-
phie blanche in the surrounding skin. The drug 
had been taken for 1 year at the time of the first 
symptoms [4].

19.2.3  Coumarins

Coumarins derived from 4-hydroxycoumarin 
compounds are well known as drugs with an 
inhibitory effect on coagulation. Coumarins have 
a structure similar to vitamin K. They are used 
clinically as for the treatment and prophylaxis of 
thrombosis and embolism. The effect as antico-
agulants is based on the inhibition of plasmatic 
coagulation. Coumarins bind instead of vitamin 
K to the enzyme vitamin K epoxide reductase, 
block it, and thus inhibit competitively the forma-
tion of active clotting factors. The two most com-
monly used in medicine are phenprocoumon 
coumarins and warfarin.

In a case series report, three patients were 
described in which it came within 5  days after 
initiation of therapy with warfarin to painful, 
sharply defined erythema, which ulcerated sec-
ondarily. All patients were obese. The authors 
discussed the fact that the coexistence of may be 
other individual factors is important for the devel-

Fig. 19.3 Patient who 
developed an atrophie 
blanche 6 weeks after he 
started taking anagrelide 
and shortly later very 
painful ulcerations in the 
area of both lateral 
ankles
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opment of coumarin necrosis [7]. Another case 
report described a 67-year-old patient with the 
occurrence of a cutaneous leukocytoclastic vas-
culitis of the lower limb 4 weeks after he started 
coumarin therapy [51]. Skin necrosis occurred at 
0.01–0.1% of all patients after started taking cou-
marins. This necrosis can be observed more fre-
quently in patients with congenital protein C 
deficiency or rarely described association with a 
deficiency of protein S [9]. In addition, the 
affected patients may be more common in obese 
women. A systematic search of the literature 
found 90 case reports involving 111 patients with 
warfarin-induced skin necrosis. The mean age of 
these patients was 52.5 years. A total of 20.7% of 
patients died from associated complications [10].

Skin necroses usually appear symmetrically 
on the chest, abdomen, or buttocks. Besides 
severe pain, often petechiae, erythema, and 
ecchymoses are the first clinical signs. As the 
condition progresses, crusts, hemorrhagic bullae, 
necrosis, or ulcer can be observed. As the under-
lying pathophysiology at the beginning of ther-
apy with coumarins, hypercoagulative statuses 
by the imbalance of the various anticoagulant 
mechanisms have been discussed. The resulting 
microvascular thrombotic occlusions typically 
cause necroses. The first clinical symptoms start 
within 1–10 days, usually on days 3–6 [6]. Only 
in rare cases can it also occur even after several 
years of the onset of necrosis [8]. The median age 
of onset is 54 years; about 75% are women, and 
about 60% of the necroses are localized at the 
legs, breasts, or buttocks [6].

19.2.4  Heparin

Heparin is a mucopolysaccharide polysulfate, 
which binds to among others antithrombin III, 
causing the inactivation of many coagulation fac-
tors. Thereby, its anticoagulant effects are 
enhanced. Heparin preparations are used for the 
prophylaxis and treatment of thromboembolic 
disorders. The occurrence of purpura with necro-
sis in the injection areas and in other parts of the 
body has been reported. As a potential patho-

genic mechanism, a leukocytoclastic vasculitis is 
described.

Another pathological reaction is the heparin- 
induced thrombocytopenia type II (HIT II), 
which may lead to arterial and venous thrombosis 
with necrosis. HIT is caused by the formation of 
autoantibodies against the heparin platelet factor 
4 (PF4) complexes and occurs in 0.1–2% of all 
patients treated with heparin. After the beginning 
of heparin treatment, HIT II usually occurs within 
10–14 days. If a heparin treatment has been done 
in the previous 100 days, the disease can manifest 
itself much more rapidly [15].

In a 66-year-old woman with diabetes and 
hemodialysis who received intravenous heparin 
during hemodialysis, the occurrences of ulcers of 
the lower legs were described [16]. Our group 
already described a 38-year-old patient in whom 
HIT II led to multiple necroses and ulcers on the 
mucous membrane and integument. The painful, 
sharply defined necroses with inflammatory sur-
roundings were not localized at the injection sites 
[15].

19.2.5  Methotrexate

Methotrexate (MTX) is an analog of folic acid 
and competitively inhibits dihydrofolate reduc-
tase. As an antimetabolite, it inhibits DNA and 
RNA synthesis. The drug is dosed higher in 
oncologic patients as part of chemotherapy. 
Lower doses are widely used in the treatment of 
patients with rheumatoid arthritis or psoriasis 
vulgaris.

In the literature, a 39-year-old woman with 
non-Hodgkin’s lymphoma was described. Two 
months after starting a therapy with 15 mg MTX 
once weekly, painless ulcerations on the malleoli 
appeared. One year ago, similar ulcerations 
occurred after a combination therapy with 7.5 mg 
MTX, and indomethacin was initiated. After dis-
continuation of the therapy within 2 months, the 
ulcers healed completely [28]. The occurrence of 
generalized erosions and ulcerations of psoriatic 
plaques was described in a case series report on 
47 patients. As a risk factor, the co-medication 
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with NSAIDs has been described [52]. In a sys-
tematic literature search, 114 patients experi-
enced cutaneous ulcerations under methotrexate. 
Of these, men accounted for 57.9% with a mean 
age of 61  years. Erosions on psoriatic plaques 
were found most frequently with 33.3% of the 
case reports. Because these are often toxic effects 
of the drug, the authors specifically point out the 
frequent lack of folic acid supplementation, 
which can prevent the occurrence of this side 
effect [27].

19.2.6  Leflunomide

Leflunomide is a drug from the group of immu-
nosuppressants, which is used as a therapy for 
patients with rheumatoid arthritis and psoriasis. 
The active metabolite of leflunomide, A771726, 
inhibits the enzyme dihydroorotate dehydroge-
nase, a key enzyme for de novo biosynthesis of 
pyrimidine [53].

Our group described a 68-year-old woman 
with rheumatoid arthritis who developed ulcers 
during treatment with leflunomide. Three months 
after starting treatment with leflunomide, the 
patient described the appearance of a purpura, 
which ulcerated in the following days. As the 
result of a vasculitis, an extremely painful, 
sharply demarcated ulceration with livid edges 
above the right malleolus occurred [21, 23]. 
Another case report described a 78-year-old 
woman with rheumatoid arthritis and ulcers, 
which appeared 6 months after starting treatment 
with leflunomide. It was discussed that a direct 
toxic effect of leflunomide on epidermal cells 
could be relevant, since leflunomide blocked 
in  vitro, for example, epidermal growth factors 
[54]. In another case report, a 63-year-old patient 
who had suffered for 14 years from rheumatoid 
arthritis developed spontaneous ulcerations on 
both lower legs 10 months after initiation of leflu-
nomide treatment. Neither serological nor histo-
logical signs for an underlying vasculitis could be 
found. After discontinuation of leflunomide ther-
apy, the ulcers healed after 8 months [22].

19.2.7  Hydralazine

Hydralazine is a derivative of phthalazine. In 
some countries, it is used therapeutically as 
hydralazine hydrochloride in combination, for 
example, with atenolol or metoprolol and hydro-
chlorothiazide or for the treatment of essential 
hypertension.

In a 50-year-old man, very painful ulcers on 
the Achilles’ tendon were described after the 
intake of hydralazine for 3 years. The histology 
showed newly occurred autoantibodies compara-
ble to the first manifestation of systemic lupus 
erythematosus. The authors discussed the occur-
rence of the ulcer as a manifestation of a drug- 
induced lupus erythematosus. After 
discontinuation of hydralazine, the ulcer healed 
quickly and completely [17].

19.2.8  Amezinium Methylsulfate

Amezinium methylsulfate is an indirect 
α-sympathomimetic, which is used therapeuti-
cally in patients with essential and symptom-
atic hypotension. Amezinium methylsulfate 
inhibits the intra-dimensional monoamine oxi-
dase, thus causing decreased norepinephrine 
degradation. Furthermore, it inhibits norepi-
nephrine reuptake in the sympathetic neuron. 
Through these mechanisms, the noradrenalin 
amount increases in the peripheral receptors. 
This leads to vasoconstriction, and the blood 
pressure rises.

A case report described a 52-year-old patient, 
who suffered for 22 years from a chronic glo-
merulonephritis, had hemodialysis, and had 
already developed a generalized vascular calci-
fication. One year after starting treatment with 
amezinium methylsulfate, he developed painful 
leg ulcers which were refractory to different 
treatments for over 7 months. After discontinua-
tion of the drug, the ulcers healed within a few 
weeks. The authors discussed that the vasocon-
strictive effects of the drug can be an important 
cause for the ulceration [2].
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19.2.9  Diltiazem

Diltiazem belongs to the group of calcium antag-
onists. The drug is used as diltiazem hydrochlo-
ride in patients with coronary heart disease or 
angina pectoris. As an antiarrhythmic drug for 
the treatment of cardiac arrhythmias, diltiazem 
can be used preventively against paroxysmal 
supraventricular tachycardia and in patients with-
out Wolff-Parkinson-White (WPW) syndrome in 
slowing the heart rate in atrial fibrillation and 
atrial flutter. Another application of diltiazem is 
the treatment of arterial hypertension.

In a 59-year-old man with leg edema, livid 
erythema and ulceration of both lower legs as a 
result of a cutaneous vasculitis arose 2  months 
after starting a therapy with diltiazem. After dis-
continuation of the drug, the ulcerations healed 
completely after 3 months of therapy [11].

19.2.10  Propylthiouracil

The thiouracils are thioureylenes that belong to 
the family of thioamides. Propylthiouracil inhib-
its the intrathyroidal peroxidase system. 
Therefore, it is used as a thyroid drug in patients 
with hyperthyroidism.

The intake of propylthiouracil over a period of 
13 years for the treatment of Graves’ disease was 
described in a 26-year-old woman. After increas-
ing the dose to 50  mg/day, she developed livid 
erythema and painful ulcers on both lower legs 
2 months later. Five months after discontinuation 
of propylthiouracil, the wounds healed. After 
retaking the medication, it came after a period of 
only 5  days to a relapse [40]. In another case 
report, a 27-year-old man with Graves’ disease 
was described. Two years after beginning a ther-
apy with propylthiouracil, it came to the occur-
rence of very painful ulcers on both lower legs. 
These ulcers developed from erythematous 
plaques with pustules, were sharply demarcated, 
and showed bizarre configured wound edges. A 
pyoderma gangrenosum was diagnosed, and a 
causal relationship with the medication was dis-
cussed. After discontinuation of propylthiouracil 
therapy and initiation of treatment with predniso-

lone and cyclosporin A, the ulcerations healed 
after 1 month [39]. Moreover, there are several 
case reports on the occurrence of intraoral ulcer-
ation after administration of propylthiouracil 
[55].

19.2.11  Nicorandil

Nicorandil is a nicotinamide nitrate ester, which is 
used for the treatment of patients with angina pec-
toris. The substance has the characteristics of 
nitrates but acts in addition as an activator of ATP-
dependent potassium channels. The opening of 
potassium channels leads to hyperpolarization of 
the cell membrane and to a decrease in intracellu-
lar calcium. This causes relaxation of smooth mus-
cle cells and vasodilation. Nicorandil is a peripheral 
and coronary vasodilator, lowers systolic blood 
pressure, and increases heart rate reflex.

A 73-year-old woman took nicorandil twice 
daily for 2 years, until for the first time leg ulcers 
over her Achilles’ tendon occurred. At the same 
time, there was also an onset of perianal ulcerations. 
After discontinuation of nicorandil, all ulcers healed 
after 5 months [30]. For example, in a case series of 
10 patients in an average of 26.6 months after start-
ing a therapy with nicorandil, it came to the occur-
rence of ulcers. After discontinuation of the drug, 
the ulceration healed after 12 weeks (median) [56]. 
In a report from the French Pharmacovigilance 
Network, 148 patients were described in whom 
nicorandil-induced ulcers occurred. The wounds 
occurred mainly on the mucosal, oral, and anal 
sites. The median time between the start of nicor-
andil use and the appearance of the ulcer was 
23.4 months [32]. The occurrence of ulcers located 
intraorally or on the penis and perianal region is a 
well-documented side effect when taking nicorandil 
[29, 31].

19.2.12  Levamisole

Levamisole is the levo-isomer of tetramisole and 
belongs to the group of imidazothiazole. It is an 
anthelmintic agent which is clinically employed 
as an immunomodulating drug in particular in the 
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treatment of children with nephrotic syndrome. 
In addition, levamisole is also used for the adju-
vant treatment of patients with colon carcinoma. 
In addition, cocaine is often contaminated with 
levamisole.

In a 67-year-old woman with rheumatoid 
arthritis, already healed venous leg ulcers were 
described. After she started taking levamisole, 
the leg ulcer recurred. At the same time, livid ery-
thema on the arms and intraoral ulcerations 
occurred. After discontinuation of the drug, all 
ulcers healed within 1 month completely [24]. In 
another case report, an 11-year-old boy with het-
erozygous factor V Leiden mutation and 
nephrotic syndrome developed leg ulcers after he 
had already taken levamisole for the last 3 years. 
Furthermore, at the same time, livid erythema 
and ulcers on the forearms, hands, and ears could 
be observed. After discontinuation of levamisole 
and initiation of therapy with cyclophosphamide, 
the ulcerations healed after about 4 weeks [25]. 
The occurrence of lesions in the form of purpura 
and/or lichenoid papules 12–44 months after ini-
tiation of systemic therapy with levamisole has 
been repeatedly described in particular on the 
ears. Although the underlying pathogenic mecha-
nism is unclear, a potential connection between 
the levamisole intake and an infection was dis-
cussed. In some patients, the formation of auto-
antibodies such as antineutrophil cytoplasmic 
antibodies (ANCAs) and lupus anticoagulant 
with an immune complex vasculitis or an occlu-
sive vasculopathy could be shown [57].

The occurrence of pyoderma gangrenosum has 
been repeatedly described after ingestion of cocaine 
[58]. Since levamisole is often added as a adulter-
ant, it was discussed whether levamisole might be 
the substance responsible for the induction of this 
ulcerative neutrophilic disease [26].

19.2.13  Pentazocine

Pentazocine is a benzomorphan derivative from 
the group of opioids which are used as highly 
potent analgesic drugs. It is not only a strong 

analgesic but also a sedative and respiratory 
depressant.

Several case reports have been published in 
which the appearance of wounds on the skin 
occurred after ingestion of pentazocine.

These occur frequently on the buttocks, thighs, 
or shins [36, 37] [34]. A case report series 
described a total of 10 patients with ulcers after 
taking pentazocine. There were 4 men and 6 
women aged between 20 and 43 years. Prior to 
the first occurrence of the ulcers, the patient had 
been taking pentazocine for 10 days to 7 years. 
Most of the patients had multiple ulcerations on 
the lower extremities [35].

19.2.14  Tyrosine Kinase Inhibitors

Tyrosine kinase inhibitors are synthetically pro-
duced drugs that inhibit various enzymes from 
the tyrosine kinase group. These enzymes have 
important functions in the activation of cellular 
signal transduction pathways. As drugs, they are 
predominantly used for targeted therapies in 
oncology. Other indications include chronic 
inflammatory diseases, for example in 
rheumatology.

For various medications from the group of 
tyrosine kinase inhibitors, it has already been 
described that necroses, erosions, or even 
ulcerations occurred. For example, an 82-year-
old female patient experienced repeated ulcer-
ations around a stoma 18 weeks after initiation 
of therapy with cetuximab [41]. Leg ulcers 
have been described in association with the use 
of sunitinib, nilotinib [42], or pazopanib [43]. 
In another case report, chronic sores on the feet 
occurred and were discussed with the use of 
ruxolitinib [44]. The association of pyoderma 
gangrenosum with drug use has been repeat-
edly described in association with the use of 
various tyrosine kinase inhibitors. In addition 
to imatinib, sunitinib, ibrutinib, gefitinib, pazo-
panib, dabrafenib, and trametinib have also 
been described as cases [45]. However, it must 
also be critically discussed here that pyoderma 
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gangrenosum is a potentially paraneoplastic 
disease, so that the oncological underlying dis-
ease of these patients can also be seen as a trig-
ger [58].

19.3  Therapy

There is no standardized therapy for patients who 
have developed necrosis or ulcers as a result of 
systemically given medications. Once the causal 
relationship has been clarified, discontinuation of 
medication is usually recommended. Thereafter, 
local therapy follows the principles of modern 
moist wound therapy oriented to the phases of 
wound healing. For systemic therapies, it should 
be discussed in interdisciplinary terms whether 
immunosuppressive therapy is necessary in indi-
vidual cases, for example in patients with severe 
inflammation [59]. Rheological therapy concepts 
should be considered for vasculopathies [60]. 
Moderate compression therapy also often sup-
ports the success of treatment when the wounds 
are localized to the lower extremities [61].

19.4  Conclusion

The pathophysiological relevance of the sys-
temic intake of medication on the onset of 
necrosis or ulcers of the skin is not always clear. 
For most of the medications, there exist only a 
few case reports which describe an association 
with skin necrosis or ulcerations. Several of 
these patients took multiple medications and 
suffered from various underlying diseases that 
could potentially also cause ulcers. Necrosis 
and ulcers from the intake of medications are 
therefore usually a diagnosis of exclusion that 
can be discussed because of a temporal relation-
ship. An exception with greater case report 
series is medications that contain the drug 
hydroxyurea or coumarins.

In summary, it is important that all healthcare 
professionals recognize medications as a rare but 
potentially relevant factor for skin necrosis or 
ulcers. If this correlation is not recognized early, 
this can lead to severe and prolonged problems 
for the patients.
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20Toxic Syndromes

Shota Suda, Sho Yamakawa, and Kenji Hayashida

20.1  Epidemiology and Clinical 
Features

20.1.1  Staphylococcal Toxic Shock 
Syndrome

S. aureus is a ubiquitous and virulent pathogen. It 
colonizes the skin and mucous membranes in 
30–50% of healthy adults and children, most 
commonly in the anterior nares, skin, vagina, and 
rectum [1]. The organism causes many infec-
tions, including folliculitis, skin abscesses, bacte-
remia, and endocarditis. The Centers for Disease 
Control and Prevention (CDC) proposed a revised 
clinical case definition of TSS in 1981, which 
currently remains in use (Table 20.1).

There are two types of TSS: menstrual and non-
menstrual. Menstrual TSS occurs during menstrua-
tion and is associated with absorbent tampons. 
However, the number of menstrual TSS cases has 
been greatly reduced in recent years. Previously, 
menstrual and nonmenstrual TSS were observed in 
equal numbers in young women; however, a recent 
study in the United Kingdom showed that the inci-
dence of nonmenstrual TSS has remained 
unchanged, while the number of cases of menstrual 
TSS has decreased [2]. Nonmenstrual TSS may 
result from any primary staphylococcal infection or 
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Table 20.1 Staphylococcal toxic shock syndrome clini-
cal case definition

Clinical criteria
   1. Fever: Temperature ≥ 38.9 °C
   2. Rash: Diffuse macular erythroderma
   3. Desquamation: 1–2 weeks after the onset of rash
   4. Hypotension: For adults: Systolic blood 

pressure ≤ 90 mmHg; for children <16 years of age: 
Systolic blood pressure less than fifth percentile by 
age

   5. Multisystem involvement (three or more of the 
following):

    A. Gastrointestinal: Vomiting or diarrhea at the 
onset of illness

    B. Muscular: Severe myalgia or creatine 
phosphokinase elevation >2 times the upper limit of 
normal

    C. Mucous membrane: Vaginal, oropharyngeal, or 
conjunctival hyperemia

    D. Renal: Blood urea nitrogen or serum creatinine 
>2 times the upper limit of normal or pyuria (>5 
leukocytes/high-power field) in the absence of 
urinary tract infection

    E. Hepatic: Bilirubin or transaminases >2 times 
the upper limit of normal

    F. Hematological: Platelets ≤100 × 109/L
    G. Central nervous system: Disorientation or 

alterations in consciousness without focal neurologic 
signs when fever and hypotension are absent

Laboratory criteria
   1. Cultures (blood or cerebrospinal fluid) negative 

for alternative pathogens (blood cultures may be 
positive for Staphylococcus aureus)

   2. Serologic tests negative (if obtained) for Rocky 
Mountain spotted fever, leptospirosis, or measles

Case classification
Probable case: a case which meets the laboratory 
criteria and four of the five clinical criteria

(continued)
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Table 20.1 (continued)

Confirmed case: a case which meets the laboratory 
criteria and all five of the clinical criteria, including 
desquamation (unless the patient dies before 
desquamation occurs)

Fig. 20.1 At the time of hospitalization

Fig. 20.2 Day 3. Diffuse erythroderma appeared in the 
burned area

Fig. 20.3 Day 8. Infected necrotic tissue adhered to the 
burn site, and erythema spread to the entire body

colonization by a toxin-producing strain of S. 
aureus, including methicillin-resistant S. aureus 
(MRSA), which occurs after physical or chemical 
damage to the epidermis. Therefore, TSS should be 
considered in patients presenting with both shock 
and skin damage. The focus of a nonmenstrual 
infection is more likely to be superficial and may 
complicate burns, surgical wounds, or foreign bod-
ies. Postoperative TSS usually occurs within 48 h of 
surgery, and in many cases, evidence of a clinically 
significant surgical site infection is lacking at the 
time of presentation.

20.1.2  Skin Manifestation

A variety of skin manifestations are observed in 
TSS. Initial erythroderma involves both the skin 
and mucous membranes and is characterized by a 
diffuse, red, macular rash resembling sunburn 
and involving the palms and soles. In postopera-
tive TSS, erythema may instead be more intense 
around the surgical wound site. Late-onset skin 
manifestations include a pruritic maculopapular 
rash that may occur 1 to 2  weeks after disease 
onset, and desquamation of the palms and soles 
that characteristically begins from 1 to 3 weeks 
after the onset of illness. Since desquamation 
occurs late, it is often difficult to identify TSS as 
a differential diagnosis, and thus the acute diag-
nosis of TSS may not take advantage of this clini-
cal feature (Figs. 20.1, 20.2, 20.3, and 20.4).

20.1.2.1  Streptococcal Toxic Shock 
Syndrome

Streptococcal TSS occurs as a complication of 
invasive group A streptococcus (GAS, e.g., 
Streptococcus pyogenes) disease and is charac-
terized by shock and multiorgan failure due to 
capillary leakage and tissue damage caused by 
the release of inflammatory cytokines induced by 
streptococcal toxins. Severe invasive GAS infec-
tions are defined as bacteremia, pneumonia, or 
any other infection along with the isolation of 
GAS from a normally sterile body site [3]. 
Invasive infections include necrotizing fasciitis 
and spontaneous gangrenous myositis.

The diagnosis of streptococcal TSS was estab-
lished based on clinical criteria and culture find-
ings. GAS TSS is defined as any GAS infection 
associated with acute onset of shock and organ 
failure (Table 20.2).

The most common portals of entry for strep-
tococcal infections are the skin, vagina, or 
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Fig. 20.4 Clinical 
course of the patient. 
After admission, the 
patient was managed 
without antibiotics. On 
the third day, the patient 
developed a fever of 
over 39 °C, and 
treatment with 
cephazolin was initiated. 
Although antipyretics 
were also administered, 
the patient still had a 
fever of nearly 
40 °C. Clindamycin was 
introduced on the eighth 
day, and the fever 
gradually resolved the 
following day

Table 20.2 Streptococcal toxic shock syndrome clinical 
case definition

Clinical criteria
   1. Hypotension: For adults: Systolic blood 

pressure ≤ 90 mmHg; for children <16 years of age: 
Systolic blood pressure less than the fifth percentile 
by age

   2. Multi-organ involvement characterized by two or 
more of the following:

    A. Renal impairment: Creatinine >2 mg/dL 
(177 μmol/L)

    B. Coagulopathy: Platelets ≤100 × 109/L or 
disseminated intravascular coagulation

    C. Liver involvement: Alanine aminotransferase, 
aspartate aminotransferase, or total bilirubin twice 
the upper limit of normal

    D. Acute respiratory distress syndrome
    E. A generalized erythematous macular rash that 

may desquamate
    F. Soft tissue necrosis, including necrotizing 

fasciitis or myositis, or gangrene
Laboratory criteria for diagnosis
Isolation of group A streptococcus
Case classification
Probable: a case that meets the clinical case definition 
in the absence of another identified etiology for the 
illness and with isolation of group A streptococcus 
from a non-sterile site
Confirmed: a case that meets the clinical case definition 
and with isolation of group A streptococcus from a 
normally sterile site

pharynx. However, among patients who 
develop GAS TSS, the portal of entry remains 
unidentified in 45% of cases [4]. These patients 
frequently develop deep-seated infections, 
such as necrotizing fasciitis or myositis, within 
24–72  h of minor trauma at the exact site of 
injuries such as bruises, strained muscles, or 
sprained ankles, frequently without a visible 
break in the skin. Pain may be more severe and 
relentless than that of staphylococcal TSS and 
is a common reason for seeking medical atten-
tion. Hypotension and organ dysfunction prog-
ress rapidly in GAS TSS.

20.1.2.2  Skin Manifestation
Clinical signs of soft tissue infection typically 
include localized swelling and erythema fol-
lowed by ecchymoses and sloughing of the skin, 
which progress to necrotizing fasciitis or myosi-
tis. A variety of clinical presentations may be 
observed in patients without soft tissue findings. 
The most common initial symptom of GAS TSS 
is diffuse or localized pain, which develops 
aggressively and is commonly preceded by other 
physical symptoms.

20 Toxic Syndromes
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20.2  Pathophysiology

Superantigens are a group of staphylococcal and 
streptococcal exotoxins that are involved in host 
immune responses in the human body, as in TSS 
[5]. More than 20 different superantigens have 
been identified in S. aureus isolates, including 
staphylococcal enterotoxins, enterotoxin-like 
proteins, and TSS toxin-1 (TSST-1) [4] [6] [7]. 
More than 60% of clinical S. aureus isolates 
carry at least one superantigen; these superanti-
gens can activate T lymphocytes and antigen- 
presenting cells (APCs). As a result, activated T 
cells and APCs induce a massive release of cyto-
kines and chemokines, causing the symptoms 
observed in TSS.

The mechanism of action of superantigens 
is as follows: superantigens bind to the major 
histocompatibility complex (MHC) class II 
molecules of APCs (i.e., macrophages) and the 
Vβ region of T-cell receptors in a non-antigen-
specific manner, which leads to a massive 
release of cytokines and chemokines as well as 
the clonal expansion of certain clonal types of 
T cells.

Patients with TSS have inadequate antibody 
responses to exotoxins from staphylococcus 
and streptococcus that act as superantigens; in 
a study of burn patients with MRSA infections, 
those who developed TSS showed lower levels 
of antibodies to TSST-1 than those who did not 
[8]. In addition, children between 6  months 
and 2 years of age have been shown to be at a 
high risk of developing TSS as passive immu-
nity from their mothers is declining and active 
immunity has not yet been developed during 
this age range. One study found that  
children aged 0–6 months had antibody levels 
of 76% against TSST-1, whereas those aged 
7–24  months had only about 30% [9] 
(Fig. 20.5).

20.3  Treatment

20.3.1  Antibiotic Therapy

To the best of our knowledge, no randomized studies 
have evaluated antibiotic regimens for the treatment 
of TSS thus far. In patients with TSS originating 
from methicillin-susceptible S. aureus or MRSA, 
our hospital administers empiric therapy with 
clindamycin plus vancomycin. Once the diagnosis 
of GAS TSS is established, we recommend a combi-
nation therapy of clindamycin and penicillin G until 
hemodynamics have stabilized. In cases of resis-
tance to clindamycin treatment, linezolid may be 
considered as an alternative drug candidate. 
Clindamycin and linezolid are considered effective 
TSS treatments because these bacteriostatic antimi-
crobial agents have the ability to inhibit staphylococ-
cal exotoxin production.

Fig. 20.5 The mechanism of action of superantigens
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Additionally, no clinical trials have been con-
ducted to determine the duration of antimicrobial 
therapy for staphylococcal TSS. In our hospital, 
we administer antibiotics for 10–14  days in 
patients with an absence of bacteremia or a dis-
tinct focus of infection.

20.3.2  Intravenous Immune Globulin

Intravenous immune globulin (IVIG) treatment 
may be considered for patients with severe staph-
ylococcal TSS that does not respond to other 
therapies, and IVIG therapy may be effective in 
patients with low antibody levels to exotoxins. 
However, few studies have shown the benefits of 
IVIG therapy for TSS, and decisions regarding its 
use should be carefully considered.

20.3.3  Surgical Therapy

For TSS, drainage and debridement of any identi-
fied infectious focuses are essential. Lesions 
should be examined for the presence of foreign 
bodies, and if present, these bodies should be 
removed surgically. In postsurgical patients, sur-
gical wounds may appear uninfected because of a 
decreased inflammatory response; however, if the 
patient meets the clinical criteria for TSS, exami-
nation and debridement are still necessary.

In GAS TSS, prompt and aggressive explora-
tion and surgical debridement are mandatory. It is 
critically important that surgeons are involved 
early in GAS TSS as a surgical intervention may 
be impossible later in the course of the disease 

because the general condition of the patient often 
deteriorates rapidly, with the infectious lesion 
extending to vital areas that are difficult to 
debride (e.g., the head and neck, thorax, or 
abdomen).
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21Skin Necrosis Due to Snakebites

Masaki Fujioka

21.1  Introduction

About 5.4 million people are bitten by venomous 
snakes, resulting in 2.7 million envenomings, 
almost 138,000 deaths, and 400,000 cases of 
sequelae or disability, mostly in Asia, Africa, and 
Latin America every year. Many patients survive, 
but most victims suffer from local complications 
such as skin necrosis if blisters are present [1, 2]. 
In 2019, the World Health Organization (WHO) 
launched a program to prevent and control snake-
bite incidents, thereby aiming to reduce snakebite 
mortality and morbidity by 50% by 2030 [3]. 
This chapter presents a review of published 
reports on the incidence, pathology, and treat-
ment of snakebites; focuses on the prevalence of 
necrotic wounds; and discusses surgical 
treatment.

21.2  Systemic and Local 
Complications After 
Envenomation

Snake venom contains more than ten enzymes, 
several nonenzymatic proteins, and peptides, 
which can be a combination of many toxins, 

including cytotoxins, hemotoxins, neurotoxins, 
and myotoxins. Systemic clinical manifestations 
encompass a wide variety of problems including 
pain, weakness, dizziness, nausea, vomiting, 
hypotension, thrombocytopenia, tachycardia, and 
anuria. On envenomation, the enzyme hyaluroni-
dase catalyzes the hydrolysis of the main intersti-
tial constituents, increasing tissue permeability. 
Proteolytic enzymes destroy the endothelium and 
basal membrane of capillaries. Phospholipase A 
acts directly on erythrocyte membranes, which 
leads to intravascular hemolysis. Local edema 
with pain and swelling, which can progress rap-
idly and may involve the entire extremity, can be 
attributed to the phospholipase A2 and metallo-
proteinases. Serous or hemorrhagic blisters 
appear around the fang marks (Fig. 21.1a). Some 
enzymes destroy tissue, resulting in necrosis 
(Fig. 21.1b, c) [4].
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a

c

b

Fig. 21.1 (a) The picture shows two fang marks on the 
left ring finger. Swelling and tissue necrosis are visible 
around the fang marks. (b) The picture shows that the left 
knee was swollen with an area of soft tissue necrosis mea-
suring 3.5  ×  2.0  cm around the fang marks. (c) 

Histopathological findings of the fang mark site immedi-
ately after injury. The image shows red cell extravasation, 
vessel fibrinoid necrosis, and subcutaneous hemorrhagic 
necrosis with neutrophil infiltration

21.3  Dry Bite

The severity of a snakebite depends on the size of 
the snake and severity of envenomation. Venomous 
snakes sometimes bite without injecting venom. 
Such “dry bites” are known to occur in a number 
of venomous snake species. A study conducted 
over 3 years demonstrated that in over 776 snake-

bite admissions, 86% of the patients had received 
a bite in which no venom had been injected; thus, 
dry bite may account for in excess of 50% of bites 
in some species [5–7]. It can be difficult to deter-
mine whether a bite is “dry” or not, as a snakebite 
itself will often cause inflammation and swelling, 
which makes it more difficult to determine early if 
a victim of a snakebite needs antivenom [6].
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21.4  First Aid

“Guidelines for the Management of Snakebites” 
by the World Health Organization (2010) [8] rec-
ommend the following: the victim must avoid 
physical activity, and the bite site should be 
immobilized and kept below heart level to pre-
vent venom absorption and systemic spread. 
Tourniquet application, incision, excision, or 
mouth suction should not be performed. Many 
organizations, including the American Medical 
Association and the American Red Cross, recom-
mend washing the bite with soap and water. The 
use of a compression bandage is generally as 
effective; however, some guidelines state that 
nonprofessionals should not apply a pressure 
bandage (Fig. 21.2) [9].

21.5  Antivenom Treatment

Antivenom is still the only effective treatment 
for envenomation. It is indicated to reduce con-
valescence time in moderate to severe cases and 
 prevent death in severe cases. The British 
National Formulary suggested that antivenom 
should be given whenever there is any evidence 
of systemic envenoming or when local symp-
toms of envenoming are severe if, within 4 h of 
a bite on the hand or foot, swelling extends 
beyond the wrist or ankle [7]. There is evidence 
that antivenoms limit the spread of necrosis by 
inhibiting protease activity and reducing edema, 
leading to decreased risk of compartment 
syndrome.

21.6  Allergic Reactions 
to Antivenom

Allergic reactions to antivenom are possible. The 
most common reaction to antivenom is an ana-
phylactoid reaction, in 3–54% of patients. Ismail 
et al. reported that 40% of patients showing early 
reactions develop systemic anaphylaxis.

Serum sickness-type reactions have been 
reported to occur in 10–75% of patients receiving 
equine antivenin. The onset of delayed serum 
sickness usually occurs within 3 weeks after anti-
venin treatment and consists of fatigue, itching, 
urticaria, arthralgia, lymphadenopathy, periartic-
ular swelling, albuminuria, and, rarely, encepha-
lopathy [10].

Patients who have had prior reactions to horse 
serum and those who have had previous antivenin 
treatments can develop severe, delayed hypersen-
sitivity reactions.

21.7  Surgical Treatment

Most of the literature is focused on snakebite 
mortality. However, many patients survive and 
suffer from local complications. Although snake-
bites are most commonly treated with specific 
antivenoms, surgical management has also been 
practiced. Urgent fasciotomy may be required if 
there is a sudden swelling of the limbs immedi-
ately after the injury. About 10% of all cases were 
in need of fasciotomy when compartment syn-
drome was diagnosed by measuring the intra-
compartmental pressure [11]. A meta-analysis 
reported an incidence of 5.5% sequelae and 3% 
amputations. Snakebite patients with skin necro-
sis require serial wound debridement, followed 
by reconstructive surgery using skin grafting and/
or a flap. Chattopadhyay et al. reported that 28% 
of 58 patients required debridement to treat local 
necrosis. Maintenance of necrotic tissue in the 
wounds will certainly aggravate the local and 
general conditions of patients [12]. Surgery plays 
an important role in the management of snakebite 
patients with tissue necrosis. However, this 
involves late debridement, performed after skin 
necrosis has occurred.

Fig. 21.2 Pressure immobilization using a compression 
bandage

21 Skin Necrosis Due to Snakebites
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21.8  Immediate Debridement 
of Fang Marks

If a snakebite is intracutaneous, the venom slowly 
spreads through lymphatic and superficial venous 
vessels, but there has to be a sufficient venom 
concentration to reach the systemic circulation in 
a few hours.

Recent guidelines for first aid against viper 
envenomation call for avoiding incision and rec-
ommend the administration of antivenom. 
However, antivenom carries the risk of an ana-
phylactic reaction, so its usage should be 
approached with extreme caution.

Since the snakebite severity depends on the 
amount of venom injected into the victim, if even 
a small part of it can be removed, patients should 
present milder symptoms.

Even in the case of perfectly performed inci-
sion and suction, only 20% of venom can be 
removed. Also, since snake fangs are curved, the 
venom is not directly under the bite marks; there-
fore, only a very deep incision can reach it [9]. To 
prevent later sequela, snakebites are best treated 
acutely by surgical debridement to remove as 
much venom as possible, which consequently 
decreases inflammatory responses and the neces-
sity of antivenom [13].

In dry bite cases, radical ablation of fang 
marks should not be performed until local signs 
of envenomation appear. Since the aim of this 
procedure is the removal of injected venom, all 
necrotic soft tissue and inflamed skin must be 
debrided.

The standard method of wound management 
was presented in 2003 as a guideline for wound- 
bed preparation, stating that “efficient debride-
ment is an essential step in acute and chronic 
wound management. Regular debridement is 
necessary to reduce the necrotic burden and 
achieve healthy granulation tissue. Debridement 
also reduces wound contamination.” Furthermore, 
it is well known that all animal bites present a 

high risk of infection. Once tissue undergoes 
necrotic changes, it cannot survive. Thus, the 
removal of necrotic tissue as soon as possible is a 
reasonable option from the viewpoint of wound 
management and infection control. Moreover, 
this procedure ensures the removal of the remain-
ing venom in necrotic tissue [14].

Although immediate radical ablation can reduce 
the volume of injected venom, total removal is 
impossible. Continuous observation is indispens-
able after ablation, and if severe systemic symptoms 
of envenomation occur, antivenom treatment should 
be indicated with no hesitation [15].

21.9  Case Reports

The Japanese viper (Gloydius b. blomhoffii, 
Japanese mamushi) is responsible for the major-
ity of venomous snakebites in Japan, and more 
than 1000 cases of Japanese viper bites are 
believed to occur annually. I present successful 
cases of immediate radical ablation of fang marks 
due to Japanese viper bites.

21.9.1  Case 1

The left index finger of a 74-year-old man was 
bitten by a Japanese viper. About 30 min after the 
injury, the victim arrived at our emergency unit, 
where the initial examination revealed that the 
finger was swollen with an area of soft tissue 
necrosis measuring 1.5 × 0.6 cm around the fang 
marks (Fig. 21.3a). Immediate ablation was per-
formed of the damaged skin, including the sur-
rounding inflamed surface, covering a total area 
of 2.0 × 1.0 cm (Fig. 21.3b). Antivenom was not 
administered, since the general condition and 
laboratory data of the patient indicated stability. 
Treatment with ointment was performed, and the 
wound healed within 2 months with no sensory 
or functional impairment (Fig. 21.3c).
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Fig. 21.3 (a) Case 1: At 30 min after being bitten, the 
finger was swollen with tissue necrosis. (b) The picture 
shows the wound after the removal of a 2.0 × 1.0 cm area 

of soft tissue. (c) Two months after injury, the picture 
shows that the wound has completely healed

21.9.2  Case 2

A 72-year-old woman was bitten on her left leg 
by a Japanese viper and arrived at our unit 50 min 
after the injury. The left knee was swollen, with 
an area of ecchymosis and necrotic soft tissue 
measuring 3.5  ×  2.0  cm (Fig.  21.4a). Surgical 
debridement of the ecchymotic surface, as well 
as necrotic tissue, including the surrounding 
inflamed skin (total of 8.5 × 7.0 cm), was imme-
diately performed (Fig.  21.4b). Antivenom was 
not administered as severe systemic symptoms 
were not observed. Two weeks later, the patient 
received a split-thickness skin graft. Six months 

after the injury, the patient could return to work 
without any complications (Fig. 21.4c).

21.9.3  Case 3

A 78-year-old man was bitten on his left index 
finger by a Japanese viper and transferred to our 
emergency unit 1 h later. The finger was swollen 
with ecchymosis as well as ischemic soft tissue 
around the fang marks (Fig. 21.5a). The necrotic 
tissue and inflamed skin were ablated (Fig. 21.5b). 
The wound healed with no sensory or functional 
impairment within 2 months (Fig. 21.5c).
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Fig. 21.4 (a) Case 2: At 30 min after being bitten, the left 
knee was swollen with an area of soft tissue necrosis mea-
suring 3.5 × 2.0 cm around the fang marks. The dotted line 
indicates the debridement area. (b) The picture shows the 
wound immediately after surgical debridement of the 

ecchymotic surface, as well as ischemic and necrotic tis-
sue, including the surrounding inflamed skin. (c) Six 
months after injury, the picture shows that the wound has 
completely healed

a

c

b

Fig. 21.5 (a) Case 3: At 1 h after being bitten, the left 
index finger was swollen with tissue necrosis. (b) The pic-
ture shows the wound after the removal of a 2.5 × 0.6 cm 

area of soft tissue. (c) The photograph shows the wound 
2 months after injury, with favorable resurfacing
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21.10  Conclusion

Although surgery is not as important as antive-
nom therapy for snakebites, surgical intervention 
will minimize functional loss [13]. Immediate 
radical ablation is a useful procedure that can 
reduce the amount of venom in tissue, which, 
consequently, decreases inflammatory reactions 
and reduces the necessity of antivenom usage.
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22Stonefish Necrosis

Jan Dirk Harms, Cyril D’Andréa, and Nadia Fartaoui

The marine environment is rich in poisonous and 
venomous animals and plants. Among them, the 
stonefish is responsible for wounds with poisoning, 
which sometimes evolve towards necrosis. The geo-
graphical distribution of such fish is widespread, and 
it usually lives in shallow water; as a result, the stings 
are not rare among the human population. The 
wounds of stings are at risk of extensive necrosis.

22.1  The Stonefish [3, 4]

22.1.1  Identification

Stonefishes are of the family Scorpaenidae 
(according to ITIS1) or Synanceiinae (according 
to FishBase2). There are several species among 

1 ITIS: Integrated Taxonomic Information System (Joined)
2 FishBase: Consortium since 2000, established (constituted) 
by AfricaMuseum; Aristotle University of Thessaloniki; 
Chinese Academy of Fisheries; Fisheries Centre, University 
of British Columbia; United Nations Organization for Food 
(supply) and Agriculture (farming); IFM-GEOMAR; 
National Natural History Museum; Swedish Museum of 
Natural History; and WorldFish Center

which Synanceia verrucosa (Figs. 22.1 and 22.2) 
is the one present in La Réunion.

J. D. Harms (*) · C. D’Andréa 
Unité de Médecine Hyperbare—Plaies et 
Cicatrisation, CHU de la REUNION-GHSR, 
Saint-Pierre (Réunion), France
e-mail: jan-dirk.harms@chu-reunion.fr 

N. Fartaoui 
Département Universitaire de Médecine Générale, 
Bobigny, France

Fig. 22.1 Stonefish (Courtesy of Olivier Allart, Diony-
Bulles, Réunion Island)

Fig. 22.2 Example of mimetized stonefish on seabed
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22.1.2  Habitat

Stonefishes are found on coral reefs, muddy 
waters or sandblasters of the Indian Ocean, Red 
Sea, Indonesia, Australia, New Caledonia and the 
Pacific [5].

22.1.3  Venomous Apparatus

22.1.3.1  Thorns and Glands 
with Venom

The stonefish has 13 thorns on its dorsal fin, 
which rise in case of danger. Every thorn is cov-
ered with a verrucose tegumental envelope and 
has a pair of glands with venom in its base. Every 
gland has a canal filled with poison leading to the 
top of the thorn. If someone walks on or tries to 
seize the stonefish, its thorns penetrate into the 
skin and the tegumental envelope is then pushed 
downward causing the compression of the gland, 
which if sufficient will launch the release of the 
poison. The stinging and poisoning are a defen-
sive mechanism.

The venom: its composition is complex: sub-
stances such as histamine, adrenalin, norepineph-
rine and dopamine as well as enzymes such as 
hyaluronidase, protease and lipase. The main 
toxin is the verrucotoxin: it inhibits the calcic 
canals, and it activates the potassium canals. The 
venom is myotoxic, neurotoxic and haemolytic. 
It is inactivated at 54 °C [3].

22.2  Stings by Stonefish

22.2.1  General Ideas

Stonefishes were notorious for being among 
the most venomous animals of the world, and 
its stings were thought to be lethal. In fact, the 
sting by stonefish provokes an extremely 
intense pain that can possibly result in a faint 
fit. Also, if it happens to a scuba diver, it may 

cause an accident if the diver is unable to con-
trol his ascent (barotraumatism) or to make the 
required decompression stops (desaturation 
accident).

22.2.2  Circumstances

The stonefish is a sedentary and benthic fish. It 
favours rocky areas or lays buried under sand or 
mud. It feeds on small fishes and shrimps, which 
it swallows with its mouth. The stonefish can sur-
vive several hours out of the water, and its venom 
remains active from 24 to 48  h after its death. 
Stings by stonefishes mostly occur during activi-
ties such as bathing, fishing, snorkelling and 
scuba diving.

22.2.3  Wound Location

The wounds are mainly seen on the feet of people 
who accidentally walked on a stonefish. They can 
also be seen on hands due to an attempt to touch 
or seize the fish.

22.2.4  Clinical Evidence

The pain is immediate and very intense. It can 
cause a person to faint. The pain is quoted 
between 8 and 10 on the visual analogic pain 
scale. It often results in restlessness and 
aggressiveness.

There are one or several wounds, mostly in the 
foot or in the hand.

An oedema quickly develops, sometimes lim-
ited around the wound, often wider and  spreading. 
Not rarely, it might extend to the whole limb up 
to its base.

General symptoms are often noticed: sweats, 
nauseas, arterial hypotension, tachycardia, heart 
rhythm disorders, myasthenia and pulmonary 
oedema.
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22.2.5  Diagnosis

The diagnosis is easy when the victim saw the 
fish and clearly identified it. It is often the case 
with fishermen and scuba divers. In many other 
cases, it is about a person who was bathing and 
suddenly felt an excruciating pain without seeing 
the cause of such pain. Thus, there is a doubt that 
it could also be a wound by a piece of coral or 
shell or a sting by another marine animal (Pterois 
volitans, ray, poisonous shell, etc.).

The diagnosis is then based on assumption. If 
the stonefish is not clearly identified, the ele-
ments which allow to incriminate the stonefish 
are the following:

• The pain which is of maximum intensity at 
once and resists to painkillers, including level 
3 analgesics. The pain remains at highest 
intensity during 12–18  h and then gradually 
decreases within 2–3 days.

• The examination of the wound allows identi-
fying the origin of the sting: if there are sev-
eral stings by several thorns, they are 
distributed at equal distance. Every sting pres-
ents a small wound with clear edges from 1 to 
2 mm in length with an inflammatory area and 
a bluish halo (Fig.  22.3) and sometimes a 
small blood and fluid flow.

Often, the delay is more important and thus 
the inflammation has further extended with 
oedema and phlyctenas around the wound.

The association of a sudden, intense pain and 
these local aspects allows evoking the diagnosis 
of sting by stonefish.

22.2.6  Severity of the Wound 
Depends on Several Factors

The size of the fish: the bigger the stonefish is, 
the more venom is injected and the more serious 
is the wound.

The wound: the number and depth of the 
stings.

The victim: his (or her) age, weight and medi-
cal history.

The time period until medical care is given.

22.2.7  Medical Complications

Presence of a foreign body which will have to be 
removed: a piece of thorn that would have broken 
into the wound. Medical imaging might be neces-
sary if there is a doubt, though this is rare since 
the Synanceia verrucosa thorns are very 
resistant.

Superinfection of wounds: the marine envi-
ronment is rich in bacteria of all kinds, and any 
wound by marine animals may become infected.

Extended infection: the risk of a spread infec-
tion is real, possibly leading to cellulitis, fasciitis 
or gas gangrene.

Thromboembolic complications are also 
possible.

The necrosis of wounds is the most frequently 
met complication, though rather infrequent. If 
necrosis is observed, medical supervision of the 
wound and its course is required. The bluish halo 
around the sting usually evolves within a few 
days towards a small lesion: a superficial necrosis 
which only requires simple dressing. However, 
the necrosis sometimes extends reaching the der-
mis, hypodermis and the muscle and tendon 
underneath. This necrosis continues to extend in 
spite of local care, and from the initial, limited 
lesion, the wound extends to its neighbouring 
structures. This is serious and worrisome for both 
the patient and physician.Fig. 22.3 Typical aspect of a sting with punctiform 

lesion and bluish halo
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22.2.8  Treatment

Treatment of the pain from the beginning is an 
absolute priority due to its intensity:

• Grade 1 (paracetamol) or 2 (tramadol) analge-
sics are often ineffective. Morphine must be 
tried, but in a number of cases and in spite of 
important doses, it remains ineffective too.

• Heat is used because the venom is inactivated 
at 54 °C. It is necessary to dip the limb in a 
45 °C water tub and let it soak until the pain 
decreases. This “hot-water technique” is 
sometimes very effective, sometimes not. The 
duration of the soaking is important which 
exposes the patient to a risk of burn. It seems 
that the sooner the technique is used, the better 
the result is. However, the disparities observed 
in the results are important. In all, some disad-
vise this technique because of the potential 
burns, whereas others use it. In our personal 
experience, we used it with sometimes dra-
matic results and often failures or poor 
improvements, in particular the outbreak of 
the pain as soon as the hot water is removed 
[1, 2].

• The equimolar gas oxygen/nitrous oxide 
(Entonox®) can be used, but it is often insuf-
ficient since the relief only lasts while the gas 
is given and it cannot be given for a prolonged 
duration. It can be helpful then while waiting 
for the analgesics to become efficient.

• The local injection of lidocaine can be used.
• Locoregional anaesthesia is the most effective 

method for the treatment of the pain. We 
implemented an epidural anaesthesia using 
bupivacaine and continuous administration 
through a catheter during 12  h for a patient 
whose pain was unbearable and resistant to 
the drugs. C. Maillaud in New Caledonia suc-
cessfully realised several truncal locoregional 
anaesthesias on patients [6]. This requires 
anaesthesiologist availability, and in our hos-
pital, we have set up a protocol for locore-
gional anaesthesia made by anaesthesiologists 
in our operating unit preparation room: “sin-
gle shot” (no indication of nervous catheter) 
with naropeine in a sciatic block in the lower 

limb or axillary, infraclavicular or humeral 
block in the upper limb. The patient must stay 
at hospital for 1 day.

22.2.9  Other Used Treatments

The antivenom serum for stonefish is made by 
the Commonwealth Serum Laboratories in 
Australia by immunisation of horse with some 
venom of Synanceia trachynis and would be 
effective according to its manufacturer on the 
venom of Synanceia verrucosa. This serum is 
expensive; it must be kept between 2 and 8 °C, 
and its duration of use is limited. It is not avail-
able in Réunion Island, but it is in Mauritius. 
S.  Hansrod, in her report of interuniversity 
diploma of physiology and hyperbaric and 
underwater medicine, studied the Mauritian 
experience: the injection of “serum anti-stone-
fish” would have a very fast effect on the 
decrease of pain especially if the intramuscular 
injection can be prematurely made. The intrave-
nous route can be exceptionally used. The risk 
of anaphylactic shock and serum disease must 
be taken into account [1–3].

Steroids as anti-inflammation medication: 
their efficacy has not been demonstrated by any 
study, and their effect is not recommended 
because of the risk of infection.

The antibiotic therapy is often prescribed, 
especially if one or several wounds were not pre-
maturely disinfected. Amoxicillin/clavulanate 
potassium or a third-generation cephalosporin is 
prescribed for 3 in 5 days [3].

The tetanus prevention must be considered 
and implemented depending on the vaccine sta-
tus of the subject.

Low-molecular-weight heparins are pre-
scribed if there is an important oedema or to 
patients at risk.

The treatment of the wound requires the earli-
est possible disinfection and dressings.

The surgery is sometimes necessary, secondly, 
for the treatment of complicated wounds.

The hyperbaric oxygen therapy (HBOT) is 
used for the treatment of wounds evolving unfa-
vourably as an adjuvant therapy to improve the 
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healing. It becomes essential in case of infection 
such as cellulitis or gas gangrene [2].

22.3  Our Experience in Réunion 
Island

In 2008, we made a retrospective study in 
Réunion Island. We had listed the suspicions of 
sting by stonefish in the Emergency Unit of the 
Groupe Hospitalier Sud Réunion from 2000 until 
2005: 51 cases had been counted. It was 11 
females and 40 males (average age 30, 6 years/
extremes: 3 and 63 years). The stings concerned 
the feet in 78% of the cases and the hands in 22%. 
In all the cases, we found a very intense pain, a 
local oedema (57%) or extended (in cases involv-
ing the whole limb) (16%), an ecchymosis (16%), 
an inflammation (20%) and an early local necro-
sis (16%). Analgesics were used in 70% of the 
cases with an association of different grades in 
33% and using morphine in 43%. The hot-water 
soaking was used in 65% of the cases and the 
local injection of lidocaine in 9%. An antibiotic 
therapy was prescribed in 43% of the cases. The 
patients were hospitalised in 46% of the cases. 
The extension of the necrosis occurred in four 
cases, and the surgery was necessary in two 
cases. HBOT was used in three cases [2].

22.4  Clinical Cases

22.4.1  Case 1

It is an old report from 2001. A 63-year-old fish-
erman caught a stonefish of a beautiful size, esti-
mated at 2 kg. By picking it up, his right-hand 
middle finger got wounded. He came to the emer-
gency unit to consult a physician only the next 
day. Figure  22.4 was taken on the 13th of 
February 2001 at his admission in the emergency 
unit. There is a necrosis of the pulp of the third 
phalanx, while there was initially a phlyctena. 
Figure 22.5 was taken on the 21st, and later evo-
lution of the wound is seen in Fig.  22.6: the 

Fig. 22.4 Case 1: Pulp necrosis of the finger the day after 
the sting

Fig. 22.5 Case 1: Aspect after 3 weeks

Fig. 22.6 Case 1: Later evolution
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Fig. 22.7 Case 2: Typical early aspect with three points 
of sting

Fig. 22.8 Case 3: Intermediate aspect after use of hydro-
colloid dressings

examination of the wound suggested the neces-
sity of a distal amputation. This patient was 
treated by dressings and HBOT sessions 
(Fig. 22.6). The healing of a good quality will be 
obtained after 5 months of care.

22.4.2  Case 2

It is about a 12-year-old boy who was stung while 
bathing in a rocky area. We saw him approxi-
mately half an hour after the sting (Fig.  22.7). 
The pain was extreme with a state of agitation. 
The aspect is characteristic because we see three 
stings made by three thorns: they are regularly 
spaced out. We clearly distinguish the stings, 
with blood and an ecchymosis which is spread on 
the most external lesion. The internal injury has a 
small halo: the penetration of the thorn was 
superficial at this level. The soaking associated 
with analgesics was effective and the course 
simple.

22.4.3  Case 3

An 8-year-old girl was stung, and we saw her a 
month later. Her mother was very worried. We gave 
her explanations onto the usual evolution of these 
wounds and our project for dressings with stop of 
the daily use of povidone-iodine disinfection, and 
use of dressings changed all the 3 or 4 days. The 
evolution was quickly positive, and healing was 
obtained a month and a half later (Fig. 22.8).

The stings by stonefish are frequent in all the 
tropical zones of Indian and Pacific seas because 
of the presence of the fish in shallow water. The 
severe pain monopolises the immediate care. The 
risk of evolution in extensive necrosis, difficult 
and long to be treated, should impose a particular 
surveillance after initial care.
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23Skin Necrosis from Coma Blister

Masayuki Kashiwagi and Shin-ichi Kubo

23.1  Introduction

Skin lesions in forensic autopsy cases are mainly 
injuries such as skin discoloration, subcutaneous 
hemorrhage, and epidermal exfoliation. Pressure 
ulcers are often experienced as skin necrosis. In 
addition, there are many cases of death due to 
sepsis caused by decubitus ulcers.

On the other hand, in forensic autopsy cases, 
skin lesions may be useful to know antemortem 
conditions and causes of death. A typical exam-
ple is coma blister. Coma blisters, as the name 
suggests, are skin lesions observed associated 
with coma. Therefore, the finding of this skin 
lesion at autopsy or postmortem examination 
suggests that the deceased had coma prior to 
death and that an overdose of sleeping pills was 
the cause. Coma blisters are important skin 
lesions in forensic autopsies and autopsies. 
However, the details of the generating mecha-
nism of the coma blister, such as drug eruption, 
necrosis, or some other mechanism, are still 
unclear.

This chapter introduces the coma blister.
In forensic autopsy cases, when there are spi-

loplaxia and vesicles on the body surface, those 
regions are suspected as having thermal trauma 
or frostbite congelation [1]. Although tradition-

ally associated with barbiturate overdose, they 
can be seen in the setting of coma due to other 
etiologies. The vesicles observed by Holzer in 
cases of barbiturate intoxication have been 
known for a long time [2].

The erythematous patches and vesicles that 
are observed in coma patients, usually from an 
overdose of medication, are known in the derma-
tology field as coma blisters [3–5]. Recently, it 
had been reported that a similar spiloplaxia and 
vesicles are also observed in non-coma cases [6, 
7]. Therefore, the pathogenesis of those skin 
lesions is unclear. It is unknown whether the 
degenerated sweat gland is a necrosis or 
apoptosis.

We examined the skin lesions such as spilo-
plaxia and vesication histologically and immuno-
histochemically, observed in forensic autopsy 
cases, to investigate the characteristics and patho-
genesis of the coma blister. We also investigated 
the histological and immunohistological charac-
teristics of the coma blister, especially sweat 
gland degeneration.

In our study, the apoptosis might be involved 
in the sweat gland degenerations of coma blis-
ters. There are not so many forensic autopsy 
cases of the coma blister. Further prospective 
studies would be useful to further elucidate the 
underlying pathogenesis.

M. Kashiwagi · S.-i. Kubo (*) 
Department of Forensic Medicine, Faculty of 
Medicine, Fukuoka University, Fukuoka, Japan
e-mail: kuboshin@fukuoka-u.ac.jp

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-60954-1_23&domain=pdf
https://doi.org/10.1007/978-3-031-60954-1_23#DOI
mailto:kuboshin@fukuoka-u.ac.jp


168

23.2  Case Examination

Skin samples: Skin region samples of bullae and/
or discoloration from a forensic autopsy case and 
normal skin were collected from other autopsy 
cases, as follows:

Case outline: A female in her 30 s was caring 
for her bedridden mother. One day in November, 
the mother’s care manager visited their house; 
however, there was no response, and none of the 
doors were locked. The care manager notified the 
police, and the policeman entered the house and 
found the daughter dead on her back in her 
 bedroom. Autopsy findings: The decedent was 
159.7  cm in height and 43.0  kg in weight. 
Postmortem lividity was intense on the back. 
Spiloplaxia with excoriation and spiloplaxia with 
a red halo were observed in the precordial region. 
The spiloplaxia with the red halo was observed in 
the left femoral region. Blisters surrounded by 
rims of erythema were observed in the left femo-
ral region, the lower left thigh, and the right knee 
(Fig.  23.1). The blister on the right knee was 
1.0  cm in diameter (Fig.  23.2). Obvious abnor-
malities, such as hemorrhages, were not observed 
in the subcutaneous region of these wounds. Five 
hundred and fifty milliliters of urine had been 
collected in the bladder. There was no fatal 

trauma or disease observed. Autopsy also 
revealed that postmortem interval (PMI) was sus-
pected for 4 days.

Toxicological analysis: Caffeine, ibuprofen, 
bromovalerylurea, bromoisovaleric acid, and eth-
oxybenzoic acid were detected in the blood. 
Caffeine, ibuprofen, bromovalerylurea, ethenza-
mide, ethoxybenzoic acid, and salicylamide were 
detected in the urine. Quantitative analysis 
revealed that ibuprofen, bromovalerylurea, and 
caffeine were 26, 11, and 52 μg/g in the blood, 
respectively.

23.2.1  Immunohistochemical 
Examinations

Histological and immunohistochemical examina-
tions of the skin lesions were performed. The 
samples were fixed in 10% phosphate-buffered 

Fig. 23.1 Blisters surrounded by rims of erythema were 
observed in the left femoral region, the lower left thigh, 
and the right knee

Fig. 23.2 Blister surrounded by rims of erythema on the 
right knee

M. Kashiwagi and S.-i. Kubo
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Fig. 23.3 In the secretory cells of the eccrine sweat 
glands, eosinophilic homogenization of the cytoplasm and 
pyknosis or absence of nuclei were observed (right knee). 
Length of bar indicates 50 μm

Table 23.1 Immunoreactivities in the degenerated sweat 
glands

Antigens Lesion Control
Inflammatory cell markers
    CD3 − −
    CD8 − −
    CD45RO + −
Keratin markers
    CK-W + +
    CK-H + +
    CK-L ± +
Stress markers
    HSP70 − −
    Ub − −
    ORP150 − −
Apoptosis markers
    M30 + −
    TUNEL − −

formalin and embedded in paraffin. Sections of 
4 μm thickness were stained with hematoxylin- 
eosin (HE). Immunohistochemically, CD3 
(Dako, Japan); CD8 (Leica Microsystems, 
Germany); CD45RO (Dako, Japan); Cytokeratin, 
Wide Spectrum Screening (CK-W) (Dako, 
Japan); Cytokeratin, High Molecular Weight 
(keratin 34βE12) (CK-H) (Dako, Japan); 
Cytokeratin 8, Low Molecular Weight (CK-L) 
(Dako, Japan); 70 kD heat-shock protein (HSP70) 
(Amersham, USA); ubiquitin (Ub) (DAKO, 
Japan); 150 kD oxygen-regulated protein 
(ORP150) (Abcom, UK); and caspase-cleaved 
keratin 18 neo-epitope M30 (M30) (Previa AB, 
Sweden) were observed using a labeled streptavi-
din biotin (LSAB)/horseradish peroxidase (HRP) 
technique (Histofine SAB-PO kit, Nichirei, 
Japan), following the manufacturer’s instruc-
tions. Staining specificity was checked using 
negative control slides omitting the primary anti-
body. Additionally, tissue specimens other than 
positive control tissues were used in a negative 
control study. To detect the apoptosis, skin sam-
ples were stained by the terminal deoxynucleoti-
dyl transferase-mediated deoxyuridine 

triphosphate nick end labeling (TUNEL) method 
with ApopTag peroxidase in situ Apoptosis 
Detection Kit (Takara Bio Inc., Japan), also 
according to the manufacturer’s instructions.

Histological examination of the skin lesions 
from the right knee showed necrosed keratino-
cytes and the epidermis was thin in some areas. 
Subepidermal vesicles were observed in the blis-
ter. In the secretory cells of the eccrine sweat 
glands, eosinophilic homogenization of the cyto-
plasm and pyknosis or absence of nuclei were 
observed (Fig. 23.3). Summary of the immunore-
activities in the degenerated sweat glands is 
shown in Table  23.1. The degenerated sweat 
glands showed good immunoreactivities for 
CK-W and CK-H just like the control. However, 
the typical immunoreactivity for CK-L decreased 
(Figs.  23.4). Weak CD45RO immunoreactivity 
was observed (Fig. 23.5). However, no immuno-
reactivities for HSP70, Ub, or ORP 150 were 
observed. Further, apoptosis was not detected by 
the TUNEL method. Otherwise, mild degener-
ated sweat glands showed partial M30 immuno-
reactivity (Fig. 23.6).

23 Skin Necrosis from Coma Blister
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CK-W

CK-H

CK-L

Fig. 23.4 The degenerated sweat glands showed good 
immunoreactivities for CK-W and CK-H just like the con-
trol, but decreased the typical immunoreactivity for CK-L

Fig. 23.5 The degenerated eccrine sweat glands showed 
weak CD45RO immunoreactivity (right knee). Length of 
bar indicates 50 μm

Fig. 23.6 The mild degenerated sweat glands showed 
partial M30 immunoreactivity (chest). Length of bar indi-
cates 50 μm

23.3  Features of Coma Blister

Skin blisters with underlying sweat gland necrosis 
were first reported by Larrey in 1812 occurring in 
comatose patients after carbon monoxide intoxica-
tion [8]. Since then, most previously reported 
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cases with characteristic bullous skin lesions and 
sweat gland necrosis were comatose secondary to 
an overdosage of drugs [3–5, 9], carbon monoxide 
poisoning [10], alcohol toxicity [11], or central 
nervous system disorders [12] such as hypoglyce-
mia [13] or diabetic ketoacidosis [14]. Similar 
clinical and histopathologic features can also be 
observed in cases with nondrug-induced coma [6, 
15] and, in such cases, can be interpreted as a drug 
side effect in the absence of coma [7]. Therefore, 
local pressure, hypoxia, and/or drug toxicity are 
contributing factors to the formation of coma blis-
ters and sweat gland necrosis [10, 16–20]. 
However, the underlying pathogenesis remains 
unclear. Histochemical analysis revealed features 
similar to those reported in the literature [6, 7, 15, 
18]. However, inflammatory infiltration, often 
reported to be observed around the vessels in drug-
induced coma [18], was not observed in this case. 
In this study, immunohistochemical analysis 
revealed that sweat gland degeneration was CK-W 
positive. This result agrees with Setterfield’s report 
[21]. CK-L is known to be immunopositive in 
secretory cells, such as eccrine gland [22–24]. 
Degenerated sweat gland was shown to decrease 
immunoreactivity for CK-L. In addition, CD45RO 
immunoreactivity might suggest a connection 
between sweat gland degeneration and inflamma-
tory infiltration participation of monocytes, mac-
rophages, and/or granulocytes [25]. CD3 and CD8 
immunoreactivities were not observed in sweat 
gland regions, suggesting less relation to T-cell fil-
tration [26, 27]. Degenerated epidermis and sweat 
gland degeneration observed in coma blisters were 
described as necrosis in almost all previous litera-
ture [4, 5, 7, 11], and it was the same even after the 
apoptosis was defined [28]. However, a coma blis-
ter was observed in a case of DNA fragmentation 
in one report [29]. During epithelial cell apoptosis, 
intermediate filaments are reorganized, and keratin 
18 is cleaved by caspases to liberate M30, one of 
the most specific and earliest detected indications 
of apoptosis [30–32]. The TUNEL method detects 
single-stranded [33] and double-stranded breaks 
associated with apoptosis. Drug-induced DNA 
damage is not identified by the TUNEL assay 
unless it is coupled to the apoptotic response [34]. 
In addition, this technique can detect early-stage 

apoptosis in systems where chromatin condensa-
tion has begun and strand breaks are fewer, even 
before the nucleus undergoes major morphologi-
cal changes [34, 35]. In this study, the apoptosis 
was detected by M30 but not by the TUNEL 
method. This result was not contradicted, because 
the nucleus had undergone severe morphological 
changes in the degenerated sweat gland, and the 
skin legions were obtained from drug intoxication 
cases. Therefore, the apoptosis might be involved 
in the sweat gland degenerations of coma blisters. 
In this study, no sweat gland degenerations were 
observed except the regions of coma blister. And 
sweat gland degeneration was not observed in 
other cases, which were suspected in the same 
PMI. So, the sweat gland degeneration was con-
sidered as specific for coma blister. 
Immunohistochemical staining for CD45RO, 
CK-L, and M30 might be useful in observing the 
sweat gland degeneration in coma blisters. There 
are not so many forensic autopsy cases of the coma 
blister. Before this study, we found only one case 
of coma blisters in a case of a female in her 20 s 
with barbiturate intoxication. Prospective studies 
would be useful to further elucidate the underlying 
pathogenesis.

23.4  Conclusion

We investigated the characteristic bullous skin 
lesions without local pressure after overdosage of 
drugs. Microscopically, sweat gland degenera-
tion was observed. Immunohistochemical exami-
nation of CD45RO, CK-L, and M30 might be 
useful for the diagnosis of coma blisters. Further, 
apoptosis might be involved in coma blisters and 
sweat gland degenerations [36].Conflicts of 
InterestWe declare that the presenting authors 
have no conflicts of interest.
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24Introduction of Skin Necrosis 
of Medical Origin

Véronique Del Marmol and Sylvie Meaume

It is essential to define the origin and the thera-
peutic attitude according to the origin, location, 
extent, and type of necrosis. Although the origin 
of necrosis is generally ischemic, because it is 
correlated with a lack of tissue oxygenation, the 
etiology remains very diverse: the cause guides 
the treatment, especially for the necrosis of medi-
cal origin. The goal of this chapter is to review 
some of the medical causes of necrosis.

Cutaneous and other vasculitis are specific 
inflammations of the blood vessel wall that can 
take place in any organ system of the body includ-
ing the skin. Vasculitis has been traditionally 
divided according to the size of the vessel 
involved (small, medium, and large). Vasculitis is 
more of a reaction pattern rather than a specific 
disease entity. Therefore, the clinical presenta-
tion of vasculitis (most commonly palpable pur-
pura on the lower extremities) dictates a thorough 
history, review of systems, and a meticulous 
physical examination. The diagnosis of vasculitis 

also relies on histopathology and 
immunofluorescence.

The clinical topography, age of the patient, or 
specific symptoms such as loss of vision or jaw 
claudication may be essential in the case of giant 
cell arteritis or Horton’s disease.

Extremely painful ulcers located on the lower 
part of the legs in women over 60 with uncon-
trolled hypertension are important diagnostic fea-
tures related to Martorell’s ulcers or necrotic 
angiodermatitis. In this condition, local therapeu-
tic management is essential.

Another ulceration site suggestive of vasculi-
tis with a clinically quite specific aspect is live-
doid vasculitis. This type of vasculitis is most 
often found in the lateral areas of the foot or 
ankle with white atrophy.

In the context of necrosis of inflammatory ori-
gin, pyoderma gangrenosum does not present any 
specific localization, but in a large proportion of 
cases, it occurs in a clinical context (hematologi-
cal disease, IBD, etc.). Since anatomopathologi-
cal diagnosis is usually noncontributory, the 
diagnosis of pyoderma gangrenosum is based on 
all the clinical elements and requires very spe-
cific local and systemic immunosuppressive 
therapy.

Cryoglobulin and calciphylaxis are in a medi-
cal context which may determine either the origin 
of a pathology (in the case of cryoglobulin) or a 
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much more severe prognosis in the case of calci-
phylaxis. The identification of necrosis, particu-
larly of calciphylaxis, may lead to very specific 
medical management (phosphor/calcium balance 
and parathyroidectomy), as well as surgical 
debridement.

In conclusion, this chapter does not cover all 
the medical causes of necrosis but highlights the 
essential role of identifying necrosis to manage a 
complex pathology.
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25Rheumatoid and Systemic 
Collagenosis Vasculitis

Masaki Fujioka

25.1  Introduction

Rheumatoid arthritis (RA) and systemic collage-
nosis vasculitis affect all the systems of the body, 
causing neurological, cardiovascular, pulmonary, 
hematological, endocrine-metabolic, and derma-
tological disorders [1]. Among them, ulceration 
in RA is a difficult clinical problem and a com-
mon cause of morbidity. Patients with RA and 
systemic collagenosis vasculitis appear to be at 
increased risk of developing chronic ulcers, and it 
was believed that 66% of them had erosive skin 
disease [2].

Wound bed preparation has allowed uncom-
plicated wounds to heal quickly without surgery. 
However, ulcers induced by RA and other inflam-
matory connective tissue disorders are hard to 
heal because of the combination of rheumatoid 
vasculitis (RV), venous stasis disease, and 
chronic glucocorticoid use.

This chapter focuses on the prevalence of 
complex wounds among patients with RA and 
systemic collagenosis vasculitis and shows effec-
tive and successive treatments of these wounds.

25.2  How Do Ulcers Develop 
in Patients with RA 
and Systemic Collagenosis 
Diseases?

Many inflammatory diseases affect the skin and 
joints. RA and several connective tissue diseases 
are considered to be rheumatic conditions with 
secondary skin involvement, which commonly 
result in ulcers or necrosis [2]. The frequency of 
leg ulcer in patients with RA may be up to 10%. 
Ulcers in RA are usually multifactorial in etiol-
ogy, including cutaneous vasculitis, peripheral 
arterial disease, venous insufficiency, skin fragil-
ity due to poor nutrition and corticosteroids, 
minor trauma, foot deformity, peripheral neurop-
athy, and peripheral edema [3].

25.2.1  Vasculitis

Ulcers are mainly attributed to vasculitis, which 
can be identified by histology and direct immu-
nofluorescence [2]. Formerly, it was estimated 
that vasculitis had an ethological role in 18–37% 
of leg ulcers in patients with RA; however, the 
prevalence of RV is now decreasing because of 
improved control of RA in the era of biologic 
therapy [4]. The ulcers secondary to vasculitis are 
painful and deep and showed well-demarcated or 
punched-out appearance (Fig.  25.1). The 
medium-vessel vasculitis can also lead to digital 
ischemia and necrosis (Fig. 25.2a, b).

M. Fujioka (*) 
Department of Plastic and Reconstructive Surgery, 
National Hospital Organization Nagasaki Medical 
Center, Ohmura, Nagasaki, Japan

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-60954-1_25&domain=pdf
https://doi.org/10.1007/978-3-031-60954-1_25#DOI


180

Pathologic features of rheumatoid vasculitis 
include mononuclear cells or neutrophilic infil-
tration of the vessel wall of small and medium 
vessels.

25.2.2  Neutrophilic Dermatoses

Neutrophilic dermatoses are the conditions that 
have an inflammatory infiltrate consisting of 
mature polymorphonuclear leukocytes with no 
evidence of infection; these include Sweet’s syn-
drome and pyoderma gangrenosum. The patho-
genesis of neutrophilic dermatoses shows that 
these disorders represent a state of altered immu-
nologic reactivity because they generally respond 
to systemic glucocorticoids and other immuno-
modulatory therapies [5].

25.2.3  Venous Stasis

Ulcerative lesions may also result from venous 
stasis. Ankle joint dysfunction caused by RA 
reduces ankle movement, which is responsible 

Fig. 25.1 Deep ulcer with necrotic eschar was found on 
the medial malleolus in patient with RA

a b
Fig. 25.2 (a) Right- 
finger necrosis due to 
ischemia was found in 
patient with RA. (b) 
Angiography showed 
the obstruction of digital 
artery due to vasculitis 
of medium peripheral 
vessel

M. Fujioka
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Fig. 25.3 Venous stasis ulcer located at the lower leg sur-
rounded by varicosis. Toe and ankle deformities caused by 
RA were also found

Fig. 25.4 Small wound of the hand of SLE patients has 
become more severe because infections occurred

for impairment of the normal venous pump func-
tion and leads to venous hypertension [6]. This 
unfavorable state leads to increased tissue fibro-
sis and decreases the diffusion of oxygen to the 
skin, producing skin fragility and resulting in 
venous ulceration [5] (Fig.  25.3). Leg ulcers in 
RA are associated with venous disease in as 
many as 45% [4].

25.2.4  Arterial Disease

Arterial insufficiency is one of the reasons to 
develop ulcer, especially in the toes or feet of 
patients with RA and several connective tissue 
diseases, such as systemic sclerosis and sclero-
derma. Pun et al. found arterial insufficiency in 
36% of ulcerated legs in 26 patients with RA, and 
Baker et al. did found ischemia in 41% of those 
in 27 patients with RA [4].

25.2.5  Corticosteroid Therapy

Medications used to treat RA can cause skin 
changes [7]. It is a common clinical practice to 
use systemic glucocorticoids to suppress RV 
and other connective tissue diseases. 
Glucocorticoids are administrated to about half 
of the patients with RA leg ulcers. Effects of 
glucocorticoids inhibiting wound healing 
include stabilization of lysosomal membranes 
which inhibits the release of chemical media-
tors, suppression of fibroblasts and immunity, 

and inhibition of collagen fiber synthesis caus-
ing skin atrophy [8]. Atrophic skin of RA 
patients treated with continuous glucocorticoids 
can be easily torn and develop lacerations, 
which are likely to be more severe because 
infections are common (Fig. 25.4).

25.3  Ulcers in Other Connective 
Tissue Diseases

25.3.1  Systemic Lupus 
Erythematosus (SLE)

Ten to twenty percent of patients with SLE 
develop cutaneous vasculitis and show purpuric 
papules, which sometimes cause ulceration [4]. 
The lower extremity is a common site, and leg 
ulcer caused by leukocytoclastic vasculitis or 
necrotizing arteritis was found in 5–6% of 
patients with SLE (Fig. 25.5).
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Fig. 25.5 A patient with SLE had a leg ulcer for 2 years

25.3.2  Systemic Sclerosis

Sclerodermatous change develops usually in the 
feet and legs, which sometimes results in isch-
emic necrosis and ulceration of the toes. Early 
skin changes in systemic forms may include 
edematous change, which lasts or is replaced by 
thickening and tightening of the skin. Painful 
ulcerations appear, especially on the area of the 
skin overlying bony prominence. These lesions 
are hard to heal [7].

25.3.3  Dermatomyositis

A small-vessel vasculitis and calcinosis in the 
subcutaneous tissue cause ulceration usually on 
the feet. Healing is slow, and ulcer often requires 
debridement of calcinotic material surgically [7].

25.3.4  Sjögren’s Syndrome

Sjögren’s syndrome is associated with RA, SLE, 
and some inflammatory connective tissue dis-
ease. Cutaneous magnifications include 
Raynaud’s phenomenon (in 33% of patients), 
dryness of skin, purpura, and vasculitic ulcers of 
the legs [7].

25.3.5  Scleroderma

Although scleroderma (SSc) is a clinically het-
erogeneous disorder, the loss of cutaneous elas-
ticity and accompanying tightness followed by 
thickening and hardening of the skin is an almost 
universal manifestation. Painful digital ulcers 
that occur on the fingertips as a result of local 
ischemia and vascular insufficiency are a fre-
quent complication. While some SSc patients 
have skin lesions that remain largely confined to 
the extremities, others exhibit skin thickening 
that extends progressively from the extremities to 
the trunk [7].

25.3.6  Behcet’s Syndrome

Behcet’s syndrome develops arthritis, and pus-
tule cutaneous ulcers are one of the classical triad 
features. The small ulcers are due to vasculitis of 
small vessels and tend to relapse [7].

25.4  Treatments of Ulcers 
in Patients with RA 
and Other Connective Tissue 
Diseases

25.4.1  Systemic Approach

Treatment for rheumatoid vasculitis is deter-
mined by the degree of organ system involve-
ment, and systemic vasculitis requires aggressive 
therapy. In general, this treatment regimen con-
sists of the combination of high doses of gluco-
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corticoids and a cytotoxic agent [6, 9]. Mild 
rheumatoid vasculitis involving the skin can be 
treated with prednisone (30–200  mg/day orally 
or IV) and methotrexate (MTX) (10–25 mg/week 
orally or IM) or azathioprine (50–150  mg/day 
orally). More serious organ system involvement 
may require treatment with higher dose steroids 
and cyclophosphamide or biologic agents [9]. 
Since the latter half of 1990, synthetic and bio-
logical disease-modifying antirheumatic drugs 
(DMARDs) such as monoclonal antibodies 
against TNFα have been developed, and their 
indications have been expanded not only for 
rheumatism treatment but also for various colla-
gen diseases. Furthermore, small-molecule target 
compounds such as JAK inhibitors and these bio-
similar DMARDs are also being used in daily 
treatment. These are expected to have clinical 
effects when used in RA patients with inadequate 
MTX effects. However, these efficacy assess-
ments have been evaluated for joint symptoms, 
and there is insufficient evidence for their effi-
cacy on skin ulcers [10].

25.4.2  Topical Wound Treatment

Chronic ulcers have a complex, inflammatory 
nature and produce exudates, which interfere 
with the healing process. Essentially, effective 
strategies to heal the chronic ulcers in association 
with RA can be developed by the principle of 
wound bed preparation [4].

25.4.3  Occlusive Dressings

Occlusive dressings may be beneficial in some 
respects, such as preventing crust formation and 
encouraging migration of inflammatory cells into 
the wounds. An appropriate wound dressing 
changing can remove excess exudates while 
retaining a moist environment that can accelerate 

wound healing. Hydrogels, polyurethane foams, 
hydrocolloids, and hydrofibers are usually used 
to control the wound exudates.

25.4.4  Approach for the Wound 
Infection

Generally, open wounds have bacteria, and 
many wounds involve colonization. The amount 
of bacteria can be minimized through adequate 
cleaning of the wound, absorption of drainage, 
and debridement if necessary [4]. When consid-
ering bacteriological findings, it is important to 
differentiate between colonization and infec-
tion. When infectious signs are noted, cleans-
ing, wet-to-dry dressing or irrigation, and 
surgical debridement if necessary should be 
performed.

25.4.5  Several Adjuvant Devices 
in the Management of Hard- 
to- Heal Wounds

In this section, several adjuvant devices are pre-
sented, including growth factor, bioengineered 
tissues, and a negative-pressure system, which 
are combined to improve the complex wounds. It 
was found that dermal wounds treated with col-
lagen sponges seeded with fibroblasts or coated 
with bFGF show an increased degree of reepithe-
lialization, indicating that this method facilitates 
early dermal and epidermal wound healing [11]. 
Combination treatment with bFGF and artificial 
dermis promotes proliferation and recruitment of 
fibroblasts, neovascularization, and synthesis of 
collagen fibers. Consequently, this method 
improves complex wounds and quickly prepares 
a favorable wound bed. We usually perform 
wound bed preparation with a combination of 
these therapies for the improvement of complex 
wounds (Fig. 25.6a–c).
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a b c

Fig. 25.6 (a) The photograph shows the unsatisfactory 
wound bed in patient with SLE at initial examination. The 
tendon was exposed, and infection had occurred. (b) The 
wound became clean, and a favorable wound bed had 

developed 2  weeks after the start of combination treat-
ment with bFGF and artificial dermis. (c) The photograph 
shows the resurfaced wound 3 years after skin grafting, 
showing no relapse of ulcer

25.5  Surgical Wound Closure 
for Patients with RA

The resurfacing of wounds is one of the most 
important procedures because such wounds 
will cause further infection, exudates, odors, 
and bleeding, which decrease the patient’s 
quality of life. When a wound is covered with 

suitable granulation and no contamination is 
observed, split- thickness autologous skin 
grafts should be performed as soon as possible 
(Fig.  25.7a, b). In cases of bone- or tendon-
exposed wounds, some vascularized flaps are 
required to resurface the wounds because 
grafted skin will not take directly on the tendon 
or bone (Fig. 25.8a–c).
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a b
Fig. 25.7 (a) The 
photograph shows the 
unsatisfactory wound 
bed with infection in 
patient with pyoderma 
gangrenosum. (b) A 
photograph 6 months 
after skin grafting shows 
favorable wound 
resurfacing without 
relapse

a b c

Fig. 25.8 (a) The photograph shows the venous stasis 
ulcer located at the lower leg in patient with RA.  The 
patient underwent immediate debridement, and conse-
quently tendons were exposed. (b) The photograph taken 

immediately after the surgery. The wound was resurfaced 
with a free groin flap. (c) A photograph 6 months after the 
surgery shows favorable wound resurfacing without 
relapse
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25.6  Prevention of Recurrence

Once the ulcer has healed, the patients should 
be aware of the risk of recurrence. If venous 
insufficiency is present, compression bandag-
ing should be considered. If there is peripheral 
arterial disease, cessation of smoking and low-
ering of the serum cholesterol are important. 
Besides, adequate nutrition and appropriate 
footwear will reduce the risk of recurrence of 
leg ulcers [2].
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26Giant Cell Arteritis

Pauline Lecerf and Sophie Golstein

26.1  Introduction/
Physiopathology

Giant cell arteritis (GCA) or Horton’s disease is a 
systemic granulomatous vasculitis. According to 
the Chapel Hill classification, it affects large ves-
sels, namely, the aorta and its main branches. 
This is an antigen-driven disease with local T-cell 
and macrophage activation in the vessel wall and 
with an important role of proinflammatory cyto-
kines. GCA is also called “temporal arteritis” 
because it involves often the superficial temporal 
arteries. The condition affects especially the 
extracranial branches of the carotid artery, but 
GCA has been recognized to also affect limb 
arteries and the aorta [1, 2].

GCA typically affects adults older than 
50  years of age with a peak incidence at the 
eighth decade of life [1]. Most patients will have 

laboratory evidence of acute inflammation (ele-
vation of erythrocyte sedimentation rate and 
C-reactive protein).

26.2  Diagnosis

26.2.1  Medical Context

• GCA is the most common vasculitis in the 
elderly.

• Incidence increases with aging of the 
population.

• GCA affects mainly white individuals over 
50 years of age, with a peak incidence in the 
70–79-year-old age group (Figs. 26.1, 26.2 
and 26.3).

• Women are mostly affected (sex ratio 3:1) [3, 4].
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Fig. 26.1 Vast ulceration and necrosis of the buttock due 
to giant cell arteritis in a 76-year-old female, with associ-
ated signs: jaw claudication, temporal artery pulseless, 
weight loss, visual manifestations, and amputations of the 
left forefoot weeks before. Improvement of the ulcer-
ations of the seat after initiation of glucocorticoid 
therapy

Fig. 26.2 Patient with giant cell arteritis, right side of the 
scalp

Fig. 26.3 Same patient with giant cell arteritis, left side 
of the scalp

26.2.2  Semiology

Symptoms are correlated with the localization of 
the vasculitic involvement of the arteries.

Classical form of GCA, with involvement of the 
extracranial branches of the carotid artery
Early Headache, jaw claudication, purpuric 

lesions and tender nodules in temporal 
region, temporal artery pain, temporal 
artery pulseless, weight loss, fever, 
visual manifestations, polymyalgia 
rheumatica (in 30–50% of the cases) [5]

Late Ulceration and/or gangrene of 
frontotemporal scalp or tongue

Involvement of limb arteries [6–8]
Early Swelling, pain, claudication
Late Ulceration, necrosis (Fig. 26.1), 

gangrene of the distal parts of the limbs
Major complications
Ischemic optic neuritis/blindness, stroke (mainly 
vertebrobasilar territory), aortic complications 
(aneurysms, dissection) [6]
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26.2.3  Criteria (Table 26.1)

26.2.4  Routine Evaluation

 (a) Biology
 – Elevated C-reactive protein (CRP), eryth-

rocyte sedimentation rate (ESR).
 – Thrombocytosis.
 – Anemia.
 – Abnormal liver function tests, particularly 

raised alkaline phosphatase.
 – Raised α1 and α2 globulins on serum 

electrophoresis.
 – No autoimmune disorders [2].

 (b) Histology

• Temporal artery biopsy (TAB)
 – Recommended in all suspected cases.
 – Should be performed soon after the 

onset of treatment.
 – The sensitivity and specificity of TAB 

have been reported to be around 75% 
and 90%, respectively.

 – Histological features: inflammation of 
the vessel wall by infiltration of T cells 
and macrophages, presence of giant 
cells, granulomatous lesions, intimal 
hyperplasia and destruction of elastic 
fibers, and arterial lumen partially or 
completely occluded.

 – Histologic signs of inflammation may be 
missed in TABs performed in arteritis- 
free segments because GCA affects 
vessels focally and segmentally.

• Skin biopsies

 – Histological features from limb ulcer 
edge, nodule, and purpuric patch show 
nonspecific ulceration if the biopsy is 
superficial and do not include deep 
medium or large vessels. The extracra-
nial large vessel had similar histopath-
ologic features to those seen in the 
temporal arteries and showed a lym-
phocytic panarteritis with a variable 
number of giant cells. Direct immuno-
fluorescence is negative [9].

 (c) Imaging
The prevalence of limb arteries’ involve-

ment in GCA is clinically underestimated. 
Imaging studies are useful in identifying the 
involvement of the latter [2]:

• Ultrasonography.
• Positron-emission tomography (PET).
• Computed tomography angiography (CTA).
• Magnetic resonance angiography (MRA).

It is also recommended to perform a 
screening for aortic aneurysms and for extra- 
aortic large-vessel involvement.

26.3  Treatment

High-dose glucocorticosteroid therapy is the 
first-line therapy as soon as the diagnosis has 
been established or if there is a strong clinical 
suspicion of GCA to prevent visual loss [10, 11].

 1. Recommended starting dosages of glucocorti-
costeroids are:

Table 26.1 ACR classification criteria for giant cell 
arteritis

Age ≥ 50 years at disease onset
New onset of localized headache
Temporal artery tenderness or decreased temporal 
artery pulse
ESR ≥50 mm/h
Biopsy: Necrotizing arteritis; mononuclear cell 
infiltrates, or a granulomatous process with 
multinucleated giant cells
Presence of ≥ 3/5: Sensitivity of 93% and specificity of 
91% for distinguishing GCA from other primary 
vasculitis syndromes

American College of Rheumatology (ACR), 1990
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Uncomplicated GCA 
(no jaw claudication 
or visual disturbance)

40–60 mg prednisolone 
daily

Evolving visual loss or 
amaurosis fugax 
(complicated GCA)

500 mg to 1 g of i.v. 
methylprednisolone for 
3 days before oral 
glucocorticosteroids

Established visual loss 60 mg prednisolone daily 
to protect the contralateral 
eye

Do not forget bone protection and proton pump 
inhibitors for gastrointestinal protection.

 2. Symptoms of GCA should respond rapidly to 
high-dose glucocorticosteroid treatment, fol-
lowed by resolution of the inflammatory 
response. Failure to do so should raise the 
question of an alternative diagnosis.

 3. Glucocorticosteroid reduction:
 (a) Should be considered only in the absence 

of clinical symptoms, signs, and labora-
tory abnormalities suggestive of active 
disease.

 (b) Introduction of MTX or alternative 
immunosuppressants should be consid-
ered as adjuvant therapy for recurrent 
relapse.

26.4  Tocilizumab

Tocilizumab is an anti-interleukin-6 receptor 
monoclonal antibody. Recent American recom-
mendations propose to use a combination of 
prednisone and tocilizumab as first-line therapy 
in new-onset GCA.

It can be used in newly diagnosed GCA 
patients already presenting corticosteroid-related 
adverse events (AE) or at high risk for such AE 
[10–13].

26.5  Methotrexate

Methotrexate is initially associated with sys-
temic corticosteroids in patients presenting or at 
high risk of corticosteroid-related AE (as an 
alternative to tocilizumab) and allows the grad-
ual tapering of the systemic corticosteroid treat-
ment. Although stronger clinical evidence 
supports the use of tocilizumab compared to 

methotrexate, the latter can be considered if the 
patient is at risk of recurrent infections or for 
cost reasons [14].
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27Hidradenitis Suppurativa

Kian Zarchi, Véronique Del Marmol, 
and Gregor B. E. Jemec

27.1  Introduction

Hidradenitis suppurativa is a chronic inflamma-
tory skin disease affecting approximately 1% of 
the adult population [1, 2]. It presents clinically 
as painful inflammatory nodules, draining 
sinuses, and abscesses, causing considerable 
pain, suppuration, and malodor. It has a substan-
tial negative impact on the quality of life, more so 
than many other skin diseases, such as eczema 
and psoriasis [3]. The disease is associated with 
physical and psychological morbidity, such as 
depression, metabolic syndrome, and an 
increased risk of skin cancer.

The typical age of onset is the early 20 s, but 
the disease may present in younger ages, and 
occasionally affection of prepubertal children is 
seen. Symptoms persist for years to decades, 
characterized by periods of flares and remission. 
The disease activity often diminishes with age, as 
the prevalence decreases among adults aged 
50 years and older. The sex ratio is 3:1, female to 

male. Family history is reported by one in three 
patients, and an autosomal dominant pattern of 
inheritance has been described [1, 2]. Other risk 
factors include obesity and smoking, both being 
associated with severe disease.

27.2  Diagnosis

Patients with hidradenitis suppurativa are usually 
diagnosed several years after the onset of symp-
toms, mostly due to failure on the part of health-
care professionals to recognize the disease. The 
diagnosis is primarily clinical, based on the pres-
ence of recurring noninflammatory and inflam-
matory nodules, abscesses, and sinus tracts. The 
inflammatory nodules and abscesses are ery-
thematous, tender, and not uncommonly painful. 
They may persist for weeks to months without 
any considerable change, or they may rupture, 
yielding purulent discharge. In moderate and 
severe disease, drainage also occurs through 
sinus tracts, causing malodorous suppuration. 
The lesions are distributed characteristically with 
predilection sites being the axillary, inguinofem-
oral, and anogenital regions. Extensions beyond 
these areas are occasionally seen.

The most commonly used classification system 
for hidradenitis suppurativa is that of Hurley (stages 
I–III), stage I representing solitary or multiple nod-
ules and abscesses, stage II recurrent abscesses with 
sinus tract formation and scarring (Fig. 27.1), and 
stage III diffuse involvement of the area with mul-
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Fig. 27.1 Hurley stage II characterized by recurrent nod-
ules and abscesses, formation of sinus tracts, and scarring. 
At this stage, zone with normal skin remains

Fig. 27.2 Hurley stage III characterized by diffuse 
involvement of the area with multiple interconnected 
sinus tracts

tiple interconnected sinus tracts (Fig. 27.2) [4]. The 
majority of patients suffer from mild disease corre-
sponding to stages I and II, while a smaller propor-
tion progresses to severe disease which usually 
predominates in hospital populations.

Secondary lesions include cutaneous ulcer-
ations, pyogenic granulomas, and hypertrophic 
scars, with the latter appearing as indurated 
plaques or linearly ropelike scars. In contrast to 
closed comedones, which never occur in 
HS-affected areas, multiple, big, open  comedones 
(the so-called tombstone comedones) may be 
seen in previously active areas.

Biopsies are rarely needed as the diagnosis is 
based on the clinical presentation; nonetheless, in 
some cases, differentiation from other skin dis-
eases, such as pyoderma gangrenosum and cuta-
neous Crohn’s disease, might be difficult and 
require histopathological investigations. The 
characteristic histological findings include fol-
licular hyperplasia and hyperkeratosis, local 
infiltration of inflammatory cells, formation of 
sinus tracts, and presence of necrosis. 
Microbiological examinations most frequently 
fail to identify pathogens [2].

27.3  Pathophysiology

The folliculo-pilosebaceous unit is the primary 
focus of the pathologic processes involved in 
hidradenitis suppurativa. The etiology of HS is 
multifactorial, encompassing genetic and envi-
ronmental factors, lifestyle, hormonal status, and 
microbiota. These factors lead to immune activa-
tion around the terminal hair follicles and hyper-
keratosis (thickening of the horny layer) in the 
infundibulum. Different theories have been pro-
posed to explain the pathogenesis. These include 
the suggestion of an immune response dysfunc-
tion, as it has been proposed that the disease is a 
result of an inappropriate immunologic response 
to the normal skin flora, similar to the pathogenic 
processes involved in Crohn’s disease. Indeed, 
elevated levels of proinflammatory cytokines, 
including tumor necrosis factor-α and 
interleukin-1β, and involvement of the interleu-
kin- 12–interleukin-23 pathway have been shown 
[2, 5].

Further, the lack of expression of human beta- 
defensin- 2, an important antimicrobial peptide of 
the innate immune system against Gram-negative 
bacteria, in HS lesions supports this theory. 
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However, the histopathological findings in early 
disease and investigations of basal membrane 
zone in the folliculo-pilosebaceous unit point 
towards a structural defect in the sebofollicular 
junction as the possible main cause [6]. It is 
hypothesized that mechanical trauma makes the 
structurally defective folliculo-pilosebaceous 
unit release keratin and other mediators, thereby 
triggering inflammation and inducing tissue 
destruction and necrosis.

The possibility of HS being a defect in wound 
healing has also been discussed. It has been 
hypothesized that whereas breaches of the follic-
ular epithelium are common following infections 
or physical trauma, the perpetuation of the subse-
quent inflammatory process which could lead to 
HS is not. It may, therefore, be speculated that a 
disturbed wound-healing process following the 
inflammatory stage occurs as a major factor in 
HS. This theory is supported by the detection of 
highly elevated levels of matrix metalloprotein-
ase- 2 in keratinocytes, fibroblasts, sweat glands, 
and hair follicles in lesional HS skin, indicating 
dysregulated tissue repair and reconstruction fol-
lowing unspecific tissue damage [7].

27.4  Treatment

Treatment of hidradenitis suppurativa is often a 
challenge [8]. By the time the diagnosis is made, 
most patients have been treated with short-term 
antibiotic regimens for several years without 
experiencing any effect, as the lesions are com-
monly misinterpreted as furunculosis or common 
abscesses. Establishing a strong alliance with the 
patient, attempting to restore the patient’s faith in 
the doctor-patient relationship, and explaining 
the fluctuating nature of the disease are highly 
beneficial in minimizing the risk of low patient 
compliance. This is especially important in the 
case of resistant disease, where several therapeu-
tic approaches might be carried out until the one 
or the combination inducing sufficient improve-
ment is found.

Mild disease is often managed with topical 
therapy, such as topical clindamycin, or occa-
sional intralesional glucocorticoid injections. 

However, in case of moderate to severe disease, 
topical agents are inadequate and systemic ther-
apy is usually indicated. Systemic treatment 
options include oral antibiotics with immuno-
modulatory properties such as tetracycline, doxy-
cycline, clindamycin, and rifampicin; 
antiandrogenic therapies; and systemic immuno-
suppressive therapy, including tumor necrosis 
factor-α inhibitors [1, 2]. Adalimumab was the 
first FDA- and EMA-licensed biologic agent for 
the management of moderate to severe 
HS.  Immunomodulation targeting IL-1, IL-12/
Th1, and IL-23/Th17 pathways is rapidly becom-
ing the cornerstone of therapy for moderate to 
severe HS.

In elements refractory to medical treatment 
and in the presence of scarred lesions, surgery, 
nonetheless, is a mainstay of therapy. Surgical 
approaches include exteriorization (“deroofing” 
of sinus tract, abscesses, and cysts [Fig. 27.3]) 
and surgical excision of lesional skin, with radi-
cal excisions being associated with lower recur-
rence rates. Alternatively, destruction of lesional 
hair-bearing skin is achieved using ablative CO2 
laser [9]. The surgical and ablative laser 
approaches are based on the removal/destruction 
of the cutaneous structures involved in the dis-
ease, thereby causing open wounds requiring clo-
sure or management.

Primary suture, skin graft, or flap reconstruc-
tion can be used to close the wounds depending 
on the extent of procedure, or closure may be 
achieved by secondary intention. Generally, sec-

Fig. 27.3 “Deroofing” of a sinus tract
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ondary intention healing is recommended for all 
but the smallest excisions. A comparison of skin 
grafting versus closure by secondary intention 
using foam dressing in patients undergoing bilat-
eral excision revealed that skin grafting led to 
more rapid healing; however, closure by second-
ary intention provided good cosmetic results and 
avoided the need for immobilization and a pain-
ful donor side and was preferred by the patients 
[10]. Long-term evaluation of healing by 
 secondary intention suggests acceptable to excel-
lent outcome qualities.

Secondary healing requires suitable bandag-
ing for periods of up to 12 weeks. Since the dis-
ease affects concave surfaces of the body, it 
presents a practical challenge. Appropriate non-
adherent dressings, such as foams, silicone- 
coated dressings, alginates, and hydrocolloids, 
are generally better suited to convex surfaces. 
Bandage type may be adjusted during the healing 
process as per normal practice; for example, the 
initial combination of a saline gel and a silicone 
dressing may be gradually replaced by silicone 
dressing and ultimately a simple bandage to pro-
tect the final epithelialization of the wound. 
Individual adjustments may need to be per-
formed, and once the wound is fully covered by 
granulation tissue, some patients prefer to avoid 
bandages all together. This non-recommended 
patient behavior most likely reflects the patients’ 
experience with chronic suppurating preopera-
tive lesions.

Vacuum-assisted closure (VAC) may be used 
to promote angiogenesis of the underlying subcu-
taneous tissue, reduce bacterial counts, and stabi-
lize skin grafts. VAC has been successfully used 
in the treatment of large postoperative wounds.

27.5  Adjuvant Therapy

Although the primary aim of therapy remains 
the elimination or a substantial reduction in the 
inflammatory activities and the excision of 
severely involved lesional skin, providing adju-
vant therapy throughout the disease course is 
necessary to improve the patients’ quality of 
life. The disease presents many practical prob-

lems to the patients such as pain, tenderness, 
visible scars, suppuration, and malodor; hence, 
therapeutic decisions should address all those 
issues. Effective bandaging represents one of 
the challenges. Bandages should provide a 
secure and comfortable barrier against malodor-
ous leakage and be absorbent to prevent macera-
tion of the skin, easy to use, and inexpensive 
[11, 12]. Currently, no bandage meets all these 
requirements, and the available solutions are, 
therefore, combinations of products that are 
both expensive and difficult to apply to inverse 
area. As a consequence, patients are often forced 
to turn towards alternative and inexpensive solu-
tions such as sanitary pads, which are not 
designed for this purpose (Fig. 27.4). The mor-
bidity due to HS is such that this issue of adju-
vant therapy warrants more attention by 
healthcare providers than it currently receives. It 
is strongly recommended to address the practi-
cal problems of this hitherto neglected group of 
patients by providing appropriate attention to 
improved adjuvant therapy.

Fig. 27.4 Many HS patients are forced to use sanitary 
pads due to the lack of inexpensive appropriate dressings
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27.6  Conclusion

Although HS is an inflammatory skin disease, 
wound care is important in the treatment. 
Adjuvant therapy is an important aspect of this 
highly disturbing disease, because it provides 
both safe symptom management and patient 
empowerment. Most patients are left to their own 
initiatives due to lack of appropriate dressing 
materials, and when patients present in wound 
care clinics for treatment, they constitute a chal-
lenge for many.
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28Martorell Hypertensive Ischemic 
Ulcer

Sylvie Meaume and Hester Colboc

Martorell hypertensive ischemic ulcer, also called 
necrotic angiodermatitis (NA), represents a par-
ticular type of leg ulcer with a specific clinical 
presentation, histopathological appearance, and 
therapeutic management. Its origin is indepen-
dent of an underlying venous or arterial pathol-
ogy, but, on the other hand, it is linked to the 
deleterious action of arterial hypertension on the 
cutaneous microvascularization. NA was men-
tioned for the first time in 1945 by Martorell, a 
Spanish cardiologist who described the first clini-
cal cases and observed the relationship with arte-
rial hypertension [1].

28.1  Epidemiology

NA is not an exceptional condition (9–15% of leg 
ulcers) [2–4] but is often overlooked and poses 
problems of differential diagnosis with calciphy-
laxis, pyoderma gangrenosum, and certain vascu-
litis. The female sex seems predominant 
(61–70%) [2, 3] with an age usually above 
60 years [2, 4]. Hypertension is present in nearly 
100% of cases, diabetes in 30–50%, and chronic 
smoking in 20% of cases [4].

28.2  Etiopathogenesis

The pathophysiology of NA is not fully eluci-
dated at present. The in  vivo vascularization of 
NA was compared to that of arterial ulcers using 
a scintigraphic method [5]. Lower tissue perfu-
sion than in patients with arterial disease has 
been identified and explained by increased arte-
riolar resistance. This hypoperfusion would be 
responsible for local ischemia and necrosis.

In another pathogenetic hypothesis, NA would 
be a “cutaneous vascular accident” caused by 
hypotensive episodes in patients on poly- 
medicated therapy for their arterial hypertension 
and with a pathological arteriolar network [6].

Finally, other authors put forward a hypothe-
sis of paradoxical hypercoagulation phenomena, 
in a context of anticoagulation with antivitamin 
K [4].

28.3  Clinical Diagnosis

NA has a characteristic monomorphic clinical 
expression, but there is a diagnostic delay of sev-
eral weeks. It has a sudden post-traumatic onset 
in 25–50% of cases [3, 4]. The onset is a purplish 
macula, a bulla, or a hemorrhagic crust with a 
purpuric periphery, which rapidly transforms into 
a superficial necrotic plaque with characteristic 
jagged and livedoid inflammatory edges of vari-
able sizes between 10 and 20 cm2 (Fig. 28.1). The 
extension of this superficial ulcer is rapid 
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a b

Fig. 28.1 (a) NA in the early stage of necrosis (b) NA with central wound and peripheric necrosis

Fig. 28.2 Characteristic livedoid skin around NA 
necrosis

Fig. 28.3 NA : extensive superficial necrosis

(Figs.  28.2 and 28.3). The ulcers are spontane-
ously hyperalgic and usually require quick trans-
fer to a hospital to manage pain. The painful 
character with paroxysms is an essential element 
of the diagnosis.

The preferential location of the NA is the 
lower third of the leg. The lesions can be single or 
multiple, and sometimes bilateral and symmetri-
cal. Variable inflammatory outbreaks with ser-
piginous ulcerative extension may follow one 
another with the appearance of satellite elements. 
Changes in position, lowering of the limb, rest, or 
elevation, do not relieve the pain, which is an 
important semiological element. A deep evolu-
tion with necrosis of the subcutaneous tissues 
down to the muscle fascia and exposure of the 
tendons is possible but rare, mainly the Achilles’ 
tendon (13% of patients) [3]. Distal arteriopathy 
is not usually hemodynamically significant but 
can accompany NA in 40% of cases as comorbid-
ity. Chronic venous insufficiency can be associ-
ated in 25–40% of cases and has to be managed 
with compression bandages if ankle-brachial 
pressure index is correct [4]. Spontaneous evolu-
tion of NA is towards stabilization and then 
regression centripetal. A scar is sometimes visi-
ble after spontaneous regression of the lesions.

28.4  Histopathology

Biopsy is not mandatory if the clinical diagnosis 
is certain [2]. The histological picture is not spe-
cific but allows a diagnostic orientation. Above 
all, it makes it possible to eliminate a differential 
diagnosis. It is recommended to perform a skin 
biopsy in an area of normal skin at the periphery 
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a b

Fig. 28.4 Histopathology of NA, hematoxylin–eosin–
saffron stained: (a) arteriolosclerosis with reduction of 
lumen of subcutaneous arterioles in NA. (b) 

Arteriolosclerosis with asymmetrical fibrous intimal 
thickening, here associated to calcification of the internal 
elastic lamina and media (courtesy of Dr Moguelet)

of the ulceration and at the level of the area of 
necrosis. If a biopsy is performed in the necrosis, 
deep and extensive hemorrhagic crust associated 
with arteriolar and venular thrombosis can be 
observed. If a peri-ulcer biopsy is performed, it 
shows unspecific thickening of the media of 
small-caliber arterioles and muscular arteries in 
the dermis and hypodermis (arteriolosclerosis of 
dermal vessels) (Fig. 28.4).

28.5  Differential Diagnoses

NA poses problems of differential diagnosis with 
other vascular diseases. Diagnosis is usually 
based on the characteristic clinical appearance in 
the absence of underlying venous or arterial etiol-
ogy, except in cases where these conditions may 
be associated. Extreme pain and skin necrosis 
exclude the diagnosis of venous ulcer, and the 
absence of claudication and superficial trophic 
disorders is not in favor of an arterial ulcer.

Pyoderma gangrenosum is differentiated from 
NA by the presence of peripheral purulent pits, 
sunken “mined” edges, and cribriform scars, as 
well as a characteristic histopathological exami-

nation with neutrophil-rich dermal infiltration 
and signs of vasculitis. Any mechanical cleansing 
is prohibited due to the phenomena of pathergy.

Calciphylaxis, also called calcium arteriolop-
athy, is a rare pathology associated with high 
morbidity that most often appears in the context 
of end-stage chronic renal failure in a dialysis or 
transplant patient. It is characterized by the asso-
ciation of vascular calcifications related to a 
phosphocalcic imbalance, with cutaneous necro-
sis. The clinic is marked by the appearance of 
indurated and painful livedoid plaques with live-
doid purpura and deep central necrosis within the 
plaques. Cutaneous lesions have a predilection 
for regions rich in adipose tissue such as the 
abdomen and the root of the thighs in the proxi-
mal form of uremic calciphylaxis. Less com-
monly, they appear on the legs, constituting the 
distal form of uremic calciphylaxis [3]. A variant 
of non-uremic calciphylaxis has been described, 
in the absence of renal or parathyroid pathology, 
but is on the other hand often associated with two 
cardiovascular risk factors: arterial hypertension 
and diabetes. Patients may have other serious 
comorbidities such as cancers or hepatic cirrho-
sis. The clinic is also marked by extensive, deep, 
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and hyperalgesic necrotic lesions of the  abdomen, 
breasts, or thighs. Treatment is difficult, and mor-
tality is high: 40–60% of cases [3].

The other differential diagnoses are thrombos-
ing conditions (cryoglobulinemia, antiphospho-
lipid syndrome, thrombophilia, etc.), cutaneous 
vasculitis, and infectious or drug-induced ulcers.

28.6  Evolution

The evolution can be marked by successive out-
breaks with recurrences in 60–80% of cases. 
These occur in other territories or on the contra-
lateral limb. The local prognosis is on the other 
hand rather favorable, with the rate of amputation 
being less than 1%.

28.7  Treatment of NA

 1. The use of analgesics is essential not only for 
the comfort of the patient but also for a better 
realization of the care. Although skin grafting 

remains the main means of relieving the 
patient, the patient should generally be admin-
istered WHO level II or III analgesics as soon 
as possible. The use of morphine is often nec-
essary and must be quickly instituted. 
Neuropathic analgesic treatments can be asso-
ciated (pregabalin, tricyclic antidepressants) 
because of the neuropathic component associ-
ated with the pain of NA. Faced with pain that 
is resistant to conventional medical treat-
ments, the use of nitrous oxide at the time of 
care and the use of nerve blocks via a perineu-
ral catheter may be necessary.

 2. Skin grafts (Figs. 28.5 and 28.6) currently repre-
sent the “gold standard” of NA treatment. This 
beneficial therapeutic effect of skin grafting was 
described in 1995 [7]. This involves pinch skin 
graft or mesh graft, performed after mechanical 
or autolytic debridement of necrotic tissue. They 
must be carried out as soon as possible when the 
diagnosis is evoked. The common results 
obtained on the grafts in the NA confirm the 
effectiveness on pain with analgesic withdrawal 
in 8 days, disappearance of the peripheral pur-

a b c

Fig. 28.5 Pinch graft procedure: (a) preparation of the donor site (inner side of the thigh) and of the material. (b) Grafts 
harvesting. (c) Grafts placement

a b

Fig. 28.6 Evolution of pinch graft on a typical NA. (a) Before pinch graft. (b) Day 4 pinch grafts
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plish halo in 8  days, and complete healing in 
30–45  days on average. This effectiveness is 
demonstrated if the transplants are early and 
repeated (ref à ajouter) [3, 8, 9].

 3. Wound care, as an alternative treatment of 
NA, is centered on the autolytic debridement 
of the cutaneous necrosis, and using suitable 
dressings such as hydrogels, irrigoabsorbents, 
alginates, or hydrofibers, depending on the 
degree of exudate and the quality of the sur-
rounding skin of the wound, can be proposed. 
Strong to very strong local topical corticoste-
roids used around the ulcer on the inflamed 
areas in the absence of signs of local infection 
are prescribed in order to reduce the extension 
of the lesion. Electrostimulation techniques 
have been proposed in the NA. They allow a 
debridement of necrotic and fibrinous wounds 
and above all have an analgesic effect [10]. 
Negative-pressure therapy has been proposed 
pre- or post-skin graft [3]. However, medical 
measures alone only allow healing in 6% of 
cases according to Hafner et  al. [3] and 
10–25% of cases according to Senet [11], 
which underlines the fundamental role of skin 
grafting in the treatment of NA.

28.8  Other Treatments

The preventive measures of NA essentially con-
cern the control of arterial pressure, which should 
not vary too much over time. In case of associa-
tion with venous insufficiency, compression ban-
dage must be associated. It also stabilizes the 
grafts and often allows faster healing. Cessation 
of smoking and nonselective beta-blockers is 
often recommended [2].

28.9  Conclusion

NA is a non-exceptional cause of leg ulcer but too 
often overlooked and often leads to late diagno-
sis. It is a very painful arteriolar ulcer, difficult to 

treat and which has a negative impact on the 
patient’s quality of life. Management is based on 
pain management, blood pressure control, and 
mechanical or autolytic debridement followed by 
skin grafting.
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29Vasculitis

Nicolas Kluger

29.1  Diagnosis of Cutaneous 
Vasculitis Is Made 
on Histology

Physical cutaneous signs of vasculitis are wide 
and nonspecific. Cutaneous vasculitis (CV) 
affects the skin with varying intensity, depth, and 
distribution. Even though a certain number of 
syndromes have been described, a patient may 
present with symptoms that overlap with another 
clinical diagnosis making a diagnosis “at first 
sight” impossible. Most of all, vasculitis has a 
histopathologic definition; therefore, its confir-
mation comes only from the microscopic exami-
nation of the lesion [1–5].

The diagnosis of CV is made by microscopic 
examination of hematoxylin-eosin-stained biop-
sies. A list of criteria allows a trained pathologist 
to diagnose and distinguish an active vasculitis 
from chronic and healed lesions of vasculitis and 
changes that are adjacent to vasculitis and may 
help to define a subtype or the etiology of the 
CV.  Inflammatory infiltrates within and around 
the vessel walls associated with intramural and/
or intraluminal fibrin deposition (fibrinoid necro-
sis) confirm the diagnosis of vasculitis. Some 
changes are suggestive of active vasculitis such 
as red blood cell extravasation, perivascular 

nuclear dust (leukocytoclasia), eccrine gland 
necrosis, ulceration, and necrosis/infarction. In 
the absence of fibrinoid necrosis, the diagnosis of 
CV becomes more difficult. Lamination of the 
adventitia, media, and/or intima; perivascular 
nuclear dust (leukocytoclasia) without fibrinoid 
necrosis; loss of the elastic lamina with acellular 
scar tissue; or subendothelial intramuscular and/
or adventitial inflammatory cells in large vessels 
are all other indications for vessel wall damages 
[1–5].

A direct immunofluorescence (DIF) examina-
tion is also recommended in case of CV. It does 
not confirm the diagnosis of CV but allows to ori-
ent for one or another diagnosis.

• Absence of immune complex is in favor for 
pauci-immune vasculitis: granulomatosis with 
polyangiitis (Wegener’s, GPA), eosinophilic 
granulomatosis with polyangiitis (Churg- 
Strauss syndrome, EGPA), and microscopic 
polyangiitis (MPA).

• Immunoglobulin (Ig) G, IgM, IgA, and/or 
C3 in or around the vessels may be found in 
immune-mediated vasculitis like 
cryoglobulinemia.

• In all cases of CV, immune depositions of Ig 
and complement may be found, especially C3 
and IgM.
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However, the older the biopsied lesion is, the 
less immunoglobulin is found. After 72 h, only 
C3 is detected. Therefore, a negative DIF does 
not rule out the diagnosis of CV [1–5].

• Predominance of IgA is highly in favor for 
IgA vasculitis (Henoch-Schönlein purpura) 
without being constant or specific.

• IgM depositions are observed, especially in 
case of circulating rheumatoid factor or cryo-
globulinemia. IgA deposits are absent in case 
of cryoglobulinemia.

Of note, positive DIF without pathological 
assessment of CV is not relevant.

After confirmation of the diagnosis of CV 
itself, vasculitis may be defined more accurately 
by vessel size involvement (small, small and 
medium, and medium to large vessel), extent of 
the lesions (superficial perivascular to dermal 
and/or subcutaneous), and predominant inflam-
matory cell infiltration. The finding of small- 
vessel vasculitis with predominance of 
neutrophilic infiltrate and positive DIF is indica-
tive of cutaneous leukocytoclastic vasculitis, IgA 
vasculitis, urticarial vasculitis, or erythema ele-
vatum diutinum. More rarely, other cells may 
predominate such as eosinophils or lymphocytes. 
Presence of both small- and medium-sized vas-

culitis favors ANCA-associated/pauci-immune 
vasculitis (with negative DIF): EGPA, MPA, 
GPA or cryoglobulinemia, connective tissue dis-
ease (lupus, rheumatoid arthritis, etc.), or hypo-
complementemic vasculitis if DIF is positive. 
Polyarteritis nodosa is characterized by a neutro-
philic infiltration associated with a medium- 
vessel artery vasculitis [1–5].

It is considered that biopsy of CV is not of 
help to determine its cause [6]. Tissue eosino-
philia could point out towards drug-induced vas-
culitis [7]. Some extravascular histologic pattern 
found in the surrounding tissue may be helpful to 
indicate a specific disease. Thus, palisading gran-
ulomatous dermatitis (“Winkelmann granu-
loma”) is in favor for GPA, EGPA, rheumatoid 
arthritis, or systemic lupus erythematosus. 
Presence of eosinophils and flame figures associ-
ated with such granulomas is found in EGAP 
while neutrophils and basophilic debris in PGA 
and rheumatoid vasculitis. Vacuolar interface 
dermatitis with sometimes dermal mucin deposi-
tion is associated with lupus erythematosus and 
dermatomyositis. Intraepidermal or dermal pus-
tules with neutrophil small-vessel vasculitis are 
related to an infectious related vasculitis. Skin 
biopsy allows excluding pseudovasculitic disor-
der, a wide group of heterogeneous diseases that 
may mimic cutaneous vasculitis [8] (Table 29.1).
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29.2  Pitfalls

In order to enable the diagnosis of vasculitis, the 
choice of the “best” lesion is crucial [1–5]. A 
lesion of cutaneous vasculitis should be analyzed 
within the first 48 h after its appearance; other-
wise, typical signs of vasculitis may be absent. A 
fresh purpuric lesion displays within the first 
24-h fibrin deposits in the vessel wall, neutro-
philic infiltration, surrounding hemorrhage, and 
intranuclear debris.

After 24  h, lymphocytes and macrophages 
replace neutrophils.

After 48 h, lymphocytes predominate.
Moreover, skin biopsy of an infiltrated lesion 

must include the epidermis, dermis, and hypoder-
mis to determine the size of the affected vessels. 
Some CV affects typically the upper part of the 
dermis like IgA vasculitis. Therefore, a punch 
skin biopsy will permit to show the lesions. In the 
case of polyarteritis nodosa, deep muscular ves-
sels of the dermis-hypodermis and the hypoder-
mis are affected, which implies a deep incisional 
biopsy. Similarly, a livedo should be biopsied on 
its most infiltrated or necrotic areas with similar 
deep biopsy [9].

In some specific cases, an incidental vasculitis 
may be found on the skin biopsy. This pathologic 
statement should not mislead to diagnose a 
vasculitis:

• Biopsy performed on an ulcer.
• Biopsy in lesions related to neutrophilic der-

matoses (Sweet’s syndrome).

29.3  Clinical Pathologic 
Correlation

The cutaneous lesions correlate sometimes with 
the size of the affected vessels [1–5].

• Palpable purpura, infiltrated erythema, urti-
caria, vesicles, and blisters are mainly related 
to small-vessel vasculitis of the dermis.

• Subcutaneous nodules, ulceration, and gan-
grene are frequently related to medium-sized 

vessel vasculitis located at the dermo- 
hypodermal junction or in the subcutaneous 
fat.

• Necrosis and livedo occur when either small 
or larger vessels are involved.

29.4  Clinical Manifestations

Cutaneous vasculitis displays a wide range of 
elementary lesions that may be associated with 
and lead to a pleomorphic appearance of the 
eruption [1–5]. CV may manifest variously as:

• Atypical urticaria, with distinctive feature 
from common urticaria: duration of the lesions 
longer than 24 h, presence of purpura, postin-
flammatory pigmentation or ecchymoses, and 
symptoms of burning rather than itching.

• Palpable purpura: the most frequent manifes-
tation but nonspecific; asymptomatic or burn-
ing; localized on the lower limbs, ranging 
from tiny red macules and pinhead to coin- 
sized petechia, but also sometimes to more 
extensive plaques and ecchymoses; may dis-
close a necrotic evolution leading to vesicles, 
blisters, erosions, ulcerations, and ulcer. It is 
often an association of different lesions in a 
same patient simultaneously: erythematous to 
purpuric macules, papules, and necrotic 
lesions.

• Retiform purpura is a peculiar clinical form of 
branching purpuric lesions in a fishnet pattern 
for which a distinction from an infiltrated or 
necrotic livedo is difficult. Retiform purpura 
implies the performance of a skin biopsy like 
any infiltrated purpura or livedo.

• Other manifestations: infiltrated erythema; 
hemorrhagic vesicles; ulcers; inflammatory, 
tender, or painful dermal or hypodermal nod-
ules; livedo racemosa, infarcts, and digital 
gangrene. Lesions affect primarily the lower 
limbs. Upper extremity, trunk, and head and 
neck involvement are not usual and may be 
considered as a sign of severity and/or of a 
systemic vasculitis (Figs. 29.1, 29.2, 29.3, and 
29.4).
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Fig. 29.1 Vasculitis of the lower limbs associated with 
different clinical lesions of purpura: macules, papules, 
and vesiculous lesions. Notice the absence of lesions on 
the dorsum of the feet due to the compression of the shoes

Fig. 29.2 Necrotic lesions of the lower legs during cuta-
neous vasculitis

Fig. 29.3 Cryoglobulinemic vasculitis with purpura and 
leg ulcer

Fig. 29.4 Extensive necrotizing vasculitis of the leg

Other skin manifestations are associated with 
systemic vasculitis, but they do not display vas-
culitis upon histology [1]:

• Extravascular necrotizing granuloma: occurs 
during Churg-Strauss syndrome especially, 
red to purple papules or nodules involving 
symmetrically the extensor aspects of the 
elbows and the fingers, but other localizations 
have also been reported.

• Panniculitis: recurrent crops of erythematous, 
edematous, and tender subcutaneous nodules; 
usually of symmetrical distribution on the 
thighs and the lower legs; spontaneous regres-
sion with hypopigmentation and atrophic scar 
due to fat necrosis (lobular panniculitis) or the 
extensor aspects of the lower limbs with a 
spontaneous regression without atrophic scar 
(septal panniculitis).

• Pyoderma gangrenosum.
• Granuloma: granulomatous lesions with nei-

ther vasculitis nor central necrosis may be 
observed in systemic vasculitis, especially 
WG with a highly variable presentation rang-
ing from papules, nodules, subcutaneous 
 infiltration, and pseudotumor to chronic ulcers 
and affecting any site of the body.

• Superficial thrombophlebitis.
• Gangrene: resulting from arterial occlusion 

and may be observed in all vasculitis involv-
ing medium- or large-sized arteries.

• Raynaud’s phenomenon: classically associ-
ated with all types of vasculitis. However, its 
prevalence is unknown in many vasculitis, and 
its diagnostic value is very low.

29 Vasculitis
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29.5  Classification

Classification of vasculitis is a real brainteaser 
[1]. Existence of overlapping clinical features, 
lack of knowledge regarding precise etiopathoge-
netic process of each vasculitis, and lack of 
“pathognomonic” clinical, laboratory, or radio-
logic findings make it almost impossible to have 
a perfect classification. Several classifications 
have been proposed, each of them presenting 
advantages and weaknesses. Most commonly 
used criteria for classification of vasculitis are of 
the American College of Rheumatology (ACR) 
established in 1990 [10] and the Chapel Hill 
Consensus Conference (CHCC) that was revised 
in 2012 [11]. The latter is a nomenclature system 
of vasculitis providing names and definitions 
(Table 29.2). Of note, a dermatologic addendum 
was published to standardize the name and defi-
nitions for cutaneous vasculitis [12]. Classification 
criteria should be restricted to their primary use, 
i.e., stratify uniform populations who carry a 

diagnosis. In clinical practice, a final diagnosis 
should rely on the interpretation of clinical, labo-
ratory, radiologic, and pathological findings.

29.6  Approach to the Diagnosis 
of Cutaneous Vasculitis

• The first step being completed—having 
proved by a skin biopsy the presence of cuta-
neous vasculitis and analyzed its precise sub-
type (cell infiltration, size of the involved 
vessel, DIF)—the physician collects all the 
relevant data that will help him (1) to establish 
the severity of the CV by the absence or pres-
ence of systemic involvement that will prompt 
to initiate immunosuppressive treatment and 
(2) to identify a potential curable cause [1] 
(Table 29.3).

• The precise diagnosis is made by the combi-
nation of clinical history and clinical, labo-
ratory, and radiologic findings. Therefore, 
patients’ precise past medical data, history 

Variable vessel vasculitis (VVV)
Vasculitis with no predominant type of vessel involved. 
Can affect vessels of any type and size
   Behcet’s disease (BD)
   Cogan’s syndrome (CS)
Single-organ vasculitis (SOV)
Vasculitis in a single organ that has no features 
indicating that it is a limited expression of a systemic 
vasculitis
   Cutaneous leukocytoclastic angiitis
   Cutaneous arteritis
   Primary central nervous system vasculitis isolated 

aortitis
   Others
Vasculitis associated with systemic disease
   Lupus vasculitis
   Rheumatoid vasculitis
   Sarcoid vasculitis
   Others
Vasculitis associated with probable etiology
   Hepatitis C virus-associated cryoglobulinemic 

vasculitis
   Hepatitis B virus-associated vasculitis
   Syphilis-associated aortitis
   Drug-associated immune complex vasculitis
   Drug-associated ANCA-associated vasculitis
   Cancer-associated vasculitis
   Others

Table 29.2 (continued)

Table 29.2 Names and definitions for vasculitides 
adopted by the 2012 International Chapel Hill Consensus 
Conference on the Nomenclature of Vasculitides [11]

Large-vessel vasculitis (LVV)
Vasculitis affecting the aorta and its major branches 
more often than other vasculitides
Takayasu arteritis (TAK)
Giant cell arteritis (GCA)
Medium-vessel vasculitis (MVV)
Vasculitis that predominantly affects medium arteries 
defined as the main visceral arteries and their branches
Polyarteritis nodosa (PAN)
Kawasaki disease (KD)
Small-vessel vasculitis (SVV)
Antineutrophil cytoplasmic antibody (ANCA)-
associated vasculitis (AAV)
    Microscopic polyangiitis (MPA)
    Granulomatosis with polyangiitis (Wegener’s) 

(GPA)
    Eosinophilic granulomatosis with polyangiitis 

(Churg-Strauss) (EGPA)
   Immune complex SVV
    Anti-glomerular basement membrane (anti-GBM) 

disease
    Cryoglobulinemic vasculitis (CV)
    IgA vasculitis (Henoch-Schönlein) (IgAV)
    Hypocomplementemic urticarial vasculitis (HUV) 

(anti-C1q vasculitis)

(continued)
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Table 29.3 Approach to the diagnosis of isolated, 
biopsy-proven, cutaneous vasculitis [1] 

Establish the Severity : Systemic Involvement ?
   Complete physical examination
   General manifestations : fever, night sweats, weight 

loss
   Joint (arthralgias), muscles (myalgias), lung 

(hemoptysis, cough, shortness of breath, wheezing), 
heart (chest pain, murmur)

gastrointestinal tract (abdominal pain, gastro-intestinal 
bleeding), ear, nose, throat (sinusitis, rhinitis) and 
ocular symtoms
(scleritis, sicca syndrome), peripheral (paresthesia, 
numbness) and central (cephalagia, seizures) nervous 
system, urologic and
genital symptoms (hematuria, testicular pain)
   Laboratory studies
   Kidney function every 3 months : urinalysis, 

proteinuria, blood urea/creatinine
   Electrocardiography
   Chest X-ray
Identify a Potential Cause
Recently introduced drug ?
Laboratory studies recommended in the absence of 
clinical relevant symptoms
   Blood cell count, C-reactive protein,
   Serum electrophoresis
   Liver tests: transaminases, hepatitis B and C virus 

serologies
   Cryoglobulins
   Antinuclear antibodies, anti-dsDNA, anti-extractable 

nuclear antigens (Ro/Ssa, La/SSb, RNP, Sm…), 
rheumatoid factors

   Antineutrophils cytoplasmic antibodies (ANCA)
   Complement levels (CH50, C3, C4)
   Anti-streptolysin O titers
Complementary exams according to medical history 
and clinical findings
   HIV test
   Blood culture
   Lumbar puncture
   Echocardiography
   Viral serologies (parvovirus B19, Epstein Barr virus, 

CMV, COVID-19…), proposed in case of clinical 
suspicion, pregnancy or in immunocompromised 
hosts

   Sinus CT scan and teeth examination

of the disease including newly introduced 
drugs, and episode evocative for acute infec-
tion are mandatory. Indeed, any cutaneous 
vasculitis occurring in a patient with a 
known systemic vasculitis should prompt to 
look for the intercurrent triggering factor 
like infection or a newly introduced drug 
before diagnosis or flare-up of the disease. 

Physical examination must be complete and 
extensive. Of note, peculiar attention should 
be brought on relapsing retiform purpura in 
young adults as it can disclose the abuse of 
levamisole-adulterated cocaine. The patients 
do present a striking involvement of the ear 
that could be a clue to suspect such diagno-
sis [1].

• Physicians should not lose from sight and 
warn the patients that in 50% of all cases of 
cutaneous vasculitis, no specific cause is 
found.

29.7  Management of Cutaneous 
Vasculitis

Management of biopsy-proven CV includes the 
following [1]:

• Looking for the presence of systemic involve-
ment (heart, lung, kidney).

• Identifying a potential curable cause.
• However, complementary explorations should 

be oriented by clinical context.
• Any patient with a known underlying disease 

that may be responsible for CV should be 
asked about any new drug intake and infec-
tious like episode and carefully examined to 
rule out another potential cause of vasculitis.

In most of the cases, CV remains restricted to 
a single, self-limited, and short-lived episode of 
purpura of the lower limbs without any visceral 
involvement and any relapse. In this frequent sit-
uation, treatment is not compulsory. However, 
support stockings or panty hose as well as bed 
rest and leg elevation are recommended. Topical 
corticosteroids or anti- inflammatory agents can 
be given for symptomatic relief [13]. Conversely, 
there is to date no indication for heparin therapy 
or antivitamin K treatment for the management 
of vasculitis, except if additional thrombotic fac-
tors are found concomitantly (i.e. circulating 
anti-phospholipids) (Table 29.4).

If the disease persists, worsens, or is symp-
tomatic (burning sensation, pain) with a restric-
tion to the skin, various drugs can be given, 
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usually colchicine at a dose of 1  mg/day for 
1–3  months. Alternatives include dapsone 
(50–100 mg/day), alone or in combination with 
colchicine [13], and pentoxifylline (400 mg × 3/
day), alone or in combination with other treat-
ments [1–5]. Longer treatments can be given in 
case of relapse after withdrawal.

Extensive, recurrent skin disease with persis-
tent lesions, vesicles, ulcers, and nodules; intrac-
table symptoms; or systemic vasculitis with other 
organ involvement may prompt initiation of 
immunosuppressive therapies such as 
 corticosteroids, methotrexate, azathioprine, myco-
phenolate mofetil, cyclosporine, or cyclophospha-
mide. Rituximab may be of interest in case of 
severe vasculitis, in the ANCA-related group espe-
cially. The place of anti-tumor necrosis factor 
remains to be established. Indeed, several cases of 
severe cutaneous vasculitis have been treated suc-
cessfully with infliximab. Besides, infliximab does 
have a clear-cut indication for Behcet’s disease. 

However, cases of vasculitis induced by infliximab 
or other TNF alpha inhibitors, in patients with pso-
riasis especially, nuance the place of this class in 
carefully selected cases.

Besides, management includes pain control 
and standardized care for necrotic and fibrous 
ulcers along with the control of the underlying 
process [1].
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30Necrobiosis Lipoidica

Miruna Negulescu

30.1  Introduction

Necrobiosis lipoidica (NL) is a rare chronic gran-
ulomatous skin disease usually associated with 
diabetes mellitus, especially type 1 [1].

In 1930, Oppenheim first described and called 
it dermatitis atrophicans lipoidica diabetica [2]. It 
was then named necrobiosis lipoidica diabetico-
rum (NLD) by Urbach in 1932 [3]. The several 
cases of NLD described in nondiabetic patients 
led to deletion of “diabetes” word from the 
denomination [2].

The relationship between NL and diabetes 
mellitus is still debated. First, the link has been 
established by studies from the 1960s, which 
showed diabetes or abnormal glucose metabo-
lism in over 60% of patients with NL [4]. Since 
the 1960s, no prevalence-based studies on NL 
have been conducted. Thereby, most studies 
are based on the 65% incidence in their work 
[4].

Despite the increased prevalence of NL in 
diabetics, NL has also been met in patients 
with normal glycemia, autoimmune thyroid-
itis, rheumatoid arthritis, sarcoidosis, inflam-
matory bowel disease, and monoclonal 
gammopathy [4].

30.2  Epidemiology

This pathology affects 0.3–1.2% of the diabetic 
population with a female predominance (female- 
to- male ratio 3:1) [1, 4]. The early symptoms 
start typically in type 1 diabetic adults during the 
third decade of life and the fourth decade in type 
2 or nondiabetic people [4]. In up to 14% of 
cases, diagnosis of diabetes is realized after NL 
lesions, in up to 24% is simultaneously made, 
and in 62% of cases occurs before NL lesions [4].

30.3  Pathogenesis and Histology

The pathogenesis of NL is still controversial. The 
diabetic microangiopathy has been involved [1, 
4, 5]. An initial immune complex-mediated vas-
culitis is suggested by the presence of immuno-
globulin M deposits, C3, and fibrin in the vessel 
walls in direct immunofluorescence [1, 2].

Histologically, a collagen degeneration, gran-
ulomatous formation, fat deposition, and thicken-
ing of blood vessel walls are described [2, 4, 5].

30.4  Clinical Findings 
and Complications

Initial alterations present as papules and nodules 
matching to form yellow-brown, nonpainful 
patches, with active raised and erythematous bor-
ders (Figs. 30.1 and 30.2). The center is atrophic, 
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Fig. 30.1 Two lesions. The first one in the left side on the 
picture is atrophic, white center surrounded by brown bor-
ders. The second one showed ulcerative center containing 
fibrin, surrounded by erythematous, active borders

Fig. 30.2 Waxy, smooth, white plaque surrounded by 
erythematous borders

first appearing red-brown and becoming yellow- 
orange and smooth. Sometimes, telangiectasia 
may occur [1, 4, 5].

As mentioned, the lesions are mostly painless 
due to nerve damage, but ulcerated lesions may 
cause pain. These ones may occur following 
minor trauma in up to 35% of cases [4].

In 90% of patients, NL arises on legs, bilater-
ally and symmetrically [1]. Less frequently, 
lesions may appear on the scalp, face, trunk, fore-

arms, and penis, which are less considered asso-
ciated with diabetes mellitus [1, 5].

The progression is slow, and sometimes 
regression of lesions may happen in 20% of 
cases [1]. The main complication is ulceration 
[1, 4] with secondary infection [6]. Some excep-
tional cases of squamous cell carcinoma have 
been reported in long-standing NL [1, 4]. The 
origin of malignant transformation is even 
unclear [4].

30.5  Treatment

The first step is to prevent lesions by avoidance of 
trauma [2]. Indeed, NL may also occur by 
Koebner effect, in addition to ulceration risk [2, 
4]. Control of diabetes seems to be without any 
improvement [1, 4, 5].

Several treatments have been tested with ran-
dom results. Most of them are based on case 
reports.

Treatment by topical corticosteroids is effec-
tive to prevent progression and reduce inflamma-
tory process, especially on the active borders [1, 
2, 4, 5].

Wound care is highly important in NL. Infected 
wounds must be treated by antiseptics and 
adapted dressings [2]. Sometimes, systemic anti-
biotics are helpful [4].

Ulcerated NLs are improved by granulocyte- 
macrophage colony-stimulating factor [4].

An association of aspirin and dipyridamole 
was suggested as NL treatment, but no trial has 
showed any improvement [2, 4]. The use of low- 
dose aspirin did not suggest any benefit in another 
trial [4].

The use of stanozolol, ticlopidine, inositol 
nicotinate, pentoxifylline, and prostaglandin E1 
seemed to have beneficial effects [2, 4].

Psoralen plus ultraviolet A (PUVA) therapy 
also seems to be successful. One study of ten 
patients with NL showed 100% healing rate after 
47 sessions [4].
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Tests with methyl aminolevulinate photody-
namic therapy have been unsuccessful [4].

Some immunomodulatory drugs like oral 
cyclosporine and mycophenolate mofetil have 
been tested on ulcerating NL and showed 
improvement of lesions. In both cases, recurrence 
occurred after cessation of treatment [2, 4]. 
Infliximab, thalidomide, and etanercept also have 
been tested, with beneficial results [2, 4].

Surgery is not recommended in the NL treat-
ment because of Koebnerized lesions on surgical 
scars [2, 4]. Usually, lesions are excised down to 
deep fascia or periosteum to prevent recurrences 
[2, 4]. The defect is filled by skin graft. Cosmetic 
results after removal of lesions in these areas are 
substantial [2].

Occasionally, pulse dye lasers have been 
tested to treat telangiectasia, with mixed results 
[4].
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31Purpura Fulminans

Nancy Hajjar and Véronique Del Marmol

31.1  Introduction

Purpura fulminans is a rare life-threatening con-
dition often associated with disseminated intra-
vascular coagulation leading to vast skin necrosis 
and tissue thrombosis [1–3].

It is generally seen in neonates with homozy-
gous protein C or S deficiency. An acquired form 
of protein C deficiency in the context of infection 
and septicemia can also trigger this condition 
[1–3].

31.2  Epidemiology

There are three main subtypes of purpura 
fulminans:

 1. The neonatal form with a prevalence of 
1:1,000,000 births [3].

 2. The infectious form with variable prevalence 
and a predilection to some bacteria. It mainly 
occurs in meningococcal infections where PF 
complicates in 10–20% of cases, followed by 
streptococcal pneumonia. Varicella is the 
most common viral infection causing PF, but 

cases remain very rare. Fewer publications 
report relatively less virulent germs.

COVID-19 infection was also reported as a 
triggering infectious agent of PF [3–5]. In 
addition, one case of purpura fulminans asso-
ciated with COVID-19 vaccination was 
described, manifesting 6 weeks after the vac-
cine [6].

 3. The idiopathic form is very exceptional with 
only a few cases reported [3, 7].

31.3  When to Suspect Purpura 
Fulminans

• Neonates who develop extensive ecchymoses 
especially in the first days of life followed by 
diffuse arterial and venous thrombosis. Later 
presentation in infancy is also reported.

• Retiform purpuric skin lesions in the context 
of sepsis (mainly severe meningococcal infec-
tion) associated with severe cutaneous pain 
out of proportion with the physical exam.

31.4  Pathogenesis

In the three forms of purpura fulminans, the 
coagulation balance is disrupted in favor of pro-
coagulant factors [1–3].

 1. Neonatal: Inherited deficiency of protein C/S 
or antithrombin III, which are anticoagulant 
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factors, will lead to microvascular thrombosis 
and hemorrhagic necrosis [3, 8].

 2. Infectious: In this form, secondary consumption 
of protein C is the speculated process [3, 9].

 3. Idiopathic: A postinfectious autoimmune 
mechanism is suspected in this entity during 
which mainly a relative insufficiency of pro-
tein S is observed due to anti-protein S anti-
body formation [3, 7].

31.5  Clinical Presentation

PF usually starts with ill-defined painful ery-
thema centered by bluish necrosis. Sometimes, 
bullous lesions can be seen. In advanced stages, 
sensitivity is lost, and necrosis becomes very 
extensive [1–3].

The patient is often septic with signs of shock 
(hypotension, tachycardia, altered mental status, 
weak peripheral pulses) and/or signs of end- 
organ damage.

Since DIC often complicates PF, bleeding 
from intravenous lines and mucous membranes 
can be seen [1–3].

31.5.1  Workup

In the neonatal form: The dosage of protein C and 
protein S activity is the recommended diagnostic 
tool. If feasible, genetic testing allows the confir-
mation of this entity [8, 10].

In the infectious form: Complete sepsis 
workup is important to treat the causative agent, 
with sometimes the need for extensive laboratory 
exams, imaging, and repeated cultures.

This conventional workup is not satisfactory 
in all cases. Bacterial polymerase chain reaction 
(PCR) on skin biopsy is now practicable and 
allows etiological diagnosis rapidly. Thus, biopsy 
of a purpura lesion with direct examination, cul-
ture, and PCR is now recommended [2].

A DIC workup is mandatory including platelet 
count, PT, PTT, d-dimer, fibrinogen, and blood 
smear [3].

31.5.2  Management

Hydration and supportive care are very important 
in all the forms of PF to avoid end-organ damage. 
In addition, frequent assessment of necrosis sta-
tus for early surgical debridement is necessary.

 1. In the neonatal form: The mainstream of treat-
ment consists of protein C/S supplementation 
in addition to fresh frozen plasma (FFP) [3, 
10, 11].

 2. In the infectious form: Broad-spectrum anti-
biotics are used (generally carbapenem or 
vancomycin + beta-lactam-beta-lactamase 
inhibitor +/− clindamycin).

Intravenous immunoglobulin therapy and 
activated protein C supplementation can be 
beneficial.

Anticoagulation is discussed in every case 
based on the occurrence of DIC [1–3].

 3. In the idiopathic form: In addition to the pre-
viously mentioned strategies, systemic corti-
costeroids can be discussed [3, 7].

31.5.3  Differential Diagnosis

In front of a necrotic skin process and an ill 
patient, one should consider the following main 
differential diagnoses: [3]

• Vasculitis
• Coumadin-induced skin necrosis
• Meningococcemia
• Calciphylaxis
• Necrotizing fasciitis

31.6  Long-Term Sequelae 
of Purpura Fulminans

Many patients with purpura fulminans require 
extensive debridement, fasciotomy, or even 
amputation. Thus, qualitative rehabilitation is 
very important to decrease neurological and psy-
chological long-term outcomes.
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In neonates, severe protein C deficiency is asso-
ciated with neurological and ophthalmological 
complications, mainly epilepsy, cerebral palsy, 
delayed psychomotor development, and blindness. 
It also requires long-term protein C supplementa-
tion and/or anticoagulation. Liver transplantation 
can be a curative option in some cases [1].

Take Home Messages

• PF is a life-threatening condition with high 
morbidity and mortality.

• PF can begin very subtly: bruising in neonates 
and petechial rash in an infectious context 
should lead to PF consideration.

• Early diagnosis is crucial to avoid end-organ 
damage.

• A multidisciplinary approach is necessary 
with adequate supportive care, etiological 
treatment, as well as surgical consultation 
early in the necrotic process.
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32Protein C and Protein S 
Deficiencies

Sébastien Humbert and Philippe Humbert

32.1  Physiopathology

Protein C and protein S are vitamin K-dependent 
proteins with natural anticoagulant properties 
that play a major role in the coagulation pathway. 
Protein C is activated by the thrombin/thrombo-
modulin complex. Activated protein C cleaves 
membrane-bound active factors V and VIII and 
inactivates them. Protein C inhibitor and α-1 anti-
trypsin are the main inhibitors of protein 
C. Protein S is a cofactor of activated protein C 
and can also directly bond to activated factors V 
and X.

Protein C and protein S deficiencies manifest 
usually as recurrent venous thromboembolism 
with an annual incidence of recurrent venous 
thromboembolism of 6.0% and 8.4%, respec-
tively. A severe deficiency can cause skin necro-
sis, especially in newborns as a purpura 
fulminans. The cause of protein C and protein S 
can be genetically determined or acquired 
(Table 32.1).

32.2  Diagnosis

• Medical context:

 – In newborns, homozygote protein C or protein 
S deficiency manifests in fatal purpura 
fulminans.

 – In adults with heterozygous protein C or pro-
tein S deficiency, introduction of vitamin K 
antagonist can induce skin necrosis within 
3–5 days.

• Semiology
 – A massive thrombosis of the dermic vascu-

lar network can lead to large ecchymotic 
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Table 32.1 Causes of protein C and protein S acquired 
deficiency

Acquired protein C 
deficiency

Acquired protein S 
deficiency

Vitamin K antagonist, 
vitamin K deficiency

Vitamin K antagonist, 
vitamin K deficiency

Hepatic insufficiency Hepatic insufficiency
Disseminated intravascular 
coagulation

Disseminated 
intravascular coagulation

Autoimmune syndrome Pregnancy
l-Asparaginase therapy Autoimmune syndrome

AIDS, varicella zoster 
virus
Nephrotic syndrome
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Picture 32.1 Skin necrosis of the breast after introduc-
tion of VKA
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patches that can evolve to hemorrhagic bul-
lae and then irreversible necrosis.

 – When vitamin K antagonists are involved, 
lesions are located in areas where the fat 
layer is the thickest: breast, thighs, abdo-
men, and buttocks. Genital involvement is 
also possible in men (Picture 32.1).

• Biology: Increase in INR (international nor-
malized ratio) and prothrombin time (if vita-
min K antagonist), decrease or even collapse 
in protein C or protein S.

• Histology: We can observe obstructive throm-
bosis of capillaries and venules, vascular fibrin 
deposition, and dermal and fat tissue diffuse 
necrosis.

32.3  Treatment

• Prevent pain (morphines)
• Prevent infection
• Stop vitamin K antagonist and vitamin K 

administration
• Heparin therapy
• Protein C concentrate
• Adapted local treatment: surgical excision of 

necrotic tissue and transplant
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33Renal Insufficiency and Necrosis

Elia Ricci

Renal insufficiency in itself is found to be corre-
lated indirectly to cutaneous necroses. In fact, 
renal insufficiency may cause complications, 
which in turn lead to the formation of gangrenous 
cutaneous pathologies.

Renal insufficiency is classified into five progres-
sive stages based on the values of glomerular filtra-
tion. Table 33.1 shows the KDOQI classification [1]. 
Alterations at the cutaneous level begin from stage 
III onward and become progressively more severe 
until they become evident in the so-called final stage. 
Renal disease itself leads to cutaneous alterations 
that may be summarised as follows:

• Xerosis: Beginning with dehydration and red-
dening, prevalently in the areas of the extensor 
muscles of the limbs, progressively evolving 
into oedema and fissures. In the most advanced 
stages, there may be areas of lichenification 
and/or contact erythema. The fissured areas 
may allow bacteria to enter with consequent 
cutaneous infections. This form afflicts from 
50 to 70% of patients in dialysis.

• Pigmentary disorders: These are directly corre-
lated to the duration of the renal insufficiency. 
They range from hyperpigmentation to a yellow-
ish colouring, prevalently in the areas exposed to 
the sun. Pallor is associated with frequent anae-

mia in such patients. This form afflicts from 20 
to 70% of patients in dialytic treatment.

• Itching: Frequent in some patients and may be 
minimal, but in 8% of cases, it is found to be 
non-remittent and serious. It leads to a net 
deterioration in the quality of life.

Another clinical situation of a dermatological 
type is nephrogenic dermal fibrosis (NDF), 
described in 2000 [2] and currently classified as 
systemic [3]. It is a pathology that is prevalently 
cutaneous and characterised by being associated 
with renal damage. Patients present oedemas and 
retractions prevalently in the lower limbs; the main 
symptoms are burning pain and itching. On a cuta-
neous level, there is the appearance of papules or 
plaques that are red or brown in colour and which, 
on rare occasions, may become ulcerous (Fig. 33.1). 
Around 5% of these forms may exhibit aggressive 
and sudden worsening with the involvement of 
muscles, possibly leading to paralysis. As of now, 
the cause remains poorly defined: possible causes 
may include the use of gadolinium as a means of 
contrast [4], erythropoietin, and stages of hyperco-
agulability. Under X-ray inspection, diffuse calcifi-
cations are noted on a subcutaneous level (Fig. 33.2).

End-stage renal insufficiency (ESRD) in itself 
behaves as a form of comorbidity in preexisting 
situations causing complications that lead to the 
formation of necrotic tissues, as well as exacer-
bation in the appearance of cutaneous ulcerous 
lesions. Lastly, as a direct cause, it leads to com-
plications that progress to ulcers.
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Stage GFR* Description Treatment stage

1 90+ Normal kidney function but urine findings or structural 
abnormalities or genetic trait point to kidney disease

Observation, control of blood pressure. 
More on management of Stages 1 and 2 
CKD.

2 60-89 Mildly reduced kidney function, and other findings (as for 
stage 1) point to kidney disease

Observation, control of blood pressure 
and risk factors. More on management of 
Stages 1 and 2 CKD.

3A
3B 

45-59
30-44 

Moderately reduced kidney function Observation, control of blood pressure 
and risk factors. More on management of 
Stage 3 CKD. 

4 15-29 Severely reduced kidney function Planning for endstage renal failure. More 
on management of Stages 4 and 5 CKD. 

5 <15 or on 
dialysis

Very severe, or endstage kidney failure (sometimes call 
established renal failure)

Treatment choices. More on 
management of Stages 4 and 5 CKD. 

Table 33.1 KDOQI classification

Fig. 33.1 Nephrogenic dermal fibrosis (NDF) Fig. 33.2 Subcutaneous calcification in NDF

33.1  Comorbidity

ESRD in itself leads to a state of fragility in the 
patient, with reduction of the immune system 
defences and consequently a greater incidence of 
infective phenomena. The reduction in renal 
clearing leads to an accumulation of catabolites 
that in themselves have an inflammatory action. 
A situation of increased phlogosis means healing 
times are lengthened, with a slowing down both 
of the retraction and the re-epithelialisation phe-
nomena. Some examples are the following: the 
frequent association with diabetes leads to a 
prognostic deterioration with an increase in the 
number of amputations and the evolution in a 
necrotic direction of the diabetic foot [5, 6]. 
Patients who have been in dialysis for long peri-

ods present a high rate of arterial disease which, 
with the phenomena of vascular calcinosis, may 
lead to the development of cutaneous necrotic 
ulcers of an arterial type [7]. Al Ghazal [8] also 
suggests a correlation with the development of 
forms such as pyoderma gangrenosum. Yates [9] 
has noted an increase in infections from MRSA 
in patients who have ulcers with ESRD.  The 
cutaneous blood flow is significantly reduced in 
dialysis patients compared with healthy control 
group [10]. Tercercedor [11] suggests that the 
frequency of malignant skin tumours is increased 
in dialysis patients; he describes skin carcinoma-
tous lesions in 2.4% of patients. In severe case, 
kidney transplantation can reverse the skin 
lesions and overcome the symptoms improving 
the quality of life [12, 13].
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33.2  Exacerbation

The forms in which we may define ESRD as 
exacerbation are forms in which there is a net 
increase in the incidence of cutaneous ulcerous 
disease in the presence of the combination. These 
are not actual syndromes, because there is no 
direct cause-effect relationship, but the frequent 
association, besides complicating the situation, 
leads to a therapeutic approach that must be 
combined.

The antiphospholipid antibody form, of itself, 
besides the cutaneous damage involved, may lead to 
renal damage. There is therefore an effect on nega-
tive synergic terms between the two forms [14], 
which on the one hand can lead to a worsening of 
the nephrological situation while on the other, in 
patients with ESRD and cutaneous damage, the 
form of hypercoagulability facilitates the develop-
ment of ulcers [15] (Fig. 33.3) (see Chap. 18).

Ulcers from anticoagulants, or cutaneous 
necrosis from anticoagulants, are particularly fre-
quent in patients with renal insufficiency. The 
increase in the coagulation time, combined with 
the reduced capacity for elimination of the medi-
cine, facilitates the development of haematomas. 
The skin, modified in the presence of ESRD to 
become more rigid and fragile, tends to be dam-
aged more easily in the case of even minor trau-
mas. A haematoma, which itself tends to 
compress the skin, can easily lead to the onset of 
necrotic phenomena (see Chap. 13). The same 

mechanism is involved in the use of heparin, 
especially in patients subjected to dialytic 
treatment.

Some vasculitic forms are characterised by 
contemporaneous damage at the level of the renal 
glomerular, such as in the antiphospholipid anti-
body form, involving a synergic effect. The coag-
ulative disorders, damage on a cutaneous level 
secondary to ESRD, lead to a vicious circle that 
moves beyond the simple situation of underlying 
comorbidity (see Chap. 20).

33.3  Direct Cause

Patients with systemic vasculitis may simultane-
ously develop necrotising skin lesions and kidney 
injury in the form of acute glomerulonephritis 
[16]. A broad spectrum of autoimmune disorders 
may be responsible for the above manifestations, 
including systemic lupus erythematosus, anti- 
neutrophil cytoplasmic antibody (ANCA) vascu-
litis, cryoglobulinaemia, cryofibrinogenaemia, 
and polyarteritis nodosa.

The ulcerous form directly linked to ESRD is 
the so-called calciphylaxis or calcified uraemic 
arteritis (CUA). This is a rare ulcerous form often 
with an inauspicious prognosis, which begins 
with necrotic cutaneous ulcerations with unde-
fined edges (Fig. 33.4) and can spread extensively 
(see Chap. 14). Recognised risk factors for CUA 
include diabetes mellitus, poorly controlled sec-
ondary hyperparathyroidism along with the use 
of calcium-based phosphorus binders, obesity, 
female gender, history of RRT, white ethnicity, 
low albumin level, and impairment of the vitamin 
K pathway because of warfarin use [17]. CUA 
leads to substantial morbidity, prolonged hospi-
talisation, and mortality rates as high as 80%. 
The clinical presentation is frequently character-
ised by the development of proximal (and often 
symmetrical) lesions on the buttocks, thighs, and 
abdomen with less common involvement of the 
acral regions. Nonhealing wounds provide an 
opportunity for infection with multiple microor-
ganisms and sepsis.

In a patient with ESRD, it is necessary to carry 
out a differential diagnosis, especially for the 

Fig. 33.3 Antiphospholipid antibody syndrome with 
ESRD V stage with skin ulcers

33 Renal Insufficiency and Necrosis
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Fig. 33.4 Calciphylaxis, typical skin lesion

Table 33.2 Differential diagnosis of necrotic lesion on 
lower limb (from Dean, Vasc Med, 2008)

Antiphospholipid antibody syndrome
Calciphylaxis
Vasculitis
Atheroembolic disease
Warfarin skin necrosis
Heparin skin necrosis
Spider bites

atypical forms that affect the lower limbs [18]. 
The differential diagnosis in terms of pathologies 
that must be considered is illustrated in 
Table 33.2.

33.4  Treatment

Treatment is based on the re-equilibration of the 
renal situation through diet, diuretics, corticoste-
roids and/or immunosuppressants, dyalitic treat-
ment, or transplant if indicated. The specific 
treatment of the various forms involves a correct 
diagnostic approach, with identification of the 
diverse pathological situation that has led to the 
cutaneous necrosis; for such treatments, see the 
specific paragraphs. Milas [19] suggests that an 
early recognition of calciphylaxis and multidisci-
plinary treatment, including wound debridement, 
parathyroidectomy, and appropriate arterial 
revascularisation, can lead to improved wound 
healing and limb salvage. Intravenous adminis-

tration of sodium thiosulfate has shown some 
beneficial effects in terms of pain reduction and 
wound regression. Sodium thiosulfate increases 
the solubility of calcium deposits and possesses 
antioxidant and chelating properties, which alle-
viate systemic inflammation and increase the 
synthesis of inhibitors of extra-osseous calcifica-
tion [20, 21].
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34Calciphylaxis

Mariam Kabbani, Véronique Del Marmol, 
and Farida Benhadou

34.1  Introduction

Calciphylaxis is a rare cause of skin ischemia and 
necrosis with an estimated 6-month mortality 
rate of 57% [1, 2]. Although the exact pathogen-
esis remains unclear, calcification of dermal and 
subcutaneous capillaries and arterioles plays an 
integral role, as suggested by the histology [3]. 
End-stage renal disease is the main risk factor 
[4]. Since therapeutic modalities are extrapolated 
from observational retrospective studies, case 
series, and expert opinion, management is yet to 
be standardized [5, 6].

34.2  Risk Factors

The main risk factor of calciphylaxis is end-stage 
renal disease (ESRD). Therefore, most other pre-
dictive risk factors were studied in ESRD patients 
on hemodialysis, and they include female sex, 
diabetes mellitus, obesity, hypercalcemia, hyper-
phosphatemia, hyperparathyroidism, nutritional 
vitamin D, vitamin K deficiency, and warfarin 
treatment [4]. Additional risk factors were 
observed in patients with normal renal function 
comprising malignancies, chemotherapy, con-
nective tissue disease, hepatic cirrhosis, protein C 

or S deficiency, rapid weight loss, hypoalbumin-
emia, systemic corticosteroid use, and infection 
[7, 8]. However, most patients with these risk fac-
tors do not develop calciphylaxis; therefore, it 
has been suggested that some events such as 
repetitive skin trauma might act as a trigger. This 
is supported by the observation that the risk of 
calciphylaxis is augmented not only in diabetic 
patients receiving insulin injections compared to 
those not getting any injections, but also with the 
increase in daily injections received [4]. 
Nonetheless, in most patients, no trigger can be 
found.

34.3  Clinical Manifestation

Calciphylaxis presents with painful skin lesions 
starting usually as indurated plaques with overly-
ing livedo racemosa. Pain is often out of propor-
tion with the clinical picture, and it might even 
precede the appearance of the skin lesions. The 
presence of a dusky skin discoloration is a sign of 
imminent necrosis. The plaques then progress to 
satellite-shaped nonhealing ulcers with black 
eschars [1, 9]. Calciphylaxis can be classified as 
central or peripheral. Central calciphylaxis 
involves central body regions rich in adipose tis-
sue such as the abdomen and thighs, whereas 
peripheral calciphylaxis is confined to peripheral 
areas with limited adipose tissue such as the fin-
gers. Furthermore, it can be classified as uremic 
or nonuremic. Although both latter subtypes have 
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the same clinical presentation, uremic patients 
more likely have central calciphylaxis [1].

34.4  Pathophysiology

The pathogenesis of calciphylaxis remains 
unclear, but the reduced blood flow is thought to 
firstly result from the calcification of dermal and 
subcutaneous arterioles. Medial calcification is 
caused by ectopic bone formation by vascular 
smooth muscle cells. These cells transform, in 
response to hyperphosphatemia, hypercalcemia, 
and hyperglycemia, into osteoblast-like cells 
capable of producing hydroxyapatite crystals. 
Moreover, there also exists a relative deficiency 
of calcification inhibitors including matrix gla 
protein, whose carboxylation is vitamin K depen-
dent, and fetuin-A, which is decreased in chronic 
inflammatory conditions such as chronic kidney 
disease [1, 5]. Finally, thrombosis develops in the 
lumens of these vessels leading to tissue ischemia 
and infarction. Thrombosis could be promoted by 
a local prothrombotic state due to endothelial 
dysfunction and intimal fibrosis, but it can also be 
explained by systemic hypercoagulable condi-
tions. It has been demonstrated that calciphylaxis 
patients have high prevalence of protein C and S 
deficiency, lupus anticoagulant, and antithrombin 
deficiency [10].

34.5  Diagnosis

There are no universally accepted diagnostic cri-
teria for calciphylaxis. Clinical suspicion is criti-
cal, and skin biopsy is the standard confirmational 
method, especially in early stages of the disease 
and in nonuremic patients. Nonetheless, taking 
into account the risk of infection and provoking 
new nonhealing ulcers, a biopsy is often not 
needed for an ESRD patient presenting with 
painful necrotic ulcers covered by an eschar. The 
biopsy of an active margin by the double-punch 
technique is the preferred procedure in which a 
4–6  mm punch is inserted in the center of the 
defect produced by an 8 mm punch in order to 
retrieve deep subcutaneous tissue. A single punch 

has a high risk for false-negative results, while an 
excisional biopsy carries the risk of ulceration 
and necrosis [1, 5].

Histopathological features vary with the dif-
ferent clinical stages of the disease. Prior to the 
development of purpuric plaques, biopsies of 
indurated tender lesions demonstrate trace calci-
fications in capillaries and extravascular struc-
tures highlighted by von Kossa or Alizarin Red 
stains. However, when tissue necrosis is clini-
cally visible, histopathological examination 
shows microthrombi and frank calcification of 
subcutaneous and dermal vessels. Other findings 
include intimal hyperplasia, extravascular soft 
tissue calcification, panniculitis, and epidermal 
necrosis with dermal–epidermal separation [3].

No laboratory test is specific for calciphylaxis, 
and even though hypercalcemia, hyperphospha-
temia, and hyperparathyroidism are common, 
their absence does not exclude the diagnosis. 
Nonetheless, workup should include evaluation 
for the previously mentioned risk factors. 
Additionally, the role for imaging studies includ-
ing radioactive bone scans remains unclear, but 
they may provide supportive findings in atypical 
cases with nondiagnostic biopsies [1, 5].

34.6  Treatment

Treatment is challenging and not standardized 
due to the lack of double-blind placebo- controlled 
clinical trials. Thus, it is advised to form a multi-
disciplinary team consisting of a dermatologist, 
nephrologist, surgeon, anesthesiologist special-
ized in pain management, and dietician with the 
goal of optimizing wound management, reducing 
the risk factors, and stopping the progression of 
vascular calcification [5].

Wound care centers on lesion protection with 
appropriate nonadhesive dressings and debride-
ment of devitalized tissue to prevent infection 
and promote tissue regeneration. Early surgical 
debridement in calciphylaxis patients has been 
shown to increase survival at 6 months [2]. The 
use of adjunctive hyperbaric oxygen therapy is 
controversial; it is supported by positive out-
comes from small observational studies, but a 
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recent meta-analysis did not find any significant 
mortality benefit [6, 11]. Moreover, nutritional 
management and correction of anemia are 
required for optimal wound healing [6]. 
Furthermore, given the extremely painful nature 
of calciphylaxis lesions, pain control becomes 
integral with many patients requiring high doses 
of opiods [6].

Metabolic abnormalities should be corrected 
to maintain normal serum levels of calcium and 
phosphate. In addition to optimizing dialysis, this 
can be achieved by stopping calcium and vitamin 
D supplements and using non-calcium-based 
phosphate binders as sevelamer and lanthanum. 
The optimal level of parathyroid hormone is 
debated, but most experts agree on maintaining 
the level between 150 and 300 ng/mL. The use of 
cinacalcet, a calcimimetic that decreases parathy-
roid hormone levels, has been shown to decrease 
the incidence of calciphylaxis in dialysis patients 
and is thus recommended over parathyroidec-
tomy. The latter treatment modality is controver-
sial due to the risk of infection and hungry bone 
syndrome and is thus reserved for patients with 
hyperparathyroidism refractory to medical treat-
ment [1, 5, 6].

Attention should be given to stopping any trig-
gering medication including warfarin and sys-
temic corticosteroids. If anticoagulation is 
deemed necessary, the use of apixaban or unfrac-
tionated heparin is recommended [5, 6].

The most commonly used first-line treatment 
in calciphylaxis is sodium thiosulfate. It is a cal-
cium chelator and antioxidant that acts by decal-
cifying blood vessels, decreasing inflammation, 
and promoting vasodilation [5]. In hemodialysis 
patients, it is usually given during the last hour of 
the session according to a weight-based regimen 
wherein patients weighing more than 60  kg 
receive 25 g and those weighing less than 60 kg 
receive half the dose [5]. The duration of treat-
ment depends on the clinical response, but usu-
ally lasts 3–6  months [1, 5, 6]. Regular 
electrocardiogram monitoring is advised due to 
the risk of QT prolongation. Intralesional sodium 
thiosulfate may be an alternative treatment in 
patients who cannot tolerate the medication sys-
temically, albeit it is painful [6]. Although the 

efficacy of intravenous sodium thiosulfate is sup-
ported by case reports and a systematic review 
[12], a recent meta-analysis did not find a signifi-
cant benefit on mortality [11]. Two clinical trials 
are ongoing to better study the efficacy and safety 
of sodium thiosulfate in calciphylaxis (Current 
Controlled Trials ISRCTN73380053 and 
ClinicalTrials.gov NCT03150420).

Finally, given the role of vitamin K deficiency 
in the pathogenesis of calciphylaxis by decreas-
ing the levels of carboxylated matrix gla protein, 
a calcification inhibitor, vitamin K supplementa-
tion has been successfully used alone in the treat-
ment of calciphylaxis [13]. Currently, a study of 
proof of concept for vitamin K1 is underway 
(ClinicalTrials.gov NCT02278692).
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35Livedo(id) Vasculitis

Farida Benhadou and Jean-Claude Wautrecht

35.1  Introduction [1]

Livedoid vasculitis (LV) is a rare vasculopathic 
disorder. Different names are used in the litera-
ture to define LV, and one of them is “atrophie 
blanche.” Atrophie blanche is a confusing term 
because it is a sign that is frequently observed in 
chronic venous insufficiency and not specific for 
LV.

LV can occur at any age but is most commonly 
a disease of adulthood. LV can be divided into a 
primary or idiopathic form and a secondary form, 
which has been associated with other diseases.

Data in the literature concerning LV are lim-
ited and mainly based on the review of case 
reports.

35.2  Histology [1]

Usually, deposition of fibrinoid material in der-
mal vessels with secondary ischemic change of 
the overlying epidermis leads to ulceration.

35.3  Pathogenesis [1, 2]

Pathogenesis is not fully elucidated. Several 
hypotheses have been proposed:

• Defective endothelial cell synthesis of tissue 
plasminogen activator and/or prostacyclin

• Dysregulation of coagulation and fibrinolysis
• Dysfunction of platelets or erythrocytes
• Vasospasm and changes in hydrostatic 

pressure

35.4  Clinical Presentation

35.4.1  Signs and Symptoms [1–3]

• Persistent livedo with purpuric macules and 
papules that progress to small, tender, irregu-
lar, and extremely painful ulcerations.

• In our experience, we have observed in the 
early stage of the disease that the patients are 
experiencing severe pain even before the 
development of the ulceration.

• Ulcerations may recur and heal with stellate, 
ivory-white atrophic plaques, sometimes with 
surrounding hyperpigmentation and 
telangiectases.

• Atrophie blanche represents the end-stage 
lesions and is characterized by irregular, 
white/ivory, depressed scars. Atrophie blanche 
can also be observed in the context of venous 
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insufficiency and requires separate diagnostic 
and therapeutic approaches [1].

• Seasonal exacerbations are described [1].
• Neurological symptoms are rarely described 

(mononeuropathy multiplex) [2, 3].

35.4.2  Location

• Lower legs, ankles, and/or dorsal surface of 
the feet.

35.4.3  Possible Associated 
Conditions [4, 5]

• Connective tissue diseases (systemic lupus 
erythematosus)

• Cryoglobulinemia
• Antiphospholipid antibody syndrome
• Vasculitis (polyarteritis nodosa)
• Abnormalities of the coagulation system (pro-

tein C deficiency, abnormalities of the tissue 
plasminogen activator system, antithrombin 
III deficiency, elevated homocysteine levels, 
prothrombin G201210A gene mutation, and 
factor V Leiden)

• Venous insufficiency

35.5  Diagnosis [2, 3]

• Clinical presentation and evolution help for 
the diagnosis.

• Skin biopsy has to be performed in case of 
doubt:

 – Early stage: Fibrin deposition in the vessel 
wall and/or lumen in early lesions. A lym-
phocytic infiltrate and infarction with hem-
orrhages may be present.

 – End stage: Epidermal atrophy with sclero-
sis of the dermis and a minimal cellular 
infiltrate. Vessel walls may have segmental 
thickening and hyalinization of the intima. 
Recanalized thrombotic vessels may be 

noted. Superficial or deep vessels may be 
involved.

35.6  Treatment [6–11]

Many treatment modalities have been attempted 
to control the disease process.

Unfortunately, many cases remain difficult to 
treat. Suggested therapeutical options are often 
based on the experience from a few case reports.

35.6.1  General Management

• Be sure of the diagnosis!
• Diagnose and treat the associated conditions 

(connective tissue disease, venous insuffi-
ciency, etc.)

• Avoid pain (analgesics).
• Adapt topical wound care.
• Avoid infection.
• Check risk factors for wound healing impair-

ment (malnutrition, smoking, etc.).
• Compression therapy can be suggested.

35.6.2  Therapeutic Modalities

• Antiplatelet agents (aspirin, dipyridamole)
• Fibrinolytic agents (danazol, tissue plasmino-

gen activator)
• Anticoagulant agents (subcutaneous low- 

molecular- weight heparin or antivitamin K 
agents)

• Vasodilating agents (nifedipine, nicotinic acid)
• Pentoxifylline (enhances the blood flow and 

decreases the blood viscosity)
• Doxycycline is used for its anti-inflammatory 

properties
• Immunosuppressive therapies (prednisone, 

methotrexate, cyclosporin, etc.)
• PUVA therapy
• Intravenous immunoglobulins
• Hyperbaric oxygen therapy (Figs. 35.1, 35.2, 

35.3 and 35.4)
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Fig. 35.1 Livedo

Fig. 35.2 Ulceration and livedoid aspect

Fig. 35.3 Chronic ulcerations surrounded by atrophie 
blanche aspect

Fig. 35.4 Healing with white atrophic surrounding 
plaques and telangiectases

35.6.3  Perspectives

• The “CHAP” regimen combines calcium 
channel blockade, hydroxychloroquine, aspi-
rin, and pentoxifylline. The CHAP regimen 
has been assessed in 12 patients with a very 
good tolerance. This combination targets the 
pathogenic mechanisms of LV by acting on 
vasodilation, decreased platelet aggregation, 
prevention of thrombus formation, and immu-
nomodulation. Complete or partial remission 
has been observed in all patients occurring 
within 3–6 months.

• The use of anti-TNF-α agents and Janus 
kinase inhibitors may represent an interesting 
therapeutic strategy in refractory cases, but the 
lack of evidence and the small number of 
reported observations represent limiting fac-
tors for their use.
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36Pyoderma Gangrenosum

Hiroshi Yoshimoto

36.1  Introduction

Pyoderma gangrenosum (PG) is a very rare ulcer-
ative neutrophilic inflammatory skin disease. The 
clinical manifestations of PG are pain, tender-
ness, an erythematous nodule, or a sterile pustule 
in the early stage, which progress to deep ulcers 
with a purulent base and undermined margin [1]. 
The ulcers heal with characteristic cribriform 
scars; however, sometimes multiple relapses 
occur. The patients with PG have frequently an 
associated systemic disease including inflamma-
tory bowel disease, arthritis, hepatitis, or malig-
nancy [2, 3].

The cause of PG remains unknown, although 
suggested causes include immune complex- 
mediated neutrophilic vascular reactions [4].

PG has no definite diagnostic criteria and is a 
diagnosis of exclusion. The diagnosis of PG is 
based primarily on the clinical history, clinical 
manifestation, and biopsy result. Although the 
histopathology of PG is nonspecific, the patho-
logical findings are useful in differential diagno-
sis [3].

It is difficult to get cured completely by local 
wound management alone. If the patients have a 
systemic disease, the systemic disease should be 
preferentially treated [4]. The severe PG is com-

monly treated with steroids or other immuno-
modulators. More recently, tumor necrosis 
factor-alpha blockers and other biologic agents 
have been used with some success for PG patients 
[5, 6].

Therefore, the diagnosis of PG can be diffi-
cult, and misdiagnosis might lead to serious com-
plications [7].

36.2  Etiopathogenesis

The cause of PG remains unknown, although 
suggested causes include immune complex- 
mediated neutrophilic vascular reactions [4].

The incidence of PG is very low. PG com-
monly affects women aged 30–50 on the lower 
limbs, although it occurs in all age groups and 
any other site including the peristomal area. The 
histopathology of PG is nonspecific, and the 
ulcers of PG show necrotic tissue surrounded by 
neutrophil infiltrates with monocytes and giant 
cells. About 50% of PG patients have an associ-
ated systemic disease including inflammatory 
bowel disease, arthritis, HIV infection, hemato-
logic disease, hepatitis, and malignancy [3].

36.3  Clinical Detailing

The clinical manifestations of PG are pain, ten-
derness, an erythematous nodule, or a sterile pus-
tule in the early stage, which progress to deep 
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Fig. 36.1 A right leg ulcer in a 20-year-old male that 
originated from initial abrasion. He has no systemic 
disease

Fig. 36.2 The ulcer expanded with a purulent and 
necrotic base even though ointment was used

Table 36.1 Causes of ulcers mimicking PG

Infection
Fungal
Mycobacterial
Necrotizing fasciitis
Vascular occlusive disease
Antiphospholipid-antibody syndrome
Venous stasis ulceration
Vasculitis
Wegener’s granulomatosis
Polyarteritis nodosa
Neoplasms
Lymphoma
Leukemia cutis
Drug reactions
Hydroxyurea-induced ulcer

ulcers with a purulent base and undermined mar-
gin. The ulcers heal with characteristic cribriform 
scars; however, sometimes multiple relapses 
occur (Figs. 36.1 and 36.2) [2].

Pathergy is a specific but not sensitive finding 
of PG.  The lesion sites expand radically, espe-
cially if the borders of the lesion site are trauma-
tized by debridement or by other mechanical 
trauma [2]. No laboratory finding is diagnostic of 
PG. PG has no definite diagnostic criteria and is a 
diagnosis of exclusion. The diagnosis of PG is 
very difficult and based primarily on the clinical 

history, clinical manifestation, and biopsy result 
while being careful about misdiagnosis 
(Table 36.1) [1, 3, 5].

36.4  Treatments

If the patients have a systemic disease, the sys-
temic disease should be preferentially treated. It 
is difficult to get cured completely by local 
wound management alone. Topical treatments 
are chosen depending on the purpose such as the 
prevention of secondary bacterial infection or the 
promotion of reepithelialization. Some topical 
agents such as tacrolimus, strong corticosteroids, 
and cyclosporine have reported efficacy in small 
case series. PG is commonly treated with sys-
temic corticosteroids and/or cyclosporine [4].

Other immunomodulators have reported effi-
cacy in case reports (Table 36.2).

Tumor necrosis factor-alpha blockers have 
reported to be very effective in the treatment of 
PG patients with inflammatory bowel disease or 
rheumatoid arthritis. Infliximab (tumor necrosis 
factor-alpha blocker) is the only systemic agent 
to have demonstrated efficacy for PG in a ran-
domized, double-blind, placebo-controlled trial 
[6]. The patient’s level of pain and signs of 
inflammation help guide response to treatment. 
The inflammatory component of PG is assessed 
by the border elevation and lesion expansion. We 
must give a diagnosis and choose treatment care-
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fully since PG has no definite diagnostic criteria 
and no standard protocol for treatment (Figs. 36.3 
and 36.4).
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Table 36.2 Systemic treatments for PG

Nonbiological treatments
Prednisone, cyclosporine, dapsone, thalidomide, 
methotrexate, tacrolimus, mycophenolate mofetil, 
azathioprine, granulocyte apheresis, intravenous 
immunoglobulin
Biological treatments
Infliximab, etanercept, alefacept, adalimumab, 
efalizumab

Fig. 36.3 A left leg ulcer in a 58-year-old female with 
systemic lupus erythematosus (SLE): bizarre configura-
tion of ulceration rims, undermined edges, and soft edem-
atous ulcerated area (this photo is provided by Dr. Fujioka)

Fig. 36.4 There is no recurrence on 8 months after skin 
graft. SLE has been treated with prednisone 5 mg/day 
(this photo is provided by Dr. Fujioka)
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37Cryoglobulinemia

Alessandra Michelucci, Salvatore Panduri, 
Valentina Dini, and Marco Romanelli

37.1  Physiopathology

Cryoglobulinemia (CR) is a disease characterized 
by the presence, in the serum, of abnormal pro-
teins that precipitate reversibly at low tempera-
tures, and generally the cryoglobulins lead to a 
systemic inflammatory syndrome characterized by 
myalgia, arthralgia, purpura (Meltzer’s triad), neu-
ropathy, and glomerulonephritis [1]. According to 
immunochemical characteristic, cryoglobulins 
have been classified into three distinct groups:

• Type I with monoclonal immunoglobulin (Ig) 
(IgG, IgA, IgM): This type is associated with 
lymphoproliferative malignancies or hemato-
logic disorders.

• Type II with monoclonal or polyclonal Ig.
• Type III with polyclonal immune complex.

In 25% of cases, an involvement of the skin is 
present, and the most frequent cutaneous manifes-
tations are palpable purpura, Raynaud’s phenom-
enon, cutaneous ulcers, skin rash, livedo 
reticularis, and acrocyanosis. Only in 2% of cases 
with skin involvement is it possible to observe 
digital ischemia and gangrene. Renal, neurologi-
cal, and joint involvement occur in 21–38% of the 
patients [2]. The cause of the precipitation of the 

immunoglobulins is still unclear, but it has been 
hypothesized that abnormalities of the carbohy-
drates decrease the solubility of the cryoglobulins 
[3]. It has been suggested that various interactions 
between immunoglobulins at low temperatures 
cause the precipitation of this protein [4]. Mixed 
cryoglobulinemia type II or III represents the 
most common manifestation of CR.  There are 
only few cases in the literature of type I cryoglob-
ulinemia. Mixed cryoglobulinemia is frequently 
associated with hepatitis C virus (HCV) infection, 
and this creates a doubt on the existence of essen-
tial cryoglobulinemia. The clinical manifestations 
of type I cryoglobulinemia are essentially due to 
self-aggregation through complement fraction 
fragment of monoclonal immunoglobulin that 
causes hyperviscosity, thrombosis, ischemia, and 
vasculopathy, involving the skin and kidney. The 
clinical presentation of type II or III is determined 
by the cryoglobulinemic vasculitis (leukocyto-
clastic vasculitis), which is able to determine vari-
ous cutaneous lesions and multisystem 
involvement [2].

37.2  Diagnosis

• Laboratory: Determination of the cryoglobu-
lins (blood drawn into warmed syringe, red 
blood cells (RBCs) removed via warmed cen-
trifuge, plasma refrigerated in a Wintrobe tube 
at 4 °C for 24–72 h and then centrifuged, and 
cryocrit determined).
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Table 37.1 Skin manifestations

Ischemic necrosis (40% in type I, 0–20% in mixed 
types)
Palpable purpura (15% in type I, 80% in mixed types)
Livedoid vasculitis (1% in type I, 14% in type III)
Cold-induced urticaria (15% in type I, 10% in type III)
Hyperkeratotic spicules in areas exposed to cold
Scarring of the tip of the nose, pinnae, fingertips, and 
toes
Acrocyanosis
Nail-fold capillary abnormalities

Fig. 37.1 Multiple punched-out ulcers, extremely pain-
ful, on the lower leg. Necrotic tissue and adherent fibrin 
on the wound bed in the absence of arterial disease

Fig. 37.2 Palpable purpura with hemorrhagic crusts

• Semiology: The course is characterized by 
cyclic eruptions induced by cold or fluctua-
tions of the activity of underlying disease 
(Table 37.1). The skin involvement in type I is 
represented by livedoid vasculitis, cold- 
induced acrocyanosis, leg ulcers, and cold 
urticaria. Types II and III are associated with 
vascular palpable purpura and leg ulcers 
(Figs. 37.1 and 37.2) [3].

• Biology: Presence or absence of disorders 
related to underlying conditions.

• Histology: In cryoglobulinemia type I, it is 
evident that there is the presence of an eosino-
philic pink coagulum filling dermal venules. 
In mixed cryoglobulinemia, there are the clas-
sical aspects of leukocytoclastic vasculitis 
(fibrinous degeneration of the vascular endo-
thelium along with other signs of vasculitis: 
nuclear dust, perivascular hemorrhage, and 
vascular destruction).

It is necessary to perform a differential diag-
nosis with other vasculitides affecting small- and 
medium-caliber vessels:

• Antineutrophil cytoplasmic antibody 
(ANCA)-associated vasculitis, microscopic 
polyangiitis, and eosinophilic granulomatosis 
with polyangiitis (Churg-Strauss).

• IgA vasculitis (Henoch-Schönlein purpura).
• Other vasculitis: drug-induced small-vessel 

vasculitis (hypersensitivity vasculitis), cutane-
ous small-vessel vasculitis, infection-related 
vasculitis, connective tissue disorder- 
associated vasculitis [5].

37.3  Treatment

37.3.1  Systemic Treatment

The therapy is often directed to the underlying 
condition.

• For patients with chronic HCV infection, anti-
viral therapy is indicated [6].

• In patients with organ involvement or recalci-
trant disease, immunosuppressive or immuno-

A. Michelucci et al.



245

modulatory therapy is indicated: steroids, 
plasmapheresis, and cytotoxic agents.

• Rituximab, a mouse/human chimeric mono-
clonal anti-CD 20 antibody, in monotherapy is 
more effective than standard immunosuppres-
sive therapy over the long term, where therapy 
with antiviral agent is not indicated [7].

• Cyclophosphamide can be used in patients 
who failed or cannot tolerate rituximab 
therapy.

• In patients treated with steroids or other 
immunosuppressive drugs, a prophylaxis 
against opportunistic infection should be per-
formed: trimethoprim-sulfamethoxazole 
(TMP/SMZ) is employed in order to avoid 
Pneumocystis pneumonia infection.

• All patients should receive supportive mea-
sures: control of pain is necessary [5].

37.3.2  Local Treatment

• Corticosteroids (purpura)
• Moist wound dressing
• Compression bandages
• Bed rest

Disease control also includes the prevention 
of arising complications that can decrease the 
patient’s survival rate, such as kidney failure and 
other organ involvement.
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38Hand Necrosis

Yasser Farid, Nicolas Cuylits, Farida Benhadou, 
and Véronique Del Marmol

38.1  Introduction

Loss of fingers represents an important aesthetic 
and functional handicap. Finger ischemia is a 
rare pathology but can have several different eti-
ologies and needs to be closely managed to limit 
the extension of necrosis. The management of 
finger ischemia is dependent on the etiological 
factors and type of necrosis. This is why a close 
collaboration between the surgical and medical 
specialties is mandatory for limiting extension of 
necrosis and amputation of the fingers. When 
necrosis occurs and is delimiting, optimization of 
clinical assessment and conservative treatment 
often decreases the need of surgical shortening of 
the finger and can sometimes save some impor-
tant functional parts of the hand. We will discuss 
in this chapter the way to diagnose and how to 
manage necrosis of the fingers.

38.2  Vascularization

The hand and the wrist are supplied by four arter-
ies linked together at the level of the carpus by 
four anastomotic arcades. Those arteries are the 
radial, ulnar, anterior, and posterior interosseous 
arteries. Each long finger is vascularized by a pair 
of digital arteries running about 1 mm under the 
skin on the ulnar and radial sides of the finger. 
Those arteries are connected by means of several 
constant anastomoses able to compensate inter-
ruption of one digital artery. The thumb is also 
supplied by two additional short dorsal arteries, 
which can offer additional supply in case of isch-
emia. A dense capillary network nourished by 
those arteries is responsible for the excellent fin-
ger vascularization [1].

38.3  Mechanisms

The digital vascularization can be altered in dif-
ferent conditions.

The two main mechanisms of digital ischemia 
are due to an occlusive vascular process (thrombi, 
emboli, inflammation, vasospasm, external com-
pression, etc.) and/or a decreased blood supply 
process (hemodynamic shock, trauma, etc.). The 
occlusive vascular process results from an 
obstruction of the digital arterial lumens, leading 
progressively to the interruption of the digital 
blood flow and finally to the ischemia of the 
extremities. A diameter reduction of 60% or a 
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cross-sectional area reduction of 70% represents 
a hemodynamically significant lesion, and these 
lesions produce a pressure drop across the ste-
notic area. The distal arterial bed is supplied by 
collateral blood vessels. In patients with acute 
arterial occlusions, collateral blood vessels are 
not formed, and perfusion decreases rapidly 
below a critical threshold level, which results in 
persistent pain and tissue necrosis [2].

38.4  Etiologies

Digital ischemia is an uncommon disorder 
reflecting diverse etiologies.

The main etiologies of digital ischemia have 
been classified in Table 38.1.

Each etiology will be discussed in the appro-
priate chapter [3–6].

Table 38.1 Etiologies of digital ischemia

Autoimmune diseases Infection
Scleroderma and CREST syndrome Hepatitis B and 

C
Lupus and antiphospholipid 
syndrome

HIV

Gougerot-Sjögren syndrome Endocarditis
Sharp syndrome Mycoplasma
Rheumatoid arthritis, Still’s disease Rickettsiosis
Dermatomyositis and polymyositis
Primary biliary cirrhosis
Inflammatory bowel disease

Vasculitis Inflammatory arteritis
Periarteritis nodosa Horton
Micropolyangiitis Takayasu
Wegener’s granulomatosis Kawasaki
Hypersensitivity vasculitis Buerger
Rheumatoid purpura
Cryoglobulinemia

Atherosclerosis and 
aneurysms Arteriopathy
Emboli Hypothenar hammer 

syndrome
Atheromatosis Vibration syndrome

Atherosclerosis and 
aneurysms Arteriopathy
Cholesterol emboli Radiotherapy
Calciphylaxis Fibromuscular dysplasia

Cardiac embolism process Endocrinopathy
Heart failure Cushing
Endocarditis Thyroidopathy
Cardiac rhythm trouble Pheochromocytoma
Valvulopathy
Myxoma

Myeloproliferative 
syndrome and hematologic 
disorder Cancers
Vaquez’s disease Solid cancers
Essential thrombocytosis Decreased blood flow
Myeloid chronic leukemia Trauma
Lymphoid chronic 
leukemia

Hemorrhage

Myeloma Compression (carpal 
tunnel syndrome, thoracic 
outlet syndrome, etc.)

Waldenström Heart failure
B lymphoma Septic and hemodynamic 

shock, etc.Hypereosinophilic 
syndrome
Thrombophilia

Cryoproteinemia Toxic
Cryofibrinogen Vinyl chloride
Cryoimmunoglobulin Chromium
Cold agglutinin Arsenic

Epoxy resin
Trichloroethylene
Benzene
Silica
Silicone

Toxicomania Drugs
Tobacco Bleomycin
LSD Vincristine
Cocaine 5-FU

Cisplatin
Tamoxifen
Sympathicomimetics
Vasoconstrictive drugs
Ergotism
Bromocriptine
Beta-blockers
Cyclosporine, etc.

Table 38.1 Continued
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38.5  Clinical Presentation 
of Digital Ischemia

The diagnosis of digital ischemia is easy at the 
stage of gangrene.

The clinical process is divided into three steps:

 1. The early phase: pallor, poikilothermia, live-
doid aspect, pulpar petechiae, periungual 
infarction, and splinter subungual 
hemorrhages.

 2. The state phase: digital ulceration.
 3. The late phase: distal gangrene.

The associated symptoms caused by the ischemia 
are the pain and the paresthesia.

The distal gangrene is a risk of complication 
including cutaneous and bone infection.

We can distinguish two classical types of digi-
tal necrosis presentations, the dry necrosis and 
the wet necrosis.

The dry necrosis (Fig.  38.1) is more often 
observed after arterial blood flow occlusion and 

is characterized by red-black dry necrotic tissue 
surrounded by painful red borders. The dry 
necrosis tissue spreads slowly and is often free of 
microbial infection resembling mummified flesh.

The wet necrosis has a less mummified aspect 
compared to dry necrosis due to microbiological 
load.

The wet necrosis results from a microbial crit-
ical colonization (Clostridium perfringens, 
Bacillus fusiformis, etc.), which causes the tissue 
to swell and emit a fetid smell. Wet necrosis usu-
ally develops rapidly due to blockage of venous 
and/or arterial blood flow. The affected part is 
saturated with stagnant blood, which promotes 
the rapid growth of bacteria and can lead to soft 
tissue infection and sepsis.

38.6  Diagnosis

The diagnosis is based on the clinical presenta-
tion as described above in a specific context.

The most important point is to investigate the 
etiological factors by doing a complete anamne-
sis and examination of the patient. Appropriate 
tests will be recommended according to the clini-
cal findings.

• The anamnesis will highlight some important 
points:
 – Circumstances of occurrence (acute or 

chronic, trauma, etc.)
 – Aggravating factors (cold, etc.)
 – Medications
 – Smoking habits
 – A history of Raynaud’s phenomenon
 – Exposure to chemicals or physical agents
 – Personal and familial medical history
 – History of surgical operation, interven-

tional procedure, or intravenous use
 – The profession and occupational activities
 – The presence of systemic symptoms (can-

cer, vasculitis, endocrinopathy, etc.)
• The clinical examination will look for:

 – Ischemia signs (see above)
 – The extra-digital signs correlated with the 

underlying conditions: signs for arthritis, 
vasculitis, and connectivitis (scleroderma, 
lupus); signs of infection; signs of endocri-
nopathy; signs of cardiopathy, etc.Fig. 38.1 Typical severe dry necrosis

38 Hand Necrosis
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• The clinical testing:
 – The venous refilling time
 – Arterial pulse
 – Allen’s test
 – The blood pressure (right and left arms)
 – Cardiac auscultation
 – Phalen and Tinel maneuver

• The complementary testing:
 – Blood tests (hematology and coagulopathy, 

renal function, inflammatory syndrome, 
thyroid tests, antinuclear factors, lipids, 
serology, proteins and cryoproteins, etc.)

 – Capillaroscopy if Raynaud’s phenomenon 
or suspicion of connective tissue diseases

 – Hand radiography if suspicion of CREST 
syndrome, rheumatoid arthritis, or 
calciphylaxis

 – Chest X-ray if scleroderma or compressive 
process is suspected

 – Cardiogram if arrhythmia is suspected
 – Echo Doppler of upper limbs
 – If asymmetric necrosis, an arteriography is 

recommended
 – The presence of systemic symptoms and 

clinical signs will help you to choose the 
appropriate tests [2]

38.7  Management

Up to date, the literature dealing with the clinical 
management of the necrotic finger is very poor.

Management of ischemic fingers should be 
divided into two stages, the early ischemic stage 
and the late necrotic stage.

In the early stage of ischemia of the fingers, 
we need to:

 1. Identify the etiological factors(see Table 38.1)
 2. Improve local perfusion by:

• Vasodilators
• Antiaggregants and anticoagulants
• Hyperbaric oxygen
• Surgical arteriolysis

 3. Control the pain
 4. Avoid finger infection and adapt local treat-

ment in each case

If despite early ischemia management, we get 
to the late necrotic stage, we need to:

 1. Define the type of necrosis (dry or wet)
 2. Define its localization (proximal or distal)
 3. Define the perfusion status of the different tis-

sues, and in case of digit necrosis of frostbite 
origin, define the extent of necrosis (deep or 
superficial)

All of these factors will help in choosing between 
a more conservative treatment that involves 
mummification and auto-amputation or an early 
surgical treatment.

The type of necrosis: We can classify two 
types of digital necrosis presentations, the wet 
and dry necrosis.

If dry necrosis: As surgical amputation means 
often mandatory shortening, directed healing 
under the mummifying part gives the best length 
conservation. For this reason, dry dressings are 
recommended in an effort to keep the mummified 
part dry. The line of separation usually leads to a 
complete separation, with eventual falling off of 
the gangrenous tissue if it is not removed surgi-
cally; it is also called auto-amputation. Splinting 
is only recommended if finger retraction is occur-
ring. Active finger motion is started early in all 
cases. Auto-amputation is a long process and is 
often not accepted by the patient. Anyway, wait-
ing for a clear delimitation of the mummifying 
part often allows to limit the surgical shortening 
if the patient asks for it.

If wet necrosis: The prognosis is poor com-
pared to dry necrosis due to the risk of infec-
tion and sepsis. Application of antiseptic 
dressing is recommended. The affected tissues 
have to be surgically removed. It is sometimes 
possible to convert the development of wet 
necrosis to dry necrosis by application of dry 
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dressings (betadine gauze, alcohol-based 
dressing, etc.).

38.7.1  The Localization of Necrosis

The localization of necrosis demarcation is an 
important aspect of managing finger necrosis 
treatment, and we differentiate two main cases of 
finger necrosis linked to the anatomic blood sup-
ply of the fingers: necrosis of the fingertips and 
necrosis beyond the second phalange.

If necrosis is localized at the distal phalanx/
fingertip, reperfusion can occur and conservative 
treatment is favored because of the rich and dense 
anastomosis network capable to compensate 
interruption of one digital artery.

If necrosis is localized at a trans-diaphysis 
location proximal to the distal phalange, then 
reperfusion is less frequent to occur, and evaluat-
ing the finger perfusion should be considered 
with the help of triple-phase bone scan. Triple- 
phase bone scan helps in assessing the extent of 
damaged tissue [7–10].

Three patterns are described to assess the 
extent of damaged tissue. In case we have a nor-
mal blood and bone pool images, then we should 
consider a conservative/auto-amputation treat-
ment. In case we have an intermediate pattern 
with absent blood flow and absent early bone 

pool but with delayed bone blood flow, then 
demarcation and superficial debridement should 
be considered. When we have no or little blood 
flow in blood and bone pool, then a more aggres-
sive attitude should be considered by early ampu-
tation (see Fig. 38.2).

38.7.2  The Perfusion Status 
and the Extent of Necrosis

In case of finger necrosis due to frostbite injuries, 
the mechanism of necrosis is different than when 
vascular obstruction occurs.

Tissue freezes slowly from outside to the 
inside in frostbite necrosis, whereas in necrosis 
due to vascular obstruction, necrosis starts from 
the inside and affects all layers of fingers at once. 
In frostbite injuries, there may be a wide discrep-
ancy between the extent of damage to the skin 
versus that to the deeper structures, hence the 
need to evaluate the extent of necrosis with the 
help of triple-phase scan [7–10].

A triple-phase bone scan helps assess tissue 
perfusion to the different layers and affected area 
and should be used to better evaluate finger per-
fusion and hence helps in the decision-making 
(see Fig. 38.2).

Management of digital necrosis is summa-
rized in Fig. 38.2 [7–13].
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39Factitious Disorders (Pathomimia) 
and Necrosis

Francoise Poot

39.1  Introduction

When facing a cutaneous necrosis of unknown 
origin, the clinician should always have in mind 
factitious disorder.

In this chapter, we will make clearer where to 
classify factitious disorders in the broader spec-
trum of self-inflicted skin lesions (SISLs). A 
clearer classification approach could result in 
better healthcare for these often difficult and 
“disarming” patients.

We will then describe the different clinical 
entities in factitious disorders.

In diagnosis and treatment, we will describe the 
comorbidities and the communication options 
adapted to the emotional structure of these patients. 
Finally, we will propose some specific therapeutic 
options and see what the prognosis can be.

39.2  Classification

In our paper published in 2013 with the European 
Society for Dermatology and Psychiatry [1], we 
proposed the utilization of the diagnostic cate-
gory of self-inflicted skin lesion (SISL) as syn-
onymous to “pathological SISL”, to restrict this 
classification to dermatological lesions whose 
cause implies pathological behaviour.

There are three questions that are helpful for 
the classification of abnormal behaviour that 
potentially leads to somatic damage (Fig. 39.1):

• Is the behaviour responsible for the somatic 
damage denied or kept “secret” by the patient? 
A “yes” answer points to a factitious 
disorder1.

• If the answer to the first question is “yes”, are 
there any external incentives? A “yes” answer 
indicates malingering, and a “no” answer 
points to factitious disorder.

Obviously, clinicians should refrain from ask-
ing patients with suspicious skin lesions direct 
and confronting questions: “Are you responsible 
for the lesions on your skin?” Rather, open-ended 
questions should be formulated: “How did these 
lesions appear?” Answers such as “I don’t know!” 
or “I have no idea!” or “It is certainly not me!” 
point to a possible underlying pathological 
behaviour, denied or kept secret by the patient. 
On the other hand, answers like “When it itches, 
I can’t stop picking my skin” or “When I am 
tired, I pull my hair without realizing it” confirm 
patients’ responsibility for their lesions, even 
though they refer to mitigating circumstances.

If the answer to the first question is “yes”, are 
there any external incentives? A “yes” answer 
indicates malingering, and a “no” answer points 
to factitious disorders.F. Poot (*) 

HUB Erasme Hospital, Department of Dermatology, 
Brussels, Belgium
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39.3  Syndromes Associated 
with a Denied or Hidden 
Pathological Behaviour

 1. Factitious disorders: This expression refers to 
artificial or faked, self-provoked or alleged 
diseases, without clear external incentives, in 
the fields of internal medicine, psychiatry, and 
all somatic specialties [2–4]. It should be 
noted that an “external” trigger can precipi-
tate, through emotional stress, the creation of 
the lesions, but the main contribution to the 
genesis must be found in internal, mainly 
unconscious, determinants. Child physical, 
sexual, or psychological abuse or neglect is 
quite frequent in the history of these patients.

 2. Pathomimicry: This term has been used in a 
range of factitious disorders, referring to the 
resemblance with some genuine, natural dis-
eases. In the dermatological context, this term 
can be used to signify the induction of lesions 
mimicking features of a recognized dermato-
logical disorder [5], for example, atopic 
dermatitis- like lesions produced by contact 
with an irritating agent. Malingering may also 
underlie pathomimicry.

 (a) Munchausen syndrome: This syndrome, 
belonging to the factitious disorder cate-
gory, is defined as the triad of (1) facti-
tious symptoms, (2) hospital or doctor 
shopping and (3) pseudologia fantastica. 
Patients with Munchausen syndrome 
present, or claim, acute symptoms with 
demonstrative dramatic descriptions of 
complaints and false information on their 
medical history. It is also common for 
these patients to have a history of multi-
ple hospitalizations and surgical proce-
dures, sometimes with visible multiple 
sequels [6]. Self-harm is delegated to the 
care providers.

 (b) In Munchausen’s syndrome by proxy, it is 
mainly children who are harmed by their 
caregivers in order to establish contact 
with health professionals.

 3. Malingering: This term indicates the produc-
tion or feigning of a symptom due to social 
(e.g. financial) incentives.

 4. Simulation: This term is generally restricted 
to those cases of malingering or factitious dis-
orders that simulate or mimic a known dis-
ease: general or dermatological (see the 
definition of pathomimicry above).

39.4  Diagnosis and Treatment

The diagnosis is not easy. However, usually these 
lesions do not mimic any of the known dermato-
sis and are associated with inconclusive skin 
biopsy. The history of the lesions, their chronic 
evolution, and cutaneous damages displayed on 
attainable areas of the body are characteristics 
[7]. In a review of atypical wounds [8], the 
authors found that factitious wounds were espe-
cially in young subjects. Differing markedly 
from other groups of atypical wounds in the pres-
ent study, psychiatric comorbidities affected over 
20% of the patients (Figs. 39.2, 39.3 and 39.4).

The basis for the management of all types of 
SISL is the patient-doctor relationship [9, 10].

 1. Factitious disorders: The subject may be 
aware that he or she is driven to create the 
lesions, or in some instances, the activity may 
take place in a dissociative state outside the 
patient’s awareness. The main motivation is 
assumed to be a method for coping with a 
severe psychological background and a pref-

Fig. 39.2 Factitious disorder in a young girl
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Fig. 39.3 Factitious disorder in an adolescent

Fig. 39.4 Caustic wounds or burning as factitious 
disorders

erence for the sick role with no immediate 
tangible benefits. Factitious disorders in der-
matology are at least twice more frequent in 
women than in men.

 (a) Comorbidities
Cutaneous lesions can be accompa-

nied by other factitious disorders; for 
example, a chronic fever can be associ-
ated, due to the manipulation of ther-
mometer. These associations may 

complicate and delay the diagnosis, 
which is always difficult to establish. 
Borderline personality disorder, sub-
stance abuse, somatoform pain disorder, 
conversion disorders, sexual disorders, 
dysthymia and suicide attempts are fre-
quently associated with factitious disor-
ders [11]. Substance abuse, eating 
disorders and personality disorders are 
more frequently associated with facti-
tious disorders consisting of direct self- 
harm (scratching, stabbing, burning) than 
in those consisting of indirect self-harm 
(using medications, chemicals or infec-
tious substances) where anxiety disor-
ders, adaptation disorders and somatoform 
disorders look more frequent.

 (b) Communication between the patient and 
the healthcare providers

On the patient side: The relationship 
that the patient suffering from a factitious 
disorder establishes with the doctor is 
modelled on the relationship the patient 
may have had with his/her parental fig-
ures or relatives. Any close relationship or 
love bond, so vital and needed by patients 
with factitious disorders and on which 
these patients are dependent, is experi-
enced as bearing a threat of betrayal, 
abandonment and even aggression. This 
may explain two things: first, the ambiva-
lent attitude of patients with factitious 
disorders towards their physicians. 
Although initially a fusional relationship 
may develop between the physician and 
the patient, sooner or later, patients with a 
factitious disorder tend to show disap-
pointment, snub and sometimes even 
develop an accusatory attitude towards 
their physicians. Secondly, the effects 
produced by the factitious skin disorder 
on the others will reproduce this ambiva-
lence. The damaged skin represents a call 
for help, an appeal for care and love, and 
a means of distancing others, defying and 
aggressively manipulating others, who 
are perceived as unreliable and even dan-
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gerous. It is a way to “control” people 
while keeping them at hand.

On the physician side: If the physician 
manages to think in terms of psychologi-
cal suffering, he might find it easier to 
diagnose a factitious disorder and to fol-
low up the patient. This would enable the 
diagnosis to be made initially, and not by 
elimination at the end of a long process, 
when the patient-physician relationship is 
already seriously deteriorated and no lon-
ger allows the psychological problems of 
the patient to be addressed serenely [12].

Attempts should be made to adhere to 
appointment schedules and limit investi-
gations to a minimum and to create a safe 
and accepting environment during the 
consultation [13]. It is preferable to avoid 
any reference to the physical mechanisms 
causing the lesions, and instead focus on 
the “stress” as the probable mediator, 
which may be easier for the patient to 
accept and could be a rationale for the 
introduction of psychotherapy or a psy-
chiatric consultation.

 (c) Communication between the physician 
and healthcare teams

The whole healthcare team must func-
tion coherently, despite the patient’s 
manipulation and ambivalence, to deter-
mine a common approach and to preserve 
the links between the various healthcare 
providers.

 (d) Communication between the physician, 
patient’s relatives and his/her general 
practitioner

Precautions must be taken when 
informing relatives, and even the patient’s 
general practitioner, of the patient’s con-
dition. The dermatologist should insist on 
the seriousness of the psychological suf-
fering expressed through the self-inflicted 
skin lesions [14]. It is important not to 
disclose to the relatives the patient’s 
responsibility in provoking his/her lesions 
unless the relatives themselves proposed 
such a hypothesis. General practitioners 
should not transmit the suspicion to the 

patient and therefore jeopardize the fur-
ther therapeutic approach.

 (e) Specific therapeutic options
Most authors consider that confronta-

tion is counterproductive and even dan-
gerous [15]. Aggravating the cutaneous 
lesions, breaking off contact with the 
team, becoming delirious or committing 
suicide is reported when patients are con-
fronted with the responsibility for the 
lesions.

Strictly occlusive dressings may be 
applied, and local treatments including 
antiseptic may be prescribed. As regards 
general treatment, antibiotics may be 
administered to treat secondary 
infections.

Surgical procedures should be avoided. 
Reparative plastic surgery should only be 
envisaged in collaboration with a 
psychiatrist- psychotherapist after a rea-
sonable time has elapsed following heal-
ing of the skin and on condition that a 
marked improvement is observed in the 
patient’s psychological frame of mind.

Regarding psychotropic drugs, antide-
pressants can be useful to treat an associ-
ated depressive syndrome and for making 
the patient accept a psychological 
approach without shocking or hurting 
him/her. Tranquillizers and antipsychot-
ics should be used carefully, given the 
risk of abuse, for the first, and that of 
altering the trust towards the doctors, for 
the latter.

 2. Prognostic aspects
In adolescents, factitious disorders repre-

sent more often than in adults “a call for help”. 
More generally, an early onset of factitious dis-
orders is of better prognosis than a late onset, 
as are the mild forms of factitious skin lesions, 
a shorter duration of the disease and the lesions 
produced in a dissociative state outside the 
patient’s awareness. The quality of the psycho-
therapeutic relationship also contributes to a 
more favourable evolution. The prognosis is 
mostly worse, while the patients cannot be 
motivated into a specific therapy [16].
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39.5  Conclusion

The clinician is often lacking efficient skills for 
facing patients with factitious disorders. This 
chapter aims to help deal with such patients. 
Moreover, if the clinician refuses to treat those 
patients or rejects them when the self-harm 
becomes obvious, this could lead to a repetitive 
behaviour, more and more difficult to treat.
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40Introduction to Necrosis 
with an Infectious Origin

Luc Téot

Infection leads to many types of skin necrosis, 
through various pathological mechanisms:

 – Most of the time, germs directly induce toxic-
ity in tissues through simple proliferation, and 
a massive accumulation of dead tissues will 
follow.

 – In closed areas, like inside the foot of a patient 
with diabetes, an abscess forms and is sur-
rounded by a large amount of inflammation, 
and the progression of this abscess will induce 
a level of hyperpressure that is capable of 
destroying tissues, such as in the case of an 
inverted-pressure ulcer. This mechanical pro-
cess can be observed in other pathologies as 

generating an accumulation of pressure under 
the skin, like in dissecting haematomas or 
large eventrations when the mass of viscera 
applies excessive force beneath the skin, cre-
ating a devascularisation.

 – In other cases, the germs may change their 
virulence in certain circumstances, such as a 
temporary decrease in immunological resis-
tance (from a host resistance decrease from 
cancer, a severe infection, polytrauma, etc.). 
They also secrete necrotizing toxins. A series 
of well-known toxins, like Panton–Valentine 
leucocidin (PVL) and others, can destroy skin 
and muscles at a very large scale, require the 
amputation of limbs, and even be lethal.
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41Necrosis and Infection

Farida Benhadou and Véronique Del Marmol

41.1  Introduction

Skin infection leading to cutaneous necrosis is a 
rare condition. The presence of an immunosup-
pressant state or an impaired vascular network is 
a risk factor associated with infection spreading 
and skin necrosis.

Numerous pathogens can cause skin necrosis, 
and some of them are associated with a high level 
of mortality.

This chapter reviews the various reported 
pathogens implicated in skin necrosis.

41.2  Bacteria

Necrotizing fasciitis, also known as the flesh- 
eating disease, is a progressively destructive bac-
terial infection of the skin, the subcutaneous 
tissues, and the deep fascia and carries a mortal-
ity rate of about 30%. Group A streptococcus, 
Staphylococcus aureus, Clostridium perfringens, 
Bacteroides fragilis, Bacillus anthracis, and 
Aeromonas hydrophila are the most reported bac-
teria causing necrotizing fasciitis [1].

Acinetobacter baumannii often with a 
multidrug- resistant phenotype is responsible for an 
increasing number of necrotizing fasciitis cases. 
Acinetobacter baumannii is a ubiquitous pathogen 

commonly found in water, soil, and the healthcare 
environment. Skin and soft tissue infections associ-
ated with Acinetobacter species are likely to be 
underrecognized. Clinicians should be aware of its 
potential as a multidrug- resistant pathogen causing 
hospital-acquired skin and soft tissue infections, 
particularly when associated with previous trauma 
or the use of invasive devices [2].

Another rare life-threatening infection is pur-
pura fulminans characterized by cutaneous hemor-
rhage and necrosis associated with systemic 
symptoms. It usually occurs in children, but it has 
also been noted in adults. Infections reported to 
cause purpura fulminans include Neisseria menin-
gitidis, Streptococcus pneumoniae, Haemophilus 
influenzae, Haemophilus aegyptius, Staphylococcus 
aureus, group A and other Β-hemolytic strepto-
cocci, and Pseudomonas aeruginosa. Cases sec-
ondary to Candida and Rickettsia infection have 
also been reported [3] (Figs. 41.1 and 41.2).

Ecthyma gangrenosum (EG) is a well- 
recognized but rare case of cutaneous infection 
most often associated with a Pseudomonas aerugi-
nosa bacteremia. Fungal and bacterial organisms, 
such as Escherichia coli and Citrobacter freundii, 
have been identified less often as the cause of 
EG.  EG usually occurs in immunocompromised 
patients and is almost always a sign of pseudo-
monal sepsis. The characteristic lesions of EG are 
hemorrhagic pustules that evolve into necrotic 
ulcers. This clinical entity should be considered 
when otolaryngologists are asked to evaluate 
necrotic cutaneous lesions of the head and neck [4].
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Fig. 41.1 Acinetobacter baumannii colonization and 
impaired blood flow

Fig. 41.2 Acinetobacter baumannii colonization and 
impaired blood flow

Fig. 41.3 Ulceration caused by mycobacterial infection

Syphilis is caused by a bacterium called 
Treponema pallidum. Syphilis remains a major 
health problem, and in spite of excellent methods 
for diagnosing and treating syphilis, the disease 
is still widespread. Syphilis is called the big faker 
because of its numerous and atypical clinical pre-
sentations. Cases of extensive necrotic plaques 
have been reported in patients with an HIV coin-
fection [5].

41.3  Mycobacteria

Mycobacteria affecting the skin like 
Mycobacterium tuberculosis or marinum are 
more frequently associated with chronic ulcers 
than with extensive skin necrosis (Fig. 41.3).

Mycobacterium ulcerans is the causative 
agent of Buruli ulcer. Buruli ulcer is a chronic 
debilitating skin and soft tissue infection that 
can lead to permanent disfigurement and dis-
ability. The bacterium is most prominent in 
tropical regions of Africa, Asia, Australia, and 
South America. Infection occurs through 
unknown environmental exposure; human-to-
human infection is rare. The frequent clinical 
presentation is a deep, rapidly developing 
chronic ulcer associated with necrosis of sub-
cutaneous fat. Bacteriological identification is 
not always possible. The pathogenic effect of 
the Mycobacterium ulcerans is due to the pro-
duction of a necrotizing exotoxin with an 
immunosuppressive effect. Surgery is usually 
urgently required. The Buruli ulcer is now iden-
tified as a major public health problem in Africa 
[6].

Leprosy is caused by Mycobacterium leprae, 
an acid-fast, rod-shaped bacillus. The disease 
mainly affects the skin, peripheral nerves, mucosa 
of the upper respiratory tract, and eyes. It once 
affected every continent, and it has left behind a 
terrifying image in history and human memory—
of mutilation, rejection, and exclusion from soci-
ety. Lucio’s phenomenon is a variant of type 2 
leprosy reaction, and its clinical presentation is 
characterized by a necrotizing erythema. It is a 
rare condition that occurs in patients who were 
never treated or in those who have followed treat-
ment irregularly. Lucio’s phenomenon may reach 
severe proportions and cause death by dissemi-
nated intravascular coagulation and/or septice-
mia [7].
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41.4  Viruses

The herpesvirus family and more specifically the 
herpes simplex and herpes zoster members are 
associated with cutaneous necrosis. Herpes sim-
plex type 1 most commonly causes cold sores. It 
can also cause genital herpes. Herpes simplex 
type 2 is the usual cause of genital herpes, but it 
can also infect the mouth. Herpes zoster is the 
causal agent of varicella (chickenpox) and zona. 
The diagnosis of herpes infection has to be dis-
cussed in immunodeficient patients with exten-
sive cutaneous necrosis [8].

Recently, cases of limited cutaneous necrosis 
have been described in young children who have 
been exposed to domestic rats. The necrosis was 
caused by the cowpox virus. Cowpox virus is part 
of the Orthopoxvirus genus, like variola virus, 
and is generally transmitted to humans by 
infected cats or rodents. The cowpox virus infec-
tion should be kept in mind when macular, 
 vesicular, or necrotic cutaneous wounds do not 
improve with antibiotics [9].

Chronic hepatitis C infection is strongly asso-
ciated with type II and III mixed cryoglobuline-
mia and occasionally associated with type I 
cryoglobulinemia.

Mixed cryoglobulinemia secondary to hepati-
tis C virus infection can involve the skin, and the 
development of a necrotizing vasculitis is 
observed in only 2–3% of patients with hepatitis 
C virus-related mixed cryoglobulinemia. The cir-
cumstances predisposing the infected patients to 
develop these manifestations remain unknown 
[10].

41.5  COVID-19 and Skin Necrosis

The COVID-19 pandemic is a global pandemic 
of coronavirus disease 2019 (COVID-19) caused 
by severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2). The pandemic had caused 
more than 558 million cases and 6.36 million 
confirmed deaths. COVID-19 symptoms range 
from undetectable to deadly, but most commonly 
include fever, flu-like symptoms, and fatigue. 

Nowadays, a wide spectrum of extrapulmonary 
manifestations in patients with COVID-19 have 
been documented. Rare cases of cutaneous leu-
kocytoclastic vasculitis due to SARS-CoV-2 have 
been reported with fulminant necrosis. The 
mechanisms used by SARS-CoV-2 to induce leu-
kocytoclastic vasculitis are not yet understood, 
but the hypotheses are that SARS-CoV-2 may 
induce endotheliitis, complement activation, and 
interleukin-6 release responsible for severe intra- 
and perivascular inflammation.

41.6  Yeast

Blastomycosis is an uncommon, chronic, granu-
lomatous disease caused by the dimorphic fungus 
Blastomyces dermatitidis; blastomycosis has 
now been reported throughout Africa, in the 
Middle East, and in some parts of Europe. The 
skin is the most common site for dissemination, 
followed by bone, genitourinary tract, and central 
nervous system. Primary cutaneous blastomyco-
sis is a rare illness occurring only after traumatic 
implantation of the fungus. The incidence of 
infection is highest in rural areas and in agricul-
tural workers. Skin lesions in disseminated blas-
tomycosis may be single or multiple, are often 
symmetrical, and are usually on the trunk rather 
than on the extremities. The primary cutaneous 
blastomycosis has a strong tendency for sponta-
neous recovery. Blastomycosis can be associated 
with necrotic skin lesions in immunodeficient 
patients [11].

There are fungal infections (Aspergillus, 
Candida, etc.) associated with a high level of 
mortality; therefore, prompt diagnosis and insti-
tution of antifungal therapy are vital, as is 
appropriate management of the underlying dis-
ease process. The mucormycosis usually affects 
the face or oropharyngeal cavity. The skin and 
the gastrointestinal tract can be affected. The 
immunocompromised patients are more prone 
to this fungal infection. The skin is rarely 
affected, and its clinical presentation is domi-
nated by an erythema evolving into a necrosis 
[12] (Fig. 41.4).
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Fig. 41.4 Ulceration caused by candida infection in a 
renal graft recipient

41.7  Parasites

Leishmaniasis is caused by parasitic protozoan par-
asites transmitted by sandflies. Its clinical presenta-
tion is characterized by crusted papules or ulcers 
occurring several weeks to months after sandfly bite 
inoculation on exposed skin. Lesions may be asso-
ciated with sporotrichotic spread and usually heal 
spontaneously. Leishmaniasis can also cause life-
threatening widespread destructive ulcerations [13].

41.8  Pathological Mechanisms

Systemic activation of coagulation and dysregula-
tion of the anticoagulation are the main pathways 
used by the pathogens to cause skin necrosis.

The interruption of the blood flow in the sub-
cutaneous tissue causes ischemia and impedes 
oxidative destruction of bacteria by polymorpho-
nuclear cells.

The pathogens can directly invade the blood 
vessel walls and injure endothelial cells, causing 
endothelial proliferation and decreasing the vas-
cular lumen. Many factors help in the develop-
ment of skin necrosis like decreased blood flow 
in the case of vasculopathy or diabetes, and an 
immunodeficiency gives the opportunity for the 
pathogens to proliferate.

Some pathogens are associated with skin 
necrosis secondary to the vasculitis process like 
the hepatitis C and the cryoglobulinemia vasculi-
tis. The mechanisms used by the pathogens to 
induce skin necrosis are numerous and not com-
pletely understood.
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42Fusarium solani

Raphael Masson

Fusarium solani is a filamentous ubiquitary yeast 
belonging to the Fusarium family, which includes 
several species. It is a pathogen that infects plants, 
but it can also infect immunodepressed patients [1]. 
The prognosis is severe [2]. Known risk factors are 
neutropenia and trauma. Sites of entry are the skin 
(cellulitis), nails (onychomycosis), lungs (sinuses, 
lungs), and eyes (keratitis) [3]. Dissemination is car-
ried out via blood and induces fever in most cases.

Skin necrosis that looks like disseminated 
ecthyma gangrenosum may be observed in 
immunodepressed patients [4].

Negative prognosis factors are persisting neutro-
penia and long-term corticosteroid treatments [5, 6].

The check-up should include hemoccults and 
biopsies of the affected tissues to take histopatho-
logical samples, culture them, and later analyze 
the cultures.

The sensibility of Fusarium solani to antifun-
gal therapies is demonstrated by a minimum inhib-
itory concentration (MIC)  >8  in itraconazole, 
voriconazole, and posaconazole. MIC 50 and MIC 
90 in amphotericin B are, respectively, at 1 to 7, 
which means that has amphotericin B exhibits the 
best in vitro activity on this yeast [6]. But MIC is 
not correlated to the efficacy of antifungal agents, 
and voriconazole may be an option in the treat-
ment of cases of invasive fusariosis [7].

The antifungal therapeutic strategy aims to 
mitigate the risk factors and remove infected tis-
sue through surgical debridement.
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43Fournier Gangrene

Tristan L. Hartzell and Dennis P. Orgill

43.1  Introduction and History

Fournier gangrene is a necrotizing soft tissue 
infection of the male perineum, although similar 
infections have been described in women. It is a 
type of necrotizing fasciitis, distinguished by its 
location of origin and with most cases being 
mixed infections of aerobic and anaerobic bacte-
ria. It is characterized by a rapidly spreading soft 
tissue infection that travels along perineal subcu-
taneous fascial planes and obliterates perforating 
skin vessels but spares underlying muscle. High 
mortality rates have resulted in a heightened 
awareness by surgeons with a low threshold for 
intervention.

Severe, life-threatening soft tissue infections 
have been recognized throughout history. 
Hippocrates first described necrotizing fasciitis 
in the fifth century BC.  It was not until 1764, 
however, that Baurienne first described a case of 
scrotal gangrene, characterized by a fast- 
spreading necrotizing infection. The disease ulti-
mately took its name from Jean Alfred Fournier, 
a French venereologist who described five cases 
of perineal gangrene in clinical lectures in 1883 

[1]. Even in this early practice of medicine and 
identification of a new disease process, academ-
ics recognized that diabetes and trauma were 
leading causes of Fournier gangrene. Fournier 
specifically described the ligation of the prepuce 
to control nighttime enuresis and archaic birth 
control regimens to prevent an adulterer from 
impregnating his married mistress as causes [1]. 
Herod the Great and Segundo Ruiz Belvis, a 
Puerto Rican abolitionist and independence 
leader, are suspected to have died from Fournier 
gangrene.

The number of annual cases of Fournier gan-
grene is difficult to ascertain, owing to inaccurate 
reporting, incorrect identification, and the many 
misnomers. Approximately 750 cases have been 
reported in the literature [2], and the prevalence 
has been estimated to be as high as 1 case in 7500 
persons [3], although these numbers may be 
extremely inaccurate since Fournier gangrene is 
not a reportable disease.

The mortality rate has been reported to be 
between 14% and 80% [4]. The rate is on the 
high end in those who are older, have a rectal 
focus, and have diabetes [3]. The cornerstones of 
treatment continue to be early recognition, 
aggressive antibiotic coverage, prompt surgical 
debridement, and modern supportive care.
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43.2  Physiopathogenesis

Fournier gangrene is no longer considered idio-
pathic in origin, as 95% of cases have a clearly 
identifiable cause [3]. For most cases, the triad of 
disruption to the skin barrier, location of the dis-
ruption in the perineum, and a decreased host 
response to bacterial invasion are present. The 
embryology and anatomy of this region that cre-
ate multiple fascial planes that dissect reasonably 
easily, combined with the bacteriology of the 
perineum, undoubtedly contribute to the inci-
dence of this disease.

Fournier gangrene starts as a routine infection 
in the anorectum, the urogenital tract, or the skin 
of the perineum caused by trauma, pressure 
necrosis, or conditions such as inflammatory 
bowel disease, rectal fistula, or hidradenitis sup-
purativa. In contrast to classical group A 
Streptococcus necrotizing fasciitis with a rapid 
onset in immunocompetent patients, Fournier 
gangrene has an indolent onset becoming fulmi-
nate due to a compromised immune system. 
Diabetes mellitus is by far the most common pre-
disposing disease; however, numerous other pre-
disposing comorbidities have been cited including 
chemotherapy, obesity, malignancy, alcoholism, 
intravenous drug use, malnutrition, cirrhosis, ste-
roids and other immunosuppressant medications, 
cirrhosis, HIV infection, and Crohn disease [3].

In general, Fournier gangrene develops when 
an imbalance occurs between host immunity and 

virulence of the offending organism. The bacteria 
gain portal of entry from trauma (or one of the 
etiologic factors mentioned previously), the 
immunocompromised state of the individual 
allows these microorganisms to freely prolifer-
ate, and eventually the virulence of the bacteria 
leads to their rapid spread along fascial planes in 
the perineum (Fig. 43.1). Determining what viru-
lent factors distinguish a routine, contained infec-
tion from uncontrolled necrotizing fasciitis has 
been the goal of researchers for decades.

Originally, Meleney reported in his 1924 
series of Chinese men with necrotizing infections 
that streptococcal species were the responsible 
genus for this virulence [5]. Since this report, 
most cases of Fournier gangrene have been found 
to be polymicrobial and when streptococcal spe-
cies is isolated, it is cultured alongside 2–5 other 
bacteria. Staphylococcal species, 
Enterobacteriaceae species, anaerobic organ-
isms, and fungi are some of the more frequent 
causative organisms identified. In Fournier gan-
grene, it is believed that all of these organisms 
work in concert to create the final clinical picture. 
Macroscopically, necrotizing fasciitis produces 
rapid liquefactive necrosis of the subcutaneous 
fat and connective tissue, destroying skin perfo-
rators while sparing the overlying skin. This is in 
opposition to cellulitis and erysipelas, which 
affects the superficial layers of the skin and the 
lymphatics but spares the fat and fascia. With 
necrotizing fasciitis, liquefaction of fat leads to 

Immune
dysfunctionSkin injury

Fournier
gangrene

Tissue necrosis

Rapidly spreading Sepsis

Usually polymicrobial

Male perineum

Fig. 43.1 Pathophysiology of Fournier gangrene
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the development of a plane between the fascia 
and subcutaneous tissue that can easily be finger 
dissected. It also leads to massive edema and the 
pathognomonic “dishwater pus.” Veins traversing 
the inflamed fat thrombose, and a vicious cycle of 
inflammation and necrosis propagates.

Researchers believe that a polymicrobial 
infection with a synergy of enzymes produces the 
macroscopic picture responsible for Fournier 
gangrene. For example, one organism may carry 
an enzyme that inflames vessels and leads to their 
thrombosis. Local tissue oxygen tension is 
decreased. This then allows an anaerobic bacte-
rium to further propagate. This facultative anaer-
obe may have an enzyme such as collagenase in 
its arsenal that then digests fascial barriers and 
allows the infection to rapidly spread. Destructive 
proteases further destroy local tissue. A gram- 
negative bacterium then begins to propagate, 
releasing exotoxins and creating a cytokine storm 
and sepsis. Eventually, what started as a simple, 
indolent infection has become florid necrotizing 
fasciitis.

43.3  Diagnosis

A rapid diagnosis of Fournier gangrene reduces 
morbidity and mortality. However, the diagnosis 
is notoriously difficult and often missed until 
very late in the hospital course. Since there is no 
definitive test for Fournier gangrene, it is manda-
tory that the overall clinical picture be carefully 
considered. When there is doubt, early surgical 
treatment is preferred as the infection can prog-
ress to sepsis and death within hours. When 
unsure, a biopsy from normal-looking adjacent 
tissue, a fascial biopsy, and a gram stain can be 
performed before beginning with a disfiguring 
debridement.

A careful history can also aid in the diagnosis. 
Patients who are diabetics, obese, or immuno-
compromised should be of special concern. A 
history of recent trauma to the anogenital region, 
followed by an indolent infection, can usually be 
elicited. Patients often report weakness, low- 
grade fevers, and chills for a prodromal period of 
2–7 days.

The examiner needs to be especially cautious 
in those patients who are unable to communicate 
pain or hesitant to allow a full examination. One 
should not hesitate to do an exam under anesthe-
sia if necessary. A massive pannus or mons pubis, 
with or without underlying phimosis, has had 
several severe necrotizing infections in our 
experience.

Nonspecific signs of Fournier gangrene 
include tenderness, swelling, erythema, and pain. 
Unfortunately, these signs mimic non-life- 
threatening infections such as cellulitis and ery-
sipelas. In our experience and in the literature [3, 
4], the most common distinguishing feature is 
severe pain and tenderness in the genitals. This 
pain is out of proportion to the exam findings. As 
the infection advances, this pain progresses to 
paresthesias and numbness, indicating destruc-
tion of the cutaneous nerves. Similarly, with 
advanced infection, the skin changes appearance 
from red, hot, and swollen with ill-defined bor-
ders to pale, mottled, blistered, and gangrenous 
with sharp lines of demarcation. Hemorrhagic 
bullae are a late finding, but suggestive of the dis-
ease. The odds ratio (OR) of bullae for necrotiz-
ing fasciitis compared to a cellulitis was found to 
be 3.5 with a 95% confidence interval (CI) of 
1.0–11.9 [6].

Subcutaneous emphysema is an often-sought 
finding of necrotizing fasciitis and Fournier gan-
grene. However, the diagnosis must not be 
excluded if there is no crepitus on exam or air on 
radiograph. The majority of cases of Fournier 
gangrene we have treated have not had subcuta-
neous emphysema. This finding is only seen 
when gas-forming organisms are present.

The role that imaging such as X-ray, com-
puted tomography (Fig. 43.2), and magnetic res-
onance imaging plays in the diagnosis of Fournier 
gangrene is debatable. They should only be con-
sidered as an adjunct to the clinical exam in 
doubtful cases and should not be used to deter-
mine the extent of surgical debridement. In addi-
tion, performing these studies prolongs the time 
to treatment. If imaging studies are performed, it 
is important to reiterate that the clinical exam 
should supersede image finding. Gas seen on 
scans is usually an indication for operative inter-
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Fig. 43.2 Chronic stage IV right ischial pressure sore 
that progressed to Fournier gangrene. The patient had 
radical debridement of his right scrotum, right orchiec-
tomy, and lower right anterior abdominal wall

vention; however, in patients with chronic pres-
sure sores, gas can be seen in the absence of 
Fournier gangrene.

Ultrasonography has also been used in 
Fournier gangrene, mainly to assess blood flow to 
the testes. However, in our experience, it is very 
difficult to perform this test, as patients cannot 
tolerate the pain from direct pressure on the 
involved tissue.

If a frozen biopsy is needed to assist in the 
diagnosis, the pathognomonic findings of 
Fournier gangrene are (1) inflammation and 
necrosis of the fascia, (2) fibrinoid coagulation of 
the nutrient arterioles and veins, (3) polymorpho-
nuclear cell infiltration, and (4) microorganisms 
within the deep tissue. The skin is often mini-
mally involved in the disease process until very 
late.

43.4  Treatment

Fournier gangrene requires both emergent medi-
cal and surgical treatment. Patients with Fournier 
gangrene should receive immediate, empiric anti-
biotic therapy and emergent surgical debridement 
of the involved tissue. Aggressive measures 
should be taken to ensure normal end-organ per-
fusion. It is critical that these three measures be 
taken before pursuing unnecessary diagnostic 
maneuvers:

 1. Resuscitation.
 2. Parenteral broad-spectrum antibiotics.
 3. Surgical debridement.

A multispecialty approach is mandatory, with 
the involvement of surgeons, infectious disease 
experts, and intensivists. The hospital course is 
often prolonged, and nosocomial complications 
are frequent. Urinary or rectal diversion may be 
necessary and, if so, should be done early.

The current antibiotic regimen of choice var-
ies by region and hospital. The antibiotic spec-
trum should cover Streptococcus, Staphylococcus, 
the Enterobacteriaceae family, and anaerobes. 
Common first-line antibiotics for suspected poly-
microbial Fournier gangrene are:

 1. Ampicillin-sulbactam or piperacillin- 
tazobactam plus clindamycin plus 
ciprofloxacin.

 2. Imipenem/cilastatin or meropenem.
 3. Cefotaxime plus metronidazole or 

clindamycin.

It is essential that anaerobes be covered.
Clindamycin merits special mention in the 

antibiotic treatment of Fournier gangrene. It 
works by inhibiting bacterial protein synthesis, 
specifically decreasing the production of such 
proteins as SpeB [7]. Furthermore, its mecha-
nism of action makes it not subject to the inocu-
lum effect that occurs when large numbers of 
bacteria become slow growing and decrease 
expression of penicillin-binding proteins [7]. In 
animal models, clindamycin has been shown to 
be much more effective in the treatment of necro-
tizing streptococcal infections compared to peni-
cillin and erythromycin, even when the treatment 
is delayed [8].

Ultimately, antibacterial coverage is tailored 
to culture results. With the initial debridement, 
blood cultures, a gram stain, KOH stain, and tis-
sue cultures should be sent. If the patient defer-
vesces and the clinical picture improves, the 
results from these tests can then be used to nar-
row antibiotic coverage. Most consider Fournier 
gangrene a deep infection and treat it with antibi-
otics for 4–6 weeks [9].
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Antifungal agents are not used empirically in 
Fournier gangrene, as many are nephrotoxic. 
However, if the initial KOH stain shows fungi, 
amphotericin B or caspofungin should be 
instituted.

Many adjuvant medical therapies have been 
explored for the treatment of Fournier gangrene. 
Two of the more commonly discussed are intra-
venous immunoglobulin (IVIG) and hyperbaric 
oxygen (HBO). IVIG is postulated to work by 
neutralizing streptococcal toxins, mitigating the 
exaggerated cytokine response from them. 
Several authors have advocated for its use based 
on their experience in small series [10, 11]. HBO 
has also been advocated based on the results from 
small series [12, 13]. It is important to note that 
HBO is not without risk and has been reported to 
cause reversible myopia, barotraumas, pneumo-
thorax, and cramps. Also, it should never take 
precedence over proper surgical debridement. 
Better studies are needed before IVIG, and HBO 
can be fully endorsed in the treatment of Fournier 
gangrene.

The unique role of medical comorbidities in 
Fournier gangrene merits special discussion. As 
mentioned previously, conditions such as diabe-
tes, alcoholism, and immunosuppression are 
often predisposing diseases in Fournier gangrene. 
Strict glucose control and nutritional supplemen-
tation are two of the more vital adjuvant 
interventions.

While the medical management is important, 
ultimately the most critical part of treating 
Fournier gangrene remains surgical debridement. 
It must be swift and decisive. Any delay in sur-
gery will increase mortality. As soon as Fournier 
gangrene is suspected, the patient must be 
brought emergently to the operating room for an 
aggressive and extensive debridement. Signs sug-
gestive of Fournier gangrene are necrosis of the 
superficial fascia and fat, thrombosis of superfi-
cial vessels, and foul-smelling drainage. In early 
Fournier gangrene, the fascia appears edematous, 
while later in the disease, it becomes more gray 
and dusky.

With Fournier gangrene, tissue should be 
resected beyond the involved borders to healthy, 
bleeding edges. If the tissue edge is not bleeding, 

the vessels are likely thrombosed due to the 
inflammatory, necrotic process. It is our experi-
ence that with Fournier gangrene there is easy 
separation of the subcutaneous tissue from the 
fascia by blunt dissection. The margin of resec-
tion must extend beyond this easily separated 
plane. The deep fascia and muscle are spared in 
true Fournier gangrene; however, it may be 
involved due to the inciting event, such as a rectal 
fistula or anogenital trauma. If necrotic, it must 
also be aggressively resected to healthy muscle. 
Similarly, the testicles are often not involved in 
the necrotizing process. If they are exposed, 
though, they should be buried in a subcutaneous 
pocket or placed in a moist dressing to prevent 
desiccation. If necrotic, one should not hesitate to 
do an orchiectomy.

Reconstructive concerns are secondary as this 
is a life-threatening condition. Before leaving the 
operating room at the initial debridement, the 
wound should be reinspected for any remaining 
signs of gangrene. A dilute Betadine- or Dakin- 
soaked dressing is often used to cover the initial 
wound at this stage.

“Second-look” surgeries are often necessary 
within 12–24  h of the initial debridement 
(Fig. 43.3). Less urgency is often placed on these 
“second-look” surgeries. However, it must be 
remembered that this is the same rapid, aggres-
sive, disease process, and it merits the same expe-
diency as the initial presentation. Multiple 
“second-look” procedures may be necessary. 
Based on our experience, we make every effort to 
resect all actively infected and necrotic tissue 
from the start. We do not plan on “second looks” 
and have found that many times with an aggres-
sive, proper debridement, the infection can be 
contained in the initial operating room visit. Our 
ideal treatment regimen is one thorough debride-
ment followed by the placement of a vacuum- 
assisted closure (VAC) device. In general, healthy 
granulation tissue on the first VAC change is an 
excellent sign that adequate debridement has 
occurred.

Finally, if perineal involvement is extensive, 
the surgeon can consider diverting the fecal 
stream to prevent fecal contamination of the 
wounds. Modern rectal devices often avoid the 

43 Fournier Gangrene



278

Intravenous antibiotics

?
2nd look

? IVIG
? Hyperbaric oxygen

Dressing changes?

Reconstruction

Radical debridement

Fig. 43.3 Basic 
treatment algorithm of 
Fournier gangrene

need for colostomy. Urinary diversion can usu-
ally be accomplished with a urethral or suprapu-
bic catheter.

43.5  Reconstruction

The reconstructive process begins with the prepa-
ration of the wound bed. To maximize success, 
the systemic condition must be addressed. 
Hemodynamic stability must be achieved, and 
severe anemia corrected. Like patients with large 
burns, nutritional support is mandatory from the 
first day of admission. A tremendous amount of 
protein and fluid is lost from these large, inflamed 
wounds, and it is easy for the patient to spiral into 
a catabolic state. Enteral feeding tubes may be 
necessary.

While the patient is being systemically opti-
mized, dressing changes to the involved area are 
being done. The surgeon should not be rigid 
about one type of dressing, but rather flexible in 
dressing choices depending on the wound status. 
A typical regimen is to begin with dilute Betadine 
dressings for several days. Once the infection is 
clearly resolved, this is transitioned to a wet-to- 
dry saline-soaked dressing with or without topi-
cal antibiotics. The wound should be kept moist 
to avoid desiccation while preventing macera-
tion. Subsequently, a hydrogel dressing may be 
employed to promote granulation. Another alter-
native is negative-pressure wound therapy 

(NPWT) devices, also commonly referred to as 
vacuum-assisted closure (VAC) devices. NPWT 
devices reduce the days of hospitalization, 
decrease patient discomfort and pain medication 
use, and allow for more prompt reconstructive 
surgery in patients with Fournier gangrene [14]. 
The NPWT devices have become very popular in 
the management of these large wounds, and we 
tend to employ it in all of our patients once the 
infectious process is under control. When a clean 
and well-vascularized wound bed is achieved, 
surgical closure can then be considered.

The workhouse of Fournier gangrene recon-
struction is the split-thickness skin graft. Cadaver 
allografts can be considered if the surgeon is 
uncertain about the cleanliness of the recipient 
site. If these grafts take, the sites can easily be 
grafted with autografts in 1–2 weeks. While pri-
mary closure, local tissue rearrangement, and local 
flaps (such as the medial thigh myocutaneous flap 
[3]) may be employed for some wounds, most 
patients with Fournier gangrene receive a skin 
graft. Prior to any of these operations, the surgical 
bed is further prepared in the operating room. Any 
remaining necrotic tissue is removed, and micro-
bial colonization is reduced with debridement and 
irrigation. Areas of hypergranulation are also 
debrided. The wound edges are excised to remove 
fibrotic tissue and obtain a uniform, level edge.

Split-thickness skin grafts are meshed to allow 
better contouring to the wound and expansion of 
the skin. We mesh at 1:1.5 or 1:2 for most 
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wounds. The skin graft is secured with staples or 
absorbable sutures. Some surgeons use fibrin 
glue to assist with immobilization. A bolster 
dressing or NPWT device is placed over the graft. 
Those wounds where infection remains a signifi-
cant concern can be moistly dressed with 5% 
mafenide acetate solution, dilute Betadine, or ¼ 
strength Dakin solution. If a bolster or NPWT 
device is placed, it is removed at 4–7 days or ear-
lier if indicated.

Postoperatively, the patient must be rehabili-
tated from a demanding hospital course. The 
patients are usually extremely debilitated and 
benefit from physical and occupational therapy as 
well as nutritional replacement. They frequently 
develop lower extremity edema and may benefit 
from compression garment therapy. The debili-
tated patient may also require recovery in an inpa-
tient rehabilitation facility. Long-term deficits 
should not be ignored. One study found that 
nearly 50% of men who had penile involvement 
had pain upon arousal, related to scarring and lim-
ited mobility of the genitalia [15]. Consultation 
with a psychiatrist is often important as well to 
assist in managing the altered self-image.

43.6  Conclusion

Fournier gangrene is a rare but serious infection 
that has a high mortality rate. Early diagnosis is 
critical. Patients presenting with pain out of pro-
portion to the exam, spreading erythema, sys-
temic laboratory abnormalities, and clinical 
deterioration should raise significant suspicion. 
Once suspected, the treatment must be prompt 
and definitive. Broad-spectrum antibiotic therapy 
should be administered and the patient brought 
immediately to the operating room. The surgical 
debridement should be aggressive until healthy, 
bleeding tissue is encountered. Reconstruction 
concerns are secondary, and the surgical intent 
should be to rid the necrotizing infection defini-
tively, rather than plan on needing “second 
looks.” Dressing care can transition to a VAC 
device, which assists in creating an ideal wound 
bed for skin graft, primary closure, or local tissue 
rearrangement. Much remains to be discovered in 
the pathogenesis of Fournier gangrene; however, 

unique virulence factors and abnormal interac-
tions with the immune system have been recog-
nized. It is hoped that one day, these insights will 
contribute to a reduction in the mortality rate of 
this aggressive disease.
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44Infection Context: Necrotizing 
Fasciitis

Sadanori Akita

44.1  Introduction

The deep skin and soft tissue infections (SSTIs) 
primarily caused by group A Streptococcus 
(GAS) consist of necrotizing fasciitis and mus-
cle necrosis. Necrotizing fasciitis is an infection 
of the subcutaneous tissue that rapidly destroys 
fat and fascia. It can be either monomicrobial 
(type II), where GAS alone or in combination 
with Staphylococcus aureus is the most com-
mon cause, or polymicrobial (type I), in which a 
mixture of Gram-positive and Gram-negative 
aerobes and anaerobes is present. Monomicrobial 
necrotizing fasciitis is more frequently seen in 
community- acquired or idiopathic cases, while 
polymicrobial causes are more typical after 
head and neck or genitourinary tract surgeries, 
such as Fournier’s gangrene. The risk factors for 
invasive GAS SSTIs are numerous, including 
minor injuries, recent varicella zoster virus 
infection (which can lead to superinfected 
lesions), diabetes, and use of nonsteroidal anti-
inflammatory drugs. These infections can occur 
even in healthy individuals [1]. Necrotizing fas-
ciitis caused by group A Streptococcus was once 
considered rare, but population-based studies 

estimate there to be as many as 1500–3000 cases 
per year [2]. The high incidence, rapid clinical 
manifestations, and high morbidity and mortal-
ity rates of necrotizing fasciitis have been a 
focus of study in pathogenesis. Despite exten-
sive research, the essential questions about the 
pathogenesis of GAS in necrotizing fasciitis 
remain unanswered [3].

44.2  Epidemiology

The US Centers for Disease Control and 
Prevention (CDC) reported that more than 
500–1000 cases of necrotizing fasciitis (NF) are 
diagnosed in the USA each year. However, it is 
difficult to confirm an accurate estimate due to 
the use of various synonyms for these conditions. 
The annual rate of NF has been estimated at 0.4 
cases per 100,000 populations, and it is increas-
ing at an exponential rate [4]. NF is caused by an 
infection with a predisposing factor such as 
drugs, hypersensitivity, cardiovascular diseases, 
burns, insect bites, or trauma. NF can lead to 
severe sepsis, particularly among patients who 
are immunocompromised, are diabetic, have can-
cer, abuse drugs, or have chronic kidney disease. 
NF is more common in the winter, with the 
exception of necrotizing fasciitis caused by 
Vibrio vulnificus, which is more common in the 
summer and in males [4] and can occur at any age 
group. Approximately 50% of patients with NF 
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have a history of skin injury, 25% have experi-
enced blunt trauma, and 70% have at least one 
chronic disease. Half of all cases of necrotizing 
fasciitis occur in one lower limb and 30% in one 
upper limb.

44.3  Symptom

The early stage of necrotizing fasciitis (NF) is 
difficult to diagnose due to its nonspecific signs, 
such as swelling, erythema, and pain in the 
affected site, which can resemble non-severe 
soft tissue infections like cellulitis and erysipe-
las. However, magnetic resonance imaging 
(MR) may help differentiate necrotizing fasci-
itis from non-necrotizing infections by measur-
ing the thickness and detecting the presence of 
low signal intensity in the deep fascia on fat-
suppressed T2-weighted images, as well as the 
presence of non-enhancing areas in the deep 
fascia or involvement of three or more compart-
ments in one limb [5]. NF is often accompanied 
by severe pain at onset, proportional to the 
physical findings [4].

44.4  Clinical Course and Features 
of Necrotizing Fasciitis

NF is a rapidly progressive and destructive bacte-
rial infection affecting superficial and deep soft 
tissues, including the skin, subcutaneous tissue, 
fascia, and muscle. Within hours to days, the infec-
tion can progress from a seemingly benign skin 
lesion to a highly mortal condition (Fig.  44.1). 
Many clinical studies have reported that rapid and 
deep enough surgical debridement of infected tis-
sue within 12–24 h from the onset of the original 
clinical manifestation is crucial for saving lives 
[4]. The bacterial infection spreads along the fas-
cial and peri-ligamental planes, and excision of 
adjacent muscles or deep tissue is required. The 
fascia, with its loose fibrous connective tissue and 
neurovascular structures, provides a little anatomic 
barrier against the dissemination of pathogens. 
GAS proliferates in sterile sites and rapidly attacks 
acute inflammatory cells, resulting in severe tissue 
damage, which is compounded by potent prote-
ases and degenerative virulent factors expressed 
by invading GAS and host-released polymorpho-
nuclear (PMN) leukocytes (Fig. 44.2).
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Fig. 44.1 A 66-year-old female, over years of medica-
tion of oral steroid (15 mg prednisolone) due to idiopathic 
thrombocytopenic purpura (ITP). Sudden onset of group 
A streptococcal necrotizing fasciitis in her right calf 

(right), ipsilateral thigh and inguinal lymph node inflam-
mation (middle), and contralateral calf pigmentation 
largely due to ITP and continued hemorrhage (right)

Fig. 44.2 Severe tissue damage deep to the fascia by 
invading group A streptococci and host-releasing poly-
morphonuclear (PMN) leukocytes (arrows)

44.5  Diagnosis and Tests

44.5.1  Physical Diagnosis

The odds ratios (ORs) between necrotizing fasci-
itis and non-severe soft tissue infections for fever, 
tachycardia, and hypotension are 3.4 (1.6–7.4), 
4.5 (1.7–11.8), and 2.6 (1.1–6.0), respectively 
[6]. The likelihood of the presence of bullae in 
NF compared to non-severe soft tissue infections 
is 3.5 (1.0–11.9). Six percent of NF cases have 
skin necrosis, while only 2% of non-severe soft 
tissue infections have it. Initially, NF presents 
with erythematous and ecchymotic skin lesions, 
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which quickly evolve into bleeding bullae, indi-
cating that deep blood vessels in the fascia or 
muscle compartments have become occluded. 
The presence of bullae is therefore crucial for the 
clinical diagnosis of NF. Ludwig’s angina (in the 
submandibular space) and Fournier’s gangrene 
(in the scrotum, penis, or vulva) are variants of 
NF and often exhibit an explosive and aggressive 
clinical course.

44.5.2  Laboratory Tests

The Laboratory Risk Indicator for Necrotizing 
Fasciitis (LRINEC) score was developed to pro-
vide diagnostic clues for NF. A retrospective 
study suggests that a score of 6 or higher is highly 
indicative of NF, with a 92% positive predictive 
value and a 96% negative predictive value [7]. 
The LRINEC score is useful for categorizing 
patients into risk groups for NF.

44.6  Treatment

44.6.1  Medical Therapy

The broad-spectrum antibiotics should be empiri-
cally and immediately administered to suspected 
NF patients, as they may cover common sus-
pected pathogens. The first-line antimicrobial 
agents for necrotizing fasciitis are listed in 
Table 44.1. In type I (polymicrobial) infections, 
the selection of an antimicrobial should be based 
on the patient’s medical history, Gram staining, 
and culture results. Coverage against anaerobes 
is important in type I infections, and metronida-
zole, clindamycin, beta-lactams with a beta- 
lactamase inhibitor, or carbapenems are typically 
chosen. For patients who have been exposed to 
antibiotics previously, initial empirical therapy 
should take into account broader coverage against 
Gram-negative pathogens. Ampicillin-sulbactam, 
piperacillin-tazobactam, ticarcillin-clavulanate, 
newer cephalosporins, or carbapenems are poten-
tial options. In type II (monomicrobial) infec-
tions, the most common causative pathogen is 
group A Streptococcus, but sometimes 

methicillin- susceptible Staphylococcus aureus 
(MSSA) or methicillin-resistant Staphylococcus 
aureus (MRSA) can also be present. The use of 
tetracyclines and third-generation cephalosporins 
is crucial in managing Vibrio infections. The sys-
temic antibiotic therapy for NF may continue for 
4–6 weeks, as the deep-seated infection is estab-
lished. Intravenous immunoglobulin (IVIG) is a 
desirable option for neutralizing streptococcal 
toxins.

44.6.2  Surgical Therapy

Early and wide and deep enough surgical debride-
ment is the mainstay treatment for NF and leads 
to better mortality compared to those who under-
went surgery with a delay of a few hours [8]. 
When NF is suspected, the patient should be 
brought to the operating room for extensive sur-
gical debridement. All infected tissue should be 
completely removed until there is no further evi-
dence of infection. If further debridement is 
required, the patient should be returned to the 
operating room immediately. In this context, the 
use of artificial dermis after debridement is use-
ful because it does not result in the loss of the 
patient’s own tissue and makes it easier for 
“second- look” surgery or secondary reconstruc-
tion [9] (Fig. 44.3).

Table 44.1 Treatment of necrotizing fasciitis, first-line 
antimicrobial agent

Mixed infection Streptococcus infection
Ampicillin-sulbactam Penicillin
or plus
Piperacillin- 
tazobactam

Clindamycin

plus S. aureus infection
Clindamycin Cefazolin
plus Vancomycin (for resistant 

strains)
Ciprofloxacin Clindamycin
Imipenem/cilastatin Clostridium infection
Meropenem Clindamycin
Cefotaxime Penicillin
plus
Metronidazole
or
Clindamycin
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Fig. 44.3 Immediate (within 2 h from the onset) thorough debridement up to the fascia (left), temporal coverage with 
artificial dermis (middle), and 6 years after secondary split-thickness skin grafting (right)

References

1. Davies HD, McGeer A, Schwartz B, Green K, Cann 
D, Simor AE, Low DE.  Invasive group A strep-
tococcal infections in Ontario, Canada. Ontario 
group A streptococcal study group. N Engl J Med. 
1996;335:547–54.

2. Carapetis JR, Steer AC, Mulholland EK, Weber 
M. The global burden of group A streptococcal soft- 
tissue diseases. Lancet Infect Dis. 2005;5:685–94.

3. Olsen RJ, Musser JM.  Molecular patho-
genesis of necrotizing fasciitis. Annu Rev 
Pathol. 2010;5:1–31. https://doi.org/10.1146/
annurev- pathol- 121808- 102135.

4. Kaul R, McGeer A, Low DE, Green K, Schwartz 
B.  Population-based surveillance for group A strep-
tococcal necrotizing fasciitis: clinical features, prog-

nostic indicators, and microbiologic analysis of 
seventy-seven cases. Ontario Group A streptococcal 
study. Am J Med. 1997;103:18–24.

5. Vinh DC, Embil JM. Rapidly progressive soft tissue 
infections. Lancet Infect Dis. 2005;5:501–13.

6. Frazee BW, Fee C, Lynn J, Wang R, Bostrom A, 
Hargis C, Moore P. Community-acquired necrotizing 
soft tissue infections: a review of 122 cases present-
ing to a single emergency department over 12 years. J 
Emerg Med. 2008;34:139–46.

7. Wong C, Wang Y. The diagnosis of necrotizing fasci-
itis. Curr Opin Infect Dis. 2005;18:101–6.

8. McHenry CR, Piotrowski JJ, Petrinic D, Malagoni 
MA. Determinants of mortality for necrotizing soft- 
tissue infections. Ann Surg. 1995;221:558–63.

9. Akita S, Tanaka K, Hirano A. Lower extremity recon-
struction after necrotizing fasciitis and necrotic skin 
lesions using a porcine-derived skin substitute. J Plast 
Reconstr Aesthet Surg. 2006;59:759–63.

44 Infection Context: Necrotizing Fasciitis

https://doi.org/10.1146/annurev-pathol-121808-102135
https://doi.org/10.1146/annurev-pathol-121808-102135


286

Open Access  This chapter is licensed under the terms of the Creative Commons Attribution-NonCommercial- 
NoDerivatives 4.0 International License (http://creativecommons.org/licenses/by- nc- nd/4.0/), which permits any non-
commercial use, sharing, distribution and reproduction in any medium or format, as long as you give appropriate credit 
to the original author(s) and the source, provide a link to the Creative Commons license and indicate if you modified the 
licensed material. You do not have permission under this license to share adapted material derived from this chapter or 
parts of it.

The images or other third party material in this chapter are included in the chapter's Creative Commons license, 
unless indicated otherwise in a credit line to the material. If material is not included in the chapter's Creative Commons 
license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to 
obtain permission directly from the copyright holder.

S. Akita

http://creativecommons.org/licenses/by-nc-nd/4.0/


Part VI

Surgical Context of Skin Necrosis



289© The Author(s) 2024 
L. Téot et al. (eds.), Skin Necrosis, https://doi.org/10.1007/978-3-031-60954-1_45

45Introduction to Skin Necrosis 
in Surgical Context

Luc Téot

Skin necrosis creates a local situation potentially 
leading to a spreading infection with vital conse-
quences. Surgical debridement remains an issue 
as most of the surgeons may have concerns to 
introduce a septic patient in an OR which is not 
devoted to septic situations.

However, surgeons wiling to interfere more 
with skin necrosis may adopt recommendations 
concerning the post-debridement sequence lead-
ing to coverage and final closure.

Some wound situations need a surgeon 
involvement, particularly when a small orifice is 
hiding a large cavity or when there is a prolonged 
undermining or an apparent fistula with no skin 
exit (Figs. 45.1, 45.2, and 45.3).

Surgeons should understand the risk of spread-
ing infection and the need for an adapted inter-
vention depending on the local wound 
geomorphometrics but also on the general status 
of the patient and particularly on the vascular 
status.

In vascular leg ulcers, the degree of arteriopa-
thy should be recognized with clinical signs 
(absence of pedal pulses), evaluated by ABPI 
(normal between 0.8 and 1.2), Doppler, and toe 
pressure and sent to a revascularization proce-
dure by a vascular surgeon when needed.

In diabetic foot ulcers, some situations of skin 
necrosis are more frequently encountered:

 – A distal necrosis involving a digit which does 
not cause huge difficulties.

 – A part of the forefoot or a medial or lateral 
part of the foot where a collaboration between 
the avascular surgeon and the plastic/orthope-
dic surgeon is needed.

 – A large infected cavity may develop with a 
limited entry usually located in a distal inter-
digital web. This situation requires inserting 
an instrument in the cavity to check how long 
the cavities are and in which direction (dorsal, 
plantar, lateral aspect of the foot). A coun-
terincision is recommended by some authors, 
allowing to drain efficiently in a Seton mode 
(one entry, one exit) using wires or thin drain-
ages. The drainage may limit the inner pres-
sure and spreading infection, a factor of 
progressing tissue destruction.

The chapters presented in this part give an 
overview of the proposed surgical procedures 
concerning the different surgical strategies 
(Fig. 45.1) or exposing hidden pockets or drain-
ing subcutaneous cavities (Figs. 45.2 and 45.3).
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Fig. 45.1 The “deroofing” procedure consists in remov-
ing the cover of a poorly drained cavity prior to apply any 
type of dressing. This procedure allows to guarantee a full 

contact between the dressing and the edges of the wound, 
a prerequisite to start the granulation tissue formation and 
the contraction of the wound

Long blind cavity: 
poor drainage

Double entry wound
Drains should be left inside

Open the distal end
using a scalpel

Fig. 45.2 Cavity wounds: drainage strategies

Fig. 45.3 emergency drainage in infected DFU reduces 
the purulent liquid pressure inside the wound and limits 
tissular damages
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46Skin Necrosis Over Osteosynthetic 
Material

Camille Rodaix

46.1  Introduction

Skin necrosis is a frequent complication in the 
management of traumatized extremity, particu-
larly in the case of open fracture.

The treatment of open fracture is not the pur-
pose of this chapter and will not be discussed here.

A prolonged period of hardware exposure ulti-
mately leads to contamination, and then the goal 
of treatment is to prevent infection of hardware 
and underlying bone.

The traditional management of soft tissue 
defects and exposed hardware includes irrigation 
and debridement, intravenous antibiotics, and 
likely removal of the hardware. Obviously, preser-
vation of the hardware would be the optimal goal 
to maintain stability and optimal reduction [1].

Skin necrosis covering osteosynthetic mate-
rial can be divided into two groups: on the one 
hand that which happened early after the surgery 
because of soft tissue injury (contused or crushed) 
or too tensile strength in stitched and on the other 
hand that when a deep infection induces skin 
necrosis, early or later after the surgery.

In all cases, skin necrosis had to be removed, 
and bone and hardware had to be covered with 
soft tissue.

46.2  Postoperative Skin Necrosis

In this case, skin necrosis is initially a soft tissue 
complication but can lead to a bone infection.

This is often seen in lower limb trauma with 
open or closed fracture. Skin necrosis appears 
because of a combination of soft tissue injuries 
(direct contusion, soft tissue degloving, displaced 
fracture fragments, articular dislocation, com-
partment syndrome), vascular injuries (hema-
toma, ischemia), early infection, and surgery 
(strength stitches, skin undermining, surgical 
approach).

46.2.1  Debridement

Those wounds require aggressive irrigation and 
debridement. This involves excision of all 
necrotic, devitalized, and contaminated tissue 
and bone as well as incisions for additional expo-
sure and drainage [2] and had to be repeated 
every 24–48  h to ensure that all necrotic and 
devitalized tissue had been removed.

The aim of debridement is to prevent the risk 
of bacterial proliferation and to remove debris 
and necrotic tissue.

Many different techniques are available. 
Mechanical methods include water-jet dissection 
(Versajet hydrosurgery system [3]) or coblation 
technology (ArthroCare). Consensus on irriga-
tion technique and additives (bacitracin, antisep-
tics, surfactants, or non-sterile soap) still remains 
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to be determined. Other additions to wound care 
including the use of silver dressings [4] and 
negative- pressure wound therapy (NPWT) have 
proven successful in helping reduce infection 
rates. The use of NPWT has decreased the need 
for further debridements to every 48–72 h.

46.2.2  NPWTi

A modification of the NPWT system that adds 
automated intermittent wound irrigations was 
introduced nearly a decade ago. Instillation with 
normal saline can speed up wound fill with higher 
quality granulation tissue composed of increased 
collagen compared with traditional NPWT [5]. 
The instillation of an antimicrobial solution (anti-
septic or antibiotic) into an infected wound can 
help decrease the bioburden and create a more 
favorable environment for wound healing [6]. In 
addition, analgesics may be mixed with some 
solutions to treat the pain that may be associated 
with NPWT therapy [7].

NPWT with instillation is particularly indi-
cated to manage patients with infected orthope-
dic wounds (open fractures, osteomyelitis). 
Debridement of the infected and devitalized tis-
sue and bone is important prior to the initiation of 
the NPWTi, especially for chronic infections 
where the presence of a biofilm may make pene-
tration of antibiotics into tissues and bones and 
treatment of chronic infection more difficult.

The types of wound commonly treated from 
NPWTi are listed in Table 46.1.

46.2.3  Hardware Removal

In their review, Viol et al. [1] identified six param-
eters with prognosis relevance for the manage-
ment of exposed hardware before soft tissue 
coverage and proposed an algorithm for treat-
ment management (Fig.  46.1): location of the 
hardware, infection, type of bacteria, duration of 
infection, duration of exposure of hardware, and 
hardware loosening.

Absolute indications for hardware removal are 
the presence of hardware loosening, exposure of 

hardware for more than 2 weeks, and infection of 
hardware proved by positive cultures.

Hardware removal is recommended in case of 
clinical signs of deep infection (the presence of 
purulent fluid and exposed hardware) and at the 
lower extremity when axial stability can be main-
tained with an external fixator device.

Osteosynthetic material for fractures or 
arthrodesis may be left in place for longer periods 
despite infection because the goal is bony con-
solidation, although the healing time may be pro-
longed. This is especially true for the spinal 
column, where the removal of hardware is only 
possible if stability is maintained.

Superficial infection without exposure of 
hardware can be treated without removal of the 
hardware but may nevertheless require additional 
soft tissue reconstruction [1].

46.2.4  Soft Tissue Reconstruction

In the case of exposed hardware as in open frac-
ture, the concept of early coverage is important 
[8]. Patzakis et al. [9] have shown that only 18% 
of infections after open fractures are caused by an 
organism initially cultured from the traumatic 
wound, suggesting that many of the infections 
after open fractures are nosocomially acquired. 
For this reason, early coverage should be protec-
tive against infection.

Table 46.1 Indications for NPWT with instillation

Wounds with persistent infection, especially after a trial 
of traditional negative-pressure wound therapy 
(NPWT)
Infected wounds with a foreign body in place 
(orthopedic hardware and total joint arthroplasty)
Exposed biologic or monofilament polypropylene mesh
Stalled wounds
Painful wounds
Wounds with significant biofilm present
Patients whose wounds are at a high risk of resulting in 
a major amputation due to the advanced nature of the 
wound and associated patient comorbidities
Wounds with a viscous exudate
Necrotizing fasciitis
Complex sternotomy wounds
Acute osteomyelitis
Chronic osteomyelitis after adequate debridement
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Soft tissue deficit with
exposure of hardware

Presence of hardware loosening

Duration of hardware exposure

> 2 weeks < 2 weeks

Wound cultures

Positive

Location of hardware

Extermity

No

Removal of hardware with/without
soft tissue reconstruction

Retention of hardware with/without
soft tissue reconstruction

Yes

Stability

Spine

Negative

Yes

YesNo

No

Fig. 46.1 Algorithm for management of soft tissue defects and exposed hardware according to the literature

Godina [10] found that early flap cover in pri-
mary trauma with a soft tissue defect was associ-
ated with a lower rate of failure of the flap, a 
lower rate of postoperative infection, a shorter 
time to bone healing, and a shorter mean length 
of hospital stay.

The local wound environment is usually isch-
emic and contaminated, with a soft tissue defect, 
and the use of free muscle flaps conveys a consid-
erable advantage in such conditions because of 

their rich vascular supply and superior resistance 
to infection.

The ideal timing for free-flap reconstruction 
of these injuries has been controversial.

In the case of open fracture, free flaps trans-
ferred after 7 days had a significantly increased 
rate of infection and venous thrombosis [11]. 
Rates of flap take-back and osteomyelitis were 
significantly higher in patients who had metal-
ware exposed for greater than 7 days compared to 
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those who underwent free-flap coverage within 
1 day of skeletal fixation.

Nowadays, local flaps decrease the need for 
free flaps in the reconstruction of the lower leg, 
and they are less expensive and time-consuming.

46.2.5  Alternatives to Flap Cover

Acellular skin substitutes (or artificial dermis), 
initially developed for acute burns, came to be 
used in the treatment of chronic wounds.

Because of the risk of infection and often 
poorly vascularized tissue, care must be taken in 
indications, and NPWT is often required to 
improve local environment.

Of course, skin substitutes as skin grafts must 
be used after removal of the hardware.

46.3  Delayed Skin Necrosis

Deep infection as osteitis, particularly in the case 
of internal fixation or arthroplasty, can lead to 
superficial wound and skin necrosis.

The definition of deep infection requires clini-
cal signs and positive cultures. Radiographic 
signs of hardware loosening or bony infection 
seem to be not reliable enough to make decisions 
regarding the removal of hardware.

Management of infected prosthesis is quite 
the same with or without soft tissue defects, and 
early coverage is the rule.

46.4  Conclusion

Skin necrosis over osteosynthetic materiel 
requires debridement to avoid deep infection.

Deep infection, hardware loosening, and 
exposure of hardware for more than 2 weeks are 
indications for hardware removal if stability is 
achieved or can otherwise be maintained.
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47Necrotic Complications After Skin 
Grafts

Xavier Santos and Israel Iglesias

47.1  Introduction

Skin grafts are used in a variety of clinical situa-
tions. The essential indication for the application 
of a skin graft is wound closure. Skin grafts are 
usually the initial treatment of choice for many 
open wounds that cannot be closed primarily. 
Skin grafts are generally avoided in the manage-
ment of more complex wounds. Anfractuous 
wounds; exposed bones, tendons, nerves, or ves-
sels; and deep pressure ulcers normally require 
the use of flaps for stable wound coverage. Skin 
grafts have limited success in wounds with a 
compromised blood supply, such as irradiated 
wounds or ischemic ulcers.

Skin grafts can include either a portion of der-
mis (split-thickness graft) or the entire dermis 
(full-thickness graft). Split-thickness grafts can 
tolerate less vascularization of the recipient site 
but have a greater amount of contraction. The 
donor site generally heals spontaneously, through 
epithelialization from cells of hair follicles and 
sweat glands. Large areas of split-thickness grafts 
can be taken to cover big defects such as in large- 
surface- area burns. Full-thickness grafts require a 
better vascular bed for survival but undergo less 
contracture. Thus, if the recipient site is not well 
vascularized, full-thickness grafts have a greater 

chance to become necrotic. Full-thickness graft 
donor sites must be closed primarily. Thus, full- 
thickness grafts are only used to close small 
wounds, especially in the face because of better 
color matching and less contraction.

A skin graft is essentially a skin transplanta-
tion. The graft is completely severed from its 
blood supply, drainage system, and sensory 
innervation. The graft is placed onto a vascular 
bed so that it will become vascularized and sen-
sate. So the survival of the graft completely 
depends on the recipient site. A skin graft 
becomes partial or totally necrotic when it fails to 
be vascularized from the recipient site. Necrosis 
of the transplanted skin is a complication of the 
procedure and can be related to the grafting tech-
nique, to the conditions of the recipient site, or to 
both of them.

47.2  Graft Survival

The process of graft survival has not been com-
pletely understood although it is accepted that it 
includes two phases: serum imbibition and 
revascularization.

Serum imbibition describes a well-understood 
series of events. After a graft is harvested, the 
graft vessels go into spasm, evacuating any old 
blood and serum. Once laid onto the recipient site, 
the graft passively absorbs the underlying serum. 
The graft becomes edematous and can increase in 
mass by as much as 30%. Metabolism in the graft 
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converts to anaerobic metabolism, and the pH in 
the graft falls to 6.8. Metabolism waste products 
from anaerobic metabolism may stimulate the 
revascularization process. The graft remains 
edematous and in anaerobic metabolism for 
approximately 48 h until revascularization occurs, 
and the graft is able to unload its waste products.

Throughout the phase of serum imbibition, 
endothelial ingrowth from the host into the graft 
is occurring. Thus, vascular flow through the 
graft can be established as quickly as possible. 
Serum imbibition phase and revascularization 
phase can be thought of as overlapping rather 
than as mutually exclusive.

The phenomena occurring during the revascu-
larization phase have been a matter of research 
for more than one century. In 1874, Thiersch pro-
posed the theory of inosculation. This theory 
states that the cut vessels from the host bed line 
up with the cut ends of the vessels of the graft and 
form anastomoses. The process begins immedi-
ately, and vascular connections have been dem-
onstrated as early as 22 h after grafting. At the 
beginning of the twentieth century, some authors 
proposed another theory. These works indicated 
that the original vasculature in the skin graft 
degenerates. Endothelial cells and capillary buds 
from the host invade the graft, restoring blood 
flow. Again, the process begins immediately, and 
as early as 9 h after grafting, inflammatory cells 
can be seen invading the graft. By the fourth post-
operative day, flow through the graft has been 
reestablished. More recently, a third theory, first 
proposed by Henry, has evolved to describe skin 
graft revascularization. This theory states that the 
original vasculature of the graft does indeed 
degenerate. However, the acellular basal lamina 
persists, providing a conduit for the ingrowth of 
the new vascular tree from the host bed. Histologic 
studies have identified acellular patent vascular 
channels in the skin graft 48  h after grafting, 
which later become endothelialized from the 
invading host capillary buds.

There is strong evidence supporting all three 
of the proposed theories, and it is possible that 
graft revascularization involves all three pro-
cesses. Inosculation may be responsible for early 
graft revascularization, allowing the graft to 
unload metabolic waste from the phase of serum 

imbibition. Concomitantly, the capillary buds 
and vascular endothelium developing in the bed 
invade the graft in both a random pattern and 
through patent vascular channels.

It is widely believed that a split-thickness graft 
can survive longer without revascularization than 
a full-thickness graft can. Split-thickness grafts 
contain fewer cellular elements than full- 
thickness grafts do. Also, a thick dermis acts as a 
barrier to diffusion of serum during the phase of 
serum imbibition. A thin split-thickness graft can 
survive longer during serum imbibition because 
there are fewer cellular elements to nourish, and 
there is a shorter distance of diffusion through the 
dermis. Thus, in managing a wound with mar-
ginal vascular bed, a thin graft is more likely to 
survive than a thick graft.

47.3  Graft Failure and Necrosis

Any development that disrupts the process of 
serum imbibition or revascularization will result 
in failure of the skin graft and necrosis of the 
transplanted skin. This failure of graft taking can 
be related to recipient site circumstances, intra-
operative or postoperative complications, or tech-
nical errors. If a skin graft fails to be 
revascularized, the transplanted tissue will 
develop total or partial necrosis. It is important to 
make a correct indication for skin grafting with 
respect to the wound bed, graft thickness selec-
tion, meticulous technique, and adequate postop-
erative care.

47.3.1  Recipient Site

The process of skin graft take depends on a 
healthy and vascularized bed. One of the most 
common causes of skin graft failure is an inade-
quate bed. Exposed tendon, bone, and cartilage 
will not support a skin graft and can be consid-
ered a contraindication to skin graft application. 
Fat, peritenon, perichondrium, and periosteum 
are poorly vascularized, but they will support 
split-thickness skin graft. However, conservative 
treatment with dressings and/or negative pressure 
therapy can stimulate development of granulation 
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a b c

Fig. 47.1 Sacral pressure ulcer with necrotic tissues and exposed bone (a). Vascularized bed with granulation tissue 
developed after surgical debridement and negative-pressure therapy (b). Closure with split-thickness graft (c)

Fig. 47.2 Small cuts in a graft to allow drainage of blood

Fig. 47.3 Blood collection under a split-thickness graft 
that leads to necrosis of the graft

tissue, creating a vascularized bed, which 
improves the chances of skin graft take. In those 
cases in which a well-vascularized bed cannot be 
achieved (arterial ulcers, radiated bed), skin 
grafting will drive to necrosis of the transplant. In 
such situations, a well-vascularized flap must be 
the election.

The presence of necrotic tissues is an absolute 
contraindication for skin grafting. Necrotic tissue 
must be surgically removed and the wound 
treated in an adequate way to allow development 
of healthy granulation tissue. Once a well- 
vascularized bed is present, a split-thickness graft 
can be used to close the wound (Fig. 47.1).

47.3.2  Barriers Between Bed 
and Graft

Any barrier between the graft and the recipient 
bed can prevent revascularization of the graft. 
The most common barriers are blood, serum, and 
purulent material. Hematoma, seroma, and infec-
tion can lead to either partial or complete skin 
graft necrosis.

To prevent blood depots between the graft and 
the bed, careful hemostasis must be performed in 
the wound bed before the graft is placed. A useful 
preventive maneuver is to make small cuts in the 
graft to allow blood drainage (Fig. 47.2).

If in the postoperative period fluid collections 
develop under a skin graft, they can also be evac-
uated through small cuts in the graft, often saving 
a portion of the skin graft. It is better to cut a 
small hole in the graft over a hematoma than to 

dislodge surrounding adherent graft to express 
the fluid through the graft periphery. If eschar is 
present, it should be debrided because eschar 
offers an excellent medium for bacteria. If large 
collections of blood accumulate between the 
graft and the bed, the more probable outcome 
will be the necrosis of the graft (Fig. 47.3).

47 Necrotic Complications After Skin Grafts
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a b

Fig. 47.4 Split-thickness skin graft to close the defect after excision of a basocellular carcinoma in the scalp (a). Bolus 
dressing to keep the graft in place (b)

To prevent fluid collection under the graft, it is 
recommended to apply a compressive dressing. 
Pressure should help to stop bleeding and seroma 
formation. In small grafts, it is very useful to 
apply a bolus or tie-over dressing to keep the con-
tact between the graft and the bed and prevent 
fluid collections. To use a bolus dressing, the 
graft must be fixated with a permanent suture 
which is intentionally cut long. This leaves 
strands of suture that will be used to hold the 
dressing on. Once the sutures are placed, petrola-
tum gauze, Vaseline gauze, or Mepitel® is applied 
on top of the graft. Fluffed gauze or cotton balls 
are gently pressed onto the graft. The suture 
strands are then tied together so that they hold the 
dressing firmly onto the graft (Fig. 47.4). Apart 
from minimizing the risk of fluid collections 
under the graft, the bolus dressing prevents shear-
ing forces from disrupting the graft.

In larger grafts, the dressing should apply gen-
tle pressure on the graft to promote graft adher-
ence without causing pressure necrosis. Cotton 
balls or fluffed gauze is pressed onto the wound 
to conform to the underlying bed. On an extrem-
ity, a circumferential wrap can be applied snugly 
across the wound to ensure contact between the 
graft and the host bed.

47.3.3  Graft Shearing

One of the most common causes of graft failure 
is shearing of the graft. The small capillaries that 
invade the graft are fragile and can be disrupted 

with a minimum force. Grafts can be devascular-
ized during a dressing change or during move-
ment in the early postoperative period. 
Consequently, grafts to the extremities are usu-
ally immobilized, and all dressing changes are 
performed with utmost care for the underlying 
graft. A nonadherent dressing must be applied 
over the graft. The silicone mesh dressings like 
Mepitel® have proved to adhere only to intact 
skin but not to the wound or the graft itself. The 
nonadherent properties of these types of dress-
ings prevent the skin graft from being debrided 
off the wound at the time of the first dressing 
change.

If a portion of the graft appears to be sheared 
at the time of dressing change, it should be 
replaced and newly immobilized. In some cases, 
these displaced parts of the graft will take. If not, 
they should be removed with scissors, and if the 
defect is small, it will be re-epithelialized from 
the edges of the remaining graft.

47.3.4  Infection

Infection can cause destruction and necrosis of 
the graft without the formation of purulent drain-
age. It is generally accepted that a wound with 
more than 105 organisms per gram of tissue will 
not accept a skin graft. Some organisms, 
Pseudomonas being the most common, can 
destroy a skin graft with little or no purulence 
(Fig. 47.5). The infection does not have to be lim-
ited to the wound. In fact, some authors recom-
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Fig. 47.5 Total destruction of a skin graft by 
Pseudomonas infection

mended that a patient be completely free of 
infection before skin grafting. Systemic infection 
can lead to poor wound healing and ultimately 
partial or total graft failure.

To prevent infection, apart from systemic anti-
biotics, local antiseptics should be used in the 
dressing. Nitrofurazone cream or povidone- 
iodine gel can be used on top of the graft before 
the compression dressing is placed.

Once an infection has destroyed a skin graft, 
the wound must be managed with extensive 
debridement, local and systemic antimicrobial 
treatment, and prevention of new grafting until 
the wound is clinical and microbiologically free 
of infection.

47.3.5  Poor Systemic Conditions

Unfavorable systemic conditions can lead to poor 
graft take and necrosis of the transplanted skin. 
Malnutrition, diabetes, vasculitis, malignant dis-

ease, steroids, and chemotherapeutic medications 
have all been shown to impair wound healing and 
to impair graft take. Radiation injury impairs the 
recipient bed and can lead to total or partial skin 
graft failure.

47.3.6  Technical Errors

Technical errors during grafting are a relatively 
uncommon cause of graft failure today. Grafts 
can be applied upside-down or they can be han-
dled roughly, leading to total or partial necrosis. 
Dermatomes can be too hot after sterilization and 
burn the graft during the preparation phase.

First dressing change should be done at post-
operative fifth day. If it is done earlier, there is a 
significant chance of shearing and disruption of 
the small capillaries penetrating the graft.

47.4  Graft Rescue

When there is a partial graft failure not caused by 
infection, there are some chances to rescue the 
already taken graft. The necrotic portion of the 
graft should be removed with scalpel or scissors. 
If the defect is not too large, it will be re- 
epithelialized from the edges of the defect. 
Adequate nonadherent dressing should be applied 
to allow this process. If the defect is large, it 
should be regrafted.

When the cause of graft failure is infection, 
the more probable outcome will be the total loss 
of the graft. In such cases, the wound should be 
managed as an infected one and when sterile 
regrafted.
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48Arterial Leg Ulcers

Josef Aschwanden, Jurg Hafner, 
Vincenzo Jacomella, and Severin Läuchli

48.1  Introduction

Leg ulcers are not a diagnosis but a symptom of 
many different diseases. In this chapter, we will 
describe leg ulcers caused by arterial disease. 
However, many other causes should be consid-
ered in refractory ulceration on the lower extrem-
ity such as venous disease, neuropathy, and 
miscellaneous causes like vasculitis, malignancy, 
and autoimmune disease and even rare causes 
like pyoderma gangrenosum [1], thromboangiitis 
obliterans, or arterial-venous malformation. 
Martorell hypertensive ischemic leg ulcers [2] as 
part of the arterial causes are not discussed here 
as they are described in another chapter. Very 
often, the ulcers of the lower leg result from a 
combination of factors [3]. Therefore, it is impor-
tant to rule out arterial insufficiency even when 
other causes or clinical signs are present. For 
example, about 15% of all leg ulcers are of a 
mixed arterial-venous origin [4–6]. We postulate 
that every patient with ulceration on the lower leg 
should receive an arterial workup, not only 
because a concomitant arterial disease may delay 
healing but also because of the underlying sys-
temic process (arteriosclerosis) for which the 

patient might profit from an appropriate systemic 
therapy [7, 8].

48.2  Epidemiology 
and Classification

Chronic ulceration of the lower leg can result 
from several underlying factors as mentioned 
above. The most common cause is venous insuf-
ficiency in about 75%, followed by ulcers of 
mixed venous and arterial (15%) and those of pri-
marily arterial (4%) origin [4, 5]. Arterial leg 
ulcers are caused by an oxygen deficit in the tis-
sue resulting from reduced tissue blood perfusion 
due to occlusion of the arterial lumen. The most 
common cause for this occlusion is peripheral 
arterial occlusive disease (PAOD) due to an arte-
riosclerotic process. Generalized arteriosclerosis 
is therefore the most common cause not only of 
cardiovascular and cerebrovascular disease but 
also of peripheral vascular disease. The preva-
lence of PAOD in the general population varies 
between 7% and 21% [9]. It is related to age, gen-
der, and definition of PAOD (by the cutoff value 
of the ankle-brachial index (ABI) and/or the pres-
ence of symptoms). The Fontaine stages classify 
the clinical appearance of PAOD (Table 48.1). 
Before progressing to a clinically symptomatic 
stage such as intermittent claudication or even 
critical limb ischemia, PAOD is typically asymp-
tomatic for several years. Approximately 23% of 
all patients are asymptomatic, and this is proba-
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Table 48.1 Fontaine classification for PAOD

Stage I Asymptomatic
Stage II Intermittent claudication

Walking distance:
IIA >200 m, with no disablement
IIB <200 m with disablement
Stage III Resting pain
Stage IV Peripheral necrosis/gangrene

bly one reason that PAOD stage I seems to be 
underestimated [8]. Sometimes, symptoms can 
also be masked by reduced walking distance due 
to other reasons or by polyneuropathy secondary 
to diabetes. In stage II with intermittent claudica-
tion as the main symptom, rest pain is normally 
missing. Stage III ischemic rest pain is typically 
a nocturnal pain. Approximately 15–20% of 
patients with intermittent claudication will 
 progress to critical ischemia. The distinction 
between arterial insufficiency and critical isch-
emia is not clearly outlined in the literature, and 
critical limb ischemia occurs only in a minority 
of patients with PAOD [10]. In 1996, the Second 
European Consensus [11] outlined criteria for the 
diagnosis of chronic critical limb ischemia: recal-
citrant rest pain or distal necrosis of more than 
2 weeks’ duration in the presence of (A) a sys-
tolic ankle pressure (AP) 50 mmHg or less, (B) a 
systolic toe pressure of 30 mmHg or less, or (C) 
a transcutaneous oxygen pressure (tcPO2) of 
10 mmHg or less. In the last few years, the thresh-
old for critical ischemia has been raised several 
times. Necrotic ulceration occurs in stage IV, 
usually on the toes or the back of the feet, but can 
also occur in stage II after trauma or in combina-
tion with chronic venous disease and is then gen-
erally considered a “complicated” stage IIB.  In 
fact, the majority of arterial ulcers occur in “com-
plicated” stage IIB on the lateral lower leg and do 

not match the criteria for critical ischemia. The 
angiosome concept is one possible explanation 
for the occurrence of nonhealing ulcers above the 
threshold of critical ischemia. It was first 
described by reconstructive plastic surgeons in 
1987 [12]. They divided the tissue into specific 
three-dimensional sectors of the body supplied 
by specific arteries and veins, named angiosomes. 
Each angiosome therefore consists of a topo-
graphically specific arteriosome and correspond-
ing venosome supply, which build block systems 
of perfusion. Neighboring angiosomes are linked 
by numerous communicating vessels, so-called 
choke vessels. In ischemic conditions, these 
interconnections between adjacent angiosomes 
create a very effective compensatory system in 
non-atherosclerotic and nondiabetic limbs [13]. 
In atherosclerotic or other changes of the large 
collateral vessels, such as those typically accom-
panying diabetic arterial disease below the knee 
and end-stage renal disease (ESRD), this natural 
“rescue system” between adjacent angiosomes 
may be jeopardized.

48.3  Clinical Findings

The typical localization for arterial leg ulcers is 
the lateral malleolar region for PAOD stage IIB 
(Fig.  48.1), whereas distal arterial necrosis 
(PAOD stage IV) is usually localized in the foot 
and toe region (Fig.  48.2). Arterial leg ulcers 
often have irregular edges and/or a “punched- 
out” appearance. The ulcer base is usually poorly 
developed with a grayish granulation tissue. 
Signs of chronic venous disease are missing 
except in mixed ulcers. Painful and necrotic 
areas are the typical appearance for all ischemic 
ulcers.
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Fig. 48.1 Typical arterial leg ulcer on the lateral malleo-
lar aspect of the lower leg (PAOD complicated stage IIB)

Fig. 48.2 Distal arterial necrosis due to PAOD stage IV

Table 48.2 Doppler ankle-brachial ratio [15]

0.91–1.4 Normal, if under exercise no ABI loss
0.5–0.85 PAOD, claudication (mild to moderate 

disease); a wound can heal
<0.5 Severe PAOD, threat of tissue and limb loss
>1.4 May be due to diabetes, Mönckeberg disease, 

renal disease

48.4  Diagnosis

The first test to rule out arterial insufficiency 
should be the palpation of the pedal pulses. It 
should be mentioned that the dorsalis pedis pulse 

is missing in about 10% of individuals and the 
palpation of the posterior tibial pulse may be dif-
ficult due to swelling or presence of ulceration 
caused by a concomitant chronic venous insuffi-
ciency. If a pulse is palpable, we can assume that 
the ankle pressure is >100 mmHg [14] and wound 
healing should be possible. If no pulses can be 
detected, noninvasive vascular testing should 
always be performed.

As a fast and simple test, the ankle-brachial 
index (ABI) can be measured very easily with a 
cheap and simple continuous-wave (CW) 
Doppler probe (8–10 mMHz). The ABI is defined 
as the systolic ankle pressure divided by the sys-
tolic arm pressure and is considered an accurate 
and reliable marker of symptomatic and asymp-
tomatic PAOD (Table 48.2). Significant arteriop-
athy is normally defined as an ABI <0.91 and an 
ABI <0.5 as severe arterial insufficiency [16]. 
The ABI measurement can therefore identify 
patients at risk of any systemic atherothrombotic 
events even in an asymptomatic stage. 
Identification of asymptomatic PAOD also leads 
to intensified targeted prophylactic anti- 
atherothrombotic treatment that can reduce mor-
bidity and mortality as mentioned above [8].

To recognize critical ischemia, the measure-
ment of ankle systolic pressure is the most accu-
rate test. If the pressure is below the level of 
critical limb ischemia as defined with an ankle 
systolic pressure <50 mmHg [11], leg ulcers will 
only heal in 20% of cases, and aggressive revas-
cularization therapy should be performed [17]. In 
contrast, a systolic pressure over 70 mmHg can 
nearly exclude arterial insufficiency as a cause 
for the ulcers. If the arteries are not compressible, 
i.e., the ABI is higher than 1.4 or the difference of 
the measured pressure between ankle and arm 
exceeds 75  mmHg, calcification of the arteries 
should be considered. In these cases, a toe sys-
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Table 48.3 Use of noninvasive vascular tests to predict 
the presence of underlying severe arteriopathy [18]

Noninvasive 
avascular testing Findings

Severe 
arteriopathy

Pedal pulses Present Unlikely
Absent Possiblea

Ankle systolic 
pressure

>70 mmHg Unlikely

With ulcer <50–70 mmHg Possiblea

Without ulcer, with 
rest pain

<30–50 Likely

Toe systolic pressure >50 mmHg Unlikely
<50 mmHg Likely

tcPO2 >30 mmHg Unlikely
<30 mmHg Likely

aProceed with further, noninvasive vascular tests to con-
firm or rule out severe arteriopathy especially if clinical 
evolution is poor

Table 48.4 Risk factors for arteriosclerosis and PAOD

Hypertension
Diabetes
Elevated cholesterol, especially low-density lipoprotein
Smoking

tolic pressure or a tcPO2 measurement should be 
performed. In cases of Mönckeberg mediacalci-
nosis, the pole test technique can also give further 
information concerning the critical ischemia of 
the lower limbs. A toe systolic pressure lower 
than 50 mmHg or a tcPO2 lower than 30 mmHg is 
diagnostic for critical ischemia (Table  48.3). If 
the tcPO2 is over 30 mmHG, a wound can heal. 
Ultrasonic duplex scanning or arteriography can 
localize the arterial lesion but cannot make any 
statement about the severity of the arterial dis-
ease. In contrast, it is a very good surveillance 
tool after an invasive intervention or as first-step 
screening in order to evaluate an invasive proce-
dure. The gold standard to investigate PAOD is 
still angiography, especially when an interven-
tion is planned. Recently, magnetic resonance 
angiography has emerged as a noninvasive imag-
ing modality without the risks associated with 
conventional angiography (e.g., arterial puncture, 
plaque embolization, and contrast-induced 
nephropathy).

48.5  Treatment

The arteriosclerotic process as a systemic prob-
lem needs an interdisciplinary approach. The 
common arteriosclerotic risk factors should be 
treated aggressively (Table 48.4). Whenever pos-
sible, revascularization should be attempted by 

angioplasty or vascular surgery. This is the only 
effective therapeutic option to allow wound heal-
ing when ischemic necrosis is present. 
Furthermore, it often provides the most efficient 
pain relief. If revascularization by interventional 
or surgical means is not possible, intravenous 
application of iloprost can ameliorate the situa-
tion, but this is often limited by side effects (e.g., 
hypotension, headaches). Exercise also plays an 
important role in improving the maximal walking 
distance and thus increasing the blood perfusion. 
Adjuvant medical treatment with antithrombotic 
or rheological agents can improve the outcome 
[19].

For the local therapy, the common principles 
of modern wound care should be applied. Sharp 
surgical debridement is of foremost importance 
to remove the bioburden, which can delay wound 
healing. However, as arterial ulcers often reach to 
deeper structures, it should be performed by sur-
geons or wound care experts with adequate train-
ing. Enzymatic debridement and biosurgery with 
maggots can be viable alternatives. Local wound 
infection can be treated with wound antiseptics or 
silver dressings; if signs of systemic infection are 
present, systemic antibiotics have to be utilized.

The choice of wound dressing must take into 
consideration the amount of exudation and necro-
sis and the phase of wound healing. Generally, 
occlusive dressings should be avoided, as their 
main mode of action, a local increase of CO2 ten-
sion, is not desirable for ischemic ulcers and the 
detection of wound infection could be delayed. 
Semiocclusive dressings can be utilized with cau-
tion, if granulation tissue exceeds necrotic areas 
and there are no signs of wound infection. The 
type of wound dressing does not significantly 
influence healing times [20, 21]. Therefore, the 
choice of wound dressing should be guided by 
patient-centered concerns such as exudate man-
agement and pain control [22]. Wound pain is 
one of the main concerns of patients [23]. 
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Dressings that avoid desiccation of the wound 
and which do not traumatize the wound when the 
dressing is changed are therefore ideal.

Arterial leg ulcers can show a very protracted 
healing time, especially if surgical or interven-
tional revascularization is not possible. In these 
cases, advanced methods often have to be uti-
lized, such as acellular matrices, keratinocyte 
cultures, or growth factors. In many instances, 
split-thickness skin grafts can improve the wound 
pain immediately and accelerate healing, even if 
the wound bed does not show sufficient granula-
tion for a full graft take.
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49Prevention of Skin Necrosis 
in Cosmetic Medicine

Hugues Cartier, Leonie Schelke, and Peter Velthuis

49.1  Introduction

Aesthetic medicine is a constantly evolving field, 
which includes minimally invasive treatments, 
i.e., considered as nonsurgical.

Nevertheless, the current evolution makes 
some procedures more intrusive.

Most of the patients treated are healthy people 
looking for an aesthetic improvement, so the 
treatments performed must be as safe as 
possible.

This treatment cannot be done without a medi-
cal diagnosis, a precise history, informed infor-
mation, and a choice of treatment options to be 
weighed against a benefit-risk ratio.

49.1.1  Aesthetic Procedures

49.1.2  Filling Products

Filling products play a significant role in aes-
thetic medicine. The rheology of the products has 
not stopped evolving over the last 20 years. 
Fortunately, nonabsorbable products such as sili-

cone, Gore-Tex, and acrylamides have been 
banned in Europe.

At present, four types of products that inte-
grate well into the cutaneous and subcutaneous 
tissue and that are slowly resorbable can be iden-
tified: hyaluronic acid, calcium hydroxyapatite, 
polycaprolactone, and polylactic acid, which is in 
the form of powder to be diluted in sterile water.

Of these four filling or collagen stimulation 
products, only hyaluronic acid can be dissolved 
rapidly with hyaluronidase in case of complica-
tions (such as bad placement, accumulation of 
product, associated infection, sterile inflamma-
tory reaction, or vascular occlusion).

The major complication is vascular occlusion 
or compression. At best, they cause cutaneous 
and subcutaneous suffering that is resolved 
thanks to the contiguous arterial network. At 
worst, they cause extensive and deep necrosis in 
the vascularized area. Cases of occlusion of the 
central retinal artery with loss of ocular function 
due to migration of the product in the blood-
stream are fortunately rare compared to the num-
ber of injections performed every day in the 
world but nevertheless regularly reported and 
published.

Vascular complication can occur at any time, 
especially since needles or fine cannulas are used 
that can easily perforate an artery. The reason for 
this is simple: even though all doctors who per-
form injections of filling products must know the 
facial anatomy, injections are done blindly. We 
do have the blood aspiration test technique, but it 
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is far from reliable. To date, only ultrasound 
imaging, a dynamic, noninvasive examination to 
be used prior to injection, can supply an answer, 
but it requires training, a certain amount of dex-
terity, and adequate equipment. The world of aes-
thetics is discovering this technique, which 
cannot guarantee to ban this complication but 
contributes to reducing this risk [1].

Venous embolisms rarely cause skin suffering 
at first because they are diluted in the general vas-
cular system. However, there have been reports 
of cavernous sinus thrombosis in facial injections 
and pulmonary embolism in genital or gluteal 
injections with massive quantities of filler.

The cutaneous signs of arterial vascular com-
plications are with important variations:

 – Immediate pain like a cramp
 – Immediate or delayed blanching extending as 

a livedoid pattern
 – Progressive cyanosis of the skin that may look 

like bruises but may not be declining but 
ascending

 – Pustules, inflammation that may resemble the 
false vesicular eruptions of herpes or shingles

 – Cyanotic suffering with extensive tissue 
necrosis depending on the vascular territory

49.1.3  Lifting Effect or Collagen 
Stimulation by Threads

A distinction is made between absorbable and 
nonabsorbable threads. In themselves, the threads 
only cause a confined inflammation around them. 
Depending on their characteristics, the threads 
can also pull the skin to give this tensor effect.

Intrinsically, they do not cause skin necrosis, 
but a cutaneous or subcutaneous injury. This tear-
ing of the tissues during their introduction under 
the skin by needles of varying lengths induces 
microtrauma, even more so since they are armed 
with small spines allowing for better fixation and 
maintenance over time. Avoid combination with 
radiofrequency to stimulate neocollagenesis 
because it induces more exaggerated inflamma-
tory responses such as development of nodular 
panniculitis and adipocyte necrosis [2].

Moreover, the number of threads accumulated 
under the skin can cause vascular breaches and 
poor tissue integration. We have seen cutaneous 
suffering and even necrosis, particularly on the 
nose.

49.1.4  Laser and EBD

In general, the effect of lasers and EBD treatment 
is mediated by controlled damage to tissue. After 
this, regeneration occurs that should lead to an 
improved appearance [3].

49.1.4.1  Ablative Lasers
Ablative lasers are represented by the CO2 laser 
and the erbium-YAG laser.

They cause vaporization of the epidermis and 
middle dermis in resurfacing mode. In fraction-
ated mode, ablative lasers cause micro-wells that 
perforate the skin to a depth of up to 3.5  mm. 
This is a focused necrosis that forms just around 
the well due to the brutal heating of the skin tis-
sue. This is normally a controlled burn if the 
energy delivered and the density of the points that 
are juxtaposed are not too high. The higher these 
two parameters are, the greater the thermal 
trauma. The burn is then uncontrollable, leading 
to skin necrosis and consequently to vicious, 
flanged, and hypochromic scars.

The skin structure plays a key role because the 
tissue regeneration is induced by this skin vapor-
ization and the thermal effect. Thus, the healing 
process is very variable depending on the type of 
the skin, its age, and density in pilosebaceous 
appendages and in vascular network that contrib-
utes to it. Outside the face, the risk of burning is 
increased since densities of these structures are 
much less.

49.1.4.2  Non-ablative Thermal Lasers
Non-ablative lasers induce a thermal effect that is 
supposed to regenerate the dermis. There are 
numerous devices, fractionated or not. If too much 
heat is accumulated, the effect of the laser radia-
tion can cause skin suffering up to the point of skin 
necrosis. This is nevertheless rare and related to a 
bad use or an error of parameterization.
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49.1.4.3  Vascular Lasers
We distinguish the KTP laser, the pulsed dye 
laser, the vascular diode, the yellow laser, the 
pulsed lights with vascular filter, and the long- 
pulse Nd-YAG laser.

Vascular lasers are characterized by wave-
lengths that are preferentially absorbed by the 
redness of the skin. It is important to distinguish 
skin redness from inflammation, which is rarely a 
good indication for vascular lasers.

In fact, all vascular lasers cause inflammation 
that should not be added to an already existing 
inflammation.

This inflammation causes an edema that will 
vary according to the type of laser and its photon 
energy setting, the size of the vascular target to be 
destroyed, and the intrinsic drainage of the skin 
in each case or according to the site treated.

In addition, depending on the type of laser and 
the adjustment of emission time and energy, a 
purpura can be seen in the presence of purple 
spots that will fade in 5–10 days.

The burn is the consequence of an excessive 
accumulation of energy with a dispersion of the 
heat that is not well done. We can therefore have 
a surface epidermolysis, which is to say a blow-
out or a real cutaneous necrosis which will leave 
a hypochromic scar.

On tanned or self-tanning skin or for a photo-
type above III on the Fitzpatrick scale, there is an 
increased risk of burning and reactive 
hyperpigmentation.

Special mention should be made of the long- 
pulse Nd-YAG laser, which delivers very high 
light energy and should be used with caution, as 
it induces the most dermal necrosis with system-
atic scarring.

49.1.4.4  Pigment Lasers
A distinction is made between hair removal lasers 
and those used to erase sunspots or tattoos. The 
wavelengths are identical, but it is the emission 
time of the laser beam that will change.

For tattoos, we can only use picosecond or 
nanosecond lasers. The energy delivered must be 
high enough to burst the tattoo pigment and dis-
solve it progressively. Other pigment lasers 

deliver their photonic energy in milliseconds. If 
these are used for tattoos, they will systemati-
cally cause skin necrosis by deep burning. Indeed, 
the instantaneous accumulation of dermal pig-
ment in tattoos is so important and brutal that the 
skin does not have time to disperse the heat.

For laser hair removal, the laser radiation fol-
lows the hair like an electric current follows a 
conducting wire. The heat accumulation causes 
its destruction, but if the skin is tanned, covered 
with self-tanner or on phototype beyond IV on 
the Fitzpatrick scale, then the photons will also 
be absorbed by the skin surface which by itself 
becomes a target and causes a surface burn, from 
epidermolysis to dermolysis. And thus, at best a 
hypochromia and at worst a burn will occur 
which will be deep enough to leave definitive 
hypochromic scars. In these cases, Nd-YAG 
long-pulse lasers or hair removal diodes are rec-
ommended, unlike alexandrite and pulsed light 
lasers.

For sunspots, all these lasers can be used, and 
it is only a question of setting and wavelength. 
The spots will turn into small superficial scabs 
that will disintegrate in a few days without leav-
ing any trace. A deeper burn is in most cases sec-
ondary to a bad use of the device.

49.1.4.5  Radiofrequency
Radiofrequency is an electric current that dis-
perses heat according to its operating mode. 
Contact with a handpiece that is swept over the 
skin surface accumulates local heat and causes 
tissue remodeling. Fractional radiofrequency 
aims to place contact microelectrodes on the sur-
face of the skin to induce dermal-epidermal 
micro-bulges and finally radiofrequency with 
microneedles. The microneedles penetrate the 
skin up to 4 mm deep; they are protected up to the 
tip or not, depending on the device.

The electrical effect causes skin coagulation, 
tissue, and vascular damage, which is supposed 
to regenerate the skin. Too long an emission time, 
too much energy, and repetition of passages can 
cause tissue damage. From the spike scar to the 
loss of skin substance by dermal-epidermal burn, 
everything is possible but rare.
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49.1.5  EBD

49.1.5.1  LEDs
The diodes juxtaposed on a panel are athermal. 
The mode of operation therefore does not cause 
skin necrosis unless they are used to activate a 
photosensitizing substance. In this case, they 
contribute to cause it. LEDs emit in the visible 
spectrum and therefore do not contain UV 
radiation.

49.1.5.2  High-Intensity Focused 
Ultrasound (HIFU)

Focused ultrasound concentrates its energy on a 
focal point at 1.5 mm, 3 mm, 4.5 mm, 6 mm, or 
more. The sudden rise in temperature causes 
coagulation and punctual necrosis in the form of 
aligned micro-points. Paresis due to nerve dam-
age has been seen.

Used to obtain a firming and tensing effect on 
the oval of the face, it is necessary to multiply the 
lines of points to obtain a result. The closer the 
lines of stitches are to each other, the more skin 
suffering is induced.

Skin burns are rare unless the handpiece is not 
applied correctly to the skin.

49.1.5.3  Cryolipolysis
Cryolipolysis is based on the freezing of a vol-
ume of skin and fat caught in a vacuum cham-
ber. The combination of cold, up to −12 °C, and 
suction to fix the volume to be melted by 
destroying the adipocytes has proved its medi-
cal interest with numerous publications to sup-
port it. Nevertheless, many devices have 
appeared on the world market of aesthetic med-
icine and aesthetic centers of nondoctors. 
Medical ability is necessary to avoid complica-
tions such as thermal burns caused by the cold. 
Cases of surface burns and even skin necrosis 
of the bedsore type have even been reported. 
They are much more frequent when the tem-
perature descent is not progressive, when the 
skin contact interface has been forgotten or is 
not confirmed for this use, or when the duration 
of the cold and the suction force is not adapted 
to the volume of the fat mass.

49.1.6  Peelings

49.1.6.1  Epidermal Peel
The leader in epidermal peels is glycolic acid. All 
its exfoliating agents can give epidermolysis, 
rarely deeper burns.

49.1.6.2  Medium and Deep Dermal 
Peels

They are essentially represented by trichloroace-
tic acid and phenol associated with croton oil. 
These peels are of varying concentrations and 
pH. They aim at provoking a dermal-epidermal 
regeneration. Incorrect use, i.e., too many appli-
cations and too high a concentration, can cause 
serious burns with permanent scarring. Learning 
to use them is essential to set limits to their use.

It should be remembered that healthy skin 
serves as a natural protection, if one causes skin 
breaches.

49.1.7  Other Injectable Active 
Ingredients

Mesotherapy with unsuitable products can cause 
skin necrosis at the injection site, as can deoxy-
cholate, a chemical agent designed to destroy 
localized fatty areas.

49.2  Complications

Complications are multiple but essentially 
inflammatory, scarring, and infectious.

49.2.1  Inflammation 
and Pigmentation

The inflammation caused by all the techniques 
mentioned above is a normal phenomenon that is 
the consequence of any trauma. This normal pro-
cess is gradually reduced, but if it persists, it can 
cause a resurgence of pigment on the surface, 
hypersensitivity, or sensitive skin. It is mainly 
embarrassing but does not lead to tissue destruc-
tion but can give way to fibrosis.
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49.2.2  Scars

All types of scars can be observed: depressed 
scars due to loss of substance following dermal 
necrosis or dermal collapse, retractile scars, or 
hypertrophic scars due to the effect of tension, 
always related to damage to the middle/deep der-
mis, and of course keloids if the genetic profile is 
suitable, as in the case of black skins.

Any incident on the middle and especially 
deep dermis exposes the patient to these risks. In 
order to avoid them, it is necessary to know and 
master the healing process.

49.2.3  Infectious

Fortunately rare, they are often secondary to 
Staphylococcus aureus but also to commensal 
germs or those carried by lack of hygiene. 
Herpetic infections, on the other hand, can cause 
irrevocable and sometimes extensive scarring on 
skin that is still healing after an essentially abra-
sive technique that involves the dermis. They 
cause dermal necrosis, which can only be avoided 
by recommending a preventive and systematic 
antiviral treatment.

49.3  Conclusion

Each aesthetic technical procedure can be a 
source of complications. Necrosis affecting the 
dermis will inevitably leave a visible structural 
scar with fibrosis or colorimetric scarring with 
permanent hypochromia. An evaluation and 
knowledge of the procedure are the basis of a 
benefit-risk ratio in favor of the patient.
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50Leeches in Prevention of Skin 
Necrosis in Flap Surgery

Luc Téot

50.1  Introduction

Historically, the use of leeches started in ancient 
Egypt. Mainly used in the middle of the nine-
teenth century, leeches were forgotten for more 
than a century until microsurgery could become a 
standardized procedure with its possible venous 
congestion. Salvage of microvascular free tissue 
using leeches became popular since 1981 [1] and 
is still recognized as useful in saving compro-
mised situations.

Leeches reappeared in reconstructive micro-
surgery during the last 15 years, as a potential 
option in compromised flap vascularization after 
having realized microsutures. Leeches are more 
indicated in venous congestion but have also 
been proposed for enhancing the arterial blood 
flow. Local blood flow may be impaired by sev-
eral local factors (see Horch chapter).

Leeches have been used by reconstructive sur-
geons to facilitate replanted digits, ears, lips, and 
nasal tips [2].

Peer-reviewed evidence suggests that the sur-
vival of compromised, venous-congested tissues 
is improved by early application of a leech. Other 
clinical indications could anecdotally be 
described.

50.2  Mode of Action

Leeches possess capacities to treat venous- 
compromised tissue thanks to different secre-
tions. Once they are fixed on a perforated skin or 
a suture edge, their saliva will provide an antico-
agulant and a histamine-like vasodilator. A local 
bleeding is then promoted, which should be 
quantified and compensated if considered in 
excess [3].

Leeches also secrete different factors like a 
local anesthetic and an enzyme, the hyaluroni-
dase [4]. The suction effect is activated by a peri-
staltic movement. Once completely fed, the leech 
may fall apart or remain attached to the skin. A 
leech can ingest 1 milliliter per minute of blood, 
and the area of attachment can bleed from 10 h to 
7 days.

50.3  Conservation and Use

In microsurgical centers, leeches are stored either 
in the pharmacy or in a refrigerated area and used 
on demand.

After having collected the patient authoriza-
tion and providing an adapted information, the 
application starts with a scalpel puncture of the 
compromised skin. Optimal frequency of appli-
cation ranges from 2 to 8 h, while average overall 
duration ranges from 4 to 10 days. The number of 
leeches to be applied can be determined depend-
ing on the volume of the flap. In 50% of the cases 
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reported in the literature, the patients required 
transfusion. Antibiotic prophylaxis against 
Aeromonas is highly advisable, as post-leech 
infection could be observed (ciprofloxacin and 
trimethoprim-sulfamethoxazole combination 
currently appears as the most relevant prophylac-
tic antibiotherapy). Hemoglobin should also be 
regularly checked in order to prevent experimen-
tal anemia.

The leeches have to remain visible to the nurse 
during the whole period of application. The nurse 
will regularly check the proper suction effect on 
the leech movements and change the leech when 
necessary. The patient should be informed that 
the leech may fall apart and circulate on the 
dressing, a psychological condition which should 
be anticipated. An adapted information should 
detail before the microsurgical procedure the 
possibility of using these living animals consid-
ered as repulsive.

50.4  Clinical Indications

Treatment of venous insufficiency in pedicled or 
free flaps after revision surgery had failed to 
improve flap vascularization in cases where flap 
revision was not appropriate. However, the leech 
does not attach and/or initiate the suction effect 
in case of completely necrosed skin.

A systematic review of leech therapy for flap 
salvage between 1960 and 2015, analyzing 121 
articles and subsequently taking into consider-
ation 41 studies [5], indicated that the success 
rate of leech therapy ranged from 65% to 85% 
according to the situations encountered.

50.5  Conclusion

Hirudotherapy is a reliable treatment in cases of 
patent venous insufficiency of pedicled or free 
flaps (or when revision surgery is not recom-
mended). Even though the relevant literature is 
highly heterogeneous, we have attempted to put 
forward a specific protocol bringing together 
dosage, delivery route, frequency of administra-
tion, and appropriate prophylactic antibiotherapy. 
An algorithm for the treatment and management 
of venous congestion and a practical information 
sheet have been placed at the disposal of plastic 
surgery teams.
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In 2010, the prevalence of peripheral arterial dis-
ease was 202 million patients globally, an increase 
of 23.5% compared to 2000 [1]. In its most severe 
forms, peripheral arterial disease presents as 
chronic limb-threatening ischemia (CLTI). It is an 
advanced stage of disease with ischemic rest pain 
and/or presenting ischemic ulcer or gangrene for at 
least 2 weeks and severe alteration of lower limb 
perfusion characterized by ankle-brachial index 
inferior to 0.4, ankle pressure inferior to 50 mmHg, 
toe pressure inferior to 30 mmHg, and transcuta-
neous partial pressure of oxygen (tcPO2) inferior 
to 30 mmHg [2]. It is associated with a high risk of 
amputation and death. The prevalence increases 
dramatically with age, from 6.5% in men aged 
60–69 years to 29.4% in men over 80 years [3]. 
Without revascularization, 31.6% died and 23% 
required major amputation within 2 years [4]. In a 
Danish registry, a reduction of major amputation 
rate was observed from 41.67 for 100,000 subjects 
per year to 32.53 between two periods: 1997–2002 
and 2009–2014. This was coupled with an increase 
in vascular surgeon referrals from 25.7% to 31.3% 
from 1997 to 2014 [5].

Compared to rest pain, wounds are associated 
with a higher risk of amputation (OR = 4.93, 95% 
CI 4.18–5.81, and OR = 2. 48, 95% CI 1.29–4.76) 
and death (OR = 1.42, 95% CI 1.16–1.74, and 
OR = 1.50, 95% CI 0.91–2.47) in the setting of 
CLTI [6, 7].

These multiple factors led to the creation of 
the WIfI classification, which incorporates three 
key elements: wound, ischemia, and foot infec-
tion (Tables 51.1, 51.2, and 51.3) [8]. The WIfI 
score is correlated with amputation risk, limb sal-
vage, and wound healing (Tables 51.4 and 51.5) 
[9]. This classification highlights the importance 
for wound care and infection treatment in addi-
tion to revascularization.

Some studies highlighted the interest of direct 
revascularization (DR) for patients affected by 
CTLI and wounds. The angiosome concept is 
based on the segmental vascularization of vascula-
ture in the foot. Improving perfusion of the vessel 
responsible for the segment with tissue loss could 
be helpful to improve wound healing, prevent 
major amputation, and improve survival [10].
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Table 51.1 Classification for ischemia in WIFI score

Grade ABI
Ankle systolic 
pressure TP, TcPO2

0 ≥0.80 >100 mmHg ≥60 mmHg
1 0.6–0.79 70–100 mmHg 40–59 mmHg
2 0.4–0.59 50–70 mmHg 30–39 mmHg
3 ≤0.39 <50 mmHg <30 mm
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Table 51.2 Wound evaluation for WIfI score

Grade Ulcer Gangrene
0 None None
1 Small, no exposed bone 

(excludes digits)
None

2 Deeper, exposed bone, 
joint, tendon (excludes 
calcaneal involvement)

Limited to digits

3 Extensive, bone, joint, 
and/or tendon 
involvement to mid/
rearfoot

Extensive, involving 
forefoot and/or 
midfoot and/or 
rearfoot

Table 51.3 Infection evaluation for WIfI score

SVS

IDSA 
infection 
severity Clinical manifestation

0 Uninfected No symptoms or signs
1 Mild Local infection confined to skin 

and sub Q. No systemic SOI
2 Moderate Local infection within deeper 

tissues, periwound erythema 
>2 cm. Includes bone and joint. 
No SIRS

3 Severe Local infection with SIRS (2 or 
more: temp, HR, RR, WBC)

Table 51.4 WIfI classification

Risk of 
amputation

Proposed 
clinical 
stages

WIfI spectrum score (W, I, 
fI)

Very low Stage 1 000, 001, 010, 011, 100, 
101, 110

Low Stage 2 002, 011, 020, 021, 030, 
102, 111, 120, 200, 201

Moderate Stage 3 003, 021, 022, 031, 032, 
103, 112, 121, 130, 131, 
202, 210, 211, 220, 300, 
301

High Stage 4 013, 023, 033, 113, 122, 
123, 132, 133, 203, 212, 
213, 221, 222, 223, 230, 
231, 232, 233, 302, 303, 
310, 320, 330, 321, 323, 
331, 332, 333

Table 51.5 One-year amputation rate

Author Year
Limb 
(n)

One-year 
amputation rate 
stage 1

One-year 
amputation rate 
stage 2

One-year 
amputation rate 
stage 3

One-year 
amputation rate 
stage 4

Cull 2014 151 3 10 23 40
Zhan 2015 201 0 0 8 37
Darling 2015 551 0 10 11 24
Causey 2016 160 0 25 21 31
Beropoulis 2016 126 13 19 19 38
Ward 2017 98 0 14 21 34
Darling 2017 992 0 4 4 21
Mean 2279 0 10 19 34

In a study on diabetic patients suffering from 
CLTI with ischemic wounds treated by femoro-
popliteal bypasses, complete wound healing was 
obtained in 56 ± 18 days after DR and 112 ± 45 
days after indirect revascularization (IR) 
(p = 0.01). Amputation-free survival rates were 
91%, 65%, and 58% at 1, 3, and 5 years after DR 
and 66%, 24%, and 18% after IR (p  =  0.03). 
There was no difference in mortality and primary 
patency: 80%, 55%, and 36% after DR versus 

83%, 68%, and 36% after IR [11]. In two meta- 
analyses, wound healing and limb salvage were 
improved after DR when compared to IR. 
Amputation-free survival after DR was 86.2% 
and 84.9% at 1 and 2 years, respectively, after DR 
and 77.8% and 70.1% after IR [12, 13]. However, 
these results have not been observed in a study of 
177 patients treated by femorotibial bypasses. 
Median time to complete wound healing was 5.4 
months for DR and 8.7 for IR (p = 0.28). 72% 
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and 85% of patients in the DR arm achieved com-
plete wound healing after 6 and 12 months, 
respectively, versus 69% and 79% after IR 
(p = 0.48). There were also no significant differ-
ences in major amputations and mortality rates: 
The amputation rate was 28.5% after IR and 
17.3% after DR (p  =  0.071), and the mortality 
rate was 41.3% after IR and 36.8% after DR 
(p = 0.088). These results can be explained by the 
quality of the perimalleolar collateral vasculature 
and the plantar arch quality [14]. In addition to 
these two factors, the conflicting results are also 
explained by the heterogeneity in the types of 
revascularizations [15–19].

Patients suffering from CLTI usually present 
multiple comorbidities and have a higher risk of 
perioperative morbidity and mortality with a poor 
mid- and long-term outcome. Coronary disease, 
end-stage renal disease, malnutrition, poor func-
tional status, and frailty have to be evaluated. The 
surgeon has to take this into account before elab-
orating his strategy based on patient, limb, and 
anatomy (PLAN) [5]. A risk stratification has to 
be taken into account to choose the best modali-
ties for anesthesia and surgical techniques. Older 
and frail patients will be preferentially treated 
under local anesthesia with endovascular tech-
niques. Before proposing a treatment plan, the 
WIfI score needs to be calculated to estimate the 
risk of amputation after 1 year, a risk that should 
be clearly communicated to the patient.

The pressures measured for the WIfI score 
will also help the physician decide if a revascu-
larization is needed:

 – No revascularization if the ABI is higher than 
0.6, ankle systolic pressure higher than 
70 mmHg, and toe pressure and TcPO2 higher 
than 50 mmHg

 – Revascularization if the ABI is lower than 0.4, 
ankle systolic pressure lower than 50 mmHg, 
and toe pressure and TcPO2 lower than 
30 mmHg

For the patients who do not fill the above cri-
teria, 2-week trial of medical treatment should be 
proposed and then surgery if the wound worsens 
or does not get better.

Next, the arterial lesions need to be evaluated 
by examining the level of disease (aortoiliac, 
femoropopliteal and/or tibial and pedal), extent 
of disease, and degree of disease (stenosis or 
occlusion). This will help develop an operative 
strategy that will answer the four following 
questions:

 1. From? Where is the percutaneous access site, 
or what is the bypass donor site?

 2. To? The target artery that the surgeon wants to 
revascularize

 3. How? Endovascular therapy, open surgery 
(anatomical or extra-anatomical bypass), or 
hybrid surgery

 4. Using? Endarterectomy, autologous vein con-
duit, prosthesis, balloon angioplasty, drug- 
coated balloon, bare metal stent (BMS), 
drug-eluting stent (DES), covered stent (CS), 
or a combination of all the above

Many classifications have been proposed to 
help the surgeon choose the best treatment plan. 
First, the Trans-Atlantic Society Consensus 
(TASC) classification was used to stratify the 
lesions as aortoiliac, femoropopliteal, and infra- 
popliteal. However, in patients affected by CLTI, 
all levels are interested by atherosclerosis and 
have to be treated. If technically feasible (and if 
there is no risk of worsening the patient’s condi-
tion), a direct pulsatile in-line flow to the foot is 
needed to achieve a fast and complete wound 
healing. TASC was initially helpful to choose 
between endovascular surgery for short and seg-
mental lesions and endarterectomy or bypass for 
complex and extensive lesions. Nowadays, endo-
vascular tools and techniques have evolved and 
are used to successfully treat long stenosis and 
occlusions previously thought to be not amenable 
to endovascular treatment by the classification.

The Global Limb Anatomic Staging System 
(GLASS) was proposed next. The physician needs 
to determine a target artery pathway (TAP) that 
will restore a pulsatile flow to the ankle. The TAP 
is then graded from I to III, which correlates with 
low-, intermediate-, or high-complexity lesions 
and also with immediate success and 1-year per-
meability for endovascular treatment [5].
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Bypass surgery requires adequate inflow and 
outflow and also a suitable conduit, ideally autol-
ogous GSV more than 3 mm in diameter for an 
infra-inguinal bypass (Fig.  51.1). PTFE or 
Dacron grafts are used for aortoiliac 
 revascularizations (Fig.  51.2) and can also be 
used for infra- inguinal bypasses with acceptable 
results for above-knee revascularizations. 
Although acceptable, these remain inferior to 
GSV in above-knee revascularizations. Patency 
is significantly better with GSV for below-knee 
bypasses. If no vein is available, reinforced vas-
cular grafts should be used to avoid plication 
(Fig. 51.3). GSV can be used reversed or in situ 
after devalvulation for infra-inguinal bypass. No 
statistically significant differences in patency 
were found between the two techniques [20]. 
Vessels need to be clamped to control blood flow 
before arteriotomy. This can be challenging in 
case of extensive arterial calcifications. In some 
cases, an extensive ulcer is a contraindication for 

a distal bypass especially if the target vessel is a 
distal posterior tibial artery or a pedal artery. 
General, spinal, epidural, or locoregional anes-
thesia is mandatory for open surgery. Patients 
with severe comorbidities can be at high risk for 
open surgery, and endovascular- first approach 
appears to be safer for limb salvage. Local anes-
thesia and sedation are usually sufficient for 
endovascular treatments, and general, spinal, or 
epidural anesthesia is not necessary except for 
long and complex interventions.

In contrast, successful endovascular treatment 
depends essentially on the extent or length of 
occlusions and the severity of calcifications. 
Improved wires, low-profile and dedicated cath-
eters, and long and low-profile balloons are avail-
able to treat occlusions (Fig. 51.4) and complex 
and distal lesions (Fig. 51.5). The access site gen-
erally used is the femoral artery, but brachial or 
radial arteries can also be used. Ultrasound guid-
ance is helpful to choose the best site for arterial 
puncture and avoid complications and is helpful 
for retrograde access (Fig.  51.6). Renal insuffi-
ciency is not a contraindication for endovascular 
treatment in case of CLTI. Injection through a 
long sheath or catheter and dilution of the iodine 
contrast are helpful techniques to limit iodine 
contrast use during procedures. Stenting is indi-
cated after angioplasty in case of residual steno-
sis, dissection, severe calcified lesions, or 
treatment for occlusion. Self-expandable nitinol 
stents are generally used for infra-inguinal lesions 
and balloon expandable steel, chrome-cobalt, or 
covered stents for iliac lesions. Drug-coated bal-
loons and stents are used to prevent restenosis 
after angioplasty.

Fig. 51.1 Femorotibial bypass with GSV distal 
anastomosis

Fig. 51.2 Aorto-bifemoral bypass to treat aorto-bi-iliac 
extensive occlusion

Fig. 51.3 Femoropopliteal bypass below the knee with a 
PTFE-strengthened prosthesis
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Fig. 51.4 Common left 
iliac artery 
recanalization

Fig. 51.5 Peroneal 
artery recanalization

Multilevel and extensive lesions are challeng-
ing, and all open and endovascular techniques 
can be associated to propose the best treatment 
for each patient. These hybrid procedures are 
helpful to treat these challenging lesions.

Perioperative mortality, morbidity, limb sal-
vage, and patency for bypasses are summarized 
in Tables 51.6, 51.7, 51.8, and 51.9. 8602 patients 
suffering from CLTI treated by infra-inguinal 
revascularization were reviewed. Subjects with 
infra-popliteal disease treated by GSV graft had 
higher patency rates at 1 and 2 years (primary: 
87%, 78%; secondary: 94%, 87%) compared to 

all other types of interventions. Prosthetic bypass 
outcomes were significantly worse in terms of 
amputation and patency rates, especially for 
bellow- knee revascularizations. Survival, major 
amputation, and amputation-free survival (AFS) 
at 2 years were similar between endovascular 
interventions and vein bypasses, with prosthetic 
bypasses having higher rates of limb loss [21].

Another randomized trial (BASIL study) 
evaluated bypass versus angioplasty in severe 
ischemia of the leg. Technical success was better 
in the bypass group: 97.4% versus 80.0% 
(p = 0.01). However, there was no statistical dif-
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Fig. 51.6 Anterior tibial artery recanalization by retro-
grade approach

ference for survival and AFS 2 years after sur-
gery. After 2 years, survival and AFS were 
improved in the bypass group [22].

A meta-analysis compared endovascular treat-
ment and bypass for CLTI (20,903 patients). 
Endovascular treatment was associated with 
lower perioperative mortality (OR = 0.69, 95% 
IC 0.51–0.95), lower major cardiovascular events 
(OR = 0.42, 95% IC 0.29–0.61), and less surgical 
site infection (OR = 0.31, 95% IC 0.19–0.51). 
Primary permeability (HR = 1.31, 95% IC 
1.08–1.58) and limb salvage (HR = 1.41, 95% IC 
1.02–1.94) were improved in the bypass group 
[23].

In a single-center prospective monocentric 
randomized controlled trial, venous bypasses and 
angioplasty with nitinol stenting were compared 
for patients affected by long femoropopliteal 
lesions (53% suffering from CLTI). Technical 
success was 88% in the stent group. During a 

4-year follow-up, primary patency, freedom from 
target lesion revascularization, limb salvage, sur-
vival, and complications showed no significant 
differences between the groups. 48 months’ sec-
ondary permeability was 73% for the bypass 
group and 50% in the stent group (p  =  0.021). 
Clinical improvement was significantly superior 
in the bypass group with 52% versus 19% reach-
ing Rutherford 0 category (p < 0.001) [24].

In a retrospective study, 153 patients had a 
revascularization of both femoropopliteal and 
infra-popliteal vessels (48 by bypass and 105 by 
an endovascular treatment). There was no signifi-
cant difference in technical success rates (98.0% 
in the bypass group and 95.2% in the endovascu-
lar group), perioperative mortality (8.3% and 
7.7% [p  =  0.25], 3-year survival: 73.4% and 
61.3% [p = 0.25]), or 3-year limb salvage (53.3% 
and 59.7% [p = 0.24]) [25].

A meta-analysis of 17,118 patients compared 
CLTI treatment results in octogenarians and non- 
octogenarians. One-year mortality was greater in 
octogenarians: 32% (95% CI, 27–37) versus 17% 
(95% CI, 11–22) (OR = 2.52, 95% CI, 1.93–3.29). 
No significant difference was observed in major 
amputations between the two groups (15% for 
non-octogenarians [95% CI, 11–18] and 12% for 
octogenarians [95% CI, 7–14]). One-year AFS 
was lower for octogenarians (OR 1.55, 95% CI, 
1.03–2.43), 64% (95% CI, 54–74), and 69% for 
non-octogenarians (95% CI, 58–81). No differ-
ence was observed in amputation rate between 
endovascular and open surgical treatment. A 
higher mortality was observed with conservative 
treatment compared to amputation or revascular-
ization (OR 1.76, 95% CI, 1.19–2.60) [26].

Recovery after open surgery and endovascular 
treatment for CLTI was studied in octogenarians. 
There was no statistical difference in periopera-
tive mortality (respectively, 4% and 2% 
[p  =  0.697]), morbidity (13.7% vs. 10.3% 
[p  =  0.716]), primary patency (76%, 59%, and 
50% and 82%, 75%, and 32%, respectively, at 1, 
2, and 4 years [p  =  0.467]), and limb salvage 
(91%, 90%, and 89% and 94%, 87%, and 86% 
[p = 0.939] at 1, 2, and 4 years). Complete recov-
ery was observed in 34.3% and 35.7% of patients 
after 1 and 6 months in the open surgery group 
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Table 51.6 Perioperative mortality after bypasses

Revascularization Author
Publication 
year

Patients 
(N)

Revascularizations 
(N)

Perioperative 
mortality

Popliteal and distal heparin- 
bonded ePTFE prosthetic bypasses

Daenens 2009 240 240 0.41%

ePTFE distal bypasses Scandinavian 
Miller Collar 
Study

2010 77 77 10%

ePTFE distal bypasses with cuff Scandinavian 
Miller Collar 
Study

2010 69 69 5%

Infra-malleolar venous bypasses 
(in situ 60.6%)

Brochado Neto 2010 116 122 13%

Pedal branch venous bypasses Brochado-Neto 2012 25 25 8%
ePTFE heparin-bonded distal 
bypasses and venous cuff

Neville 2012 62 62 0%

GSV distal bypasses Neville 2012 50 50 0%
Perigenicular vessel bypasses De Latour 2007 57 59 3.5%
GSV, arm veins, PTFE distal 
bypasses

Slim 2011 164 179 2.20%

GSV, arm veins, PTFE pedal 
bypasses

Slim 2011 45 51 0%

PTFE reinforced prosthetic distal 
bypasses with venous cuff

Neville 2012 252 270 0.5%

Contralateral GSV, SSV, arm veins 
bypasses

Nierlich 2020 – 644 1.9%

Table 51.7 Perioperative morbidity after bypasses

Revascularization Author
Publication 
year Morbidity

Popliteal and distal heparin-bonded ePTFE prosthetic 
bypasses

Bosiers 2006 0%

Supra-popliteal PTFE with cuff bypasses Rückert 2009 29%
Popliteal and distal venous bypasses Daenens 2009 0%
Popliteal and infra-popliteal heparin-bonded ePTFE 
bypasses

Daenens 2009 0.83%

ePTFE distal bypasses Scandinavian Miller Collar 
Study

2010 10%

ePTFE distal bypasses with cuff Scandinavian Miller Collar 
Study

2010 6%

Infra-malleolar venous bypasses (in situ 60.6%) Brochado Neto 2010 2.4%
Pedal branch venous bypasses Brochado-Neto 2012 24%
ePTFE heparin-bonded distal bypasses and venous cuff Neville 2012 1.6%
GSV distal bypasses Neville 2012 4%
Composite autologous and umbilical vein distal 
bypasses

Neufang 2007 26%

Perigenicular vessel bypasses De Latour 2007 9.1%
Cryopreserved venous infra-popliteal bypasses Randon 2010 11.1%
Infra-malleolar venous bypasses Saarinen 2016 5.0%
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Table 51.8 Limb salvage after bypasses

Revascularization Author
Publication 
year Limb salvage rate

Limb salvage rate 
evaluation time

Popliteal and distal heparin- 
bonded ePTFE prosthetic 
bypasses

Bosiers 2006 87% 1 year

Popliteal and distal venous 
bypasses

Daenens 2009 100% above the knee, 
91% below the knee, 96% 
tibial arteries

2 years

Popliteal and distal ePTFE 
heparin-bonded bypasses

Daenens 2009 92% above the knee, 98% 
below the knee, 87% 
tibial arteries

2 years

ePTFE distal bypasses Scandinavian 
Miller Collar Study

2010 44% 3 years

ePTFE distal bypasses with cuff Scandinavian 
Miller Collar Study

2010 59% 3 years

Popliteal pedal venous bypasses 
(in situ 78.5%)

Good 2011 81.8%, 81.8%, 81.8% 1,3, and 5 years

Infra-malleolar venous bypasses 
(in situ 60.6%)

Brochado Neto 2010 70.0%, 50.4% 3 and 5 years

Popliteal distal venous bypasses 
(meta-analysis)

Albers 2006 77.7 ± 4% 5 years

Pedal branch venous bypasses Brochado-Neto 2012 81.7%, 69% 1 and 3 years
ePTFE heparin-bonded distal 
bypasses and venous cuff

Neville 2012 80% 1 year

GSV distal bypasses Neville 2012 80% 1 year
Composite autologous and 
umbilical vein distal bypasses

Neufang 2007 87% 5 years

Perigenicular vessel bypasses De Luccia 2011 73.5 ± 7% 3 years
Perigenicular vessel bypasses De Latour 2007 90.0 ± 4% 3 years
Cryopreserved venous 
infra-popliteal bypasses

Randon 2010 84.91%, 77.1%, 62%, 
58%

1, 2, 3, and 5 
years

GSV, arm veins, PTFE distal 
bypasses

Slim 2011 92% 1 year

GSV, arm veins, PTFE pedal 
bypasses

Slim 2011 96% 1 year

Reinforced ePTFE distal 
bypasses with venous cuff

Neville 2012 80.6%, 78.0%, 75.7%, 
67.5%

1, 2, 3, and 4 
years

Infra-malleolar venous bypasses Saarinen 2016 78.6%, 72.0%, 67.2% 1, 5, and 10 years
Contro-lateral GSV, SSV, arm 
veins bypasses

Nierlich 2020 73%, 79%, 74% 5 years

and 48.2% and 59.6% in the endovascular treat-
ment group (p = 0.01 at 6 months) [27]. Elderly 
patients are more likely to undergo endovascular 
treatment with 1-year amputation rates greater 
than younger patients. Furthermore,  perioperative 
and 1-year mortality increase with age [28]. 
However, elderly patients are perhaps referred 
more for palliative care, which might explain 
sometimes the better results observed for limb 
salvage in this population.

The BEST-CLI group in its recent interna-
tional randomized trial enrolling 1830 patients 

with infra-inguinal peripheral artery disease suf-
fering from CLTI showed lower incidence of 
major adverse limb event or death in the surgical 
group in case of adequate great saphenous vein 
(42.6%) compared to endovascular group 
(57.4%) (HR 0.68; 95% CI: 0.59–0.79; p < 0.001) 
and less major amputations (10.4% versus 
14.9%) (HR 0.73; 95% CI, 0.54–0.98) but no dif-
ference in case of an alternative bypass conduit: 
major adverse limb event or death in the surgical 
group: 42.8% and 47.7% in the endovascular 
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Table 51.9 Permeability for bypasses

Revascularization Author
Publication 
year

Primary 
permeability

Time to 
evaluation 
(years)

Secondary 
permeability

Secondary 
permeability 
assessment 
time

Popliteal and distal 
venous bypasses

Daenens 2009 91%, 80% 
sus-art, 72%, 
72% popliteal, 
69%, 64% distal

1 and 2 ? ?

Popliteal and distal 
ePTFE heparin- 
bonded prosthetic 
bypasses

Daenens 2009 92%, 83% 
sus-art, 92%, 
83% sous-art, 
79%, 69% 
jambiers

1 and 2 ? ?

ePTFE distal 
bypasses

Scandinavian 
Miller Collar 
Study

2010 17% 3 20% 3 years

ePTFE distal 
bypasses with cuff

Scandinavian 
Miller Collar 
Study

2010 20% 3 22% 3 years

Popliteal pedal 
venous bypasses (in 
situ 78.5%)

Good 2011 63.3%, 63.3%, 
63.3%

1, 3, and 5 74.6%, 
74.6%, 
74.6%

1, 3, and 5 
years

Infra-malleolar 
venous bypasses (in 
situ 60.6%)

Brochado Neto 2010 51.4%, 46.7% 3 and 5 58.2%, 
53.4%

3 and 5 years

Popliteal distal 
venous bypasses 
(meta-analysis)

Albers 2006 63.1% ± 4.3% 5 70.7% ± 
4.6%

5 years

ePTFE heparin- 
bonded distal 
bypasses and venous 
cuff

Neville 2012 75.4% 1 ? ?

GSV distal bypasses Neville 2012 86% 1 ? ?
Composite 
autologous and 
umbilical vein distal 
bypasses

Neufang 2007 35% 5 42% 5 years

Perigenicular vessel 
bypasses

De Luccia 2011 74.7 ± 7% 3 83.4 ± 8% 3 years

Perigenicular vessel 
bypasses

De Latour 2007 65 ± 7% 3 70 ± 7% 3 years

Cryopreserved 
allograft venous 
infra-popliteal 
bypasses

Randon 2010 56%, 32%, 17% 1, 3, and 5 73%, 60%, 
38.5%

1, 3, and 5 
years

GSV, arm veins, 
PTFE distal bypasses

Slim 2011 61.7% 1 87.4% 1 years

GSV, arm veins, 
PTFE pedal bypasses

Slim 2011 61.9% 1 87.4% 1 year

Reinforced ePTFE 
distal bypasses with 
venous cuff

Neville 2012 79.8%, 75.6%, 
65.9%, 51.2%

1, 2, 3, and 
4

? ?

Infra-malleolar 
venous bypasses

Saarinen 2016 71.2%, 59.7%, 
49.0%

1, 5, and 10 81.0%, 
70.7%, 
68.4%

1, 5, and 10 
years

Contralateral GSV, 
SSV, arm vein 
bypasses

Nierlich 2020 59%, 66%, 63% 
and 48%, 50%, 
39%

1 and 5 ? ?
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group (HR 0.79; 95% CI, 0.58–1.06; p = 0.12) 
[29].

Endovascular treatment encompasses differ-
ent modalities: angioplasty, Bare Metal Stent 
(BMS), drug-coated balloons, Drug Eluting Stent 
(DES), and Covered Stent (CS).  They were 
reviewed for the treatment of supra-popliteal 
lesions (23 randomized controlled trials, 3314 
patients affected by claudication: 85% or CLTI: 
15%). Fifteen studies failed to show a benefit for 
stenting when compared to angioplasty alone. 
There was no clinical benefit, but a lower target 
lesion revascularization was observed in four 
studies with coated balloons. Four trials failed to 
show a clinical benefit for DES compared to 
BMS. However, there is a lack of data concerning 
the best strategy for patients suffering from CLTI 
[30]. For infra- popliteal lesions, 12 trials were 
reviewed (1145 patients, 90% affected by CLTI). 
BMS and DES do not improve clinical results 
after angioplasty. Another trial compared plain 
old balloon angioplasty (POBA) and drug-coated 
balloon angioplasty. Drug-coated balloon use 
was associated with improved wound healing 
(RR: 1.28; 95% CI: 1.05–1.56; p  =  0.01), 
improved Rutherford stage (RR: 1.32; 95% CI: 
1.08–1.60; p = 0.008), lower target lesion revas-
cularization (RR: 0.41; 95% CI: 0.23–0.74; 
p = 0.002), and a lower rate of restenosis (RR: 
0.36; 95% CI: 0.24–0.54; p < 0.0001) among dia-
betic patients at 12 months. No differences were 
observed between DES and BMS [31].

IN.PACT SFA Randomized Trial compared 
drug-coated angioplasty and POBA for femoro-
popliteal lesions (220 patients in the first group 
and 111  in the second, Rutherford 4: 5.0% and 
5.4%, Rutherford 5: 0.0% and 0.9%, respectively). 
Technical success was comparable between 
groups: 99.5% and 98.2%; primary patency was, 
respectively, 82.2 and 52.4% (p  <  0.001); target 
lesion revascularization at 12 months was lower in 
drug-coated angioplasty group: 2.4% versus 
20.6% (p < 0.001); and clinical improvement was 
more frequent in the drug- coated balloon group: 
85.2% versus 68.9% (p < 0.001). Walking distance 

improvement was comparable: 72.7 ± 31.4% and 
73.6 ± 29.5% (p = 0.59). One-year life quality was 
comparable. No procedure-related mortality was 
observed. No patient needed major amputation at 
1 year. Targeted lesion occlusion after 1 year was 
observed in 1.4% and 3.7%, respectively (p = 0.10) 
[32].

DES demonstrated improved patency over 
BMS in infra-popliteal arteries (primary patency: 
73% versus 50% at 1 year) and was at least com-
parable to balloon angioplasty (66% primary 
patency) [21]. BMS, DES, and CS were com-
pared in a retrospective cohort study for SFA 
lesions. The unadjusted primary patency at 12, 
24, and 48 months were 57%, 47%, and 44% for 
BMS; 81%, 66%, and 53% for DES; and 62%, 
49%, and 42% for CS (log-rank p  =  0.044). 
Compared to CS, DES was associated with 
improved primary-assisted patency (HR for 
patency loss: 0.35, p  =  0.008) and secondary 
patency (HR: 0.32, p = 0.011). Across the entire 
follow-up period, stent occlusions occurred in 
40% BMS, 57% CS, and 19% DES (p < 0.001). 
Among them, ALI occurred in 5% BMS, 33% 
CS, and 9% DES (p = 0.01). The relative risk of 
presenting with acute limb ischemia as opposed 
to claudication was 27 times greater among 
patients re-presenting with occluded CS com-
pared to BMS (p = 0.02). There was no signifi-
cant difference in AFS or all-cause mortality 
across the three cohorts [33].

Revascularization is a key factor to prevent 
major amputation during CLTI. Endovascular 
treatments and bypasses show similar results dur-
ing the first 2 years. Endovascular treatment can 
be proposed as the first-line strategy especially 
for elderly and frail patients. When life expec-
tancy is superior to 2 years, open surgery seems 
to offer better results than endovascular treat-
ment. GSV is the best conduit for infra-popliteal 
bypasses. Angioplasty and selective stenting rep-
resent the reference for endovascular treatments, 
but drug-coated balloons, drug-eluting stents, 
and covered stents are helpful to prevent resteno-
sis and improve target lesion revascularization.
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52Skin Reconstruction Using Dermal 
Substitutes After Skin Necrosis

Franco Bassetto and Carlotta Scarpa

52.1  Introduction

Even if due to different etiopathogeneses (for 
example, trauma, burns, post-oncological exci-
sion), skin necrosis is still a challenge for plastic 
surgeons who must personalize the treatment on 
different kinds of patients.

Indeed, after the removal of necrotic tissue 
and a good debridement, which can be performed 
both with blade and devices, as for example 
negative- pressure therapy with or without instil-
lation or hydrodebridement, the surgeon has to 
analyze not only the residual loss of substance 
but also the features of the involved area (for 
example, if it is a leg or a thoracic region or a 
scalp) and the features of the interested patient 
(for example, if he/she is young or old, if there 
are comorbidities as diabetic or vascular impair-
ments) in order to choose the correct closure 
procedure.

Nowadays, many procedures are available 
such as skin grafts, local/perforating/free flaps, 
and physical therapies (as for example the 
acoustic waves or the fluorescent light energy), 
but since their introduction in the 1950s, der-

mal substitutes have become one of the most 
popular treatments in order to obtain a good 
skin reconstruction, especially when old and/or 
very compromised patients have to be treated.

Also known as acellular matrices, these prod-
ucts have the capability of modulating scar tissue 
formation avoiding its hypertrophy and/or retrac-
tion; they can come from different animals like 
pigs, fishes, or cows; they can be composed of 
different elements like collagen with or without 
elastin; and they can be covered by a silicone 
layer which permits to protect the dermal matrix 
in case we need a new and functional dermal 
layer before final closure.

These features combined with different sur-
face density, porosity, and time of degradation 
have given rise to a huge heterogeneity of differ-
ent matrices, each with different indications and 
time of scaffold’s reabsorption [1, 2].

For these reasons in these last years, it has 
been proposed to differentiate the matrices into 
two main classes: (1) in the first class, we can 
recognize acellular matrices whose scaffold 
remains after the intake period of 14–21 days; (2) 
in the second class, the scaffold can be reab-
sorbed immediately after 7 days stimulating the 
growth of a “good-quality” granulation tissue.

In this chapter, we will generally talk about 
the most popular acellular dermal matrices 
used in European countries for skin 
reconstruction.
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52.2  The Different Acellular 
Matrices

As said earlier, different acellular dermal matri-
ces have different indications depending on dif-
ferent areas and different kinds of loss of 
substance.

Dermal regeneration template [3–7]: derived 
from cows, it is featured by the presence of col-
lagen and other components as chondroitin- 6- 
sulfate but it is without elastin. Nowadays, the 
dermal regeneration template has been widely 
used to obtain (1) full-thickness reconstruction, 
(2) healing stabilization, and (3) low rate of 
recurrence. These features have made it a valu-
able treatment for skin necrosis after burns, dia-
betic lesions, post-traumatic necrosis, and acute 
and chronic ulcers of the leg due to vascular 
impairment and also for post-oncological exci-
sion when radicality is demonstrated.

This template can be immediately covered by 
a skin graft, or it can present a removable silicone 
layer to prepare a new and efficient derma before 
final closure with skin graft after 14–21 days; 

interestingly, the scaffold remains present after 
the intake period.

Even if this dermal substitute has been widely 
considered and used since its introduction, in our 
experience, it is preferable to avoid it if there is a 
high risk of infection or when noble structures 
are exposed (Fig. 52.1).

Bilayered three-dimensional porous matrix [3, 
8, 9]: featured by a stabilized bovine origin type I 
collagen, this matrix seems to improve the colo-
nization as fibroblasts recognize collagen fibers. 
As others, it can be immediately covered by a 
skin graft or, in a dual-step procedure, can be 
used for the treatment of losses of substances 
after burns, post-oncological excisions, trauma, 
and/or acute or chronic ulcers. Also in this case, 
we prefer to avoid it in high risk of infection 
areas or patients (Fig. 52.2).

Acellular dermal matrix with elastin [10, 11]: 
made of purified, freeze-dried bovine collagen 
mixed with 3% elastin hydrolysate, this matrix is 
widely used when treated areas require pliability 
and there is need of tissue sliding, for example on 
tendon areas. Differently from the previous one, 
this dermal matrix does not present silicon layer 

a b c

Fig. 52.1 Post-traumatic necrosis of the scalp: (a) pre-op after skin necrosis; (b) autologous skin graft plus dermal 
matrix; (c) after 1 month of final closure with skin grafts

a b c

Fig. 52.2 Post-traumatic necrosis on right hand-II finger: (a) pre-op; (b) post-necrosis removal; (c) bilayer three- 
dimensional porous matrix

F. Bassetto and C. Scarpa 
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on its top, but it can equally be used in multistep 
procedures; indeed, even if it is more frequently 
immediately covered by a skin graft, it is possible 
to use a thicker dermal matrix (2 mm) and cover 
it after 14 days from the first procedure. Also in 
this case, in our experience, it is preferable to 
avoid it if there is high risk of infection (Fig. 52.3).

Porcine origin matrix [12, 13]: composed by 
atelocollagen derived by porcine tendon, this 
matrix is available both with and without silicone 
layer and in fenestrated type, so it can be used 
both in one- and dual-step procedures also in 
very exudating lesions. Indicated for skin loss 
that is partial thickness to deep dermis, in our 
experience, this matrix is highly recommended in 
areas/patients at high risk of infections, as for 
example in post-traumatic lesions or diabetic 
patients (Fig. 52.4).

Fish-derived acellular matrix [14–16]: fea-
tured by intact decellularized fish skin derived 
from cod, this matrix is very rich in omega-3. It 
seems that these features could both induce a 
“good-quality” granulation tissue and reduce 
pain before, during, and after the dressing. As 
other matrices, this product can be immediately 
covered by a skin graft, but it is also possible to 
delay the final closure to obtain a better granula-
tion tissue. In this case, the matrix can be reab-
sorbed after 7 days, and some new application 
can be required to reach both the desired granula-
tion tissue and the required thickness of the der-
mal layer. In our experience, this matrix can be 
used in cases in which pliability can be required 
as, for example, in joints as heel or knee 
(Fig. 52.5).

a b

c d

Fig. 52.3 Post-traumatic necrosis of the foot: (a) preoperative; (b) after necrosis removal, we used the dermal matrix, 
(c) immediate skin graft; (d) 3-month follow-up
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a b c

Fig. 52.4 Post-traumatic lesion in obese and diabetic patient—high risk of infection: (a) post-necrosis removal, we 
applied fenestrated one; (b) after 14 days; (c) post-final closure with skin graft

a b c d

e

Fig. 52.5 Post-traumatic skin necrosis of the heel and dorsal foot: (a) post-necrosis removal; (b) fish-derived matrix 
positioning; (c) after 2 weeks and a new dressing with fish skin; (d) 1 week post-skin graft; (e) 1-month follow-up

52.3  Conclusion and Take-Home 
Messages

As briefly described, many are the available 
opportunities to perform skin reconstruction after 
skin necrosis, but most of all, many are the pos-
sibilities to choose the right dermal matrix in 
order to customize the treatment matching the 
right matrix to a specific patient and the specific 
features of the skin.
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53Skin Necrosis of the Diabetic Foot 
and Its Management

J. Karim Ead, Miranda Goransson, 
and David G. Armstrong

53.1  Introduction

The global prevalence of diabetes mellitus has 
risen by 16% in the last 2  years (DM) and is 
expected to continue this trajectory. Indeed, it is 
estimated to affect 537 million people in 2021, 
with this figure expected to rise to 643 million 
by 2030 and 783 million by 2045 [1]. Diabetes 
is primarily caused by the body’s inability to 
produce or respond to insulin, resulting in car-
bohydrate metabolic dysfunction [1]. Chronic 
insulin resistance can raise blood and urine glu-
cose levels [1]. Diabetes patients are more likely 
to develop other systemic pathologies that can 
affect the feet, eyes, skin, kidneys, and cardio-
vascular systems. Because of the harmful nature 
of this disease process, it is a major risk factor 
for atherosclerotic disease. Peripheral artery 
disease (PAD) is a type of occlusive disease that 
typically affects the lower extremities. PAD is 
now thought to affect approximately 12 million 

people in the United States. Patients with PAD 
are more likely to have lower extremity amputa-
tions, and it can be an early warning sign of 
other harmful cardiovascular pathologies. Most 
of these amputations begin with diabetic foot 
ulcers [2]. A patient with a diabetic foot ulcer 
has a 2.5 times higher risk of death at 5 years 
than a patient with diabetes who does not have a 
foot ulcer. Infection occurs in more than half of 
diabetic ulcers. Approximately 20% of moder-
ate or severe diabetic foot infections result in 
amputation. Peripheral artery disease raises the 
risk of nonhealing ulcers, infection, and ampu-
tation on its own [3].

Hyperglycemia is derived from the Greek 
word hyper (high [4]) + glykys (sweet/sugar) + 
haima (blood). Hyperglycemia is the physiologic 
state of blood glucose greater than 125  mg/dL 
while fasting and greater than 180  mg/dL 2  h 
postprandial [4]. A patient has impaired glucose 
tolerance, or considered “prediabetes,” with a 
fasting plasma glucose of 100–125  mg/
dL.  Hyperglycemia has the potential to cause 
several systemic life-threatening complications 
that include damage to the eye, kidneys, nerves, 
heart, and peripheral vascular system [4]. Hence, 
it is vital for patients with diabetes to manage 
hyperglycemia effectively and efficiently to pre-
vent complications of the disease and improve 
patient outcomes.
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53.2  The Biochemical 
Consequences 
of Hyperglycemia

Between 30% and 70% of patients with diabetes 
mellitus, both type 1 and type 2, will present 
with a cutaneous complication of diabetes mel-
litus at some point during their lifetime. 
Hyperglycemia is an inflammatory condition 
that causes sensory and motor nerve defects, 
which blunt the perception of adverse stimuli 
and produce an altered gait. Peripheral neuropa-
thy, vascular disease, and metabolic dysfunction 
all play a key role in diabetic tissue necrosis 
(Fig. 53.1). Altered lower extremity biomechan-
ics can increase the likelihood of developing foot 
ulcers and other osseous malformations. DM 
causes a pathogenic environment, which induces 
abnormal cellular responses to infection, immu-
nological and microvascular dysfunction, and 
peripheral neuropathy. These dynamic processes 
are implicated in the pathogenesis of the wound 
healing impairment and the diabetic foot ulcer. 
The skin houses a dense network of sensory 

nerve afferents and nerve- derived modulators, 
which communicate with epidermal keratino-
cytes and dermal fibroblasts bidirectionally to 
effect normal wound healing after trauma. 
Damage to autonomic nerve fibers causes a 
reduction in tissue hydration (sweat), which may 
leave skin in the lower extremity dehydrated and 
prone to fissures and secondary infection [5]. As 
the disease progresses, hyperglycemia injures 
target cells through multiple pathways, includ-
ing the effects of aldose reductase, advanced 
glycation end products, polyol accumulation, 
oxidative stress, protein kinase C isoforms, 
growth factors, and atherosclerosis.

Hyperglycemia causes tissue damage and oxi-
dative stress through four major mechanisms 
(Fig. 53.2):

 – Increased flux of glucose and other sugars 
through the polyol pathway [6]:
• Aldose reductase affinity for glucose to 

also increase
• Leads to the increased production of 

sorbitol

Pathogenesis of tissue ischemia/necrosis in the diabetic patient

Metabolic
Dysregulation

Poor Glycemic Control
(Hyperglycemia)

Autonomic
DysregulationSomatic Dysregulation

Neuropathy

Altered Biomechanics

Increased Foot
Pressures

Callous/Pre‐Ulcerative Formation

Peripheral
Vascular
Disease

Micro Vessel Disease Macro Vessel Disease

Tissue
ISCHEMIA

Fig. 53.1 Pathogenesis of diabetic foot related complications as it pertains to ischemia leading to tissue necrosis

J. K. Ead et al.



341

Fig. 53.2 The biochemical response to a hyperglycemic state

• Accumulation of sorbitol reduces the activ-
ity of Na+K+-ATPase:

Reduces the physiological reserve of 
nerve cells and leads to commensurate 
reduction of nerve conduction velocity

 – Increased intracellular formation of advanced 
glycation end products (AGEs) [6]:
• AGEs increase cellular apoptosis
• Decrease the proliferation of fibroblasts
• Reduce the activity of growth factors such 

as fibroblast growth factor
 – Activation of protein kinase C (PKC) isoforms 

[6]:
• Increases deleterious free radicals:

Inhibiting the activity of nitric oxide (NO)
• Leading to damage of the endothelial 

function
 – Overactivity of the hexosamine pathway [6]:

• Instigates macrophage dysfunction 
increases and prolongs inflammation

These four pathways cause a biochemical 
imbalance by increasing the production of inflam-
matory mediators, pericyte degeneration, thicken-
ing basement membrane, endothelial hyperplasia, 
NO reduction, and impaired vasodilation. The pro-
inflammatory biomarkers include IL-6, TNF-α, 
D-dimer, and PAI-1 [7]. All of these are in one way 

or another involved in the development of diabetic 
microangiopathy [8]. Previous studies have 
revealed that the cytokines and proteins associated 
with inflammation (interleukins IL-6 and IL-8; 
tumor necrosis factor alpha, TNF-α [7]; C-reactive 
protein; fibrinogen) were significantly elevated in 
the diabetic patients at baseline [7]. Hyaluronan 
(HA) plays an important role in the integumentary 
physiology. HA is a key glycosaminoglycan that 
facilitates the reepithelialization process [9]. HA is 
an integral part of the extracellular matrix of basal 
keratinocytes, which are major constituents of the 
epidermis which foster keratinocyte proliferation 
and migration. Hyperglycemia primes the degrada-
tion of HA in the glycocalyx of endothelial cells, 
consequently increasing leukocyte recruitment and 
creating a proinflammatory microenvironment 
[10]. Therefore, the thickness of the glycocalyx on 
blood vessel endothelia is significantly reduced, 
leading to the loss of protective functions and other 
deleterious changes [10]. This leads to an imbal-
ance of free radicals and antioxidants in the body, 
which results in the overproduction of reactive 
oxygen species (ROS) [6, 11]. Excess ROS can 
lead to cell and tissue damage and delayed wound 
healing. Therefore, decreasing ROS levels through 
antioxidative systems may reduce oxidative stress-
induced damage to improve healing [6, 11]. 
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Endothelial cell damage secondary to hyperglyce-
mia induces vascular impairment, consequently 
decreasing the delivery of oxygen and vital nutri-
ents to organ systems. Additionally, the alteration 
of the capillary or arteriolar vessel structure also 
hinders activated white blood cells to specific tis-
sues, increasing the susceptibility, and accelerates 
the occurrence and progression of diabetic ulcers 
and infectious/gangrenous processes [6, 11]. A 
hyperglycemic state causes a decrease in the oxy-
gen, nutrient supply, and vascular impairment 
resulting in hair alterations like hair thinning, hair 
fragility, sparseness of hair, or decreased hair 
growth speed. Some studies have found that lower 
leg hair loss could be an early predictor of diabetic 
foot through vascular impairment [12].

53.3  Wound Wars: The Limb 
Preservation Team Strikes 
Back!

The development of diabetic foot infections is 
attributed to several comorbidities that include 
peripheral neuropathy, PAD, and/or structural 
deformities of the lower extremity. Additionally, 
diabetic patients are four times more likely to 
develop chronic limb-threatening ischemia 
(CLTI) than patients without diabetes mellitus. 
Clinicians should consider the possibility of 
infection occurring in any foot wound in a patient 
with diabetes. High-risk patients should be 
assessed for the degree of potential ischemia, but 
also on the extent and depth of the wound and the 
presence and severity of infection [13].

Factors that increase the risk for DFI include 
[13]:

 – A wound for which the probe-to-bone (PTB) 
test is positive

 – Ulceration present for >30 days
 – A history of recurrent foot ulcers
 – A traumatic foot wound
 – Presence of peripheral vascular disease in the 

affected limb
 – Previous lower extremity amputation
 – Loss of protective sensation
 – Presence of renal insufficiency
 – Poor glycemic management

The Society of Vascular Surgery (SVS) opined 
that the current classification systems of diabetic 
foot ulcers/infection have two major problems: 
“(1) the validity and natural history of the con-
cept of CLTI and (2) the failure of most existing 
systems to assess and grade the major factors that 
influence both risk of limb loss and clinical man-
agement” [13]. The proposed SVS Lower 
Extremity Threatened Limb Classification 
System is based simply on grading each of the 
three major factors (wound, ischemia, and foot 
infection [WIfI]) [13]. Uncontrolled diabetes 
typically presents with several deleterious factors 
of which ischemia is just one component of a 
much larger problem. They devised a dynamic 
classification system that integrates a global 
methodology in the stratification of these disease 
pathologies: wound extent, ischemia, and foot 
infection [13] (Fig. 53.3). This resulted in a para-
digm shift in evaluating the risks of amputation 
and the potential benefits of vascular intervention 
[13]. The target population of the WIfI system 
incorporates patients across a broad spectrum of 
lower extremity vascular disease etiologies [13]. 
The main idea behind this new classification sys-
tem was to help patients categorize their condi-
tion in a similar fashion to the TNM (tumor, 
nodes, metastasis) system commonly utilized in 
malignancies [9, 13]. Clinicians should then doc-
ument and classify the severity of the infection 
based on its extent and depth and the presence of 
any systemic findings of infection. Grades are 

WIFI System 

IDSA

Rutherford/
Fontaine

UTSA/Wagner

IDSA

Fonta

Fig. 53.3 WIFI system
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calculated separately by measuring the wound 
depth; ischemia based on TBI, ABI, and TcPO2; 
and systemic to local infection from the IDSA 
guideline [13]. Once the grades are combined 
and calculated, a risk of amputation is generated 
[13]. For infected wounds, we recommend that 
clinicians send appropriately obtained specimens 
for culture prior to starting empiric antibiotic 
therapy, if possible [13].

Liu et al. devised the medial arterial calcifica-
tion (MAC) score, which is a simple metric that 
describes the potential effects of lower extremity 
arterial calcification using plain foot radiographs. 
These scores were conducted by a single-blinded 
reviewer using two-view minimum plain foot 
radiographs [14].

Study parameters [14]:

 – Each patient was assigned a score from 0 to 5:
• 1 point given for calcification in each of the 

following arterial segments:
• >2  cm in the dorsalis pedis, plantar, and 

metatarsal arteries
• >1  cm in the hallux and lesser digital 

arteries
 – A random sampling of plain radiographs from 

10% of the cohort was scored by an additional 
blinded reviewer to assess for interobserver 
variability.

 – The limbs were stratified using the SVS WIfI 
staging system.

These investigators found that a higher MAC 
score was significantly associated with the risk of 
major amputation [14]. These findings have pro-
vided evidence for the clinical significance of 
pedal arterial calcifications, an incidental finding 
frequently observed when foot radiographs are 
obtained to evaluate the severity of wounds and 
infection in patients with CLTI [14]. The ability 
to prognosticate the risk of limb loss is para-
mount in the care of patient with CLTI, because it 
guides the decision-making process for patient 
counseling and potential immediate and future 
interventions [14].

In order to effectively treat the assortment of 
complications that pertains to the diabetic foot, 
a transdisciplinary approach is critical in order 
to optimize patient outcomes. Limb preserva-

tion programs consist of interdisciplinary teams 
that work synergistically to exchange informa-
tion, discuss assessment, and create joint plans 
to achieve the goal of limb salvage in an inte-
grated model. This model often incorporates 
podiatric and vascular surgeons (“toe and flow” 
model) as the core of an interdisciplinary team 
but which may include other medical specialties 
as well.

A holistic limb preservation program needs 
four key elements:

 – Hot foot line:
• In the acute setting, diabetic foot complica-

tions presenting to the emergency room or 
on the inpatient wards should be reported 
to a single “hot foot line.”

• Once initiated, the limb preservation team 
will promptly assess the patient and inter-
nally triage the patient.

 – Access to a wound-healing clinic:
• The primary focus of the clinic is to deter-

mine the etiology of the lower extremity 
wound and implement evidence-based 
modalities to accelerate wound closure, 
moving patients into remission.

 – Remission clinic:
• Studies have demonstrated that recurrence 

rates of foot ulcerations are noted to be 
40% at 1 year, nearly 66% at 2 years, and 
75% at 5  years, focus on stopping severe 
recurrence should replace a focus on pre-
venting every recurrence [1]. Maximizing 
ulcer-free, hospital-free, and activity-rich 
days in remission is a primary goal. 
Individualized patient self-care and moni-
toring education are a vital function of the 
remission clinic, along with home-based 
monitoring program coordination, as they 
have shown to reduce ulcer recurrence [1].

 – Screening clinic:
• Patients with diabets should be screened 

according to the updated ADA (American 
Diabetes Association) Diabetic Foot Risk 
Assessment guideline protocol. This would 
include a detailed examination of the lower 
extremity in regard to the cardiovascular, 
neurological, dermatological, and muscu-
loskeletal systems.
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54Skin Necrosis of Diabetic Foot 
and Its Management

Joon Pio Hong

54.1  Introduction

The chapter describes the statistics related to dia-
betic foot ulceration, pathology of necrosis for-
mation, types of necrosis, and current surgical 
management of diabetic foot skin necrosis.

According to the statistics given in the USA, 
approximately 3–4% of individuals with diabetes 
currently have foot ulcers or deep infections and 
25% will develop foot ulcers sometime during 
their life [1, 2]. Their risk of lower leg amputa-
tion increases by a factor of 8 once an ulcer 
develops. It is estimated that the age-adjusted rate 
of lower extremity amputation in diabetic patients 
is 15-fold that of nondiabetics [3]. Intractable 
diabetic foot ulcers can bring not only decreased 
physical, emotional, and social functions but also 
huge economic impact to the patient [4–6]. 
Furthermore, the 5-year mortality after major 
amputations may range from 39% to as high as 
80% [1, 7]. The necrosis is often seen in the late 
stages of the diabetic foot. The presence of skin 
necrosis is a serious implication leading to the 
loss of limb. Their respective indications vary 
depending essentially on criteria like the hard-
ness of the black cover, the extent of necrosis in 
depth, and the extent of necrotic tissue over the 
skin.

In neuropathic foot, infection is usually the 
cause, whereas it can be solely due to ischemia 
alone with slow onset of mummification like dry 
necrosis.

54.2  Risk Factors for Diabetic 
Foot Skin Necrosis

Risk factors involved for ulceration are periph-
eral neuropathy, vascular disease, limited joint 
mobility, foot deformities, abnormal foot pres-
sures, minor trauma, history of ulceration or 
amputation, and impaired visual acuity [8]. 
Superimposed infection in neuropathic or neu-
roischemic types will lead to wet necrosis, 
whereas occlusion of arteries will lead to dry 
necrosis. The dry necrosis frequently coincides 
with the angiosome territory of the macrovascu-
lar supply [9].

54.3  Clinical Presentation

54.3.1  Detecting Early Change

Early signs of necrosis may begin with sudden 
change in color of the skin. Previously pink skin 
may change to a blue or purple color when hit 
by infection. Skin turning from pink to pale 
white may be from lack of circulation. Sudden 
change of ulcer character may also imply poten-
tial change to dry or wet ischemia. A close fol-
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low-up should be scheduled as sudden change 
may occur within hours. Special attention 
should be made to patients under immunosup-
pressive therapy.

54.3.2  Wet Necrosis

Wet necrosis is due to severe infection and ulcer-
ation. This is the most frequently seen necrosis of 
the diabetic foot. Untreated infections and recent 
traumatic wounds may lead to necrosis. One 
must stay alert during the follow-up for patients 
especially being treated with immunosuppressive 
drugs after kidney transplants. Clinical character-
istics suggesting serious infection may be ulcers 
penetrating to subcutaneous tissues, involvement 
of deep tissues, extensive cellulitis expanding 
more than 2 cm from ulceration, and local signs 
such as severe inflammation, crepitus, bullae, 
swelling, discoloration, and necrosis [10]. Deep 
tissue specimens should be sent to identify patho-
gen. Patients should be hospitalized for possible 
surgical intervention, fluid resuscitation, treat-
ment with antibiotics, and control of diabetes 
(Fig. 54.1).

54.3.3  Dry Necrosis

Dry necrosis is a black, hard, mummified tis-
sue often with clear demarcation from the sur-
rounding tissue. It may have infection but 

usually is from severe ischemia resulting from 
vasculopathy. In cases where peripheral artery 
disease progresses slowly among ischemic-
neuropathic diabetic foot patients, it gradually 
develops vascular compromise of the skin, and 
thus perception of ischemic pain is reduced 
[11]. The result is that the prevalence of claudi-
cation in the diabetic population with PAD is 
lower than the prevalence of critical limb isch-
emia (CLI) in this population. Thus, eye 
inspection becomes a very important tool to 
diagnose the dry necrotic change among this 
group.

In diabetic patients with acute ischemia, sud-
den onset of pain is noted with pallor and cold-
ness of the foot followed by mottling of the skin 
and shiny appearance of the texture.

Regardless of the duration of the peripheral 
artery disease, intervention of the artery is 
required to reperfuse the ischemic skin. Failure 
to reperfuse the foot will end in dry necrosis and 
loss of the tissue. Intervention angioplasty or 
bypass surgery should be applied accordingly to 
ensure better outcome after removal of dry 
necrotic skin [12]. Otherwise, further complica-
tion and increase in necrosis may occur in resec-
tion without vascular intervention. One must 
also be aware of the reperfusion injury after 
intervention. Once reperfused, inflammation 
will ensue and the wound around the dry necro-
sis will turn wet and increase the risk for infec-
tion. Debridement must follow reperfusion 
(Fig. 54.2).

Fig. 54.1 Patient with wet necrosis extending to the deep fascia tissue, and debridement was performed. Note the 
extent of necrosis after the debridement of all necrotic tissue
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Fig. 54.2 Dry necrosis with relatively well-demarcated 
wound

54.4  Treatment 
and Reconstruction

When considering the diabetic foot for recon-
struction, there are multiple issues to be 
addressed. These issues can be effectively 
approached though a multidisciplinary approach 
[13]. The first step is to control the systemic 
aspect of diabetes. Then malnutrition, chronic 
renal disease, and hypertension have to be 
addressed properly and treatment schedules 
made before and after surgery especially 
 hemodialysis and perioperative blood sugar con-
trol. While the systemic condition of the patient 
is being optimized, specific attention can be 
directed to the foot ulcer. Depending upon the 
general condition; peripheral vascular status; 
bone pathology; wound depth, location, and 
duration; involvement of chronic osteomyelitis; 
and patient motivation, wounds can be treated 
with debridement and other related surgical pro-
cedures. Another important issue concerns the 
vascular pathology of the patient. The vascular 
surgery consultation is warranted when the 
patient is symptomatic with ischemic pain or a 
nonhealing ulcer. Neuropathic ulcers require 
debridement of nonviable or infected tissue, 
combined with local wound care and off-load-
ing. If the diabetic wound is not improved by 
such procedures or aggressive wound care, foot 
salvage procedures can be considered. A robust 
predictor of healing is 53% change in the wound 
area of diabetic foot ulcers [14]. In our center, 
we monitor the change in wound size and depth, 

and when wound healing is stalled despite good 
standard of care such as off-loading, infection 
control, edema control, and advanced dressings, 
then additional treatment with hyperbaric oxy-
gen, cell therapy, growth factor treatment, and 
negative- pressure wound therapy is considered. 
But depending on the complexity of the wound, 
some of these secondary modalities are used pri-
marily as well. Again, wound healing progress is 
closely monitored, and stalled healing despite 
these multimodal therapies may become one of 
the indicators for reconstruction. Figure  54.3 
shows the spectrum of care for diabetic foot 
ulcers from general care to reconstruction or 
amputation.

54.4.1  Debridement

The first step of treatment for diabetic foot wound 
is to evaluate, debride, and treat infection [9]. 
Missing timely management will lead to amputa-
tions and longer hospital days [15]. If symptoms 
and signs of infection are clinically suspected, 
proper treatment must be provided without delay. 
If superficial infection is suspected without sys-
temic infection, antibiotic treatment along with 
non-weight-bearing of the foot should be ensued. 
Optimal management of diabetic foot infection 
can potentially reduce incidence of major limb 
amputations and other related morbidities. All 
nonviable and infected soft tissue and bone 
should be excised during debridement. Milking 
along the proximal tendon can be helpful to iden-
tify and limit ascending infection. Tissue culture 
should be sent. Sufficient irrigation should follow 
after debridement to reduce bacterial count [16]. 
Recent advance in technology introduced a 
hydrosurgery system that allows to debride while 
preserving viable tissues and irrigate simultane-
ously, allowing reduced surgical time [17, 18]. 
Biodebridement such as maggot therapy has also 
been useful in clearing the necrotic tissue [19]. 
Application of negative-pressure wound therapy 
has also played a role in reconstruction as they 
are used as an indicator and a wound preparation 
method of achieving clean wound with reason-
able vascularity.
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Failure

Failure

FailureFailure

No benefit

Bypass surgery
Angioplasty

Success

Diabetic foot defects
After debridement and

infection control
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Skin graft / Local flap
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Rehabilitation
Out patient program

Soft tissue reconstruction
Bone reconstruction
Nerve decompression

Complex wound

Amputation

Unreliable

Conservative care

Fig. 54.3 Algorithm for diabetic foot reconstruction after debridement of necrotic diabetic wound

The understanding of vascular distribution of 
the foot, angiosome, helps to plan not only recon-
struction but also debridement [20]. When plan-
ning for reconstruction, one can avoid violating 
the angiosome territory when designing a local 
flap that may lead to flap breakdown [21]. Also 
by performing debridement according to the 
angiosome territory, one may enhance flap sur-
vival by increasing the chance for marginal vas-
cularization from healthy surrounding angiosome 
territory.

Repetitive debridement should be performed 
as part of wound preparation for reconstruction 
while monitoring C-reactive protein for possible 
hidden infections and using it as an index for pos-
sible infection after reconstruction.

54.4.2  Vascular Intervention

In our surgical algorithm, all patients considered 
for microsurgical reconstruction undergo a non-

invasive CT angiogram to evaluate the vascular 
status. The CT angiogram provides information 
regarding general vascular anatomy of the lower 
extremity and shows atherosclerotic change of 
vessels, which is useful information when choos-
ing recipient vessels. The overview is important 
as collateral vessels may be the main trunk to the 
distal limb. Without this information, one may 
elevate the flap harvesting the main arterial 
source to the distal limb and cause limb ischemia. 
If vascular status is in doubt, then revasculariza-
tion by angioplasty or bypass surgery is referred. 
Although preoperative angiograms may indicate 
intact anatomy of the artery to the foot, actual 
findings upon surgery can be different. In order to 
confirm the distal vascular flow, we use ultra-
sound duplex scans. A study by Kim et al. showed 
correlation of peak blood flow velocity over 
40  cm/s to flap survival [22]. However, in an 
ongoing study at our center, we hypothesized that 
the preoperative measurement of flow will not 
influence the survival of the flap, but the periop-
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erative flow will play a more important factor. 
For now, ultrasound duplex scan provides infor-
mation in the selection of recipient vessels or can 
be used to refer for vascular intervention when no 
recipient vessels can be identified. The transcuta-
neous oxygen measurement (TcPO2) also plays a 
role in our protocol. Measurement over 30 mmHg 
in normobaric oxygen is a relative predictive fac-
tor for successful healing, whereas pressure less 
than that of 30 mmHg is likely to follow an unfa-
vorable course [23, 24]. The wound, if measured 
under this level after vascular intervention, was 
treated with hyperbaric oxygen. If peri-wound 
TcPO2 measurements were over 30 mmHg, then 
further treatment including reconstructive proce-
dures was planned; otherwise, amputations at 
according levels were performed. The ankle- 
brachial index (ABI) is not used as it is not reli-
able in diabetic patients due to the high incidence 
of calcified vessels causing falsely elevated val-
ues [25].

In diabetic patients, the most significant ath-
erosclerosis occurs in the crural arteries often 
sparing the arteries of the foot [26]. Bypass to the 
dorsalis pedis or posterior tibial artery of the foot 
or angioplasty with or without stent placement 
procedures results in high success to restore per-
fusion pressure to the distal circulation of the foot 
reestablishing palpable pulse. The timing of 
when to perform reconstruction after vascular 
intervention is not clear. Reports have shown suc-
cessful free flap transfer with simultaneous vas-
cular reconstruction to salvage the limb [27]. But 
early bypass failures within 30 days are reported 
to be high [28, 29]. In our experience, partial flap 
loss or total loss was suddenly noted after 
2–3 weeks in the cases combined with simultane-
ous or reconstruction following few days after 
vascular interventions. This may suggest that 
there should be a sufficient stabilization period 
after vascular intervention.

Reperfusion is most essential prior to micro-
surgery reconstruction. If vascular intervention 
fails and wound progresses, amputation is 
warranted.

54.4.3  Reconstruction Using Free 
Flaps

Once an adequate debridement and reasonable 
vascular perfusion are achieved, in extensive and 
complex diabetic foot defects, reconstruction 
should be considered. In my experience, local 
flaps such as reverse sural, medial plantar, or lat-
eral supramalleolar for large defects have not 
been as successful as free flap reconstruction. 
Especially when reconstructing diabetic foot 
with reduced vascular flow, the utilization of 
local flaps may breach the distal flow of the small 
collateral vessels. One must consider current vas-
cular status as well as future flow where small 
collateral vessels may play an important role for 
distal circulation. In this sense, my choice for 
moderate and large defects is the reconstructive 
microsurgery to transfer free flaps. Inclusion cri-
teria from a meta-analysis of free tissue transfer 
in 528 diabetic patients in 18 studies suggest (1) 
lower limb defect which has not displayed any 
signs of granulation or healing despite adequate 
debridement or necrotic tissue and conservative 
treatment, (2) no significant renal function 
impairment, (3) no significant systemic illness 
likely to be exacerbated by multiple operations 
and prolonged rehabilitation, (4) previously 
ambulatory with the aim to restore a functional 
limb, (5) likely to engage with the significant 
physiotherapy required for return to normal liv-
ing, and (6) peak flow velocity of >40 cm/s in the 
recipient artery. We generally agree with the sug-
gested inclusion criteria except for the significant 
renal disease. In our experience, we have not 
found an increased risk for failure despite the fact 
that uremia may cause a decrease in cell- mediated 
immunity and impair wound healing [30–32]. 
But we did report a significant risk of 4.857 times 
higher odds for flap failure in patients using 
immunosuppressive agents after renal transplant 
(p < 0.041) [31]. Another progress we have made 
recently was introducing the concept of supermi-
crosurgery to diabetic foot reconstruction 
[33–36]. This is especially useful in reconstruct-
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ing diabetic foot with poor perfusion. This con-
cept utilized small vessels as recipients for flaps 
where the blood supply is from the newly formed 
collateral vessels instead of major axial arteries, 
which are frequently calcified with lack of flow 
[13, 37]. This approach salvages even in the isch-
emic diabetic foot with dry eschar.

I would rather prefer to present the contraindi-
cation rather than the indications for flap recon-
struction as microsurgery technique evolves 
using small recipient vessels rather than major 
vessels for reconstruction [38]. The most impor-
tant factor may be the perfusion of the recipient 
vessel. If any small vessel is seen with good pul-
satile flow, it would be indicated for microsur-
gery. Thus, an absolute contraindication would 
be no flow to the foot without any sign of 
 perfusion from any distal small vessels [31]. This 
supermicrosurgery and freestyle reconstruction 
approach, however, will require a refined skill 
along with a paradigm shift for reconstruction 
(Figs. 54.4, 54.5, 54.6, 54.7, and 54.8).

It is important to take into consideration the 
long-term follow-up for patients who undergo 
reconstruction. One of the biggest challenges is 
seen when reconstructing the plantar surface. 
However, one must remember the actual cause of 
the necrosis itself, which often starts with an 
imbalance in the mechanics of the musculoskel-

Fig. 54.4 Necrotic diabetic foot with neuroischemic 
wound. Poor vascular supply of the anterior tibial artery 
was noted. Endovascular intervention was performed suc-
cessfully increasing the flow to the feet

Fig. 54.5 Complete debridement with respect to angio-
some territory. The patient then underwent NPWT 
(CuraVAC®, Daewoong Pharmaceuticals, Seoul, Korea) 
for 10  days to prepare the wound for microsurgical 
reconstruction

Fig. 54.6 Anterolateral thigh flap was used to reconstruct 
the feet

Fig. 54.7 The anterolateral thigh flap artery was anasto-
mosed to the dorsalis pedis end-to-side fashion
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Fig. 54.8 The patient at a 2-year follow-up shows good 
contour and function of the foot without signs of 
recurrence

etal structure of the foot. Without addressing the 
issue for mechanical imbalance, the newly recon-
structed soft tissue will not last long and will 
break down. Thus, one must approach recon-
struction with the idea of orthoplastic approach. 
When reconstruction is done properly, the long- 
term soft tissue change will actually show better 
perfusion as the flap settles in the ischemic foot 
and generally provides long-lasting resurfacing 
of the foot [39].
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55Exposed Necrotic Tendons

Luc Téot

55.1  Introduction

Tendon necrosis may be observed in several 
types of wounds, traumas, or chronic wounds like 
pressure ulcers, diabetic foot ulcers, or arterial 
leg ulcers, as a consequence of skin necrosis. The 
subcutaneous anatomical position of the tendons 
makes them directly exposed when the skin 
necroses. The origin of tendon necrosis is multi-
factorial, exposure to air, desiccation of poorly 
vascularized structures, and infection being most 
frequently observed. An appropriate debridement 
is possible when the deep parts of the tendons 
remain vascularized enough. A partial loss of 
depth of the tendon does not severely impact its 
mechanical resistance and function. Wound bed 
preparation using negative pressure wound ther-
apy is necessary to enhance the tendon embed-
ding into granulation tissue. Coverage can be 
done using dermal substitutes followed by split 
thickness skin grafts, a guarantee for tendon glid-
ing recovery. Flaps are sometimes preferred but 
more invasive and needing secondary procedures. 
Direct skin grafting being not recommended as 
leading to secondary tendinous adherences. 
Immobilization of the tendon is the key element 
to prevent infection to spread along the tendon 
sheets and develop tunnels. Tendon necrosis 

should be considered as an emergency in order to 
preserve the functional results. The introduction 
of microsurgery and NPWT has drastically modi-
fied the capacity to conserve exposed tendinous 
structures and prevent loss of function.

55.2  Clinical Features: Staging 
the Living Tendinous Tissue

Three different stages of severity can be observed 
(Fig.  55.1a–c). The tendon may be simply 
exposed, and the paratenon becomes necrotic on 
its exposed aspect, or partially necrotic, or com-
pletely destroyed.

Stage 1: The paratenon is exposed and looks 
inert, dry, more or less hard. A few opening may 
be observed, giving access to the tendon itself. 
When properly managed, the paratenon may 
recover, be revascularized by the surrounding liv-
ing structures.

Stage 2: The paratenon is lost, and the tendon 
is directly exposed, some areas presenting a dead 
fleshy aspect, tendon fibers being easily dissoci-
ated. It is not easy to differentiate the still living 
areas from the dead parts, but the mechanical 
resistance to dissociation and the tendon fibers 
consistency and hardness differ (Fig. 55.2). Risks 
of complete loss of the tendon are important as 
infection of the exposed tendon may extend 
under the tendon sheets up and down and develop 
a large infected pocket. Modern management 
including negative pressure therapy after a surgi-
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a

b

c

Fig. 55.1 (a) The tendon is intact under a necrotic cover. 
The vascularisation is intact. NPWT may obtain a full 
coverage by granulation tissue formation. (b) The tendon 
is partially destroyed but the vascularisation is conserved. 
Excision of the necrotic part, plus NPWT may end to a 
salvage of the tendon functionality. (c) The tendon is com-
pletely necrosed, the vascularisation is destroyed. A com-
plete excision is needed

Fig. 55.2 Sloughy tendon. A partial excision is needed, 
and NPWT Instill may complete the debridement and 
embed the tendon granulation tissuecal adapted debridement will enhance the pro-

gression of the granulation tissue coming from 
the edges and the deep part of the wound. The 
tendon will progressively be incorporated into 
this granulation tissue, and a coverage technique 
using either dermal substitute or flap will allow 
tendon salvage.

Stage 3: Clinically the tendon looks dry, hard, 
and having lost suppleness. No more connexion 
with the underlying structures is observed, the 
tendon lying inert over the wound (Figs. 55.3 and 
55.4). Tunnels on each extremity are long, and 
pus may be present. The tendon should be 

removed on the whole exposed area including 
tunnels.

When not managed properly, complications of 
tendon exposure are multiple, the necrotic exten-
sion to the surrounding structure being often 
observed, infection may progress along the ten-
don sheet, issuing to secondary at distance 
infected wounds and complete destruction of the 
tendon and paratenon.
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a b

Fig. 55.3 (a) The tendon can be detached from the bed. (b) The vascularisation remains intact. This tendon is candidate 
to NPWT in order to embed it into granulation tissue

Fig. 55.4 Spontaneous healing of an exposed tendon, 
with zones of epidermisation and areas ot the tendon 
destroyed by local infection

55.3  Mode of Treatment

55.3.1  Immobilization

Immobilization is a technique adapted to the 
involved segment of limb. Tendons being less 
rigid than bones, a strict tight immobilization 
is not required. On the other hand, the course 
of a tendon of the foot being comprised 
between 2 and 4  cm, it is easy to understand 
that infection will tend to move with tendon 
along the sheets and induce secondary infected 
zones involving the subcutaneous areas and the 
skin itself. In some situations, most often dis-
covered lately, infection may run along the ten-
dons or aponeurosis of the muscles and 
emerges as a secondary infection at the other 
extremity of a segment (seen in ischiatic pres-
sure ulcers with a distal emergence of infection 
at the level of the knee).
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55.3.2  Negative Pressure Wound 
Therapy

NPWT became a key factor to enhance tendon 
revascularization and salvage. This technique 
represents a good alternative to flaps with less 
morbidity and more chances to save function, as 
the negative pressure acts as a booster for granu-
lation tissue formation. The t endon is progres-
sively embedded into the granulation tissue, 
providing a neovascularization and preventing 
spreading of local infection. In an initial series of 
16 patients, Lee et al. [1, 2] reported that NPWT 
facilitates the rapid formation of healthy granula-
tion tissue on open wounds in the foot and ankle 
region, and thus, to shorten healing time and min-
imize secondary soft tissue defect coverage pro-
cedures, reducing the need for a free flap to one 
single case. NPWT was also effective on infected 
patellar tendon salvage. Hong et al. [3] proposed 
an algorithm of decisions in soft tissue defects 
including NPWT.

55.3.3  Artificial Dermis

Several authors recently published clinical results 
concerning the use of artificial dermis in tendon 
coverage and more largely in soft tissue defects 
in upper and lower extremities.

Attinger et al. [4] resume these possibilities 
as a step by step management of complex 
wounds with debridement, negative pressure 
wound therapy, and coverage using dermal sub-
stitutes. These techniques are utilized in chronic 
wounds, acute trauma wounds, and burns [5, 6] 
with good results. Products used may be double 
layer dermis, mainly used in USA, covered with 
a silicone film secondarily skin grafted, con-
trarily to one stage immediately covered single 
layers proposed in Europe [7, 8] and Asia [9]. 
Other dermal substitutes have recently emerged 
on the market, aiming to the same objective 
which is to bring suppleness and prevent adher-
ences of skin grafting to the underlying 
structures.

Dermal substitutes may also be used in upper 
limbs [10] with good results in terms of 
mechanical possibilities of recovering skin 
capacities.

55.3.4  Flaps

Flaps remain adapted to cover a tendon. This 
technique leads to few adherences, a soft cover-
ing allowing tendon to glide underneath with 
some potential complications, like excess of fat 
tissue or wrinkling observed when the transferred 
flap is too deep. Local flaps or regional sural flaps 
like distally based neurosural flaps [11] can be 
used, and free flaps being used in large defects or 
in acute wounds for young patients with adapted 
vascularization [12].

Flaps are more available in upper arm where 
many possibilities of local or regional skin flaps 
are used and available directly or in reverse.

55.4  Causes and Specific 
Management

55.4.1  Burns

Tendons are often exposed in third-degree burns. 
Both upper and lower extremities can be touched. 
Electrical burns may be terribly devastating at the 
wrist level, issuing to an exposure of all tendons, 
with a destruction of the paratenons and a progres-
sive lysis of the tendinous structures. Coverage 
using flaps [12] may be proposed but it remains 
difficult to diagnose clinically tendon necrosis, the 
flap possibly covering already necrosed anatomi-
cal structures. Negative pressure therapy is usually 
proposed prior reconstructive or covering surgery, 
combined to tendon immobilization. A progres-
sive separation between dead and living tissue 
appears, the remaining living tendon being slowly 
incorporated into a granulation bed after excision 
of the dead part. Coverage may then be obtained 
using a dermal substitute secondarily grafted using 
a partial thickness skin graft. Tendon repair may 
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be planned some months after, ideally more than 
1 year in order to prevent recurrence of inflamma-
tion source of secondary adherences.

55.4.2  Trauma

Traumatic skin avulsion in upper or lower limbs 
issues to a direct exposure of the tendon. If prop-
erly debrided and immobilized, tendons will 
preferably be covered using skin flaps in young 
patients presenting no comorbidities. 
Microsurgery is often proposed [3].

Chronic wounds like pressure ulcer, DFU, and 
LU may expose infected tendons. The tendon vas-
cularization is difficult to assess if the tendon is 
still attached to the depth by the paratenon of not. 
In DFU series of cases using NPWT to enhance 
the granulation tissue, then covered using dermal 
substitutes plus split thickness skin grafts to cover 
exposed tendons were reported [13, 14].

55.4.3  Miscellaneous

Infected post corticosteroid injection sites may 
lead to tendon exposure and necrosis. This situa-
tion obliges to treat and debride the necrosed 
structures, cover the wound, and plan after sev-
eral months a reconstructive procedure for ten-
don repair.

Management of tendon exposure on the dor-
sum of the hand using a dermal matrix has also 
been described [15].
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56Dissecting Haematomas 
in Patients Submitted 
to Anticoagulation

Sergiu Fluieraru

56.1  Introduction

Large haematomas of the lower limbs are more 
frequently observed in patients submitted to anti-
coagulants [1]. Skin necrosis is limited in size, 
but the blood collection largely extends below the 
apparent lesion, inducing a vast dissecting col-
lected space with clinical consequences compa-
rable to compartment syndrome, with muscular 
and tendinous consequences.

56.2  Clinical Signs

After a mild trauma linked to a fall, or a conse-
quence of compression bandaging, the apparent 
skin lesions are usually reported by the patient. 
Pain is moderate to intense, the local colour dark-
ening progressively. The skin lesions are not 
extending over the skin surface during the next 
days, with a limited clinical symptomatology. 
This creeping lesion may induce extensive devas-
cularisation of tendons and muscles located in 
the leg compartment involved, issuing to devas-
tative loss of substances.

The leg volume slightly increases when the 
haematoma extends. However, the patients are 
usually aged and the symptoms are not always 

recognised, the clinical exam being rarely con-
clusive, a reason why the diagnosis is often 
delayed.

56.3  Anatomical Lesions 
on the Skin Spreading 
to the Depth

Skin apparent lesions are relatively limited, usu-
ally located over the anterior part of the tibia and 
sometimes over the medial aspect of the knee 
joint or the calf muscles. Low impact traumas are 
most of the time reported by the patients who are 
submitted to anticoagulants.

Lesions are linked to the dissecting hyperpres-
sure of blood in a non-expandable zone, inducing 
self-ischaemia of soft tissues like tendons and 
muscles. This progressive necrosis is often under-
estimated as the skin itself is not extensively 
destroyed. It looks like a limited consequence of 
a localised trauma with a mild haematoma.

Lately inflammation is present, issuing to exu-
dation from the opened necrotic skin, contempo-
rarily with coagulated blood extruding from the 
wound. Infection is quickly spread, depending on 
the size of the collection, inducing a potential 
risk for septicaemia [2].

This life-threatening complication may induce 
spreading of infection to other tissues like the 
cardiac valves. The situation may lead to death.S. Fluieraru (*) 
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56.4  Complementary Exams

Ultrasonography is mandatory to assess the pres-
ence of blood still below the normal skin located 
around the visible necrotic skin. This collection 
may be still under liquid form, accessible to 
syringe aspiration, or under coagulated form, 
observed after some days. This collection is 
highly susceptible of becoming infected.

Magnetic resonance imaging (MRI) is some-
times needed to assess the soft tissues involve-
ment, muscles being destroyed partially or 
completely.

56.5  Surgical Management

Extensive surgical debridement is needed to elim-
inate the whole infected pocket when the skin is 
opened. Ultrasonography will define the anatomi-
cal limits, and the surgeon will excise the necro-
tised skin and the surrounding cover. This surgical 
decapitation is needed to promote granulation tis-
sue formation over a clean wound, without persis-
tent undermining. Negative pressure therapy will 
rapidly induce a healthy granulation tissue within 
2 weeks and allow a surgical coverage using skin 
grating (Figs. 56.1, 56.2, and 56.3).

Figs. 56.1, 56.2, and 56.3 Extensive necrosis of the 
anterior compartment of the leg (compartment syndrome), 
inducing a septicaemia with cardiac valve destruction and 

thrombosis of the ipsilateral femoral artery. In spite of 
several attempts of debridement and promotion of granu-
lation tissue, below knee (BK) amputation was needed.
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obtain permission directly from the copyright holder.

S. Fluieraru

http://creativecommons.org/licenses/by-nc-nd/4.0/


363© The Author(s) 2024 
L. Téot et al. (eds.), Skin Necrosis, https://doi.org/10.1007/978-3-031-60954-1_57

57Management of the Patient After 
Flap Failure

Raymund E. Horch, Justus Osterloh, 
Christian Taeger, Oliver Bleiziffer, Ulrich Kneser, 
Andreas Arkudas, and Justus P. Beier

57.1  Introduction

The loss of a free flap is always a catastrophe in 
reconstructive surgery. This chapter describes 
possible approaches and algorithms how to man-
age the patient after the loss of a free, microsurgi-
cally transferred flap.

First, the possible pathophysiologic causes 
that may lead to malperfusion or stop of perfu-
sion and to a subsequent partial or complete flap 
loss will be discussed. Reasons for flap failure are 
then analyzed dependent on their origin. They 
may be either patient inherent and irreversible or 
can be due to outer circumstances which can in 
principle be reversible and correctable.

We presented an algorithm on the manage-
ment of a patient after failure of free tissue trans-
fer. The appropriate decision-making depends on 
a large variety of factors. These include the per-
sistence and differently pronounced urgence of 
reconstructive needs of the patient, the underly-
ing cause of flap failure and its potential revers-
ibility, the altered geometry and size of the defect, 
presence of sufficient recipient vessels, as well as 
the remaining selection of donor sites.

57.2  Etiology and Pathogenesis

Over the past decades, free tissue transfer has 
become one of the mainstays in the reconstruc-
tive plastic surgeon’s armamentarium to solve 
complex reconstructive problems in the whole 
body arising from tumor resection, trauma, con-
genital defects, or malformations [1]. Success 
rates of free flap transfer have reached an average 
of 95% in specialized centers, making this kind 
of procedure a very safe one in recent years [2].

All the more, it is a devastating event for the 
patient but also for the reconstructive microsur-
geon if the rare event occurs and the free flap fails 
[3, 4].

In principle, early flap failure must be differ-
entiated form late or even long-term flap failure. 
Flap necrosis is caused either by a lack of blood 
flow and oxygen to the tissue or by a venous con-
gestion. Vascular compromise of free flaps most 
commonly occurs in the immediate postoperative 
period, in association with failure of the micro-
vascular anastomosis. Conversely, rarely do flaps 
fail in the late postoperative period.

It is of crucial importance to determine the 
underlying cause of flap failure as soon as possi-
ble because it will affect the future reconstructive 
strategy and whether to consider a repeat free flap 
or not to a significant extent.

However, the pathomechanisms of the final 
steps leading to eventual flap failure are the same 
in every single case and have their background in 
the normal physiology of blood flow within the 
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vessels [5]. Regarding blood flow velocity within 
recipient or flap vessels, knowledge of the 
 optimal perfusion pressures and flow values have 
still been scarce. Latest investigations into the 
various blood flow patterns and flow pressure 
values as well as flow transit times are ongoing 
and could be relevant to shed more light into the 
intraoperative aspects of intravascular blood flow. 
Matching the optimal relations of blood flow 
between flaps vessel capacity and recipient vessel 
blood flow dynamics could help to prevent flow 
mismatch and flap failure [6].

In addition, exact determination of the blood 
flow transit time utilizing indocyanine green near 
infrared fluorescence angiography after complet-
ing the microvascular anastomosis can also add 
significant information to either correct an anas-
tomosis or prevent vascular flow mismatch and to 
detect any microcirculatory problem within the 
flap at the earliest possible time point [6].

When vascular injury occurs at the site of the 
microvascular anastomosis, the natural reaction 
is adherence of blood platelets at the site of injury 
which acts in a thrombogenic way due to denuda-
tion of the endothelium. The growing thrombus 
created by platelets following the thrombogenic 
stimulus is counteracted by the shear stress 
caused by the blood flowing physiologically 
through the vessel at the site of anastomosis. At 
the moment when a balance between these two 
processes is reached, a fibrin clot will be gener-
ated at the site of platelet accumulation and will 
stabilize and prevent further prothrombotic plate-
let adherence. Within a week, the endothelial sur-
face will be restored making thrombotic occlusion 
of the vessel wall and subsequent flap failure a 
very unlikely event.

If the described balance is not preserved, the 
growing accumulation of platelets will eventually 
lead to occlusion of the vessel at the anastomosis 
leading to subsequent flap failure [7].

The introduction of intraoperative indocya-
nine green near infrared fluorescence angiogra-
phy has dramatically added safety to determine 
the optimally perfused zones of a flap intraopera-
tively. By trimming and customizing any flap to 
the zones that are safely perfused, partial flap 
necrosis and postoperative fat necrosis can 
widely be avoided [8–11].

57.3  Causes of Flap Failure

Causes of flap failure will be discussed as far as 
they directly relate or impact decision-making 
for the subsequent steps in patient management. 
This applies particularly when a second free flap 
is considered to achieve the reconstructive goal 
(Table 57.1).

57.3.1  Reversible Causes 
Due to Outer Circumstances

57.3.1.1  Microsurgical Technique 
and Intraoperative Flap 
Handling

The initial thought after failure of a free flap pro-
cedure will generally lead a self-critical micro-
surgeon to investigate whether technical reasons 
are directly responsible for the flap loss [13]. 
Indeed, many flap losses are attributable to inad-
equate surgical technique and planning [14, 15]. 
It is also well known that around 90% of anasto-

Table 57.1 Causes of flap failure

Reversible Irreversible
Technical problems Vascular disease
Microsurgical techniques Atherosclerosis
Reduced blood flow Radiation injury
Postoperative management/anticoagulation Malformations
Patient positioning Hypercoagulability
Delay in diagnosis Systemic disease
Delay in salvage

Modified after Neligan and Wei [12]
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motic thromboses occur in the venous part and 
that therefore it has to be considered as the most 
frequent cause of anastomotic failure [16]. 
Therefore, immediate revision is mandatory 
when there is the slightest suspicion of thrombo-
sis formation postoperatively [17, 18].

Using coupler systems for venous anastomo-
sis has been shown to lower the complication rate 
on the venous side [19, 20]. Coupler systems safe 
hypoxia time and by the nature of the system 
align intima to intima without any suture material 
at the inner lumen. Implantable ultrasonic devices 
to readily detect anastomotic problems postoper-
atively have been propagated but suffer from not 
yet sufficient reliability [21].

Risk of vessel injury and increased endothelial 
lesion followed by excessive platelet adhesion 
can be minimized by meticulous technique [22].

This includes avoiding to grasp the intima 
unduly with sharp instruments, avoiding tension 
at the anastomosis site, or undue clamping of ves-
sels resulting in inner intimal lesions, not directly 
visible from the outside. It is advisable that if in 
doubt, vascular interpositional grafts should be 
used. Size match of flap vessel and recipient 
 vessel should be ensured to avoid blood flow dis-
turbances. At flap inset, tension on and kinking of 
the pedicle should be avoided [23]. In our own 
clinical practice, we found it helpful to protect 
the microanastomosis from kinking and from 
direct compression from the outside (such as by 
hematoma or seroma formation) and hence pres-
sure on the pedicle in the postoperative period by 
covering the anastomotic site with fibrin sealant 
[2, 24]. Others have confounded this technical 
tool and reported on several hundreds of success-
ful applications with free flap anastomotic “fibrin 
sheltering” [2, 24].

57.3.1.2  Postoperative Management
Careful positioning of the patient to prevent com-
pression of the pedicle or the flap itself is crucial 
for successful outcome of free flap transfers, e.g., 
in the lower extremity or in the perineal or sacral 
region.

If in free muscle flaps skin pedicles are used, 
one has to make sure that the monitor island is 

sufficiently perfused and reflects the perfusion 
status of the muscles itself to rule out a false 
decision- making [25].

The use of systemic anticoagulation varies 
widely, but routine use is not uniformly agreed 
upon by all microsurgeons [26, 27]. Dextran, 
aspirin, heparin, and low-molecular weight hepa-
rins have been used as the most commonly used 
pharmacologic agents. However, dextran which 
influences hemodilution has been withdrawn 
from the market in some countries because of 
systemic side effects. Recent studies showed that 
it did not demonstrate better outcomes in terms of 
flap survival. Because it can cause serious sys-
temic complications, it is better not to administer 
it routinely [28]. Aspirin has similarly not been 
shown to be effective enough to be recommended. 
Particular indications such as bypass free flaps—
especially in the lower extremity— have been the 
subject of a more aggressive anticoagulative regi-
men. Given that evidence-based recommenda-
tions are not available thus far, the 
German-Speaking Society for Microsurgery has 
published its attempts to formulate potential 
guidelines for anticoagulation regimen after 
microsurgical free flap transfer [29].

When a second microvascular free flap is 
going to be performed to achieve a reconstructive 
goal following flap failure, systemic anticoagula-
tion is often applied if risk factors persist as unfa-
vorable conditions that are not correctable such 
as radiation tissue injury or radionecrosis [30]. 
This holds also true for complex microsurgical 
procedures including arterial bypasses or arterio-
venous loops between flap and recipient site. In 
such interdisciplinary cases in our institution, we 
apply oral medication for systemic anticoagula-
tion for half a year.

Through technical advances, it has become 
possible to perform microvascular anastomosis 
even when the intima is extremely fragile and 
usually not suitable for microanastomosis. By 
suturing the intima with a few stitches to the 
adventitia in extremely calcified arteries, a deli-
cate second anastomosis can solve the problem 
when flap ischemia time is still within the range 
and prevent flap loss [31].
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57.3.1.3  Patient-Inherent Irreversible 
Causes

These issues need to be considered in particular 
when evaluating the reconstructive options after 
free flap loss since they cannot be altered and 
may pose a limiting factor to secondary free flap 
reconstruction that has not been considered thor-
oughly enough at initial evaluation.

57.3.1.4  Vascular Disease
Atherosclerosis is one major threat to successful 
microsurgical free flap reconstruction. In particu-
lar, recipient vessels in the head and neck and in 
the lower extremity may often be of poor quality, 
increasing the risk of anastomosis-related com-
plications, embolism, or thrombosis formation. 
When there is peripheral vascular disease of the 
lower extremity, free flap surgery itself may 
threaten survival of an already hypoperfused 
limb, necessitating the use of combined 
approaches using a bypass or vessel loop to pro-
vide both sufficient recipient vessels and secure 
perfusion of the compromised lower extremity 
[32, 33].

A history of diabetes and radiation injury may 
also severely compromise the quality of flap or 
recipient site vessels [34], the latter being of par-
ticular importance and frequently encountered in 
autologous breast reconstruction and sarcoma 
patients. When free flaps are buried, PET scan-
ning may be helpful to determine the necessary 
measures [35] when Doppler or duplex sonogra-
phy is not sufficient.

It can be important to avoid severing a vascular 
pedicle of a free flap even after several years of 
flap patency, since secondary flap losses have been 
described during secondary revisional operations. 
However, the questions of long-term flap autono-
mization have been studied recently [36, 37].

57.3.1.5  Systemic Disease
Especially in multimorbid patients and complex 
reconstructions, a failed free flap may worsen the 
patient’s general condition, giving the patient an 
even greater risk when secondary free flap recon-
struction is considered [38]. In such cases, stabi-
lization of the patient’s overall condition is 
advisable before a second free flap is attempted.

Clotting disorders including factor V Leiden, 
protein C and S deficiencies, and other conditions 
are not common, but an important cause to con-
sider and identify before further efforts are under-
taken to start another reconstructive effort using 
microsurgery [39, 40].

Myocardial infarction, stroke, respiratory fail-
ure, and morbid obesity and malnutrition are 
other severe conditions possibly precluding 
microsurgical reconstruction. When such condi-
tions can be managed and the patient is recov-
ered, another attempt of free flap transplantation 
may be warranted.

In each single case, the reconstructive goals 
must be reevaluated and potential new factors 
included in the analysis of patients after free flap 
failure.

57.4  Reevaluation 
of Reconstructive Goals

After a thorough assessment of the clinical course 
has been carried out and the cause for failure of 
the free flap procedure has been identified, a 
careful reevaluation of the status quo and the 
reconstructive goals is warranted.

The following factors must now be considered 
before the next step toward a secondary recon-
struction is being made, in particular if a second 
attempt for free flap microsurgical reconstruction 
is considered: first, the possible limitation of 
donor sites; second, the new defect that may be 
potentially larger than the first defect; and third, 
previously available recipient vessels that may no 
longer be available. Taking all these factors 
together, a second free flap may be more techni-
cally challenging, increasing the risk for another 
free flap failure in the same patient. The need and 
urgence to reach a reconstructive goal by the use 
of a free flap may vary considerably, reaching 
from indications mainly for restoration of aes-
thetic appearance (breast reconstruction, reani-
mation of the paralyzed face), functional 
reconstruction (reanimation of the paralyzed 
face), and limb salvage (lower leg reconstruction) 
to the essential coverage of vital structures such 
as major blood vessels [33] (Fig. 57.1).
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Fig. 57.1 (a) Palliative resection in fistulating inflamma-
tory breast cancer after mastectomy and repeated irradia-
tion (first cycle due to breast conserving therapy and 
second radiotherapy after mastectomy). (b) 43 cm × 27 cm 
large defect after palliative resection of fistulating inflam-
matory breast cancer. (c) After inset of extended DIEP 
flap to cover the large area, partial necrosis in zone IV 
occurred, necessitating debridement of the tip of the flap. 
We attempted wound conditioning with topical negative 
pressure therapy (TNP). (d) Secondary closure in the 
heavily irradiated field was attempted after wound condi-
tioning with TNP. (e) Following wound breakdown after 

the secondary closure, a pedicled latissimus dorsi myocu-
taneous flap was necessary to achieve stable cover of the 
large wound area in the irradiated field. Note the fibrotic 
tissue changes and skin alteration below the latissimus 
dorsi flap in the upper abdominal wall soft tissue where 
the drain is placed through the skin. (f) Finally the wound 
was closed with conservative treatment of minor second-
ary healing in the lower wound margin between the latis-
simus dorsi and the DIEP flap within the irradiated area in 
this palliative situation rendering improved quality of life. 
The patient deceased 1  year later from pulmonary 
metastasis
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57.4.1  Repeat Free Flap Procedure

Typical indications for where a repeat free flap 
procedure is recommended include the coverage 
of major vessels or vital structures, limb- 
threatening wounds in the extremity, and timely 
wound healing for potentially life-saving radia-
tion. In such cases, it may be advisable to not risk 
another free flap but instead solve the problem 
with a pedicled flap to cover vital structures if 
possible [41–43].

Contraindications include deteriorating gen-
eral conditions and severe uncontrollable local 
wound infection.

Typical flap choices will usually be the contra-
lateral side of the initial donor site, “easy to per-
form” safe and standard flaps that the surgeon is 
experienced and comfortable with, and flaps with 
sufficiently long and strong-caliber pedicles 
(Fig. 57.2).

57.4.2  Non-microsurgical Therapy

Several factors may lead to the conclusion that 
another attempt to microsurgical free flap trans-
plantation may not be the best reconstructive 
option for a particular option. When the patient’s 
general condition deteriorates or when there is 
severe uncontrollable infection, alternative strat-
egies of problem-solving must be implemented. 
These include local flap coverage, skin transplan-
tation, and healing by secondary intention.

Treatment of free large flaps other than small 
skin flaps with the use of leeches is not advisable. 
It leads to anemia necessitating blood transfu-
sions and does not alter the underlying condition. 
This is different when fingers are replanted, 
where the application of leeches due to the often 
immanent problem of lacking venous vessels 
may help to overcome the initial period of venous 
congestion in replanted digits [44].

a

c

b

d

Fig. 57.2 (a) The patient initially suffered from a com-
bined pilon tibiale and fibula fracture. After initially suc-
cessful osteosynthesis, further clinical course was 
complicated by an unstable scar followed by soft tissue 
breakdown. After radical surgical debridement and 
removal of the exposed hardware, a propeller flap based 
on a perforator from the fibular artery was performed for 
defect coverage. (b) In the postoperative course, malper-
fusion occurred, mainly in the distal part of the flap. After 

debridement, the remaining defect was covered with a 
free gracilis flap which again became necrotic in its distal 
part. The remaining defect then was covered after a partial 
debridement of the gracilis flap with a peroneus brevis 
flap. (c) After wound conditioning using negative pressure 
therapy, a healthy well-perfused wound bed was visible. 
(d) The wound bed was then amenable to split-thickness 
skin grafting. The further course was uneventful, and the 
patient had long-term stable soft tissue coverage
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Yes No

Complete flap loss

Identify cause

Reversible Cause Irreversible Cause

Re-evaluate goals Non-microsurgical solution

Compromise
possible

Compromise
not possible

Non microsurgical solution
Alternative microsurgical

plan

Suitable donor site and
recipient vessels available

Repeat microsurgical
procedure

Non microsurgical solution

 

Flow sheet—Surgical decision-making after complete flap loss
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58Introduction to Techniques 
Applicable to Skin Necrosis

Luc Téot

Different strategies should be developed and pro-
posed when facing a skin necrosis.

The knowledge of the anatomical region is 
crucial, as the underlying structure may be fat 
and subcutaneous tissues, or a muscular aponeu-
rosis, a tendon or a bone. So the initial assess-
ment of a skin necrosis should be the location on 
the body surface.

Before choosing the technique the, nature and 
origin of the skin necrosis should be determined. 
A medical expertise has to be completed prior to 
any management proposal.

The causes of skin necrosis may be multiple, 
as developed in this book. A good knowledge of 
the main pathologies is required, and experts in 
dermatology, infectious diseases, traumatology, 
geriatrics, diabetology, systemic collagen dis-
eases, and vascular specialists should be con-
tacted in order to accurately determine the 
medical context when needed.

Debridement has always been considered as 
the most efficient strategy to remove undesired 
tissues, and even if evidence-based medicine is 
still considered as not having fully demonstrated 
its efficiency, debridement is recommended by a 
majority of experts.

Techniques for removing necrotic tissues may 
vary, from non-invasive adsorbing dressings like 

alginates or hyperabsorbent dressings, to curette 
or scalpel removing gradually necrotic tissues or 
to negative pressure wound therapy plus instilla-
tion combined with perforated foams. In deep 
infection like in diabetic foot ulcer, the carcino-
logic excisions realized in the operative room 
should be referred to specialists, who will debride 
and redebride as required by the local evolution. 
Some authors considered that a complete debride-
ment should be obtained before day 4, but algo-
rithms considering the variability, the availability, 
and the skill needed for using appropriately the 
different technical options render this principle 
somehow difficult to apply.

A nurse at home has not the same capacities of 
complete debridement on a painful patient than a 
surgeon working under general anaesthesia in the 
OR.  Here again, the clinical assessment of the 
risks/benefits ratio should work, in order to pre-
vent infection but not imposing excessive diffi-
culties to the nursing staff. However, a strong 
consensus exists concerning that the more the 
wound is infected the more repetitive debride-
ment is needed.
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Dressing types 
applicable in 
skin necrosis

Absorbant Highly
absorbant

Hyper
absorbant 

Permanent
aspiration +
edge effect

Antibacterial
necrosis
stabilization

Hydrocolloid X

Hydrofibers X

Alginate X

Polycarbonate X

NPWT Instill X

Flammacerium X
 

Types of dressings proposed in skin necrosis
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59Dressings for Necrosed Skin

Christine Faure-Chazelles and Sylvie Meaume

59.1  Introduction

During the physiological process of healing, the 
initial stage of debridement and inflammation is 
realized spontaneously. Moist wound healing 
favors the activity of proteolytic enzymes and the 
macrophages phagocytosing dead cells, and it 
allows absorption of tissue debris. However, this 
slow natural process may lead to negative conse-
quences for wound healing. The necrotic process 
stops the formulation of granulation tissue and 
creates a milieu that favors bacterial develop-
ment. This necrosis may be black and dry or 
humid or fibrinous, the color depending on the 
accompanying bacterial colonization. The pres-
ence of a biofilm prolongs the inflammatory stage 
and exposes the wound to recurrent infectious 
episodes [1]. Modern dressings based on the con-
cept of moist wound healing contribute to the 
acceleration of autolytic debridement [2].

This chapter presents the different dressings 
recognized to be effective during debridement 
and their mode of use. Depending on the type of 
necrosis—hard and dry or soft and humid—these 

recommended dressings are mostly absorbent or 
mixed hydrating/absorbent. These dressings may 
be gauzes, sheets, or gels [3, 4]. Some dressings 
with osmotic properties are also used for debride-
ment and are briefly described below.

59.2  Dressings and Autolytic 
Debridement

59.2.1  Hydrating Dressings

59.2.1.1  Hydrogels
Hydrogels are mainly composed of water (around 
80%) to which is added, depending on the adsorb-
ing components (carboxymethyl cellulose 
[CMC], alginate, etc.), hydrating agents (gelatin, 
pectin, etc.), thickening agents (xanthan gum, 
guar gum), and bacteriostatic agents (propylene 
glycol, etc.). Gels are mostly used for debride-
ment, but they also exist in the form of gauzes 
impregnated with gel and transparent sheets.

The physical properties of hydrogels should 
combine a relatively low viscosity favoring the 
maximal coverage of the wound and good adher-
ence, preventing the gel from gliding over the 
wound. Because of their composition, they 
hydrate and soften the necrotic plaque to facili-
tate debridement of hard, dry necrosis or adher-
ent fibrin (Fig.  59.1). Gels are presented 
differently depending on the manufacturer: clas-
sic tubes, accordion tubes, and syringes. 
Unexpected events may be observed, such as 
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Fig. 59.1 Appearance of hydrogel applied on necrotic 
tissue: the gels stick to the wound, and the product layer 
should not be applied on the wound edges

maceration of the wound edges in the case of 
heavy exudation or when the gel is applied in 
excess. Good care should be taken to apply a uni-
formly thin layer of hydrogel over a previously 
cleaned and dried wound bed. The choice of the 
secondary dressing is crucial, as it will enhance 
the moisturizing effect of the gel. Any absorbing 
dressing should be avoided. Facility of use of the 
applicator is the main element of differentiation 
among the products currently on the market: a 
long nose for deep wounds, the sharpness of 
application, and the ease of use of the product as 
a whole.

59.2.1.2  Hydrogel-Like Devices
Over the last few years, the classic formulations 
of hydrogels have changed. Adding antiseptics 
was proposed, and of the products currently on 
the market, the following could be mentioned:

• A matrix of hydroxyethyl cellulose polymers, 
insoluble and hydrophilic, containing 85% 
water and octenidine dichlorhydrate, a cat-
ionic antibacterial belonging to the bipyridine 
family [5];

• A solution containing hydrogel, but also poly-
hexamethylene biguanide (PHMB) together 
with betaine. PHMB is an antimicrobial 
belonging to the biguanide family, whose 
property is to reduce the bacterial load by act-
ing on the phospholipids of the bacterial mem-
brane. Betaine is a tensioactive agent called a 

surfactant, whose action is to dissolve fibrin-
ous material on the wound surface [6].

One of the main expected actions of these 
devices is to eliminate and prevent biofilm 
formation.

59.2.2  Mixed “Hydrating/Absorbent” 
Dressings

59.2.2.1  Irrigo-Absorbents
Irrigo-absorbent dressings are gaining popularity 
among debridement dressings, although only one 
dressing has been launched under TenderWet, 
now known as HydroClean Plus. It is a multilayer 
dressing presenting a shape of a cushion whose 
center is mainly composed of polyacrylate parti-
cles activated by an adequate volume of Ringer 
solution. The superabsorbent polyacrylate pres-
ents an increased attraction for wound exudate 
rich in proteins compared with the Ringer solu-
tion. The combined action of irrigation is due to 
the continuous delivery of Ringer and the drain-
age of exudates. Peri wound blanching may be 
observed when the dressing lies over the wound 
edges; a water paste or zinc oxide paste can be 
proposed. The Cleansite study [7] demonstrates 
the superiority of the product over normal hydro-
gel in long-term undebrided chronic leg ulcer.

59.2.2.2  Hydrocolloids
Considered to be active at all wound healing 
stages, hydrocolloids occupy a relatively modest 
position in the list of debriding agents. These 
older dressings have been progressively sup-
planted by more adaptive dressings. Composed 
mostly of sodium CMC, they jellify when in con-
tact with fibrin or necrosis and provide an opti-
mal level of moisture (Fig. 59.2a). The absorption 
of exudate occurs slowly and moderately, and 
their use is indicated in the presence of humid 
necrosis and mainly for superficial wounds owing 
to the speed of action.

They can be found as fairly thick sheets, 
opaque or transparent and with anatomical shapes 
(sacrum, heel, and elbow). All are adhesive and 
do not require secondary dressings. The dressing 
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a b

Fig. 59.2 (a) Aspect of hydrocolloid after 2 days. (b) Jellification smells and look like pus

a b

Fig. 59.3 (a) Highly exudating wound covered with an alginate will be changed when saturated. (b) Saline is applied 
over an alginate in order to facilitate the dressing removal

should lie at least 3  cm over the edges of the 
wound to obtain maximal adhesion (Fig. 59.2b). 
In some cases, an adhesive tape can be used to 
secure the edges of the dressing in place.

59.2.3  Absorbent Dressings

Absorbent dressings are composed of various 
materials such as alginate, CMC, polyacrylate, or 
others polymers. Their main characteristic is that 
they jellify when in contact with exudates with-
out being destroyed. To be active during the 
debridement stage, the dressing should not dry 
out between two successive changes. They are 
available as gauzes or meshes.

59.2.3.1  Alginates
Alginates are polymers of alginic acid obtained 
from brown algae. They are differentiated from 
each other by their chemical composition and 
thus their physical properties. When guluronic 
acid is predominant compared with mannuronic 
acid, the dressing will be more rigid. Ca++ and 
Na+ concentrations and the presence or absence 
of CMC provide different levels of absorption 
and jellification. The jellification of alginate 
fibers is concomitant with the formation of Na 
alginate, which is soluble in water and highly 
hydrophilic, and/or with the presence of CMC 
(Fig. 59.3).

Maintaining the adapted level of moisture 
without occlusiveness allows better efficacy. 
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Their hemostatic capacity is also an interesting 
property [8]. In order to facilitate the removal of 
the dressing, saline or water may be used 
(Fig.  59.3). Alginates are contraindicated over 
dry wounds or during the epidermization stage. 
Sequential use of alginates during the debride-
ment stage is recommended by numerous guide-
lines [9].

59.2.3.2  Fiber Dressings
Hydrofiber technology was introduced in 1999 
when launching the first unwoven dressing com-
posed of sodium CMC (Aquacel), a vertical and 
horizontal matrix containing regenerated cellu-
lose. Other fiber dressings containing CMC are 
now available and even other polymer-like poly-
vinyl alcohol.

Those fiber dressings are characterized by 
their high degree of hydrophilia combined with a 
large capacity for absorption. Looking at their 
composition, when they contains CMC they are 
similar to hydrocolloids as they jellify when in 
contact with exudates (Fig. 59.4), but they have 
the capacity to retain moisture and bacteria inside 
the matrix (bacterial sequestration) [10]. The 
recently developed matrix enhances these prop-
erties; thus, it is possible to cover the dressing 
with a secondary dressing, allowing some mois-
ture (hydrocolloid, foams). Removal of all type 
of those new fiber dressings is facilitated by 
hydration. Those dressings are suitable for rather 
exuding wound and allow painless dressing 

removal which is very comfortable for patients 
with acute or chronic fibrinous wounds.

59.2.3.3  Polyacrylate Fibers Dressing 
for Debridement 
and Combined with NOSF 
to Boost Wound Healing 
Process

There is one unique dressing in this category. It 
consists of a gauze composed of polyacrylate 
fibers and coated in a micro-adherent lipido- 
colloid layer (TLC-Contact). The mesh version 
does not contain lipido-colloid. Together with the 
hydro-debriding fibers, polyacrylate fibers jellify 
and adhere to fibrinous residues and microorgan-
isms, absorb them and drain them in order to 
enhance their elimination: this mechanism favors 
autolytic debridement (Fig. 59.5b). Resistance to 
traction is also observed. The clinical study 
EARTH, whose publication is in process, has 
confirmed advantage of these dressings in highly 
exudative, chronic wounds with non-inferiority 
to hydrofibers with CMC [11] (Fig. 59.5a).

The recently developed Urgostart Plus dress-
ing contains NOSF (Nano-Oligosaccharide 
Factor) in addition to TLC fibers which regulate 
metalloproteases which are in excess in chronic 
wounds and which have shown through several 
randomized controlled trials significant efficacy 
in wound healing only chronic wounds [12, 13], 
and which is recommended to be used first-line 
[14] in the local treatment of chronic wounds. 
Indeed, the NOSF acts as soon as the granulation 
tissue appears after the effect of the polyacrylate 
fibers which helps in debridement allowing the 
wounds to heal more quickly. This dressing can 
be used from debridement to epithelialization of 
chronic moist wounds.

59.2.3.4  Dressings and Osmotic 
Pressure

Dressings Containing Salts
Salts with 20% NaCl were added to the initial 
composition of hydrogels to form a hyperosmotic 
dressing. This formulation is more adapted to the 
necrotic plaques, which are black, hard, and dry. 
The periwound has to be specifically checked 

Fig. 59.4 Hydrofiber removal is easy thanks to the CMC 
gelification
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a b

Fig. 59.5 (a) Polyacrylate fiber dressing is a fast remover 
of undesired tissues over a fibrinous leg ulcer. (b) When 
saturated the polyacrylate dressing is mechanically resis-

tant enough to be removed as a whole, without leaving 
debris over the wound

when using these dressings with high risk of 
maceration and sometime uncomfort, that can 
prevent using protection with zinc paste.

Medical Honey Dressings
Sterile dressings are now available. They have 
physicochemical and microbiological properties 
that are comparable to the ancient description of 
honey when it was used empirically in ancient 
times [15]. Its high osmolarity favors wound exu-
dation and mechanically induces the elimination 
of dead tissues and foreign bodies (including 
microorganisms). This mechanism induces a 
moist ambience that favors wound healing. This 
debridement is accompanied by an antibacterial 
effect on Gram-positive, Gram-negative, and 
Gram-resistant bacteria, whatever their presenta-
tion, whether planktonic or biofilm. Honey is 
either attached to the gauze or present as a paste.

59.3  How to Use These Dressings

Hygiene should be respected during the dressing 
change. Whichever dressing is used, the protocol 
is important. The wound should be cleaned care-
fully (with water and soap) and rinsed, and the 
periwound should be dried. The dressing should 
then be applied respecting the mode of use speci-
fied by the manufacturer, and the frequency of the 
dressing change is usually every 1 or 2 days at 

this phase. The use of these debriding dressings 
does not prevent an active mechanical debride-
ment at each dressing change.

59.4  How to Choose the Dressing

This autolytic debridement is suitable for all 
types of wound, except for infected or heavily 
exudating wounds. It acts on the tissues in a 
selective manner. It is easy to use requiring no 
training before use, which makes them easily 
accessible to nurses. The cost is moderate com-
pared with surgical debridement. Its main incon-
venience is the slow process, but the absence of 
pain and bleeding, preventing microtrauma on 
the surface of the wound, is an advantage.
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60Surgical Debridement

Sadanori Akita

60.1  Introduction

Surgical debridement in acute and chronic 
wounds plays a crucial role in the wound healing 
process. Debridement is believed to accelerate 
wound healing and reduce the wound area by 
removing necrotic tissue, hyperkeratotic epider-
mis, necrotic dermis, foreign debris, and bacterial 
pathogens, which all have inhibitory effects on 
wound healing [1]. Microarray analysis has 
shown marked cytoplasmic reduction and local-
ization of the epidermal growth factor receptor 
(EGFR) in the epidermis, indicating that non- 
healing keratinocytes have a diminished capacity 
to respond to EGF.  Additionally, fibroblasts 
derived from non-healing wounds demonstrate 
decreased migration [2]. This molecular analysis 
suggests that proper surgical debridement may be 
an effective solution to overcome these chal-
lenges. However, the evidence and rationale for 
this technique should be further discussed for 
each specific pathologic condition, such as leg 
and diabetic foot ulcers.

Prior to surgical debridement, it is important 
to optimize the patient’s nutrition. If these criteria 
are not met, it may be best to delay wound clo-
sure until conditions are more favorable for the 

surgeon, physician, and patient. Debridement can 
be beneficial for both acute and chronic wounds. 
If a wound is able to produce granulation tissue 
without bacterial overload, it is typically ready 
for subsequent skin grafting or flap coverage. For 
wounds that are unable to develop a granulation 
tissue bed, bioactive dressings or topical growth 
factors may be used.

60.2  Pathophysiology 
of the Underlying Diseases 
and Conditions in Surgical 
Debridement

60.2.1  Burns

In the case of deep burns (third-degree burns, 
which penetrate all skin layers), surgical debride-
ment of dead, eschar, and necrotic tissues is 
nearly always necessary. In general, surgical 
debridement continues until fresh tissue and 
bleeding are observed. This procedure may be 
performed in a multiplane fashion. After com-
plete and thorough surgical debridement, skin 
coverage with a skin graft, flap, or bioengineered 
material such as an artificial dermis is usually 
required. Skin grafting is the most commonly 
used method for skin coverage as it can cover 
larger post-surgical debrided wound beds and is 
easier to handle. Split-skin grafting is used for 
less vascular beds, as it has a lower metabolic 
demand compared to full-thickness grafts. These 
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areas with limited vascularity include the 
paratenon (tendon sheath), periosteum (bone 
envelope), and perineurium (neural envelope). 
Adequate debridement and skin coverage are par-
ticularly crucial in pediatric burn cases 
(Fig. 60.1).

In the case of deep dermal burns (second- 
degree burns, partial-thickness burns), surgical 
debridement is typically used in conjunction with 
skin grafting, but the debate continues. Some 
deep dermal burn wounds may heal within 
2–3 weeks, and aggressive surgical debridement 

may not be necessary in such cases. However, the 
current standard techniques for determining burn 
depth and making treatment decisions are largely 
dependent on the subjective assessment of the 
clinician and can be inaccurate, even among 
experienced surgeons. A porcine contact deep 
dermal burn of 50 cm2 in size, which takes more 
than 3 weeks to heal through re-epithelialization 
by proliferation and migration of keratinocytes 
from the skin appendages in the deep dermis, is a 
model that can best demonstrate the impact of 
surgical interventions on burn healing [3].

a

b

Fig. 60.1 (a) A 9-month-old boy, extensive scald burn, debridement, and mesh skin grafting. (b) A 1.5 years after 
surgery
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60.2.2  High-Energy Trauma Wound

As is often observed in the orthopedic specialty, 
high-energy open fractures often result in deep 
infections due to extensive damage and the pres-
ence of necrotized tissue [4]. In a study compar-
ing the use of negative pressure wound therapy 
(NPWT) and a control group, 5.4% of the NPWT 
group developed delayed deep infections, while 
28% of the control group developed deep infec-
tions. High-energy wounds are prone to infection 
due to both acute and delayed insufficient blood 
supply and extensive tissue damage.

Traumatic wounds can be caused by both 
blunt and penetrating injuries. Blunt trauma typi-
cally results in a larger area of tissue damage and 
can include injuries such as crush, degloving, and 
avulsion. The extent of these wounds is not 
always clear and may change after aggressive 
debridement of non-vitalized tissue, bacterial 
control, and fluid maintenance. In these cases, 
temporary coverage with artificial dermis and 

further assessment may improve proper healing 
(Fig. 60.2).

60.2.3  Pressure Injury

Pressure ulcers are a reflection of a patient’s sys-
temic health, including physical, nutritional, 
social, and psychological status. The complex 
pathophysiology of pressure injuries requires 
several stages of evolution. Firstly, sustained 
pressure or shear force is applied to the soft tissue 
between the body mass, bony process, and sur-
face. This reduces capillary vessel flow and oxy-
gen and nutrient transfer, leading to occlusion of 
blood vessels and lymphatic vessels and capillary 
thrombosis. The tissues become ischemic, caus-
ing an increase in capillary permeability and fluid 
accumulation in the third space (extravascular 
space). Pressure-related intact discolored areas of 
the skin are described as non-blanching erythema 
or suspected deep tissue injury. The prevalence of 

Fig. 60.2 (a) A 67-year-old man, high-energy injury, 
open fractures of the ulna and radius, externally intact but 
later found thrombus-formed radial artery (right above) 
and severed ulnar artery after microanastomosis. (b) 

External fixation with thorough debridement and artificial 
dermis (top), 10 days later, some tissues are still necrotic 
and further debridement and flap reconstruction (middle), 
2 years after reconstruction (bottom)

a
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suspected deep tissue injury is more frequent 
than deeper pressure ulcers such as stage III or IV 
and has increased more recently than any other 
stages of pressure ulcers [5]. Edematous tissues 
may result in necrosis, which is irreversible. 
Precise debridement is considered when necrosis 
of tissue has occurred. The deep surgical inter-
vention may start with evaluating the necrosis of 
the tissue and how to effectively remove it from 
the healthy surrounding tissue (Fig. 60.3).

60.2.4  Diabetic Foot Ulcer

The etiology of diabetic foot is a result of several 
combined factors, including peripheral vascular 
(arterial) disease, as well as sensory, motor, and 
autonomic neuropathy [6]. It is essential to evalu-
ate the patient objectively for ischemia and 

underlying deep tissue issues, such as bone infec-
tions. Standard of care for the diabetic foot 
involves surgical debridement, proper wound 
dressings, and appropriate off-loading to promote 
moist wound healing. This can help to convert a 
chronic non-healing wound into an acute wound 
healing environment by removing senescent or 
non-vital cells, thereby improving the wound 
environment and enabling better local treatment 
response [7].

A biopsy of the edge of a non-healing chronic 
wound shows a hyperproliferative epidermis with 
hyper- and parakeratotic elements [2]. This is 
largely due to repetitive stress in the foot with 
sensory disturbances. Despite the activation of 
keratinocytes at the non-healing edge, wound 
healing is still impaired. Nuclear localization of 
β-catenin leads to downstream activation of 
c-Myc and the glucocorticoid pathway, resulting 

b

Fig. 60.2 (continued)
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a

b

c

d

Fig. 60.3 A 92-year-old male, sacral pressure ulcer (a) Sacral pressure ulcer proved by a instrument. Wound opened 
fully. (b) 3-week negative pressure wound therapy provied an optimal wound bed with good granulation tissue (c) A 
perforator arterialized flap designed (d) Flap covered the defect and remained closed at 9 months post-operatively
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in the inhibition of keratinocyte migration [8]. 
Microarray analysis of non-healing ulcers reveals 
a reduction and cytoplasmic localization of 
EGFR, which decreases responsiveness to 
EGF. The fibroblasts at the edges of non-healing 
wounds display a clear pathogenic phenotype 
and slower migration [2]. Diabetic foot ulcers 
with ischemic conditions are often seen in hemo-
dialysis would develop a rapid progression of 
necrosis and may result in major amputation 
(Fig. 60.4).

60.2.5  Leg Ulcer

Although venous ulcers are always linked to 
venous hypertension during ambulation, the 
exact mechanism connecting the pathological 
hemodynamics in venous circulation to the for-
mation of necrotic lesions in the skin remains 
unknown. It appears that the underlying causes 

are more complex than previously anticipated. 
Numerous experiments have shown that tissue 
injury in venous ulcer patients is caused by leu-
kocytes. These cells become trapped in the 
microcirculation of the legs when they are in a 
dependent position. Subsequently, several 
authors have confirmed that this process is exac-
erbated in patients with chronic venous insuffi-
ciency (CVI). It is believed that the increased 
trapping of leukocytes in patients with CVI is due 
to an increase in the expression of adhesion mol-
ecules in the capillaries of the papillary dermis. 
In patients with CVI, leukocytes enter the micro-
vascular regions affected by venous hyperten-
sion. As the distance between leukocyte adhesion 
molecules and endothelial adhesion molecules is 
less than 1 μm, the first step in the leukocyte–
endothelial interaction is the displacement of leu-
kocytes toward the endothelium by erythrocytes. 
This process occurs predominantly in postcapil-
lary venules. When circulating leukocytes 

73 years, male, hemodialysis, DM with ischemia
First at outpatient clinic 3 weeks after first visit

4 moths after first visit 
and 2 months after major amputation

Fig. 60.4 A 73-year-old male, neuro-ischemic diabetic foot ulcer and necrosis resulted in a major amputation
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encounter the endothelium, they may start to 
form weak, rolling adhesive interactions medi-
ated by L-selectin and P-selectin glycoprotein 
ligand-1 (PSGL-1) on leukocytes and P-selectin 
and E-selectin on endothelial cells. Hypertension 
in postcapillary venules has been shown to 
increase leukocyte rolling and adhesion. Rolling 
leukocytes can then develop into stationary adhe-
sion, which is dependent on the interaction 
between adhesion molecules CD11/CD18 on leu-
kocytes and intercellular adhesion molecule-1 
(ICAM-1) on endothelial cells. Once the leuko-
cytes are firmly adhered to the vascular wall, they 
can migrate into the extravascular space, become 
activated, and trigger an inflammatory process in 
the skin and surrounding tissues. VCAM-1 is 
another adhesion molecule that plays a role in the 
process of leukocyte adhesion to the endothe-
lium, and its expression is heightened in patients 
with CVI [9].

60.3  Choice of the Surgical 
Debridement

Wound bed preparation through sharp and 
mechanical debridement using surgical instru-
ments is the most essential step in managing 
wound healing. This method effectively and 
selectively reduces the bio-burden of a wound. 
Elimination of necrotic tissue, which serves as a 
breeding ground for bacteria competing for the 
same nutrients and oxygen needed for wound 
healing, is crucial for promoting normal tissue 
healing. If the boundary between healthy and 
devitalized skin is not clear, consider tangential 
excision, starting from the center of the necrotic 
skin, until scattered bleeding is seen in the der-
mis. However, bleeding is not necessarily an 
indicator for debridement of subcutaneous tissue 
as fat tissue has less vascularity compared to 
skin. The debridement should continue until the 
shimmering yellowish fat tissue level is reached. 
Hemostasis can be achieved through clamping or 
compression, and scattered bleeding can be con-
trolled through electrocautery. If bleeding from 
larger diameter vessels is observed, ligation 
should be attempted.

Fascia that is not vascularized should be 
removed with caution to avoid damaging the neu-
rovascular bundles in the superficial area. 
Muscles, tendons, cartilage, and bones can be 
resected if there is no visible blood supply. In the 
case of deep tissue injury in pressure ulcers, 
sharp penetration to the muscle and deeper tissue 
level can be useful in determining the extent of 
the wound.

Surgical equipment includes scalpel blades, 
pickups, electrocautery, scissors, curettes, ron-
geurs, elevators, chisels, osteotomes, saws, rasps, 
burrs, the Harmonic scalpel, Cavitron ultrasonic 
surgical aspirator (CUSA®), water-jet (hydro- 
jet) system (Versajet II), radio-frequency energy 
system (Coblation® technology), low-frequency 
ultrasound debriding device (SonicVac), and 
more. Further information will be covered in Part 
VI.
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61Stabilization of Necrotic Tissue 
Using Cerium Nitrate Silver 
Sulfadiazine

Chloé Geri

61.1  Introduction

The association in the form of a cream, silver sul-
fadiazine with cerium nitrate is a topical product 
conventionally used in the management of burns. 
Its antibacterial efficacy and its interest in stabiliz-
ing necrosis by the formation of a “scab” have 
made it an essential alternative to surgery in this 
indication.

Apart from burns, there are many wounds for 
which healing theoretically requires a rapid exci-
sion of the necrotic areas. Their management 
therefore begins with a careful assessment of the 
possibility or otherwise of debridement and the 
choice of the “surgical moment” [1, 2].

For example, a major vascular insufficiency 
will contraindicate debridement, the risk being a 
renecrosis of the edges; as a progressing cancer 
wound will represent a risk of dissemination 
when cleansing.

By extrapolation, the use of this effective, 
easy to use, topical antibacterial agent presenting 
few contraindications could therefore be an alter-
native to debridement, by stabilization of the 
crust due to a powerful antibacterial effect pre-
venting the elimination fold to occur.

61.2  Burns Are the Classic 
Indication

Flammacerium has not been evaluated by the 
HAS working group which worked on the evalu-
ation of dressings [3], but its current indication in 
France is the prevention and treatment of infec-
tions in extensive burns with deep lesions [4].

This antibacterial cream, effective against 
Staphylococcus aureus (85–93%) and Pseudomonas 
aeruginosa (83–98%) [5], is linked to an effect of 
combination of silver sulfadiazine and cerium 
nitrate. It helps preventing infection in severe burns 
[6]. In addition, it causes the formation of a protec-
tive crust on the burn. This crust promotes protec-
tion against bacterial colonization and could reduce 
water and calorie losses. Moreover, by maintaining 
this protection for a long time, it makes it possible to 
best choose the surgical moment.

A review of the literature in 2005 [7] established 
that this dressing reduced morbidity and mortality 
in the treatment of severe burns thanks to the mech-
anism of creating a “protection” on the burn as well 
as its capture of the lipid–protein complex released 
by the burned skin, responsible for profound local 
immunosuppression. It was also demonstrated that 
the application of Flammacérium® made it possible 
to delay, without short- or long-term consequences, 
the surgical treatment of serious burns [8]. A study 
published in 2007 on predictive markers of mortal-
ity in burn victims concluded that the use of 
Flammacerium® was a turning point in terms of 
morbidity and mortality [9], even if the great diver-
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sity of changes in the treatment of burns did not 
confirm that this treatment was the sole agent of 
these improvements.

61.3  Contraindications 
and Adverse Effects

There are currently no strict contraindications to 
its use.

However, it requires precautions for use in the 
event of allergy to sulfonamides, in patients with 
renal and hepatic impairment [10], and in preg-
nant or breastfeeding women (due to limited 
study data in these situations).

Rare adverse effects are reported in the studies: 
systemic passage of sulfonamides which may be 
responsible for adverse effects such as leukopenia 
(rarely observed) or methemoglobinemia [11–13] 
(in patients with very extensive burns) which nor-
mally disappear after discontinuation of treatment, 
a skin reaction such as dermatitis or eczema (due 
to an excipient: cetyl alcohol or propylene glycol) 
(less than 1% of cases) reversible on discontinua-
tion of treatment [6], and granulomatous dermati-
tis (one case described in the literature [14]).

In addition to the direct antiseptic effects, 
cerium therefore helps to prevent sepsis and limit 
the systemic inflammatory response by fixing tox-
ins. These beneficial effects have long been dem-
onstrated in patients with severe burns [3, 15–19]; 
however, there is little or no literature regarding 
the use of this topical in other indications.

61.4  Clinical Indications Outside 
Burns

61.4.1  Arterial Leg Ulcer

When tissue necrosis is present on a wound, 
debridement may be necessary to remove 
necrotic tissue, reduce the risk of infection, 
accelerate wound healing, and prevent compli-
cations [20, 21]. However, it is not recom-
mended to clean a wound on arterial ground, 
the risk being the extension of the necrosis. In 
the case of arterial ulcers, the recommenda-
tions state that debridement is contraindicated 
when vascular circulation is compromised at 
the level of the wound [22–24]. Indeed, guide-
lines specify that before performing any type 
of debridement of the extremities, in particular 
below the knee, the patient must be evaluated 
from an arterial point of view (level of evi-
dence IV), by knowing the medical history, 
cardiovascular risk factors of the patient, pal-
pation of the pulses and the measurement of 
the IPS/IPSO, and the realization of an arterial 
Doppler [25]. The guidelines also mention that 
debridement is contraindicated in the presence 
of dry gangrene or a dry ischemic wound until 
a complete vascular evaluation is carried out 
[22], and that while waiting for a revascular-
ization procedure (or not), the necrosis must 
be preserved and mummified to protect against 
the risk of infection in the event of wet necro-
sis (Fig. 61.1).

Fig. 61.1 Renecrosis after amputation in arteritic context
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61.4.2  Heel Pressure Ulcer 
in the Elderly Patient

According to its 2006 recommendations, the 
HAS (French Ministry of Health) recommends 
systematic screening for PAD in patients at risk 
of pressure ulcers under the age of 65 and in all 
patients over the age of 65 [26].

A cohort survey conducted by S. Meaume in 
2007 attempts to establish the link between PAD 
and heel pressure ulcers [27]. Strategies to relieve 
pressure on the heel seem to become insufficient 
to prevent pressure ulcers, probably due to the 
increase in PAD (often asymptomatic) in elderly 
patients.

And conversely, patients with heel ulcers 
may have associated risk factors such as periph-
eral vascular disease leading to delayed wound 
healing [27, 28]. Peripheral vascular disease 
should be assessed as a co-morbidity for lower 
extremity pressure ulcers [29, 30] by clinical 
assessment, including presence of pulse, capil-
lary re-staining time, edema, or mobility. The 
purpose of  carrying out a vascular diagnostic 
test by measuring the ABI >0.86 is to rule out 
arterial disease in a heel pressure sore, making 

it possible to help with the differential diagno-
sis and the classification of the severity of the 
disease arterial pathology [31]. Caution is 
advised to ensure the absence of PAD in these 
patients presenting with a heel sore [32]. A 
local lesion stabilization strategy is then pro-
posed until the vascular assessment is com-
pleted in order to consider a revascularization 
procedure if this is possible. In a recent article, 
replacing the recommendations cited in the 
NPUAP, caution would lead to keeping necrotic 
tissue (mummification) as dry as possible to 
protect against infection and odor [33].

61.4.3  Diabetic Foot Ulcer

Similarly, diabetic foot wounds are often accom-
panied by distal arteriopathy, sometimes inacces-
sible to revascularization, with a high risk of 
necrosis and superinfection, placing this pathol-
ogy at the forefront of causes of non-traumatic 
amputation [34–36]. Stabilization of wounds and 
necrotic tissues is also indicated until vascular 
assessment has been carried out (and revascular-
ization if necessary) (Fig 61.2).

Fig. 61.2 Stabilization of distal necrosis then healing after spontaneous amputation in a demented ambulant patient 
with severe PAD
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Fig. 61.3 Scleroderma

61.4.4  Cutaneous Lesions 
of Microvascular Etiology

In the forefront of which necrotizing angioder-
matitis presents a contraindication to debride-
ment linked on the one hand to the intensity of 
the pain but also because of the phenomenon of 
pathergy: each gesture of debridement causing 
worsening of the lesion with extension of the 
necrotic area.

For example, in Buerger’s disease (thromboan-
giitis obliterans), cutaneous manifestations of vas-
culitis, or scleroderma, the microvascular pathology 
is partly responsible for necrosis and explains the 
effectiveness of treatment with ilomedin (Fig. 61.3).

61.5  Other Factors of Delayed 
Healing

61.5.1  Malignant Wound

The debridement of a tumor wound is a poten-
tially hemorrhagic and painful act with a high 
risk of dissemination. Indeed, the bed of the 
tumoral wound and the necrosis which covers it 
or composes it, are constitutive of the tumor and 
the excision is impossible in many situations: the 
healing being only possible if the complete onco-
logical excision is possible [37] (healthy wound 
edges and safety margins). The necrosis of these 
wounds is linked to the ischemia of the tumor 
mass. It is therefore the local consequence and 
not the cause of a local disease (primary cancer) 

or disseminated disease (cutaneous metastases), 
most often progressive. It is not always under-
stood that necrosis can be left in place on a tumor 
wound, unlike the vast majority of other chronic 
wounds. However, the presence of necrotic tissue 
exposes the patient to a risk of infection, exten-
sion of the lesion, and numerous inconveniences 
such as significant exudate or nauseating odors 
generally linked to the presence of anaerobic 
germs [38]. The purpose of treatment is then not 
to move toward healing, but to make the wound 
cleaner, leading to a favorable evolution when the 
long-term treatment allows it (chemotherapy), or 
only to treat symptoms (odors, for example) in a 
palliative context [39, 40].

61.5.2  Radionecrosis

Radionecrosis is often a late complication of 
radiotherapy. When it escapes to standard treat-
ment (anti-inflammatories, local care, etc.) [41], 
it requires surgical excision of all the damaged 
tissues with, most often, a reconstructive proce-
dure (skin graft, flap, etc.). This excision is unfor-
tunately not always possible.

Indeed, when the radionecrosis is compli-
cated by osteoradionecrosis on areas such as the 
thorax or the skull, it is sometimes impossible to 
remove the bone and the underlying structures 
(pleura, meninges, etc.). After evaluation of the 
depth and extension of the necrosis by MRI 
imaging, a decision to stabilize the lesion can be 
considered as an alternative to a highly dilapi-
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Fig. 61.4 Heel PU, malnutrition, arteriopathy

dated surgical procedure in patients who are 
sometimes fragile and elderly because the skin 
lesions can appear for many years even decades 
after radiotherapy.

61.5.3  Other Types of Wounds

Other situations, less classic, may present contra-
indications to cleansing, for example, wounds 
related to certain treatments (antimitotics, corti-
costeroids, etc.) or certain inflammatory patholo-
gies with cutaneous manifestations. Only the 
suspension of the treatment in question or the 
treatment of the responsible pathology is likely to 
improve the healing prognosis. It should also be 
noted that, in certain situations, the treatment of 
the pathology in question can, itself, be deleteri-
ous for healing (corticosteroids, for example). 
Waiting solutions should be considered with the 
objective of “temporization” by stabilizing and 
protecting the wound, allowing a slow healing 
process out of germs, limiting painful symptoms 
and the risk of infection.

61.6  End of Life and/or Multiple 
Comorbidities

Although healing requires, whenever possible, 
the excision of necrotic tissue, clinical experi-
ence shows that the objective, when managing a 
complex wound, is not always healing. Indeed, 
severe malnutrition, extreme fragility, the asso-

ciation of multiple comorbidities, very old age, or 
the end of life sometimes orient management 
toward comfort care and contraindicate aggres-
sive mechanical debridement. Dressing changes 
will be spaced out to avoid painful mobilizations, 
and exudates and odors must be managed with a 
view to dignity and to allow end-of-life support 
by those around them (Fig 61.4).

61.7  Discussion and Perspectives

A retrospective study was carried out in 2010 to 
determine the efficacy of Flammacerium® in sta-
bilizing necrosis in chronic wounds [42]. It 
included 99 patients with wounds for which 
debridement was contraindicated (42 arterial 
ulcers, 30 bedsores, 5 cancerous wounds, 10 trau-
matic wounds, and 12 other types of wound). 
This study showed an improvement in pain, a 
decrease in exudates and bad odors, and a posi-
tive effect on quality of life, corresponding to an 
increase in patient comfort, participation in social 
activity and psychological well-being. In addi-
tion, by delineating the necrosis, the use of this 
topical gives practitioners more time to prepare 
for subsequent surgical treatment, including skin 
grafting.

In 2018, a study [43] on 50 patients completed 
this research and assessed the effectiveness of 
Flammacerium® on ischemic necrosis wounds of 
the lower limb as an alternative to amputation (50 
patients, 25  in each group). Despite a non- 
significant difference, amputation-free survival 
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was superior in the active treatment group com-
pared to the standard group.

In addition to its role of stabilization by the 
formation of a protective “crust,” Flammacerium® 
would then bring an element of comfort by its 
anti-inflammatory and analgesic properties, in 
particular on radionecrosis or in very painful 
pathologies such as angiodermatitis or necrosis 
digitalis related to scleroderma.

Following these initial elements, 
Flammacerium® was studied retrospectively 
more specifically on angiodermatitis [44] (out of 
82 patients between 2013 and 2018: 25 benefited 
from a transplant, 23 from Flammacerium®, and 
34 from two therapies). The treatment was com-
pared versus the pellet graft, which is the usual 
treatment for an angiodermatitis flare-up. The 
results indicated that Flammacerium® could have 
a greater analgesic effect than skin grafting. In a 
second phase, a monocentric randomized pilot 
clinical trial in 2018 showed an analgesic benefit 
of Flammacerium® with an ability to restart the 
healing process at least as effective or even supe-
rior to skin grafting.

The anticancer potential of cerium compounds 
is being re-explored in an experimental setting, 
although the mechanistic basis remains to be elu-
cidated [6].

61.8  Conclusion

Flammacerium® has long demonstrated its effec-
tiveness in the prevention of sepsis in burn vic-
tims and its role in the inflammatory response. Its 
advantages include easy and painless application, 
limiting the necrotic area by the formation of a 
crust allowing good resistance to infection 
(Figs. 61.1, 61.2, 61.3, and 61.4).

But Flammacerium® seems to have a promising 
place in stabilizing necrosis in other chronic 
wounds for which debridement is contraindicated.

On all the wounds for which a vascular 
involvement is evoked, the stabilization of the 
necrotic zone could make it possible to limit and 
postpone the surgical excisions, and to be more 
conservative: the gesture of revascularization, if 

it is possible, can then be programmed under 
good conditions.

By extension, Flammacerium® can also be 
offered in all situations contraindicating debride-
ment, whether related to pain, pathergy, or poor 
healing prognosis.

Finally, in a palliative situation, it can partici-
pate in the improvement of painful symptoms or 
stabilize the risk of infection.

Flammacerium® can then be considered as an 
interim solution, or even an alternative to surgery 
in much broader indications than burns.
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62Honey Debridement

Vijay K. Shukla and Vivek Srivastava

62.1  Introduction

A wound is a disturbance in the normal structure 
and function of the epidermis, the first line of 
defence against infection. Wound healing is a 
complex process with many interdependent 
immunological and pathophysiological media-
tors to restore the cellular integrity of the dam-
aged tissue. Four distinct and overlapping stages 
are involved: Hemostasis, inflammation, prolif-
eration/regeneration and tissue re-modelling [1]. 
Presence of necrotic slough is a hindrance in the 
natural as well as assisted wound healing process 
and acts as a focus for infection. Additionally, it 
encourages the multiplication of anaerobic bacte-
ria, which can cause wound malodour. Moreover, 
the TIME framework used in wound bed prepara-
tion also advocates removal of devitalized tissue 
in order to promote a reduction in the inflamma-
tory response, encourage wound contraction and 
decrease in the bacterial burden of a wound. 
Debridement of slough and necrotic material is 
the key element associated with wound bed prep-
aration and best practice guidelines [2, 3]. Among 
various methods of debridement, dressing with 
natural compounds like honey has been used with 
success in the last decade.

For thousands of years, honey has been used 
for medicinal applications. The beneficial effects 

of honey, particularly its antimicrobial activity, 
represent its useful option for management of 
various wounds [4]. Honey dressings contain 
major amounts of carbohydrates, lipids, amino 
acids, proteins, vitamin and minerals that have 
important roles in wound healing with advantage 
of minimum trauma during re-dressing. The 
mechanisms of action of honey in wound healing 
are majorly due to its hydrogen peroxide, high 
osmolality, acidity, non-peroxide factors, nitric 
oxide and phenols [5]. Honey promotes autolytic 
debridement, stimulates growth of wound tissues 
and anti-inflammatory activities and thus acceler-
ates the wound healing processes [5–7].

62.2  Antibacterial Properties

Due to the high osmolarity of honey secondary to 
its high sugar content, microbial growth is greatly 
inhibited. Further, the sugar molecules within the 
honey hold onto the water molecules, and the 
bacteria are devoid of enough water to support 
their growth. This effect is lessened as the honey 
becomes more and more diluted by the wound 
exudates [6]. However, the antimicrobial proper-
ties are retained, even when the honey is diluted 
by exudate. This is due to the presence of hydro-
gen peroxide which is slowly released by action 
of the enzyme, glucose oxidase, which is added 
to the honey by the bees during production and 
becomes activated as the honey is diluted by exu-
date. This hydrogen peroxide which is released at 

V. K. Shukla (*) · V. Srivastava 
Department of General Surgery, Institute of Medical 
Sciences, Banaras Hindu University, Varanasi, India

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-60954-1_62&domain=pdf
https://doi.org/10.1007/978-3-031-60954-1_62#DOI


400

a concentration of 1000 times less than the tradi-
tional 3% solution of hydrogen peroxide is for-
merly used as a wound cleansing agent, thus 
negating the potential for cellular damage [6]. 
However, some honeys, particularly the 
Leptospermum or Manuka honeys, have been 
found to retain their bactericidal properties even 
without the presence of hydrogen peroxide and 
are effective against both antibiotic-sensitive and 
antibiotic resistant organisms [8] which are 
thought to be associated with an unidentified 
phytochemical component within the honey. It 
has been demonstrated that the antibacterial 
activity of honey persists in preventing 
Pseudomonas, Methicillin-resistant Staphy-
lococcus aureus (MRSA) and Vancomycin- 
sensitive or resistant Enterococci, common 
pathogens found in chronic wounds and burns, 
even if the honey is diluted more than ten times 
by wound exudate [8].Therefore, Manuka honey 
is sold with a unique Manuka factor (UMF) rat-
ing (equivalent to the concentration of phenol 
which has the same activity against S. aureus), 
which rates the antimicrobial activity of its phy-
tochemical component [6].

62.3  Debridement

Debridement is recognized to be an essential pro-
cedure for achieving wound healing in chronic 
wounds and wounds with devitalized tissue. 
Debridement needs to be done rapidly as slough 
is a potential substrate for bacterial growth. 
Debridement is also necessary to ascertain the 
extent of a wound, which will influence further 
management. As honey dressings provide a moist 
environment due to water retention, it provides 
an environment which can encourage autolytic 
debridement of sloughy and necrotic wounds. It 
has also been suggested that proteases within the 
tissues may be activated by the hydrogen perox-
ide present in honey, leading to the rapid debrid-
ing property of honey, along with the ability of 
honey to aid conversion of plasminogen to plas-
min which facilitates breakdown of devitalized 
tissue within a wound. Successful outcomes in 
the reduction of slough and eschar of between 

10  days to 10  weeks have been reported in 
patients with infected venous leg ulcers and burns 
[9]. In general, proteases are inactive in wound 
tissue and can be activated by oxidation. Proteases 
are also able to change the conformation of 
MMPs and make them active. It has been postu-
lated that high protease activity in the wound 
may impair wound healing but such effect has 
never been proved. In fact, potent anti- 
inflammatory action of honey can prevent exces-
sive proteolytic activity [10]. Plasmin digests the 
fibrin attached to the slough in wound surface, 
but does not digest the collagen matrix which is 
needed for tissue repair. Honey is able to inhibit 
production of the plasminogen activator inhibitor 
(PAI) by the macrophages. On the other hand, 
inflammation increases production of PAI, thus 
reduction in production of PAI by honey is a 
good reason for its anti-inflammatory activity.

Debridement is a basic necessity to induce the 
functional process of tissue repair. The standard 
procedure for the debridement of wounds is to 
surgically remove any dead tissue which may be a 
painful procedure and usually is performed under 
anaesthesia in operation room [10]. Aggressive 
and invasive debridement methods on the other 
hand may cause growth of infecting toxin produc-
ing bacteria which can destroy the surrounding 
tissues. Application of honey as wound dressing 
provides a moist environment that induces rapid 
debridement of wounds. The osmotic and water 
retaining property of honey owing to the high 
sugar content contributes to the painless lifting off 
of the slough and necrotic tissues.

Evidence to support the effectiveness of the 
various methods of debridement gained from ran-
domized controlled trials is inadequate. Clinical 
evidence obtained before year 2000 was based on 
the use of generic honey and not on sterile, 
medical- grade honey [11] but in later years the 
effectiveness of medical-grade honey has been 
demonstrated with robust research designed spe-
cifically for wound management. There is now a 
growing body of evidence that supports the use of 
medical-grade honey as an effective autolytic 
debriding agent [7]. There have been several 
studies that highlight the effectiveness of honey 
as a debriding agent [12, 13].
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A study done on 40 patients of non-respond-
ers of compression therapy venous ulcer patients 
showed a significant improvement in wound size 
and decrease in malodour and pain after applica-
tion of Manuka honey with an average rate of 
reduction in wound area was 5.46% [14]. Similar 
results were seen in study by Gethin and Cowman 
[15] who compared honey to hydrogel in 108 
patients with leg ulcers that had >50% slough 
and found honey to be a superior debriding 
agent. Biglari et al. [16] observed patients of cat-
egory III and IV pressure ulcers following spinal 
trauma with Manuka honey application to sup-
port autolysis of necrotic and sloughy tissue. 
Encouraging results were found in form of nega-
tive swabs after a week of application and 18 out 
of 20 patients (90%) showed complete wound 
healing after a period of 4 weeks. Some interest-
ing case reports of honey dressing for debride-
ment and healing are also reported. A case study 
of an elderly patient with plantar aspect sloughy 
wound has been reported. Honey was used as a 
first-line antimicrobial dressing in a community 
hospital setup showing a positive outcome [17]. 
Within 2 weeks, there was a significant improve-
ment in the wound and infection had improved 
significantly resulting in change of honey to 
hydro-fibre dressing. However, the following 
week, the wound deteriorated with friable granu-
lation with increase in exudate volume. Honey 
dressings were reapplied, thus supporting the 
effectiveness of honey as a first-line antimicro-
bial agent.

A comparative study evaluating chemical and 
honey debridement method over a 15-day evalu-
ation period in 20 patients was done. All patients 
were of diabetic foot sloughy ulcers in foot. 
Patients were divided into four groups including 
one for commercially available chemical debride-
ment and others for different types of honey. The 
chemical group had daily dressing changes, as 
per manufacturer’s directions, and the other three 
groups were changed every 3 days. The rate of 
debridement showed that the chemical agent was 
the slowest and 100% debridement was achieved 
with the honey which contained 100% pure 
medical- grade Manuka honey with no additives 
or preservatives [18].

Wounds in paediatric and neonatal group of 
patients need special and tender care. The skin 
tends to be very fragile and may have immature 
immune systems and impaired thermoregulation, 
putting them at higher risk of infection when 
necrotic or sloughy tissue is present. There may 
be a risk of percutaneous absorption of topical 
agents. In a study including 115 neonatal and 
paediatric, wounds needing debridement were 
treated with honey dressing. Successful debride-
ment was achieved in 86.0% (104 wounds), and 
77.7% wounds (94 wounds) were successfully 
closed using non-surgical intervention. There 
was no evidence of wound infection during this 
study. The author concluded that Manuka honey 
was a safe and effective treatment option in this 
category of patients [19].

A study on seven patients with facial burns 
treated with Manuka honey measuring healing 
time, bacterial growth, patient satisfaction, and 
cost was done. Healing time was consistent with, 
or better than standard treatment, a mean healing 
time of 8.1 days. None of the patients were given 
antibiotic treatment, with wound culture results 
yielding no abnormal bacterial growth and over-
all patient satisfaction was high, incurring a cost 
of $26.15 per patient. This study showed that 
Manuka medical-grade honey is a feasible option 
both clinically and economically for treatment of 
partial-thickness facial burns [20].

62.4  Tissue Growth

Honey promotes the formation of granulation 
and epithelial tissue within a wound following 
debridement by encouraging the creation of col-
lagen and subsequent angiogenesis. The rapid 
appearance of granulation tissue has been sup-
ported by in vitro studies in animals [8] and has 
also been supported with clinical studies in 
patients with burns and other infected wound 
[21]. It is thought that the nutritional composite 
of honey provides sugar, amino acids, vitamins, 
and minerals to the cells, encouraging growth. 
Alternatively, it may be due to the acidic pH of 
honey which encourages the release of oxygen 
from haemoglobin to the tissues [22].
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62.5  Deodorizing

An increase in wound odour is one clinical indi-
cation of wound infection. This can be embar-
rassing and distressing for a patient and also their 
relatives who have to live with this symptom. The 
reduction in malodour following the topical 
application of honey can in part be attributed to 
its antibacterial properties and its bactericidal 
effects on the anaerobic bacteria. Moreover, it 
has been suggested that the malodorous sub-
stances created by bacteria such as fatty acid, 
ammonia, and sulphur compounds from the 
metabolism of amino acid is stopped when the 
bacteria use the glucose obtained from honey in 
preference to the amino acids.

62.6  Anti-inflammatory Action

An anti-inflammatory effect has been attributed 
to honey, and this has been supported histologi-
cally by biopsies taken from superficial burn 
wounds [23]. By reducing the inflammation 
within a wound, vasodilatation can occur with a 
resultant reduction in wound exudate and 
oedema, along with a reduction in the level of 
pain [22]. It is unclear, however, how this anti- 
inflammatory effect occurs.

62.7  Contraindications

Honey dressings should be avoided in patients 
with a known history of allergy to either honey or 
bee venom. Patients with diabetes should also 
have their blood sugar monitored as they may be 
at higher risk of hyperglycaemia due to the sugar 
content of the honey. However, there appears to 
be little evidence on the use of honey in patients 
with diabetes, thus guidance in this area is poor, 
and further research is advocated.

62.8  Conclusion

The use of honey as a modern wound dressing is 
gradually becoming more widespread. The anti-
microbial action of honey has proved its value in 

the treatment of wounds infected with MRSA, 
Pseudomonas and Enterococcus. The evidence 
indicates that honey dressing can increase the 
wound healing rate and the bacterial clearance 
rate. In addition, it can shorten wound debride-
ment time, wound healing time and bacterial 
clearance time. Acceptability of honey dressings 
appears to be high among patients. The impact 
on factors such as pain reduction, odour control 
and exudate management has positive impact 
on quality of life. The properties of honey that 
plays role in wound healing are summarized in 
Fig.  62.1. While studies have been conducted 
in patients with a variety of wounds including 
burn, the majority of evidence continues to come 
from patient case studies or small-scale stud-
ies. Honey impregnated dressings have only 
relatively recently been developed and become 
available for wound care use hence, supportive 
evidence for its application, effectiveness and 
future potential are still warranted. However, the 
studies to date have successfully demonstrated 
a place for honey within modern wound care 
armamentarium.

Properties of
honey

Flavonoids and
aromatic acids

High hydrogen
peroxide

Viscosity and
thick consistency

Lower water
activity

Low pH

High
concentration of

sugars

Fig. 62.1 Wound healing properties of Honey
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Surgical Debridement

Luc Téot, Christian Herlin, and Sergiu Fluieraru

63.1  Introduction

This chapter describes the updated methods and 
respective indications of recent surgical debride-
ment technologies applied for the management of 
necrotic tissues.

Their respective indications vary depending 
essentially on criteria like the hardness of the 
black cover and the extent of necrosis in depth 
and the extent of necrotic tissue over the skin.

Techniques using mechanical removal of a 
necrotic tissue have largely been diffused for 
many years; new techniques based on electro-
chemical removal of tissues using plasma tech-
nologies are now available and promising. Most 
of these technologies are not evidence based but 
are strongly defended by surgeons who aggres-
sively clean the wound before getting a prepared 
wound bed prior to realizing a skin graft or a flap. 
A rapid and complete removal of undesired tis-
sues from the wound, containing germs and bio-
films, is the aim of any method of debridement 
[1, 2]. Successive technologies were proposed, 
from basic techniques using a scalpel to electro-
cautery, ultrasounds, lasers, high-power jets, and 
more recently plasma-based debriders.

63.2  Description of Recently 
Developed Debridement 
Technologies

Scalpels and scissors were used by generations of 
surgeons, debridement being quickly and safely 
obtained within a short period of time. This tech-
nique used in trauma wounds is well defined, 
and, apart from necrosis, sloughy and fibrinous 
tissues should be removed, in order to minimize 
devascularization of the surrounding tissues.

 1. VersajetΤΜ (Smith and Nephew)

• High-pressure hydrosurgery system of 
lavage by impulsions incrementing the 
debriding effect combined to an aspiration 
system linked to the Venturi effect may 
reach 850 bars [3].

• Stationary and mobile use, the system 
includes an electrical power pad (pedal 
commanded) with a connection for saline 
perfusion and a single-use hose for saline 
perfusion connected to a trash collector to 
aspirate the debrided tissues [4, 5].

• Allows to undermine, cut and excise, 
thanks to the high-speed liquid flow at the 
window level, with three different sizes 
(15°, 14  mm; 45°, 14  mm; 45°, 8  mm) 
(Fig. 63.1a–c).L. Téot (*) · C. Herlin · S. Fluieraru 
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a

c

b

Fig. 63.1 (a) Electrical burns of the dorsal aspect of the 
foot. Extension of post burns necrotic tissue is hard to 
underline. (b) Starting debridement using VersajetTM 

exposes necrotic tendons. (c) VersajetTM has debrided step 
by step all devascularized structures, leaving the wound 
prepared for a skin graft

 – Electrical burns: the extent in depth can-
not be determined precisely.

 – Using Versajet, hypodense necrotic 
structures will be destroyed and 
removed.

 – Debridement completed: all remaining 
structures are living and ready to be 
covered using skin grafting.

 2. Instill Negative pressure Wound Therapy 
with vac cleanse choice (VCC) Foam

Recent improvement was proposed in the 
technology of NPWT including NPWT with 

instillation and dwell (NPWTi-d). NPWTi-d 
allows cleansing, irrigation, and nonexci-
sional debridement. Recent RCT have dem-
onstrated that NPWTi-d decreases the time 
to complete wound healing and the length of 
hospitalization. NPWTi-d-using a reticulated 
open-cell foam dressing with “through” 
holes (ROCF-CC) facilitates solubilization, 
detachment, and elimination of infectious 
materials, such as slough and thick exudate. 
This technique is efficient and rapid 
(3–6  days max), limiting the time to get a 
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drastic change of the wound surface in cases 
where surgical debridement is not an option 
[6, 7]. The combined action of the two super-
imposed layers, one perforated driving unde-
sired tissues inside the holes and forming 
macrocolumns, the upper non-perforated 
ragging the top of these macrocolumns 
(Figs. 63.2 and 63.3).

 3. Cold Atmospheric Plasma
Cold atmospheric plasma (CAP), a recent 

technology has been associated with benefits 

in wound infection and healing in different 
reports and randomized controlled trial of 
charged particles, free electrons and ions ther-
mal, visible, and UV radiation and electrical 
fields, generate highly active species in the 
wound bed. These combined effects function 
as signaling or redox-reactive molecules. 
Ozone, hydroxyl radicals, superoxide, oxy-
gen, and reactive nitrogen species, such as 
nitric oxide or peroxynitrite, are expected to 
act as active compounds [8].

Fig. 63.2 The double mechanism of action of the through 
holes ROFC-CC foam is (&) a ragging effect on the 
wound seuface concentrating the undesired tissues in the 

holes, forming macrocolumns and (2) a ragging effect of 
the second non fenestrated layer over the top of the 
macrocolumns.

63 Recent Technologies in Necrosis Surgical Debridement
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1

2

3

5

4

Fig. 63.3 (1,2,3,4,5): Extraction of the sloughy tissues by mechanical and solubilization. (1) day 3; (2 and 3) day 6; (4 
and 5) day 9

63.3  Clinical Indications

The necrotic tissue density and the extent over 
the wound (uniform, sprayed, patches) and in the 
depth should be determined before using new 
expansive debridement techniques.

A necrotic tissue may also present different 
hardness, imposing different strategies in terms 
of management. In excessive bleeding observed 
in wound infection or in a patient under antico-
agulation, haemorrhagic techniques should be 
limited. The need for saving blood during 
debridement is another important factor, having 
progressively restricted the use of sharp blade 
debridement to small wounds, preferring the use 
of Versajet™ or CAP when extensive debride-
ment is needed over bleeding anatomical 
structures.

The interest of Versajet™ has been described 
in cavities and uneven wounds and the potential 
bacteriological long-term removal of germs 

when using the plasma technique. Debridement 
should minimize the wound edge devasculariza-
tion and reduce the potential of renecrosis to 
minimum, using a good preoperative vascular 
check-up. Limits and contraindications of 
debridement are the poorly vascularized tissues 
where smooth nonaggressive technologies 
should be preferred.

63.3.1  Extent of Necrosis over 
the Wound Surface

The extent of a necrotic tissue may be presented 
under different aspects:

• Necrotic block: may form deep amount of 
necrotic tissues, extending in depth, with two 
separate parts, the superficial one, which looks 
hard and attached to the edges of the wound, 
and the deep one, which looks less dense, 
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formed by sloughy tissue. Encountered mainly 
in pressure ulcer but also after extensive 
hematomas of the leg

• Superficial uneven necrotic area: necrotic 
angiodermatitis may be covered with this type 
of necrotic tissue, unevenly spread over the 
ulcer surface, burns

63.3.2  Necrotic Tissues Vary 
Depending 
on the Aetiopathogeny 
of the Wound

• Burns

• Standard mechanical debridement using 
knives and/or scalpel is mostly used in this 
indication. However, local haemorrhage is the 
limiting factor, especially in extensive second- 
degree burns when tangential excision issues 
to excessive bleeding.

• The extent of the necrotic or sloughy tissues 
and the need to debride large areas should be 
analyzed before surgery, limiting the choice of 
the debriding operative technique. Time for 
surgical procedure and precise analysis of 
blood loss should help to choose the adapted 
technology. Most of the authors would agree 
not to exceed 10–15% of the body surface 
excision, plus harvesting the skin surface for 
skin grafts when necessary.

• In electrical burns, the extent of necrosis 
remains tricky to determine in the early stage 
as the complete necrosis will take 2  weeks 
before being obvious over the different 
impacted areas.

• Pressure ulcer cavity wounds
• Cavity wounds are difficult to debride, essen-

tially at the cover level of undermined areas. 
This part has to be surgically removed to 
increase the granulation tissue formation com-
ing from the lateral aspects and the deep part of 
the wound. Using NPWT with Instillation and 
the VCC foam, it is possible to get access to the 
whole cavity, after decaping the cover enough to 

allow to insert the foam inside the cavity and 
properly treat the edges.

• Necrotizing fasciitis

• The necrotic tissue is spread on an uneven 
manner, due to the heterogeneity of toxin 
repartition along the different tissues. The 
intensity of necrotic capacity is depending on 
the virulence of the germ.

63.4  Respective Indications 
of New Technologies

The JAC offers an adjunct to cleansing at home. 
This ambulatory technique has been proposed as 
capable of debriding small amount of tissues 
without the need for anaesthesia. The induced 
pain can easily be managed in the community or 
at home with simple measures.

Versajet offers the capacity of debriding 
localized hard necrotic tissue with a good pre-
cision, even if the window remains limited, 
creating a difficulty to uniformize the wound 
bed.

New cold atmospheric plasma replaces the 
previous laser techniques, offering a debridement 
leading to a germ-free wound bed well prepared 
for skin grafting. The action of plasma on germs 
has been demonstrated.

NPWT with Instillation and the new VCC 
foam is more adapted to large wounds with deep 
underminings in order to promote quickly a ster-
ile granulation tissue and eliminate undesired 
tissues.

References

1. Téot L.  Surgical debridement of wounds. Soins. 
2011;752:36–7.

2. Granick M, Téot L. Surgical wound healing and man-
agement. 2nd ed. Informa Healthcare; 2012.

3. Bowling FL, Crews RT, Salgami E, Armstrong DG, 
Boulton AJ. The use of superoxidized aqueous solution 
versus saline as a replacement solution in the versajet 
lavage system in chronic diabetic foot ulcers: a pilot 
study. J Am Podiatr Med Assoc. 2011;101(2):124–6.

4. Fraccalvieri M, Serra R, Ruka E, Zingarelli E, 
Antoniotti U, Robbiano F, Viglione M, Frisicale L, 

63 Recent Technologies in Necrosis Surgical Debridement



410

Bruschi S.  Surgical debridement with Versajet: an 
analysis of bacteria load of the wound bed pre- and 
post-treatment and skin graft taken. A preliminary 
pilot study. Int Wound J. 2011;8(2):155–61.

5. Sainsbury DC.  Evaluation of the quality and cost- 
effectiveness of Versajet hydrosurgery. Int Wound J. 
2009;6(1):24–9. Review.

6. Téot L, Boissiere F, Fluieraru S.  Novel foam dress-
ing using negative pressure wound therapy with 
instillation to remove thick exudate. Int Wound J. 
2017;14(5):842–8. https://doi.org/10.1111/iwj.12719. 
Epub 2017 Feb 28.

7. Rohrich RJ.  The “soft-tissue wound management: 
current applications of negative-pressure wound 
therapy with instillation” supplement. Plast Reconstr 
Surg. 2021;147(1S-1):1S–2S. https://doi.org/10.1097/
PRS.0000000000007629.

8. Stratmann B, Costea TC, Nolte C, Hiller J, Schmidt 
J, Reindel J, Masur K, Motz W, Timm J, Kerner W, 
Tschoepe D. Effect of cold atmospheric plasma ther-
apy vs standard therapy placebo on wound healing in 
patients with diabetic foot ulcers: a randomized clinical 
trial. JAMA Netw Open. 2020;3(7):e2010411. https://
doi.org/10.1001/jamanetworkopen.2020.10411.

Open Access  This chapter is licensed under the terms of the Creative Commons Attribution-NonCommercial- 
NoDerivatives 4.0 International License (http://creativecommons.org/licenses/by- nc- nd/4.0/), which permits any non-
commercial use, sharing, distribution and reproduction in any medium or format, as long as you give appropriate credit 
to the original author(s) and the source, provide a link to the Creative Commons license and indicate if you modified the 
licensed material. You do not have permission under this license to share adapted material derived from this chapter or 
parts of it.

The images or other third party material in this chapter are included in the chapter's Creative Commons license, 
unless indicated otherwise in a credit line to the material. If material is not included in the chapter's Creative Commons 
license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to 
obtain permission directly from the copyright holder.

L. Téot et al.

https://doi.org/10.1111/iwj.12719
https://doi.org/10.1097/PRS.0000000000007629
https://doi.org/10.1097/PRS.0000000000007629
https://doi.org/10.1001/jamanetworkopen.2020.10411
https://doi.org/10.1001/jamanetworkopen.2020.10411
http://creativecommons.org/licenses/by-nc-nd/4.0/


Part VIII

Skin Necrosis in Children



413© The Author(s) 2024 
L. Téot et al. (eds.), Skin Necrosis, https://doi.org/10.1007/978-3-031-60954-1_64

64Introduction to Skin Necrosis 
Treatment in Young Age

Luc Téot

Skin in young age differs from adults, due to the 
physiological evolution from the immature skin 
present in the neonate to a highly inflammatory 
reactive skin, varying during the different stages 
of the child growth.

Neonatal skin acclimates rapidly to dry, aero-
bic conditions at birth, and skin function gradu-
ally matures throughout infancy. Three 
mechanisms are different from adults: oxygen 
tension-regulating angiogenesis and revascular-
ization; transforming growth factor-β (TGF-β) 
kinetics controlling collagen deposition; and 
mechanical stretch stimulating cellular mitosis 
and extracellular matrix remodeling.

There is an increased systemic absorption of 
topics due to the skin fragility, and the tolerance 
of adhesives is limited in neonates and infants.

Wound types are more acute, like surgical 
wounds (extravasation and thermal injuries; 
chemical burns; pressure ulcers, iatrogenic intra-
vascular injections) [1, 2] and wounds secondary 
to congenital conditions. Wound infection can 
lead to skin necrosis in highly contaminated situ-
ation like bite wounds which require special 
attention.

Radiations at high doses as well as drug injec-
tions may lead to severe skin lesions, including 
necrosis of the involved area [3, 4].

Deep wounds with suspected damage to 
nerves, tendons, and bones need general anes-
thetic to explore and assess the lesions. For 
instance, children and neonates very often receive 
intravenous therapy. There is a lack of systematic 
data on the incidence of extravasation injuries in 
children and neonates. Individual studies involv-
ing neonates receiving intravenous therapy on 
intensive care units report incidence rates of 
18–46%. Serious complications, such as necrosis 
and ulceration, develop in 2.4–4% of cases, 
which in the long term can lead to contractures, 
deformities, and loss of limb function secondary 
to unfavorable scar formation [5]. There are no 
guidelines available to date on the management 
of pediatric extravasation injuries.

During childhood, hypertrophic scarring risk 
is increased, especially in persistent inflamma-
tory periods like burns, or after surgical recon-
struction of necrotic areas using skin grafting or 
flaps and have to be managed properly in propor-
tion of the high risk of esthetic and psychological 
sequelae.
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65Skin Necrosis in Children: Physical 
and Infectious Causes

Guido Ciprandi

65.1  Introduction

When we talk about skin necrosis and the under-
lying soft tissues, we mean the death of a large 
number of cells, on the order of billions of cells, 
with consequent reworking of the tissues that can 
dehydrate and undergo decay. The final result is 
that of a brown, hard eschar, not removable, or a 
yellow, soft and sometimes soft eschar, with mar-
gins indistinguishable from surrounding healthy 
tissue. In both cases, the visible change on the 
surface represents only the tip of the iceberg, 
since the damage is first warped deeply, in the 
heart of the soft tissues, until it then reaches the 
size of a full-thickness damage that subsequently 
reaches the skin on the surface [1, 2].

In some situations, necrosis occurs secondary 
to the initial presence of bullous lesions (blister-
ing early effect), and the child only after 48–72 h 
begins to manifest an ecchymotic and/or edema-
tous skin area that is tinged more and more 
darkly. As a result, the necrosis proceeds and is 
much more evidenciating because of the last step 
of a direct substance-dependent damage or of an 
indirect damage following an arteriolar-capillary 
occlusion.

In the pediatric age, necrosis is very fast and 
whatever the cause that determines the blockage 

of arterial blood flow, locoregional hypo- 
oxygenation, or secondary damage to lymphatic- 
venous engorgement, a very rapid outcome in 
necrosis can be observed [3, 4].

This rapidity is noted for several reasons: on 
the one hand, the necrosis is due to the insuffi-
cient number of newly formed capillary beds and 
to an immaturity of growth and differentiation of 
the various layers of the skin. In this way, a small 
insult can already be very serious due to the pov-
erty of the capillary networks and therefore cause 
serious damage with severe tissue loss.

From another perspective, the rapidity of 
necrosis can be attributed to the physiological 
edema observed in the neonatal period: the imbi-
bition of the lining tissues, much richer in water 
than in later ages (85–90% in neonatal age and in 
infants 55–60% in senile ages), reduces the speed 
with which oxygen diffuses into the skin mantle. 
Normally, in fact, the oxygen comes out as ultra-
filtered from the capillary bed of the dermis until 
it soaks the tissues of the dermoepidermal layer.

From the pathophysiological point of view, 
the occlusion pressure of the dermal capillaries, 
normally equal to 36–38 mmHg in adults, is very 
low in pediatric age and is equal to about 
22–24 mmHg. Therefore, a much lower pressure 
is enough to occlude the dermal capillaries and 
this status is responsible, especially in patients 
with reduced mobility, for an early damage, often 
unexpected, with third degree necrotic pressure 
lesions that appear in less than 24 h. All the more 
reason, the reduction in thickness of the dermo-
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epidermal complex which is observed from 0 to 
36 months fails to adequately defend the host’s 
tissues from the pressures exerted by the hospital 
materials.

Even the immaturity of the immune system of 
the youngest patients contributes to the rapid 
onset of a necrosis of the skin mantle, this time 
mostly on a septic basis. Poor immaturity is not 
only systemic in pediatric patients but also 
locoregional: especially the skin of the extremely 
preterm infant (LBW—Low Birth Weight, 
VLBW—Very Low Birth Weight) is structurally 
and functionally immature at birth [5].

Although there is rapid postnatal maturation, 
transient hypothermia, and reduced oxygen sup-
ply, manifesting fissures and skin breakdowns, 
with an increase in permeability toward toxins, 
pathogenic germs, are both responsible for 
inflammation and infection, first locoregional, 
and then systemic (Table 65.1).

Necrosis is the side effect, sometimes late 
effect of these crucial events.

Other than vascular occlusive disease, addi-
tional pediatric causes of necrosis include intrauter-
ine epidermal necrosis, SSFTN, toxic epidermal 
necrolysis, severe and septic vasculitis (Neisseria 
meningitidis), drugs and injection extravasation 

(Arginine, Warfarin, Cysplatinum), necrosis result-
ing from bang bite and bike accidents or mainly due 
to inborn error of metabolism. But now let’s go into 
the specifics of some single pathologies capable of 
inducing skin necrosis in neonatal and pediatric age 
and let’s focus on these [6–10].

65.2  SSFTN (Skin 
and Subcutaneous Fat 
Necrosis of the Newborn: 
“Adiponecrosis Subcutanea 
Neonatorum”)

65.2.1  General Aspects

This is a rare benign inflammatory condition 
which occurs in strictly neonatal age with firm and 
tense, well-circumscribed subcutaneous nodules 
(1–5  cm of largest diameter). Usually, the pre-
ferred sites of neonatal brown fat predominance 
(i.e., cheeks, neck, upper back or sacrococcygeal 
site, upper arm, thigh, buttocks) are much more 
affected by these injuries. The skin overlying these 
nodules looks like red purple induration plaque 
(sometimes very evident, sometimes quite invisi-
ble at the beginning) over the bone prominences, 
with which subsequently not infrequently under-
goes necrosis with extensive ulceration and more 
often tends to a spontaneous resolution [11, 12].

The age at diagnosis is more often between 4 
and 25 days, with a peak of incidence between 6 
and 12 days. In most cases, the gestational age is 
normal, at term, the newborn weight is age- 
concordant but a severe perinatal hypoxia it’s 
almost always part of the medical history: the 
fetal distress is reported in almost all cases and 
consequently an emergency cesarean section is 
required with a primary resuscitation needed, 
usually during the first 24–72 h of birth. In some 
cases, the hypoxic-ischemic encephalopathy 
could intervene [13]. This condition is mainly 
considered as a form of panniculitis, less severe 
than sclerema neonatorum, another condition 
causing hardened skin and limited necrosis dur-
ing the neonatal period.

Table 65.1 Immature skin in different pediatric catego-
ries and topical impairment in host defense

Immature skin in different pediatric categories
Premature/preterm Born before 37 wg
Late preterm Born between 34 and 36 wg
Moderate premature Born between 32 and 34 wg
Very premature Born before 32 wg
Micropreemie Born at or before 26 wg
A micropreemie is a baby born weighing less than 
800 g or before 26 weeks gestation
Topical impairment in host defense
   1. Increased susceptibility to bacterial infections
   2.  30% immature neutrophils (vs. 5–15% in 

childhood)
   3.  30% storage pool (vs. 60% in childhood)
   4.   Severe reduction of myeloid progenitor stem cells
   5.  Severe impairment in adhesion of GN
   6.  Severely immature pseudopodal activities and 

phagocitosis
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65.2.2  Predisposing Factors

There’s neither a prevalent race nor a prevalent 
gender. However, some maternal predisposing 
factors have been studied and believed to be ele-
ments that may play a role in pathogenesis: pre-
eclampsia, gestational type I diabetes, cocaine 
abuse, and use of calcium channel blockers dur-
ing pregnancy have been all investigated and con-
sidered as predisposing to SSFTN.

On the other hand, they are believed to be spe-
cific neonatal factors in the development of neo-
natal adiponecrosis such as hypoxemia, 
hypothermia, rhesus incompatibility, birth 
asphyxia, meconium aspiration syndrome, hypo-
glycemia, and obstetric trauma (perinatal 
asphyxia, therapeutic hypothermia). The com-
plex and often coincident set of these stressors 
results in reduced tissue perfusion, and the final 
hypoxemia leads to crystallization of free fatty 
acids in the subcutaneous fat tissue followed by 
tissue necrosis. Both the ischemia and the drastic 
inflammatory reaction that is activated conse-
quently lead to an intense hyperemia and then to 
necrosis of the overlying skin, with local infec-
tion and often fistulization or confluence of skin 
areas of necrosis in the most serious and fortu-
nately rare cases.

65.2.3  Laboratory Examinations

Serum albumin levels are usually normal, and 
serum calcium levels may be complicated by 
increased Ca++ or reduced Ca++ (manifesting 
with hypotonia and poor suking reflex). Whereas, 
vitamin D levels are normal and PTH is normal 
or slightly elevated. PLT–platelets showed a 
marked increase, low Mg and K blood levels.

65.2.4  Diagnosis

The anamnesis allows to highlight a previous 
fetal distress, associated with impaired calcium 
blood levels, subcutaneous nodules at various 
sites (clinical examination), and clearly evident 
during sonographic examinations: sometimes, if 
a colliquation has occurred, the ultrasound- 

guided fine-needle aspiration aspirates a thick 
liponecrotic liquid, otherwise drums of brownish 
yellow tissue are sent for histopathological exam-
ination. The histological pattern is as follows: 
some nodules are firm; others could become fluc-
tuant as abscesses. Usually the fine-needle aspi-
ration cytology revealed a dirty background with 
necrotic fat-containing characteristic, radially 
oriented, refractile, needle-shaped crystals [14, 
15]. A tissue pattern-based approach to diagnosis 
shows clusters of adipocytes, histiocytes, fibro-
blasts, scanty lymphocytes, and numerous for-
eign body giant cells, granulomatous fat necrosis, 
and some calcification areas (Fig.  65.1). In a 
completely different way, sclerema neonatorum 
(SN) is characterized by hardening of the skin 
along with edema; histology shows a severe 
inflammatory infiltrate and edema in skin as well 
as in subcutaneous tissues. SN has a high case 
fatality rate, whereas SSFTN is a self-limiting 
condition and lesions resolve within a few weeks 
to months, when a skin necrosis is not part of the 
clinical pool of signs.

Fig. 65.1 Neonatal adiponecrosis in a 22-day-old patient: 
areas of skin necrosis overlying a large nodule of subcuta-
neous necrosis on the back. Other nodules without subcu-
taneous necrosis are present in the neck and right armpit
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Table 65.2 Team of consultants and aetiopathogenetic 
steps

Team of consultants
Neonatologist
Neurologist
Cardiologist
Nephrologist
Dermatologist
Plastic surgeon
Aetiopathogenetic steps
   1. Thrombocytosis
   2. Lower blood perfusion
   3. Hypoxia
   4. Hypothermia
   5. NSAdiponecrosis (transient panniculitis)

Fig. 65.2 Yellow necrosis due to extravasation of the 
saphenous right external to the malleolus in a 12-day-old 
infant. The necrosis area also affects the subcutaneous tis-
sue and is due to extravasation of antibiotics

65.2.5  Course and Outcome

Diarrhea and vomiting are the most evident signs 
associated with the clinical picture, in a sort of 
self-limited course, with a spontaneous resolu-
tion occurring in the following 2 or 3 weeks up to 
3  months. Specific therapies are not yet estab-
lished and if something is required, this is limited 
to precise complications. In very few cases, low 
dose prednisone has been administered by mouth.

Among the systemic complication, we must 
mention hypercalcemia, hypocalcemia, hyperuri-
cemia, hypoglycemia, hypertriglyceridemia, 
thrombocytopenia, resulting in morbidity and 
mortality, if not early detected and promptly cared.

Local complications are reported such as 
necrotic epidermal atrophy, ulceration, scarring, 
and/or local infection. At a discharge breast feed-
ing is clearly advocate, and an oral Vit D supple-
mentation (1.200 UI, each day) is introduced for 
at least 2–4 weeks [5] (Table 65.2).

65.3  Extravasation Injuries 
Necrosis

65.3.1  Introduction and Definition

Extravasation is the accidental release of one 
drug or a mixture of them from the veins used for 
the delivery of solutes and medicaments, into sur-
rounding peri and paravascular connective tissue 
sheats. This phenomenon has an incidence rang-
ing from 1 to 6%; however, the severity and type 

of treatment vary according to the type of extrav-
asated fluid [16]. The outcomes of extravasation 
are related to the characteristics of the patient, his 
age, the state of the venous circulation, nutri-
tional aspects, and various comorbidities. 
Pediatric patients most at risk are represented by 
premature (LBW, VLBW, micropreemies) and 
newborn for the characteristics of the fragile skin 
and because of a narrow and underdeveloped 
venous heritage. In first ages of life, the risk of 
extravasation and a subsequent necrosis are 
increased as well as the major late outcomes. The 
consequences can be of different severity: from 
local redness to deep tissue necrosis, which can 
involve tendons and ligaments, causing severe 
tissue damage and severe functional sequelae and 
disabilities including contractures, deformities, 
and loss of function of the limbs secondary to the 
formation of retracting and/or keloid scars [17, 
18] (Figs.  65.2 and 65.3). Some studies con-
ducted in infants admitted to intensive and sub- 
intensive care units report incidence rates of 
18–46%. In 2.4–4% of these cases, serious com-
plications develop and necrosis is the most unfa-
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a b

Fig. 65.3 (a, b) Brown eschar affecting the dorsum of 
the foot due to extravasation of hyperosmolar electrolytic 
agents after cannulation of the dorsal vein of the left foot. 

A large surface of about 5 cm is involved, as can be seen 
from the completely removed eschar, which also traces 
the convexity of the neck and back of the entire foot

vorable one, leading to permanent damages if not 
promptly surgically cared [19].

65.3.2  Actions and Injuries

Based on the potential tissue damage, various 
agents are recognized and then categorized on the 
basis of their ability to create the most evident 
necrotic effects with different mechanisms of 
action:

 1. Transformations from rapid tissue necrosis 
are due to substances that produce immediate 
deep damage and, by binding to DNA, remain 
in the tissues for a long time causing progres-
sive and worsening injuries, with severe 
necrotic ulcers or full-thickness necrosis 
which more often appear as real plaque of 
rigid, black or dark brown tissue, shaped on 
the anatomical site of the lesion. In these 
small patients, the plastic surgeon interven-
tion is rapidly advocated. Severe pain and 
functional outcomes are always present if a 
surgical treatment is not instituted and some-
times even in an emergency regime.

 2. Blistering substances that can cause deep tis-
sue damage, as they are rapidly metabolized 
and cause severe or prolonged pain, they rep-
resent the second category of agents respon-
sible for tissue necrosis, more often 
circumscribed and limited to small islands of 

skin that undergoes progressive and not 
immediate disintegration and exfoliation.

The mechanisms that determine necrosis 
resulting from extravasations are different:

 – Some drugs bind to nucleic acids in DNA and 
are initially absorbed locally causing cell 
death. After endocytosis, the death of sur-
rounding cells occurs through the release of 
the drug from dead cells. The repetitive nature 
of this process strongly delays the healing pro-
cesses and can lead to progressive and chronic 
tissue damage, with deep scars.

 – Other drugs do not bind to DNA but are 
metabolized, limiting the degree of tissue 
damage, and therefore are easier to pharmaco-
logically neutralize.

65.3.3  Epidemiology

The incidence of extravasations in pediatric age 
ranges from 0.1 to 6.5% of children undergoing 
chemotherapy, in other estimates 11–28% in chil-
dren admitted to a pediatric intensive care setting. 
A not recent UK-based survey of regional neona-
tal intensive care units published in 2004, esti-
mated the incidence of extravasation injuries 
resulting in skin necrosis to be 38 per 1000 
babies. Seventy percent of the cases occurred in 
preterm infants born before 27 weeks’ gestation;
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4% of infants leave the TIN with significant 
functional scars or lesions resulting from extrava-
sation lesions [20, 21].

65.3.4  Distribution by Body Area 
and Care Setting

The incidence of necrotic injuries due to extrava-
sation or drug infiltration and the deepness of tis-
sue damage are related to various factors, 
including the infused agent, its concentration and 
volume, the duration of infiltration, the timing of 
diagnosis, the body site, and gestational age of 
the patient.

In the pediatric age, especially in the neonatal 
age, the areas chosen for finding venous accesses 
are the back of the hand, the forearm, the cubital 
fossa, the back of the foot, and the epicranial area. 
These areas are represented by a subcutis that 
allows easy retrieval of the vessels visible in 
transparency but, at the same time, they are more 
delicate and fragile. In situations perceived as 
more difficult, the positioning of the venous line 
is always ultrasound-guided, thus reducing possi-
ble risk for necrosis. No area of   the body is exempt 
from the risk of extravasation. This is especially 
true for newborns and for those born preterm or 
low birth weight (LBW, VLBW, ELBW).

65.3.5  Care

When the first signs or symptoms of extravasa-
tion or infiltration occur, including, for example, 
redness or edema, the current infusion must be 
stopped immediately and the team involved. 
After stopping the infusion, the necessary anti-
dote is administered through the same device 
within 1  h and then the device with the entire 
infusion line is removed. If the device was 
removed before administering the antidote, 
administer the antidote by subcutaneous injec-
tions in the area affected by the extravasation. 
The limb is then placed in unloading for at least 
48 h to allow normal absorption and drainage of 
liquids. To facilitate the management of extrava-
sation in “first aid,” the Team has an antidote kit 
with the various procedures to be performed.

65.3.6  Physiology of Extravasation

In the human body, vascular lesions, oxidative 
stress, and inflammation are closely related. 
Infiltration and extravasation are both condi-
tions responsible for vascular damage. When a 
vascular injury occurs, the release of free radi-
cals is stimulated and the cells’ ability to pro-
duce energy becomes dysfunctional due to 
damage to the mitochondria. This leads to lim-
ited energy production, and the balance between 
nitric oxide and superoxide is disrupted, increas-
ing the damage. There is a continuous cycle of 
free radical production and endothelial apopto-
sis leading to damage to membranes and cell 
vessels.

Symptoms of this process include redness, 
swelling, and visible tissue lesions. The interac-
tion of the biological response to chemical and 
non-chemical risk factors, when exposed to the 
extravasated drug, directly affects the healthy 
endothelium, leading to vascular lesions, starting 
from the vessel intima. Infiltration or extravasa-
tion can be caused by displacement of the intra-
venous catheter, puncture of the vein during 
insertion or handling of patients. The tolerance of 
the vein to an infusion is influenced by the osmo-
larity and pH of the blistering substance, the 
duration of exposure, and the irritation of the 
endothelial cells. An additional factor in causing 
the vein to rupture and leak is the pressure of the 
drug being infused.

65.3.7  Factors Affecting 
the Pathophysiology of 
Extravasation

• The volume of the drug infused; since, as is 
known, during extravasation there is a loss of 
fluids in the subcutis which impart pressure to 
the venous reticulum and then to the arterial 
one, present at the site of the extravasation, 
thus reducing the blood supply to others; 
therefore, depending on the volume of the 
extravasated drug, there will be more or less 
severe ischemic damage.

• The local toxicity of the drug, due to the chem-
ical nature of the substance itself.
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The pH, osmolarity, and biological activity as 
in the case of vasoactive substances or chemo-
therapeutic agents [22, 23].

65.3.8  Identification of Extravasation 
and Risk Factors

The Infusion Nurses Society adapted the scale to 
include guidelines for lesion size and suggesting 
that infiltrates involving blistering solutions, even 
if present in minimal quantities, should be con-
sidered as a stage 4 (Table 65.3). But the guide-
lines used to adults cannot be adapted to the 
pediatric patient; since lesions similar in size to 
those of adults are more severe in children due to 
the size of the body and the different skin struc-
ture. Suitable scales for pediatric and neonatal 
infiltrations were also created to account for the 
smaller surface area and different clinical presen-
tations. The appearance of necrosis is clearly 
associated with poor prognosis and severe pain-
ful clinical symptoms.

65.3.9  Dangerous Substances

Intravenous drugs can be divided into three main 
categories:

 1. Not blistering or inert.
 2. Irritants: drugs capable of causing pain, 

swelling, venous irritation, and chemical 
phlebitis at the injection site.

 3. Blistering: drugs that cause redness, pain, and 
blistering during infiltration and can progress 
to ulceration and tissue necrosis.

There are several characteristics of the drug 
that can affect potential tissue damage these 
include: osmolarity, pH, direct therapeutic 
effects, and solubility.

Osmolarity describes the number of particles 
that are suspended in solution. The normal serum 
osmolarity of a newborn is approximately 
280 mOsm. When a solution has a higher osmolar-
ity, it is considered hyperosmolar. The effects cause 
cells to shrink when a fluid moves from inside to the 
outside of the cell. This response occurs in order to 

increase the osmolarity within the cell to balance 
with the high osmolarity of the serum. The opposite 
of this effect would be a hyperosmolar solution. In 
this situation, the fluid would enter the cell in order 
to reduce the osmolarity of the cell to equal to the 
external one. In the extreme, this can result in cell 
lysis as the volume of the cell exceeds its capacity. 
Some preparations are classified as extremely 
hyperosmolar and one of them is the arginine 
hydrochloride, which is used in the evaluation of 
short stature and in the management of urea cycle 
disorders. The arginine extravasation rapidly 
induces necrosis and that is why it should be diluted 
to a 10% solution prior to infusion [24, 25].

Measuring the concentration of hydrogen ions 
and pH is another important consideration in 
assessing the risk of a drug, infiltration, or extrava-
sation. A normal arterial blood pH is between 7.35 
and 7.45. As the pH of drugs deviates from this 
normal range, the risk of tissue injury is higher. As 
the number of hydrogen ions increases, the solu-
tion will become more acidic. Most drugs have an 
acidic to neutral pH. Once medications move from 
5 to 9 range, the risk of inflammation and vascular 
injury increases significantly. Drugs have a spe-
cific mechanism of action that can cause cell dam-
age in case of infiltration or extravasation. 

Table 65.3 PIV Scale (Peripheral Intravenous 
Extravasation Assessment scale): necrosis and clinical 
severe degrees (adapted from Cincinnati Children’s 
Hospital Medical Center, February 2013)

Third degree: Severe 
extravasation (mild 
necrosis, limited small 
areas)

   •  Moderate swelling 
25–50% of the 
insertion site

   • Cold skin
   • Whitening
   • Blistering

Fourth degree: Extreme 
extravasation (severe 
necrosis and large area, 
sometimes 
circumferential)

   •  Significant swelling, 
more than 50% 
around the insertion 
site

   •  Infiltration of 
blistering and irritating 
products

   • Cold skin
   • wWhitening
   • Skin injury
   • >Blistering
   • Insertion site pain
   •  Blood recirculation 

time greater than 4 s
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Vasoactive drugs, such as dopamine, have effects 
on alpha receptors. If this drug is introduced into 
the tissues, this alpha stimulation will result in 
constriction of the capillary beds, which will sub-
sequently reduce local blood flow. Local tissue 
will be deprived of oxygen, and an ischemic injury 
will ensue. Another group of drugs that have direct 
effects on tissues are electrolytes. Calcium is 
needed for the depolarization and contraction of 
smooth muscle. If a concentrated calcium solution 
is infused into the tissue, this can cause capillary 
constriction, through stimulation of smooth mus-
cle, resulting in ischemic damage to the hypoper-
fused tissue [26, 27].

The solubility of a drug can affect its contribu-
tion to local tissue damage. The more lipophilic a 
drug is, the less water soluble, thus rendering site 
washing impractical and leading to high concen-
trations of drugs located in relatively small areas 
of tissue which can lead to direct concentration- 
dependent tissue damage (Table 65.4).

65.3.10  Treatments

• Topical Treatments: Topical treatments are 
often used when talking about an open wound. 
These include nitroglycerin, silver sulfadia-
zine, and dimethyl sulfoxide (DMSO). These 
treatments promote a moist wound environ-
ment, which reduces healing times, the likeli-
hood of infection and prevents scarring.

• Antidotes: Some blistering solutions may have 
a particular antidote which can be infused or 
injected into the affected area. This approach 
appears to be used most often for the treat-
ment of chemotherapy extravasations.

• Hyaluronidase: Subcutaneous injections of 
hyaluronidase can be used in an attempt to 
break down the connective tissue and facili-
tate the absorption of extravasated fluid in the 
vascular and lymphatic circulation. 
Administration within 1 h of extravasation is 
recommended;

Table 65.4 Intravenous drugs

Not blistering or inert Irritants
Blistering (with or without 
necrosis) Necrotizing

Monoclonal antibodies Bleomycin Amsacrine Daunomycin
Asparaginase Carboplatin Cisplatin Doxorubicin
Cytarabine Carmustine Dacarbazine Epirubicin
Cladribine Cyclophosphamide Dactinomycin Idarubicin
Fludarabine Cisplatin Daunorubicin Mitomycin
Methotrexate Liposomal daunorubicin Docetaxel Vincristine
Thiotepa Gemcitabine Etoposide Vindesine

Ifofosfamide Fluorouracil Vinblastine
Irinotecan Mechlorethamine Vinorelbine
Streptozocin Melphalan Actinomycin D
Topotecan Mitoxantrone Mechlorethamine

Oxaliplatin Liposomal 
doxorubicin

Paclitaxel
Blistering drugs that bind to 
DNA

   • Alkylating agents: Maecloretamin
   • Anthracycline: Doxorubicin, epirubicin, idarubicin
   • Antibiotici antitumorali: Mitomicin; dactinomicin, mitoxantrone

Blistering drugs that do not 
bind to DNA

Vinca alkaloids: Vinblastine, vincristine, vinorelbine, vindesine, texani, paclitaxel, 
docetaxel

Irritating drugs    • Alkylating agents: Carmustine, dacarbazine, ifosfamide, melphalan, thiotepa
   • Platinum derivatives: Carboplatin, cisplatin, oxaliplatin
   • Inhibitors of topoisomerase II: Teniposide, etoposide
   • Anthracycline: Liposomal doxorubicin, liposomal daunorubicin
   • Inibitori della topoisomerasi I: Irinotecan, topotecan
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• Saline flushing and liposuction: Both saline 
flush-out and liposuction are administered in 
order to remove extravasated fluid before it 
can cause damage. As such, there is an implied 
requirement that these treatments be under-
taken as soon as possible. Gault described 
both techniques, which can be administered 
alone or together, although various modifica-
tions to these techniques have also been 
reported [28].

• Saline lavage techniques generally involve 
skin incisions made in the extravasation lesion 
and syringe administration, injecting saline 
into each incision. The goal is for this process 
to clear the brew through the remaining inci-
sion points. The process is sometimes pre-
ceded by the injection of hyaluronidase to 
break down the hyaluronic acid in the connec-
tive tissues, thus favoring the dispersion of the 
infusion. The procedure is often performed 
under local anesthesia, although general anes-
thesia may sometimes be required, especially 
if liposuction is also to be performed.

• Liposuction is a minimally invasive surgical 
technique in which the cannula with side holes 
is inserted into the wound and subcutaneous 
fluid and fat are aspirated.

• Surgery: If less invasive treatments are unsuc-
cessful and necrotic tissue is not resolved after 
a medium-/long-term period of treatment, the 
next step in the treatment pathway is surgical 
debridement (sharp debridement), plastic sur-
gery minor/major interventions, or both. 
Hydrosurgery is another option easy to be 
used when necrosis shows irregular and 
indented contours which often can be quite 
difficult to debride with sharp methods. In 
newborn and small patients aged less than 
3  years, this technique has some advantages 
such as a true tissue selectivity, great and safe 
handling in detaching the edges of the necro-
sis due to extravasation, handling in complex 
contours such as extravasation, and a possible 
preservation of the underlying adnexal [29].

The purpose of debridement is the removal of 
necrotic tissue (eschar), which accelerates wound 
healing. Typically it involves both a surgical 

technique (the use of sharp instruments to remove 
the eschar performed under general anesthesia) 
and an enzymatic debridement (which promotes 
the removal of the eschar tissue). When a topical 
anesthesia is not possible to be performed due to 
the age of the patient, all the procedures could be 
performed at one time in the operating room: 
escharotomy, wound bed preparation, and imme-
diate or delayed graft (with or without interposi-
tion of a dermal substitute). We currently prefer 
the use of NPWT to accelerate direct or mediated 
adherence of the skin graft to the wound bed. If 
the appropriate timing of extravasation surgery is 
not yet clearly defined, and when it is not possi-
ble to ascertain with certainty the fluids and sol-
utes responsible for extravasation, we advocate a 
“wait and see” conservative approach.

However, frequent patient follow-up is critical 
to identify early blisters or ulcers that require 
debridement or plastic surgery. Consultation by 
the plastic surgeon is recommended after extrav-
asation of large volume vesicles, when a patient 
is in severe pain or if healing has not occurred 
within 1–3 weeks after extravasation. A conser-
vative approach is not appropriate if the child has 
persistent pain, edema and erythema, blistering, 
and necrosis which may hide an ulcer covered 
with enlarged eschar. In case of delay in treat-
ment, permanent functional damage can occur 
due to a prolonged tissue exposure. When a sur-
gical procedure is not performed at the proper 
time repeated debridement are required, larger 
excision is usually necessary, and partial thick-
ness skin grafting or flap reconstruction are man-
datory actions. The complex of clinical 
manifestations related to an increase in tissue 
pressure within a non-compressible space such as 
that of the muscle lodges covered by their own 
fascia is called as compartment syndrome. 
Compartment pressure measurement is useful in 
evaluating questionable compartment syndrome 
or in patients who have sensory blunting or are 
under general anesthesia. Normal pressure in a 
muscle compartment is less than 10–20 mmHg.

Fasciotomy is recommended if pressure is 
greater than 30–45  mmHg; physiology studies 
show that a limb may be adequately perfused if 
the diastolic pressure is greater than 30  mmHg 
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than the compartment. Therefore, the fasciotomy 
is indicated when the delta p between the dia-
stolic pressure less that of the compartment var-
ies between 20 and 30  mmHg. In children, 
diastolic pressure is low to easily bring a delta p 
less than 30 mmHg. Therefore, the average blood 
pressure is used in pediatric patients [30, 31].

An increase in specific Prevention Culture, 
Training of Pediatric Health Care Teams, 
Protocols and Related Kits (ETK), immediate 
and not delayed assistance following the 
Operational Guide (OG), prompt plastic surgeon 
consultation, close monitoring of pediatric 
patients are the main objectives to be pursued. 
The reduction of necrosis caused by infiltration 
and extravasation is based on the updating of the 
nursing and medical staff, on the positioning and 
on the management of a peripheral or central 
venous access. Difficult and complex patients 
(premature and newborn, patients with poor or 
fragile venous heritage) must be approached with 
ultrasound-guided positioning by expert anesthe-
tists. In case of positioning a long-lasting CVC 
and choosing the type of catheter, the help of the 
interventional pediatric radiologist is essential.

Each hospital should draw up an updated pro-
cedure on the management of extravasation and 
compose a team of experienced and trained per-
sonnel who can manage this type of emergency 
and who can educate and sensitize the remaining 
health personnel. In our experience, both a skin 
care team and a wound prevention team are advo-
cated because of the true experience with 
wounded children the components that deal with 
ES must have.

Immediate surgical management consists of two 
most frequently reported manoeuvers: post inci-
sional washing and local debridement. However, 
signs of tissue and nervous ischemic damage and 
the rigidity of the limbs and extremities in griposis 
must be avoided promptly, since the cosmetic and 
functional sequelae arise very quickly. Fasciotomy 
is the only accepted treatment of compartment syn-
drome and should be performed quickly after the 
diagnosis is made. Outcomes after fasciotomy are 
best when there is no delay in treatment. In few 
words, all observational and decision-making activ-
ities must be taken with great timeliness and with-
out time delays [32–34].

Currently, although there are numerous studies 
on severely staged necrosis due to extravasation 
syndromes. But there aren’t available guidelines 
compiled on the basis of RCTs. This is due to the 
increase in the complexity of pediatric patients, the 
increase in survival related to prematurity, the 
implementation of the efforts of intensive and sub-
intensive technological activities on patients at high 
risk of life. In addition, there is no doubt that necro-
sis occurring in these small and very small patients 
is challenging because of a multifactorial disease 
requiring a precision medicine approach [35].

65.4  SNSTIs (Severe Necrotizing 
Soft Tissue Infections)

65.4.1  Introduction

Severe necrotizing soft tissue infections (SNSTIs) 
are widespread and systemic bacterial 
infections.

In more details, these are highly thrombotic 
subtype of disseminated intravascular coagula-
tion that can accompany severe bacterial, and 
more rarely, viral infections. Neisseria meningiti-
dis is most commonly associated with SNSTIs, 
even if many other infectious etiologies have 
been identified and among these Haemophilus 
influenzae, Staphylococcus aureus, and 
Pneumococcus are described as responsible for 
necrotic skin damages.

Pediatric patients represent a fragile category 
also due to an immaturity of the immune system 
both of the surface and of the organ and organ-
ism. This, therefore, makes it easy to understand 
how necrosis occur quickly and are immediately 
rapidly progressive. Prevention and wound 
hygiene must be appropriate, a diagnosis must be 
early done, and treatments must be targeted 
immediately to minimize disabilities but also the 
hypothesis of mortality. Beyond treatment with 
antibiotics administered on the basis of an anti-
biogram and admission to neonatal and pediatric 
intensive care units for any resuscitation support, 
the surgical approach for debridement and a sur-
gical toilet to be operated on are extremely 
important, to be performed in asepsis and in the 
operating room.
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Although the death rate of NSTI appears to 
have decreased in recent decades, it remains very 
high in the first 3 years of life and at 5–20%.

It is evident that necrotic lesions are the larg-
est ever considering all pediatric ages. Brown 
necrosis is often bilateral from the onset and 
affecting both lower limbs, reaching to include 
the root of the limbs, the external genitalia, and 
other sites rich in lymphatic vessels and innerva-
tion (Figs. 65.4 and 65.5).

Crucial points are represented not only by the 
extension per area of representation but also by 
the depth. The deeper necrosis is due not only to 
septic emboli, which induce mechanical vascular 
occlusion, but also to the effect of cytotropic tox-
ins. Purpura fulminans is a severe subtype of dis-
seminated intravascular coagulation associated in 
the majority of the cases with meningococcal sep-
ticemia in children. The patient’s inflammatory 
response to meningococcal septicemia activates 
the coagulation pathway, resulting in the develop-
ment of numerous superficial as well as visceral 
thromboses. Superficial thromboses of the skin 
produce pathognomonic or maculopapular rashes 
that progress into areas of full- thickness necrosis. 
Thrombus formation within the viscera can result 
in the development of multiorgan failure. Because 
of its severity, prompt diagnosis and treatment of 
purpura fulminans are vital for patient survival.

SNSTIs can be yet evident as a connatal syn-
drome in newborn with inherited deficit of pro-
tein- C due to homozygous or heterozygous 
mutations in the PROC or PROS1 genes.

65.4.2  Care

Frequently, plastic surgeons are consulted for the 
reconstruction of areas with full-thickness skin 
necrosis. The reconstructive process varies 
greatly based on soft tissues loss. Skin grafting, 
locoregional tissue transfer, and free tissue flaps 
are all potential reconstructive strategies to be 
used depending on the site, width, and depth of 
the defect.

When skin grafting is the best option, large 
full-thickness wounds in the pediatric population 
can be difficult to manage because of limited 
donor site options for autografts and shortcom-
ings of many skin graft substitutes.

Also of particular gravity are the plaques of 
necrosis near the junctional areas or the natural 
folds of the body (groin, axillary fold, ankle, pop-
liteal cavity) and those that have aspects extended 
to the entire circumference of a limb, at the digi-
tal extremities (hands and feet).

The decrease in mortality results in an increase 
in the number of surviving children. When start-

Fig. 65.4 Extensive multiple necrotic eschar affecting 
both lower limbs in a 9-year-old girl. The anterolateral 
surfaces of both the thigh and leg are affected

Fig. 65.5 The depth of damage after surgical necrosec-
tomy is visible. Effect of both ischemic actions for vascu-
lar occlusion and for endotoxin damage from Neisseria 
meningitidis
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ing to treat infectious necrosis, it is always neces-
sary to consider an approach with “tissue sparing 
procedure” techniques, since the procedures are 
all aimed at avoiding outcomes and severe distant 
sequelae that are often disabling. There are sug-
gestions that a skin-sparing approach may result 
in a decreased need for skin transplants, which 
could potentially improve the quality of life in 
survivors [36].

The prognosis of a growing organism must 
always consider that children have in fact a fourth 
dimension (body growth) which drastically 
places the emphasis on how to promote a good 
prognosis quoad vitam but also how to pursue a 
good and future prognosis quoad valetudinem.

Improving the prognosis means performing 
targeted toilets, pursuing a debridement that is 
careful to spare otherwise healthy tissue, even 
when it may appear compromised by the infec-
tion [37].

All procedures are in fact guided by ultra-
sound aspects and MRI images. In pediatric age, 
it is preferable to perform more successive necro-
sectomy sessions under targeted antibiotic ther-
apy rather than the removal of large tissue 
segments.

The improvement of necrosectomy techniques 
which in pediatric age is performed in many 
cases with microsurgical debridement technique 
(use of the operating microscope) can greatly 
benefit the prognosis of NSTI.

The first damage resulting from serious mutila-
tions and disabling outcomes that may require 
long and repeated sessions of FKT as well as of 
tutorial tools and prosthetic aids are felt by the 
entire family. As a result, the child can experience 
psychological stress and pain, both of which are 
able of dangerously reducing the pain threshold.

An important factor that determines the 
extreme attention of the plastic surgeon in the 
removal of tissues is the consideration of possible 
future scarring events. Each removed tissue will 
in fact be filled with a volume of scar and harder 
tissues, they will be difficult to move later in the 
case of having to make local gliding flaps.

In other cases, post-necrosectomy scars are 
not only a cosmetic problem but also a func-
tional one. When scar bands appear in the site of 
previous necrosis plaques, sometimes hypertro-

phic or keloid, the main enemy is the retraction 
that can prevent movements due to a marked 
retraction. In these cases, revision operations 
may require the completion of the removal of 
the necrosis bands, of the scarring, plastics with 
opposing flaps, grafts, local flaps, or transposi-
tion of flaps with microsurgical techniques [38].
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66Neonatal Pressure Ulcer

Christian Herlin

66.1  Introduction

The structure of a premature newborn’s skin is 
very different from that of the adult.

In the adult, the stratum corneum is composed 
of about 20 layers and has an important protec-
tive function. However, in the premature baby, 
this stratum is non-existent or minimal (0–3 lay-
ers). The thinness of these external layers is one 
of the principal sources of vulnerability (see 
Fig. 66.1).

The stratum corneum normally protects the 
body from toxins and infections, enables thermo-
regulation, and controls transepidermal water 
loss.

In the premature newborn, in addition to the 
thinness of the external layers, there is also a lack 
of collagen and elastin in the superficial dermal 
layers. This considerably increases the risk of 
pressure ulcers, with spontaneous oedema 
increasing the cutaneous ischaemia.

In the hospital environment, the incidence of 
neonatal pressure ulcers (NPUs) is significant, 
affecting one in four babies in the neonatal inten-
sive care unit (NICU) [1, 2].

Four percent of babies who have been treated 
in a NICU are left with a scar [3]. In the majority 
of cases, these skin lesions are minor [4].

The significant incidence of NPUs in the 
NICU can be explained by the following risk fac-
tors [5]:
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Newborn Premature

The majority of the
stratum corneum
layers are missing;
they normally have
a protective role.

Fig. 66.1 Comparison 
of normal newborn and 
premature skin. The 
stratum corneum is 
absent or very 
underdeveloped in the 
premature skin

• The immaturity of the skin
• The restriction of the baby’s voluntary move-

ments (e.g. due to a central venous line, 
mechanical ventilation, etc.)

• The hot and humid environment
• The use or not of invasive ventilation

This chapter describes the main sources of 
pressure ulcers in the newborn and premature 
baby, their characteristic features, the therapeutic 
principles, and the potential sequelae.

66.2  Risk Assessment Scales

There are many different types of risk assessment 
scales, most of which have not been tested on a 
large scale. The Braden Q Scale [1] and the Neonatal 
Skin Risk Assessment Scale [6] seem to be reliable 
tools in terms of sensitivity and specificity.

66.3  Principles of Treatment

66.3.1  Topic Treatment

For Stage 2 pressure ulcers, the use of hydrocol-
loids seems to us to be appropriate in the major-
ity of cases.

For Stage 3 and 4 pressure ulcers, treatment is 
very similar to that of the adult, but the possibili-
ties available in terms of wound cleaning are 
often reduced as the baby cannot be moved.

Throughout the liquefactive necrotic stage, 
the use of silver sulphadiazine as an alternative to 
hydrogels seems to us to be a possibility. The 
dressings need to be substantial, thus allowing 
for additional discharge.

66.3.2  Surgical Treatment

It is reserved for severe cases. It uses the classic 
reconstruction ladder (skin graft, local and dis-
tant flaps). Taking account of the healing capacity 
of the newborn, the flap realization is often per-
formed in a second step during infant growth.

66.4  Main Areas Affected

66.4.1  The Nose

The nose is the main area affected, representing 
half of all NPUs [5]. This has been seen since the 
1980s, with the development of nasal continuous 
positive airway pressure (NCPAP).
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According to different studies, nasal lesion 
incidence is between 20% and 60% in premature 
treated with NCPAP [7, 8]. The majority of 
occurrence is due to the technique being incor-
rectly used and/or poor monitoring of skin toler-
ance [9].

The pressure ulcer most often involves the 
philtrum, the tip of the nose, the soft triangle, or 
the nasal septum.

A deformation or a change in function results, 
which is usually temporary. However, cases have 
unfortunately been reported in which columellar 
necrosis has led to a significant disorder in 
growth.

Figure 66.2 shows a typical lesion due to 
excessive pressure from an endotracheal tube, 
which, in bending the soft triangle, has resulted 
in ischaemia.

Figures 66.3 and 66.4 show two similar cases 
of columellar necrosis, at different ages. In 
Fig. 66.4, note the asymmetrical character of the 
lesion and the consequences on the development 
of the tip of the nose.

66.4.2  The Foot and Leg

Here, the lesions are genuine pressure ulcers as 
seen in the bedridden or the paralysed. The main 
areas affected are the malleoli and the heels. 

Fig. 66.2 Soft triangle pressure ulcer caused by exces-
sive pressure from the endotracheal tube

Figs. 66.3 and 
66.4 Lesions linked to 
excessive pressure 
during NCPAP. The 
pressure ulcer especially 
affects the junction of 
the columella and the 
apex

66 Neonatal Pressure Ulcer
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Pressure ulcers have also been reported on the 
toes, due to the use of oximetry sensors. On the 
legs, they are often due to the premature use of 
postural splints.

These ulcers usually improve in a few days 
after removal of the pressure source and after 
mechanical or chemical debridement.

66.4.3  The Scalp and Back

The two main causes of scalp NPUs are birth 
trauma and excessive pressure on the occiput.

Scalp injuries are present in around 15% of 
babies born using ventouse or forceps [7]. The 
lesions are often deep and semicircular, leaving a 
visible area of scarred alopecia.

Figure 66.5 shows a case of scalp lesion sec-
ondary to ventouse extraction, which affected a 
¾-circular area. Wound healing was obtained 
after 3  weeks of closely supervised healing by 
secondary intention and involved additional sur-
gical intervention.

Wound healing is usually attained in a few 
weeks under such supervision. Dressings need to 
be changed daily and use silver sulphadiazine or 
hydrogel.

There are other rare locations, which are nev-
ertheless worth mentioning. The use of EEG 
monitoring equipment can cause pressure on the 
forehead; this can be a source of ulcers, which are 
sometimes deep. Figure 66.6 shows an example 
of lesions seen in intensive care which caused 
visible scarring.

In a recent study [5], pressure ulcers on the 
back of the head were found to represent 14% of 
all NPUs.

Excessive pressure can cause occipital ulcers, 
which are sometimes extensive. They affect chil-
dren in intensive care or recovery. Catastrophic 
situations can result from the combined risk fac-
tors of mechanical ventilation, sedation, a central 

venous line, humidity, the warmth of the incuba-
tor, and the baby’s state of shock (see Fig. 66.7).

In the baby seen in Fig. 66.7, the pressure ulcer 
was due to prolonged excessive pressure in the 
context of major cardiac surgery, with prolonged 
low cardiac output. The child had not been turned 
because of its haemodynamic instability. Healing 
was obtained after surgical debridement in the 
intensive care bed, dressings using negative pres-
sure therapy, followed by skin graft on a thin one-
layer artificial dermis (Matriderm®). One part was 
closed without tension.

Fig. 66.5 Circular lesion caused by ventouse extraction

Fig. 66.6 Pressure ulcers on the forehead caused by EEG 
electrodes
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a b

c

d

Fig. 66.7 (a) Extensive and deep pressure ulcer of the 
occipital and upper cervical region. (b) Result obtained 
after debridement and initiation of negative pressure ther-
apy. The muscles and aponeurosis have been affected, 

with contact involving the cervical spine processes. (c) 
Closure of the superior area and repeated debridement 
(×5). (d) Results at 5 months after placement of artificial 
dermis and thin skin graft taken from the adjacent scalp

The result was not perfect (see Fig. 66.7d), but 
it enabled rapid coverage, without adhesion.

66.5  Conclusion

Neonatal pressure ulcers are specific entities 
which require special attention from neonatal 
care teams. The thinness of the stratum corneum 
makes the skin of the premature and nursing baby 
particularly vulnerable to pressure. During the 
critical maturation phase, care teams must remain 

alert to the possibility of pressure ulcer forma-
tion, especially in an environment which can 
encourage such ulcer development.
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67Skin Necrosis in Children: 
Genodermatosis

Cristina Has and Agnes Schwieger-Briel

67.1  Introduction

The term genodermatosis comprises a large 
group of dermatoses caused by genetic defects, 
including monogenic and mosaic disorders. From 
the physiopathogenic point of view, various com-
partments of the skin can be disturbed, such as 
intraepidermal or epidermal-dermal adhesion, 
cornification, DNA repair, the vascular system, 
etc. The onset of clinical symptoms is most com-
monly at birth or during early childhood, and the 
clinical course is progressive, without spontane-
ous healing or remission.

Cutaneous necrosis is a primary manifestation 
of several disorders reviewed in this chapter. 
Even though more common in the context of 
acquired inflammatory conditions predisposing 
to infectious or ischemic necrosis, it can also be a 
characteristic sign of genetic diseases.

67.2  Genodermatoses that 
Manifest with Cutaneous 
Necrosis as a Lead Symptom

67.2.1  Progeroid Syndromes

67.2.1.1  Hutchinson–Gilford Progeria 
Syndrome 
and Mandibuloacral 
Dysplasia

Hutchinson–Gilford progeria syndrome (HGPS, 
OMIM#176670) and mandibuloacral dysplasia 
with type A lipodystrophy (MADA, 
OMIM#248370) are allelic disorders that belong 
to the premature aging syndromes (syn. progeroid 
syndromes, laminopathies). They are caused by 
pathogenic variants in the gene for lamin A/C 
(LMNA), an essential structural component of 
the nuclear envelope. HGPS is extremely rare 
occurring in one per 20 million newborns due to 
a de novo mutation. MADA is an autosomal 
recessive condition.

 1. Physiopathogeny and biology:
In HGPS, a recurrent de novo monoallelic 

variant (c.1824C>T) leads to formation of a 
truncated prelamin A protein, called progerin, 
which cannot undergo normal processing to 
mature lamin A [1]. Normal prelamin A pro-
cessing comprises four posttranslational mod-
ification steps. Mature lamin A is an 
intermediate filament protein that is incorpo-
rated into the nuclear lamina filament mesh-
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work, where it interacts with many proteins 
important for nuclear structure integrity [1]. 
In HGPS, progerin accumulates as a farnesyl-
ated and methylated intermediate in the 
nuclear envelope where it is toxic and causes 
nuclear shape abnormalities and senescence. 
This is the molecular basis for the polymor-
phic disease manifestations in different organs 
in HGPS.

 2. Diagnosis
The diagnosis is based on clinical features 

and genetic testing. Clinical manifestations 
are present in early childhood. Life expec-
tancy is limited to the second decade of life in 
HGPS.

Medical context and semiology:
HGPS

 (a) Cutaneous features include atrophic, 
scleroderma-like skin with progressive 
loss of subcutaneous fatty tissue, ciga-
rette paper-like appearance, clearly visi-
ble venous network. Additional 
manifestations:

 (b) Sparse hair, nail anomalies, delayed and 
abnormal dentition

 (c) Progeroid features: ‘bird’ facies with 
sharp, thin nose and micrognathia

 (d) Absent sexual secondary characteristics, 
high-pitched voice

 (e) Growth failure, skeletal anomalies, asep-
tic necrosis of bones reported, acro- 
osteolysis and osteoporosis

 (f) Cardiovascular anomalies (rapidly pro-
gressive atherosclerosis, early myocardial 
infarction and strokes, hypertension, con-
gestive heart failure)

MADA
 (a) Cutaneous features include pigmentary 

skin changes and lipodystrophy, charac-
terized by a marked acral loss of fatty tis-
sue with normal or increased fatty tissue 
in the neck and trunk.

 (b) Inconstant progeroid features
 (c) Growth retardation, mandibular hypopla-

sia, skeletal abnormalities with progres-
sive osteolysis of the distal phalanges and 
clavicles

 (d) Metabolic complications can arise due to 
insulin resistance and diabetes.

On the background of tissue atrophy and 
vascular changes, skin necrosis and ulcers can 
occur in both conditions in particular on acral 
and on bony surfaces.

 3. Treatment:
There is no cure for these rare disorders, 

although many experimental strategies are 
under research [1]. They include genetic 
approaches or targeting the level and the post-
translational modifications of progerin. The 
treatment of necrosis is symptomatic, aiming at 
controlling infections, saving tissue, and man-
aging wounds. Prevention measures should 
include careful skin care with moisturizers and 
avoidance of mechanical pressure and trauma.

67.2.2  Vascular Anomalies

67.2.2.1  Cutis Marmorata 
Telangiectatica Congenita 
(Syn. Congenital Generalized 
Phlebectasia, Naevus 
Vascularis Reticularis, 
Congenital Phlebectasia, 
Congenital Livedo 
Reticularis and van Lohuizen 
Syndrome)

Cutis marmorata telangiectatica congenita 
(CMTC) is an uncommon congenital vascular 
anomaly with features including erythematous- 
to- violaceous, reticulated, net-like or marbled- 
appearing patches of skin phlebectasias, and 
cutaneous and subcutaneous atrophy [2]. It can 
mimic physiological cutis marmorata (CM) but 
does not disappear with warming. CMTC may be 
present in some disorders such as Adams–Oliver 
syndrome, phakomatosis pigmentovascularis 
type 5A, and neonatal lupus erythematosus [3]. 
CMTC is a slow-flow vascular lesion that affects 
capillaries and venules.

 1. Physiopathogeny and biology:
CMTC is a mosaic disorder caused by 

GNA11 mutations found in skin biopsies from 
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CMTC-affected skin areas. The mutation is 
either not detectable or found at a low level of 
0.3% in blood [4].

 2. Diagnosis: 
CMTC is a clinical diagnosis. When suspi-

cion of CMTC is raised, it is recommended to 
perform a careful evaluation of the patient for 
associated anomalies, in cases with extensive 
findings, ideally in a multidisciplinary team 
with a pediatrician, dermatologist, ophthalmol-
ogist and, if needed, orthopedic surgeon [5].

Medical context and semiology:
The most important cutaneous manifesta-

tion of CMTC, the reticulate marbled vascular 
presentation. CMTC can be localized, segmen-
tal or widespread. Atrophy or skin ulceration 
and lipoatrophy at the sites of vascular dis-
coloration, as well as prominent veins, telan-
giectasias and hyperkeratosis may be present. 
Association with limb asymmetry, glaucoma, 
intellectual disability, patent ductus arteriosus, 
and arterial stenosis have been reported [2, 
3]. A review of the literature found extracu-
taneous anomalies in 42.5% of patients, pre-
dominantly body asymmetry and neurological 
defects like seizure and developmental delay. 
Fewer patients (10.1%) had ophthalmological 
defects, usually glaucoma [5].

 3. Treatment: 
Some reports described effective laser 

therapy for erythema and ulceration, while 
other reports stated no effect of laser treat-
ment [5–7]. PDL therapy for this condition 
shows a variable response, often disappoint-
ing. The skin lesions tend to fade with age. 
The only exception is a capillary malforma-
tion of the upper lip, often a feature of this 
condition, which can respond well to laser 
treatment [3].

67.2.3  Metabolic Disorders

67.2.3.1  Prolidase Deficiency
Prolidase deficiency (OMIM#170100) is an 
inborn metabolic multisystemic disease charac-
terized by skin lesions, recurrent infections, 
dysmorphic facial features, variable intellectual 

disability, and organomegaly with elevated 
liver enzymes. Skeletal anomalies, chronic pul-
monary disease, anemia, thrombocytopenia, 
hypergammaglobulinemia, and hypocomple-
mentemia are inconstant features [8]. Prolidase 
deficiency is one of the rare causes of leg ulcers 
in children [9].

 1. Physiopathogeny and biology:
Biallelic pathogenic variants in the gene 

encoding prolidase are found in affected indi-
viduals. Prolidase is an enzyme that cleaves 
di- and tripeptides containing carboxyl- 
terminal proline or hydroxyproline [10]. It is a 
homodimer, with each subunit binding two 
manganese ions that are required for enzy-
matic activity. The enzyme is required in the 
final catabolic steps of endogenous and dietary 
proteins, rich in proline and hydroxyproline, 
such as collagen. The deficiency of prolidase 
leads to accumulation of imidodipeptides, or 
peptides with two amino acids, with a 
C-terminal proline or hydroxyproline [8].

 2. Diagnosis: 
The diagnosis can be established based on 

characteristic clinical findings and imidodi-
peptiduria or reduced prolidase enzyme activ-
ity. Genetic testing identifies biallelic 
pathogenic variants in PEPD, the gene coding 
for prolidase.

Medical context and semiology:
 (a) Typically severe, chronic, recalcitrant, 

and painful skin ulcers of the lower 
extremities (Fig. 67.1) and telangiectasias 
of the face and hands. A review of the lit-
erature identified skin ulcers in 61% of 
the reviewed cases. The ulcerations may 
appear on the dorsal part of the foot and 
on the sole and extend all over the legs, 
sometimes leading to tendon lesions and 
severe skin infections. No underlying 
vascular anomalies were described [11].

 (b) Infections of the skin and respiratory tract
 (c) Splenomegaly and inconstant 

hepatomegaly
 3. Treatment: 

Skin ulcers require treatment by a wound 
care specialist; topical proline (often 5%) or 
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Fig. 67.1 Prolidase deficiency

Fig. 67.2 Ecthyma gangrenosum in EBS (kindly pro-
vided by Dr. L. Weibel)

topical 5% proline-5% glycerine ointment 
applied with dressing changes has been suc-
cessful in some affected individuals [12]. 
Standard treatment should be employed for 
developmental delay/intellectual disability, 
seizures, infections, reactive airways disease/
pulmonary hypertension, respectively. One 
group reported improvement of skin findings 
with the use of anticoagulants [13].

67.2.4  Genodermatosis 
with Cutaneous Necrosis 
as a Possible Complication

67.2.4.1  Inherited Epidermolysis 
Bullosa

Epidermolysis bullosa (EB) encompasses genetic 
disorders characterized by skin fragility and blis-
tering with a broad range of clinical severity. The 
main EB types are EB simplex, junctional EB, 
dystrophic EB, and Kindler EB. Skin necrosis is 
not a typical feature of EB but may occur in 
wounded areas in the context of infections 
(Fig. 67.2) [14].

 1. Physiopathogeny and biology:
EB is caused by loss of function patho-

genic variants in genes encoding structural 
proteins assuring the mechanical stability of 
the skin, such as keratins, integrins, collagens, 
or laminins [15]. Consequently, keratin inter-
mediate filaments, hemidesmosomes, focal 

adhesions, or anchoring fibrils are weakened. 
Blistering can be intraepidermal, junctional, 
dermal, or mixed and results in erosions, 
ulcerations, or chronic wounds. Congenital 
absence of the skin is relatively common on 
lower legs and can be a feature of any type of 
EB.  There is an alteration in the cutaneous 
microbiome in EB, with loss of species diver-
sity and abundance of Staphylococcus [16].

 2. Diagnosis:
The diagnosis of EB is clinically suspected 

based on mechanically induced blistering of 
the skin and additional cutaneous features as 
described in detail before [17]. 
Immunofluorescence mapping and genetic 
testing determine the type and subtype of EB 
[18].

Medical context and semiology:
 (a) Blisters, erosions, ulcerations, and 

wounds, depending on the type of EB
 (b) Scarring is a main feature of dystrophic 

and Kindler EB
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 (c) Nail dystrophy is common in junctional 
and dystrophic EB

 (d) Mucosal membranes are fragile leading 
to inflammation and scarring, in particu-
lar, in dystrophic and Kindler EB

 (e) Extracutaneous organ involvement may 
occur primary in syndromic EB subtypes 
or secondary as a complication of severe 
EB

 3. Treatment:
Blisters should be lanced; antiseptics 

should be used as well as proper wound dress-
ings in order to assure uncomplicated healing 
of the wounds. Mechanical pressure should be 
avoided in particular on bony body areas. 
Various cell therapies (e.g., fibroblasts, mes-
enchymal stem cells) administered topically 
to epidermolysis bullosa wounds in small 
clinical trials, showed positive effect on 
wound healing [19–23].

Recently, Oleogel-S10 (containing birch 
triterpenes, Filsuvez®) [24] was approved by 
EMA and FDA for the treatment of wounds in 
junctional and dystrophic epidermolysis bul-
losa. Beremagene geperpavec (B-VEC, 
Vyjuvek®) is the first gene therapy approved 
by the FDA for the treatment of cutaneous 
wounds in patients with dystrophic epider-
molysis bullosa. This represents a significant 
progress for the treatment of this devastating 
disease. It is based on non-replicative (nr) 
recombinant HSV-1 vector containing two 
copies of the COL7A1 gene [25, 26].

67.2.5  Harlequin Ichthyosis

Harlequin ichthyosis (OMIM#242500) is one of 
the most severe types of congenital ichthyosis 
that manifests at birth with tight horny plaques 
that cover the entire body (harlequin-baby). 
There is no primary extracutaneous involvement, 
but skin contractions lead to ectropion, eclabion, 
ear deformities, and deformities of the hands and 
feet. Complications occur frequently in infants 
and include respiratory distress, dehydration, 
electrolyte imbalance, temperature instability, 

feeding problems, and bacterial infections, often 
with fatal consequences. Constriction bands may 
cause skin necrosis.

 1. Physiopathogeny and biology:
Harlequin ichthyosis is caused by biallelic 

loss of function pathogenic variants in 
ABCA12, the gene that codes for ATP binding 
cassette subfamily A Member 12, a glucosyl-
ceramide transporter.

 2. Diagnosis: 
Medical context and semiology:

 (a) Harlequin-baby at birth
 (b) Erythroderma and generalized large 

lamellar scales
 (c) Ectropion, eclabion, ear deformities
 (d) Severe palmoplantar keratoderma
 (e) Digital autoamputation [27]
 (f) Respiratory distress, dehydration, elec-

trolyte imbalance, temperature instability, 
feeding problems, and bacterial 
infections

 3. Treatment
Early administration of oral retinoids 

(acitretin 1  mg/kg) is effective in shedding 
and softening of the large scales, reducing the 
risk of constrictive bands and skin necrosis. In 
addition, the use of skin moisturizers is man-
datory (such as petrolatum).

67.2.6  Olmsted Syndrome

Olmsted syndrome (OS OMIM#614594, 
#619208, #300918) is a rare genodermatosis 
classically characterized by the combination of 
bilateral mutilating transgradient palmoplantar 
keratoderma (PPK) and periorificial keratotic 
plaques, but which shows considerable clinical 
heterogeneity. The disease starts usually at birth 
or in early childhood. Less than 100 cases have 
been reported worldwide [28].

 1. Physiopathogeny and biology:
OS is genetically heterogeneous, being 

caused by pathogenic variants in three distinct 
genes TRPV3 (transient receptor potential cat-
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ion channel subfamily V member 3), PERP 
(TP53 apoptosis effector), or MBTPS2 (mem-
brane bound transcription factor peptidase, 
Site 2). TRPV3 is a thermosensible cation non 
selective channel, activated by temperature 
and several chemical ligands, predominately 
expressed in keratinocytes, and in sensory 
neurons. MBTPS2 is a zinc metalloprotease 
essential for cholesterol homeostasis and 
endoplasmic reticulum stress response [28].

 2. Diagnosis:
Medical context and semiology:

 (a) Bilateral mutilating transgradient palmo-
plantar keratoderma. Progression of the 
keratoderma may lead to flexion deformi-
ties, constrictions of digital bands, and 
even spontaneous digit amputations.

 (b) Periorificial keratotic plaques (mouth, 
nose, eyes, genital, anal, ears, navel)

 (c) Other features may be nonperiorificial 
keratotic lesions involving the thighs, 
arms, elbows, knees, and intertriginous 
folds; hyperkeratotic linear streaks, fol-
licular keratosis, pachyderma, cheilitis, 
ichthyotic lesions, or chronic blepharitis.

 (d) High clinical variability and a wide range 
of inconsistent clinical manifestations 
have been reported [28]

 3. Treatment
 (a) Symptomatic treatments of hyperkerato-

sis include emollients, keratolytics, reti-
noids, or corticosteroids, either topical or 
systemic

 (b) Recently, targeted inhibition of the epi-
dermal growth factor receptor and mam-
malian target of rapamycin signaling 
pathways demonstrated significant 
improvement of clinical manifestations of 
OS [29, 30].

67.2.7  Leucocyte Adhesion 
Deficiency Type I

Leukocyte adhesion deficiency type 1 (LAD-I) 
(OMIM#116920) includes three types, of which 
type I is the most common.

 1. Physiopathogeny and biology:
Patients are lacking the β2-integrin chain 

CD18 (ITGB2) of the leukocyte cell adhesion 
molecule, essential for cell–cell and cell–
extracellular matrix interactions. 
Consequently, the function of granulocytes, 
monocytes, and lymphocytes is impaired.

 2. Diagnosis:
Medical context and semiology:
Newborns often suffer from navel infec-

tions with Pseudomonas aeruginosa, leading 
to severe skin necrosis. Skin manifestations 
consist of abscesses, mucosal ulcers, and 
wound healing defects.

 (a) Recurrent, life-threatening bacterial 
infections of the skin, mouth, and respira-
tory tract

 (b) Periodontitis and tooth loss
 3. Treatment
 (a) Control of infections with antibiotics.
 (b) Hematopoietic cell transplantation repre-

sents the only cure for LAD-I.

67.2.8  Other Genetic Diseases

Skin necrosis may be a complication of various 
disorders:

• Autoinflammatory disorders who can have 
vasculopathies

• Interferonopathies
• Hematologic diseases such as sickle cell ane-

mia cause severe ulcerations
• Genetic primary lymphedema
• Klinefelter syndrome

67.3  Conclusion/Take Home 
Messages

Skin necrosis is rare in children and may be a mani-
festation of a serious genodermatosis. The diagno-
sis should be made based on clinical manifestations 
and genetic testing. Although specific therapies are 
lacking, intensive symptomatic management of 
skin lesions should be the main focus.
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68Skin Necrosis in Children: Vascular 
Causes and Angioma

Laurence M. Boon, Valérie Dekeuleneer, 
and Julien Coulie

68.1  Ulcerated Infantile 
Hemangioma

Infantile hemangiomas (IH) are the most com-
mon vascular tumors during infancy (5% of 
infants) [1, 2]. They appear during the first weeks 
of life and have typically an early rapid prolifera-
tion phase, followed by stabilization and finally a 
progressive spontaneous regression. 
Complications can be seen in 10–15% of cases 
[3, 4]. Ulceration is the most common complica-
tion (up to 15% of IH) [5]. These ulcerations are 
painful, with a risk of bleeding (mainly mild and 
benign), infection, and persistent scarring due to 
skin necrosis.

68.1.1  Physiopathology

 – Pathogeny of IH is not yet fully elucidated. 
The trigger factor of endothelial cells prolif-
eration seems to be hypoxic stress, leading to 
overproduction of angiogenic factors through 
lowered VEGFR1 expression [5, 6].

68.1.2  Clinical Presentation

 – Ulcerations appear most of the time during the 
proliferation phase of IH with the highest risk 
between the age of 4 and 6 months (median 
age of 4 months).

 – Ulcerations usually start with a central gray 
coloration appearing on the IH.  This can be 
triggered by a local trauma.

 – IH with ulcerations are more likely large, super-
ficial/mixed or segmental and localized on lower 
lip, neck/ head, or anogenital area (Fig. 68.1a–c).

 – All ulcerated IH will lead to significant scar-
ring due to wound healing process.

 – Moisture, maceration, and friction seem also 
to have a role in the appearance of these ulcer-
ations [7–10].

68.1.3  Diagnosis

 – The diagnosis of IH is mostly clinical [10, 11].
 – In atypical subcutaneous IHs, a doppler ultra-

sonography (US) by a radiologist experienced 
in vascular anomalies, can help confirming the 
diagnosis. Doppler US during the prolifera-
tion phase shows hyper vascular high flow 
tumor, with a stromal or tumoral component. 
In some cases, a magnetic resonance imaging 
is needed, especially to delimit the extent of 
the IH. A skin biopsy showing GLUT-1 stain-
ing gives a definite diagnosis.
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a b c

Fig. 68.1 (a) Cervical ulcerated infantile hemangioma. (b) Ulcerated infantile hemangioma with necrosis of the ver-
tex. (c) Ulcerated infantile hemangioma of the genital area with bleeding

a b
Fig. 68.2 (a) Ulcerated 
infantile hemangioma of 
the trunk. (b) Eight days 
after propranolol 
initiation (2 mg/kg/days)

68.1.4  Treatment

 – Wound care is central in the treatment of 
ulcerated infantile hemangioma [12]. It should 
be adapted to the type, localization, and size 
of ulceration. The wound should be protected 
and covered with atraumatic dressing to 
enhance the healing process and reduce the 
pain.

 – If infection is suspected, local antibiotic can 
be applied.

 – If the ulceration bleeds, hemostatic dressing 
can be used.

 – Pain control with paracetamol should be 
considered.

 – Oral propranolol: As for all complicated IH, 
oral propranolol is the first choice of treatment 
as it shortens the proliferation phase [4, 13] 
(Fig. 68.2a, b). Usually, it is administered at 
2–3  mg/kg/day in 2 or 3 intakes [14, 15]. 
Some authors suggest that propranolol at this 
dose could induce or precipitate ulceration 

through vasoconstriction [16–18]. They pro-
pose to consider a lower dosage (up to 1 mg/
kg/day or less) of oral propranolol if the IH is 
ulcerated (as it is used to treat segmental IH 
seen with PHACE syndrome). Topical timolol 
is not recommended due to the risk of sys-
temic resorption [17].

 – Pulsed dye laser can be used but its efficacy is 
variable and the procedure is painful [12].

 – Early surgical resection can be proposed for 
strawberry-like ulcerated IH, knowing that they 
will leave sequalae after involution [19, 20]

68.2  Ulcerated Congenital 
Hemangiomas

Congenital hemangioma (CH) are rare, benign, 
vascular tumors fully developed at birth. There are 
three subtypes with common features: unique red 
or purple lesion, covered with telangiectasia with 
surrounding pallor. Rapidly Involuting Congenital 
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Hemangiomas (RICH) looks typically at birth as a 
large exophytic firm tumor with rapid regression 
during the first months of life (7–14 months) [21]. 
One third do not completely regress and are named 
Partially Involuting Congenital Hemangiomas 
(PICH) [22]. Ulceration is frequent in PICH. The 
third type of CH is called Non Involuting 
Congenital Hemangioma (NICH) which are usu-
ally flat at birth and do not regress [2].

68.2.1  Physiopathology

The pathophysiology of CH remains unclear. 
Histological features resemble pyogenic granulo-
mas (PG) suggesting that an in-utero local vascu-
lar accident could trigger an abnormal vascular 
reparative process, as seen in PG [23]. The same 
missense mutations in GNAQ and GNA11 are 
found in the three subtypes of CH suggesting that 
another post-natal phenomenon could induce 
spontaneous involution [6].

68.2.2  Clinical Presentation

 – CH and especially RICH are hyper vascular-
ized lesions. Ulceration is a possible compli-
cation. Severe and life-threatening bleeding 
are rare but described, sometimes needing 
radiological embolization. The cause of ulcer-
ation can be secondary to the erosion of large 
superficial vessel sometimes seen in 
CH. Ulceration can be a predictor for incom-
plete involution in RICH [24, 25].

 – Heart failure, transient thrombocytopenia, and 
coagulopathy are also described [26, 27]. 
Associated thrombocytopenia can be a diag-
nostic challenge with sometimes a difficult 
differential diagnosis with a Kasabach-Merritt 
Phenomenon (KMP) as seen in Kaposiform 
Hemangioendotheliomas (KHE).

68.2.3  Diagnosis

 – Unlike IH, CH are present and fully grown at 
birth. The diagnosis can be suspected during 
antenatal ultrasonography. Clinical presenta-

tion differs from an IH and is usually suffi-
cient to make the diagnosis (Fig. 68.3).

 – Doppler US (and in some atypical cases, mag-
netic resonance imagining) can be used to 
confirm the diagnosis and to evaluate the size 
and depth of the lesion. CH are highly vascu-
larized tumors with many enlarged veins and 
arteries [24, 25].

 – Differential diagnosis includes infantile fibro-
sarcomas, KHE, or tufted angioma (TA). A 
skin biopsy can help make the correct diagno-
sis if needed. Histopathological findings are 
similar in the three subtypes: capillary lobules 
and extralobular abnormal large superficial 
vessels (veins or lymphatic vessels), sur-
rounded by fibrous tissue [28]. Endothelial 
cells from CH are negative for GLUT-1 
immunostaining.

68.2.4  Treatment

In case of ulceration or severe hemorrhage, selec-
tive vascular embolization and/or surgical 
 excision are recommended [24, 25]. Oral beta-
blockers do not seem to be effective.

Fig. 68.3 Ulcerated congenital hemangioma of the 
shoulder
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68.3  Arteriovenous 
Malformations

Arteriovenous malformations (AVMs) are congenital 
vascular anomalies, characterized by an abnormal 
connection between arteries and veins without the 
usual capillary network. This abnormal connection, 
known as the nidus, creates a direct pathway for 
blood flow between the high-pressure arteries and 
low-pressure veins. Those congenital lesions evolve 
over time with a progressive aggravation and inva-
sion of surrounding healthy tissues [2, 29]. There 
seems to be a hormonal influence as some cases 
appeared or aggravated during pregnancy. 
Aggravation of the AVM is more frequent during 
adolescence, supporting the theory of hormonal 
influence [29].

68.3.1  Physiopathology

The precise underlying physiopathology is not 
known. AVMs seem to result from a hyperactiva-
tion of the RAS/RAF/MEK/ERK pathway [6]. 
Mutations involving the MAPK-pathway causing 
sporadic AVMs are published in the literature [30, 
31]. There seems to be a genotype–phenotype cor-
relation showing that KRAS mutated AVMs cause 
more diffuse and extended facial AVMs [32].

68.3.2  Clinical Presentation

AVMs present as a red warm lesion (Fig. 68.4). 
Clinical examination can reveal abnormal pal-
pated arteries or a thrill. Although congenital, 
AVMs tend to evolve over time and become only 
visible during childhood or later in life. Local 
aggravation can be triggered by hormonal 
changes, local trauma, incomplete embolization, 
or surgery. If present at birth or in early child-
hood, differential diagnosis with CH or IH is not 
always easy (Fig. 68.5). Clinical presentation can 
be very similar, consisting of a red-violaceous 
warm lesion, that can grow over time and cause 
local ulcerations (Fig. 68.6), although ulceration 
will more likely appear later during childhood or 
adolescence, as opposed to IH. AVM presenting 
initially as a red mass with ulceration in early 

Fig. 68.4 Arteriovenous malformation (AVM) of the 
forehead presenting as a red, warm mass with abnormal 
palpated arteries and a local thrill

Fig. 68.5 Arteriovenous malformation (AVM) of the 
nose sends to our center for vascular anomalies with an 
initial diagnosis of infantile hemangioma (IH)

Fig. 68.6 Arteriovenous malformation (AVM) of the left 
ear. Blue arrow pointing at the ulceration site
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childhood is very rare, but must be part of a dif-
ferential diagnosis of an ulcerated vascular 
anomaly in pediatric patients.

68.3.3  Diagnosis

 – Diagnosis can be clinical, with a red warm 
lesion or swelling associated with abnormally 
palpable arteries surrounding the lesion. 
Drainage veins will have a high blood flow 
velocity due to the vascular shunting and can 
cause a thrill that can be palpated.

 – It can be confirmed with doppler US that will 
show high blood flow velocities, with lowered 
vascular resistance and very few or absent 
stromal tissue, as opposed to hemangiomas.

 – Arteriography is essential to identify the affer-
ent arteries and efferent veins before consider-
ing invasive treatments. It will show 
hypertrophic or abnormal arteries, rapid 
venous opacification, and a local blush which 
is consistent with the nidus.

68.3.4  Treatment

The only effective treatment is complete surgical 
excision with oncological-like margins to avoid 
local recurrence. Surgical excision can be associ-
ated with selective radiological embolization.

Embolization only is used in palliative cases if 
surgical resection is not an option. The long-term 
efficacy of embolization alone in AVMs is still 
under debate as late local recurrence can occur 
(up to 5 years).

Antiangiogenic treatments are becoming more 
and more used in adult patients. Thalidomide and 
trametinib seem to be the most promising medi-
cations [33, 34], although clinical pediatric trials 
are still lacking.
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69Introduction: Skin Necrosis 
in the Elderly

Sylvie Meaume

Several causes of necrosis are observed in the 
elderly. Some are specific to this population such 
as deep dissecting hematomas which are one of 
the complications of dermatoporosis in patients 
who receive anticoagulation more and more fre-
quently for heart rhythm disorders or arterial or 
venous thrombosis problems. The cover of deep 
dissecting hematomas which is no longer vascu-
larized becomes necrotic and requires surgical 
intervention, the urgency of which is often rela-
tive. The use of negative pressure therapy and 
skin grafts has led to an improvement in care and 
a reduction in the length of hospitalization.

Skin tears linked to the skin fragility of der-
matoporosis also lead to necrosis in certain cases 
of the flap which is poorly vascularized and/or 
repositioned late.

Lesions of incontinence associated dermati-
tis (IAD) are sometimes associated with pressure 
or friction or shear forces and become difficult to 
distinguish from pressure ulcers which are gen-
erally deeper lesions in front of bone like sacrum. 
In the older population, it remains complicated to 
have sufficient off-loading of pressure ulcers and 
stop fecal incontinence is mandatory to obtain 
wound healing of the superficial lesions of IAD 
(Fig. 69.1).

Arterial disease in the lower limbs (chronic 
obliterating arteriopathy) is a classic cause of 
necrosis in this population. It is frequently under-
estimated because it is frequently asymptomatic 
(no intermittent claudication in this population 
who often no longer walks much). The system-
atic search for pulses and the measurement of 
ankle brachial pressure index (ABBPI) make it 
possible to diagnose this component in the case 
of wounds to the lower limbs: mixed leg ulcers 
for which the compression must be adapted, foots 
wounds which sometimes do not heal except 
after angioplasty associated with off-loading 
(Fig. 69.2).

Rarer causes of necrosis are discussed in the 
other chapters but often concerns the elderly : 
necrotic angiodermatitis which will require a 
rapid graft to reduce pain, pyoderma gan-
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grenosum whose treatment will sometimes 
have to be adapted with regard to biotherapies 
and the doses of general corticosteroids, calci-
phylaxis in the case of end-stage renal failure 
has a very poor prognosis in this population, 
drug necrosis with hydroxyurea is frequent 
with the increase in this population of essential 
thrombocythemia and polycythemia treated 
with this molecule generally well tolerated. 
Infectious necrosis also exists in this popula-
tion and will require antibiotic therapy adapted 
to the often impaired renal function in these 
patients (Fig. 69.3).

Necrosis in the elderly is always worrying. 
The risk of amputation in the event of a wound to 
the lower limbs often poses an ethical problem in 
this population to be discussed with trained 
teams: wearing a suitable prosthesis is often not 
possible, and walking is rarely regained. We have 
to remember that less than 50% of elderly people 
survive more than a year after a major 
amputation.Fig. 69.2 Pressure ulcer of the heel and edge of the foot 

aggravated by severe arteriopathy of the lower limbs

Fig. 69.3 Martorell ulcer, pyoderma gangrenosum, calciphylaxis, and hydroxyurea ulcer
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70Pressure Necrosis in Geriatric 
Patients

Joyce Black

70.1  Background

The elderly remains one of the highest at-risk 
populations for pressure ulcers. A systematic 
review reported that on average, the incidence of 
pressure injury is 12% in all persons [1]. However, 
the highest reported rates were in elders with 
fractured hips; 70% of them developed pressure 
ulcers [2]. The incidence of pressure ulcers in 
elderly population varies by care setting, but evi-
dence on risk factors indicates that age will 
increase the probability of pressure ulcers, par-
ticularly in patients with limited mobility. 
Chronic medical conditions are also more preva-
lent in older adults. Long-term care patients have 
the highest rate of PU development associated 
with higher frequency of mortality and advanced 
severe chronic conditions. The common age- 
related chronic diseases are identified as cardio- 
vascular, diabetes, lung, renal, musculoskeletal, 
and neurodegenerative diseases. Progression of 
these diseases is often seen as impaired motor, 
sensory, immune, and hormonal systems and lead 
to frailty, disability, geriatric syndromes, and iso-
lation. The significance of comorbidity risk fac-
tors in the pathogenesis of PU requires further 
investigation, recognizing the insolvability of PU 
prevention solely with external relief devices [3].

70.2  Etiology/Pathophysiology

Pressure ulcers are aptly named because they 
develop due to pressure. Pressure is a static, 
direct compressive force on tissue leading to 
hypoxia of the skin and soft tissue by restricting 
blood flow. When pressure reaches magnitudes 
that deform cells, the resulting injury is classified 
today as deep tissue injury, in that the pressure 
was applied to the deep tissues (muscle, fascia) 
and deformed the cells leading to their death [4, 
5]. Pressure of less magnitude and of long dura-
tion creates tissue ischemia. Ischemia of tissue 
also leads to necrosis, but the mechanism is due 
to depletion of oxygen and glucose and accumu-
lation of lactic acid [6, 7].

The time needed to create ischemia in soft tis-
sue and skin which leads to necrosis is elusive. In 
an ischemic animal model, 70% of cell viability 
remained for over 22 h. In contrast, cell deforma-
tion which would lead to deep tissue injury was 
evident within the hour [8] (see Fig. 70.1). Of the 
various tissues that are at risk of death due to 
pressure, muscle tissue is damaged first, likely 
because of its increased need for oxygen and 
higher metabolic requirements. By the time 
ulceration is visible in the skin, significant dam-
age of underlying muscle may already have 
occurred. The tissue fed by the vertical perfora-
tors through the muscle remains viable for a 
while; a series of cases showed the first sign of 
skin injury from intense pressure was apparent 
48 h after the pressure was applied [9]. An addi-
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Fig. 70.1 Model of proposed sequence of events leads to 
necrosis of tissue. Deformation of tissue leads to damage 
when the threshold is met (T def 1), and cells will start a 
programmed cell death leading to necrosis. If the defor-
mation of the cell exceeds its tolerance, the cells will die 

immediately from necrosis. Cells can also be injured from 
ischemia, reducing the metabolic substrates needed and 
leading to anaerobic metabolism and accumulation of lac-
tic acid. Both cellular starvation and acidification lead to 
apoptosis and cellular necrosis (From Stekelenburg [10])

tional finding from this case series is that patients 
who sustained deep tissue injury were not aware 
of the ischemia; they were unconscious.

Restoration of blood flow to an ischemic area 
of tissue, or reperfusion injury, causes more 
 damage to the injured area, causing a pressure 
ulcer to enlarge or fail to heal. Reperfusion of 
blood causing cellular edema, tissue damage, and 
overproduction of reactive oxygen species trigger 
a process termed oxidative stress, which may 
cause the accumulation of unfolded proteins in 
the endoplasmic reticulum [11].

Shear is also a cause of pressure ulcers and 
undermining in existing ulcers. Shear is a tangential 

(angular) force associated with movement, for 
example, sliding down in bed or being pulled over 
to the side of the bed. Shear forces distort blood ves-
sels in the skin, making the effect of pressure more 
deleterious because the tissue is already hypoxic. 
Research has shown that positioning a patient at 45° 
head of bed elevation leads to the most detrimental 
combination of pressure and shear on the sacrum, 
because the shear stresses combined with pressure 
cause greater obstruction and distortion of capillar-
ies in skeletal muscle around bony prominences 
than does pressure alone [7].

Microclimate, the moisture and heat of the 
skin, increases the risk for pressure ulcers because 

J. Black
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the moisture macerates the skin. The boggy skin 
does not glide against bed sheets and leads to 
superficial tissue injury. Skin exposure to urine or 
stool also injures the skin and increases risk of 
tissue damage from pressure and shear. Gefen 
[12] has provided a theoretical explanation of the 
ways in which a changing microclimate may 
influence the development of superficial pressure 
ulcers. From a mathematical model, Gefen postu-
lated that four microclimate changes may influ-
ence pressure ulcer development—increasing 
skin temperature, increasing ambient tempera-
ture, increasing relative humidity, and decreasing 
the permeability of sheets or clothing.

The tolerance of the skin and soft tissue for 
pressure and shear is also crucial to understand 
how pressure ulcers develop. Atherosclerosis is a 
common disease of the elderly. As the disease 
progresses blood flow to distal areas, such as the 
lower leg is significantly reduced. The reduced 
perfusion limits the ability of the soft tissue to be 
reperfused following a pressure loading event. A 
lack of sensation, due to stroke or peripheral neu-
ropathy especially from diabetes creates an 
unawareness of pressure on the heel in a bedrid-
den patient. When these comorbid states are 
combined with a traumatic event, such as a fall 
with hip fracture, the risk is much greater. Heel 
ulcer development in hip fracture patients with 
underlying diabetes and peripheral vascular dis-
ease is not only common, but is also very slow to 
heal due to the same processes.

In part due to the chronic conditions, many 
patients will experience dysphagia or anorexia 
and as a result lose weight. Sarcopenia leads to 
decreased strength of the lower extremities, 
frailty, and often of immobility. Malnutrition 
also impairs immune and hormonal function, 
causes skin changes (epidermis, dermis), 
reduces subcutaneous tissue, and causes muscle 
atrophy, all increasing vulnerability to PU [13]. 
Finally, urinary and fecal incontinence reduce 
the tolerance of skin for pressure and shear as 
well as chemically damage the skin. Incontinence 

is one of the most common reasons for admis-
sion to long-term care. Efforts should be made 
to determine the causes such as urinary infec-
tion and reduce the continuous exposure to urine 
and diarrheal stool.

70.3  Presentation

Pressure necrosis appears on tissue that has been 
subjected to intense pressure in patients who can-
not feel the pressure or respond to it and change 
positions. Pressure ulcers are categorized based 
on the amount of visible tissue in the wound bed.

Category/Stage 1: Nonblanchable erythema.
Category/Stage 2: Superficial loss of mid dermis. 

Appears bright red if ulcer is in the papillary 
dermis and off-white if in the reticular 
dermis.

Category/Stage 3: Loss of dermis with exposed 
fat when not on a bony prominence. 
Granulation tissue present when healing.

Category/Stage 4: Loss of dermis with exposure 
of muscle, tendon, bone, cartilage. Granulation 
tissue present when healing.

Unstageable: wound bed obscured with slough or 
eschar so that true extent of the ulcer cannot 
be described. If the ulcer is debrided, it is then 
staged.

Deep tissue pressure injury: initially purple or 
maroon intact skin. Within 48  h, epidermis 
slough occurs, which looks like a broken blis-
ter. As the ulcer evolves, it should be classified 
as noted above almost all of these wounds are 
stage 4.

High-risk patients and the common locations 
for pressure necrosis are as follows. It is impor-
tant to identify the location of the patient at the 
time the pressure injury started, so that position is 
avoided. Continued pressure on a pressure ulcer 
will increase the ischemia in the issue and lead to 
significant deterioration.

70 Pressure Necrosis in Geriatric Patients
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Position
Common location of pressure 
necrosis

Example pressure necrosis leading to deep tissue 
injury

Flat in supine position 
(e.g., during surgery, 
hypotensive)

Buttocks tissue, unless patient 
is quite thin, with no buttocks 
tissue
Necrosis appears bilaterally

Supine with head of bed 
elevated 30–45° or 
slouching in a chair

Sacrum and adjacent buttocks 
tissue

Sitting erect in chair Ischial tuberosities

J. Black
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70.4  Differential Diagnosis [14]

• Abscess
• Arterial leg ulcer
• Bruising
• Calciphylaxis
• Cellulitis
• Critical limb ischemia
• Cutaneous malignancy
• Diabetic foot ulcer
• Fournier’s gangrene
• Hematoma/Morel–Lavellée lesions
• Incontinence-associated dermatitis/moisture- 

associated skin damage

• Ischemia of the skin beneath tightly wrapped 
dressings

• Necrotizing fasciitis
• Skin tear
• Venous leg ulcer
• Warfarin-induced necrosis
• Wound dehiscence

70.5  Prevention

Reducing the duration and magnitude of pressure 
is paramount. The duration of pressure is reduced 
by turning the patient off of high-risk areas. Most 

Position
Common location of pressure 
necrosis

Example pressure necrosis leading to deep tissue 
injury

Supine with heels on the 
bed

Posterior heel in patients with 
immobile legs, neuropathic 
legs, or peripheral vascular 
disease

Wearing medical devices 
that are tight

Bridge of the nose from 
noninvasive positive pressure 
masks, behind the ears from 
oxygen tubing, shin, top of foot, 
and along Achilles tendon from 
stockings
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pressure necrosis develops on the sacrum, and 
therefore immobile patients should be turned to 
the side to relieve pressure. The frequency of 
turning can be every 3 h as long as the patient is 
on a quality mattress [15]. The magnitude of 
pressure can also be reduced by placing the 
patient on a support surface with adequate envel-
opment and immersion. High-density foam mat-
tresses have been shown to be effective in 
reducing pressure injury as long as the patient is 
moved about in bed. For very high-risk patients, 
alternating pressure mattress helps prevent tissue 
damage; however, the patient still must be moved 
on these support surfaces. No support surface 
replaces turning the patient to reduce duration of 
pressure. Use mattress of 4 inches (10 cm) of vis-
coelastic foam during times when patients cannot 
be moved, such as surgical cases over 3 h cardio-
pulmonary bypass cases, and in the emergency 
department [16]. For bedbound patients, the use 
of signaling devices to notify staff when the 
patient should be turned have been shown to 
reduce pressure injury rates [17]. Turn teams 
have also been able to reduce pressure injury 
rates [18].

Heels should be elevated from the bed in high- 
risk patients. Heel elevation can be done with a 
pillow placed under the calf of the leg in order to 
“float” the heel from the bed. Pressure-relieving 
boots can be used when patients do not stay in 
place on pillows; however, boots themselves can 

create pressure points. Therefore, boots need to 
be removed 2–3 times daily to assess for early 
signs of pressure injury.

Medical devices should be removed 2–3 times 
a day, if only long enough to inspect for signs of 
pressure on the skin [19]. High-risk areas, such as 
the bridge of the nose and face, should be padded 
with thin foam dressings prior to the use of non-
invasive positive pressure masks [20]. Oxygen 
tubing should be padded to reduce the intensity 
of pressure behind the ear.

Multilayer foam dressings have been shown to 
reduce sacral and heel pressure injury in the criti-
cally ill patient, the general hospitalized patient, 
and even patients in long-term care. These dress-
ings can reduce the intensity of pressure and 
shear on the soft tissues [18].

Nutrition is paramount to prevent pressure 
injury. Patients who are catabolic cannot repair 
injured tissue. In addition, the lack of subcutane-
ous tissue in frail patients places more body areas 
at risk for pressure injury [13].

70.6  Treatment

Pressure necrosis of the sacrum, buttocks, and 
ischia will need debridement to viable tissue if 
healing is the goal for the patient (Fig. 70.2a, b). 
During the healing process, pressure on the 
wound must be limited to 1 h 3 times a day (for 

a b

Fig. 70.2 (a) This patient is a 65-year-old male who 
refused to move from his bed at home for several days. 
When admitted to the hospital, he was septic. Cellulitis 

and frank necrosis are visible on the sacrum and buttocks. 
(b) His wound was debrided at bedside in the ICU due to 
the wound being the cause of the sepsis
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meals). Caution must be used to avoid placing 
patients in chairs for multiple hours at a time. 
Nutrition must also be adequate to promote heal-
ing and reduce the risk of infection. Biofilm 
quickly develops in these wounds, so debride-
ment is needed along with biofilm-resistant 
 antiseptics should be used (silver, cadexomer 
iodine, honey, polyhexanide) [21]. An excellent 
review of biofilm is provided by Vererosa [22].

Pressure necrosis of the heel should not be 
debrided in patients with ischemic limbs. As long 
as the eschar remains stable, local wound care 
with topical iodine is recommended. The eschar 
will lift from the edges and should be trimmed to 
prevent it from snagging on clothing. If the eschar 
cap is removed from the wound, or the eschar cap 
is softened, infection rapidly develops. The poor 
inherent blood flow in the limb reduces the likeli-
hood of healing and often leads to amputation 
due to critical limb ischemia [14].

Pressure ulcers from medical devices continue 
to occur. They are due to several factors: the plas-
tic used to create the device is firm, the sizes are 
limited and often need to be forced to fit, the 
devices are monitoring life altering disease and 
cannot be moved, the device is providing lifesav-
ing treatment and cannot be moved. However, 
many medical devices can and should be removed 
or moved twice daily, to inspect the skin and pad 
the skin beneath the device.

The use of bundles of care has improved pres-
sure injury rates for many facilities. The National 
Pressure Injury Advisory Panel has created a 
bundle for the critically ill. Others are being 
developed.
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71Deep Dissecting Haematoma: 
A Frequent Cause of Necrosis 
in Elderly Patient

Hester Colboc and Sylvie Meaume

Deep dissecting haematomas (DDH) are the 
result of bleeding, either spontaneous or follow-
ing trauma [1, 2]. This collection of blood forms 
between the hypodermis and the muscular fascia 
[1–3], causing a dissection between these two 
subcutaneous layers. This dissection deprives the 
areas concerned of their blood supply and causes 
necrosis of the skin of the top of the haematoma.

lt can be very voluminous and, in extreme 
cases, can have hemodynamic consequences that 
can even lead to death if the patient is not treated 
quickly and appropriately [4].

DDH are diagnosed clinically, but sometimes 
require at least a blood test to check for anaemia 
if the haematoma is large, and a standard X-ray to 
rule out an associated fracture in the event of a 
fall or trauma.

71.1  Pathophysiology

DDH is a little-known pathology, which has 
mainly been described in elderly people suffering 
from dermatoporosis and/or on anticoagulant or 
antiplatelet therapy (present in more than half of 
the patients concerned) [1, 2, 5].

The term dermatoporosis, by analogy with 
osteoporosis, was proposed by Saurat and Kaya 

in 2007 to define all the manifestations associ-
ated with skin ageing, leading to fragility and 
skin insufficiency [6]. It is characterised by a 
structural change in the skin, caused by a reduc-
tion in collagen and hyaluronic acid and the 
absence of the CD44 glycoprotein (differentia-
tion cluster 44), which is usually present [7]. 
Traditionally, a distinction is made between two 
forms: primary and secondary [8].

The most common form is primary, combin-
ing intrinsic factors such as skin aging and extrin-
sic factors such as chronic sun exposure [9].

The secondary form is iatrogenic due to long- 
term treatment with topical and/or systemic corti-
costeroids [10].

There were no significant clinical differences 
between the two types of dermatoporosis.

Clinically, there are four progressive stages of 
dermatoporosis [3, 11–13]:

• Stage 1: thin skin, nearly translucent, reveal-
ing a prominence of the underlying veins and 
tendons, senile purpura (Bateman purpura) 
(Fig. 71.1a) and white pseudo scar classically 
describe as having a stellate configuration but 
can might be also linear or plaque-like 
(Fig. 71.1b) [1, 12, 14].

• Stage 2: manifestations of stage 1 and small, 
localised skin laceration resulting from a 
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a

c d

b

Fig. 71.1 Somes clinical aspect of dermatoporosis. (a) 
Bateman purpura characterized by hemorrhagic areas 
with confluent ecchymoses. (b) Typical aspect of derma-

torosis: white stellar scar, fragile skin and Bateman pur-
pura. (c) Small skin tear or laceration. (d) Large skin tear

cleavage between the dermis and the epider-
mis (Fig. 71.1c).

• Stage 3: more numerous and larger skin lac-
erations (Fig. 71.1d) with a significant delay 
in healing [15].

• Stage 4: progression of the lesions described 
above leads to the formation of DDH which 
may progress to skin necrosis [1, 12].

71.2  Epidemiology

The incidence of DDH is not well known.
An initial retrospective study, carried out in 

2009 on 34 patients, revealed an average age of 
81.7  years, with a predominance of women (5 
women to 1 man) and advanced dermatoporosis 
in all patients [1].

Another prospective study was carried out in 
the geriatrics department. Out of 202 patients 
aged over 60, signs of dermatoporosis were pres-
ent in 32% of hospitalised patients. There was a 
significant association (p < 0.05) with haemato-
mas of the lower limbs, although the dissecting 
nature was not specified [16].

71.3  Clinical Signs

DDH is most often localised to the lower limbs 
[1, 3]. More rarely, it may be found on the face 
(forehead), occiput, trunk, or upper limbs [2].

lt is manifested by aspecific clinical signs such 
as intense pain, and/or tension, and/or swelling, 
and/or erythema, which can lead to misdiagnosis. 
However, fever is not one of the clinical signs of 
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DDH [1, 3]. The lack of specificity of these clini-
cal signs and the lack of knowledge about the dis-
ease frequently lead to delays in diagnosis and 
management.

There are several clinical forms, depending on 
the extent, age and whether or not the affected 
limb has been operated on [3]:

 (a) Early closed form: swelling or tumefaction on 
the affected limb with normal skin coloration

 (b) Advanced closed form: swelling or pucker-
ing, with changes in skin colour (erythema, 
purplish appearance) (Fig. 71.2)

 (c) Advanced form with necrosis of the haema-
toma roof: appearance of an area of skin 
necrosis above the swelling or curvature 
(Fig. 71.3)

 (d) Spontaneous open form or after surgery
 (e) Lastly, there are forms of late revelation [17]

71.4  Differential Diagnosis

All the clinical signs and a lack of awareness of 
this common condition are the cause of many 
misdiagnoses, with a significant delay in treat-
ment [3, 7].

The main differential diagnoses are as 
follows:

 (a) The diagnosis of erysipelas (bacterial 
dermo-hypodermatitis) is often made in 
the first instance, mainly in the lower limb 
[1, 3, 10] (Fig.  71.4a). In the series by 
Kaya et  al., almost half the patients had 
been treated for erysipelas before the DDH 
was diagnosed. The average delay between 
the onset of clinical signs and the diagno-
sis of cutaneous dissecting haematoma was 
2 weeks [1]

 (b) A simple haematoma appears as a more or 
less coloured bulge, without extension or 
necrosis. Drawing the outline of the bulge 
with a pen on the skin allows you to monitor 
its development and determine whether it is 
dissecting or not (Fig. 71.2)

 (c) c] Deep vein thrombosis (DVT) is also 
sometimes suspected with a tense, painful 
calf and the presence of a Homans’s sign ± an 
indurated cord. Doppler examination is used 
to rule out this diagnosis

 (d) More rare, Morel-Lavallée syndrome 
occurs following violent trauma with shear-
ing of the skin on the deep planes. It often 
occurs in young people practicing a violent 

Fig. 71.2 Advanced closed form of DDH: tumefaction or 
swelling, with change in skin color (erythema, purplish 
appearance). Note pen mark to monitor evolution of the 
dissection

a b

Fig. 71.3 Example of advanced DDH with complete moist necrosis of the skin cover (a) and appearance of the base-
ment after partial mechanical debridement (b)
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a

c

b

Fig. 71.4 Differential diagnosis. (a) Erysipelas in an elderly patient. (b, c) Necrosis and underlying cavity on Morel- 
Lavallée in an elderly patient

Fig. 71.5 DDH complicated by infection

sport during a slip (motorbike, skiing, etc.). 
Diagnosis is usually late, often >1 year. Men 
are more often affected. They consult their 
doctor because of skin puckering and func-
tional or cosmetic discomfort. The surround-
ing skin is rarely necrotic unless it occurs in 
an elderly person with atrophic skin 
(Fig. 71.4b, c).

71.5  Complications

 (a) Deglobulation in DDH is a classic compli-
cation. ln the vast majority of cases, 
patients receive at least one transfusion of 
red blood cells [2]. However, DDH is 
rarely the cause of major deglobulation 
during active bleeding, with hemorrhagic 
shock or hypovolemic shock leading to 
death [1, 3, 4]

 (b) Infection, which can progress to severe sep-
sis, is also a possible complication. A cutane-
ous breach (spontaneous or provoked) 
associated with the collection of blood, con-
stitutes a real “culture broth” often at the ori-
gin of the infection (Fig. 71.5). The infection 
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a

c

b

Fig. 71.6 Complicated DDH with compartment syndrome (a). But unfortunatly aponeurotomy will not (b, c) prevent 
amputation

may be acute, with the onset of erysipelas, 
manifested by erythema, skin heat, pain, 
fever with hyperleukocytosis, and the possi-
ble presence of adenopathy. It can also 
develop quietly, leading to endocarditis in 
the absence of rapid, appropriate antibiotic 
treatment.

 (c) Compartment syndrome in the lower limb 
occurs when there is a large and often rapid 
increase in haematoma in a confined space, 
which interrupts the blood supply to the mus-
cles. Clinically, it manifests itself as intense 
pain, resistant to morphine, with a persistent 
pedal pulse. MRl confirms muscle damage 
and treatment consists of emergency aponeu-
rotomy, which does not always prevent 
amputation (Fig. 71.6a–c)

 (d) Delayed healing of the flattened haema-
toma, in the case of DDH of the lower 
limbs, if associated with arterial disease or 
chronic venous insufficiency with delayed 
healing if the arterial disease (revascularisa-
tion) or venous disease (compression) is not 
treated.

71.6  Additional Examinations

They are not systematic, but are selected accord-
ing to the terrain and the clinic.

 1. A blood sample is often taken urgently in the 
event of DH in order to carry out a blood 
count, blood crase, AB0, and rhesus blood 
group to consider a blood transfusion if neces-
sary [3].

 2. Emergency imaging is necessary in cases of 
large and/or rapidly expanding DDH [3]. This 
confirms the diagnosis, clarifies the lesion sta-
tus, and should not delay medical and surgical 
management.

 (a) Ultrasound of the soft tissues allows the 
haematoma to be located and the extent of 
the haematoma to be determined.

 (b) An angio-TDM or angio-MRl angiogram 
is used to determine whether or not there 
is active bleeding.

 (c) An X-ray can be used to check for associ-
ated fractures.
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 3. There is no indication for a skin biopsy; the diag-
nosis is made clinically and radiologically [3].

71.7  Medical and Surgical 
Management

71.7.1  Medical Management

While some DDH can be managed on an outpa-
tient basis, serious or potentially serious haemor-
rhage requires hospital treatment.

If the patient is on anticoagulation, its contin-
uation must be assessed on the basis of the bene-
fit/risk balance and adapted in the event of 
overdose, which must be investigated [2].

A blood transfusion may be necessary if the 
patient develops deglobulation [1–3].

There is no place for antibiotics in the treat-
ment of DDH, in the absence of fever or associ-
ated erysipelas.

71.7.2  Surgical Management

The indication for surgical management depends 
on the age and stage of the DH (see above) [1, 3] 
may be performed in the patient’s bed or in the 
operating room [18].

In the first case, when the DDH is small and 
often old (dry necrosis), the procedure can be 
carried out by a nurse or doctor trained in the 
procedure.

ln the case of an extensive or complicated 
haematoma, it is essential to have a team of 
experienced surgeons: orthopaedic surgeon, 
vascular surgeon, general surgeon, or plastic 
surgeon.

Necrotic tissue must be excised and debride-
ment down to the muscle plane must be per-
formed, often resulting in significant skin 
breakdown. In the presence of an old HD (redcur-
rant jelly appearance), debridement down to the 
healthy layer is carried out (Fig. 71.7a–c).

a

c

b

Fig. 71.7 Old DDH constituted: the necrotic tissue is excised (a) a declotting of the coagulated blood (appearance of 
currant jelly) until the healthy plan is carried out (b, c)
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It should be noted that if DDH is diagnosed 
early and treated at an early stage, it will spread 
less and surgery will be less disruptive [3].

ln general, the following management can 
be proposed, depending on the stage of the 
DDH:

• Early or advanced stage, closed, small: no 
surgery

• Advanced stage, large, extensive: experienced 
surgeon ± vascular surgeon

• Advanced stage with skin necrosis
 – Limited old dry necrosis: nurse at the bed-

side (Fig. 71.8a–d)
 – Extensive necrosis with large haematoma: 

experienced surgeon
• Open stage: experienced surgeon, major risk 

of infection

a

c

f g h

d e

b

Fig. 71.8 Necrotic DDH (a) bedside clean (b, c, d) with NPWT placement (e), granulation tissue (f) then mesh graft 
(g) and complete healing (h)
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There are no data in the literature on the ben-
efits of limb compression or ice bag placement in 
the initial phase of DDH management.

71.7.3  Healing

The method chosen for healing the wound after 
flattening depends on the extent of the wound and 
the type of surgery (dislocating or not).

The use of Negative Pressure Wound Therapy 
(NPWT) is very effective in large wounds with 
significant loss of substance (Fig. 71.8e, f). After 
obtaining granulation tissue (Fig.  71.8g), it can 
be followed by a skin graft: often a mesh graft 
(Figs.  71.8h and 71.9a) or split skin graft 
(Fig. 71.9b) performed by a team of plastic sur-
geons, or else pinch grafts (Fig. 71.9c) in case of 
smaller wounds.

Wound healing can be obtained using 
advanced dressings (alginate, fibre dressing) in 
case of small wounds [18]. It is usually performed 
in geriatric wards to ensure comprehensive care 
for patients, who are often elderly and disabled.

However, despite careful management, heal-
ing is often slow and may be delayed by malnu-

trition or in patients with associated venous and/
or arterial insufficiency. This difficulty in healing 
has been observed in half of all patients, and is 
associated with diabetes, venous insufficiency, 
and the presence of arterial disease [1–3].

71.8  Prevention

Care also involves prevention, particularly 
against minor trauma in people identified as 
being at risk of DDH. Education of nursing staff, 
protection of the lower limbs, prevention of the 
risk of falls by adapting home furnishings and 
correcting visual problems. Dosage of anticoagu-
lant treatment must be adjusted in elderly 
patients, who are therefore at risk of renal failure 
and drug interactions.

Detection and management of dermatoporosis 
are also essential. Photoprotection is a key factor 
in preventing the worsening of dermatoporosis if 
it is applied early enough in life. The use of local 
retinoids thickens the epidermis and stimulates 
epidermal differentiation. The maximum effect is 
obtained after 6  months, but this topical often 
causes skin irritation, which limits its use. 

a c

b

Fig. 71.9 Different types of grafts used to close DDH-related defects. Mesh graft (a) or split skin graft (b) for large 
DDH. Pinch graft (c) for small DDH
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Conversely, dermocorticoid treatments that 
increase skin atrophy should be avoided wher-
ever possible.

Kaya et al raised the possibility of using topi-
cal treatments comprising intermediate-sized 
hyaluronic acid fragments to correct the cutane-
ous atrophy of dermatoporosis by a CD44- 
dependent mechanism in elderly subjects [7]. 
The patients who respond best are those aged 
between 74 and 86 years [19].

A synergistic action has recently been shown 
in mice, and also in patients suffering from der-
matoporosis, when retinaldehyde and 
intermediate- sized hyaluronic acid fragments are 
applied [20].

71.9  Conclusion

DDH is a serious and often overlooked compli-
cation of anticoagulant therapy. It most often 
occurs on the lower limbs of elderly subjects 
with skin fragility linked to dermatoporosis. lt 
generally follows trauma, but this may be mini-
mal or even absent in the case of spontaneous 
haematomas.

ln extreme cases, it can lead to hemorrhagic 
shock and extensive skin necrosis around the 
haematoma.

Management should be as early as possible 
and is mainly surgical, with evacuation of the 
haematoma, debridement of necrotic tissue, gran-
ulation encouraged by NWPT.

Prevention is based on adjusting the dosage 
of anticoagulant treatments, preventing the risk 
of elderly people falling and limiting, as far as 
possible, the factors that aggravate 
dermatoporosis.
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72Introduction

Sebastian Probst

In recent years, a range of wound care courses, 
study days, and conferences have been devel-
oped in an attempt to update health care profes-
sionals about advances in wound management. 
One of the knowledge and skills that have to be 
acquired are the techniques of the debridement. 
Debridement is an important element of the 
wound bed preparation paradigm [1] and 
describes any method by which devitalized tis-
sues/necrosis are removed [2]. In addition, tis-
sue necrosis in the wound bed serves as an area 
ideal for bacterial overgrowth and infection; it 
can contribute to protein losses in wound exu-
date and often delays healing [3]. They also 
form a barrier to prevent angiogenesis, the for-
mation of granulation tissue or the extracellular 
matrix, as well as the re-epithelialization [4]. 
Necrotic tissue may inhibit the direct contact of 
agents applied in the wound bed and hamper the 
clinician from making a proper assessment, for 
example, in masking a possible underlying 
infection [2]. There is a growing body of evi-

dence and agreement among wound clinicians 
and scientists that debridement represents a nec-
essary process in reducing bacteria, infection, 
and a biofilm within a wound and promotes a 
stimulatory environment for healing [5].

The main methods of debridement are auto-
lytic, chemical/enzymatic, mechanical/sharp/
hydro-surgery, and bio-surgery. In the following, 
the different methods are outlined:

 – Autolytic debridement is widely used in 
clinical practice. Wound dressings such as 
hydrogels, alginates, or hydrocolloids support 
the maintenance of moisture and provide opti-
mal conditions to activate the wound debride-
ment [6].

 – When using a chemical debridement, exog-
enous enzymes such as fibrinolytic enzymes 
or collagenase are applied the wound bed. 
Enzymatic debridement is part of the chemi-
cal debridement and is a selective method for 
debridement of necrotic tissue [7].

 – Mechanical debridement method includes 
wet-to-dry dressing, irrigation (high-pressure 
irrigation and pulsatile high-pressure lavage), 
whirlpool, and wound scrubbing [6]. Sharp 
debridement is considered as a surgical 
wound debridement. It is the most aggressive 
type of debridement [2], but is generally con-
sidered to be the most rapid and effective 
method even though there is a risk of injury of 
the healthy tissue [7]. Hydro-surgery 
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debridement is a debridement where devital-
ized tissue is removed with a jet of water used 
as a dissecting tool [8, 9].

 – Bio-surgery called also larval or maggot ther-
apy is a debridement where live Lucilia seri-
cata larvae are applied to the wound either 
directly or contained within a sealed bag [10]. 
Lucilia sericata larvae ingest necrotic tissue 
and kill ingested bacteria [2].

This chapter will highlight the different 
aspects of debridement taught and regulatory 
facts.
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73Education on Debridement: 
Non- specialized Nurses 
and Debridement

Paul Bobbink

Taking care of people living with chronic wounds 
is central to nursing practice [1] and research [2]. 
Due to the high prevalence of chronic wounds [3] 
and the allocation of healthcare expenses, non- 
specialized nurses regularly treat people across 
hospital wards, nursing homes, or homecare. 
Therefore, non-specialized nurses should have 
basic knowledge and understanding of clinical 
assessment and wound bed preparation, which 
includes debridement.

For years, best practices recommendations 
have included debridement to remove devitalized 
tissue [4, 5] or biofilm [6, 7] to enhance healing. 
Although evidence to support wound debride-
ment in some types of chronic wounds remains 
limited [8], this intervention is recommended by 
multiple guidelines [9–11] and can be repeated 
frequently, especially for diabetic foot ulcers 
[12].

In light of variations in nursing education 
across the world, depending on regulations, 
healthcare systems, and scope of nursing prac-
tice, this chapter aims to provide a basis of 
knowledge of what a non-specialized nurse 
should know on wound debridement.

73.1  Nurses Should Be Able 
to Assess a Person Living 
with a Chronic Wound

Prior to debridement, nurses should be able to 
provide a holistic assessment of people living 
with chronic wounds to identify contraindica-
tions and expected benefits of wound debride-
ment. This first step enables a patient-centred 
care approach [13] and includes previous patient 
experiences of wound debridement. Due to the 
complexity and negative consequences of living 
with a chronic wound [1] and as patients’ needs 
are frequently overlooked [14], a nurse should 
have special skills in communication based on 
interpersonal relationship frameworks and use 
specific assessment tools like TIMERS [4] or the 
wound prevention and management circle [15].

73.2  Nurses Should Have 
Knowledge on Basic Wound 
Aetiology and Wound Bed 
Evaluation

Clarifying and confirming a wound’s aetiology 
are part of nurses’ clinical practice, as they are 
regularly involved in dressing changes or follow-
 up of patients with wounds [16]. During this step, 
registered nurses should be able to identify the 
cause of the principal wounds to implement the 
best clinical guidelines according to aetiology. 
For example, pressure ulcers (PUs) result from 
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pressure or pressure and shearing forces applied 
to soft tissues [17] and need discharge to promote 
healing. Regarding this aetiology, stable heel 
eschars should not be debrided [10]. Furthermore, 
clinical signs and symptoms are indicators of 
whether or not to perform wound debridement. In 
clinical practice, intermittent claudication or rest 
pain indicates peripheral arterial disease (PAD) 
resulting from poor blood flow. PAD is a contra-
indication for sharp wound debridement [4, 18] 
as wound healing needs sufficient blood flow. 
Regarding diabetic foot ulcers (DFUs), they are 
defined as a wound localized under the ankle in 
persons living with diabetes and usually with a 
diagnosis of neuropathy and/or PAD [19]. DFUs 
are typically localized in the plantar area, the side 
of the foot, or the toes, and it is estimated that 
around half of patients with a DFU also have an 
ischemic aetiology [20]. Therefore, in this spe-
cific population, debridement should be provided 
after a complete assessment by a multidisci-
plinary team.

Finally, the nurse must be competent in wound 
bed evaluation/assessment and should be able to 
differentiate tissue in the wound bed, for example, 
granulation, epithelialization, or devitalized tissue 
like necrosis or slough (see Fig.  73.1). Healthy 
granulation tissue is red/pink in colour, whereas a 
friable or bleeding granulation tissue could be an 
indicator of wound infection [21]. Devitalized tis-
sue such as an eschar or necrotic tissue is generally 
black or dark brown, usually dry/thick and firmly 
attached to the wound bed. Slough is also devital-
ized tissue, yellow-green or brown in colour that is 
loosely attached to the wound bed and usually 
moist [22, 23]. Nurses should also be able to iden-
tify structures such as bones or tendons in the 
wound bed, as shown in Fig. 73.2.

Fig. 73.1 Wound with granulation, epithelialization, and 
few devitalized tissue

Fig. 73.2 Wound with an exposed tendon
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73.3  Nurses Should Be Aware 
of Types of Debridement

In practice, wound cleansing refers to superficial 
removal of dead tissue, bacteria, or contaminants 
[24, 25]; debridement refers to deep removal of 
adherent, devitalized, contaminated or necrotic tis-
sue, including senescent cells, bacteria, and bio-
films, that may delay wound healing [26, 27]. 
Debridement can be mechanical, autolytic, enzy-
matic, biological, sharp or surgical [26, 27] and 
may have the aim of promoting healing, prevent-
ing infection and odour, or promoting patient well-
being by removing excess devitalized tissue [28].

Registered nurses can use autolytic debride-
ment, mechanical debridement, and sometimes 
sharp debridement, depending on local regula-
tions, scopes of practice, and the contextual situ-
ation. As it is recommended that the initial 
debridement be aggressive [18], it is important to 
differentiate initial/first wound debridement, 
which should be practiced by experts, from con-
servative and repetitive debridement, which can 
be provided by registered nurses. To make mean-
ingful clinical decisions, nurses should be able to 
differentiate existing methods of wound debride-
ment and support patient decisions by providing 
clear explanations of the methods.

Autolytic debridement occurs if a wound is 
vascularized and moisture balance is present in 
the wound to rehydrate tissues so that the body’s 
natural enzymes will soften and partially digest 
devitalized tissue [22]. Depending on wound 
exudate, various dressings may be applied. For 
example, hydrogels should be applied in a layer 
of at least 5 mm thick on wounds with no or small 
quantities of exudates, whereas dressings like 
alginates could be combined with secondary 
dressings to absorb significant amounts of exu-
dates [27]. Autolytic debridement takes place 
over time and requires frequent dressing changes; 
therefore, it is recommended for small quantities 
of slough. Moreover, this is not a painful proce-
dure [22, 27], and therefore it is commonly used 
for wound bed preparation.

Mechanical debridement is defined as a phys-
ical removal of devitalized tissue with gauzes, 
tulles, or monofilament fibre pads [27]. Mechanical 
debridement is the most common method [27] 

used in wound care. Over the last year, the devel-
opment and use of debridement pads have 
increased in clinical practice. These pads are easy 
to use, will not harm the underlying tissue [27], 
and are effective for removing biofilm and slough 
[29]. However, these devices are not recommended 
for dry eschars [30]. Due to the time necessary for 
wound debridement, mechanical debridement is 
one of the most expensive approaches [31]. 
Therefore, other approaches to mechanical 
debridement like hydro jets or low frequency 
ultrasound have been developed, but they require a 
highly specialized approach.

Sharp debridement is defined as a minor sur-
gical bedside procedure involving cutting away tis-
sue with a scalpel or scissors [27]. It should be used 
when there is a thick and adherent layer of slough 
or necrotic tissue. Conservative sharp debridement 
usually stops above the level of viable tissue. It can 
be practiced by nurses, but as clinical risks increase 
with the use of scalpels, sharp debridement is usu-
ally part of specialized practice. However, in prac-
tice, the amount of remaining devitalized tissue can 
be greater when an untrained nurse performs the 
procedure, which limits risks of harm to patients. 
Sharp debridement, especially with scalpels, 
requires some mentoring and training.

Surgical, biological, and enzymatic debride-
ment are usually part of specialized nursing prac-
tice or other disciplines as they require specific 
skills, knowledge, and equipment. Nevertheless, 
registered nurses should know of their existence 
to refer patients to the right clinicians. For exam-
ple, nurses should have positive knowledge about 
maggot therapy, used as biological debridement, 
to refer patients quickly to a specific team [32]. In 
all cases, debridement should be performed after 
the provision of medical advice and fit the scope 
of practice of local legislation.

73.4  Nurses Should Be Able 
to Select the Most Suitable 
Type of Debridement

Selection of the appropriate debridement method 
should be based on clinical indication or contra-
indication of debridement, patients’ preferences, 
including their previous experiences, the nurses’ 
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knowledge and skills, the legal aspects of debride-
ment, cost-effectiveness, and contextual 
resources. Nurses’ skills developed during under-
graduate education vary across countries, and 
therefore autolytic and mechanical debridement 
may be the best solution for nurses without spe-
cific training, even if the process is more time- 
consuming than sharp debridement [28]. Due to 
discrepancies in undergraduate training, it is of 
utmost importance that nurses be able to identify 
their own limits before they engage in wound 
debridement. Debridement is sometimes an 
emergency treatment, and therefore nurses should 
know why, when, and how to refer a patient 
quickly to an interdisciplinary wound care team. 
Box 73.1 provides some questions which should 
be answered prior to wound debridement.

Legal aspects of debridement for nurses vary 
across countries and institutions [33], and nurses 
should refer to local guidance, taking the context 
into consideration, before engaging in debride-
ment procedures. Costs related to wound care 

interventions are important when implementing 
clinical recommendations. In a cost analysis in 
Canada, taking into consideration health care 
personnel costs, materials, transportation, and 
frequency of visits, Woo et  al. [31] found that, 
among the debridement methods discussed in 
this chapter that registered nurses can perform, 
conservative sharp costs approximately $1120, 
whereas autolytic debridement costs $1500, and 
mechanical debridement, up to $1840.

73.5  Nurses Should Have 
an Understanding of Moist 
Wound Healing 
to Implement an Effective 
After-Debridement Care Plan

Understanding wound healing phases and, more 
specifically, the benefit of moist wound healing 
makes it possible to identify the best method for 
wound bed preparation, including wound cleans-
ing and debridement, and implement an effective 
‘after-debridement’ care plan. The dressing 
selected after debridement should promote mois-
ture balance [28], prevent complications, or con-
tinue to debride with an autolytic approach. Thus, 
debridement should not be used as an isolated 
intervention but should be integrated into a global 
care plan to promote wound healing and patient 
well-being. Table 73.1 provides an overview of 
wound types, their characteristics and suggestion 
for type of debridement selection.

Take-Home Message
One can learn the theoretical aspects of debride-
ment through online or face-to-face education. 
However, debriding a wound requires psychomo-
tor skills that can only be developed by training, 
first on specific materials like oranges, pigs’ 
feet or simulators and then by mentoring during 
clinical practice. The EWMA curricula for nurses 
Levels 4 [34] and 5 [35] can provide guidance for 
developing further nursing education and improv-
ing congruence in nursing practice.

Box 73.1 Skills and Assessment Checklist 
Prior to Debridement
• Does this wound need debridement?
• Does the patient agree to debridement?
• Which type of debridement should be 

used?
• Does this type of debridement fit my 

skills and scope of practice?
• If I have not received education in this 

field, have I undergone a training pro-
gramme or clinical supervision on 
wound debridement?

• Have I received medical agreement to 
proceed with debridement?

• If complications of debridement appear, 
can I refer this patient urgently?

• Is it reasonable to undertake wound 
debridement in this setting and 
condition?
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Table 73.1 Wound type, characteristics, and type of debridement

Wound type
Usual site and 
characteristics Type of debridement Details

Pressure ulcer Sacrum, heel, 
trochanter

Sharp, mechanical and autolytic PUs on the heel should not be 
debrided.
Eschar debridement on PUs could 
quickly extend the wound size.

Venous leg 
ulcer

Gaiter area of the leg Autolytic and mechanical.
Sharp debridement may be used 
depending on patients’ experience 
of pain

When using conservative sharp 
debridement, implement an effective 
pain management plan to reduce 
procedural pain.

Mixed leg 
ulcer

Characteristics of both 
venous and arterial leg 
ulcers

Various approaches may be used. 
Refer to a specialized wound care 
team

Arterial leg 
ulcer

Toes, heels or ankle No debridement for non- 
specialized wound care team.

Evaluate the possibility of 
revascularization prior to debridement.

Diabetic foot 
ulcer

Lateral foot, plantar or 
toe

Plantar: sharp debridement of 
hyperkeratosis followed by 
autolytic debridement for the 
wound bed may be used.
Toe: No debridement for non- 
specialized wound care team

High risk of infection.
Ensure correct blood flow to promote 
healing.

Acute wound Wound cleansing using tap water 
or saline
No debridement for non- 
specialized wound care team

Malignant 
fungating 
wound

Use autolytic dressing for 
comfortable debridement.
No aggressive debridement for 
non-specialized wound care team.

High risks of bleeding

NB Absence of patient consent or a patient with bleeding disorders or contact sensitization to dressing contents are 
person-related contraindications
Ischemic, infected, bleeding or undiagnosed (atypical, malignant) wounds, specific localisation such as the genital area, 
head, neck, extremities or near vessels, nerves are wound-related contraindications to debridement by non-specialised 
nurses
These wounds should not be debrided by nurses and should be referred to a multidisciplinary wound care team to 
implement the best care plan with a patient-centred approach
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74How to Become an Expert 
in Debridement: Nurse Perspective

Georgina Gethin

74.1  Introduction

In its simplest form, debridement can be seen as 
the process of removal of necrotic tissue from a 
wound. This book has provided a comprehensive 
description of debridement and the pathophysiol-
ogy underpinning it, together with an overview of 
the methods of debridement and thus will not be 
revisited in this chapter. Instead, this chapter will 
look at the evolving role of the nurse in advanced 
practice and the contributions they have made to 
patient care and service delivery. It will map the 
role of the advanced practice nurse and that of an 
expert in debridement to the various types of 
debridement and the model of ‘Novice to Expert’ 
as first described by Benner in 1982. This chapter 
will show that debridement should not simply 
been seen as the ‘removal of necrotic tissue’ but 
should be seen as a treatment that is appropriately 
delivered within an overall episode and system of 
care by a person with the appropriate knowledge, 
skills, and understanding to do so.

74.2  The Nurse in Advanced 
Practice

There are varied titles, roles, and levels of prac-
tice included under the Advanced Nurse 
Practitioner (ANP) umbrella, and this variation in 
titles can limit cross-border comparisons, stan-
dardisation, and dialogue [1]. The advanced prac-
tice nurse possesses the critical thinking skills, 
expanded clinical knowledge, and analytical 
skills together with increased confidence, 
improved decision making skills, and use of more 
evidence-based approaches to care [1]. These 
improved decision making skills are associated 
with improvements in critical analysis of care, 
clinical judgement, autonomous practice, appli-
cation of evidence-based care with changing 
patient conditions and faster patient-related 
responses [1].

As the titles used to describe advanced prac-
tice vary globally, so too do education require-
ments and education attainment. A national 
survey of nurses in Australia sought to investigate 
the relationship between level of education and 
nursing domain practice scores of nurses in 
advanced practice [1]. Five domains were 
assessed: clinical care, optimising health sys-
tems; education; research; and leadership. Results 
compared the influence of education on each 
domain mean score for advanced practice nurses 
who held higher degrees (masters or doctoral 
level degrees) with those who did not. The differ-
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ences were significant for optimising health sys-
tems and education domains (p  <  0.05), highly 
significant for both research and leadership 
domains (p < 0.001) but not significant for clini-
cal care (p = 0.12).

Nurses working in advanced practice are con-
sidered as ‘knowledge brokers’ where they pro-
mote the uptake of knowledge and evidence-based 
practice. APNs are also involved in facilitating 
change through collaboration and consultation 
with health care providers and decision-makers. 
Those with doctoral and master level degrees 
have shown higher scores in clinical care and 
other practice domains (such as research, leader-
ship, optimising health systems) than APNs with 
less education [1]. This describes practice at an 
advanced level based on layers of knowledge and 
clinical engagement that is grounded in academic 
preparation. APNs function at a higher level of 
‘care coordination’ looking after populations 
with high complexity health care needs with 
many holding individual caseloads. APNs also 
add to the wider system as they have the capacity 
to improve the efficiency of care, improve access 
to care, reduce costs, and improve quality of life 
[1]. Research has shown the impact of specialist 
and advanced practice roles and identified strong 
positive contributions across a range of domains. 
The impact of specialist and advanced practice 
roles may seem similar, but additional contribu-
tions are evident from advanced practitioners 
particularly in the areas of research activities, the 
development of guidelines for national distribu-
tion, and the development of their scope of prac-
tice for more complex care provision including 
the total journey of care up to discharge [2]. In 
addition, specialist nurses and advanced practice 
nurses have full prescribing authority in some 
jurisdictions, a factor that is supportive of sharp 
debridement as it facilitates appropriate pain 
management. Specialist and advanced practitio-
ners also enable timely, seamless and integrated 
multidisciplinary care by making the right care 
intervention and referrals at the right time while 
brokering care between healthcare professionals 
and other organisations.

In 2020, the European Wound Management 
Association (EWMA) document on Wound 

Curriculum for Nurses: post-registration qualifi-
cation wound management European qualifica-
tion framework Level 7, set out the learning goals, 
outcomes, and estimated hours to develop knowl-
edge in all areas related to wound management, 
including that of debridement [3]. Nurses work-
ing at level 7 will hold a Master’s degree qualifi-
cation and thus are well-aligned with that of 
Advanced Practice Nurses and in some cases 
Clinical Nurse Specialists. Their document is 
mapped against the European Qualifications 
Framework (EQF) and sees those at level 7 as 
having highly specialised knowledge and critical 
awareness of knowledge issues in a field and at 
the interface between different fields; they will 
have attained the skills of specialised problem 
solving that are required in research and/or inno-
vation in order to develop new knowledge and 
procedures and to integrate knowledge from dif-
ferent fields; and they will have the responsibility 
and autonomy to manage and transform work or 
study context that are complex, unpredictable 
and require new strategic approaches and take 
responsibility for contributing to professional 
knowledge and practice and/or for reviewing the 
strategic performance of teams [3].

The competencies of the nurse working at an 
advanced level have recently been examined in 
the context of Australian Advanced Nursing 
Practice, resulting in an agreed set of standards 
under six areas of health care [4]. Wound care 
could fall within many domains but perhaps is 
best aligned with the chronic and complex care 
domain under which 14 standards are identified. 
These standards are similar to those in the 
advanced practice policy document from the 
Department of Health in Ireland (2019) who sim-
ilarly referred to standards from other jurisdic-
tions. The wordings of ‘standards’ in both 
documents are similar and when taken in the con-
text of considering wound assessment, wound 
management, and specifically wound debride-
ment, it is easy to see that advanced knowledge, 
skills, and competencies are required to accu-
rately deliver on this care. Examples include:

undertakes a comprehensive and expert assess-
ment of person with chronic and/or complex ill-
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ness, including rehabilitation needs and potential 
for self-management

ensures provision of timely and appropriate access 
to treatment for the person with chronic or com-
plex illness, demonstrating high level of clinical 
confidence and proficiency

The seminal work of Patricia Benner (1982) 
proposed a theory of the stages of proficiency 
moving from novice to expert, that represents a 
systematic way of understanding how a learner, a 
student, new or seasoned nurse develops skills and 
understanding of a practice situation or event over 
time [5] (see Table 74.1). The theory proposes that 
moving from novice to expert across five stages is 
not a strict linear one but one that may see the 
learner move in a cyclical way as they reflect on 
their practice and learn additional knowledge and 
skills. The model moves from the novice such as, 
for example, a new student nurse, to the expert, for 
example, the advanced nurse practitioner. The 
advanced nurse practitioner has an extensive 
knowledge of situations that allow for confidence 
and an intuitive grasp of complex patients situa-
tions, rules, guidelines or maxims are no longer 
relied upon during the expert stage because the 
individual is able to grasp the situation and under-
stand what needs to be accomplished at this point 
[5]. The nurse at all stages of the framework should 
be cognisant of and supportive of a patient-centred 
approach, so that all treatments are aligned with 
patient goals [6]. The five stages proposed in 
Benner’s model have been mapped here against 
the different types of debridement and represented 
schematically in Fig. 74.1.

To commemorate 2020 as the International 
Year of the Nurse and Midwife, a systematic 
review of the contribution of nurses as leaders in 
research in the field of wound care was com-
pleted [7]. This report clearly demonstrated the 
increasing profile of nurses in the contribution to 
research in the field with the strongest contribu-
tions in the area of cohort studies, systematic 
reviews and critically appraising the literature, 
further supporting the domains of competence of 
those in advance practice nursing. The authors 
argue that nurse-led research seems to particu-
larly support the work of nurses as frontline care-
givers. Nurse research leadership in the field of 

skin and wound care over the last 20 years has led 
>40% of the highest level of evidence publica-
tions in this time [7]. This is a significant achieve-
ment when one considers the short time frame 
within which nursing has moved to university led 
degree programmes and the establishment of 
advanced practice roles internationally.

It is argued that skills acquisition such as, for 
example, sharp debridement is a more important 
predictor of competency than time in role [8]. This 

Table 74.1 Stages of proficiency. Adapted from Benner 
(1982)

Stage Definition

Potential strategies 
for skills and 
knowledge 
acquisition

Novice The learner has had 
no previous 
experience making 
them struggle to 
decide which tasks 
are more relevant to 
accomplish

Teach simple, 
objective concepts/
attributes that are 
easily identified

Advanced 
beginner

The learner has 
enough real-world 
situations that the 
recurrent component 
is easily identified 
when it is related to 
rules and guidelines

Increase assistance 
and support in 
setting priorities to 
clients’ needs by 
providing 
guidelines for 
recognising 
patterns

Competent The learner has been 
on the job 2 or 
3 years and is able to 
see actions in terms 
of goals or plans and 
works in an efficient 
and organised 
manner

Offer in-service 
education or 
opportunities

Proficient The learner performs 
by using pieces of 
evidence that 
provide direction to 
see a situation as a 
whole

Use case studies to 
stimulate critical 
thinking especially 
in situations which 
principles or rule 
that are 
contradictory

Expert The learner grasps 
the situation and 
understand what 
needs to be 
accomplished 
beyond rules, 
guidelines, and 
maxims

Provide 
opportunities for 
experts to share 
their skills and 
knowledge and also 
their analytical 
abilities to solve 
new situations
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Fig. 74.1 Novice to expert in nursing practice and debridement

is important because when an individual is in a 
position for a length of time, others may view the 
person as competent or proficient, but the reality 
may be the opposite. Competent and proficient 
nurses will not approach or solve problems in the 
same way due to past experiences [5]. Thus, the 
expert nurse can perform the skills of debridement 
but importantly has the knowledge and under-
standing to assess the situation and make decisions 
as to the appropriateness of debridement and the 
choice of debridement method.

It can be reasonably seen that the student nurse 
as the novice has no prior knowledge or experience 
of wound care, wound assessment, or wound 
debridement. However, autolytic  debridement is the 
body’s own method to remove sloughy or devital-
ised tissue and can be facilitated by the application 
of wound dressings such as hydrogels. This can be 
taught easily and performed under supervision by 
the novice. As one moves across the continuum of 
debridement methods, an increasing level of skill 
and knowledge as to the appropriateness of each 
method is required (see Fig. 74.1). This is achieved 
through further education, learning from others and 
as proposed by Benner, being increasingly exposed 
to the situation at hand. The ‘expert’ nurse, most 
often seen as the tissue viability specialist, has this 
advanced knowledge and is well positioned to make 
a judgement on the type of debridement that is nec-

essary and aligned with patient and treatment goals. 
It should be noted that as shown in Fig. 74.1, the 
nurse does not perform surgical debridement as this 
is beyond their scope of practice.

74.3  Conclusion

The decision to initiate wound debridement and 
the choice of method depends on patient and 
treatment goals, available resources, and the 
knowledge, skills, and expertise of the attending 
clinician. The nurse, working at an advanced 
level of practice is fully competent and proficient 
to make such decisions and initiate treatment in 
consultation with the patient. Nurses as expert 
clinicians significantly impact on patient care and 
improve patient outcomes.
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75How to Become an Expert 
in Debridement? Physician 
Perspective

Kirsi Isoherranen and Virve Koljonen

75.1  Introduction

Debridement means removal of nonviable, i.e., 
necrotic, damaged, infected tissue or foreign 
bodies to enhance healthy tissue healing. Wounds 
with necrotic tissue will not heal until all the 
necrotic tissue is removed. Debridement also 
provides an opportunity to take a deep tissue 
sample as a bacterial swab. Early and aggressive 
debridement in wounds is claimed to be a corner-
stone of wound care, and failure to use the opti-
mal debridement method may lead to patient 
suffering and increased costs of care [1, 2].

Instead of becoming expert only in the 
debridement technical skills, you need to become 
expert in determining different types of tissues, to 
know what to remove and what to leave. 
Nonviable tissues in (chronic) wounds include 
slough, eschar, and macerated tissues. Viable tis-
sues include granulation tissue, subcutaneous tis-
sue, muscle, bone, tendon, and vascular 
structures.

Wounds with different etiologies need different 
and often personalized treatment regimens. 
Atypical wounds, such as pyoderma gangrenosum 

and vasculitic wounds, exhibit pathergy when 
debrided with sharp instruments [3]. Arterial 
wounds should not be debrided until comprehen-
sive arterial evaluation by a vascular surgeon has 
been conducted [4]. Surgical debridement may not 
be needed if the wound is not healable, e.g., in pal-
liative care and wounds of non-adherent patients . 
It must be noted that distinctive circumstances 
such as systemic infection with wound infection as 
focus may need on-call intervention. In patients 
with diabetes or receiving immunosuppressive 
therapy, signs of infection may be reduced or less 
obvious, and these patients need a thorough and 
proper assessment in order to exclude infection [5, 
6]. Further, dark skin color may hamper detection 
of redness in the skin. Therefore, other signs of 
infection should be carefully monitored, and diag-
nosis of infection should be based on thorough 
examination of the patient.

Thorough understanding of anatomy together 
with proper tissue and instrument handling on 
wounds that benefit from debridement guarantee 
a successful outcome. Importantly, attention 
should be paid to wound edges and peri-wound 
skin and they should be debrided as well if needed 
[7]. There is no universal agreement on when and 
how to debride or how much tissue to take [1]. 
The skills of debridement increase by exercise, 
and to become an expert in wound debridement, 
you only need to practice, practice, and practice 
and to monitor the effect of your debridement. 
Surgical debridement requires skills and training 
in the operating room with a senior surgeon.
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75.2  How to Debride

Before debridement, a comprehensive and holis-
tic patient assessment is mandatory. This includes 
the diagnosis of the wound or skin necrosis to be 
debrided. The patient should be informed care-
fully about the debridement process, and opti-
mally an informed consent is obtained. 
Information should include the benefits and risks 
of debridement and alternatives to treatment [7].

An expert in debridement knows the advan-
tages and disadvantages of different debridement 
methods (Table 75.1) and can choose the optimal 
debridement method for each situation.

75.2.1  Autolytic Debridement

Autolytic debridement means the process in 
which the wound bed clears itself by utilizing 
phagocytic cells and proteolytic enzymes, such 
as collagenase, elastase, and lysozymes. This 
process can be promoted by maintaining a 
moist wound environment by hydrogels, honey 
and by using occlusive dressings. Autolytic 
debridement is the easiest form of debride-
ment, and it is natural, selective, and usually 
painless. Autolytic debridement does not dam-
age healthy tissue and is claimed to promote 
the formation of granulation tissue and epithe-
lialization. However, it is a slow process and is 
contraindicated in infected wounds [1, 2, 7] 
(Table 75.1).

75.2.2  Enzymatic Debridement

Enzymatic debridement contains the use of pro-
teolytic enzymes that are able to digest cellular 
debris of the wound bed. It can be a useful method 
when mechanical debridement is contraindi-
cated, for example, in patients with bleeding 
problems (Table 75.1). Side effects include pain, 
burning sensation, and irritation of the peri- 
wound skin [1, 2, 7].

Table 75.1 Methods of debridement

Method of 
debridement Advantages Disadvantages
Autolytic 
debridement

Easy to perform, 
does not require 
special skills
Safe and 
selective for 
necrotic tissue, 
does not damage 
surrounding 
tissues

Slow process
Contraindicated in 
infected wounds
May promote 
anaerobic growth if 
used with occlusive 
dressings

Enzymatic 
debridement

Easy to perform
Works faster than 
autolytic 
debridement and 
is also selective 
for necrotic 
tissue

Fairly expensive
May cause wound 
pain and burning 
sensation
Need to cross-hatch 
eschar prior to 
application of the 
product

Biologic 
debridement

Highly selective 
and safe
Works well in 
wounds 
exhibiting 
pathergy 
phenomenon

Expensive
Not recommended 
in wounds 
colonized with 
pseudomonas
Can not be used 
with compression 
therapy

Mechanical 
debridement

Easy to perform, 
no special skills 
needed
Relatively quick 
and painless
Faster than 
autolytic and 
chemical 
debridement

Not suitable in 
wounds with hard 
eschar
Nonselective
Risk of damage to 
viable tissue

Hydrosurgery Preserves as 
much as possible 
healthy tissues
Especially 
feasible in burns

Disposable 
handpieces and 
tubing, thus 
increasing the 
carbon footprint

Ultrasonic- 
assisted 
debridement

High precision 
with little risk of 
damaging viable 
tissue

Risk of 
cross- 
contamination
Requires analgesia

Surgical 
debridement

The fastest 
method to obtain 
a clean wound 
bed
Works well in 
wounds with 
large amount of 
necrotic material 
and exudate

Requires skilled 
clinician
May cause 
bleeding and pain 
may require 
general anesthesia
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75.2.3  Mechanical Debridement

The use of wet-to-dry, plain, and paraffin tulle 
gauzes has been replaced by the newer and more 
sensitive techniques such as the monofilament 
fiber pad. A potential disadvantage of mechanical 
debridement is that it is nonselective and can 
remove viable tissue along with necrotic material 
[7] (Table 75.1).

75.2.4  Biological Debridement

Biological debridement or biosurgery includes 
the use of larvae in the removal of devitalized tis-
sue. In addition to debridement, the action of lar-
vae is antimicrobial. Larval therapy can be 
administered by “free range” maggots or by 
using a biobag. Before applying the larvae into 
the wound bed, they should be checked for activ-
ity. One of the major advantages of larval therapy 
is the selectivity of maggots to separate the 
necrotic tissue from live tissue (Table 75.1). This 
allows an easier surgical debridement. 
Contraindications include usage near eyes, upper 
gastrointestinal tract and upper respiratory tract, 
and allergy to fly larvae, brewer’s yeast, or soy- 
bean protein. Wounds with exposed blood vessels 
and malignant wounds are not suitable for larval 
therapy [7].

75.2.5  Surgical or Sharp 
Debridement

Surgical debridement into viable tissue is the 
most effective method of wound debridement. It 
is a common practice to use surgical debridement 
at the first or second visits followed by enzymatic 
or autolytic debridement [4]. This debridement is 
performed in the operating room in general 
regional or sedation anesthesia using surgical 
instruments, such as scalpel, Goulian or Humby 
knife. Pros of this procedure include possibility 

of large tissue removal when required, readiness 
to take tissue samples from different tissues, and 
option to reconstruct the defect simultaneously. 
In those easy to bleed situations, such as infec-
tion or wound with vascular structures exposed, 
controlling hemorrhage and bleeding is feasible 
and safe in the operation room setting. Surgical 
debridement is valuable in identifying osteomy-
elitis. Infected bone appears soft and does not 
bleed as much as healthy bone. Debridement of 
infected bone should be performed until the bone 
appears solid and bleeds until biopsied [1].

Cons of the procedure include special 
resources, surgical specialist training with spe-
cific knowledge.

Conservative sharp wound debridement uses 
curettage, scissors, or scalpel to remove only 
nonviable tissue and wound debris (Fig. 75.1). 
Pros include conservative sharp wound debride-
ment which can be performed at outpatient 
clinic or bedside (Figs. 75.2 and 75.3). Bleeding 
after debridement can be controlled through 
direct pressure, cauterization by silver nitrate, 
electrocautery or by hemostatic agents such as 
hydrogen peroxide, thrombin, or oxidized cel-
lulose [1].

Hydrosurgery [8], a high-pressure, water- 
based jet system for debridement was designed 
for accurate debridement for preserving as much 
as possible healthy tissues. However, despite the 
intuitive advantages, the use of a hydrosurgery 
system has been recommended for tangential 
excision in burns or large wounds with a thin 
layer of nonviable tissue [9]. Cons are disposable 
handpieces and tubing, thus increasing the car-
bon footprint.

Ultrasonic or ultrasound debridement is a 
method of removing nonviable tissue through 
microstreaming and cavitational effects [10]. 
Recent studies show that ultrasound may be a 
real alternative for surgical debridement when a 
patient is not fit for anesthesia. Pros include that 
ultrasound debridement can be performed in an 
outpatient setting.
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Fig. 75.1 Instruments and agents needed for sharp debridement

Fig. 75.2 A non-healing, traumatic ulcer in a patient suf-
fering from rheumatoid arthritis

Fig. 75.3 The ulcer after local anesthesia, biopsy, and 
sharp debridement with curettage
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75.3  When NOT to Debride?

In order to be skillful you need to recognize situ-
ations when surgical or other forms of debride-
ment would worsen the healing process. When 
the wound is covered by a dry, black eschar, it 
does not have to be debrided in every case. 
Ischemic wounds before vascular assessment and 
intervention belong to this category. If the eschar 
is firmly adherent, the patient is afebrile and there 
is no drainage from the wound, the dry eschar 
does not have to be removed [1]. Atypical wounds 
in the active inflammatory process are wounds 
that worsen by sharp or surgical debridement [3].

75.4  Debridement in Atypical 
Wounds

Atypical wounds need a specialized approach in 
debridement (Figs.  75.4 and 75.5). Pyoderma 
gangrenosum and vasculitic wounds exhibit 
pathergy, i.e., worsening by trauma, and sharp 
debridement leads to deterioration and enlarging 
of the wound [3]. Recommended debridement 
techniques in these wounds are autolytic and bio-
logic treatment. The advantages of biologic treat-
ment include specificity; maggots ingest only 
dead tissue, not the viable one, and the pathergy 
reaction is minimal. Conservative sharp and sur-
gical debridement can be performed when 
inflammation has been reduced by an immuno-
suppressant, e.g., prednisolone, and this usually 
takes 2–3 weeks. The clinical evaluation of the 
stage of the inflammatory reaction needs training, 
so the decision of the right timing of debridement 
should be done by a trained dermatologist.

75.5  Pain Treatment During 
Debridement

Expertise in debridement includes adequate analge-
sia during treatment. Dead tissue does not feel pain, 
and sometimes debridement can be performed fea-
sible without analgesia. However, many wound 
types are very painful, and adequate analgesia must 
be planned beforehand. Talking through the proce-
dure and explaining the efforts employed to mini-
mize pain, reduces the experienced pain. A skillful 
physician uses “verbal” anesthesia frequently. If 
systemic analgesics or topical local analgesics are 
used, they should be applied 30–60  min before 
debridement [1, 7]. As procedural pain can be very 
intense, it is acceptable to go directly to opioids 
(e.g., oxycodone) without following the three-step 
approach to pain treatment recommended by 
WHO. Adequate anesthesia can usually be achieved 
through direct infiltration of the anesthetic agent 
locally into the wound bed. In this process, the nee-
dle is directed from healthy tissue to the wound bed 
to avoid microbial contamination.

75.5.1  The Future of Debridement

Future aspects include imaging devices that could 
determine the amount of tissue to be removed, 
and the depth of debridement and one promising 
technology is optical coherence tomography 
[11]. There is also a clear need for technology 
that assists the clinician in identifying viable tis-
sue from nonviable one [4, 12].Fig. 75.4 A Martorell hypertensive ulcer

Fig. 75.5 The Martorell ulcer after local anesthesia and 
sharp debridement with curettage. Debridement contin-
ued with autolytic debridement
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76Regulations for Conservative 
Sharp Debridement for Nurses 
in Europe

Sebastian Probst

76.1  Introduction

In Europe, different levels of nursing educations 
with a different level of competences exist. The 
RN4CAST, for example, demonstrates how vast the 
nursing education as well as their conditions of ser-
vice, their regulations and policies within Europe 
are [1]. The report demonstrates that each European 
country has their own definitions, regulations, and 
policies about the nursing profession. This can, in 
clinical practice, easily lead to confusion. As a result 
of this confusion, specialized knowledge, skills, and 
competencies are required to initiate, direct, and 
perform safe and effective debridement [2]. These 
skills have to be acquired during the nursing educa-
tion and have to be practiced in different workshops 
and in clinical practice.

When performing wound debridement, nurses 
should always work within their scope of practice 
and local policy and procedures [3, 4]. This chap-
ter will overview regulations for sharp debride-
ment for nurses in Europe and will show when to 
debride and what are the requirements of nurses 
to debride a wound.

76.2  Regulations for Conservative 
Sharp Debridement 
for Nurses in Europe

Performing a bed-side conservative sharp 
debridement may be independently restricted 
either by safety factors regarding the physical 
setting or by the legislation that governs a health 
care sector. In most European countries, it is a 
physician delegated task. However, conducting a 
debridement by a nurse in clinical practice 
requires a certain level of education. For exam-
ple, the Ashford and St. Peter Hospital in the UK 
[5] require that only registered nurse with a 
wound care specializations having completed an 
education program in wound debridement, that 
includes conservative sharp debridement, recog-
nized by a University and at a minimum of level 
6 and/or endorsed and approved by the European 
Wound Management Association [6]. Initial and 
continued competency shall be required and doc-
umented for all registered nurse with a wound 
care specializations performing debridement. 
Competency is not only a skill demonstration, 
but also includes assessment contributing to a 
nursing diagnosis with the development and 
application of a plan of care, evaluation, and reas-
sessment. The registered nurse performing 
wound debridement ensures that an assessment 
of the total patient care requirements before, dur-
ing, and after wound debridement has been com-
pleted by a registered nurse. The registered nurse 
has to recognize potential complications of 
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wound debridement and if so has to apply univer-
sal precautions and other measures to prevent 
bleeding or infection and contamination.

76.3  When to Debride?

The type of tissue found in the wound bed often 
provides a clear indication as to whether debride-
ment is required or not [7]. In addition, factors 
such as bio-burden, wound edges, and condition 
of peri-wound skin can also influence the deci-
sion of whether debridement is required [8]. 
Nurses performing a debridement need to have a 
clear understanding of the underlying cause. In 
certain circumstances, a wound debridement may 
not be beneficial or may be contraindicated. This 
is the case, for example, for persons with periph-
eral arterial disease (PAD) who develop distal 
gangrene. In this case, the dry gangrene should 
be treated without any moist dressing and not 
with debridement. A debridement may develop 
levels of moisture at the wound bed leading to a 
greater risk of infection with the risk of amputa-
tion [9].

76.4  Who Can Debride?

It is recommended that a conservative sharp 
wound debridement may be provided by only 
those registered nurses with advanced prepara-
tion in the wound debridement processes [10]. 
Nurses have to be aware about local policies and 
guidelines related to wound management and in 
most European countries have to get approval 
from their employer to perform the extended 
role.

76.5  What Is the Procedure 
of a Sharp Debridement?

Before a specialized nurse is undertaking the pro-
cedure, it is important to be informed about the 
differential diagnosis as well as the prescribed 
medication. Diabetes, for example, is associated 
with small and large vessel disease, resulting in 
an increased risk of infection and poor healing. 

When debriding an ulcer on the food, be aware of 
there may be an underlying neuropathy (Charcot’s 
joints/foot). Patients need careful assessment 
with control of their diabetes and infection. 
Repeated appropriate debridement can avoid the 
need for proximal amputation with the attendant 
huge drain on resources for rehabilitation. 
Additionally, when taking consent, it is important 
that the patient understands what should be 
achieved. Be aware that to try and to undertake 
too much at once may reduce the confidence 
between the patient and the nurse. The following 
procedure is recommended:

76.6  Assess

• What is the nature of the necrotic/devitalized 
tissue and what is the best adapted method of 
debridement?

• Is there a risk of spreading infection?
• Is there a possibility of underlying disease 

processes?
• Is there an extent of existing ischemia (check 

skin color and pulse)?
• Where is the location of the wound in relation 

to the surrounding anatomy?

76.7  Pain Relief

• Is there any pain medication prescribed target-
ing the nociceptive and/or the neuropathic 
pain?

• Is it necessary and what form should it take?

76.8  Question, What Can 
Be Possible Complications 
When Doing a Sharp 
Debridement

• Conservative sharp debridement is a surgical 
procedure and may involve some bleeding.

• Bleeding can be stopped with local pressure 
with a finger.

• The application of successive layers of gauzes 
can hide considerable hemorrhage and is 
ineffective.
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• Stop the procedure when the anatomy of the 
wound and surrounding area is unclear or a 
structure cannot be identified or bleeding is 
excessive or the source is unclear.

The debridement method with sharp instru-
ments is subdivided into 3 levels. Level 1 is 

defined as sharp debridement using scissors and 
forceps, level 2 is the conservative sharp debride-
ment, and level 3 is defined as sharp surgical 
debridement. Table 76.1 will outline the mecha-
nism of action, the advantages and disadvantages, 
and the level of nursing education required to 
perform this task.

Table 76.1 Levels of debridement with sharp instruments

Method Mechanism of action Advantages Disadvantages
Level of nursing 
education

Level 1
Sharp 
debridement
Using tweezers, 
forceps, 
scissors

Use of tweezers, forceps, 
and scissors to remove 
loose avascular tissue
Scalpels are not used
No tissue is removed 
below level of dermis

Produces immediate 
debridement
Is selective removing 
necrotic tissue

Requires additional 
education

Nurses with a 
Bachelor in Nursing 
Science (EWMA 
curriculum for 
nurses’ level 5 [11])

Level 2
Conservative 
sharp wound 
debridement

Use of a sharp instrument 
(scalpel, curette or 
scissors) to remove of 
non-viable tissue to the 
level of but not into 
viable tissue

Produces immediate 
debridement
Selective in 
removing necrotic 
tissue
Very effective on 
heavily exudating 
wounds
Should not cause 
pain but may cause 
minor amounts of 
bleeding

Requires additional 
education for nurses as 
carries a higher degree of 
clinical risk than other 
debridement methods
Requires appropriate 
setting and equipment
Use caution with painful 
wounds or for patients 
taking anticoagulants
Not indicated for wounds 
in which demarcation 
between viable and 
non-viable tissue is not 
clear

Nurses with a 
Bachelor in Nursing 
Science and a 
postgraduate 
education in wound 
care
(EWMA curriculum 
for nurses’ level 6 
[6])

Level 3
Sharp surgical 
debridement

Done by an advanced 
practice nurse in 
collaboration with a 
surgeon in a suitable 
environment
Goes below the level of 
non-viable tissue, i.e., 
wound edge so can cause 
pain and bleeding

Produces immediate 
debridement
Turns a chronic 
wound into an acute 
wound, thereby 
promoting more 
rapid wound healing

Non-selective- viable 
tissue is removed
Painful

Advanced practice 
nurse in wound care 
(EWMA curriculum 
for nurses’ level 7 
[12])
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76.9  Debridement Methods 
with Sharp Instruments

In the following, an adapted version of a step by 
step procedure of the conservative sharp wound 

debridement by the British Colombia College of 
Nurses and Midwifes [13] is outlined.

Step Key points
1.  Explain the procedure to the patient and obtain verbal 

consent to carry out the procedure from patient and/or 
family

2.  Wash hands
3.  Set up dressing tray, add instruments to the sterile field; 

apply clean gloves, remove dressing, and cleanse wound 
and surrounding area with body temperature normal 
saline or antiseptic

To ensure a clean environment prior to carrying out 
debridement

4.  Do wound assessment including measurements; remove 
gloves. If camera is available take a photo prior to 
debridementWash hands

Provides a baseline assessment prior to debridement

5.  Put on sterile or clean gloves as indicated based on the 
patient assessment

6.  Always remove necrotic tissue in layers. Working from 
either the edge or the base of the wound, grasp the edges 
of the necrotic tissue (eschar) with tissue forceps, lift the 
necrotic tissue and begin removing necrotic tissue using 
one or more of the following techniques

Lifting the necrotic tissue will help to identify 
adherence between necrotic and viable tissues.
Tissue forceps 1 × 2 teeth provide a good grasp 
without applying excessive pressure

7.  Scalpel technique:
Hold the scalpel like a pen, 3–4 cm away from the handle/
blade joint; the belly of the blade is sharpest and should be 
used to cut necrotic tissue. Lift the necrotic tissue with the 
forceps and carefully cut away necrotic tissue with the 
scalpel parallel to or angled away from the wound bed. 
Movement of the scalpel should follow the tissue planes

This minimizes pain and avoids damage to healthy 
tissue

8.  Scissor technique:
Lift the necrotic tissue with the forceps; hold the scissors 
using a tripod grip technique and use the tip of the scissors 
to carefully cut away necrotic tissue

Tripod grip—Place the thumb and ring fingers through 
the scissor handles and rest the index finger on the area 
of the scissors distal the screw (fulcrum). This 3-finger 
grip is safer as a 2-finger grip allows the cut to wander.
Scissors cut flaccid, loose tissue more effectively than 
a scalpel, providing better control of depth. Cutting is 
more precise when tissue is closer to the scissor tip 
than the fulcrum

9.  Blunt dissection technique:
Insert the closed blunt tips of scissors or arterial forceps 
into the non-viable tissue and gently open the instrument. 
This safely separates the tissue, allowing non-viable tissue 
to be more easily debrided with scissors

Blunt dissection technique gently separates the tissue 
allowing for identification of viable and non-viable 
tissue which will decrease the risk of injury to healthy 
tissue and nearby structures, e.g., blood vessels, 
tendons

10.  Ring curette technique:
Hold the curette like a pen at a 10–200 angles toward the 
area to be debrided; stretch the skin-wound base with the 
non-dominant hand, and move the curette toward yourself 
scraping away loose, non-viable tissue

Ring curettes are suitable for scooping out loose and 
lightly loose non-viable tissue and to remove biofilm 
from the base

11.  If bleeding occurs stop debridement:
Apply pressure with a sterile gauze or cotton tip applicator 
for 5 min to stop the bleeding.
If bleeding continues, identify the specific bleeding site and 
apply a sliver nitrate stick to the site
Use absorbable gelatin/plant cellulose sponges to control 
small amounts of oozing blood

For small amounts of bleeding, direct pressure can 
achieve hemostasis without other interventions.
Silver nitrate sticks release silver ions that bind to 
tissue proteins producing a thin eschar that obstructs 
small bleeding vessels
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76.10  Conclusions

Due to the different regulations within Europe, 
the procedure of a conservative sharp debride-
ment should only be undertaken by specialists be 
it specialist nurses in tissue viability or physi-
cians who have successfully completed a vali-
dated educational program in wound debridement 
or a minimum of degree level including assess-
ment of competency in practice.
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Step Key points
12.  If pain occurs, stop debridement:
Offer the patient an analgesic and resume debridement 
once the analgesic has taken effect
If necessary, complete the debridement at another time

Encourage the patient to request a “time-out” if the 
procedure is painful. It is not necessary to remove all 
necrotic tissue at one time

13.  Once debridement is completed, flush the wound bed 
with body temperature normal saline using an 
irrigation tip catheter and a 30–35 cc syringe

When irrigating the wound, use personal protective 
equipment to protect from back-splash
Irrigation removes loose bits of necrotic tissue
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77Regulations for Conservative 
Debridement for Nurses in North 
America

Maryse Beaumier

77.1  Introduction

There is a growing body of evidence and agree-
ment among wound clinicians and scientists that 
debridement represents a necessary process in 
reducing bacteria, infection, and a biofilm within 
a wound and promotes a stimulatory environ-
ment for healing [1]. The selection of a debride-
ment method should be based on the clinical 
context, goals of care, the clinician’s expertise, 
and local resources. Despite the fact that the cost 
savings demonstrated when conservative sharp 
debridement (CSD) is part of a best practice plan 
of care for wounds, many community nursing 
agencies are not able to provide CSD as part of 
their care delivery, or they may not be aware of 
what their nurses are doing [2]. As a result of this 
confusion, specialized knowledge, skills, and 
competencies are required to initiate, direct, and 
perform safe and effective debridement [3]. 
When performing wound debridement, clini-
cians should always work within their scope of 
practice and local policies and procedures [1, 4]. 
This chapter will briefly overview regulations 
for CSD for nurses in North America after review 

on debridement type and clinical decisions for 
debridement’s use.

77.2  The Precision 
of Debridement Types

Often, in the literature, it states that all forms of 
debridement can carry high risk when initiated 
inappropriately; however, CSD is considered 
higher risk [5]. Performed at the bedside or in the 
clinic setting, CSD is considered the most aggres-
sive form of debridement performed by nursing 
[4]. It is referred to as a conventional debride-
ment using a scalpel blade (Fig. 77.1) or scissors 
to remove necrotic tissue with limited pain or 
bleeding [6]. It can be also performed in a clinic 
by a skilled clinician with wound specialist train-
ing [6]. Clinicians must distinguish tissue types 
and understand anatomy as the procedure carries 
the risk of damage to blood vessels, nerves, and 
tendons.

The notion of danger to the patient for debride-
ment is more with CSD that nurses should pos-
sess, and too often, the dangers of this type of 
debridement are confused with the dangers of 
surgical sharp debridement made by physicians. 
But this danger is poorly defined in the literature. 
This danger can often be associated with failure 
to assess the arterial blood flow of the wound 
prior to debridement as stated by national and 
international guidelines [7–9] and failure to rec-
ognize the anatomy of the tissue, where wet 
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Fig. 77.1 Scalpel (authorized by Maryse Beaumier)

Fig. 77.2 Bone and tendon (authorized by Maryse 
Beaumier)

Fig. 77.3 Tendons (authorized by Maryse Beaumier)

necrosis may be mistaken for tendon and the liga-
ments, for example, or exaggerated depth of con-
tact with bone that can lead to osteitis (Figs. 77.2 
and 77.3).

Surgical sharp debridement, on its side, is the 
gold standard of wound debridement, conducted 
in a strict sterility environment in the operation 
area by a surgeon [10–12]. The outcome is rapid, 
and the patient underwent this type of debride-

ment requiring adequate pain management, simi-
lar to post-operative nursing care [6]. The main 
quality of these two types of surgical debride-
ment is the rapid removal of necrotic tissue and 
microorganisms from the wound bed [1]. It is 
known that one primary justification to use the 
rapidity of CSD is that the evidence that biofilms 
can reside deep within the extracellular matrix of 
the slough, debris, necrotic, and other tissues pro-
vides a rationale for removing non-viable tissue 
via rapid debridement methods to reduce them 
[1, 13]. For the other types of debridement, with-
out any education, the nurses are already doing 
them as, for example: a nurse who uses an inter-
active dressing such as a hydrofiber or alginate or 
a product such as a cadexomer proceeds with an 
autolytic debridement. If a nurse uses a dry dress-
ing such as a cotton pad on a granulation wound 
bed, she will perform a mechanical wet-to-dry 
debridement (mechanical) and finally, if she uses 
a wound cleaning pressure greater than 15 psi for 
irrigation, she does mechanical debridement. Is 
these three type of debridement are so much 
harmful for the patient? It will be important in the 
future to distinguish between the types of 
debridement and their associated risks before 
developing specialized debridement courses so 
as not to delay the transfer of knowledge into 
practice. Rather, it is important to emphasize the 
contraindications to initiating any debridement, 
i.e., poor blood flow to the wound.

Unfortunately, even legislation framing 
nurses’ clinical practice does not consider the 
specifics of the types of debridement that can 
contribute to harm in patients when it is well doc-
umented that necrotic tissue left in place in a 
wound bed with healing potential can easily lead 
to wound infection by inhibiting oxygen delivery 
[1].

77.3  The Clinical Decision 
for Debridement’s Use

Applying the best practice in wound assessment 
and management promotes the maintenance of a 
healthy wound bed; it always involves therapeu-
tic wound cleansing and debridement, which 
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aims to disrupt biofilm, prevent its reformation, 
and facilitate removal of necrotic, non-viable or 
infected tissue. Distinguishing the healable 
wound, maintenance wound, and the non- 
healable wound is critical before initiating any 
type of debridement and especially CSD [5, 6]. 
To eliminate one of the main dangers associated 
with conservative surgical debridement is to dis-
seminate to all nurses the first recommendation 
for best practice in wound care, which is to 
assess, prior to any intervention on the wound 
bed, the healing potential of the wound by mea-
suring the blood flow at the wound [7, 9]. Without 
sufficient blood flow, any type of debridement is 
always contraindicated [7–9]. Furthermore, best 
practices recommend cleaning and debridement 
before sampling for wound culture [14]. Thus, it 
is more than essential that clinical practice guide-
lines and regulations be transferred in knowledge 
to nurses.

Based on Debridement: Canadian Best 
Practice Recommendations for Nurses and in 
nursing law of the province of Quebec in Canada, 
prior to initiating any method of debridement, the 
nurse must be knowledgeable about the different 
methods of debridement and the level of skill and 
training required to perform each type; be aware 
of their attitudes, limitations, skills, and compe-
tency; recognize and understand the indications, 
precautions, and contraindications for the various 
debridement methods; evaluate the patient’s 
health status; solicit patient preferences and 
wishes; review wound assessment findings and 
wound healing potential to determine if decisions 
about debridement can be made independently, 
or in consultation with the interprofessional team 
is warranted [5, 15–17] and be able to identify, 
manage, and mitigate potential complications 
and adverse events including, but not limited to, 
bleeding, pain, anxiety, or damage to underlying 
structures [5].

77.4  Regulations

In Canada and the United States, several levels of 
nursing education exist and can lead to confusion 
in roles by regulations for the clinical practice of 

debridement. Furthermore, there is an even more 
significant distinction between French and 
English training in Canada. Nonetheless, the 
three categories of nurses in North America that 
are considered for the regulation are registered 
nurse (RN), nurse practitioner (NP), and regis-
tered/licensed practical nurse (RPN/LPN) [5, 
18]. The Canadian and United States precisions 
can, respectively, be found in Table  6 of the 
NSWOCC (2021) document and Tomaselli 
(2015) chapter in the previous edition of this 
book.

In the USA, regulations for conservative sharp 
debridement vary from state to state, and each 
state’s Nurse Practice Act or Board of Nursing 
dictates specific regulations for this procedure 
(Tomaselli, 2015). Tomaselli (2015) dressed a 
precise list of contact information for each state 
nursing board in the previous edition of this book. 
This list can also be found at the following link: 
https://www.allnursingschools.com/how- to- 
become- a- nurse/nursing- license/ [19].

In Canada, the provincial/territorial govern-
ments delegate the power to regulate all catego-
ries of nurses to the provincial/territorial nursing 
regulatory bodies [5]. Each provincial or territo-
rial regulatory body for nursing in Canada has an 
individual scope of practice, too [4, 5]. Some 
allow the performance of CSD provided the nurse 
has the knowledge, skill, and judgment necessary 
to assess the individual situation for risks and 
benefits [4]. Some do not. NSWOCC published 
in 2021 the results of a scoping review to edit the 
Debridement: Canadian best practices recom-
mendations for nurses. This document can be 
found on the website https://www.nswoc.ca/
bpr?lang=fr. This document further informs the 
regulation of debridement in nursing practice 
generally and specifically for each province. The 
first recommendation states:

All classes of nurses, including RN, RPN/LPN, 
and NP must work within the controls of federal 
and provincial/territorial legislation, regulatory 
bodies, organizational policies and individual 
competency. For debridement of wounds, this 
includes having the knowledge, skills, judgment, 
and authority to perform all forms of debridement. 
Nurses are accountable for knowing their national 
code of ethics and expectations, respective provin-
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cial/territorial practice standards and guidelines, 
employer’s policies, procedures, and operational 
guidelines, and own competence and limitations 
for all methods of debridement (NSWOCC, 2021, 
p. 10).

They add that each employer has the ability to 
restrict further a nurse’s ability to perform an act, 
and ultimately, the nurse is accountable for ensur-
ing they possess the knowledge, skills, judgment, 
experience, and authorization before initiating or 
performing debridement [5]. However, other reg-
ulations in each province may prevent nurses 
from performing CSD even when the college of 
nurses allows it [4]. For example, some hospital 
and long-term care acts may prevent a nurse from 
performing CSD in their employing organization 
without a medical delegation or transfer of func-
tion [4]. Even in those employment situations 
where CSD by nurses is allowed, high-level sup-
port and clear organizational policies and proce-
dures that outline the educational and practice 
requirements for anyone performing CSD must 
be present [4].

As in the other provinces, in the province of 
Quebec, the regulations for debridement are clear 
theoretically but not in clinical practice because 
the last authorization comes from the organiza-
tional management even if it goes against best 
practices. Sadly, they do not authorize it even if 
the nurse’s professional order mentions that:

In the presence of a wound and before intervening, 
the nurse must make an appropriate assessment of 
the patient’s clinical situation, health condition and 
the wound (possible etiology, type of wound and 
characteristics) and ensure the wound's healing 
potential. In the case of a lower extremity wound, 
she should obtain a measurement of the ankle-arm 
systolic pressure. Then, she can decide to proceed 
with wound debridement, foreign body removal or 
removal of loose tissue and debris, determine the 
frequency and method of the patient's health condi-
tion and the purpose of the treatment; decide 
whether to perform scarification of an eschar to 
accelerate debridement autolytic or enzymatic 
debridement (OIIQ, 2016, p. 50).

In addition, an interdisciplinary consensus on 
regulations is clear between nurses, occupational 
therapist (OT), and physiotherapists for a known 
contribution to debridement for nurses and a 
complementary contribution for OT and physio-

therapists [20]. But the problem remains the 
same, namely that the regulations on debride-
ment are on all types of debridement. Even if no 
education program exists, the nurses still pro-
mote autolytic, mechanic, and chemically 
debridement by, respectively, using interactive 
dressing, irrigation cleaning and cadexomer 
without using scalpel, scissors, and pliers.

In Debridement: Canadian Best recommenda-
tions for Nurses, the primary objective of these 
recommendations is to positively influence 
patient outcomes and enhance safety [3, 5]. The 
12 recommendations place the safety of the 
patient and nurse at the forefront and highlight 
the educational, competency, certification, pre-
ceptor/mentorship, and legal requirements for 
nurses to initiate, direct, and perform all methods 
of debridement. These recommendations were 
designed to be circulated and implemented 
widely by nurses of various professional levels 
across the continuum of care and advocate for 
organizations and government agencies to clearly 
define debridement in their policies and legisla-
tive regulations [3].

77.5  Conclusion

Debridement should be considered an integral 
part of the process of caring for a patient with a 
wound. For practitioners to best care for their 
patients, they must be equipped with the knowl-
edge to be able to consider accelerating healing 
through debridement and must understand the 
debridement options available, and how and why 
they are undertaken [16]. With a higher level of 
evidence, NSWOCC (2021) suggests prior to ini-
tiating or performing debridement, successful 
completion of a rigorous curriculum-based 
wound management program followed by a sepa-
rate competency-based education program for 
debridement is highly recommended for all 
nurses. According to NSWOCC (2021), debride-
ment education program should include theoreti-
cal and clinical preceptorship components.

To follow the best practices for the patient in 
his wound healing process and to harmonize the 
regulations and the clinical practice, the educa-
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tional institutions in nursing will have to intro-
duce the notions of all types of debridement in 
the teaching in theoretical and practical way, 
emphasizing CSD for the safety of the patient 
and to avoid all infections and biofilms in chronic 
wounds. Regulations may change in time, so the 
nurse who wants to practice CSD is responsible 
for contacting the individual state practice act 
before performing this procedure (Tomaselli, 
2015).

Take Home Messages

• Debridement is an essential component for 
wound healing; knowledge have to follow 
nurses skills [5].

• Education, knowledge, technical skills, expe-
rience, critical thinking, and judgment have to 
go in the same way as debridement regula-
tions for the healing wound process for the 
best quality of life for our patients.

• Teaching debridement should be a mandatory 
part of nursing curricula for optimal care of 
patients with wounds.
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78Distance Skin Necrosis 
Management

Chloé Geri

78.1  Introduction

In 2013, EWMA [1] defined debridement as the 
“Elimination of necrotic, devitalised, infected tis-
sue, hyperkeratosis, hematomas, foreign bodies, 
debris, bone splinters or any other type of ele-
ment.” The purpose of removing the necrosis is 
both to make the diagnosis (e.g., evaluation of the 
stage of a pressure ulcer after debridement), but 
also to avoid infection by reducing the bacterial 
load present in the wound bed.

However, it is essential not only to have elimi-
nated the contraindications beforehand (AOMI, 
cancerous etiology, undernutrition, ttt, etc.), but 
also to have the right tools at your disposal and to 
have acquired the right gestures. The training and 
support of caregivers are the keystone of a proper 
debridement and therefore of an optimization of 
the healing prognosis.

In order to best support local caregivers, tele-
medicine has become in a few years an essential 
tool in the therapeutic arsenal [2, 3].

As a reminder, the public health code [4] speci-
fies that teleconsultation is a synchronous act, 
which “aims to allow a medical professional to 
give a remote consultation to a patient. A health-
care professional may be present with the patient 
and, if necessary, assist the medical professional 
during the teleconsultation.” It therefore allows 

the wound and healing expert to intervene as close 
as possible to the patient’s living environment [5].

But a simple remote opinion is not always 
enough and the primary care givers are some-
times in difficulty when it comes to perform tech-
nical or unusual gestures in everyday practice. 
Moreover, it is not always easy or even possible 
for a patient to go to the expert to benefit from 
this procedure. Tele-assistance will then allow 
the expert to guide the local care giver in com-
plete safety, as specified in the public health code 
[4] since its “aim is to allow a medical profes-
sional to assist a another healthcare professional 
during the performance of an act.”

By bringing together the local caregiver and 
the healing expert synchronously around the 
patient, remote assistance will make it possible to 
manage necrosis remotely in specific medical 
indications, at the appropriate time and according 
to a defined regulatory framework.

78.2  Who Is Concerned?

78.2.1  The Patients

The patient remains at the center of the problem. 
Indeed, the EWMA stresses the need for access 
to expertise to optimize wound healing: “Access 
to care and referral to clinicians whose  knowledge, 
skills and resources are up to date are essential if 
the ‘we want to make the diagnosis quickly, initi-C. Geri (*) 
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ate the appropriate treatment as soon as possible 
and avoid complications.” [6].

However, access to expertise is sometimes dif-
ficult: the patient is not always close to an expert 
center because the creation of healing centers 
was done spontaneously on the territory. and we 
are currently witnessing a significant heterogene-
ity of resources [7].

A face-to-face consultation is therefore not 
always possible: some patients are very far from 
these centers [8] and very fragile or institutional-
ized patients do not have the possibility of travel-
ing to the expert [9, 10].

In addition, we emphasize the importance of 
the health context which, during the COVID pan-
demic, justified the closure of outpatient consul-
tations, depriving the most vulnerable patients of 
access to care considered non-emergency.

Not only are these patients, given their multi-
ple comorbidities, the most at risk of a serious 
form in the event of Covid19 infection, but their 
frequent visits and hospitalizations expose them 
to a greater risk of contact with Covid 19 and 
other communicable diseases [11, 12].

Finally, several studies underline the interest of 
the telemedicine tool in improving the prognosis 
of chronic diseases and in particular diabetes [13].

For all patients, the telemedical tool is there-
fore now a natural part of the healthcare access 
offer, regardless of geographical location.

78.2.2  Local or First-Line Caregivers

In a survey [14] of 711 medical residents, training in 
wound healing was considered insufficient by 94% 
of students. The support that telemedicine, and 
more specifically tele-assistance, can provide, is an 
essential response to the lack of initial training of 
primary caregivers, whether nurses or physicians.

The first-line pair most often made up of the 
attending physician and the nurse will thus be accom-
panied for the management of wound care [15].

The nurse will be able to be reassured as to the 
quality of the gesture and guided to carry out unusual 
or more advanced care than in his daily practice. A 
nurse without specific training in wounds and heal-
ing will probably not dare perform the trimming of 
extensive necrosis alone at home, but teleconsulta-

tion will allow the presence of an expert, directly at 
the patient’s bedside during treatment [16].

78.2.3  The Experts

Healing experts, for their part, also need to be 
reassured about the correct understanding of the 
instructions, compliance with their recommenda-
tions and safety when carrying out specific or 
technical procedures at home.

During a “classic” consultation in a healing 
center, it is very rare for the expert to be able to 
discuss directly with the local caregiver at the 
time of treatment to jointly define the most appro-
priate strategy for the home. And the situation is 
all the more complex when the patient is fragile, 
demented, or even sometimes non- communicative. 
In the majority of situations, only a letter will 
make the link between the expert center and the 
care giver at home or in a community.

As early as 2018, a medico-economic study [17] 
compared follow-up in consultation in an expert 
center, follow-up at home with travel by the expert, 
and follow-up at home by telemedicine and did not 
note any significant difference between the three 
groups of patients on complete healing. Only the 
decrease in transportation costs was significant.

Without replacing the consultation by an 
expert, tele-assistance is naturally positioned as 
the most adapted to a particular health context or 
to the accompaniment of very specific gestures 
for the management of necrosis. We can cite, for 
example, the remote accompaniment of debride-
ment by larva therapy, this technique not usually 
being used at home [18].

78.3  Why to Choose 
Tele-Assistance?

Telemedicine has shown its interest in the man-
agement of chronic wounds, whether in relation 
to diabetic foot wounds [19], leg ulcers [20], or 
pressure ulcers at the end of life [21].

This accompainment will allow the realization 
of unusual technical gestures: for example, clean-
ing the necrosis (Figs. 78.1, 78.2, 78.3), evacuating 
and flattening of an aged hematoma (Figs. 78.4, 
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Figs. 78.1 and 78.2 Debridement during tele-assistance

Fig. 78.3 Follow-up at 3 months after necrosectomy

Fig. 78.4 Assessment during teleconsultation

78 Distance Skin Necrosis Management
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Fig. 78.5 Removing the haematoma and explore the 
wound using tele-assistance

Fig. 78.6 Follow-up at 2 months

Fig. 78.7 Assessment using TLC Fig. 78.8 After arthrectomy using tele-assistance

78.5, 78.6, 78.9, 78.10, 78.11, and 78.12), arthrec-
tomy (Figs. 78.7, 78.8) or amputation of toe after 
mummification.

In some situations, debridement is not indi-
cated as first-line treatment and care is tempo-
rarily or permanently directed toward stabilizing 
the necrosis whether waiting for the surgical 
moment or in a palliative context. This stabili-

zation requires close monitoring but does not 
justify frequent transportation of a fragile 
patient.

In addition, several studies underline the satis-
faction of patients and caregivers during remote 
monitoring [22, 23] which will not only make it 
possible to avoid unnecessary travel but also to 
better target the indications, and better organize 
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Fig. 78.9 100 years old patient with haematoma Fig. 78.10 Remove the necrosis by the nurse using 
tele-assistance

Figs. 78.11 and 78.12 Removing the haematoma and cleaning the wound using tele-assistance

the management in healing center when displace-
ment is necessary.

A support network for caregivers operating in 
telemedicine and also providing assistance in the 
coordination of the course could therefore be the 
most complete response to the management of 
complex wounds at home [24].

78.4  When? How? ‘OR’ What?

In the vast majority of cases, remote assistance 
takes place during a teleconsultation and allows 
local caregivers to benefit from real-time care 
support, but also to improve their training in con-
tact with experts. In some situations, a dedicated 

78 Distance Skin Necrosis Management
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time is scheduled for the remote assistance of a 
technical gesture so that the material and the time 
are available without additional stress.

In any case, improvisation is not appropriate 
and meetings must be planned so that all the 
actors can be fully available and act in complete 
safety [25].

Prior to teleconsultation or tele-assistance, the 
legal and financial aspects, as well as the techni-
cal aspects will be addressed so as not to be an 
obstacle to remote support [26]:

 – The consent of the patient, and the coopera-
tion of his entourage are essential.

 – The tool must also be adapted to the patient’s 
place of residence, and the local caregiver 
must become familiar with the medium 
(smartphone, tablet, etc.), software, or app. 
However, it is currently difficult to conclude 
on the superiority of one device over the oth-
ers [27].

 – Similarly, the quality and security of the trans-
mission of health data must be verified in 
order to correspond to the legislation in force 
in the country.

78.5  Conclusion

Telemedicine now appears to be a real compan-
ion tool: teleconsultation offers “theoretical” 
support to local caregivers, and complete tele- 
assistance by a “practical” support; the local 
caregiver becoming the arm of the expert.

By allowing in particular the management of 
necrosis remotely, the latter makes it possible to 
carry out technical gestures in complete safety. 
Bedside cleaning can be performed in a quasi- 
surgical way if the caregiver and the patient are 
well supported.

Coordinated care network operation and the 
use of telemedicine tools now offer care teams 
the possibility of offering their patients with 
wounds a tailor-made solution where equity 
replaces equal access to care.
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Advanced practice, 483–485
Advanced Trauma Life Support (ATLS®) protocol, 93
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After-debridement care plan, 478
Alginates, 379
Amezinium methylsulfate, 139
Amputation, 3
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Angioplasty, 330
Angiotensin converting enzyme (ACEI), 55
Angiotensin receptor blocker (ARB), 55
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Bio-surgery, 474
Birth asphyxia, 417
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Blastomycetes dermatitidis, 267
Blastomycosis, 267
Blisters, 168, 419
Blunt dissection technique, 498
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Chronic myelogenous leukemia, 135
Chronic obliterating arteriopathy, 451
Chronic ulcerations, 237
Chronic venous insufficiency, 61, 63, 235, 307
Chronic wounds, 475
Churg-Strauss syndrome, 209
Citrobacter freundii, 265
Clindamycin, 276

Clinical Nurse Specialists, 484
Clotting disorders, 366
Coagulation pathway, 223
Coefficient of friction (COF), 74
Cold atmospheric plasma (CAP), 407
Coma blisters, 167

case examination, 168
description, 167
features of, 170, 171
immunohistochemical examinations, 168

Coma-induced blisters, 127
Compartment syndrome, 89, 90, 96, 360
Competency, 485
Compression bandage, 153
Compression therapy, 66, 142
Computed tomographic angiography (CTA), 46
Computed tomographic arteriography, 49, 50, 54
Congenital hemangioma (CH)

clinical presentation, 445
diagnosis, 445
pathophysiology of, 445
treatment, 445

Connective tissue diseases, 181–183, 236
Conservative sharp wound debridement (CSD), 491, 501
Contemporary negative pressure wound therapy systems, 

79
Contrast induced nephropathy (CIN), 49, 51
Conventional plain X-rays, 24
Corticosteroids, 203

therapy, 181
Cosmetic medicine

ablative lasers, 312
cryolipolysis, 314
epidermal peels, 314
Erbium-YAG laser, 312
filling products, 311, 312
HIFU (High Intensity Focused Ultrasound), 314
infectious, 315
inflammation, 314
LEDs, 314
lifting effect or collagen stimulation by threads, 312
medium and deep dermal peels, 314
mesotherapy, 314
non-ablative lasers, 312
pigmentation, 314
pigment lasers, 313
radiofrequency, 313
scars, 315
vascular lasers, 313

Coumarins, 137
COVID-19 pandemic, 76, 267, 508
Critical Leg ischemia Prevention Study (CLIPS) group, 

55
Critical limb ischemia (CLI), 41, 305–307, 346
Cryoglobulin, 177
Cryoglobulinemia (CR)

biology, 244
histology, 244
laboratory diagnosis, 243
local treatment, 245
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physiopathology, 243
semiology, 244
systemic treatment, 244

Cryoglobulinemia vasculitis, 209, 268
Cryolipolysis, 314
Cutaneous lesions, 258
Cutaneous vasculitis, 205

approach to the diagnosis of, 207, 210
classification, 210
clinical manifestations, 208, 209
clinical pathologic correlation, 208
diagnosis of, 205, 206
management, 211

Cutaneous wound healing, 77
Cutis marmorata telangiectatica congenita (CMTC), 436, 

437
Cyclophosphamide, 245
Cysplatinum, 416

D
Dangerous substances, 421–423
Debridement, 110, 111, 347–348, 375, 400

‘after-debridement’ care plan, 478
algorithm of, 9
atypical wounds, 493
autolytic debridement, 477, 490
biological debridement, 491
clinical decision for, 502, 503
definition, 477, 489, 507
dissecting haematomas, 9
enzymatic debridement, 490
evidence-based medicine, 8
future of, 493
indications and contraindications of, 8
levels of, 497
mechanical debridement, 477, 491
nurses selection, 477
pain treatment, 493
precision, 501, 502
progressive autolytic debridement, 11, 12
recommendations, 475
sharp debridement, 477
with sharp instruments, 498–499
skills and assessment checklist, 478
surgical or sharp debridement, 491
type of, 479

Deep dissecting hematomas (DDH), 451
additional examinations, 465–466
clinical signs, 462–463
complications, 464–465
differential diagnoses, 463
healing, 468
incidence of, 462
medical management, 466
pathophysiology, 461–462
prevention, 468–469
surgical management, 466–468

Deep infection, 293, 294, 296
Deep partial thickness burns, 83

Deep skin and soft tissue infections, 281
Deep vein thrombosis (DVT), 463
Degenerated sweat glands, 169–171
Delayed skin necrosis, 296
Delay wound healing, 93, 96
Delta pressure, 18
Dermal fibroblasts, 77
Dermal necrosis, 8
Dermal regeneration template, 334
Dermatomyositis, 182
Dermatoporosis, 461
Devitalized tissue, 476
Diabetes mellitus, 274, 496
Diabetic foot abcess, 118, 119
Diabetic foot infection (DFI), 45
Diabetic foot ulcers (DFUs), 46, 289, 386–388, 393, 476

debridement, 347–348
detecting early change, 345–346
reconstruction, 347–351

using free flaps, 349–351
risk factors for, 345
treatment, 347–351
vascular intervention, 348–349
wet necrosis, 346

Diarrhea, 418
Diffuse erythroderma, 146
Digital ischemia, 248

clinical presentation of, 249
diagnosis, 249, 250
management, 250

Digital necrosis
etiologies, 248
mechanisms, 247
vascularization, 247

Digital subtraction angiography (DSA), 48–49
Digital ulceration, 249
Diltiazem, 140
Direct immunofluorescence examination (DIF), 205
Direct revascularisation (DR), 321
Disease-modifying antirheumatic drugs (DMARDs), 183
Dissecting hematomas, 9, 11, 117
Disseminated intravascular coagulation, 219
Distal anastomosis, 324
Distal arterial necrosis, 306, 307
Distal gangrene, 249
Distal necrosis, 289, 393
Doppler ankle-brachial ratio, 307
Doppler ultrasonography (US), 443
Doppler waveform analysis, 47
Dressings containing salts, 380–381
Drug coated balloon angioplasty, 330
Drug necrosis, 452
Dry bites, 152
Dry necrosis, 7, 111, 249, 250, 346–347
Duplex ultrasonography, 24

E
Early ischemic stage, 250
Ecthyma gangrenosum (EG), 265
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Edematous tissues, 386
Electrical burns, 406

buccal mucosa damage, 89
deep damage, 89
global management, 91
Joule effect, 87
medical management, 89–90
muscle injury, 88–89
myocardial damage, 89
nerve damage, 89
prevention, 91–92
surgical management, 90–91

Electrostimulation, 203
End stage renal disease (ESRD), 231, 232
End stage renal insufficiency, 225
Endotracheal tube, 431
Endovascular-first strategy/endovascular-first approach, 

54
Endovascular revascularisation, 323–326, 328–330
Enterostomal therapy nurses, 122
Entonox®, 162
Enzymatic debridement, 308, 490
Eosinophilic homogenization, 169
Epidermal atrophy, 236
Epidermal cells, 77
Epidermal-dermal necrosis, 8
Epidermal growth factor receptor (EGFR), 383
Epidermal peels, 314
Epidermis, 73
Epidermolysis bullosa (EB), 438
Erysipelas, 463
Escherichia coli, 265
E-selectin, 389
Estimated glomerular filtration rate (eGFR), 49, 51
Europe, 495, 496, 499
European Qualifications Framework (EQF), 484
European Society for Dermatology and Psychiatry, 255
European Society for Vascular Surgery (ESVS), 42
European Wound Management Association (EWMA), 

484, 495
Extracellular matrix (ECM), 73
Extravasation injuries necrosis

care, 420
definition, 418–419
distribution, 420
epidemiology, 420
pathophysiology of, 421
physiology of, 420–421
rapid tissue necrosis, 419
risk factors, 421
treatments, 423–424

F
Face-to-face consultation, 508
Factitious disorders (Pathomimia), 257

adolescence, 258
caustic wounds/burning, 258
classification, 255

communication between patient and health care 
providers, 258

communication between physician and health-care 
teams, 259

communication between physician, patient’s relatives 
and his/her general practitioner, 259

comorbidities, 258
diagnosis, 257
prognostic aspects, 259
specific therapeutic options, 259
young girl, 257

Fascia, 389
Fasciotomy, 153, 424
Femoro-popliteal bypass, 324
Femoro-tibial bypass, 324
Fiber dressings, 380
Fibroblasts, 73, 77, 78
Fibronectin, 77
Filling products, 311, 312
Finger necrosis, 180
Fish derived acellular matrix, 335
Flammacerium®, 12, 391, 395, 396
Flap failure

causes of, 364
etiology, 363–364
free flap procedure, 368
intraoperative flap handling, 364–365
microsurgical technique, 364–365
non-microsurgical therapy, 368–370
pathogenesis, 363–364
postoperative management, 365
reconstructive goals, 366–370

Flaps, 356
Flesh-eating disease, see Necrotizing fasciitis
Fluorodeoxyglucose (FDG), 37, 38
Focal asymmetry, 34
Foot necrosis

clincal presentation, 129
follow-up, 133
resuscitation, 132
surgical intervention, 132
therapeutic decision, 129, 130

Forensic autopsy, 167
Fournier gangrene

diagnosis of, 275
frozen biopsy, 276
history, 273
imaging, 275
mortality rate, 273
nonspecific signs, 275
pathophysiology of, 274
physiopathogeny, 274
prevalence, 273
reconstructive process, 278
subcutaneous emphysema, 275
treatment, 276
ultrasonography, 276

Free flaps, 131–133, 295
Freeze-Thaw-Refreeze injury, 101
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Frostbite
acute frostbite management, 102–104
aetiological factors, 100
classification of, 99–100
early surgical debridement, 105
examination, 101–102
extracellular effects, 101
history, 101
intracellular effects, 100
long-term sequelae, 101
management of blisters, 104–105
pharmacological support, 103–104
physiotherapy protocols, 105
radiological investigations, 102

Fungal infections, 267
Fusarium solani, 271

G
Gadolinium contrast medium, 36
Gangrene, 209
Gastroschisis, 117
Genital herpes, 267
Genodermatosis

DNA repair, 435
epidermal-dermal adhesion, 435
HGPS, 436
MADA, 436
physiopathogeny, 435
vascular anomalies, 436–437

Giant cell arteritis
ACR classification criteria, 188
diagnosis, 187–189
glucocorticosteroids, 189
methotrexate, 189
physiopathology, 187
tocilizumab, 189
treatment, 189

Global limb Anatomic Staging System (GLASS), 323
Glucocorticoids, 181
Glucocorticosteroids, 189
Glycolic acid, 314
Granuloma, 209
Graves’ disease, 140
Group A streptococcus (GAS), 281
Gunshot wounds (GSWs), 93

characteristics of
abrasion ring, 94
bullet wipe, 94
cavity, 94
crush and laceration, 94
retained foreign materials, 95
secondary shock wave, 94
skin burn, 94
smudging, 95
tattooing, 95

etiopathogeny, 93
with hematoma, 95
management

arm or leg, 96
dressing and closure, 96
face, 96
head, 96
initial dressing, 95
irrigation and debridement, 95
wound surgery, 95

principles of
local wound care to prevent infection, 95
save life, 95

H
Haematoma, 227
Haemodialysis, 10
Haemophilus influenzae, 425
Harlequin ichthyosis, 439
Healing, 501–504
Heel pressure ulcer, 393
Hemodialysis, 231, 233
Heparin, 138
Hepatitis C virus (HCV) infection, 243
Herpes simplex type 1, 267
Herpes zoster, 267
Herpetic infections, 315
Heterotopic ossifications, 118
Hidradenitis suppurativa, 274

adjuvant therapy, 196
description, 193
diagnosis, 193, 194
pathophysiology, 194
treatment, 195

HIFU (high intensity focused ultrasound), 314
High-pressure hydrosurgery, 95
Hirudotherapy, 318
HMG-CoA reductase inhibitors, 55
Holistic limb preservation program, 343
Honey dressings, 399
Horton’s disease, see Giant cell arteritis
Hot-water technique, 162
Hutchinson–Gilford progeria syndrome (HGPS), 435
Hyaluronan (HA), 341
Hyaluronidase, 423
Hybrid revascularisation, 323, 325
Hydralazine, 139
Hydrating dressings, 377–378
HydroClean Plus, 378
Hydrocolloids, 378–379

dressings, 164
Hydrofiber, 380

dressings, 96
Hydrofiber technology, 380
Hydrogel-like devices, 378
Hydrogels, 11, 96, 377, 486, 490
Hydrojets, 11
Hydrosurgery, 423, 491
Hydro-surgery debridement, 474
Hydroxycarbamide, 135
Hydroxyurea, 135, 136
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ulcer, 452
Hygiene, 381
Hyperabsorbent dressings, 375
Hyperbaric oxygen (HBO), 277
Hyperbaric oxygen therapy (HBOT), 96, 162
Hyperglycemia, 43, 45, 339, 340, 342
Hypertrophic scarring, 84
Hypodermal fat necrosis

computed tomography (CT), 37
magnetic resonance imaging, 36
positron emission tomography (PET), 37, 38
ultrasound, 34, 35
X-ray mammography, 33

Hypoechoic halo, 34
Hypoglycemia, 417
Hypothermia, 102, 417
Hypoxemia, 417

I
Immobilization, 353, 355
Immune cells, 77
Immunomodulators, 239, 240
Incontinence associated dermatitis (IAD), 451
Indigo carmine, 53
Indocyanine green (ICG), 52
Infantile hemangiomas (IHs), 23

clinical presentation, 443
diagnosis of, 443
physiopathology, 443
treatment, 444

Infection, 263, 501, 502, 505
Infectious necrosis, 452
Inflammation, 83, 314
Inflammatory bowel disease, 215, 239, 240
Inflammatory nodules, 193
Insulin resistance, 43
Intense pain, 160, 161, 163
Intercellular adhesion molecule-1 (ICAM-1), 389
Intermittent claudication (IC), 42
International Year of the Nurse and Midwife, 485
Intralesional sodium thiosulfate, 233
Intramuscular acidosis, 16
Intraoperative flap handling, 364–365
Intravascular hemolysis, 151
Intravenous drugs, 421
Intravenous immunoglobulin (IVIG), 149, 277, 284
Ionizing radiation, 109
Irrigo-absorbent dressings, 378
Ischaemia, 7, 8
Ischaemic limbs, 3
Ischemia/Reperfusion Injury (IRI)

acute compartment syndrome, 17
definition, 15
future research, 19
pathophysiology, 15–17
prevention, 19
tissue edema, 17
tissue necrosis, 18
treatment, 18

Ischemic wounds, 493
Itching, 225

J
Janus kinases inhibitors, 237
Japanese viper, 154, 155

K
Kaposiform hemangioendotheliomas (KHE), 23, 445
Kasabach-Merritt phenomenon (KMP), 445
Klippel-Trénaunay syndrome, 24
Knowledge, 501–505

L
Laboratory Risk Indicator for Necrotizing Fasciitis 

(LRINEC) score, 284
Laceration, 94
Large haematomas, 359

anatomical lesions, 359
clinical signs, 359
complementary exams, 360
surgical management, 360–361

Larval therapy, 491
Laser, 312

angiography, 52
Laser-assisted fluorescence angiography (LAFA), 52
Laser Doppler flowmetry, 51
Laser speckle contrast imaging (LSCI), 53
Late necrotic stage, 250
Latissimus dorsi muscle, 131, 132
Law, 503
LEDs, see Light-emitting diode (LED)
Leeches

clinical indications, 318
conservation and use, 317
mode of action, 317

Leflunomide, 139
Left iliac artery recanalization, 325
Leg ulcers, 140, 388–389

ankle brachial pressure index (ABI), 64
arterial Doppler ultrasound, 64
arterial ulcers, 63
incidence, 61
metabolic origin, 61
mixed ulcers, 64
mixed ulcers associated with venous insufficiency, 62
PAD related to atherothrombosis, 61
TCPO2, 65
toe brachial index (TBI), 65
treatment, 65
vascular imaging, 65
venous Doppler ultrasound, 64

Leishmaniasis, 268
Leprosy, 266
Lesion site, 240
Leukocyte adhesion deficiency type 1 (LAD-I), 440
Leukocytoclastic vasculitis, 243, 244
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Leukopenia, 392
Levamisole, 140
Lifting effect or collagen stimulation by threads, 312
Light-emitting diode (LED), 314
Limb salvage, 129, 321, 322, 324–326, 328
Limb staging, 53
Liposuction, 423
Livedoid vasculitis (LV), 177, 235

diagnosis, 236
general management, 236
histology, 235
location, 236
pathogenesis, 235
possible associated conditions, 236
signs and symptoms, 235
therapeutic modalities, 236
treatment, 236
ulceration, 237

Livedo reticularis, 243
Live interactive systems, 122
Livid erythema, 136
Local/first-line caregivers, 508
Localization of necrosis, 251
Locoregional anaesthesia, 162
Low-molecular-weight heparins, 162
Low to medium income countries (LMIC), 42

M
Major adverse cardiovascular events (MACE), 42
Major adverse limb events (MALE), 43
Malignant wound, 394
Malingering, 255, 257
Malperfusion, 363
Manuka honey, 401
Martorell hypertensive ischemic ulcer, 177, 199, 452

clinical diagnosis, 199
differential diagnosis, 201
epidemiology, 199
etiopathogenesis, 199
evolution, 202
histopathology, 200
leg ulcers, 305
treatment, 202

Maximal walking distance (MWD), 55
Mechanical debridement, 10, 12, 473, 477, 491
Mechanobiology of human skin

biomechanics on tissue scale, 74–76
cell-scale, 77

Meconium aspiration syndrome, 417
Medial arterial calcification (MAC), 343
Medical honey dressings, 381
Medications responsible for skin necrosis and ulcers, 135

amezinium methylsulfate, 139
anagrelide, 137
coumarins, 137
diltiazem, 140
heparin, 138
hydralazine, 139
hydroxyurea, 135

leflunomide, 139
levamisole, 140
methotrexate, 138
nicorandil, 140
pentazocine, 141
propylthiouracil, 140
tyrosine kinase inhibitors, 141

Medium and deep dermal peels, 314
Menstrual TSS, 145
Mesotherapy, 314
Metabolic abnormalities, 233
Methemoglobinemia, 12, 392
Methicillin-resistant Staphylococcus aureus (MRSA), 

284, 400
Methicillin-susceptible Staphylococcus aureus (MSSA), 

284
Methotrexate, 138, 189
Microangiopathy, 45
Microarray analysis, 383
Microclimate, 454
Micro-lightguide spectrophotometry (O2C), 53
Microsurgical technique, 364–365
Microvascular free tissue, 317
Midtarsal amputation, 12
Mitochondrial permeability transitional pores (mPTPs), 

16
Mixed cryoglobulinemia, 243, 244, 267
Mixed leg ulcer, 61, 63–66
Modern dressings, 377
Moist wound healing, 478
Mönckeberg mediacalcinosis, 308
Monoclonal gammopathy, 215
Monoclonal immunoglobulin, 243
Morel-Lavallée syndrome, 463
Multiple comorbidities, 395
Munchausen syndrome, 257
Mycobacteria, 266
Mycobacterium leprae, 266
Mycobacterium ulcerans, 266
Mycophenolate mofetil, 217
Myocutaneous flaps, 117

N
Nasal continuous positive airway pressure  

(NCPAP), 430
National Pressure Ulcer Advisory Panel (NPUAP) 

classification, 7
Near infrared spectroscopy (NIRS), 53
Neck radiation-induced injury, 114
Necrobiosis lipoidica

and diabetes mellitus, 215
clinical findings and complications, 215, 216
description, 215
epidemiology, 215
pathogenesis and histology, 215
treatment, 216

Necrosis, 452
physiopathology, 3
vascular investigations, 3
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Necrotic angiodermatitis, 177, 451, see Martorell 
hypertensive ischemic ulcer

Necrotic burns
inflammation, 83
limit cell apoptosis, 82
origination of, 82
pathophysiology of, 81–83
primary necrosis, 83–84
secondary necrosis, 84
tertiary necrosis, 84

Necrotic diabetic foot, 350
Necrotic tissue, 466
Necrotic ulcerated skin tumor, 121
Necrotizing angiodermatitis, 394
Necrotizing fasciitis, 8, 9, 265, 273–275, 409

clinical course, 282
epidemiology, 281
incidence, 281
LRINEC score, 284
medical therapy, 284
physical diagnosis, 283
surgical therapy, 284
symptom, 282
treatment, 284

Necrotizing infection, 273–275, 279
soft tissue, 273

Negative pressure therapy, 203, 333, 360
Negative pressure wound therapy (NPWT), 11, 12, 356, 

375, 385, 406, 468
devices, 278

Neonatal adiponecrosis, 417, 418
Neonatal intensive care unit (NICU), 429
Neonatal pressure ulcer

risk assessment scales, 430
surgical treatment, 430
topic treatment, 430

Neonatal skin, 413
Nephrogenic dermal fibrosis (NDF), 225, 226
Neuro-osteoarthropathy, 45
Neuropathic analgesic treatments, 202
Neuropathic foot, 345
Neutrophilic dermatoses, 180
Nicorandil, 140
Non-ablative lasers, 312
Non-Hodgkin’s lymphoma, 138
Non-involuting congenital hemangioma (NICH), 23
Nonmenstrual TSS, 145
Non-specialized nurses, 475
Novice to Expert, 483, 485, 486
NPWTi system, 294
Nuclear factor kappa B (NF-κB), 43
Nuclear imaging modality, 37
Nurse practitioner (NP), 503
Nurses

in advanced practice, 483
debridement and, 477, 478

Nurses in North America
clinical decision for debridement’s use, 502
precision of debridement types, 501, 502
regulations, 503, 504

Nursing law, 503
Nutrition, 458

O
Objective Performance Goals (OPGs), 43
Obstetric trauma, 417
Occlusive dressings, 183
Occupational therapist (OT), 504
Olmsted syndrome (OS), 439, 440
Oncosis, 83
Open fracture, 293–295
Open vascular bypass procedure, 48, 54
Oral propranolol, 444
Orthopox virus, 267
Osmolarity, 421
Osteosynthetic material, 293, 294, 296
Oxygen tubing, 458

P
Pain medication, 496
Palpable purpura, 208, 243, 244
Panniculitis, 209
Paralytic ileus, 89
Paraosteoarthropathy, 118
Parasites, 268
Parkes Weber syndrome, 24
Partially involuting congenital hemangioma (PICH), 23
Pathogens, 268
Pathological SISL, 255
Pathomimicry, 257
Patient, Limb and ANatomy (PLAN), 323
Pediatric extravasation injuries, 413
Pentazocine, 141
Peripheral arterial disease (PAD), 476, 496

anatomic location, 41
atherosclerosis, 43
biological therapy, 55
diabetic foot, 45
effects of diabetes on, 45
epidemiology, 41
macrovascular assessment of tissue viability, 46–51
microvascular assessments of tissue viability, 51–53
morbidity and mortality, 42
non-operative treatment, 55
pathophysiology of, 43
revascularization procedure, 54
risk factors, 42
symptomatology, 44
treatment strategy for limb salvage, 53
wound care, 54

Peripheral arterial occlusive disease (PAOD), 305–308
Peripheral artery disease (PAD), 339
Peroneal artery recanalization, 325
Phenol, 314
Phenprocoumon coumarins, 137
Phosphodiesterase III inhibitor, 55
Physical injuries, 71
Physiotherapists, 504

Index



523

Pigment lasers, 313
Pigmentary disorders, 225
Pigmentation, 314
Plain old balloon angioplasty (POBA), 330
Plantar thermography (PT), 53
Plasma-based debriders, 405
Plasma technologies, 405
Pneumococcus, 425
Polyacrylate fiber dressing, 381
Polyarteritis nodosa, 236
Polymorphonuclear cells, 268
Polytrauma, 263
Porcine origin matrix, 335
Posterior acoustic enhancement, 34
Postoperative skin necrosis

alternatives to flap cover, 296
debridement, 293
hardware removal, 294
NPWT system, 294
soft-tissue reconstruction, 294, 296

Pressure immobilization, 153
Pressure necrosis

categories, 455
differential diagnosis, 457
etiology, 453–455
pathophysiology, 453–455
prevention, 457–458
treatment, 458–459

Pressure ulcers (PUs), 7, 8, 10, 118, 385, 432, 451, 453, 
475

Primary necrosis, 83–84
Probe-to-bone (PTB) test, 342
Proficiency, 485
Progressive autolytic debridement, 11
Progressive necrosis, 8, 10
Prolidase deficiency, 437
Prophylactic antibiotherapy, 318
Propylthiouracil, 140
Protein C deficiency, 219, 221

diagnosis, 223, 224
physiopathology, 223
treatment, 224

Protein kinase C (PKC) activation, 43
Protein S deficiency

diagnosis, 223, 224
physiopathology, 223
treatment, 224

P-selectin, 389
P-selectin glycoprotein ligand-1 (PSGL-1), 389
Pseudocysts, 34
Pseudomonas aeruginosa, 265, 391
Pseudonodules, 34–38
Psoralen plus ultraviolet A (PUVA) therapy, 216
PTFE strengthened prosthesis, 324
Public health code, 507
Pulpaire necrosis, 163
Pulse volume recorder (PVR), 47
Purpura fulminans, 219, 223

clinical presentation, 220
differential diagnosis, 220

long-term sequelae of, 220
management, 220
pathogenesis, 219
subtypes, 219

Pyoderma gangrenosum (PG), 177, 180, 185, 194, 201, 
305, 452, 489

causes of ulcers mimicking, 239, 240
clinical manifestation, 239
etiopathogeny, 239
incidence, 239
treatment, 240, 241

R
Radiation therapy, 109, 111
Radiation ulcers, 110

debridement, 110
management of, 110, 111
stem cell therapy, 111
surgical treatment, 110
wound closure methods, 110, 111

Radical ablation, 154
Radiofrequency, 313
Radio-isotope methods, 51
Radionecrosis, 394
Rapidly involuting congenital hemangioma  

(RICH), 23
Rapid tissue necrosis, 419
Raynaud’s phenomenon, 209
Reepithelialization, 83
Refractory radiation ulcers, 110
Registered/licensed practical nurse (RPN/LPN), 503
Registered nurse (RN), 477, 495, 496, 503
Regulations, 495, 499, 503–504
Removal of necrotic tissue, 483
Renal insufficiency

causes, 227
co morbidity, 226
differential diagnosis in necrotic lesion, 228
exacerbation, 227
KDOQI classification, 226
treatment, 228

Renecrosis, 3
Residual tension stresses, 73
Resuscitation, 130, 132
Retained foreign materials, 95
Retiform purpura, 208
Revascularization, 61, 65, 66
Rheological therapy concepts, 142
Rhesus incompatibility, 417
Rheumatoid arthritis, 139, 141, 179

prevention of recurrence, 186
several adjuvant devices, 183
surgical wound closure, 184
systemic treatment approach, 182
topical wound treatment, 183
ulcer development, 179

arterial insufficiency, 181
corticosteroid therapy, 181
neutrophilic dermatoses, 180
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vasculitis, 179
venous stasis, 180

Right leg ulcer, 240
Ring curette technique, 498
Rituximab, 212, 245

S
Saline lavage techniques, 423
Scalpel technique, 498
Scars, 315
Scissor technique, 498
Sclerema neonatorum (SN), 417
Scleroderma, 182, 394
Scuba diver, 160, 161
Secondary bacterial infection, 240
Secondary necrosis, 84
Secondary shock wave, 94
Selective stenting, 330
Self-inflicted skin lesions (SISLs), 255, 257
Self-ischaemia, 359
Septicaemia, 359
Serum sickness-type reactions, 153
Severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2), 267
Severe arteriopathy, 452
Severe necrotizing soft tissue infections (SNSTIs)

care, 426
PROC/PROS1 genes, 426

Severe perinatal hypoxia, 416
Severe tissue damage, 282, 283
Sharp debridement, 473, 477

complications, 496
for nurses in Europe, 495
procedure of, 496

Shear, 454
Silver sulfadiazine, 12
Simple haematoma, 463
Simulation, 257
Single antiplatelet, 55
Sinus tracts, 193–195
Sjögren’s syndrome, 182
Skin

blood flow, 51
burn, 94
damage, 74
exposure, 455
functions, 73
grafts, 202
layers, 73
mechanobiology (see Mechanobiology of the human 

skin)
Skin blood flow, 51
Skin burn, 94
Skin exposure, 455
Skin grafts, 202
Skin infection, 265

bacteria, 265, 266
COVID-19 pandemic, 267

mycobacteria, 266
parasites, 268
pathological mechanisms, 268
viruses, 267
yeast, 267

Skin necrosis, 117, 123, 359
acellular dermal matrix, 334
arteriolar-capillary occlusion, 415
bilayered three dimensional porous matrix, 334
causes, 127
course and outcome, 418
dermal regeneration template, 334
diagnosis of, 121, 417–418
dimensional porous matrix, 334
general anaesthesia, 375
immaturity of immune system, 416
laboratory examinations, 417
non-invasive adsorbing dressings, 375
origin, 177
porcine origin matrix, 335
post traumatic, 335, 336
and telemedicine, 122

Skin substitute, 296
Skin tears, 451
Smudging, 95
Snakebites

allergic reactions to antivenom, 153
antivenom treatment, 153
case reports, 154, 155
debridement of fang marks, 154
first aid, 153
severity of, 152
surgical treatment, 153
systemic and local complications, 151

Society for Vascular Surgery (SVS), 42
Sodium thiosulfate, 228
Soft-tissue reconstruction, 294
SO2 probes, 52
Split-skin grafting, 383
Split-thickness skin grafts, 278
Staphylococcal enterotoxins, 148
Staphylococcal TSS, 145–146
Staphylococcus aureus, 315, 391, 425
Statin therapy, 55
Steroids, 162
Stonefish

habitat, 160
identification, 159
stings by, 160

antibiotic therapy, 162
circumstances, 160
clinical cases, 163, 164
clinical evidence, 160
diagnosis, 161
medical complications, 161
severity of wound, 161
steroids, 162
treatment, 162
wound location, 160
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thorns and glands with venom, 160
Store and forward technology, 122
Streptococcal TSS, 146
Subcutaneous emphysema, 275
Subdermal necrosis, 7, 8
Subepidermal tissue degradation, 8
Subepidermal vesicles, 169
Succion effect, 318
Sufficient blood flow, 503
Sufficient Treatment of Peripheral Intervention by 

Cilostazol (STOP-IC) study, 55
Superantigens, 148
Superficial temporal arteries, 187
Surgeons, 289
Surgical debridement, 9–11, 273, 275–277, 279, 289

acute and chronic wounds, 383
burns, 383
extensive scald burn, 384
high-energy trauma wound, 385
leg ulcer, 388–389
mesh skin grafting, 384
pressure ulcers, 385
surgical equipment, 389
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