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Preface

Surgical care has been part of human history as conflicts, battles, injuries and trauma
have been associated with its evolution. Ulcers or wounds are the most ancient sur-
gical components, which is evident in their manifestation, but chronic wounds have
been the tendo-achilles due to complexity and undefined multi-aetiological associa-
tion with some of the rare causes missing in the workup, sometimes leading to high
morbidity and longer healing time. Nearly 6 years ago, we published the book
Ulcers of the Lower Extremity (2016) by Springer (Eds. AK Khanna & SK Tiwary),
which was a milestone in the scientific literature on wound management. After
decades of clinical practice in surgical patient care in a tropical country where a
large number of patients present with wounds, there was a need for a book on
uncommon ulcers, considering the abundance of academic resources in our surgical
journey thus far covered. Considering the focussed and targeted approach for dis-
eases in the twenty-first century, this idea of a book about uncommon ulcers is the
next part of our previous publication and it was in mind, vision, observations, and
discussions leading to final shape after years of work by us.

The last century witnessed radical changes in approach, understanding and out-
comes in many fields, including surgical science . Following wound care protocols
after understanding the aetiology and implementing targeted therapies to enhance
healing and minimise morbidity are essential and recent developments. Various
components and diversified aspects of diseases have seen new fields of develop-
ments, with molecular, genetic, immunological, inflammatory, degenerative and
neoplastic aspects becoming more defined than ever before and uncommon ulcers
have also seen more lucid information. Less prevalent conditions of uncommon
ulcers may be missed during aetiological assessment, leading to improper treatment
sometimes. Patients with uncommon ulcers are frequently referred from one depart-
ment to another such as plastic surgery, general surgery, vascular surgery, rheuma-
tology, haematology, oncology, orthopaedics, neurology, physical medicine and
rehabilitation, considering the complex clinical condition and inadequate assess-
ment of the condition within a single speciality. The book on uncommon ulcers will
serve as a bridge to fill the gaps in information, which will facilitate a better under-
standing of the disease and management subsequently.

This book has been compiled with contents that aim to address the queries
regarding Uncommon Ulcers of the Extremities. It fills the gap in scientific knowl-
edge and serves as a valuable source of information for General Surgeons, Plastic
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Surgeons, Vascular surgeons, Oncologists, Orthopaedicians, Family Physicians,
trainees and fellows across different disciplines when they encounter cases of
Uncommon Ulcers. Our earnest desire is that this book becomes a valuable source
for understanding and managing the complex clinical condition of Uncommon
Ulcers of the Extremities to students, trainees, fellows, nurses and clinicians who
may face challenges in wound management at times.

We acknowledge the help of Dr. Naren Agarwal, Ms. Jagjit Kaur Saini, Ms.
Vijaya Shuruthi Chandran and Mr. Ejaz Ahmad from Springer Nature to bring out
the book in the present form with their assistance and valuable inputs. We are
indebted to our family members Anuradha, Divya and Soumya, Rishi, and Hema,
Apoorva and Advaita for providing us all moral support and encouragement.

We dedicate this book to all the patients with chronic wounds managed during
our entire career, as they have been our resource and inspiration in managing this
complex clinical condition.

We conclude our words with the commitment that Uncommon Ulcers of the
Extremities is a part of our endeavour to search the truth about uncommon wounds.
The pursuit of truth has always been an integral part of the journey of human civili-
zation, serving as the cornerstone of science, medicine and religion, which has been
said almost 3500 years back by Aadikavi Valmiki, First Great Poet of Ancient
Language Sanskrit in his Epic “Valmiki Ramayana”.

TR UG 111 T

Uy | | (@Tedifd TH™2.109.13 1)

(Truth is God. The goddess of wealth always takes refuge in truth. Truth is the

root of everything. It is supreme and there is nothing above it)

Varanasi, Uttar Pradesh, India Ajay K. Khanna
Varanasi, Uttar Pradesh, India Satyendra Kumar Tiwary
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Approach to a Case of Ulcer of Extremity

Ajay K. Khanna and Soumya Khanna

An ulcer is a break in the skin or mucus membrane caused by the microscopic death
of tissues. Ulcers can occur in any portion of the body, at any age, and in either
gender. Ulcers can be either acute or persistent. Acute ulcers normally heal quickly,
but chronic ulceration occurs when the ulcer lasts longer than 6 weeks and shows no
signs of healing after three or more months. Ulcers are lesions that have a “full
thickness depth”, and chronic ulcers heal slowly. Skin ulceration may be extremely
painful and even fatal in severe cases. Chronic ulcers are frequently difficult to heal
and may be related with a variety of psychological issues. It has a negative impact
on one’s quality of life since it is connected with discomfort, swelling, and dis-
charge that can be foul-smelling or bleeding. They may be linked with local infec-
tion, systemic infection, bacteraemia, or even septicaemia, and need powerful
antibiotics, repeated debridement, and even amputation to preserve the patient’s life
since it may cause death. Wound care and therapy are extremely difficult for the
patient, society, and the treating team, and can be quite costly. The patient may
experience psychological stress, helplessness, and sadness. Because the patient’s
movement is limited, social contacts and the difficulties in carrying out day-to-day
activities exacerbate the disease.

There are several reasons of persistent ulceration in the extremities, particularly
the lower extremities. Traumatic, venous, arterial, neurogenic, tropical, diabetic,
blood dyscrasia, and other non-specific ulcerations exist, as do particular ulcers
such as TB, syphilis, actinomycosis, and others, as well as malignant ulcers such as
squamous cell carcinoma, basal cell carcinoma, and melanoma. Most cutaneous
ulcers of the lower extremities are caused by venous insufficiency, arterial insuffi-
ciency, or neuropathy (particularly of diabetic origin), and they are often easy to

A. K. Khanna (<) - S. Khanna
Department of Surgery, Institute of Medical Sciences, Banaras Hindu University,
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detect. Ulcers linked with or caused by systemic inflammatory diseases, on the other
hand, are frequently a major diagnostic and therapeutic problem.

1.1 Prevalence

Ulceration is becoming more common as the population grows, as are risk factors
like as atherosclerosis, smoking, obesity, and diabetes. Chronic ulceration of the
lower limbs is a somewhat common ailment in adults, and ulcers are often character-
ised by discomfort, friable granulation tissue, bad odour, and wound degradation
despite healing. As a result, there is psychological suffering, social distress, and sig-
nificant financial commitment. Because leg ulcers are caused by a variety of reasons,
a multidisciplinary approach is necessary to determine the aetiology, a definite diag-
nosis, and the best therapy. An accurate diagnosis is required to avoid incorrect ther-
apy, which may induce wound worsening or injury to the patient. Chronic leg ulcer
(CLU) is said to affect nearly every part of everyday life: pain is common, sleep is
frequently disrupted, mobility and work ability are limited, and it is a costly business.
It eventually restricts social activities owing to fear of damage and a bad body image.
Chronic leg ulcers (CLU) is typically linked with severe morbidity, high healthcare
costs, lost productivity, and decreased quality of life [1]. CLUs afflict 0.6-3% of
people over the age of 60, rising to more than 5% of those over the age of 80. CLU
is a prevalent cause of morbidity, with a population frequency ranging from 1.9% to
13.1% [2]. While there have been few research on the epidemiology of chronic
wounds in India, one study estimated the incidence to be 4.5 per 1000 people. The
rate of acute wounds was more than doubled, reaching 10.5 per 1000 people [3].

1.2 Relevant Points of Interest

A thorough history is required to establish a conclusive diagnosis of the condition.
The crucial details are where the disease began, how far the lesion progressed, if it
was associated with pain or fever, any therapy used, and the outcome. Any systemic
condition, such as hypertension or diabetes, must be investigated. A medical history
of connective tissue illnesses, heart disease, renal disease, inflammatory bowel dis-
ease, hepatitis, coagulopathies, past pregnancy, and cancer may point to a specific
diagnosis. It is critical to have a smoking and drinking history.

Physical examination: The patient should be evaluated as a whole, not only the
hole (ulcer). It is critical to pay close attention to the surrounding skin as well as
other regions of the integument such as the oral mucosa and nails. Cutaneous signs
such as livedo reticularis (a netlike violaceous staining encircling a paler core
region), palpable purpura, petechiae, nail splinter haemorrhages, and/or mouth
ulcers support an inflammatory origin of the ulceration. Lipodermatosclerosis,
which often manifests as redness, induration, and darkening of the lower extremity
skin, aids in the diagnosis of venous insufficiency. Pulse, blood pressure, and neu-
rological tests are required to rule out arterial insufficiency, venous illness, and/or
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neuropathy as reasons of the ulceration. The ulcer’s edge and floor are crucial indi-
cators of the ulcer’s healing potential. Necrosis and the presence of an eschar, for
example, indicate a thrombotic disease. Violaceous margins signify pyoderma gan-
grenosum; a reddish yellow plaque encircling the ulcer indicates necrobiosis
lipoidica diabeticorum (NLD), which is commonly linked with diabetes. Swelling,
infection, irritating contact dermatitis from wound drainage or dressings, and aller-
gic contact dermatitis from topical treatments and dressings are all common compli-
cations of ulcers. A foul-smelling ulcer with purulent discharge is most likely
secondary infected or highly colonised and will benefit from systemic/topical anti-
biotics or topical antiseptic therapy. Necrosis and eschar development in a patient
with normal pulses might benefit from surgical debridement, especially in diabetics.
Leg oedema should be treated with compression when blood flow is not jeopardised.
In addition to ulcer size, using a score system may be a helpful objective approach
to track progress. As always, the wound bed must be adjusted in accordance with
known wound bed preparation principles in order to promote healing and make
available therapies more effective. Pain management is essential for ensuring treat-
ment adherence; referral to a pain management provider may be required at times.

It is equally necessary to provide wound care with the aim of maximising wound
healing by reducing oedema, managing the bacterial load, and minimising irritating
or allergic contact dermatitis. Treatment of the underlying condition will frequently
improve the ulceration. Because these disorders are rare, no particular recommen-
dations have been produced. Treatment should be carefully considered, with an
emphasis on reducing potential problems. To handle these patients, a multidisci-
plinary approach is required, and consults with diverse specialists should be the
norm. If the ulcers do not respond to therapy, the diagnosis and management should
be reconsidered [4]. The time principle (T: Tissue Debridement, I: Inflammation/
Infection, M: Moisture Balance, E: Edge) is critical for wound healing in order to
prepare the wound bed for future grafting or flap repair.

1.3 Common Ulcerations Causes (Table 1.1)

Chronic venous insufficiency (70%): Stasis ulcers in the Gaiters region surrounding
the medial or lateral malleolus are common in primary or secondary varicose veins.
These ulcers are typically superficial, never penetrate deep fascia, and are often
painless unless infected. Brown haemosiderin staining of the lower thigh is rather
prevalent. It is also possible to have prominent veins, venous eczema, oedema, and
lipodermatosclerosis. Ulcers will not heal unless sufficient care is taken, particu-
larly four-layer bandaging and attention to the refluxing section [5].

Chronic vascular insufficiency (10%): Arterial ulcers can occur on the foot, heel,
or toe. It can arise in adults with Buerger’s disease or in the elderly with atheroscle-
rosis. These ulcers are quite painful, especially when they are raised. Punctured
ulcer and penetrated deep fascia skin that is cold, white, glossy and hairless, indicat-
ing persistent Ischaemia. 0.9 is the ankle-brachial pressure index is usually less than
0.9. Pulses are weak or non-existent.
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Table 1.1 Causes of extremity ulcers

Vascular Venous, arterial, lymphatic, vasculitis

Metabolic Diabetes mellitus, gout, necrobiosis lipoidica, porphyria, Hemocystinuria,
Prolidase deficiency, hyperoxaluria, ulcerative colitis, avitaminosis,
calcinosis

Infection Pyogenic, osteomyelitis, tuberculosis, syphilis, tropical diseases fungal
diseases, leishmaniasis, histoplasmosis, herpes, lupus vulgaris,
amoebiasis, chromoblastomycosis, coccidiomycosis, viral, Corona

Traumatic Pressure ulcers, radiation damage, thermal burns, decubitus ulcers,
iatrogenic

Neoplastic Basal cell carcinoma, squamous cell carcinoma, melanoma, lymphoma,
Marjolin’s ulcer, Kaposi sarcoma, sarcoma, Bowen disease

Hypertensive Martorell

Connective tissue | Inflammatory bowel disorders, pyoderma gangrenosum, rheumatoid

disorders arthritis, scleroderma, systemic lupus erythematous, pemphigoid,
dermatomyositis, Sjogren’s syndrome, polyarteritis nodosa

Haematological Sickle cell anaemia, Leukaemia, thrombocytosis, thalassemia,
spherocytosis, G-6 PD deficiency, thrombocytopenia, granulocytopenia,
Polycythaemia

Neuropathic Diabetes, spinal abnormalities, leprosy, nerve damage

Other causes Drugs, cryofibrinogenaemia, antiphospholipid syndrome, coagulopathies,
calciphylaxis, cholesterol embolisation, necrobiosis Lipoidica, erythema
nodosum

Neuropathic ulceration (neurogenic/trophic ulcer): A neuropathic ulcer develops
on the anaesthetised skin. Diabetes, spinal abnormalities, leprosy, nerve damage,
and other conditions can all produce neuropathy. Ulcers form on pressure sites such
as the heel, first and fifth metatarsals, and the gluteal area. Unnoticed damage might
result in a painless ulceration. Because they penetrate deep into the bones, they are
also known as Perforating Ulcers.

Tropical ulcer: It occurs in tropical nations and is caused by malnutrition, a lack
of immunity, humid environments, trauma, or insect bite. Bacteroides induce the
infection, which begins as a pustule and progresses to ulceration, which spreads
swiftly and kills surrounding tissue (Phagedenic Ulcer).

Diabetic foot ulcers are generally caused by a combination of factors. They
might be caused by neuropathy, bacterial infection, or atherosclerosis-related isch-
aemia. Diabetes risk factors include males above the age of 50, diabetes for more
than 10 years, uncontrolled diabetes, peripheral neuropathy, aberrant foot architec-
ture, peripheral vascular disorders, smoking, hypertension, and dyslipidaemia.

Ulcers caused by pressure: Pressure ulcers, often known as bed sores, are pro-
duced by unrelieved pressure. Occur on bony prominences, sacrum, and heel, espe-
cially in paralysed, debilitated, or bedridden individuals. Frequently infected,
resulting in septicaemia and osteomyelitis.

Hypertensive ulceration, commonly known as Martorell ulcer, is caused by
uncontrolled hypertension. Typically appear on the back of the lower thigh. More
prevalent in females between the ages of 50 and 60. They are excruciatingly painful.
A biopsy reveals thicker arteriolar walls.
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Skin cancer manifests as a slow-growing plaque or nodule. The majority of skin
cancers occur in sun-exposed areas. Skin malignancies that appear as ulceration in
the extremities include basal cell carcinoma, squamous cell carcinoma, and melano-
mas. In HIV patients, sarcomatous lesions may show as ulceration as Kaposi sarco-
mas. Biopsy is used for diagnosis.

Inflammatory causes: Leg ulcers can be caused by inflammatory process.
Inflammatory causes of leg ulcers can be difficult to identify and treat. If an inflam-
matory cause of leg ulceration is suspected, diagnostic tests may include a deep skin
biopsy of the ulcer edge for histology, fungal/mycobacterial culture, direct immuno-
fluorescence, CBC, CRP/ESR, c/p-ANCA, metabolic panel, protein electrophoresis
and immunoglobulins, coagulation studies, antiphospholipid antibody, cryoglobu-
lins, cryofibrinogen, ANA, complement, and hepatitis B/C serology.

Pyoderma gangrenosum: Pyoderma gangrenosum is an autoinflammatory condi-
tion that has been linked to IBD, rheumatoid arthritis, myeloid dysplasia, and gam-
mopathy. A wide and deep ulcer expansion is typical. Ulcers are extremely painful,
with a weakened necrotic edge, pustules, and a necrotic foundation. A non-specific
or neutrophilic infiltration is seen on biopsy.

Small vessel vasculitis manifests as palpable purpura with haemorrhage, isch-
aemia, and infarction. Ulcers can form in vascular lesions. Ulcers are more common
on the lower legs and ankles. A biopsy may reveal leukocytoclastic vasculitis.

Medium vessel vasculitis (e.g. polyarthritis, granulomatosis with polyangiitis)
causes livedo reticularis, arterial nodules, and gangrene. Lower leg ulcers are often
painful, punched-out, and irregular. A biopsy reveals vasculitis in medium-sized
vessels.

Rheumatoid ulceration is caused by a combination of factors, including venous
and arterial disease, diabetes, vasculitis, and unknown cause. They are excruciat-
ingly painful. It usually results in an ulcer near the ankle. Other vasculitis symptoms
include minor nail fold infarcts, digital ischaemia, scleritis, mononeuritis multiplex,
pericarditis, pleuritis, fever, and weight loss. A biopsy taken from the ulcer’s margin
may reveal medium vessel vasculitis.

Necrobiosis lipoidica: In 50% of instances, necrobiosis lipoidica is related with
type 1 diabetes. Plaques are yellow-red, atrophic, and telangiectatic. Plaques are
most commonly encountered on the shins. Ulceration is extremely difficult to cure.
Atrophic epidermis and dermal necrobiotic collagen are seen in the biopsy.

Systemic sclerosis. Fibrin-occlusive vasculopathy is caused by systemic sclero-
sis. Antiphospholipid antibodies are related with 50% of the cases. This frequently
leads in bilateral, painful lower leg ulcers. Raynaud’s phenomenon causes painful
ischemic digital ulcerations.

Livedoid vasculopathy: Coagulation problems are related with livedoid vasculopa-
thy. Ankles develop little painful superficial sores. Atrophie blanche may be present.

Skin necrosis caused by warfarin: Warfarin-induced skin necrosis occurs
3-10 days after starting warfarin medication. Ecchymosis develops suddenly and
leads to a necrotic ulcer. A biopsy reveals intravascular thrombi but no vasculitis.



6 A.K.Khanna and S. Khanna

Heparin-induced necrosis: Heparin-induced necrosis occurs 4—12 days after the
start of heparin treatment. Most, but not all, patients may experience heparin-
induced thrombocytopenia. Platelet aggregates are seen intravascularly in biopsies.

Other types of coagulopathy: Ulceration can also be caused by antiphospholipid
syndrome, protein S and protein C deficiency, and other factors. A necrotic ulcer
develops from acute thrombosis. A biopsy reveals intravascular thrombi but no
vasculitis.

Cholesterol emboli: Cholesterol emboli are frequently the result of an endovas-
cular surgical operation or the start of anticoagulant medication (days to months
later). Purpura, cyanosis, blue toes, digital gangrene, and painful subcutaneous
lumps are among symptoms of Livedo reticularis. Fever, weight loss, myalgia,
anaemia, and renal failure are examples of systemic symptoms. On histopathology,
a biopsy reveals a biconvex needle-like gap in arteries.

Septic emboli are caused by endocarditis or septicaemia. It might be caused by a
variety of species. Purpuric patches, pustules, haemorrhagic bullae, and splinter
haemorrhages in the nails are all possible. Ulcers are often tiny and irregular, and
they are most commonly found on the foot. A biopsy reveals minor blood vessel
blockage and vasculitis.

Calciphylaxis is linked to chronic renal failure, secondary hyperparathyroidism,
obesity, liver disease, systemic corticosteroids, diabetes, and coagulation abnormal-
ities. It can be seen on the lower limbs, breasts, belly, and buttocks. Ulcers are deep,
painful ulcerations that are preceded by tender, retiform purpura. A biopsy reveals
vascular wall calcification, thrombosis, and infarction.

Cryofibrinogenaemia: Cryofibrinogenaemia has been linked to cancer, diabetes,
connective tissue disease, and infection, although it is more commonly idiopathic.
They might manifest itself as Livedo reticularis, purpura, ecchymosis, malaise, and
fever. Typically, the condition manifests as a rapid onset of severe ischemic ulcer-
ation. Plasma cryofibrinogen levels are high. A biopsy revealed small and medium
vessel vasculitis.

Cryoglobulinaemia is linked to connective tissue disorders, haematological
malignancies, and hepatitis. Arthralgia and weakness are examples of systemic
symptoms. Cold exposure or extended standing causes purpura. Cryoglobulins have
been found in serum. A biopsy revealed small and medium vessel vasculitis.

Cocaine vasculopathy caused by levamisole: Occlusive vasculopathy can arise
from cocaine laced with levamisole. It is similar to small vessel vasculitis.

It has been observed that ulcers caused by venous insufficiency account for 70%
of leg ulcer presentations, arterial disease 10%, and ulcers of mixed origin 15%. The
remaining 5% of leg ulcers are caused by less prevalent pathophysiological reasons,
and this category of Unusual ulcers requires a lot of diagnostic and treatment
Challenges [6, 7].
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1.4  Step-Wise Approach

The first step in diagnosing a leg ulcer is to get a thorough history and evaluation of
the patient. This should include general health status, social and occupational cir-
cumstances, past and current medical history of relevant diseases (such as deep vein
thrombosis, diabetes, autoimmune disorders, inflammatory bowel disease, and con-
nective tissue disease), skin condition, current vascular status, limb size and shape,
and the history and status of the ulcer to be seen. Lower extremity discomfort, par-
aesthesia, anaesthesia, and claudication should all be discussed with the patient. It is
critical to assess the length of the ulceration and if it is a new or recurring occurrence.
Unless there is a neuropathic component, pain is a substantial issue for people with
leg ulcers. As a result, the absence of pain implies a neuropathic origin. Patients
should be questioned about their mobility as well. The clinical history of the ulcer
may indicate its cause. Diabetes, hypertension, hyperlipidaemia, coronary artery dis-
ease, alcohol and cigarette use, thyroid, pulmonary, renal, neurologic, and rheumatic
illnesses, peripheral vascular disease, deep vein thrombosis, and cutaneous variables
such as cellulitis, trauma, and recent surgery are all things to rule out [8].

Pulse palpation and a search for symptoms of venous hypertension, such as vari-
cose veins, haemosiderin pigmentation, varicose eczema, atrophie blanche, and
lipodermatosclerosis, should be included for the leg examination. To rule out
peripheral neuropathy, the range of hip, knee, and ankle mobility should be mea-
sured and sensation evaluated. The ulcer location, size, look, wound base, exudates
level, and surrounding skin should all be examined. Pain, oedema, erythema,
warmth, induration, discoloration, maceration, dryness, scarring from prior wounds,
hair pattern, gangrenous digits, clubbing, cyanosis, capillary refill, and varicose
veins should all be looked for in the surrounding area. It is critical to remember that
venous and arterial illness can coexist in the same patient [9]. The Leg Ulcer
Measurement Method (LUMT) is a validated tool for quantifying leg ulcer evalua-
tion and tracking changes in wound condition over time [10]. Doppler tests detect
arterial insufficiency; arterial duplex ultrasonography provides reliable anatomic
and haemodynamic information on the location and extent of vascular disease (non-
invasively). When required, magnetic resonance angiography, computer tomo-
graphic angiography, or digital subtraction angiography can provide more
comprehensive anatomic information for treatment planning.

In patients with ulcers, blood tests such as a complete blood count, erythrocyte
sedimentation rate, blood sugar, lipid profile, renal function tests, and liver function
tests are required. To rule out osteomyelitis and malignancy, plain radiography of
the foot, as well as CT and MRI, should be performed. Urine analysis for protein-
uria, haematuria, and cylindruria, routine and immunohistopathology of skin biop-
sies, antinuclear antibodies, rheumatoid factor, complement C4, circulating immune
complexes, paraproteins, immunoglobulin fractions, antineutrophil cytoplasmic
antibodies, serological tests, and cultures for underlying infections are all laboratory
screening tests for vasculitis. Activated partial thromboplastin time, prothrombin
time, thrombin time, factor V (Leiden) mutation (506R fi 506Q), factor II (pro-
thrombin) mutation (20210G fi 20210A), antithrombin III, protein C and protein S,
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and lupus anticoagulant anticardiolipin are all laboratory screening tests for clotting
disorders [11].

When a wound infection is suspected, a quantitative bacterial culture should be
done. This is accomplished by curetting or biopsying the ulcer bed. The quantitative
biopsy is the current gold standard for determining the amount and quality of micro-
bial pathogens in a wound. The presence of more than 10 X 5 organisms per gramme
of tissue in quantitative biopsies is regarded serious, and systemic antibiotic treatment
should be explored. If osteomyelitis is suspected, representative cultures from the
bone or deepest tissue layers must be acquired [12]. Because these ulcers are prone to
malignant transformation, a biopsy is required to make a proper diagnosis and rule out
malignancy. This necessitates removing a deep wedge of tissue from the ulcer’s mar-
gin and is typically performed under local anaesthetic for final diagnosis [13].

1.5 Conclusion

Few common ulcers, such as venous ulcers, arterial ulcers, and neuropathic ulcers,
are straightforward to diagnose; however, to detect atypical ulcers, a battery of tests
is necessary, and the diagnosis may remain ambiguous. Treatment of uncommon
ulcers is extremely tough, and a variety of therapies are necessary to heal the ulcers.
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Hypertensive/Martorell Ulcer 2

Disha Arora and Abhishek Pandey

2.1 Introduction

Chronic wounds pose a major healthcare problem. Due to various differential diag-
nosis of leg ulcers, there is a diagnostic challenge. Vascular aetiologies compromise
the majority of leg ulcers, out of which venous ulcers arev the common aetiology.
The major clues to the diagnosis are the clinical presentation, underlying aetiology
and pathological hallmarks of the ulcer. Despite adequate treatment, if the ulcer
does not heal in 4-12 weeks, it warrants a search for the rare cause of ulcer apart
from vascular insufficiency due to atherosclerosis and venous stasis. Hypertensive
ulcers are a potentially undiagnosed cause of leg ulcers.

Fernandes Martorell first described Martorell hypertensive ischaemic leg ulcer
(HYTILU) in 1945 in Barcelona, Spain, in four hypertensive obese females. One
year later, Hines et al. reported the association of these ulcers with hypertrophic
occlusive subcutaneous arterioles and called them “hypertensive ischaemic ulcer”.
They are characterised by localised subcutaneous atherosclerosis. There is a female
preponderance. The extreme pain in these hypertensive ulcers is characteristic,
which needs to be differentiated from other painful lower extremity ulcers like
sickle cell ulcer, vasculitis ulcer, insect bite, pyoderma gangrenosum, acroembo-
lism, and large vessel occlusive ulcer. The ulcers are so rapidly progressive, and
pain is so severe that it can be the sole reason for the patient seeking medical
attention.
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2.2 Pathogenesis

Duncan and Faris in 1985 demonstrated that the patient with Martorell ulcers has
small and medium vessel changes with normal ankle-brachial index. There is
increased local vascular resistance, which causes vasoconstriction. The differentiat-
ing feature of these ulcers from arterial ulcers is that pain is not aggravated by
exercise or limb elevation, exacerbating an arterial ulcer. Also, an arterial ulcer is
deep punched out ulcers seen on the anterior shin, dorsum of the foot or any bony
prominence.

Bell and Clausen first described diffuse arteriolar changes in hypertension in
1928 on 420 autopsies of patients with primary hypertension characterised primar-
ily in skin arterioles but also occur in the brain, kidney and other organs.

The average wall to lumen ratio of arteriole is 1:2.14 in people with normal blood
pressure, while it is reduced significantly to 1:1.57 in patients with essential hyper-
tension in a study conducted by Farber and Hines. This occurs due to the thickening
of the elastic lamina and hyperplasia of the media. This process is called hyalinosis,
which leads to increased luminal stenosis. A study was conducted by Duncan and
Farries, in which twelve normotensive individuals were compared with eight
patients with peripheral vascular disease and six patients with hypertensive leg
ulcers. They found that hypertensive ulcer and peripheral vascular disease patients
had low skin perfusion compared to normal individuals. There is a local increase in
peripheral resistance in Martorell ulcers while reducing blood inflow in peripheral
vascular disease. This leads to inadequate vasodilatory response to arterial narrow-
ing, leading to decreased tissue perfusion and ischaemic ulcers.

Vascular insufficiency ulcer may accompany less severe ischaemia coupled with
an additional insult like trauma or macrovascular occlusion. Similar changes in the
vessel wall are seen in calcific uremic arteriopathy, where medial calcification leads
to obliteration of small arterioles. According to the Angiosome model, a branch of
an artery supplying an area of skin is called Angiosome. So, even if foot pulse may
be palpable, there is a possibility that non-healing ulcers may have different
Angiosome; thus, revascularisation may lead to early healing of an ulcer. There can
be triggering factors like trauma, although 50% of cases occur spontaneously.

2.3 Clinical Presentation

The typical location is lower one-third of the leg on a lateral dorsal aspect,
often involving the Tendo Achilles in 90% of cases. Medial and anterior loca-
tions have also been described. It can present as single or multiple small black
eschars-like symmetrical lesions with purplish edges and a necrotic base. It
initially began as a painful blister that changes its colour from red to blue and
black, then finally ulcerates. There can be preceding history of trauma also.
Livedo reticularis, pigmentation, and shin spots often precede the development
of ulceration.

Satellite lesions with irregular edges often develop in the areas of livedo reticu-
laris, suggesting additional cutaneous necrosis.
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Due to local ischaemia and infarction, there is intractable pain often disturbing
the sleep of the patient. Pain is disproportionate to the size of the ulcer; this is a
pathognomonic feature of these ulcers. This differentiates it from venous ulcers,
which are often painless.

Peripheral pulses are often palpable.

2.4 Differential Diagnosis

The most common mimickers of painful Martorell leg ulcers are pyoderma gan-
grenosum, calciphylaxis, sickle cell, vasculitis and vasculopathies, which needs to
be differentiated.

1. Pyoderma gangrenosum (PG) typically starts as a papule or pustule, enlarging
rapidly and finally ulcerating. Margins have a characteristic violaceous border
and rolled margin with a cribriform base and an undermining edge. They are
often associated with inflammatory bowel disease, rheumatoid arthritis, malig-
nancies like AML and CML, etc.; it is a diagnosis of exclusion. Skin biopsy is
usually done to rule out other causes like infections and vasculitis. Differentiating
it from Martrell ulcer is very important as both present as painful ulcers, but
treatment modalities of both conditions are diametrically opposite. Debridement
is the key management in Martrell ulcer, which is contraindicated in PG due to
pathergy phenomenon where surgical management often worsens the ulcer.
Similarly, misdiagnosing a Martorell ulcer as PG leads to mandatory use of
immunosuppressants which exposes the patient to the risk of sepsis.

2. Vasculitis ulcers are often distal and bilaterally symmetrical. They can present
as multiple, palpable purpuric lesions or as urticarial necrotic ulceration. They
are seen in the background of hepatitis C, connective tissue disorders and drugs.

3. Calciphylaxis is usually seen in chronic renal insufficiency patients where distal
skin necrosis is predominant, although non-uremic calciphylaxis in morbidly
obese individuals where proximal skin necrosis is often seen. This is due to
eutrophication, where calcification is caused in body water enriched with nutri-
ents or inorganic substances. Martorell HYTILU and non-uremic calciphylaxis
both are seen in association with coexisting hypertension and diabetes. Both are
characterised by a common hallmark feature, i.e. ischaemic subcutaneous
atherosclerosis.

2,5 Diagnosis

Diagnosis of HYTILU is based on the background history of hypertension, clinical
presentation and confirmed by elliptical-shaped biopsy specimen of size
5 cm x 0.5 cm down to the fascia, including healthy skin at the border of the wound
and extending up to the necrotic area. Longitudinal orientation is kept for histologi-
cal examination. Often the punch biopsies are taken from the base of the ulcer,
which is superficial and misses the subcutaneous occlusive atherosclerosis, which
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is the typical finding for HYTILU. This finding was confirmed in a series of
Martorell ulcers where 50% of such ulcers were erroneously misdiagnosed as pyo-
derma gangrenosum (due to sheets of neutrophilic granulocytes in the necrotic der-
mis) and 20% as necrotising vasculitis.

Fifty per cent develop the peripheral arterial disease simultaneously; therefore,
vascular assessment should be done at the start of management as revascularisation
procedures may be required in case of relevant large vessel arterial occlusions.
Vascular assessment involved clinical examination, ankle-brachial pressure index
(ABPI) measurement, segmental oscillography, especially for medial calcinosis,
and imaging via fine needle angiography.

Interestingly, it can be seen with small and medium vessel atherosclerosis with-
out evident large vessel peripheral arterial disease.

It is essential to rule out end-stage renal disease or identify patients with kidney
transplants. Renal function test, parathyroid hormone status and calcium-phosphate
product levels are screened in these patients.

2,5.1 Diagnostic Criteria

Martorell described the clinical criteria for the diagnosis of hypertensive ulcer as
follows:

1. Location-Inner aspect of lower one-third of lower limb (Figs. 2.1 and 2.2).
2. Diastolic hypertension in lower limbs.

Fig. 2.1 Beginning of Martorell HYTILU at the pretibial lower leg after minor trauma. The wound
border is progressively inflamed and necrotic. This wound causes excruciating pain. Source: Jiirg
Hafner, Stephan Nobbe, Severin Léauchli, Katrin Kerl, Lars E. French, Nedzimin Pelivani, Kornelia
Bohler, Dieter Mayer, Patricia Senet, Martorell hypertensive ischemic leg ulcer must not be con-
founded with pyoderma gangrenosum: Management is totally different, Reviews in Vascular
Medicine, Volume 1, Issue 1, 2013, Pages 5-8, ISSN 2212-0211, https://doi.org/10.1016/].
rvm.2012.08.001. (https://www.sciencedirect.com/science/article/pii/S2212021112000033)


https://doi.org/10.1016/j.rvm.2012.08.001
https://doi.org/10.1016/j.rvm.2012.08.001
https://www.sciencedirect.com/science/article/pii/S2212021112000033
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Fig. 2.2 Progressively necrotic livedo at the laterodorsal leg leading to a skin infarction. Source:
Jiirg Hafner, Stephan Nobbe, Severin Lauchli, Katrin Kerl, Lars E. French, Nedzimin Pelivani,
Kornelia Bohler, Dieter Mayer, Patricia Senet, Martorell hypertensive ischemic leg ulcer must not
be confounded with pyoderma gangrenosum: Management is totally different, Reviews in Vascular
Medicine, Volume 1, Issue 1, 2013, Pages 5-8, ISSN 2212-0211, https://doi.org/10.1016/].
rvm.2012.08.001. (https://www.sciencedirect.com/science/article/pii/S2212021112000033)

3. Arterial calcinosis must be absent, and arteries must be “hyperpulsatile” in bilat-
eral lower limbs.

4. Chronic venous insufficiency must be ruled out.

5. Lesions must be symmetrical or evidence of residual hyperpigmentation of the
previous ulcer in the inner aspect of lower limbs.

6. Pain must increase in the horizontal position.

7. More common in women.

2.6 Histopathological Diagnosis

Typical histological findings include necrobiosis of the three skin layers, i.e. epider-
mis, dermis and subcutis. Out of which, the vascular changes are most evident in the
subcutaneous fat layer. The pathological hallmark is thickened vessel wall due to
atherosclerotic arterioles leading to narrowing of the vascular lumen as evident by
increased wall to lumen ratio. Hyperplasia of the intima, medial wall calcinosis is
seen in 70% of the arterioles, along with the partial canalised thrombosed vessel
walls. (Fig. 2.3).

2.7 Management

Early diagnosis of this ulcer is of utmost importance to avoid unnecessary pain and
to guide appropriate therapy.

Conservative management—based on the size of the ulcer, HYTILU re-
categorised as small <3 cm, medium >3 cm and large >6 cm diameter. Conservative
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Fig. 2.3 (a) Haematoxylin eosin stain: destruction of epidermis and superficial dermis with arte-
riolosclerosis of vessels at the dermo-hypodermal junction. (b) Arteriolosclerosis: hypertrophy of
the media and intimal hyperplasia results in a reduced wall-to-lumen ratio. (¢) Subcutaneous arte-
rioles in Martorell hypertensive ischaemic leg ulcer show in 70% of slides a thickened vessel wall
with medial calcification. The lumen is narrowed and in some instances thrombosed. Source: Jiirg
Hafner, Stephan Nobbe, Severin Liuchli, Katrin Kerl, Lars E. French, Nedzimin Pelivani, Kornelia
Bohler, Dieter Mayer, Patricia Senet, Martorell hypertensive ischemic leg ulcer must not be con-
founded with pyoderma gangrenosum: Management is totally different, Reviews in Vascular
Medicine, Volume 1, Issue 1, 2013, Pages 5-8, ISSN 2212-0211, https://doi.org/10.1016/].
rvm.2012.08.001. (https://www.sciencedirect.com/science/article/pii/S2212021112000033)
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management may be tried in small-sized ulcers. Also, it can be done in freshly
grafted patients with progressive wound borders if the patient is doing well.
Conservative management compromises:

e Local wound care.

e Topical antimicrobial and antiseptic ointments.

e Limited regular debridement.

e Applying non-adherent gauzes.

e Topical negative pressure devices.

 Intravenous sodium thiosulfate should be considered in cases of extensive necro-
sis. It is an inorganic salt that dissolves calcium phosphate. This is extensively
being used in uremic and non-uremic calciphylaxis. For renal compromised
patients, it is being used as mixed with dialysis fluid instead of intravenous form.

e Usage of topical occlusive dressings has been associated with critical colonisa-
tion of bacteria in the setting of compromised wounds leading to maceration and
hence should be discouraged.

2.8 Skin Grafting

1. Surgical debridement and split-thickness skin graft.
2. Mesh split-thickness skin graft.

First, dead necrotic tissue is completely excised, leaving behind a surgical wound
extending up to the fascia with a healthy ulcer border; this is called necrosectomy.
Following this, there are two approaches split skin graft can be immediately placed,
or it can be done after wound conditioning as mentioned in the wound bed prepara-
tion paradigm. Selective cases may have local negative pressure management.

This strategy most effectively alleviates the intractable pain from ongoing and
progressive skin infarction.

A retrospective case series by Hafner et al. in 2010 showed that in 31 patients,
94% achieved successful complete healing by using split skin grafting.

Dagregorio et al. in 2006 studied 20 patients retrospectively for mesh split-
thickness graft which showed 14 of 20 complete healing in 2 weeks after discharge
and 100% pain relief.

Extensive curettage under local anaesthesia can be carried out after checking the
perfusion.

2,9 Pain Management

Due to chronic persistent pain, the quality of life of suffering patients is affected
significantly. The key factor in the wound bed preparation paradigm is controlling
pain until the patient is ready for surgical management.

Causes of pain in Martorell ulcer
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1.

2.

Nociceptive pain is stimulus-dependent, and characteristic features are throb-
bing, gnawing or aching quality of pain. It is best managed by WHO pain ladder
medications like nonsteroidal anti-inflammatory medications, including aspirin
and narcotics.

Neuropathic pain is a spontaneous pain characterised by stabbing, burning or
shooting type of sensation. Such pain responds well to tricyclic antidepressants
like nortriptyline, desipramine, gabapentin, and pregabalin.

2.10 General Measures

Adequate blood pressure control
Orbach showed the first response to antihypertensive medications in treating

hypertensive ulcers.

Beta-blockers cause local vasoconstriction and thus aggravate ischaemic
ulcers and impair the healing of hypertensive leg ulcers. Therefore, they are con-
traindicated in such a scenario.

Calcium channel blockers: one randomised controlled trial was done in 1995
by Nikolova in which 30 outpatients received nifedipine 10 mg orally thrice a
day for 2 months. Significant reduction in ulcer surface area and symptomatic
improvement in pain were observed in the nifedipine group compared to placebo
although the mean difference in the systolic blood pressure was only 5 mm Hg at
the end of 2 months (165.5 = 12.2 mm Hg for nifedipine vs 170.8 = 13.1 mmHg
for placebo). This study highlights two important facts:

— Pathophysiology of hypertensive ischaemic ulcer combines two phenomena:
localised atherosclerosis and inappropriate local vasoconstriction. Such a dif-
ferent response of antihypertensive medications can affect ulcer healing.

— Secondly, drugs reducing local vasoconstriction like calcium channel block-
ers and angiotensin-converting enzyme promote rapid healing of ulcers.

Control of diabetes.

Cessation of smoking.

Compression banding stockings to control oedema (especially when coexis-

tent venous wall disease).

Control obesity.

Avoid trauma.

Role of antibiotics:

Infection commonly complicates chronic ulcers with decreased blood supply
starting from the contamination; bacteria colonise the wound leading to superfi-
cial and deep tissue infection. Increased bacterial burden impairs the natural
healing power. This can be managed by applying topical antimicrobials for
superficial ulcers and systemic antimicrobial agents for deep infection.

Role of antiseptic and dressings:

Silver dressings and honey dressings have a topical anti-inflammatory action.

These are other novel therapies with limited success.

Role of anticoagulation
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Vitamin K antagonists, apart from anticoagulation action, also inhibit vitamin
k-dependent calcification protecting protein. This enhances small and medium
vessel circulation leading to better wound healing.

* Role of vasodilators.

* Role of nontraumatic moisture balance.
* Negative pressure wound therapy.

* Role of hyperbaric oxygen:

By correcting the local superficial ischaemia, hyperbaric oxygen therapy is
nowadays being utilised in wound healing. A case report was published by Frada
et al. in 1989 in which one patient wound was healed by using HBO.

* Role of intravenous infusion of prostaglandin E1:

Pacific et al., in 2011, conducted a study in 6 hypertensive patients treated
with antihypertensive vs four patients treated with PGE1 infusion revealed that
intravenous infusion of prostaglandin improves peripheral perfusion.

¢ Becaplermin:

It is a recombinant platelet-derived growth factor-BB. However, in a ran-
domised control trial conducted by senet et al. in 2011, 64 patients were com-
pared between topical becaplermin topical gel once daily and topical hydrogel,
in which 5 out of 28 healed with becaplermin and 3 out of 31 healed with hydro-
gel. After 12 weeks, no significant results were seen in both the groups revealing
that becaplermin was not superior to hydrogel in the management of
Martorell ulcer.

e Spinal cord stimulation:

Apart from treating chronic ischaemic pain, this modality can also be utilised
for healing a wound by using device-related stimulation of wound healing.
Further prospective studies are required before accepting this electrical stimula-
tion related to wound healing stimulation as a primary modality for wound heal-
ing. A case report was done by De Andres et al. in 2011, in which a spinal cord
stimulator was used, and it was shown that due to an increase in the blood flow
to the ischaemic area, there is both pain relief and a decrease in the size of
the ulcer.

2.11 Management of Residual Wounds

Instead of aggressive tissue debridement, non-traumatic gentle removal of slough
should be carried out. In this case, the prevention of secondary bacterial infection is
prioritised over tissue toxicity by the antiseptic agents, as the infected limb can be
life-threatening. Cleansing with normal saline flowed by povidone-iodine or poly-
hexamethylene biguanide, which are the antiseptic agents, is commonly used nowa-
days. However, these measures are a bridge to appropriate surgical management,
which is reported to be a 100 % healing rate in a case series of Martorellulcers.
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2.12 Prognosis

Failure to recognise the diagnosis accurately leads to months of ineffective local
therapy and significant morbidity due to extreme pain causing prolonged disability
in patients with hypertensive leg ulcers. The antihypertensive drugs inhibiting local
arteriolar vasoconstriction are important in successful treatment. This is similar to
diabetic microvascular disease, where a more aggressive blood pressure control
goal of 140/90 mm hg is kept. Surgery is the mainstay of treatment. Timely diagno-
sis and treatment lead to rapid healing of ulcer along with symptomatic improve-
ment in pain.

2.13 Clinical Pearls

1. Martorell ulcer clinically presents as a painful ulcer with a necrotic base in the
lower one-third of the laterodorsal aspect of the leg or Tendo Achilles.

2. Patients with metabolic syndrome having long-standing hypertension with or
without diabetes are particularly prone.

3. Pain is not associated with intermittent claudication, aggravated by exercise or
leg elevation, thus differentiating it from arterial ulcer.

4. Deep elliptical skin biopsy is required for confirmation.

5. The most effective treatment modality is surgery in which solid skin grafting is
done following necrosectomy.



Check for
updates

Rheumatoid Ulcers 3

Sankha Shubhra Chakrabarti

3.1 Introduction

Rheumatoid arthritis is the most common type of autoimmune arthritis character-
ised by pain, swelling, and tenderness of peripheral joints in a symmetrical pat-
tern. It is also characterised by prominent extra-articular manifestations. These
include rheumatoid nodules, pulmonary involvement, vasculitis, and systemic
effects [1]. Ulcers of the extremities have been reported in around 10% cases of
rheumatoid arthritis, but in contrast, rheumatoid arthritis is a rare cause of ulcers
of the extremities [2]. When one thinks of rheumatoid limb ulcers, the general
idea that comes to mind is of cutaneous ulcers related to rheumatoid vasculitis.
However, there may be other aetiologies of limb ulcers in rheumatoid arthritis,
with ulcers due to imbalances in foot pressure resulting from deformities being
some of the common ones [3]. Infective and iatrogenic ulcers, ulcers resulting
from co-existent diseases such as chronic venous insufficiency, atherosclerotic
peripheral vascular disease, ulcers resulting from cutaneous dystrophic calcinosis,
and multifactorial ulcers have also been observed in large retrospective studies
involving patients of rheumatoid arthritis [4, 5]. A particularly interesting entity is
pyoderma gangrenosum, which is responsible for chronic non-healing ulcers in
the limbs. Pyoderma gangrenosum is an uncommon inflammatory disorder of the
skin characterised by neutrophilic infiltration. The spectrum of skin manifesta-
tions ranges from papules or pustules to painful ulcers. Rheumatoid arthritis is
one of the major systemic inflammatory conditions associated with pyoderma
gangrenosum [6]. In this chapter, we will discuss the epidemiology of rheumatoid

S. S. Chakrabarti (<)

Department of Geriatric Medicine, Institute of Medical Sciences, Banaras Hindu University,
Varanasi, UP, India

e-mail: sankha.chakrabartil @bhu.ac.in

© The Author(s), under exclusive license to Springer Nature Singapore Pte 19
Ltd. 2023

A. K. Khanna, S. K. Tiwary (eds.), Uncommon Ulcers of the Extremities,
https://doi.org/10.1007/978-981-99-1782-2_3


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-99-1782-2_3&domain=pdf
mailto:sankha.chakrabarti1@bhu.ac.in
https://doi.org/10.1007/978-981-99-1782-2_3

20 S. S. Chakrabarti

ulcers of the extremities, the pathogenesis of major aetiologies of rheumatoid
limb ulcers, their presenting clinical manifestations, diagnostic approach to them,
and treatment options for such ulcers.

3.2 Epidemiology of Rheumatoid Limb Ulcers

Rheumatoid arthritis is the most common autoimmune arthritis and affects around
0.5-1% of the world population [7]. Higher prevalence has been reported for some
native American populations such as the Pima Indians and Chippewa Indians. On
the other hand, Chinese and Japanese populations have reported lower prevalence
and some studies on rural populations in South Africa and Nigeria failed to identify
any cases of rheumatoid arthritis despite good sample sizes [7]. Like most autoim-
mune diseases, rheumatoid arthritis has a female preponderance with a two—three-
fold higher prevalence [8]. Previously thought to be a disease of younger adults, it
is now widely accepted that the elderly are also affected by rheumatoid arthritis. In
fact, rheumatoid arthritis is one of the most common inflammatory diseases of the
elderly. Elderly onset rheumatoid arthritis is defined as having an onset above
65 years of age, and like rheumatoid arthritis of the young, also has a predilection
for females [9].

As far as ulcers of the extremities are concerned, rheumatoid arthritis and other
inflammatory conditions are rare aetiologies overall but do account for a consider-
able proportion of non-healing chronic limb ulcers. Experience from a multi-
disciplinary wound healing and limb preservation clinic from the University of
Pittsburgh revealed that around 7% of leg ulcerations had a reasonably certain col-
lagen vascular aetiology [10]. While the experience from less specialised and more
peripheral centres may turn up lower numbers, autoimmune diseases must be sus-
pected as potential causes of non-vascular chronic limb ulcers. Foot ulcer preva-
lence is around 10% in patients of rheumatoid arthritis in the course of their disease.
Prevalence of extremity ulceration may be higher if upper limb vasculitic ulcers are
also included. Those developing rheumatoid foot ulcers have a nearly 50% recur-
rence rate at same and different sites [3]. The major classes of ulcers of the extremi-
ties in rheumatoid arthritis patients are ulcers due to co-existent arterial or venous
insufficiency, ulcers due to deformities leading to differential load distribution on
the limbs, and vasculitic ulcers. Besides contributing to the pathogenesis of ulcers
of the extremities, rheumatoid arthritis is also a cause for impaired healing of the
ulcers, leading to chronicity.

3.3 Pathogenesis

The pathogenesis of a rheumatoid limb ulcer is complex and multifactorial. It is
depicted in Fig. 3.1 and can be discussed under varied sub-headings.
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Fig.3.1 Pathogenesis of rheumatoid limb ulcer

3.3.1 Vasculitis and Inflammation

The hallmark of a non-healing rheumatoid limb ulcer is inflammation and vasculi-
tis, albeit as a subtype these ulcers are rarer. Rheumatoid vasculitis is undifferen-
tiable from other causes of vasculitis. It is classified as a “vasculitis associated with
systemic disease” as per the 2012 revised Chapel Hill consensus conference nomen-
clature criteria [11]. Rheumatoid vasculitis affects vessels of any calibre but more
frequently small and medium-sized vessels and is characterised by infiltration of
vessel walls by mononuclear cells or neutrophils [12]. An association with specific
genotypes of the HLA-DRBI shared epitope has been reported, and markers of
immune involvement such as high titres of rheumatoid factor and anti-cyclic
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citrullinated polypeptide (anti-CCP) and decreased complement levels are also
observed [12, 13]. Mononeuritis multiplex is another typical feature of rheumatoid
vasculitis. This may result in sensory loss in the extremities, leading to both devel-
opment of new neuropathic ulcers and non-healing of existing ones [13].

3.3.2 Differential Load Distribution

Foot deformities are a common feature of rheumatoid arthritis. These lead to dif-
ferential load bearing on the feet, predisposing some parts to undergo damage due
to higher pressures. The concomitant sensory neuropathy also aggravates the prob-
lem. A unique British study on determinants of foot ulceration in rheumatoid arthri-
tis patients determined loss of protective sensations, abnormal ankle brachial
pressure index, and forefoot deformities to be strongest risk factors [3].

3.3.3 Associated Conditions

Even in patients of rheumatoid arthritis, the majority of limb ulcers are not attribut-
able to disease-related vasculitis and inflammation but rather to presence of comor-
bidities. A 7-year retrospective case review of all patients with leg ulcers seen at the
National Skin Centre at Singapore identified venous disease as the most common
aetiology of leg ulcers in those with rheumatological conditions [4]. Other ulcers
identified included multifactorial ones, those due to atypical mycobacterial infec-
tion, and ulcers due to pyoderma gangrenosum, ischaemic microangiopathy, and
iatrogenic ulcers [4]. Since the burden of comorbidities may be high in rheumatoid
arthritis patients, especially in elderly patients, chronic venous ulcers in the setting
of varicose veins and ulcers of diabetic foot due to neuropathy and atherosclerotic
vascular disease may be quite common.

Pyoderma gangrenosum is a complex neutrophilic dermatosis. It may be often
seen in association with cases of rheumatoid arthritis as also other autoimmune and
inflammatory disorders. The pathogenesis of this entity is complex, not fully eluci-
dated, and involves not only neutrophils but T cells, inflammasomes, keratinocyte
apoptosis, and epigenetic changes [14]. There is an increased migration of neutro-
phils to the dermis which is the hallmark of this disease. In this it resembles other
entities such as Behcget’s disease and Sweet’s syndrome. Genetic susceptibility
plays an important role in pyoderma gangrenosum.

3.3.4 latrogenic

While several medications and therapeutic interventions may cause chronic extrem-
ity ulcers, two noteworthy agents are methotrexate and leflunomide. These two
disease-modifying anti-rheumatic drugs (DMARDs) form the cornerstone of the
usual triple drug regimen utilised for rheumatoid arthritis [15]. They are also
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extensively used as first-line monotherapy. Both methotrexate and leflunomide are
known to cause leg ulcers. Methotrexate-induced skin ulcers in patients of rheuma-
toid arthritis have been reported mostly in the elderly. They often develop after
years of therapy, and have a predilection for the lower limbs, hands, and elbows.
The pathogenesis is related to the inhibition of the folate biosynthesis pathway, and
DNA replication [16, 17]. Other agents such as steroids, biologicals, and non-
steroidal anti-inflammatory drugs (NSAIDS) may have an accelerant role if taken
simultaneously [16]. Leflunomide induces cutaneous ulcers by inhibiting
dihydroorotate dehydrogenase involved in pyrimidine synthesis, as well as by blunt-
ing the action of growth factors such as the epidermal derived growth factor (EDGF).
Inflammation in the dermis and subcutaneous tissue with necrosis of collagen fibres,
presence of granulation tissue, and giant cell granulomas are visualised on histo-
pathological examination [18, 19].

3.3.5 Impaired Healing

Rheumatoid arthritis is a systemic inflammatory disease and results in a state of
chronic inflammation which is inevitably characterised by the typical features of
anaemia and hypoalbuminemia especially in the elderly, loss of muscle mass, and
delayed wound healing [20, 21]. Impaired wound healing adds to the chronicity of
limb ulcers which increase prevalence rates. Steroids which are often part of treat-
ment protocols for acute flares of rheumatoid arthritis may also impair healing.

34 Clinical Features

In this section, we will primarily discuss the presentation of classical vasculitic
ulcers of the extremities which are observed in patients of rheumatoid arthritis.
Some salient features of ulcers due to comorbid illness or iatrogenic ulcers are
briefly mentioned in Table 3 .1. Pyoderma gangrenosum is discussed separately.

3.4.1 Vasculitic Ulcers of the Extremities

Although the most common extremity ulcers in patients of rheumatoid arthritis are
of other aetiology, vasculitic ulcers are the pathognomonic ulcers of any connective
tissue disorder. Notably, vasculitic rheumatoid ulcers may affect both the lower and
upper extremities, unlike the commoner venous ulcers which have a definite lower
limb predilection. However, these ulcers are again commoner on the lower limbs
and in the sacral region, sometimes giving a false diagnosis of bedsores (pressure
sores/decubitus ulcers) [31]. The spectrum of cutaneous manifestations varies from
palpable purpura to nodules to ulcers, and digital necrosis [12]. Deep, painful ulcers
may suggest a vasculitic origin, but histopathological evidence is usually needed to
make a definitive diagnosis, and even then, it may not be always feasible [32].
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Table 3.1 Salient features of non-vasculitic ulcers in rheumatoid arthritis [3, 5, 16, 19, 22-30]

Ulcers due to
differential load
distribution

These occur in the setting of foot deformities which are common in
rheumatoid arthritis, especially if left untreated. Common deformities
of the feet in rheumatoid arthritis include hallux valgus, hallux rigidus,
mallet toe, claw toe, splay toe deformities (forefoot), pes planus (mid
foot), and calcaneal varus and valgus deformities (hind foot). Raised
plantar pressures, and ill-fitting footwear due to deformities may also
contribute to these ulcers

Venous ulcers

These are seen mostly in the setting of a long history of varicose veins,
especially neglected ones. They are shallow, painful, poorly
demarcated ulcers located over bony prominences. The medial
malleolus is a common site. Associated skin changes such as itching
and scaling may be present

Ulcers due to
peripheral arterial
disease

These are a common finding in smokers or patients with other risk
factors for atherosclerotic peripheral vascular disease. Those with
history of coronary or cerebrovascular atherosclerosis or acute events
may have such ulcers. A history of limb claudication may also exist.
Common sites are the toes, heels, and bony prominences of the foot.
These ulcers are usually deep, round or punched out, with a clearly
demarcated edge. There may be absent or feeble peripheral arterial
pulses or audible bruits. Gangrene of digits or limb may be associated

Diabetic foot ulcers

Diabetic foot ulcers are usually multifactorial. Diabetes is a risk factor
for both peripheral arterial diseases leading to arterial ulcers as
described above, and neuropathy. Autonomic neuropathy, small fibre
sensory neuropathy, and large fibre neuropathy combine with arterial
disease to cause the characteristic diabetic foot. There is associated
paresthesias, hypoesthesia, and anhidrosis due to autonomic
neuropathy. While ulcers due to predominant peripheral arterial
disease follow the patterns described above for arterial ulcers,
neuropathic ulcers commonly occur over the weight-bearing areas
such as the plantar metatarsal head, great toe, and heels

Ulcers due to
ischemic
microangiopathy

Occlusive microangiopathy due to thrombotic or anatomic occlusion is
seen in rheumatoid arthritis if there are associated conditions such as
livedo reticularis, calciphylaxis, or antiphospholipid antibodies
syndrome. The ulcers may be similar in location and morphology to
inflammatory microangiopathic ulcers which are seen in classical
vasculitis and in pyoderma gangrenosum. However, minor variations
in clinical features may be present depending on the aetiology

Ulcers in the setting
of co-existent other
connective tissue/
inflammatory
disorders

Rheumatoid arthritis may be associated with other connective tissue
disorders such as systemic lupus erythematosus, scleroderma, Behget’s
disease (as part of overlap syndromes), or other conditions such as
calcinosis cutis, inflammatory myositis, or psoriasis. The ulcers
specific to these disease types may be seen in such cases.
Leukocytoclastic vasculitis is a generally skin-limited vasculitis which
may be idiopathic or secondary to rheumatoid arthritis or other
systemic diseases. It may lead to skin ulceration on the extremities in
patients of rheumatoid arthritis

latrogenic ulcers

Methotrexate-induced skin ulcers are commonly located over the
lower limbs, hand, and elbows. These resolve well within weeks after
drug discontinuation. Cutaneous ulcers on lower limbs and forearms
have been reported with leflunomide use, mainly in elderly females
after months of therapy. The healing of these ulcers after drug
withdrawal is delayed
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Suspicion should be strong when the ulcers do not heal with standard vascular inter-
ventions and local wound care [33]. Sometimes, an association with vasculitic
involvement of other organs may exist, and this portends a poor prognosis [12].
Necrotising vasculitis and associated vasculitic nerve involvement may also be
observed in some cases of rheumatoid arthritis with cutaneous ulcers [34].

3.4.2 Pyoderma Gangrenosum

Pyoderma gangrenosum, as described above, is a neutrophilic dermatosis which
may be idiopathic but is usually seen associated with immune-inflammatory condi-
tions such as rheumatoid arthritis [35]. In the ulcerative variant of pyoderma gan-
grenosum, tender inflammatory nodules or pustules are the initial manifestations
developing most commonly at sites of trauma, especially on the anterior lower
extremities. The pre-tibial region is commonly affected [36]. They rapidly evolve
into necrotic ulcers with violaceous undermined borders and surrounding erythema.
Pyoderma gangrenosum also has bullous, pustular, vegetative, peristomal, post-
operative subtypes [35].

3.5 Diagnosis

The diagnosis of an ulcer of the extremity in a patient of rheumatoid arthritis is
clinical. History of pre-existing disease and presence of associated skin lesions and
examination findings as described for the individual entities above allows an empiri-
cal diagnosis of the cause of the ulcer. A detailed neurological examination may be
warranted in cases of co-existing morbidities such as diabetes when ruling out neu-
ropathic ulcers is important. A 10G monofilament test may be performed to identify
loss of protective sensation [37]. Histopathological evidence from a biopsy of the
lesion may have additive value in pin-pointing the exact diagnosis. The salient fea-
ture of a typical vasculitic ulcer of the extremity is mononuclear cell or neutrophilic
infiltration of the vessel wall of small and medium vessels. The vessel wall may be
destroyed, with necrosis, and disruption of the internal and external elastic lamina
[12]. Leukocytoclasis or the presence of debris of neutrophils within the blood ves-
sel walls may be seen. A sensitive and specific finding for vasculitis in rheumatoid
arthritis is perivascular infiltrates of mononuclear or polymorphonuclear cells with
greater than/equal to three cell layers [38].

In suspected cases of pyoderma gangrenosum, biopsies taken early in the course
from the border show an infiltrate of chronic inflammatory cells confined to the
dermis. A perivascular lymphocytic infiltrate and fibrinoid necrosis of the vessel
wall may be noted. Later in the course of ulceration, a polymorphonuclear cell infil-
trate with features of ulceration, infarction, and abscess formation is more common
[39]. Histopathological examination also allows the exclusion of chronic mycobac-
terial infections and malignancies which may develop in the setting of long-standing
wounds [33].
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Some additional diagnostic tests are often needed to evaluate the status of comor-
bidities which are a common cause of ulcers of the extremities in rheumatoid arthri-
tis. A doppler ultrasonographic imaging of the arterial and venous systems of the
lower limbs is useful to diagnose venous insufficiency, concomitant deep venous
thrombosis as well as peripheral arterial atherosclerotic lesions. A routine haemato-
logical and biochemical panel including metabolic parameters such as glycosylated
haemoglobin and lipid profile may be useful. Serology to rule out overlap connec-
tive tissue disorders and systemic vasculitis syndromes may also be needed.
Common serological investigations include estimation of anti-nuclear antibody
(ANA), anti-double-stranded DNA antibody (anti-ds-DNA), anti-Smith antibody
(anti-Sm), anti-centromere antibody, anti-Scl-70 antibody, anti-Ro/La antibodies,
cytoplasmic and perinuclear anti-neutrophil cytoplasmic antibodies (c- and
p-ANCAs). The details of the connective tissue disorders identified by these tests
are not within the domain of this chapter. Pus culture from the wound site with anti-
biotic sensitivity testing against bacterial and fungal pathogens may also guide the
therapeutic protocol.

3.6 Management

The management of rheumatoid ulcers of the extremities is based on three planks—
local wound care, coverage for secondary infections, and immunosuppression tar-
geting the underlying disease. Additional therapy may be warranted in case of
specific co-existent aetiologies. In venous disease, compression stockings and limb
elevation strategies may be useful. In atherosclerotic peripheral arterial disease, use
of antiplatelets, statins, dual antiplatelet-vasodilator medications (cilostazol), and
hemorheological medications such as pentoxifylline may be beneficial.
Anticoagulants may be needed lifelong in case of associated antiphospholipid anti-
body syndrome resulting in thrombosis and ulcers of vascular origin. A trained
podiatrist may be able to design a therapeutic and prophylactic plan for deformity-
related ulcers which are caused by differential load distribution. Endovascular ther-
apy for occlusive vascular lesions is being attempted in recent times and may be
useful in select cases.

3.6.1 Local Wound Care

The local care of vasculitic ulcers is based on eliminating necrotic tissue, control of
infection, maintenance of moistness of the wound, and eliminating pockets from the
wound margin. Cadexomer iodine ointment aids in achieving the first two goals
whereas silver sulfadiazine cream and povidone iodine ointment are useful for
infection control. Occasionally, if the ulcers are extensive and evidence of systemic
(blood stream) infection exists, systemic antibiotics may be added. Moistness of the
wound may be ensured using Cadexomer or povidone iodine when exudates are
excessive and using silver sulfadiazine cream when exudates are lacking.
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Occasionally in cases of painful ulcers, white petrolatum or a petrolatum-based
ointment may be useful. Debridement may be useful in patients with significant
dead and necrotic tissue. Both debridement and use of occlusive dressing must be
done with added care, considering the tendency of these ulcers to rapidly deteriorate
[40]. Innovative solutions are being developed to enhance healing of vasculitic
ulcers. These include the use of bovine collagen glycosaminoglycan matrices, split
thickness skin grafting and corrective operations for foot deformities [41-43]. A
consultative approach between a surgeon with expertise in chronic non-healing
wounds, a physician with expertise in theumatology, and a dermatologist may pro-
vide the best outcomes.

3.6.2 Coverage for Secondary Infections

Local site infections are usually bacterial but may rarely be caused by fungi, myco-
bacteria, and also viruses or leishmania in exceptional cases. Systemic antibiotic
coverage usually is targeted against locally prevalent organisms [44]. A broad-
spectrum beta lactam covering both gram positive and negative organisms may be
the standard of care. Anti-pseudomonal coverage with fluoroquinolones (levofloxa-
cin) or anti-pseudomonal beta lactams (piperacillin-tazobactam, ceftazidime, or
meropenem) for hospitalised patients may be needed, especially in patients with
co-existent diabetes. Piperacillin-tazobactam, meropenem, amoxycillin-clavulanate,
metronidazole, and clindamycin provide good coverage against anaerobic organ-
isms. Coverage for methicillin-resistant Staphylococcus aureus (MRSA) is needed
if culture reports suggest MRSA or if there is a history of prolonged hospitalisation
or surgical interventions. Linezolid may be a good oral option in such cases [44].
Guidelines recommend the use of dapsone, an anti-mycobacterial antibiotic useful
in the treatment of leprosy, in the management of rheumatoid vasculitis. However,
it plays a mainly immunomodulatory role [40].

3.6.3 Systemic Immunosuppression

Systemic immunosuppression is the cornerstone of the treatment of rheumatoid
arthritis. Since the vasculitic process is intricately linked with the core pathogenesis
of rheumatoid arthritis, treatment of rheumatoid vasculitic ulcers also utilises immu-
nosuppressants. These include both standard disease-modifying anti-rheumatic
drugs (DMARD:s) as well as biological DMARDs, and other immune-suppressants.
The first-line management for rheumatoid vasculitis is high-dose steroids, such as
prednisolone 0.5-1 mg/kg/day. Methotrexate is the DMARD of first choice for
management of rheumatoid arthritis and may be used similarly in management of
skin ulcers due to rheumatoid vasculitis. If non-responsive to these therapy, cyclo-
phosphamide and azathioprine have been suggested as additional therapeutic
options [12, 40]. Newer biological DMARDs such as anti-TNFa therapies (inflix-
imab, adalimumab, etanercept, etc) may also be useful sometimes, though concerns



28 S.S. Chakrabarti

have been raised regarding ulcers and vasculitis developing or worsening occasion-
ally while on anti-TNF therapy. Stoppage of these agents or switching to safer
options has been recommended in guidelines for such cases [40, 45]. The guidelines
of the Japanese Dermatological Association also advice the use of cyclosporine,
cyclophosphamide, and intravenous immunoglobulin (IVIg) in non-responsive
cases [40].

3.6.4 Management of Pyoderma Gangrenosum

The management of this condition is non-specific and mostly focused on treating
the underlying systemic disease and local wound care. Topical steroids, topical
tacrolimus and pimecrolimus are sometimes used. Systemic immunosuppression
with high-dose prednisolone (1-2 mg/kg/day) and high-dose cyclosporine either
alone or with steroids may be utilised. Dapsone, sulfasalazine, and the other immu-
nosuppressants discussed above in the management of rheumatoid vasculitis may
also be effective in certain cases [36].

3.7 Conclusion

Ulcers of the extremities are common in patients of rheumatoid arthritis. Chronic
non-healing limb ulcers are a major source of morbidity in these patients and
adversely affect the quality of life. Although vasculitic ulcers are pathognomonic,
the more common ulcers are venous and arterial ulcers, and also those related to
deformities. Histopathological examination usually provides support to what is
commonly a clinical diagnosis. The management of rheumatoid ulcers of the
extremities rests on local wound care, coverage of secondary infections, and ade-
quate use of disease-modifying anti-rheumatic drugs and other systemic
immunosuppressants.
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Ulcers in Systemic Sclerosis 4

Anisha Najeeb, Vandana Yadav, and Sanjay Singh

4.1 Introduction
4.1.1 Systemic Sclerosis: Definition and Prevalence

Systemic sclerosis (SSc) is a connective tissue disease characterized by progressive
fibrosis of the skin and internal organs and it has important clinical sequelae. The
pooled prevalence is 17.6 per 100,000 and the pooled incidence rate is 1.4 per
100,000 person-years [1]. The pooled prevalence and incidence in women is almost
five times higher than the pooled estimates in men [1].

4.2 Diagnostic Criteria of Systemic Sclerosis

Diagnostic criteria of systemic sclerosis are as follows (Tables 4.1 and 4.2).

The total score is determined by adding the maximum weight (score) in each
category. Patients with a total score of 9 or more are classified as having definite
systemic sclerosis.
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Table 4.1 The American College of Rheumatology/European League Against Rheumatism
(ACR/EULAR) criteria for the classification of systemic sclerosis [2]

W Weight/
I Item S Sub-items score
Skin thickening of the fingers of both 9
hands extending proximal to the
metacarpophalangeal joints (sufficient
criterion)
Skin thickening of the fingers (only * Puffy fingers 2
count the higher score) * Sclerodactyly of the fingers (distal to 4
the metacarpophalangeal joints but
proximal to the proximal
interphalangeal joints)
Fingertip lesions (only count the * Digital tip ulcers 2
higher score) * Fingertip pitting scars 3
Telangiectasia - 2
Abnormal nailfold capillaries - 2
Pulmonary arterial hypertension and/ | « Pulmonary arterial hypertension 2
or interstitial lung disease * Interstitial lung disease 2
(maximum score is 2)
Raynaud phenomenon - 3
SSc-related autoantibodies Anticentromere 3
(anticentromere, anti-topoisomerase I | Anti-topoisomerase [
[anti-Scl-70], anti-RNA polymerase Anti-RNA polymerase III
III) (maximum score is 3)

Table 4.2 Definitions of items/sub-items in the American College of Rheumatology/European
League Against Rheumatism (ACR/EULAR) criteria for the classification of systemic sclerosis [2]

I Item Definition

Skin thickening Skin thickening or hardening not due to scarring after injury, trauma,
etc.

Puffy fingers Wollen digits—a diffuse, usually nonpitting increase in soft tissue

mass of the digits extending beyond the Normal confines of the joint
capsule. Normal digits are tapered distally with the tissues following
the contours of the digital bone and joint structures. Swelling of the
digits obliterates these contours. Not due to other causes such as
inflammatory dactylitis

Fingertip ulcers or
pitting scars

causes

Ulcers or scars distal to or at the proximal interphalangeal joint not
thought to be due to trauma. Digital pitting scars are depressed areas at
digital tips as a result of ischaemia, rather than trauma or exogenous

Telangiectasia

vessels

Telangiectasiae are visible macular dilated superficial blood vessels,
which collapse upon pressure and fill slowly when pressure is released.
Telangiectasiae in a scleroderma-like pattern are round and well-
demarcated and found on hands, lips, inside of the mouth, and/or are
large mat-like telangiectasiae. Distinguishable from rapidly filling
spider angiomas with central arteriole and from dilated superficial




4 Ulcers in Systemic Sclerosis 33

Table 4.2 (continued)

I Item Definition
Abnormal nailfold Enlarged capillaries and/or capillary loss with or without pericapillary
capillary pattern haemorrhages at the nailfold. May also be seen on the cuticle

consistent with
systemic sclerosis

Pulmonary arterial
hypertension

Pulmonary arterial hypertension diagnosed by right-sided heart
catheterisation according to standard definitions

Interstitial lung
disease

Pulmonary fibrosis seen on high-resolution CT or chest radiography,
most pronounced in the basilar portions of the lungs, or occurrence of
‘Velcro® crackles on auscultation, not due to another cause such as
congestive heart failure

Raynaud
phenomenon

Self-reported or reported by a physician, with at least a 2-phase colour
change in the finger(s) and often toe(s) consisting of pallor, cyanosis,
and/or reactive hyperaemia in response to cold exposure or emotion;
usually one phase is pallor

SSc-related
autoantibodies

Anticentromere antibody or centromere pattern seen on antinuclear
antibody testing, anti-topoisomerase I antibody (also known as
anti-Scl-70 antibody), or anti-RNA polymerase III antibody. Positive
according to local laboratory standards

4.2.1 Ulcers in Systemic Sclerosis

Skin ulcers are one of the most frequent manifestations of systemic sclerosis (SSc).
The ulcers may be very painful, often persistent, and recurrent; they may lead to
marked impairment of the patient’s activities and quality of life.

Systemic sclerosis skin ulcers are defined as loss of substance involving epider-
mis, basement membrane, and dermis, and frequently deeper skin structures; lesions
may be multiple, recurrent, and/or relapsing; they are localized at one or more skin
areas, often acral zones of the hands and feet. The ulcers are classified as follows [3]:

. Digital ulcers.

. Skin ulcers of the bony prominence.

. Skin ulcers of calcinosis.

. Skin ulcers of lower limbs.

. Skin ulcers or digital ulcers with gangrene.

[ IO I NS I

According to a recent study by Pinto et al., 57.5% of patients with systemic scle-
rosis had at least one episode of digital ulcer anytime during their illness. The preva-
lence of skin ulcers on bony prominences was 13%, on calcinosis was 4.8%, on
lower limbs was 15.8%, and the ulcer was associated with gangrene in 13% of
cases [4].
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4.3  Pathogenesis of Vascular Disease in Systemic Sclerosis

The three major pathological events in systemic sclerosis are vasculopathy, inflam-
mation, and fibrosis. Initially, microvascular injury occurs which is followed by
infiltration of inflammatory cells of the innate and the adaptive immune systems.
Various cytokines like interleukin (IL) 4, 6, 8, 10, 13, and 17, transforming growth
factor § (TGF-p), platelet-derived growth factor, and endothelin-1 are overexpressed
in the skin which then activate the fibroblasts, eventually causing fibrosis [5].

4.3.1 Pathogenesis of Ulcers

The underlying vasculopathy in systemic sclerosis and the recurrent vasospasm due
to Raynaud phenomena contribute to the ischaemic damage leading to the forma-
tion of the fingertip digital ulcers. Platelet activation is a prominent feature of
scleroderma-associated vasculopathy, which, in turn, leads to intraluminal thrombo-
sis which plays a crucial role in the development of these ulcers [6].

Development of ulcers over bony prominences like the phalangeal joints and
elbows is due to the repetitive trauma at the sites of chronic contractures. The tissue
overlying these sites is usually atrophic and avascular which leads to poor healing.
As their pathogenesis is different from the ulcers located at distal digits, vasodila-
tors are generally less effective in treating them [6].

4.3.2 Ulcers over the Sites of Calcinosis

Patients with systemic sclerosis are also prone to develop ulceration at the sites of
underlying calcinosis. Repetitive trauma is thought to contribute to calcinosis, as it
is preferentially located in the dominant hand and other acral sites. Due to the
underlying proliferative obliterative vasculopathy in systemic sclerosis, there is
impairment in the compensatory angiogenesis at the sites of trauma which makes
them more susceptible to ulcerations [7].

4.4 Clinical Features

Digital ulcers on the tips of fingers or toes, which may result in tender and painful
pitting scars, are the most common types of ulcers in systemic sclerosis (Fig. 4.1).
The ulcers may occur over the extensor surfaces of bony prominences as a result of
microtrauma. The other common sites of ulcers on the upper limbs are elbows fol-
lowed by metacarpophalangeal joints, proximal interphalangeal joints, and the wrist
[4]. Skin ulcers may also develop over the pre-existing calcinosis cutis. Calcinosis
cutis occurs most frequently in the hands, followed by proximal upper extremities,
knees, or proximal lower extremities and hip, in that order [7]. Skin ulcers present-
ing on lower limbs are most common over the malleoli, followed by the plantar
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Fig. 4.1 Digital ulcers in
an 1 1-year-old girl with
systemic sclerosis. She had
skin thickening extending
proximal to the
metacarpophalangeal
(MCP) joints, digital tip
scarring, dilated nailfold
capillaries, and the
Raynaud phenomenon

aspect of the feet [4]. Digital ulcers may be associated with severe local pain and a
major impact on the quality of life. Other complications which are associated with
skin ulcers in systemic sclerosis include critical digital ischaemia, paronychia,
infections, gangrene, osteomyelitis, and finger pulp loss or amputation [8].

4.5 Investigations

Investigations for skin ulcers are performed mainly to assess the microvascular
abnormalities and macrovascular damage, to know the extent of ulcers, and to eval-
uate the presence of secondary infection.

Structural microvascular abnormalities can be easily detected noninvasively with
nailfold video capillaroscopy (NVC). NVC is a reliable tool for early diagnosis of
SSc and assessment of disease progression. NVC scleroderma patterns have been
reported to predict clinical complications of the disease, including the development
of future DUs [9].

Colour Doppler ultrasonography is a useful technique to identify morphological
and functional digital arteries abnormalities. Narrowed arteries, or chronically or
acutely occluded arteries, are typical ultrasonographic findings [10]. Colour Doppler
ultrasonography can also be used to detect changes in blood flow and vascular resis-
tance parameters.

X-ray and magnetic resonance imaging (MRI) should be performed in deep
ulcers to see the extent of the ulcer. MRI is a useful tool for the early detection of
osteomyelitis.

Pus culture and antibiotic susceptibility test may be done in large and chronic
non-healing ulcers if the secondary bacterial infection is suspected.
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4.6 Management

Digital ulcers require a multidisciplinary approach with cooperation between physi-
cians and specialist nursing and other allied health professionals to ensure appropri-
ate treatment and provide patient education.

4.6.1 Lifestyle Changes

A correct education of patients with SSc for an appropriate lifestyle is advisable
with specific instructions for individuals with severe Raynaud phenomenon and
complicating digital ulcers. Therefore, all patients should be advised to wear a hat,
gloves, scarf, coat, and warm socks and shoes during winter weather. Considering
that some drugs can trigger episodes of Raynaud phenomenon, it is necessary to
avoid medicines that contain ergotamine, appetite suppressants, beta-blockers, and
hormonal contraceptives; in addition, all patients are strongly advised to stop smok-
ing, avoid emotional stress, and to take adequate measures to avoid physical trauma
to the extremities.

4.6.2 DrugTreatment

Current local management of digital ulcers includes a combination of nonpharma-
cologic care, antibiotics (in case of infection), analgesia, and wound dressing, if
necessary. Meticulous attention should be directed towards wound care, including
keeping the digital ulcer clean and using a suitable dressing; if the digital ulcer is
dry then an attempt should be made to wet it (alginates and antimicrobials) and vice
versa for wet digital ulcers (hydrogel and hydrocolloids) [11].

4.6.3 Prostanoids (Level of Evidence: Meta-Analysis)

Prostanoids are potent vasodilators and also inhibit platelet aggregation and vascu-
lar smooth muscle cell proliferation. Prostanoids can be administered by various
routes: oral, intravenous (i.v.), and subcutaneous; however, side effects are common
to all, including systemic hypotension, dizziness, flushing, gastrointestinal distur-
bance, jaw pain, and myalgia.

Intravenous iloprost is efficacious in healing DUs in patients with SSc. One
meta-analysis published in 2013 included four randomized controlled trials (RCT),
two with intravenous iloprost (0.5-2 ng/kg/min for 3-5 consecutive days), one with
oral iloprost (100 or 200 pg/day vs placebo for 6 weeks), and one with oral trepro-
stinil (slow release up to 16 mg two times a day for 20 weeks) [12—16]. This analy-
sis showed a trend towards a beneficial effect of prostanoids over placebo for healing
of digital ulcers with the greatest effect seen with intravenous iloprost, but it did not
show significant effects of prostanoids for the prevention of new DUs in SSc. The
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greatest effect was seen with intravenous iloprost. Because of the risk of side effects
and route of administration usually requiring hospitalization, intravenous iloprost
may be considered in particular in patients with SSc with DUs not responding to
oral therapy.

4.6.4 Endothelin Receptor-1 Antagonists (Level of Evidence:
Meta-Analysis)

Bosentan, a dual receptor antagonist, was found to be effective in reducing the num-
ber of new DUs in patients with SSc in two high-quality RCTs [17, 18]. A meta-
analysis [14] showed that bosentan was successful in ulcer prevention, with a
statistically significant reduction in the mean number of new ulcers per patient.
Bosentan should be considered for reduction of the number of new DUs in SSc,
especially in patients with multiple DUs despite the use of calcium channel block-
ers, phosphodiesterase type-5 (PDE-5) inhibitors, or iloprost therapy. There are two
major concerns related to the use of bosentan and other endothelin receptor antago-
nists (ERA), potential liver injury and teratogenicity. Hormonal contraceptives may
not be reliable if co-administered with bosentan, because bosentan may reduce their
efficacy by interference with the cytochrome P450 system.

4.6.5 Phosphodiesterase Type-5 Inhibitors (Level of Evidence:
Meta-Analysis)

Phosphodiesterase type-5 inhibitors inhibit the degradation (and therefore increase
the bioavailability) of cyclic GMP, with subsequent vasodilatation. A meta-analysis
of RCTs [14] investigating various selective PDE-5 inhibitors (sildenafil 50 mg
twice daily, modified-release sildenafil 100 mg/day increased up to 200 mg/day or
tadalafil 20 mg on alternate days) indicates that PDE-5 inhibitors improve healing
of DUs in patients with SSc. Moreover, the results of one small RCT [19] indicate
that PDE-5 inhibitors may prevent the development of new DUs in SSc. Side effects
associated with the usage of PDE-5 inhibitors were common and included different
forms of vasomotor reactions, myalgias, allergic reactions, chest pain, dyspepsia,
nasal stuffiness, and visual abnormalities.

4.6.6 Calcium Channel Blockers (Level of Evidence: Randomized
Controlled Trial)

There are not many studies on calcium channel blockers to examine their efficacy in
healing or prevention of digital ulcers, although many clinicians prescribe calcium
channel blockers in this context (often for concomitant severe Raynaud phenome-
non). In a randomized, double-blind study comparing oral nifedipine (30 mg daily
for 4 weeks and then 60 mg daily for 12 weeks) and i.v. iloprost for Raynaud
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phenomenon (both with concomitant placebo infusions and capsules, respectively),
the mean number of DUs was reduced from 4.3 to 1.4 after 16 weeks of treatment
with nifedipine [20].

4.6.7 Combination Therapy (Level of Evidence: Case Report)

No randomized controlled trials are addressing vasoactive therapies used in combi-
nation for DUs. Two case reports have suggested that the combination of PDE-5
inhibitors and endothelin receptor antagonist (ERA) therapies (either both at low
dose or initial PDES inhibitor with subsequent ERA) is efficacious in refractory DU
disease [21, 22].

4.6.8 Other Drug Therapies that Have Been Explored

4.6.8.1 Statins (Level of Evidence: Randomized Controlled Trial)

In a randomized trial, which included 84 patients with SSc, 4 months of treatment
with atorvastatin (40 mg; compared with placebo) was associated with a reduction
in the number of new DUs (1.6 vs 2.5) during the treatment period [23].

4.6.8.2 Anticoagulant and Antiplatelet Agents (Level of Evidence:
Randomized Controlled Trial)

In a randomized controlled trial, 24 weeks of open-label treatment with s.c. low-

molecular-weight heparin was not associated with a significant difference in new

DUs [24].

4.6.9 Surgical Strategies

4.6.9.1 General Approach

Surgical intervention is required only in a minority of patients with DU, usually in
those who have failed medical management. The main aim of debridement is to
relieve pain by removing necrotic tissue and/or pus. Despite the therapeutic inter-
vention, amputation of the affected digit may be necessary [25, 26]. Indications for
surgical intervention include failure of DU healing, severe pain, osteomyelitis, and
underlying calcinosis.

4.6.9.2 Sympathectomy and Injection of Botulinum Toxin (Level

of Evidence: Retrospective Case Series and Case Series)
There is increasing experience worldwide with these techniques for the treatment of
DUs, although the evidence base in SSc-related digital vasculopathy is limited. In a
retrospective analysis of 26 patients with DUs, improvement in pain was reported in
92.3% post-sympathectomy, with DU healing in the majority, and with only two
patients later requiring surgical intervention (at 6 months and 4.5 years) [27].
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Botulinum toxin has also been reported to be associated with the healing and pre-
vention of DUs in SSc. In a case series of botulinum toxin, in five patients with
refractory DU disease, all DUs had healed by 12 weeks (and one within 2 weeks) [28].

Treatment Level of evidence

Prostanoids Meta-analysis

Endothelin receptor-1 antagonists Meta-analysis

Phosphodiesterase type-5 inhibitors Meta-analysis

Calcium channel blockers Randomized, double-blind study

Combination therapy Case report

Statins Randomized trial

Anticoagulant and antiplatelet agents Prospective parallel-group, randomized
study

4.6.10 Prognosis

Skin ulcers in SSc are often recurrent and difficult to heal because of local compli-
cations, mainly infections; the latter were observed in over two-thirds of individuals
and were often responsible for more severe complications, namely osteomyelitis,
gangrene, and/or amputation [3]. The development of SSc-skin ulcer was signifi-
cantly associated with lower patients’ mean age at the disease onset, male gender,
diffuse cutaneous subset, calcinosis, telangiectasia, melanodermia, abnormal pul-
monary arterial pressure, and/or altered inflammation reactant (CRP) [3]. Recurrent
and slow to heal DUs are significantly associated with severe pain, hand disability,
and reduced quality of life [29].
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What’s known?

e Atrophie blanche and painful ulcers were the most frequent cutaneous
manifestation.

* Livedoid vasculopathy (LV) treatment is a challenge and relapses are frequent.

What’s new?

e Our Brazilian retrospective review of 75 cases diagnosed as VL over the last 15
years was made, the largest study in Latin America.

e The Caucasian ethnic group was the most prevalent even in a country with sig-
nificant racial miscegenation.

e Associated thrombophilic factors are common in LV, mainly high levels of lipo-
protein (a), followed by antiphospholipid antibodies and elevated serum levels of
coagulation factors VIII/IX.

5.1 Introduction

Livedoid vasculopathy (LV), livedo vasculopathy is classified as a rare disease [1],
with an estimated prevalence in general North American population is around 1 case
per 100,000 inhabitants [2], and this disease is an orphan-condition (Orphanet clas-
sification for rare diseases ORPHA:542643) [3]. It is a chronic disorder that usually
presents as recurrent reticulated purpura and/or livedo racemosa on the lower limbs,
with recurrent, painful purpuric and/or necrotic macules that may lead to often
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ulcerative lesions, especially the ankles and dorsum of the feet [4]. The pain, func-
tional disability, and cosmetic defects in these patients lead to severe impairment in
quality of life [5].

The ulcers often are multiple in distinct stages of healing and subsequently over
weeks or months, resulting in atrophic and reticulated porcelain-like white scars,
named Atrophie Blanche, surrounded by punctate telangiectasias with livedoid
brownish pigmentation [1]. The main pathogenic mechanism is a vaso-occlusive
phenomenon due to intraluminal thrombosis of the dermal blood vessels and occa-
sionally in the subcutis [1].

5.2 Our Casuistic

We performed a retrospective and transversal study in a Brazilian tertiary centre
reviewing the epidemiological and clinical data, the histopathological findings on
the haematoxylin-eosin stain and direct immunofluorescence, as well as the therapy
of our patients with LV. We aimed to assess the comorbidities, the age of disease’s
onset, dermatological and laboratory findings, therapies applied, and time of follow-
up of our patients. There are few articles in the Latin America reviewing clinical and
epidemiological data of the patients with LV.

53 Methods

This retrospective study identified patients with LV from our database from January
1, 2005, to December 31, 2019. Patients included in the study presented with typical
LV based on both clinical symptoms and signs (painful recurrent ulcers on legs or
feet, livedo racemosa or livedo-like hyperpigmentation, and atrophie blanche), his-
topathology findings (intraluminal thrombosis of dermal and/or subcutis), and other
criteria as (1) the absence of polymorphonuclear neutrophils and nuclear fragmenta-
tion in the vicinity of the dermal vessels early in the process, (2) the absence of
permeation vascular wall by leukocytes, (3) fibrin deposition and hyalinization of
the vascular wall, and (4) normal serum complement levels in most patients and the
absence of detectable circulating immune complexes [1, 6]. The exclusion criteria
were vasculitis with leukocytoclasis in skin biopsies or another cause for the leg
ulceration had been elucidated as pyoderma gangrenosum, sarcoidosis, factitial der-
matitis, conditions induced by drugs, and ulcers due to infectious-parasitic diseases.
This study was approved by local Ethical Committee under the number 2.371.020.

On the first visit, patient’s history was taken as age, sex, race, and the patient was
asked about their age at first symptoms, treatment, occurrence of the previous
thrombosis, pain during flare of the LV, paraesthesia on limbs, pruritus during heal-
ing of ulcers, concomitant diseases, familiar history of LV and thrombosis. The
history or practice of smoking and other comorbidities: thyroid diseases, diabetes
mellitus, systemic arterial hypertension, kidney diseases, autoimmune, infectious,
neurological, heart diseases, and obesity (body mass index, BMI >30) was
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registered. The patients underwent a general and dermatological physical exam. All
data from patients, including details on epidemiology, clinical characteristics, histo-
pathology, treatment, and follow-up were collected from their physical or electronic
records of our institution and registered in chart reviews and transferred for a table
of Excel® for Windows®.

On dermatological exam, we registered the presence of active ulcers, their loca-
tion, the presence of livedo racemosa on lower and/or upper limbs, presence of scars
(atrophie blanche, AB), presence of venous stasis signs (varices, lower limb
oedema), lower limbs arterial pulses, presence of tinea pedis and/or onychomycosis
on feet.

All histopathological findings of cutaneous biopsies underwent for LV diagnosis
purposes were registered, including presence or not of: fibrinoid necrosis of blood
wall vessels, intraluminal fibrinoid thrombi and/or intraluminal fibrin-platelets
thrombi in upper dermis and/or lower dermis and/or subcutis, perivascular lympho-
mononuclear infiltrate, perivascular neutrophil infiltrate, presence or not of leukocy-
toclasis, and collagen fibres augmentation in dermis.

Direct immunofluorescence (DIF) was performed as previously reported by Aoki
et al. [7] and the data were collected.

Laboratory testing for diagnosing the established abnormalities associated with
LV were recommended for all patients with LV, including hypercoagulable states
(factor V G1691A gene mutation [Leiden], prothrombin G20210A gene mutation,
methylenetetrahydrofolate reductase mutation and homocysteine serum levels, pro-
tein C and/or protein S deficiency, antithrombin deficiency, lipoprotein(a) serum
levels, elevation of activity of Factor VIII and Factor IX, lupus anticoagulant, and
anticardiolipin antibodies (ACA) IgM and IgG (2 distinct exams >20 MPL and > 20
GPL, at least), hepatitis B and C infection and autoimmune diseases (antinuclear
antibodies, antineutrophil cytoplasmic antibody, rheumatoid factor). Serum levels
of Lp(a) were measured by immunoturbidimetry (DiaSorin®, Sallugia, Italy). Values
higher than 30 mg/dL (international cut-off for cardiovascular risk) were classified
as “elevated levels”.

The results of electromyographic exams were registered as mononeuritis multi-
plex or axonal sensitive and/or motor polyneuropathy on lower and/or upper limbs
and analysed by the same neurology group.

All patients were submitted to arterial and venous Doppler ultrasound studies in
our institution and the abnormal results were registered.

All drugs or procedures applied on the treatment of patients with LV, neuropathy,
and relief of pain were registered.

5.4 Results

Seventy-five patients were included, 59 women (78.66%) and 16 men (21.34%), in
the distribution of 3.68 @: 3. During the study period, we observed that 5 women
became pregnant, having normal newborns and not showed new lesions of LV
through the pregnancy. Nine (12%) patients were smokers.
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The median age of the patients at the first consultation in our Institution was
39.97 years (SD 16.54, range 13-78 years). The median age noticed by patients at
the onset of the LV symptoms was 34.65 years (SD 17.41, range 8-77 years). The
age group between 20 and 48 years of age (42 patients, 56%) was the most frequent.
Fourteen (18.66%) patients noticed the onset of the disease until 18 years of age.
Among 75 patients with LV, the racial/ethnic distribution was 61 (81.33%) white, 9
(12%) mulatto, 4 (5.33%) black, and 1 (1.33%) Asian.

The pain was referred by 70 patients (93.33%) and pruritus during ulcers healing
in 35 (46.66%) of 75 patients. Hypoesthesia symptoms were noticed in 33 patients
(44%) (15 patients on right lower limb, 15 patients on the left lower limb, and 3
patients on hands). Electroneuromyography studies were obtained in 11 (33.33%)
of 33 symptomatic patients and showed: 8 (72.72%) peripheral axonal sensitive-
motor polyneuropathy in LL, 2 (18.18%) patients with sensitive mononeuritis mul-
tiplex in LL, and 1 (9.09%) with peripheral axonal sensitive-motor polyneuropathy
in upper limbs.

Flares of LV (new ulcers) related to seasonality were reported by 29 patients
(38.66%) of 75 patients. Most of them occurred during spring/summer in 23 patients
(79.92%) and during autumn/winter in 6 patients (20.68%). Unfortunately, 36
patients did not relate their LV flares in any season.

LV lesions observed during the first consultation in our institution in 75 patients
were distributed as active ulcers in 62 patients (82.66%), AB in 75 patients (100%),
hyperpigmented scars in 30 patients (40%), purpuric lesions in 45 patients (60%),
telangiectasis on scars in 70 patients (93.33%), hemosiderosis on legs in 35 patients
(46.66%), bilateral lesions on lower limbs (LL) in 71 patients (94.66%), unilateral
lesions on LL in 4 patients (5.33%), bilateral livedo racemosa (LR) on LL in 48
patients (64%), bilateral LR on upper limbs in 7 patients (9.33%), LR on trunk in 1
patient (1.33%).

The interval of time recovered in 65 patients (86.66%), since the first symptoms
of LV until a physician diagnosis, based on dermatological signs and histopathology
findings range 1-20 years (median 6.65, SD 4.50).

Symptoms of chronic venous stasis or positive findings of venous insufficiency
on legs were observed in 19 patients (25.33%) and lipodermatosclerosis in 5
(1.33%). Peripheral arterial diseases in lower limbs occurred ultrasound Doppler
studies in 6 patients (8%), Raynaud phenomenon in 3 (4%), dyslipidaemia in 8
patients (10.66%) (7 hypercholesterolemia and 1 hypertriglyceridemia).

Systemic arterial hypertension (SAH) was present in 16 patients (21.33%), obe-
sity in 29 patients (38.66%), diabetes mellitus in 7 (9.33%), hypothyroidism in 2
(2.8%), asthma in 1 (1.33%), chronic C hepatitis in 1 patient (1.33%), and conges-
tive heart insufficiency in 1 (1.33%). Autoimmune conditions: primary antiphos-
pholipid syndrome (APS) in 4 patients (5.33%), secondary APS due to systemic
lupus erythematosus (SLE) in 1 (1.33%), SLE in 2 patients (2.66%), rheumatoid
arthritis in 1 (1.33%), and chronic spontaneous urticaria in 1 (1.33%). History of
thromboembolic conditions: previous venous thrombosis in lower limbs in 6 patients
(8%), and one case (1.33%) of each follow conditions in distinct patients:
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thrombosis in retinal arteria, deep venous thrombosis plus lung emboli plus sagittal
thrombosis sinus, and another patient with retroperitoneal venous thrombosis.

Dermatological comorbidities found were tinea pedis in 11 patients (14.66%)
and onychomycosis on feet in 10 (13.33%), regressive congenital cutaneous hae-
mangioma in the same site of unilateral LV lesions in 1 (1.33%), and cutaneous
primary malignant melanoma in 1 (1.33%).

Extracutaneous cancer was registered in 3 patients (4%): kidney cancer (1.33%)
and 2 breast cancer (2.66%) (one of them before LV diagnosis and another after LV
diagnosis).

All thrombophilia exams described in the methods section were completed or
partially performed by 72 patients (96%) and not in 3 patients. Thrombophilic fac-
tors were found in 48 patients (66.66%) and absent in 24 (33.33%). Two or more
concomitant thrombophilic factors were retrieved in 26/71 patients (36.61%) with
our complete screening. Heterozygous Factor V (Leiden) mutation in 3/71 (4.22%),
heterozygous Prothrombin gene mutations in 2/71 (2.81%), reduction of serum
Protein C activity in 2/72 (2.77%), reduction of serum Protein S activity in 3/72
(4.16%), reduction of serum Antithrombin activity in 3/72 (4.16%), increase of
serum Factor VIII activity in 9/72 (12.5%), increase of serum Factor IX activity in
9/72 (6.94%), hyperhomocystenemia in 5/2 (12.5%) (3 heterozygous and 2 homo-
zygous for methylenetetrahydrofolate reductase, MTHFR, Lupus anticoagulant in
7/72(9.72%), 1gG ACA in 10/72 (13.88%), IgM ACA in 10/72 (13.88%), 1gG ACA
plus IgM ACA in 8/72 (11.11%), and Lupus anticoagulant plus ACA (IgG and /or
IgM) in 5/72 (6.94%).

Serum levels of Lipoprotein (a) [Lp(a)] were the most common thrombophilic
factor found in 30 patients (41.66%) (20-216 mg/dL, normal range < 9 mg/dL for
women and < 11 mg/dL for men), medium value 78.5 mg/dL, SD 49.42 mg/dL,
among 72 patients. Among these 30 patients, 24 (80%) showed levels of cardiovas-
cular risk (> 30 mg/dL), medium value 92.63 mg/dL, SD 45.63 mg/dL. Taken these
data from thrombophilic states together Lp(a), antiphospholipid antibodies, and
elevated serum of Factors VIII and IX were the more relevant factors involved in
pathogenesis of LV in our patients.

Eight (13.33%) in 60 patients showed elevated plasma levels of fibrinogen.
Unspecific antinuclear antibodies (ANA) were increased (title >1:320) in 14/72
(19.44%), and one patient with rheumatoid factor (RF) positive. The antineutrophil
cytoplasmic antibody (ANCA) test was negative in 72 patients. Reactive-C-protein
(CRP) was elevated in only 2/72 (2.77%) and complement levels were reduced only
in 4 patients, 3 with SLE diagnosis and 1 with RA of 72 patients. Only 1/72 (1.38%)
demonstrated IgG monoclonal gammopathy of uncertain significance.

The biopsies obtained by punch 5 mm of diameter from 75 LV patients, often on
lesions as purpuric macules or surrounding the AB, under haematoxylin-eosin stain,
the follow findings were observed: fibrinoid necrosis of the dermal vessels in 36
patients (48%); segmental hyalinization of the wall vessels in the dermis in 60
patients (80%); intraluminal hyaline thrombi in the dermal vessels in 67 patients
(89.33%) found in upper dermis in 60 patients (69.33%), lower dermis in 52
(69.33%) and subcutis in 9 (9.33%); intraluminal fibrin-platelet thrombi in 7 patients
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(9.33%); erythrocytes extravasation in 65 patients (86.66%); perivascular lympho-
mononuclear infiltrate in 68 patients (90.66%); mild perivascular lymphomononu-
clear infiltrate with few neutrophils without leukocytoclasis in 10 patients (13.33%),
and collagen fibres augmented in dermis in 24 patients (32%) (Fig. 5.1). Twenty-
four (32%) of our 75 patients need more than at least two different skin biopsies to
meet the histopathological criteria for LV diagnosis. Fifteen patients (20%) obtained
a positive histopathological feature of LV when the biopsies were taken from plan-
tar cavum, where livedo-like macules and/or purpura were present.

DIF was performed in 37 patients (49.33%) of 75 patients and at least one posi-
tive immunoreactant was observed in 27 patients (72.97%). Immunoreactants posi-
tive in both upper and lower dermis were found in 23 patients (62.16%). Distinct
immunofluorescence patterns were retrieved: granular C3 in the wall vessels in
18/37 (48.64%); granular C3 in the BZM in 6/37 (16.21%); homogeneous C3 in the
wall vessels in 7 (18.42%); homogeneous C3 in the BZM in 2/37 (5.4%); granular
IgM in the wall vessels in 15/37 (40.54%); granular IgM in the BZM in 3/37 (8.1%);
homogeneous IgM in the wall vessels in 2 (5.4%); homogeneous IgM in the BZM
in 1/37 (2.7%); granular IgG in the wall vessels in 2/37 (5.4%); homogeneous IgG
in the BZM in 1/37 (2.7%); granular IgA in the wall vessels in 4/37 (10.81%); and
homogeneous IgA in the BZM in 1/37 (2.7%) (Fig. 5.1).

Several drugs were used for the treatment of our 75 patients. Some medications
were disposable in our Institution, and it was accessible for distribution for our
patients and other drugs, or procedures were not (cilostazol, hyperbaric oxygen
therapy, pentoxifylline, rivaroxaban). The following drugs or treatments were
applied for our 75 patients to treat LV: acetylsalicylic acid (ASA) (100-200 mg/day)
for 57 patients (76%), pentoxifylline (800-1200 mg/day) for 54 (72%), diosmin/
hesperidin (450/50 mg, t.i.d) for 36 (48%), cilostazol (100200 mg/day) for 18
(24%), hyperbaric oxygen therapy (median of 20 sessions, per LV flare) for 18
(24%), danazol (100-200 mg/day) for 12 (16%), enoxaparin (40-80 mg/day) for 15
(20%), rivaroxaban (20-30 mg/day) for 11 (14.66%), warfarin (INR 1.5 < 2) for 7

Fig.5.1 Classical findings
on chronic lesions of
livedoid vasculopathy.
Fibrin deposition into
upper dermal blood vessels
(HE, 200x)
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Fig. 5.2 Histopathological
findings on acute lesions of
livedoid vasculopathy.
Multiple thrombi into
upper dermal blood vessels
(HE, 100x)

(9.33%), nicotinic acid (1.500 mg/day) for 5 (6.66%), unfractionated heparin (UFH)
(Heparin sodium 5000 I.U./mL, 5000 I.U subcutaneous each 12 h/day) for 4
(5.33%), folic acid plus B vitamin complex for 4 (5.33%), colchicine (0.5 mg t.i.d/
day) for 4 (5.33%), and dipyridamole (300 mg/day) for 1 (1.33%) (Fig. 5.2). Only
one patient who received danazol developed amenorrhoea due to hormonal disbal-
ance, but 50% of patients who received pentoxifylline and/or ASA noticed dyspep-
tic symptoms or headache. Any patient noticed episodes of bleeding during the use
of anticoagulant drugs as warfarin, UFH, enoxaparin, or rivaroxaban.

Patients received these drugs for peripheral neuropathy treatment symptoms and/
or signs: prednisone (40-60 mg/day) for 16 (21.33%), methotrexate (1520 mg/
week) for 5 (6.66%), azathioprine (150-300 mg/day) for 4 (5.33%), hydroxychlo-
roquine (400 mg/day) for 4 (5.33%), cyclophosphamide pulse for 1 patient (91.33%),
and methylprednisolone pulse for 1 (1.33%). For pain control, the patients were
treated with paracetamol plus codeine (500/10 mg t.i.d) for 30 (40%), gabapentin
(300-1800 mg/day) for 5 (6.66%), and tramadol (200400 mg/day) for 10 (13.33%).

The time of follow-up in our institution varied between 1 and 168 months
(median 58.07; SD 38.5). Ten patients lost the follow-up in our hospital. Among the
other 65 patients, 11 (16.92%) were discharged after at least 2 years without new
flares of LV (probable remission), and 54 patients were under treatment until
December 2019.

5.5 Discussion

In this single-institution retrospective study, we analysed the data of 75 patients, the
larger number of LV patients in Brazil and Latin American until 2019, in the litera-
ture indexed in PubMed.

In Table 5.1, we reviewed our findings and other 10 other published studies
indexed in PubMed, in the last 17 years, enrolled more than 20 patients [10-18]. All
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these data included 450 LV patients, 326 women and 134 men (median rate,
2.43Q:13). Table 5.1 described some aspects as the country of these studies, pro-
spective, retrospective, single or multicentre study design, age at disease onset, sex
distribution, thrombophilic factors retrieved, dermatological lesions, histopathology
aspects, treatments, and follow-up [8, 10-18].

Our data were similar to previous publications in single or multicentre studies in
countries of Asia, Europe, and North America [8, 10-18].

The sex distribution of 3.68 Q: & in our patients was more elevated than other
previous studies conducted in French [10] and in Germany [11], but almost similar
to the data from 70 patients in Singapore [14].

The age group between 20 and 48 years (42 patients, 56%) was the most frequent
in our study, with a mean age of 34.65 years (SD 17.41, range 8-77 years). These
findings were comparable to the data found of Gan et al. [14] in Singapore (mean
age of 39 years, 15-75), among 70 patients, and Gardette et al. [10] in France,
(mean age of 35.5 years, 6-67), among 26 patients. In our study was remarkable the
presence of 14 (18.66%) patients that referred to the onset of diseases before 18
years old. These findings alert the physicians to this often misdiagnosis in children
and adolescents, with painful ulcerations in lower legs.

Brazil is the world’s fifth largest country and has the seventh largest GDP, while
ranking 71st and 85th for GDP per capita and the human development index, respec-
tively [8], and these aspects can explain some demographic and therapeutic data
among our 75 patients, as the few cases (11) of rivaroxaban use and none with other
Factor Xa inhibitors or intravenous immunoglobulin, a group of expensive drugs in
our country, and not available in Public Health System (SUS) for this International
Code Diseases classification (ICD: L95). Nowadays, Brazilian population is esti-
mated in 209 million individuals, and it is highly heterogeneous, as a result of five
centuries of admixture of Europeans, Africans, and Amerindians (Native Americans),
with a more recent component of Asian people immigration, represented mainly by
Japanese, Chinese, and Korean people [19]. According to Callegary-Jacques and
Salzano [20], 58% of immigrants who arrived in Brazil between 1500 and 1972
were Europeans, 40% were Africans, and 2% were Asians. In this sense, Brazil
might be a “meeting point” for the three major historical-geographical components
of humanity, namely distinct composition in the ethnic distribution of our patients,
where there was a predominance of white patients 81.33%. Other included 12%
mulatto, 5.33% black, and 1.33% Asian patients, an unexpected distribution front to
Brazilian ethnic composition. Interestingly, there are few data from African patients
with LV in the literature until now, excluding our patients [20]. Based on these data,
probably African and Afro-descendants’ people are less susceptible to develop LV
or these ethnic group, unfortunately, has less access to the health system.

Among our patients the most frequent LV lesions present during the first visit
were AB scars 100%, followed by telangiectasias 93.33% and active ulcers in
82.66%. Bilateral lesions on LL were present in 94.66% and bilateral LR on LL in
64%. These findings are especially concordant with patients of Hairston et al. [17]
and similar to Gildette et al. [10] patients. In Weishaupt et al. [11], AB was found in
all patients.
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Intraluminal hyaline thrombi in the dermal vessels were found in 89.33%
patients, followed by perivascular lymphomononuclear infiltrate in 90.66%, eryth-
rocytes extravasation in 86.66% and, segmental hyalinization of the wall’s vessels
in the dermis in 80% of our patients. These histopathological findings are according
to the majority of the Gildette et al. [10] patients. Pauci-inflammatory intraluminal
thrombosis was the hallmark of LV in our patients.

On DIF study was positive in 72.95% (27/37) of our patients. The most frequent
immunoreactant was granular C3 in the wall vessels in 48.64% followed by; homo-
geneous C3 in the wall vessels in 18.42%. Hsiao and Wu [21] studding DIF in 27
LV patients obtained a tissue expression of C3 in 100% and IgM in 96% of their
patients. Hairston et al. [17] described a positive DIF in 31 (86.1%) of 36 patients,
and the most prevalent immunoreactants were fibrin>C3 > IgM. All these studies in
LV showed a variable sensitivity in DIF, with C3 and IgM as immunoreactants more
frequent similar to demonstrated by our findings.

To concern thrombophilic factors together, Lp(a), antiphosholipid antibodies
and, the elevated serum of Factors VIII and IX were the more relevant factors
involved in the pathogenesis of LV in our patients. Few authors have investigated
Lp(a) [22, 23] in LV patients and we are unable to find any LV dosing Factor VIII/
Factor IX. In a review, Algahtani and Stuckey [24] reviewed the association between
elevated levels of Factor VIII and concluded that high factor VIII levels are a risk
factor for thrombosis, with a greater impact on venous than on arterial thrombosis.

Lp (a) is a cholesterol-rich lipoprotein particle, consisting of a low-density lipo-
protein (LDL) domain (containing apolipoprotein B-100) covalently bound to the
glycoprotein apolipoprotein(a) [apo(a)] [25]. Due to high structural homology with
plasminogen, Lp(a) is capable of inhibiting fibrinolysis by means of competing with
plasminogen for stabilized fibrin binding [25]. A convincing association has been
widely reported between Lp(a) and a kaleidoscope of vascular occlusive disorders
[25]. It has been demonstrated that Lp(a) acts as a pro-thrombotic and antifibrinol-
ytic factor, interfering with clot biology at multiple levels [26], such as the follow-
ing: (1) impairment of plasminogen activation and/or formation of active plasmin
due to Lp(a) similarity to plasminogen; (2) overproduction of PAI-1 induced by
oxidized Lp(a) [ox-Lp(a)]; (3) promotion of tissue factor (TF) expression in mono-
cytes; and (4) binding and inhibition of tissue factor pathway inhibitor (TFPI) [27].

We found elevated levels of Lp(a) in 30/72 (41.66%) of patients and Weishaupt
etal. [11] found in 5/12 (42%), showing percentages very similar in both only large
studies published including thrombophilia screening with Lp(a). Previously, our
group published a study demonstrated of Lp(a), deposits in the wall vessels, and in
perivascular cells in lesions of LV patients, and it was not significative in normal
skin controls [4]. This reinforces the probable pathogenic mechanism of Lp(a) as a
co-factor for intraluminal thrombosis in LV or its involvement in ulcers healing.

The most frequent comorbidities in our patients were systemic SHA (21.33%),
obesity (38.66%), diabetes mellitus type II (9.33%), and symptoms or signs of
venous insufficiency in LL (25.33%). Though the prevalence of venous insuffi-
ciency was high in our patients, all cases were documented by ultrasound Doppler
and histopathological hallmarks of LV, as the presence of segmental hyalinizing
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vascular changes and intraluminal thrombi occlusion in dermal vessels, as empha-
sized by Hairston et al [17]. Weishaupt et al. [11] found hypertension in 70% of LV
patients, BMI was elevated in 40%, and diabetes mellitus type II in <2 patients,
concordant findings with our study.

LV flares were reported occurring during spring/summer in 23/29 (79.92%) and
during autumn/winter in 6/29 (20.68%). This VL season exacerbation during sum-
mer is clinical behaviour similar to previous descriptions by other authors as Lee
and Cho [12].

Our therapeutic experience acquired with these 75 LV patients demonstrated that
the pain referred to by 93.33% of them during the acute phase of the ulceration
process need an approach with drugs for analgesia (tramadol, paracetamol plus
codeine) and a specific therapy to enhance the arterial blood supply in skin micro-
circulation on lower limbs. Rivaroxaban, enoxaparin, hyperbaric oxygen therapy,
cilostazol and, danazol, this last especially in cases with Lp(a) high levels were the
most useful therapeutic approach in severe LV cases, on the clinical setting of con-
secutive and multiple ulcerations during the flares [28]. Most of our patients were
submitted to maintenance treatment with pentoxifylline and/or ASA during ulcer-
ations remission.

As a long interval of 15 years of this retrospective study, our data collection has
some limitations, mainly related to the study design, complementary exams per-
formed, and data obtained from patients. Accuracy of data collection also relied on
adequate documentation in the medical records. Our data was published in 2021 and
until now this case series is the largest from a single centre indexed in PubMed [9].

5.6 Hallmarks of the Literature

LV is a rare disease and it received distinct nomenclatures since it was described in
an Occidental literature by Milian (1929), including “livedo vasculitis”, “segmental
hyalinizing vasculitis” (Bard and Winkelmann, 1967), “livedo reticularis with sum-
mer ulceration”, “Milian white atrophy”, “atrophie blanche en plaque”, and
“PURPLE” (painful purpuric ulcers with a reticular pattern of lower extremities)
[6]. McCalmont et al. [29] used the term “livedoid vasculopathy” in 1992.

Nowadays, the primary physiopathology of LV is one or more hypercoagulable
states, while the inflammation interplays as a secondary role. Then, LV is classified
as a biological result of coagulating or antifibrinolytic disorder, essentially a vascu-
lopathy, which occurs when a thrombus forms into the dermal or eventually subcu-
taneous vessels and compromises the blood flow [6].

This condition shows a chronic course with periodic and recurrent exacerbations,
often affecting the legs and feet bilaterally [30].

LV is distinct from vasculitis, which refers to primary inflammation of the vessel
wall followed by fibrinoid necrosis [31]. Livedoid vasculopathy is usually associ-
ated with phenomena that cause hypercoagulability and thrombus formation,
including [30]: chronic venous hypertension of the limbs and varicose veins, auto-
immune connective tissue diseases (systemic lupus erythematosus, rheumatoid
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arthritis, scleroderma, mixed connective tissue disease), thrombophilia states (inher-
ited causes factor V Leiden variant, prothrombin gene G20210A mutation, and pro-
tein C, protein S, and antithrombin deficiency, elevated levels of FVIII and Factor
IX, elevated lipoprotein A serum levels, polymorphism of plasminogen inhibitor
activator gene (PAI) (4G/5G) or acquired causes as acquired homocysteinemia,
cryoglobulinemia, cryofibrinogenaemia, antiphospholipid antibody syndrome),
neoplasms (solid organ neoplasia, myeloproliferative disorders, paraproteinemia,
etc.) and idiopathic forms [31].

The associations between LV and genetic abnormalities show geographical or
ethnic differences [6]. PAI-1-675 4G/5G was the most common genetic abnormal-
ity, accounting for 85.26% of cases (n = 81 of 95), followed by PAI-1 A844G,
MTHFR C677T, and MTHFR A1298C variants [6]. Prothrombin G20210A and
factor V. G1691A were mainly present in patients with LV from Europe, North
America, and South America [6].

Burning pain is the main prodromal symptom of LV [6]. Physical examination
often reveals lesions in distinct stages of evolution: livedo-like hemosiderosis, white
atrophic porcelain-like lesions, telangiectasis, palpable and non-palpable purpura
(often better visualized on dermoscopy exam), and small ulcers with necrotic debris
(Figs. 5.3, 5.4 and 5.5). The small ulcerations progressively evolve to confluent
reticulated ulcers. The main locations of the ulcers are the dorsum of the feet, ankles,
and the lower extremities, often bilaterally. Exceptionally, upper extremities may be
affected in some patients [6]. Ulcers are characterized by the clinical aspect
“punched-out” located on perimalleolar area, heals in a period of time between 3
and 4 months and solve as “atrophie blanche”, a non-pathognomonic type of scar
small round or stellate porcelain white atrophic lesions surrounded by hyperpig-
mentation and telangiectasis [6, 29, 30].

The main differential diagnosis is the cutaneous polyarteritis nodosa (cPAN)
(cutaneous arteritis), which may simulate the clinical aspects of LV. For cPNA
exclusion, the skin biopsies should involve dermis and subcutis, to visualize the

Fig.5.3 Livedoid
vasculopathy. Punched-out
and reticulate ulcers on
ankle
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Fig.5.4 Livedoid
vasculopathy. Reticulate
purpuric lesions and
punched-out ulcers on foot

Fig. 5.5 Livedoid
vasculopathy. Multiple
necrotic and punched-out
reticulate ulcers on ankles
and feet

histopathology hallmark of cPAN, the leukocytoclastic vasculitis in dermal-
hypodermal arteries. The ideal biopsy specimen is a small wedge of tissue that
includes adjacent healthy skin and the ulcer margin and is obtained through the
dermis and subcutis, or purpura lesion (Figs. 5.1 and 5.2). Other conditions produc-
ing reticulated ulcers on legs and feet are differential diagnosis of LV: true leukocy-
toclastic small vessels vasculitis, peripheral arterial disease, chronic venous
insufficiency, cryoglobulinaemic vasculitis or vasculopathy, ANCA-associated vas-
culitis, sickle cell disease, hydroxyurea ulcers, distinct vasculopathies (cholesterol
emboli, atrial myxoma embolization, oxaluria).
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The treatment for LV is based on non-drug interventions as smoking cessation
without use of nicotine patches or gums, prevention or treatment of venous stasis
(flavonoid drugs as diosmin plus hesperidin) and several drug interventions, as [32]:
low-dose ASA (acetylsalicylic acid, 100 mg/day), oral pentoxifylline (400 mg t.i.d),
oral dipyridamole, folic acid (and possibly vitamin B complex, particularly in
patients with methylenetetrahydrofolate reductase mutation), hydroxychloroquine
(especially for patients with antiphospholipid antibodies), anabolic steroids
(stanazolol or danazol, in patients with cryofibrinogenemia or high serum levels of
lipoprotein A), warfarin sodium, heparin, low-dose or low-molecular-weight (eno-
xiparin), hyperbaric oxygen therapy, tissue plasminogen activator infusion, intrave-
nous immunoglobulin. Recently, there are reports using direct oral anticoagulants
(DOAC:S, as dabigatran, rivaroxaban, apixaban) [33], anti-TNFa agents (etanercept,
adalimumab) [34, 35], sulodexide [36], rituximab [37], cilostazol [38].

5.7 Conclusions

Despite the above limitations, we believe that several clinically useful data from
Latin America, particularly in Brazil, can be drawn, as predominance in white eth-
nic group, paraesthesia symptoms (hypoesthesia) on lower limbs in 40% of our
patients, the frequency of elevated Lp(a) and Factor VIII/IX serum levels, ACA,
symptoms and/or signs of leg venous stasis in 25.33% of our patients. Taking all
data together, there are convincing information that multifactorial conditions are
related or involved in the LV pathogenesis, as distinct thrombophilic factors and
venous stasis, and its association with extracutaneous conditions as peripheral neu-
ropathy, obesity (21.33%), and SAH (38.66%), at least, in a group of these patients.
A work-up for lesions with suspicion of livedoid vasculopathy is presented in Fig.
5.6, based on the article review published by Eswaran et al. [39]. In Fig. 5.7 is dem-
onstrated the progessive suggested treatment steps for livedoid vasculopathy.
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Patient with lesions ulcerative
lesions on legs and/or feet

with livedoid vasculopathy suspiction

=

Personal history of painful recurrent purpuric lesions
evolving to small ulcers, isolated or confluent,
with reticulated aspect and scars typical of atrophie blanche.
For mor precise site selection, use dermoscopy to find purpuric

lesions for biopsy.

e

Proceed to perform a cutaneous biopsy of one purpuric lesion
(not inside ulcer or necrotic tissue), after the normal results of
blood coagulation tests. Avoid biopsies over atrophie blanche too.
The biopsy must include epidermis, dermis and subcutis.

=

!

<=

Non-specific changes
as neocapillary vascularization,
hemossiderin deposits in dermis,
consistent with venous stasis

e

Thrombotic vasculopathy,
without transmural Inflammatory
cellular infiltration in dermal and/or
subcutaneous blood vessels
and/or leukocytoclasis

~ =

Work-up for venous
Insufficency, with venous duplex
ultrasound studies, and others.

Absence of other systemic
thrombophilic disorder,
as sepsis, endocarditis,
and other alternative cause
Identified (cholesterol embolic
diseases, septic embolic conditions,
anticoagulant necrosis (warfarin,
heparin), cryoglobulins,
cryofibrinogenemia,
microangiopathic hemolytic
anemias, falciforme anemia,
monoclonal gammopathy, calciphylaxis,
oxalosis), leprosy reaction (Lucio’s
phenomenon).

Livedoid Vasculopathy
(clinical classification):
« Idiopathic livedoid vasculopathy
« Livedoid Vasculopathy associated
with acquired or genetic thrombophilia
« Livedoid Vasculopathy associated
with venous stasis
« Livedoid Vasculopathy associated
with autoimmune connective tissue
disease
 Livedoid Vasculopathy associated
with other systemic condition, as
internal malignancy.

:

Consider Livedoid Vasculopathy
diagnosis

:

Dermal leukocytoclastic
vasculitis or hypodermal
leukocytoclastic vasculitis

<=

Small vessel Cutaneous
vasculitis or
cutaneous
arteritis
(polyartheritis nodosa)

<=

Proceed to
true vasculitis
investigations

Proceed to investigate
thrombophilic disorders
and the presence of mononeuritis
or perypheral polyneuropathy

:

Livedoid Vasculopathy
(complementary
* Work-up for hypercoagulable
* Work-up for arterial and venous
insuffience
* Work-up for internal
(based on anamnesis
exam)
* Work-up for autoimmune
tissue diseases

Treat as suggested in this revision:
ASA, pentoxyphilline, danazol,
heparin, oral anticoagulants, etc.

Fig. 5.6 Practical work-up of purpuric and ulcerated lesions on legs and/or feet for diagnosis of

livedoid vasculopathy
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Step-therapy interventions on
JAK inhibitors (baricitinib or tofacitinib) or other immunosuppresive agentes
Livedoid Vasculopathy Q (cyclosporine, azathioprine, etc)

Intravenous tissue plasminogen activator (tPA)

A
oo

Rituximab or anti-TNF-alpha agentes (example, adalimumabe, etanercept)

Sulodexide or PUVA (phototherapy treatment)

Subcutaneous low-molecular-weight heparin (Enoxiparin) or oral Vitamin K inhibitors (warfarin)

lew oral anticoagulant drugs: direct thrombin inhibitors (dabigatran) or direct Factor Xa inhibitors
(ri , apixaban, and edoxaban)

Danazol or Stanazolol for patients with high serum levels of Lipoprotein(a) or cryofibrogenemia

Hyperbaric Oxygen Therapy (HBOT) L

Hydroxychloroquine plus pentoxyfylline plus ASA, especially in cases with Antiphospholipid Antibodies or
Antiphospholipid Syndrome

N
Oo" 3° ASA plus dipyridamole or Clopidogrel or Cilostazol or Nicotic acid or Doxycycline or Colchicine
Q¢
2° Acetylsalicylic acid (ASA) plus pentoxifylline for mild cases (few number of small ulcers)
N (pain control, compression stockings, if there is not arterial insufficience, cessation of smoking and nicotine patches, bed rest with
1 Leg elevation); folic acid, vitamin B6 and B12 for hyperhomocystenemia; tratment for chronic venous stasis (di peridin plus

Fig. 5.7 Step-therapy interventions for LV patients are based on disease severity (intensity of
pain, number of ulcers, and impact on quality of life). Progression on each step adds economic
burden for patients and institutions, potential severe adverse reactions and there is a reduced the
number of evidence-based treatments.* In black bold letters are listed the interventions with a
greater number of patients allocated in case series published in the literature
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Ulcers in Hypercoagulable States 6

Ritika Khanna and Rahul Khanna

6.1 Introduction

A hypercoagulable state is a predisposition to clot/thrombus formation and is also
called as thrombophilia. The most common and sometimes life-threatening mani-
festation of hypercoagulable state is deep venous thrombosis of leg veins. Skin
ulceration is usually an atypical and nonspecific clinical feature. Thrombophilia can
be congenital or hereditary variety and acquired variety [1].

Congenital/hereditary thrombophilia: This variety can be due to a deficiency of
natural anticoagulants (Type I defect) or overactivity of coagulation factors (Type II
defect). The Type II defects are more severe compared to Type I defects in their
tendency to cause thrombosis [2].

Type I defects:

. Antithrombin III deficiency.

. Protein C and Protein S deficiency.

. Factor XIII mutation.

. Dysfibrinogenemia.

. Congenital deficiency of plasminogen.

[ O I

Type 1I defects

1. Factor V Leiden.
2. Prothrombin mutation.

R. Khanna - R. Khanna (1)
Department of Dermatology and Surgery, Institute of Medical Sciences, Banaras Hindu
University, Varanasi, India

© The Author(s), under exclusive license to Springer Nature Singapore Pte 63
Ltd. 2023

A. K. Khanna, S. K. Tiwary (eds.), Uncommon Ulcers of the Extremities,
https://doi.org/10.1007/978-981-99-1782-2_6


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-99-1782-2_6&domain=pdf
https://doi.org/10.1007/978-981-99-1782-2_6

64 R.Khanna and R. Khanna

Acquired thrombophilia: Several acquired conditions are known to increase the
risk of arterial as well as venous thrombosis. Important causes are:

Antiphospholipid antibody syndrome [3].
Heparin-induced thrombocytopenia [4].

Paroxysmal nocturnal hemoglobinuria.

Sickle cell disease.

Myeloproliferative disorders specially polycythemia vera and essential throm-
bocytosis [5].

Metastatic cancer and paraneoplastic syndromes [6].
Nephrotic syndrome.

Hypercoagulability of pregnancy [7].

Oral contraceptive pills and hormone replacement therapy.
10. Obesity.

Bl

Al

Unsettled thrombophilia: There are a few conditions predisposing to a hyperco-
agulable state whose etiology is uncertain. They are elevated levels of factor VIII,
factor X, fibrinogen, and thrombosis activatable fibrinolysis inhibitors. Activated
protein C resistance not caused by factor V mutation and elevated homocysteine
levels are other such uncertain situations [8].

Diagnostic tests for hypercoagulable states: Because a large number of bio-
chemical investigations are available, the most relevant tests are advised on the basis
of clinical evaluation. Mandatory tests will include complete blood count (including
platelet count), prothrombin time/international normalized ratio, activated partial
thromboplastin time, and thrombin time. Additional investigations as clinically
indicated are lupus antibody, anticardiolipin and anti-f3, glycoprotein 1 antibody,
activated protein C resistance, fibrinogen levels, factor V Leiden and prothrombin
mutation, and basal homocysteine levels. Real-time assessment of coagulation
parameters is now possible with thromboelastography or rotational thromboelas-
tometry. It can assess platelet function, enzymatic derangements, and fibrinolysis
thus providing information on complete hemostatic function. The real-time infor-
mation obtained on thromboelastography enables goal-directed therapy.

Hypercoagulable states are common in critical illness and often a cause for life-
threatening complications. They need to be recognized early before complications
set in and pose complex management issues. They result in excessive intravascular
clotting of blood with serious organ derangements or ischemic ulcerations.

Hypercoagulable states predispose the patient to development of venous and/or
arterial thrombus. Skin manifestations can be an important factor in diagnosing a
patient’s hypercoagulable state by the appearance of lesions such as purpura, pur-
pura fulminans, livedo reticularis, livedo vasculopathy (atrophie blanche), aneto-
derma, and superficial venous thrombosis. Although the cutaneous manifestations
are nonspecific, their appearance is an indicator for further workup for underlying
thrombophilic disorder [9].

Cutaneous ulcers secondary to thrombophilia producing diseases have atypical
presentation and present with pain and inflammation to begin with before ulceration
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occurs. They account for about 20-30% of leg ulcers [10]. These ulcers can occur at
unusual sites such as trunk or thighs and do not respond to antibiotic therapy. Often
they are mistaken for pyoderma gangrenosum.

6.2  General Pathogenesis of Cutaneous Ulcers
in Hypercoagulable States

Although it has not been conclusively proven, thrombophilia-associated ulcers are
thought to be a result of localized tissue hypoxia secondary to occlusion of capillary
network by micro-thrombi. This leads to a painful lesion which ultimately ulcerates
due to cutaneous necrosis. Nearly similar micro-thrombi-linked pathogenesis occurs
in various causes of thrombophilia including abnormalities of red blood cell struc-
ture, vasospasm, emboli, cold-related and immune complex deposition diseases.

6.3 General Clinical Features of Thrombophilia
Associated Ulcers

Ulcers located at unusual locations such as trunk or back or thighs should arouse
suspicion of thrombophilia-associated ulcers. These are sites where diabetic,
atherosclerotic-associated ischemic ulcers, neuropathic ulcers, or venous ulcers will
not occur. Preceding the ulcer there is usually an erythematous swelling with pain
out of proportion to the clinical findings. This is followed by development of a typi-
cal livedoid patch which over a few days converts into a black eschar. The eschar
when it sheds off leaves behind a small and shallow ulcers with a pale floor. Poor or
no response to antibiotic therapy gives further weight to a thrombophilia-associated
etiology. Livedoid reticularis before the ulceration is very typical of such ulcers and
is due to collection of venous blood giving rise to typical purplish color [11].
Typically such ulcers can best be described as chronic non-inflammatory ulcers
located at atypical sites which are poorly responsive to antibiotic therapy.

6.4  Severity Index of Cutaneous Ulcers

The severity of leg ulcers is based on size, duration, and depth. Ulcers persisting
beyond 6 months are said to be chronic. Depending on the depth cutaneous ulcers
can be classified as follows:

Stage 1: Characterized by skin discoloration and non-blanchable erythema. The
skin is intact but warm, edematous, and indurated.

Stage 2: Superficial ulcer presenting as abrasion, blister, or shallow ulcer. The
skin loss is partial thickness involving epidermis and dermis.

Stage 3: Deep ulcers with or without undermining of adjacent tissue. The skin
loss is full thickness and may extend down to but not through the underlying fascia.
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Stage 4: The skin ulcers are deep with undermining and sometimes with sinus
tracks. Skin loss is full thickness with necrosis or destruction of muscle, bone sup-
porting structures such as tendon or joint capsule.

6.5 Antiphospholipid Antibody (APLA) Syndrome
Associated Ulcers

APLA syndrome is an autoimmune disease characterized by antibody production
against cell membrane phospholipid, thereby disrupting the vessel wall integrity
[12]. APLA syndrome can be a primary condition or it can be secondary to other
diseases such as systemic lupus erythematosus (SLE). When a thrombotic event
occurs in the presence of APLAs it is called as APLA syndrome.

The pathogenesis of cutaneous ulcers in APLA is fibrin deposition leading to
occlusion of superficial dermal vessels. The procoagulant state seen in APLA syn-
drome is attributed to APLAs interacting with phospholipid binding proteins, thus
impeding the coagulation cascade. The alternative mechanisms proposed are plate-
let activation, inhibition of activated protein C, induction of tissue factors and anti-
thrombin pathways [13].

Cutaneous lesions in APLA syndrome occur often but are nonspecific. The ulcers
are multiple, painful, shallow, and recurrent. Their size varies from 5 to 200 mm.
The pain can be severe enough to interfere with normal daily activities. The diagno-
sis is made only if there is a high index of clinical suspicion and associated other
clinical features which are the hallmark of APLA syndrome and SLE are present.

6.5.1 Treatment of Cutaneous Ulcers in APLA Syndrome

Patients with APLA-associated ulcers should receive long-term oral anticoagulants.
The intensity of anticoagulation is guided according to the nature of thrombotic
event (venous or arterial). In mild cases aspirin with or without low molecular
weight heparin is adequate therapy. Severe APLA syndrome requires high-dose
intravenous steroids and parenteral anticoagulation. Associated catastrophic events
will need supplemental intravenous gamma globulin and repeated plasma exchanges
with fresh frozen plasma early in the course of the event [14].

6.6  Cryoglobulinemia and Cryofibrinogenemia
Associated Ulcers

Both these conditions are diseases which are precipitated by exposure to cold
weather. In cryoglobulinemia immunoglobulin aggregates at low temperature and
precipitates within blood vessels leading to compromised circulation to tissues.
There is also immune complex formation and complement fixation which causes
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vasculitis with micro-thrombi formation. The ulcer formation and gangrene typi-
cally occur in the distal most part of upper or lower limbs [15].

Cryofibrinogenemia is characterized by cryoprecipitates composed of fibrin,
fibronectin, and fibrin degradation products. This process can be primary or second-
ary to infection, vasculitis, myeloproliferative disorders, solid organ malignancies,
or diabetes mellitus. The cryofibrinogen leads to intravascular clot formation and
capillary occlusion.

6.6.1 Treatment of Cryoglobulinemia and Cryofibrinogenemia
Associated Ulcers

Antiviral medication such as sofosbuvir and ledipasvir are used for management of
hepatitis C virus-associated cryoglobulinemia vasculitis. Imnmunosuppressive medi-
cation such as glucocorticoids, cyclophosphamide, and rituximab may be used.
Avoidance of exposure to cold weather specially of the extremities is required. The
ulcers will heal when the underlying hypercoagulable state brought on by the
increased viscosity and vasculitis is controlled.

6.7 Sickle Cell Disease Associated Ulcers

Patients with sickle cell disease have rigid red blood cells because of irregular
polymerization of hemoglobin. This leads to poor microvascular blood flow and
local tissue ischemia. Chronic leg ulcers are seen in 25 to 75% of patients with
sickle cell disease [16].

These ulcers are more common in males, in patients with more severe hemolysis
and low hemoglobin levels. The ulcers occur in areas of the leg with less subcutane-
ous fat, thin skin, and decreased blood flow. The commonest sites are over medial
and lateral malleoli. If not adequately treated they may become circumferential. The
ulcers are indolent, intractable, and heal over months to years. The pain is severe
and requires oral or sometimes parenteral opioid analgesics. Ulcers which are asso-
ciated with priapism and pulmonary hypertension are indicative of advanced sickle
cell vasculopathy.

6.7.1 Treatment of Sickle Cell Disease Associated Ulcers
Small ulcers may heal over months with good wound care. Chronic ulcers beyond

6 months will require additional therapy such as blood transfusion, skin grafting,
Unna boots, zinc sulfate, and hyperbaric oxygen.
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6.8 Livedoid Vasculopathy

This is a condition characterized by increased thrombotic activity, decreased fibri-
nolytic activity, and endothelial injury resulting in micro-thrombi in the capillary
network [17]. It is also known as segmental hyalinizing vasculitis and Milian’s atro-
phie blanche. Livedoid vasculopathy is a cutaneous manifestation of several pro-
thrombotic states that impact the components of Virchow’s triad.

6.8.1 Conditions Predisposing to Livedoid Vasculopathy

Hyperviscosity producing| Endothelial injury producing | Hypercoagulability producing

diseases diseases diseases

Chronic myeloid Systemic lupus Leiden factor V mutation

leukemia erythematosus

Heavy chain diseases Rheumatoid arthritis Protein C, S, Z and antithrombin
deficiency

Cryoglobulinemia Scleroderma Elevated levels of plasminogen
activator inhibitors (PAI-1)

Hyperhomocysteinemia

The clinical features of livedoid vasculopathy start with focal non-inflammatory
thrombus of veins of superficial dermis mainly of the legs. The condition is bilat-
eral, recurrent, and may involve the upper limbs. The accumulation of blood in the
capillaries due to micro-thrombi leads to the appearance of livedoid reticularis. As
cutaneous hypoxia increases the cutaneous manifestation evolves into painful pap-
ule, vesicles, bullae, and purpuric plaque. These lesions increase and merge to cause
painful ulcers. Over 3—4 months the ulcers transform into white atrophic scar tissue
with punctate telangiectasia which is called Milian’s atrophie blanche.

The differential diagnosis includes pyoderma gangrenosum, factitious dermati-
tis, and cutaneous polyarteritis nodosa. The diagnosis is established by histopathol-
ogy of skin biopsy specimen. The characteristic features are intravascular thrombi
in the absence of perivascular inflammation and leukocytoclasia. At the periphery of
the capillaries hyalinized fibrin rings can be seen which are characteristic of the
condition.

6.9  Warfarin and Heparin Induced Skin Ulcers

In the initial stages of warfarin or heparin therapy particularly if a high loading dose
has been given, coagulation factors imbalances can lead to a paradoxical hyperco-
agulable state and thrombosis. This phenomenon is attributed to a stronger inhibi-
tion of protein C and factor VII compared to other vitamin K-dependent factors such
as II, IX, and X in the starting one or 2 days of therapy. The decrease of protein C
leads to micro-thrombi in the cutaneous circulation and has occasionally led to
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massive thrombosis and gangrene of limbs. The patient can have a therapeutic range
PT/INR but still be in a thrombophilic state because the PT/INR depends mainly on
factor VII.

Obese middle-aged women are at highest risk for this condition. Painful and
erythematous cutaneous eruptions typically appear around the third to tenth day of
start of warfarin. The lesions may resolve or progress to form purpuric bullae which
eventually necroses, forms eschar, and ulcerates [18]. The common sites are regions
with substantial subcutaneous fat such as breasts, thighs, buttocks, and penis. If not
clinically suspected it is mistaken for pyoderma gangrenosum or necrotizing
fasciitis.

Treatment is early cessation of warfarin. Some patients may require fresh frozen
plasma or pure activated protein C infusion. Large ulcers may ultimately require
debridement and skin grafting.

6.10 Hydroxyurea Associated Ulcers

Hydroxyurea is a chemotherapeutic agent used for myeloproliferative disorders
including myeloid leukemia. Besides the usual chemotherapy-associated side
effects it is known to produce leg ulcers in about 9% of users [19]. The ulcers are
typically located in the malleolar region, are painful, and surrounded by atrophie
blanche (white stellate scarring). The proposed mechanism is disruption of S phase
of cell cycle resulting in damage to basal keratinocytes and diminished collagen
production. Treatment is by cessation of hydroxyurea therapy and moist wound
dressing.

6.11 Cholesterol Emboli Associated Ulcers

Cholesterol crystals can dislodge from atheromatous plaques in large caliber arter-
ies and even aorta and embolize into distal smaller arteries and capillaries. This can
happen in the form of a few large emboli or as a shower of micro-emboli [20]. The
organs at risk of ischemic injury are kidneys, intestine, and skeletal muscles.
Cutaneous manifestations take the form of livedo reticularis and blue toe syndrome.
Legs are the commonest site for cutaneous ulceration but are known to occur in the
skin of the trunk.

6.11.1 Clinical Features

Although livedo reticularis specially of the lower limbs is the commonest manifes-
tation it is not specific for cholesterol emboli. The ulcers are associated with other
signs of ischemia such as blue toes or cyanosis. The peripheral pulses are palpable
because the crystals lodge in arterioles and capillaries.
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The diagnosis is suspected mainly on the basis of involvement of associated
other organs specially heart and brain by atherosclerosis. Hypereosinophilia is
found in 80% of patients.

6.11.2 Treatment

Like with all thrombophilic ulcers the primary pathology has to be addressed by
thrombolytic therapy and anticoagulants. Supportive wound care with regular dress-
ing and debridement is required for skin ulcers.

6.12 Calciphylaxis

Calciphylaxis, also known as calcific uremic arteriolopathy, is a rare disease seen in
patients of chronic renal disease and in patients on dialysis. It is a result of calcifica-
tion in the small blood vessels of deeper layers of skin. Calciphylaxis is a result of
extraskeletal calcification [21]. Similar extraskeletal calcification is seen in patients
with milk-alkali syndrome, sarcoidosis, primary hyperparathyroidism, and hypervi-
taminosis D.

6.12.1 Clinical Features

The initial manifestation of localized skin ischemia is livedo reticularis which is
typical of most thrombophilic ulcers. As tissue necrosis progresses black leathery
eschar in an untidy ulcer will occur. The ulcers are most common in the lower
extremities, abdomen, buttocks, and penis. They are very painful and surrounded by
indurated skin. Diagnosis is confirmed by biopsy which will reveal calcification of
tunica media in small vessels.

6.12.2 Treatment

Timely control of phosphate and calcium balance can prevent calciphylaxis.
Thrombolysis with tissue plasminogen activator may be considered early in course
of disease. Parathyroidectomy may be helpful if there is evidence of primary hyper-
parathyroidism. Cinacalcet is an alternative agent to parathyroidectomy. Prognosis
is very poor with average survival of 1 year.

6.13 Martorell’s Hypertensive Ischemic Leg Ulcers

Martorell’s ulcers are a sequelae of poorly controlled hypertension. They are most
frequent in women between the ages of 50 to 70 years. The pathogenesis of these
ulcers stems from uncontrolled systemic hypertension causing arteriosclerotic
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changes such as hyperplasia of middle layer of arterioles, a process described as
hyalinosis [22]. The resulting luminal narrowing leads to reduced overlying skin
perfusion.

6.13.1 Clinical Features

Women in the age group 50 to 70 years are most commonly affected. The ulcers are
typically located on distal inner side of lower limbs and may be symmetrical. The
ulcer base is necrotic with violaceous edges. They are very painful and ordinary
analgesics are ineffective.

6.13.2 Treatment

The mainstay of treatment is antihypertensive medication. Drugs that reduce vaso-
constriction such as calcium channel blockers and angiotensin converting enzyme
inhibitors are useful. Besides local wound care with debridement and dressing
changes will be required.

6.14 Summary

Cutaneous ulcers at atypical sites such as trunk, abdomen, breasts, thighs, and penis
should arouse suspicion of an underlying hypercoagulable state or thrombophilia.
Further they may appear non-inflammatory and are non-responsive to antibiotic
therapy. Such ulcers are always preceded by livedo reticularis and/or atrophie
blanche. A vigorous evaluation for the causative disease condition if not already
diagnosed should be performed. Because of the similar clinical presentation the
commonest differential diagnosis is pyoderma gangrenosum. Treatment is control
of the underlying cause along with supportive wound care for the ulcer.
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Septic Emboli 7

Amrita Rath and Abhinay Jayanthi

7.1 Introduction

Septic embolism (SE) constitutes an important yet often under-reported class of
infectious complications. The incidence of septic embolism is on the rise now a
days secondary to widespread use of injectable drugs and indwelling catheters.
Septic embolism is typically caused by occlusion of a blood vessel by an infected
thrombus which travels in bloodstream from a distant infectious source. Septic
embolism as was classically described results from infective endocarditis.

Osler nodes (the tender, purplish-coloured papules), which are pathognomonic
of infective endocarditis, are indeed evidence of embolism [1].

SE can be associated with a wide range of both early and late sequelac. Among
immediate complications is the occlusion of the downstream vascular tree, includ-
ing devastating sequelae such as cerebral, bowel, or myocardial infarction [2].
Among late complications are mycotic aneurysms [3] and abscesses [4].

7.2  Epidemiology

The incidence of septic emboli among patients with infective endocarditis varies
widely among studies. In a study including 437 patients with surgical endocarditis,
septic emboli were present in 10.52% of patients with infective endocarditis [5].
Also, systemic embolization complicates about 20% to 50% of cases of infective
endocarditis of left-sided heart valves [6]. In a systematic review and metanalysis,
the pooled prevalence of septic embolism in patients with infective endocarditis
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accounted for 25% [7]. Septic embolization occurs in at least 30% of patients with
infective endocarditis referred for cardiac valve replacement [8].

The distribution of embolism was as follows: cerebral (26.3%), splenic (6.8%),
pulmonary (6.1%), renal (2.9%), peripheral (2.2%), coronary (n = 4), mesenteric
(n=3)[9].

7.3  Aetiology

Various causes of septic embolism has been put forward. The following are some of
the common causes:

(a) Infected prosthetic valves: Infected prosthetic valves develop vegetations on
them, which can dislodge and travel through the bloodstream and occlude dif-
ferent blood vessels based on the size and the location.

(b) Septic pelvic thrombophlebitis occurring secondary to septic abortion and
post puerperal uterine infection is an important attributer in females.

(c) Indwelling catheters and intravenous drug use: Currently, chronic intrave-
nous drug use and chronic indwelling vascular catheters are considered more
common risk factors for the development of septic emboli. In patients with
endovascular devices/cannulations who present with recurrent or persistent
bacteraemia, septic embolism should be suspected.

(d) Presence of CIED: Cardiac implantable electronic devices (CIED) infections
occur in about 0.5% of de novo CIED implants and approximately 2% of CIED
replacements [10]. Septic thrombophlebitis involving the internal jugular vein
due to Staphylococcus aureus has been found after insertion of implantable
cardioverter defibrillator [11].

Leading pathogens are Staphylococcus aureus (33.6%), Streptococcus viridans
(18.7%), Enterococci (16.1%), and Coagulase-negative Staphylococci (11.6%).

7.4  Pathophysiology
Septic emboli result in two insults:

(a) Early embolic/ischaemic insult due to vascular occlusion that may lead to isch-
aemia, or even infarction.

(b) The infectious insult that leads to inflammation and possible abscess forma-
tion [12].

The pathophysiology and clinical course of septic emboli depend on various
factors.
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7.4.1 Anatomical Location

The origin of septic emboli depends on the anatomical location and the vasculature
of the infected area. For example, orbital cellulitis caused by Streptococcus constel-
lates was complicated with cavernous sinus thrombosis [13].

7.4.2 Presence of Right to Left Shunt

Patent foramen ovale (PFO), a congenital cardiac anomaly, may provide a conduit
resulting in paradoxical embolism. This is one of the frequent causes of cryptogenic
strokes [10].

7.4.3 Blood Stream as the Inlet

Septic pulmonary emboli from the right atrial thrombus related to tunnelled haemo-
dialysis catheters [11].

Infection at the peripherally inserted central catheter (PICC) line in a neutrope-
nic patient with MRSA bloodstream infection has resulted in septic superior vena
cava thrombus [14].

7.4.4 Side of the Heart

Right-sided endocarditis vegetations usually embolize to the lungs and cause septic
pulmonary emboli.

Left-sided endocarditis vegetations usually embolize to the brain (occlusion of
cerebral vessels) leading to strokes.

7.4.5 Virulence of the Organism

The more virulent pathogens, S. aureus and E. coli, cause immediate and dramatic
infections of the arterial wall, with aneurysm and haemorrhage. In contrast, strepto-
cocci usually cause progressive lesions, beginning in areas of infarction or isch-
aemia [4].

7.4.6 Immunity Status of the Host

Immunosuppressed patients may be at higher risk of SE in that their presentation as
well as microbiologic findings may be atypical and/or clinically misleading [15, 16].

Microscopically, there is fibrinoid necrosis as well as neutrophilic infiltrate,
both in the vessel walls and surrounding the vessels. There is presence of dense
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pauci-cellular fibrinoid material mixed/interspersed with clusters of bacterial
cocci [17].

7.5 Clinical Presentation and Complications

Septic emboli have an extensive range of presentation from being asymptomatic to
severe complications and sequelae with high mortality. Manifestations depend on
the region of occlusion and can be as follows:

Right-sided endocarditis vegetations embolize to the lungs causing septic pul-
monary emboli present with fever, dyspnoea, pleuritic chest pain, cough, and occa-
sionally haemoptysis.

Left-sided endocarditis may result in systemic emboli in different organs with
different clinical presentations:

(a) Septic cerebral emboli: Signs of neurological deficits depends on the stroke
location, the extent of infarcted/inflamed area, and the number of the affected
areas [18].

The clinical presentation can be:

* Focal Neurological: Hemiparesis, facial droop, diplopia, aphasia, vertigo.

e Non-focal presentations: Headaches, seizures, altered mental status.

* In severe cases, it can present as meningitis, brain abscess, encephalopathy,
mycotic aneurysms, and cerebral haemorrhage.

e These are usually diagnosed with the help of MRI with and without gado-
linium, SPECT/CT, and [18F]FDG PET/CT.

(b) Septic coronary artery embolization: Coronary arterial SE should be consid-
ered in cases of known or suspected left-sided IE and evidence of concurrent
acute myocardial ischaemia (e.g. abnormal ECG or elevated cardiac enzymes).

Echocardiography (preferably TEE) can reliably demonstrate the presence
of valvular vegetations, in addition to documenting other changes characteris-
tics of myocardial ischaemia [19]. Trans-oesophageal echocardiography has a
better yield for the detection of vegetations than transthoracic
echocardiography.

Coronary occlusion secondary to SE can also be confirmed via coronary
angiography, with the potential for percutaneous coronary intervention at the
same time [20].

(c) Septic pulmonary embolism: Right-sided IE usually manifests as persistent
fevers, bacteraemia, and multiple septic pulmonary emboli. SPE may cause
pleuritic chest pain, cough, and/or haemoptysis and may be complicated by
pulmonary infarction, abscess, pneumothorax, pulmonary infiltrates, and puru-
lent pulmonary effusion and mycotic aneurysm [21, 22]. Mycotic pulmonary
artery aneurysms can rupture into the airways and be acutely fatal.

Chest X-ray imaging usually shows nonspecific findings for septic pulmo-
nary emboli.
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(d)

(e)

®

CECT chest usually demonstrates bilateral nodules or multifocal infiltrates,
often involving peripheral lung zones and associated cavitary lesions [23]. CT
shows (a) multiple peripheral nodules, (b) feeding vessel sign, (c) pleura-
abutting, wedge-shaped peripheral lesions, (d) cavity formation, and (e) pleural
effusion [24].

The “feeding vessel” sign, or the finding of a vessel which projects into a
peripheral lung lesion, is fairly specific for SPE [25, 26].

A ventilation/perfusion scan of the lung can help in diagnosis especially in

patients in whom contrast cannot be administered.
Septic splenic emboli: The two primary manifestations are splenic infarction
(most common) and splenic abscess. Although often asymptomatic, splenic
infarct may be associated with acute abdominal (usually left upper quadrant)
pain and can be complicated by abscess formation (the primary source of sub-
sequent morbidity and mortality) [27, 28].

A CT abdomen and an abdominal ultrasound may detect hypoechoic lesions
in the spleen.

Streptococci and staphylococci are among the most common offending

microorganisms, accounting for >80% of cases [28, 29]. The spleen is the most
common abdominal site for systemic septic emboli that often complicate infec-
tive endocarditis [30].
Septic mesenteric emboli: It manifests as severe and unrelenting abdominal
pain, nausea, vomiting, and urgent urge to evacuate the bowel. Classically, the
severity of abdominal pain is out of proportion to the physical findings.
Dehydration and excessive fluid loss from third-spacing of fluid lead to mental
confusion, tachycardia, tachypnoea, and circulatory collapse.

Septic mesenteric embolism can also result in ischaemia and infarctions in
the corresponding anatomic distributions and end-organ structures [31].

In terms of vascular distribution, the inferior mesenteric artery (IMA)
involvement is much less common than SE to the superior mesenteric artery
(SMA, approximately 3% versus <1%, respectively) [32].

CT abdomen and abdominal ultrasound may provide insight into the

diagnosis.
Renal septic emboli: Three types of severe renal manifestations may be seen:
renal infarcts, focal “embolic” glomerulonephritis, and acute diffuse glomeru-
lonephritis [33]. Renal infarction or haemorrhages may lead to renal failure if a
significant portion of the renal parenchyma is involved.

Most patients complain of an acute onset of fever and vomiting, abdominal,
flank, or back pain. The pain is typically constant. Acute secondary hyperten-
sion from renin release can occur due to decreased arterial perfusion may
be seen.

Laboratory findings may include leukocytosis, proteinuria, haematuria, ele-
vated levels of lactate dehydrogenase, serum glutamic-oxaloacetic transami-
nase, serum glutamic-pyruvic transaminase, and alkaline phosphatase [34].

Ultrasound may detect hypoechoic lesions in the kidneys.
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(g) Pyogenic liver abscesses could experience complications with metastatic
infections, including septic embolism [35]. Larger hepatic abscesses may
evolve over time from smaller, adjacent micro-abscesses [36]. In a variety of
septic states, especially severe abdominal sepsis associated with clinico-
pathologic entities such as diverticulitis or appendicitis, septic emboli may be
released into the portal circulation. Larger abscesses may evolve and coalesce
from smaller “seed” abscesses [37].

Such abscesses usually involve multiple bacterial species, with most com-
mon organisms being Escherichia coli, Streptococcus spp., and anaerobes
[38, 39].

CT abdomen and abdominal ultrasound may provide insight into the
diagnosis.

(h) Pylephlebitis: Portal vein thrombosis due to intrabdominal infection such as
ascending cholangitis or diverticulitis usually presents with nonspecific symp-
toms like fever and abdominal pain and is diagnosed with CECT abdomen and
abdominal ultrasound.

Arterial and venous duplex studies are needed to pursue arterial emboli and
venous thrombophlebitis.

(i) Septic emboli of the skin and mucosa: Janeway lesions which occur second-
ary to bacterial endocarditis are due to SE. A biopsy of the lesion shows evi-
dence of septic micro-emboli in it [40].

Lemierre syndrome is an acute oropharyngeal infection caused by Fusobacterium
necrophorum with secondary septic thrombophlebitis of the internal jugular vein
(IVIJ). It involves the progression of the disease from a focal suppurative periton-
sillar infection to local septic thrombophlebitis with haematogenous progression
to distant septic emboli.

() Septic emboli of the extremities: Clinical manifestations can vary from
extremity pain to limb-threatening ischaemia [8]. Transient ischaemia may be
treated with antibiotics and anticoagulants to severe ischaemia necessitating
limb amputation [41].

(k) Septic retinal emboli occur when emboli reach the retinal vessels [42].

7.6 Investigations

(a) Laboratory: Blood cultures are usually positive in patients with septic emboli.
At least three blood cultures are needed to be obtained.

(b) Arterial and venous duplex studies are needed to pursue arterial emboli and
venous thrombophlebitis.

(c) Echocardiography: TEE/TOE.

(d) Chest X-ray.

(e) CECT Chest and Abdomen.

(f) A ventilation/perfusion scan.

(g) Ultrasound.
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(h)

F-FDG-PET/CT has high diagnostic value for detecting peripheral emboli in
patients with infective endocarditis and cardiac device infections.

The use of white blood cell SPECT/CT and [18F] FDG PET/CT allows for the

early detection of septic emboli [43].

7.7

(a)

Treatment/Management

Source control and prolonged antibiotic therapy are the mainstay in the man-

agement of septic emboli.

* Source Control: It encompasses all measures undertaken to eliminate the
source of infection.

e Example: If an indwelling catheter is suspected to be the source of the infec-
tion, it should be removed.

e Percutaneous abscess drainage is one of the treatment modalities in patients
with liver abscess.

e Antibiotics: The choice of antimicrobial therapy in the management of septic
emboli depends on the causative organisms, the organ involved, and the
pharmacokinetics and pharmacodynamics of the available drugs.

e The antimicrobial therapy of infective endocarditis and subsequent septic
emboli guidelines recommend 4-6 weeks of intravenous antimicrobial ther-
apy [44].

(b) Anticoagulation: There is no definitive role of usage of anticoagulants in

(©)

(d)

patients of septic emboli. However, anticoagulants can be continued in patients
with left-sided infective endocarditis with a definitive pre-existing indica-
tion [45].

Early surgery performed for the affected region within the first 2 days after
diagnosis plays a pivotal role in treating these patients.

Management of an embolic splenic abscess usually involves surgical sple-
nectomy or image-guided drainage. The surgical indications include persistent
sepsis (60% cases), large lesions (>2 cm), peripheral lesions (30%), and splenic
rupture (10%) [46].

Mycotic aneurysm of the superior mesenteric artery is successfully treated
with surgical resection of the mycotic aneurysm, removal of the mycotic
thrombi, and infected valve replacement [47].

Endovascular management of acute ischaemic stroke secondary to septic
emboli from bacterial endocarditis is case-specific and outside established
guidelines.
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7.8 Differential Diagnosis

(a) Marantic endocarditis, Libman-Sacks endocarditis, non-infectious, typically
associated with cancer and collagen vascular diseases should be considered in
patients with culture-negative endocarditis and elevated inflammatory markers.

(b) Metastatic disease and tumour embolism: require a high index of suspicion and
history of underlying malignancy.

(c) Disseminated fungal or mycobacterial infections: It may require microbiologic
diagnostic modalities such as tissue biopsy, cultures, antigen detection, and
PCR testing.

(d) Non-infectious thromboembolic phenomena in patients with atrial fibrillation
not on anticoagulation or other arrhythmias.

7.9 Prognosis

The prognosis varies significantly depending upon the affected organs and the com-
bined toll of both ischaemic and infectious insults.

Independent predictors of mortality include Charlson comorbidity index which
consists of the following parameters:

Creatinine greater than 2 mg/dL.

Congestive heart failure.

Vegetation length over 10 mm.

Cerebral complications.

Abscess.

Failure to undertake surgery when indicated [48].

A

7.10 Postoperative and Rehabilitation Care

Aggressive acute rehabilitation is very important in certain cases to reduce disabil-
ity. For example, Cerebral septic emboli often result in stroke syndromes that
require rehabilitation.

Septic pulmonary emboli may result in acute hypoxemic respiratory failure
requiring mechanical ventilation and prolonged ICU stay may require pulmonary
rehabilitation (deep breathing exercises, incentive spirometry, chest
physiotherapy).

Acute limb ischaemia from septic emboli if severe may result in limb amputation
due to critical limb ischaemia, and physical rehabilitation is required after that.
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7.11 Conclusions

Septic emboli frequently pose a diagnostic dilemma due to variable organs affected
with variable presentations. In addition to high index of suspicion and early clinical
recognition, prompt identification of the source, multidisciplinary approach, and the
institution of immediate goal-directed antibiotic therapy are all critical to successful
outcomes. More widespread awareness of risk factors, clinical presentations, and
management of SE is needed, with added focus on preventing embolic events and
the management of associated complications.
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Ulcers Caused by Calciphylaxis 8

Alessandra Michelucci, Paolo Romanelli, Valentina Dini,
and Marco Romanelli

8.1 Introduction

Calciphylaxis, also known as calcific uremic arteriolopathy (CUA), is a rare and
life-threatening disorder that usually occurs in patients with end-stage renal disease
(ESRD) and less frequently in non-uremic patients [1-3].

The term calciphylaxis, first coined by Dr. Seyle in 1961, literally means “protec-
tion by calcification.” Dr. Seyle described calciphylaxis in rats as an adaptive
(phylatic) response that leads to calcium deposition in the affected tissues [4]. In
1963, Eisenberg and Bartholow reported a case of extensive metastatic calcification
in a patient with chronic renal failure, which represented the human counterpart of
calciphylaxis [5]. Over the course of the following years several cases of calciphy-
laxis have been described [6—10].

The histologic aspect of the disease explains the meaning of the term: the calci-
fication process involving the blood vessels of the dermis and subcutaneous tissue
leads to their occlusion with consequent infarction of the irrigated tissues and the
appearance of painful ulcers. Calciphylaxis injuries are mainly localized at adipose
tissue-rich regions, such as the lower limbs and trunk [11].

To date, the etiopathogenesis, risk factors, and natural history of the disease are
not fully clarified [12, 13].

In addition, the diagnosis is difficult and the therapeutic management of calci-
phylaxis does not refer to recognized guidelines, but rather relies on expert opinion
from literature, thus representing a great challenge for the clinician [14].
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8.2 Epidemiology

It is estimated that the incidence of calciphylaxis in dialysis patients is 1-4% per
year. It generally occurs 35-105 months after dialysis’ beginning, with a greater
involvement toward the female, obese, and diabetic population. Recently, an
increase in the incidence of the disease has been detected. Nevertheless, it is not
known for sure whether it is due to a real increase in cases or to a greater awareness
of the disease, resulting in a higher number of diagnoses. However, the enhanced
use of calcium phosphate as well as the increase of patients in dialysis certainly
represent factors that could explain the rising number of cases [11, 15-17].

A recent study conducted in the dialysis units of Fresenius Medical Care North
America (FMCNA) counted 1030 newly diagnosed cases of calciphylaxis in the
FMCNA cohort (>250,000 chronic hemodialysis patients) during an extended
5-year study period from January 2010 to December 2014, revealing an incidence
rate of 3.49 per 1000 patient-years among ESRD patients on chronic hemodialy-
sis [18].

Instead, a Japanese study identified a prevalence rate of less than 3/1000 cases in
chronic hemodialysis patients per year, reporting a lower rate than studies con-
ducted in Western countries [19].

Calciphylaxis without ESRD essentially affects obese, hypertensive, and type II
diabetes population, and it has recently been defined as the proximal form of
Martorell hypertensive ischemic leg ulcer (HYTILU) [20-24].

8.3 Pathogenesis

The pathogenesis of calciphylaxis remains poorly understood. The deposition of
calcium within the medial layer of the arterioles as well as the fibrotic process
underneath the intima and the proliferation of endothelial cells are considered the
main causes of the consequent blood vessels’ obstruction [25].

Calciphylaxis is characterized by ectopic bone formation that involves vessel
walls and can be related to different mechanisms.

The smooth muscle cells of the middle tunica respond to the altered microenvi-
ronment (hyperphosphatemia, hypercalcemia, and hyperglycemia) by transforming
into osteoblast-like cells responsible for the deposition of hydroxyapatite crystals
[26, 27].

The greater involvement of fat-rich tissues can also be explained by in vitro evi-
dence that adipocytes are able, when exposed to high doses of phosphate, to induce
calcification of smooth muscle cells, through some mediators such as leptin [28].

In addition, ectopic bone formation is enhanced by the deficiency of molecular
factors that inhibit the calcification process of vessel walls, including a potent inhib-
itor of calcification called Gla protein (MGP) [29, 30], which is usually released
from endothelial cells and smooth muscle cells and activated by vitamin K [26].

In the patient with ESDR, vitamin K levels are lower than normal:
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e They are forced into a diet low in foods rich in vitamin K, such as green leafy
vegetables and dairy products, in order to reduce sodium and potassium
intake [31].

e About 40% of patients are on warfarin therapy, a vitamin K antagonist [32].

The higher frequency of calciphylaxis in the patient with ESDR is also due to the
altered chemical microenvironment with abnormal levels of calcium, phosphate,
and PTH. Patients with ESRD also develop hyperparathyroidism secondary to renal
failure, resulting in hypophosphatemia, hypercalcemia, and increased calcium
deposition in extraosseous sites such as vascular walls [33-35].

An additional role is that one played by bone morphogenic proteins (BMP),
involved in the process of bone formation, osteoclast differentiation, and extraosse-
ous calcification [36-39].

Among these we mention bone morphogenetic protein 4 (BMP_4), capable of
promoting the calcification process through the action of ROS that activates nuclear
factor kappa b (NF-kb) [40, 41]. This transcription factor is very important for sev-
eral cellular functions, including normal bone development, osteoclast differentia-
tion, and bone mineral resorption. Elevated NF-kb activity is related to autoimmune
inflammatory states, atherosclerosis, and bone mineral loss [42].

BMP 2 + 4 are procalcifying proteins, inhibited by the action of MGP, which is
deficient in patients with ESRD [43].

In addition, patients with ESRD on hemodialysis have low levels of fetuin A, a
human circulating factor capable of inhibiting calcification [44, 45].

In conclusion, we can state that hypercalcemia-related skin lesions are related to
both thrombotic occlusion of vessels and thickening of vessel walls, which follows
the process of fibrosis underneath the intima and calcification of the middle
tunica [46].

This process can occur after surgery or trauma; events that evoke the Virchow’s
triad (hypercoagulability, stasis, and endothelial damage); and a period of sensitiza-
tion induced by factors that promote calcification [47].

8.4 Risk Factors

Calciphylaxis has a wide spectrum of risk factors and triggers (Table 8.1). Among
these, the one that certainly plays the most recognized role is ESRD. However, other
risk factors reported in literature include female sex, white race, diabetes mellitus,
obesity, autoimmune diseases, thrombophilia disorders, life-threatening diseases,
hypoalbuminemia, hypercalcemia, hyperphosphatemia, hyperparathyroidism and
adynamic bone disease, dependence of dialysis for more than 2 years, hypercoagu-
lable states, such as protein C and S deficiency or antiphospholipid antibody syn-
drome, therapy with vitamin K antagonists (warfarin), calcium supplements,
calcium-based phosphate binders, vitamin D analogs, iron therapy, corticosteroids,
a syndrome called polyneuropathy syndrome, organomegaly, endocrinopathy, M
protein, and skin changes (POEMS) [2, 3, 11, 48-55].
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Table 8.1 Calciphylaxis risk factors

Calciphylaxis risk factors

Gender: Female
Ethnicity: White
Hypoalbuminemia

Metabolic diseases: Diabetes, ESRD (especially dependence on dialysis for >2 years, recent
transition onto dialysis, or insufficient dialysis [i.e., missed sessions])

Nutritional disorders: Gastric bypass surgery, malnutrition, obesity

Skin trauma: Subcutaneous insulin or heparin injection, skin biopsy, other direct trauma to the
skin

Autoimmune disease: Systemic lupus erythematosus
Coagulation disorders: Lupus anticoagulant, protein C deficiency, antithrombin III deficiency
Environmental factors: Exposure to heavy metals (e.g., aluminum) and UV light

Disturbed calcium/phosphate homeostasis: Hypercalcemia, hyperphosphatemia, secondary
hyperparathyroidism, vitamin D

Malignancy: Metastatic cancer (e.g., colon, lungs), POEMS syndrome

Genetic polymorphisms: CD73 (rs4431401, rs9444348), FGF23 and vitamin D receptor (rs
7,310,492, ral1063118, rs 13,312,747, and rs 17,882,106)

Drugs: Calcium-containing drugs (e.g., phosphate binders), corticosteroids, iron supplements,
recombinant human parathyroid hormone, warfarin, vitamins D and E

ESRD end-stage renal disease, POEMS polyneuropathy organomegaly endocrinopathy monoclo-
nal gammopathy skin changes

It is supposed that Martorell HY TILU and calciphylaxis without ESRD are char-
acterized by the same risk factors that include obesity, primary arterial hyperten-
sion, diabetes mellitus type II, and use of vitamin K antagonists [21, 23, 56].

8.5 Clinical Features

Calciphylaxis has different clinical and morphological features, most typically
occurring with the appearance of painful ulcerative skin lesions that do not heal
[38]. In the early stages of the disease, however, clinical features can be quite het-
erogeneous, such as livedo reticularis lesions, subcutaneous nodules, or indurated
erythematous plaques resembling cellulitis [57].

Livedo reticularis usually occurs in the early stage and it is the clinical appear-
ance of the altered skin vascularization. Plaques and nodules are the most frequent
clinical presentation of the disorder and may precede the appearance of skin ulcers.
Ulceration occurs in 1/3 of plaques and generally presents bilaterally, either like a
unique large lesion (Fig. 8.1) or like a crop of different small ulcers [11].

Weenig classifies in his review [58] the wide range of possible clinical manifes-
tations into 5 subtypes:

e necrotic ulcers,
¢ livedo racemosa-like purpura,
e hemorrhagic patches,
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Fig.8.1 Patient with
chronic renal insufficiency
and severe ulcers due to
calciphylaxis

e hemorrhagic bullae,
e indurated plaques.

Calciphylaxis lesions generally affect areas rich in adipose tissue such as trunk,
breasts, abdomen, hips, buttocks, and proximal lower extremities) [38], but more
rarely in literature are also described involvements of genital and digital regions
[59-61]. In addition to the classical form of skin infarction, a “not classical distal
form” with the involvement of laterodorsal leg, Achilles tendon, finger, toe, and
penis is recognized [62, 63].

Calciphylaxis lesions usually occur in areas of repeated skin trauma, such as
abdomen or thigh in diabetic patients treated with daily insulin injection [18]. The
patients experience an intense pain of both ischemic and neuropathic origin, refrac-
tory to opioid treatment, that usually precedes the occurrence of skin lesions [11,
23, 64]. More rarely, serious hemorrhages of the gastrointestinal tract or proximal
myopathy have been shown in cases of extracutaneous vascular calcifications
[7, 65].

8.6  Diagnosis

The diagnosis, which is essentially clinical, should always be preceded by a history
of the patient’s comorbidities and an objective examination of the entire skin surface
[3]. However, its diagnosis is challenging and the occurrence of intensely painful
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ulcerative lesions or fixed subcutaneous nodules in an ESRD patient should suggest
a diagnosis of calciphylaxis [3, 66].

Incisional biopsy of the skin lesion remains the gold standard for the confirma-
tion of the diagnosis, especially in atypical manifestations of the disease and enables
us to rule out any differential diagnoses [3, 67] (Table 8.2). Biopsy examination is
mainly useful in non-uremic calciphylaxis [11], while its role for uremic calciphy-
laxis is still controversial [68]. The main reasons for this disagreement rely on the
possibility of negative biopsy examinations and on the risk of procedure-related
complications. A biopsy performed in an extensive necrotic area leads frequently to
a negative biopsy, thus having a low diagnostic yield and the need to repeat the
exam. Therefore, high clinical suspicion must be maintained in patients with risk
factors even in case of negative biopsy [69]. Moreover, this procedure is not immune
to risks such as infection, delayed healing, propagation of new lesions [11, 25] and
increased risk of bleeding, ulceration, necrosis and, most rarely, sepsis, or death [70].

The best biopsy procedure is a punch biopsy with a double trephine technique
[11, 71]. First, an 8-mm circular core of superficial tissue is taken with an 8-mm
punch tool, within which at a later time an instrument of 4-6 mm is positioned, in
order to reach deep subcutaneous fat. This strategy allows to identify the calcium
within the walls of the dermis and subcutaneous blood vessels (Fig. 8.2a, b).

An excisional biopsy should not be performed because of the elevated risk of
necrosis and bleeding [68, 72].

There are no specific laboratory tests to confirm diagnosis, but they are per-
formed in order to assess the presence and severity of any risk factors. The most
commonly required tests include renal function indices, degree of bone mineraliza-
tion, coagulation indices, infection and inflammation parameters, tumor markers,
and autoantibodies [3]. However, some patients do not have hyperphosphatemia,
hypercalcemia, and hypo/hyperparathyroidism: consequently, low calcium and
phosphate levels do not allow us to rule out calciphylaxis [73].

Table 8.2 Differential Differential diagnoses
diagnoses

Atherosclerosis (peripheral
vascular disease)
Calcinosis cutis

Cellulitis

Hematoma

Infection ulcer

Livedoid vasculopathy

Pyoderma gangrenosum

Small-to-medium vessel vasculitis

Venous stasis ulcer

Antiphospholipid syndrome (or
other hypercoagulable state)
Cholesterol embolism
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Fig. 8.2 (a, b) Wound biopsy of an ulcerative lesion due to calciphylaxis: (a) Hematoxylin and
eosin staining, showing calcium deposits in the vascular wall; (b) Immunohistochemical staining
with osteopontin, a bone matrix protein produced by osteoblasts, with an increased expression in
tissues at risk or known to calcify

Calcified regions in the dermis and subcutaneous tissue as well as vascular calci-
fication can be investigated by imaging procedures such as radiographs, bone scin-
tigraphy, and evaluation of biomarkers like circulating levels of fetuin A [73-77].

In addition, the literature reports that triphasic bone scintigraphy with techne-
tium Tc99m methylene diphosphate can reveal with a high degree of specificity and
sensitivity the early stages of disease [78, 79].

8.7 Histopathology

On histologic examination of biopsy specimens, signs of ulceration of the epider-
mis, focal necrosis of the dermis, and calcium deposits within the vessel walls can
be found [80, 81]. Calcium deposits are recognized with hematoxylin and eosin
staining, due to intense basophilia, and appear black with Von Kossa silver staining
[82]. The biopsy must be so deep as to involve the subcutaneous tissue where these
histopathologic changes are most evident [44]. Other common findings include inti-
mal hyperplasia, inflammatory responses, endovascular fibrosis, thrombosis, fat
necrosis, acute and chronic calcifying panniculitis, and extravascular calcium depo-
sition [58, 80, 83, 84].

8.8 Treatment

Treatment of calciphylaxis involves a multidisciplinary approach integrating der-
matology, nephrology, pathology, wound care, pain and nutrition management, in a
comprehensive care plan [85] (Fig. 8.3).

There are no evidence-based clinical practice guidelines and disease manage-
ment is based on expert experience from literature, case reports, case series, and
retrospective cohort studies [86].
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Fig. 8.3 Calciphylaxis management plan

Treatment involves blocking the process of vascular calcification or decalcifying
the occluded vessels to reestablish flow. The aim of the treatment includes wound
care management, metabolic control, prevention from local and systemic infection,
and pain relief [68, 73].

8.8.1 Metabolic Control

Metabolic control to prevent vascular calcification acts on different fronts.
Phosphate should be maintained at serum levels of 3 mg/dL. Hyperphosphatemia
is managed by trying to promote phosphate excretion, increasing the frequency of
hemodialysis in dialysis patients by 4-5 times a week, and reducing dietary phos-
phate intake by helping with phosphate-binding factors. The target level of calcium
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in blood is 8 mg/dL. Hypercalcemia is managed by increasing the frequency of
dialysis and reducing calcium intake, avoiding the use of calcium-based phosphate
binders [87]. Finally, serum parathormone levels should remain neither too high nor
too low: it is possible to suppress its excessive secretion by cinacalcet or in extreme
cases by parathyroidectomy. Warfarin should be replaced by an alternative antico-
agulant, and vitamin D supplements should be avoided [2, 18]. Patients who develop
calciphylaxis should switch from peritoneal dialysis to hemodialysis, both because
the latter one allows better control of calcium and phosphate levels and because it
permits simultaneous administration of sodium thiosulfate.

Finally, bisphosphonates demonstrate efficacy in case series of “classical” forms
of calciphylaxis in patients with ESRD [88].

8.8.2 Decalcification Strategies

Sodium thiosulfate (STS) is an inorganic salt that can chelate calcium, facilitating
its expulsion by dialysis, and able to neutralize, through its antioxidant function,
reactive oxygen species, in order to reduce the degree of inflammation and vascular
thrombosis [89]. STS revealed the ability in vitro to limit the calcification of vascu-
lar smooth cells provoked by the adipocytes [86].

STS is generally administered in the last hour of hemodialysis as 25 g in 100 mL
of normal saline for a period that generally lasts 6 months or until complete healing
of the lesions [18]. Its use has been found to be effective both in treating the lesions
and in reducing the mortality rate (from 55% before the advent of STS to 35% in
patients treated with STS) [90].

Evidence that vitamin K is capable of activating a potent inhibitor of calcification
has prompted several ongoing trials regarding the potential use of vitamin K in
patients with calciphylaxis, at a dose of 10 mg orally three times a week for 12 weeks
(ClinicalTrials.gov no. 02278692).

8.8.3 Wound Management

Recommendations for local management of ulcerative calciphylaxis injuries, as
described by the wound care and dermatology physician and nurse teams, are
reported in Table 8.3. The main goals of local management include removal of devi-
talized and necrotic tissue from the wound floor, control of exudate, and prevention
from infection, thus promoting wound healing [91-93].

If dry eschar is present, in the absence of infection and with little tissue damage,
physicians should prefer autolytic debridement with hydrocolloid or hydrogel
dressings, rather than surgical one.

Surgical debridement may enlarge the necrotic area if the wound bed is mini-
mally vascularized. However, the selection of the type of debridement should be
done on a case-by-case basis, as in a retrospective study including 63 patients from
the Mayo clinic, the 1-year survival rate of patients with calciphylaxis treated with
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Table 8.3 Treatment options for ulcers caused by calciphylaxis

‘Wound care

Hyperbaric oxygen (second-line therapy):
2.5 atm of high-flow oxygen therapy (10-15 L/min) 90 min per day for 25 sessions®

Debridement
Surgical debridement
Maggot debridement

Chemical debridement
Other
Prevention of infection

Antibiotics in the presence of infection

Negative pressure wound therapy

Skin grafting

4Some authors recommend 20—40 sessions

surgical debridement was 61.6%, compared with 27.4% for patients who underwent
enzymatic debridement [58].

The gold standard for the management of this kind of ulcer involves the choice
of proper debridement, the use of negative pressure and skin grafts [94]. Surgery has
not demonstrated its role in the treatment of central form of calciphylaxis [23].

Cases of treatment with hyperbaric oxygen therapy are frequently reported in
literature [95, 96].

Moreover, several studies revealed the role of oxygen therapy in the improve-
ment of wound bed perfusion, the reduction of inflammatory cytokines, and the
promotion of angiogenesis and collagen deposition [97, 98].

A second-line treatment, which reported only a few cases in literature, is treat-
ment with Lucilla fly larvae [99, 100].

Although the use of antibiotics in calciphylaxis ulcers is not a routine practice, in
cases where the local appearance and systemic symptoms suggest it, it is appropri-
ate to start with a low dose of antibiotic [23].

8.8.4 Pain Management

Pain relief represents the most important but at the same time the most challenging
aspect in controlling the symptoms of calciphylaxis, also in relation to the strong
impact on quality of life and non-responsiveness to common analgesics [101].

Pain in patients with calciphylaxis has a not completely understood etiopatho-
genesis, but most likely connected to either ischemic damage, due to arterial vessel
infarction, or neuropathic damage, due to nerve inflammation [64].

The apparent disproportion between the pain experienced and the extent of tissue
damage, as well as the tendency to increase during dressing changes suggest the use
of preventive analgesia or simultaneous infusion of drug combinations, such as opi-
oid benzodiazepines and ketamine [102, 103].
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Opioid analgesics are necessary for the management of severe pain: methadone
and fentanyl appear to be safe; hydromorphone and oxycodone can be used despite
impaired renal function but require strict monitoring; morphine and codeine cannot
be used in the dialysis patient because of excessive accumulation of neurotoxic
metabolites [104].

It is therefore necessary to involve a specialized palliative care team both for pain
management, through complex analgesic regimens, and as a bridge to terminal care,
considering the poor prognosis of this condition.

8.9  Prognosis

The prognosis of patients affected by calciphylaxis with ESRD is poor, with a less
than 50% survival rate at 1 year and less than 20% at 2 years [2, 58, 72]. The 1-year
mortality rate in patients without ESRD is 25% and reaches 80% in case of ulcer-
ation [11, 105].

On the other hand, morbidity is mainly related to ulcerative lesions, severe pain,
and high risk of recurrent hospitalizations, thus having a great impact on patients’
quality of life [5, 58, 106, 107].

Sepsis secondary to infection of ulcerative lesions is the leading cause of death
in these patients. The mortality rate is elevated and the success in wound healing
remains low [14]. Obesity and female sex are related to worse prognosis [108].

8.10 Conclusions

Calcification is a clinical condition defined as a debilitating and very life-threatening
ischemic vasculopathy. The etiology is multifactorial, but the main risk factor is
ESRD. No standardized approach for the treatment of this condition is reported in
the literature. But early diagnosis as well as multidisciplinary intervention involving
dermatology, nephrology, wound care, nutrition, and pain management can improve
the survival rate of patients with calciphylaxis.
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Unusual Ulcers of the Extremities:
Cryofibrinogenemia
and Cryoglobulinemia

M. Vautier and D. Saadoun

9.1 Plan
9.1.1 Introduction

Cryoproteins are blood protein that can be precipitated by cooling and redissolved
by warming. We distinguish cryoglobulins that precipitate in serum’s patient and
cryofibrinogenemia that precipitate in plasma with cold (Table 9.1).

The prevalence of cryoglobulinemia vasculitis has been reported as approxi-
mately 10 per million inhabitants [1]. However, the prevalence and incidence of
cryoglobulinemia vasculitis is difficult to estimate because of the numerous cause
and clinical presentation.

Cryofibrinogenemia represents 10% of cryoproteins. Essential cryofibrinogen-
emia is rare but its prevalence remains unknown. A study in 36,000 hospitalized
patients reported a prevalence of 3.4% of cryofibrinogenemia [2]. In a recent study,
among 2312 cryofibrinogenemia requests between 1996 and 2006, 515 were posi-
tive, of which 455 (88.3%) were associated with cryoglobulin. Sixty patients
(11.7%) had isolated cryofibrinogenemia and 36 (7%) had essential cryofibrinogen-
emia [3].

The main clinical presentation of cryoproteins includes skin involvement with
often difficult to treat ulcers.
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Table 9.1 Differences according to cryoprecipitate type

Mixed (type II/I1I)
Type I cryoglobulin cryoglobulin Cryofibrinogenemia
Mechanism Occlusion of the Small-vessel Thrombotic
capillary lumen vasculitis++ occlusions in small
Vasculitis is uncommon | Occlusion of the and medium vessel
capillary lumen is less
common
Clinical Skin necrosis, distal Purpura, arthralgia, Purpura, ulceration,
manifestations | ischemia+++ glomerulonephritis, gangrene, and
peripheral neuropathy ischemic necrosis
Arterial and venous
thrombotic events
Cold-induced +++ +/— +++
symptoms
Laboratory tests | RF activity is rare RF activity 0

Hypocomplementemia
is inconsistent

C4 consumption

Cryoprecipitate

Monoclonal
IgM > IgG > IgA

Polyclonal
immunoglobulins with

Fibrinogen, fibrin,
fibronectin, factor VIII

or without monoclonal
IgM+++ (kappa »
lambda)

RF rheumatoid factor, /g immunoglobulin, C4 complement component 4

9.1.2 Cryoprotein and Classifications

Cryofibrinogenemia is a cryoprotein originally characterized in 1955 by Korst and
Kratochvil [4] and defined by the presence of cold precipitable proteins in the
plasma. The cryoprecipitate is made of fibrinogen, fibrin, fibronectin, factor VIII,
and smaller amounts of various plasma proteins [5]. Cryofibrinogenemia is able to
precipitate in cooled plasma (4 °C) and to redissolve after increasing the sample
temperature (37 °C). The cooled temperature-induced precipitation of proteins in
plasma, but not in serum, allows the distinction between cryofibrinogenemia and
cryoglobulinemia. Cryofibrinogenemia can be classified as 2 types: a primary
(essential) or a secondary form [6]. Thus, cryofibrinogenemia is potentially associ-
ated with a variety of diseases, such as autoimmune disorders, malignancy, cardio-
vascular thrombosis, and active sepsis.

Cryoglobulinemia is defined as the persistent presence of abnormal immuno-
globulins (Ig) in the serum that precipitate when cold and re-solubilize when warm.
We distinguish 3 types of cryoglobulinemia [7], according to components:

— Type I cryoglobulinemia is composed of a single monoclonal immunoglobulin,
most often IgM or IgG.

— Type II cryoglobulinemia is composed of polyclonal immunoglobulins that are
associated with one or more monoclonal components, thus forming an immune
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complex. Most often, the monoclonal Ig is IgM associated with polyclonal IgG
(mixed monoclonal cryoglobulinemia).

— Type III cryoglobulinemia is composed only of polyclonal immunoglobins and
may be composed of a combination of polyclonal IgM and IgG (mixed poly-
clonal cryoglobulinemia).

This immunochemical classification is used to assist in the diagnosis (etiology of
cryoglobulin) and treatment. Type I cryoglobulinemia (10-15% of symptomatic
vasculitides) is often associated with a hematological disease (MGUS, myeloma, or
B lymphoma). Mixed cryoglobulinemia (80-85%) is associated with infectious dis-
eases (especially chronic hepatitis C infection), B lymphoid hemopathies, but also
autoimmune diseases (Sjogren’s syndrome, lupus). For some mixed cryoglobuline-
mias, no cause is found and the cryoglobulinemia is said to be “essential” (15%).

9.1.3 Physiopathology

9.1.3.1 Cryofibrinogenemia

We have demonstrated significant abnormalities of fibrinolysis in essential cryofi-
brinogenemia [3]. We observed a significant increase in fibrinolysis inhibitors
(PAI-1, 2-macroglobulin) at diagnosis as well as lysis time of euglobulins [3]. The
1-antitrypsin present in the plasma of patients with cryofibrinogenemia is also an
inhibitor of fibrinolysis (via its inhibitory action on plasmin) [2, 8]. These abnor-
malities could allow accumulation of cryofibrinogenemia and deposition with
thrombin leading to thrombotic occlusions in small and medium vessel. Under anti-
fibrinolytic treatment, these abnormalities of fibrinolysis regressed in parallel with
the disappearance of cryofibrinogenemia and clinical recovery [3]. These throm-
botic phenomena can lead to distal ischemic lesions and even to the development of
gangrene [2, 9].

9.1.3.2 Cryoglobulin

The mechanism of cryoprecipitation is not well known. It depends on many
parameters such as Ig concentration, pH, ionic strength, temperature, but also on
the electrical charge directly related to the amino acid sequences and carbohy-
drate components of the immunoglobulin. Ischemic lesions may be related to vas-
cular obstruction by cryoglobulin precipitation, mainly in type 1 cryoglobulins.
Mixed cryoglobulinemias are responsible for true immune complex vasculitides.
The parameters that explain the presence of symptomatic vasculitis in only some
patients are not fully understood. Some recent studies highlight the importance of
the physicochemical properties (stereotactic properties, glycosylation of heavy
chains, etc.) of immunoglobulins in the genesis of lesions. Indeed, the different
types of Ig have, according to their physicochemical properties, a more or less
important propensity to form immune complexes (different solubility, variable
rigidity, and possibility of cleavage of certain immunoglobulins limiting the
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formation of voluminous immune complexes), to precipitate and to induce an
inflammatory response (recruitment of the complement and the Fc receptor of the
macrophages).

9.1.4 C(Clinical Manifestation

9.1.4.1 Cryofibrinogenemia (Fig. 9.1)

There appeared to be a female predominance with a sex ratio of 1.6. The average
age at diagnosis is 50-60 years. The skin is the most common target organ, inaugu-
ral of cryofibrinogenemia in over 80% of cases. Cutaneous manifestations are vari-
able, including cold sensitivity, purpura, livedo reticularis, and Raynaud’s
phenomenon. In more severe clinical forms, ulceration, gangrene, and ischemic
necrosis are described. These lesions typically appear at the distal extremities with
lower temperature: buttocks, hands, feet, ears, and nose.

Arterial or venous thrombotic events occurred in 20-40% of cases and appear to
be correlated with cryofibrinogenemia levels. Arterial thrombosis most often affect
small and medium-sized arteries. Rare cases of cerebral, myocardial, mesenteric, or
retinal thrombosis have been reported [6].

9.1.4.2 Cryoglobulinemia (Figs. 9.2 and 9.3)

Vascular purpura is often the inaugural manifestation. The lower limbs are affected
first but the lesions may then extend to the abdomen. The purpura follows an inter-
mittent relapsing course. The lesions are infiltrated by non-pruriginous petechiae or
papules. Necrosis may develop, notably in patients with type I cryoglobulinemia.
Distal necrosis at the upper or lower limbs is also most common in type I cryoglobu-
linemia. Cold-induced symptoms such as Raynaud’s phenomenon occur in 25% of
patients overall, with higher rates in patients who have type I cryoglobulinemia.
Cold urticaria is a chronic systemic non-pruriginous urticarial rash with plaques that
remain unchanged for more than 24 h. The trigger is exposure to cold. The rash can
be induced by placing an ice cube on the forearm.

Fig. 9.1 (a and b) are examples of severe cryofibrinogenemia
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Fig. 9.2 Vascular purpura
of the lower limbs during
an outbreak of mixed
cryoglobulinemic vasculitis

The joint manifestations (50%—75%) often consist of non-migratory pain that
predominantly involves the hands and knees; the elbows and ankles are less often
affected.

Renal involvement is usually a late manifestation. Proteinuria and microscopic
hematuria are the main manifestations, although renal failure may develop. The
renal biopsy evidences diffuse global membranoproliferative glomerulonephritis
with mesangial proliferation, which may have a nodular appearance. Extra-capillary
proliferation may be present. Immunofluorescence shows subendothelial and intra-
luminal deposits of immunoglobulins identical to those present in the cryoprecipi-
tate; C3 is found only in the subendothelial deposits.

The peripheral nervous system is the main target of neurological involvement.
Distal sensory or sensorimotor polyneuropathy predominating at the lower limbs
occurs in two-thirds of patients and mononeuritis multiplex in one-third of patients.
Common inaugural symptoms include neuropathic pain and paresthesia. Motor loss
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Fig. 9.3 Clinical manifestations of cryoglobulinemic vasculitis. (a) severe skin ulcer; (b) renal
biopsy showing membranoproliferative glomerulonephritis; (¢) distribution of the peripheral neu-
rological involvement indicating length dependency
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is less common, delayed by a few months to a few years, and sets in gradually; the
anterolateral leg compartments are preferentially affected, often asymmetrically.

Gastrointestinal manifestations, due to distal vasculitis involving the mesenteric
arterioles and capillaries, include abdominal pain, gastrointestinal tract bleeding, or
perforation. Rarely, cryoglobulinemia may involve the central nervous system
(acute or subacute neurological deficits, headaches, seizures, cranial nerve impair-
ments...) and heart (acute pericarditis, heart failure). Lung disease is extremely
rare. Bronchiolitis obliterans organizing pneumonia and alveolar hemorrhage syn-
dromes are probably due to vasculitis.

9.1.5 Diagnosis

In practice, the search for cryofibrinogenemia should not be dissociated from that of
cryoglobulinemia (Fig. 9.4). Thus, two samples are necessary: one on a dry tube (for
the search for cryoglobulin) and the other on an anticoagulant (for the search for
cryofibrinogenemia). The choice of anticoagulant is crucial. Indeed, fibrinogen is
one of the least soluble and most easily precipitated plasma proteins, particularly in
the presence of heparin. The blood sample should therefore be collected in tubes
containing oxalate, citrate, or ethylene diamine tetraacetic acid (EDTA). Tubes con-
taining heparin should not be used due to the risk of false-positive results due to the
formation of cryoprecipitates known as the “heparin-precipitable fraction.”
Cryofibrinogenemia testing should be performed in specialized laboratories. It is
detected by cooling the plasma to +4 °C for 24 to 72 h.

Fig. 9.4 Detection of
cryofibrinogenemia.
Patient 1: absence of
cryoprecipitate in serum
(S1) and plasma (P1).
Patient 2: Cryoprecipitate
present in serum (S2) and
plasma (P2), corresponding
to the concomitant
presence of cryoglobulin
and cryofibrinogen. Patient
3: absence of
cryoprecipitate in serum
(S3) but presence of
cryoprecipitate in plasma
(P3), corresponding to
cryofibrinogen
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It appears as a gel or flaky precipitate, which dissolves on heating to 37 °C, but
reappears when cold. This reversible transformation by simple heating differs from
that undergone by fibrinogen under the action of thrombin. The use of a protease
inhibitor is not recommended [5]. If the sample is not centrifuged immediately it
should be stored at 37 °C to prevent self-adsorption of cryofibrinogen onto red
blood cells in cold. Compliance with strict rules for collection, transportation, coag-
ulation, and centrifugation at 37 °C is essential. If the result is positive, the cryopre-
cipitate is then purified by a succession of washing and centrifugation at +4 °C. The
immunochemical analysis of the cryoprecipitate can be performed either by immu-
nofixation or by immunoblotting using anti-fibrinogen monospecific antisera. This
identification is performed at 37 °C after solubilization of the cryoprecipitate at
37 °C. As with cryoglobulins, cryofibrinogen assay techniques are not very precise.
The assay can be performed by the cryocrit technique, by differential determination
of fibrinogen before and after cryoprecipitation, or by measuring the absorbance of
the aromatic rings at 280 nm from purified cryoprecipitate. All of these methods
lack precision, so that only rate variations of 30-50% are interpretable for monitor-
ing a patient. Elevated serum levels of al-antitrypsin, ®2-macroglobulin, and inhib-
itors of fibrinolysis may also be observed [2, 3, 5]. Unlike cryoglobulinemia, there
is no decrease in the C4 fraction of complement.

Several precautions are important to avoid false-negative results from cryoglobu-
lin detection tests. To avoid premature cryoprecipitation, the blood sample must be
kept at 37° during transport to the laboratory then during centrifugation.
Cryoglobulins precipitate below 37 °C. After centrifugation, the serum sample is
stored at 4 °C for 8 days to ensure the detection of delayed cryoprecipitation. The
cryoprecipitate is dissolved by increasing the temperature. After purification, immu-
noelectrophoresis is performed to identify the type of cryoglobulin as I, 11, or III, as
described above. The cryoprecipitate is quantified using immunofixation or western
blotting. After lengthy debates, it was determined that a concentration above
50 mg/L is considered abnormal. Cryoglobulin detection can be technically difficult
due to the considerable thermal instability of cryoglobulins, which precipitate read-
ily if the temperature of the blood sample falls below 37 °C before processing at the
laboratory (Fig. 9.5). Consequently, evaluation for other laboratory features that
suggest cryoglobulinemia is important. Although inconsistently present, several
complement abnormalities are fairly specific, such as decreases in early compo-
nents (Clq, C2, and C4) and in CH50 and increased levels of the late components
(C5 and C9) and of C1 inhibitor; the C3 level is usually normal. Rheumatoid factor
activity is common in mixed cryoglobulinemia but is rarely found in type I
cryoglobulinemia.

9.1.6 Differential Diagnosis
Patients with skin ulcers or gangrene have a limited number of differential diagno-

ses including cryoglobulinemia and cryofibrinogenemia. Other causes of throm-
botic occlusion of small and medium arteries should be searched. Cryoglobulinemia
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Fig. 9.5 Biological detection of cryoglobulin. (a) Detection of a cryoglobulin. One negative con-
trol tube on the left and four positive tubes on the right with an increasing concentration of yellow-
ish cryoprecipitate at the bottom of the tube. (b) Immunochemical typing of cryoglobulins by
immunoblot (types I, I, or III)

and cryofibrinogenemia must be distinguished from other causes of vasculopathy of
small and medium vessels such as embolic arterial disease (endocarditis, emboli
cholesterol), thrombotic microangiopathies, antiphospholipid syndrome, dissemi-
nated intravascular coagulation, vasculitis, and atheromatous septic or thrombotic
peripheral arterial disease linked to a genetic hypercoagulable state.

Cryocrystalglobulinemia is an occlusive vasculopathy involving type 1 cryo-
globulinemia classically associated with an underlying paraproteinemia. Diagnosis
is histological with eosinophilic extracellular crystals, periodic acid—Schiff positive,
and nonbirefringence under polarized light.

9.1.7 Prognosis and Treatment
9.1.7.1 Cryofibrinogenemia

Prognosis

With treatment, complete remission is observed in almost 80% of patients with
essential cryofibrinogenemia [3]. However, relapse occurred in 40% of patient after
a median time of 9 months (range 7-42 months) with the reappearance of purpura
or arthralgia and detectable plasma cryofibrinogenemia. Complications of cryofibri-
nogenemia include gangrene potentially leading to leg amputation and septicemia.
The main cause of death is infection [3, 10].

Treatment
Simple measures to avoid exposure to cold and to keep symptomatic patients in a
warm environment should be implemented systematically. Symptomatic treatment
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of infectious skin complications with antibiotics and local care does not differ from
the usual management.

Most of the data on the treatment of cryofibrinogenemia are from single clinical
cases or small series of patients. According to current knowledge, the treatment of
cryofibrinogenemia is based on antifibrinolytics, corticosteroids (prednisone 0.5 to
1 mg/kg daily with gradual decrease), and anti-platelet agents. In our experience,
more than two-thirds (77%) of patients with essential cryofibrinogenemia respond
(i.e., disappearance of symptoms and plasma cryofibrinogen) to oral corticosteroids
combined with anti-aggregation (aspirin). In most cases, patients present with vas-
cular purpura, superficial thrombosis, and inflammatory arthralgias. Anticoagulants
are indicated in cases of associated venous thrombosis. However, a progression of
symptoms has been reported with heparin [8] and anti-vitamin K drugs are incon-
sistently effective [3].

Fibrinolytics remain the cornerstone of treatment [3, 11]. In severe forms, low-
dose intravenous fibrinolytics (alteplase 10 mg/24 h or streptokinase) are preferred
to get through the initial phase. Then a relay with stanozolol (4 to 8 mg/day per os)
can be used. Stanozolol is an androgenic steroid derived from testosterone which
has profibrinolytic effects. However, its delay of action of several days limits its use
in severe forms. Side effects such as hirsutism, fluid retention, acne, hepatic test
disturbance, or hypertriglyceridemia may limit its prolonged use. We have shown
by following a patient treated with fibrinolytics (alteplase 10 mg/24 h intravenous
then stanozolol per os) for a severe form of essential cryofibrinogenemia that clini-
cal recovery was associated with a disappearance of plasma cryofibrinogen and a
normalization of fibrinolysis inhibitor levels (PAI-1, a2-macroglobulin) [3]. These
data reinforce the rationale for the use of fibrinolytics in cryofibrinogenemia.

Immunosuppressants (especially azathioprine) may be beneficial, particularly in
secondary forms (associated inflammatory disease) or in cases of severe extracuta-
neous involvement. By analogy with the treatment of cryoglobulinemia, some
authors recommend use of plasmapheresis. However, there is not enough data in the
literature to recommend this technique in cryofibrinogenemia [8, 12, 13].

9.1.7.2 Cryoglobulinemia

Prognosis

The course and outcome of cryoglobulinemia varies considerably across individu-
als. The prognosis depends chiefly on the severity of the organ involvement and
more specifically of the renal, gastrointestinal, cardiac, and/or central nervous sys-
tem manifestations. An underlying hematological malignancy is also a major prog-
nostic factor.

In a retrospective study of 242 patients with non-infectious symptomatic mixed
cryoglobulinemia, compared to the type III subgroup, the type II subgroup was
characterized by higher prevalence of purpura, renal involvement, and peripheral
neurological involvement; higher cryoglobulin concentrations; and lower C3 and
C4 concentrations [14]. Among the manifestations of cryoglobulinemic vasculitis,
the gastrointestinal and myocardial involvements lead to the highest risk of death.
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Prognostic factors in early case series studies included age older than 65 years and
renal involvement. In keeping with these data, a more recent study of non-infectious
mixed cryoglobulinemic vasculitis found poorer outcomes in patients with pulmo-
nary involvement, gastrointestinal involvement, a creatinine clearance below 60 mL/
min, and age older than 65 years [14]. Survival rates after 1, 2, 5, and 10 years were
91%, 89%, 79%, and 65%, respectively.

The main causes of death in patients with HCV-related cryoglobulinemic vascu-
litis are infections related to immunosuppressive therapy, liver cirrhosis, cardiovas-
cular involvement, and severe renal dysfunction. The main adverse prognostic
factors reported to date are severe hepatic fibrosis (METAVIR Score > 3) and
involvement of the central nervous system, kidneys, or heart.

Type | Cryoglobulinemia

In patients with symptomatic cryoglobulinemia type I, the treatment strategy
focuses on the underlying hematological malignancy. Thus, lymphoma requires
combination chemotherapy and myeloma treatment with drugs such as bortezomib,
thalidomide, lenalidomide, or alkylating agents [15]. Autologous bone marrow
transplantation may be in order in myeloma-related cryoglobulinemia. IgG MGUS,
which indicates plasma cell proliferation, is treated with those myeloma drugs that
target the plasma cells, whereas rituximab is generally preferred for IgM MGUS,
which indicates lymphoplasmacytic proliferation [16]. Plasma exchange therapy is
warranted in selected patients with severe renal involvement or extensive leg necro-
sis [17]. Exposure to low temperatures exacerbates cryoglobulin formation and
should therefore be avoided [17, 18].

Type Il and 11l Cryoglobulinemia

HCV-related cryoglobulinemia vasculitis: Sustained suppression of HCV replica-
tion is associated with a significantly higher rate of complete clinical remission in
patients with cryoglobulinemia vasculitis [19]. The introduction of direct-acting
antivirals has radically transformed the management of HCV-related cryoglobulin-
emic vasculitis [20]. Direct-acting antivirals should be viewed as first-line treat-
ments in patients with HCV-related cryoglobulinemic vasculitis. Selection of the
antiviral combination is guided by the clinical manifestations of vasculitis, HCV
genotype, and severity of fibrosis. Despite the marked efficacy of antivirals on the
symptoms of HCV-related cryoglobulinemic vasculitis, immunosuppressive drugs
remain a valid option in selected patients. Immunosuppressant therapy is indispens-
able in patients with severe vasculitis manifestations such as severe kidney dysfunc-
tion, skin necrosis, and/or involvement of the gastrointestinal tract or central nervous
system. Rituximab targets the clonal B-cell population upstream from cryoglobulin
production [21, 22]. Rituximab has demonstrated greater efficacy than conventional
immunosuppressants or placebo therapy. In earlier studies, adding rituximab to Peg-
IFN and ribavirin shortened the time to clinical remission and increased the renal
response and cryoglobulin clearance rates. Plasma exchange is indicated in patients
with refractory disease and/or severe organ involvement (rapidly progressive glo-
merulonephritis, gastrointestinal vasculitis, severe mononeuritis multiplex, or
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myocarditis) and/or severe cutaneous involvement (extensive ulcers, distal isch-
emia). Intravenous methylprednisolone and immunosuppressants, notably cyclo-
phosphamide, also deserve consideration in these very severe forms.

Cryoglobulinemic vasculitis unrelated to HCV: Treatment at the case is the main
focus in patients with symptomatic mixed cryoglobulinemia unrelated to the
HCV. Infection should be managed with appropriate anti-infectious agents.
Rituximab combined with glucocorticoid therapy is the first-line treatment in the
event of autoimmune disease [14, 23]. Plasma exchange therapy may deserve con-
sideration in patients at the severe end of the clinical spectrum.
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Adriana Lozano-Platonoff and Teresa Alonso-Ledn

10.1 Introduction

Buruli ulcer (BU), caused by Mycobacterium ulcerans, is a necrotizing cutaneous
infection, causing a chronic debilitating disease that affects mainly the skin and
sometimes bone.

BU is the third most common mycobacterial infection and is considered an
emerging infection caused by Mycobacterium ulcerans [1].

BU affects predominantly the lower extremities and is presented as painless,
necrotizing skin lesions.

The pathogenesis of the ulcers is mediated by mycolactone, a unique toxin
secreted by M. ulcerans.

Early diagnosis and treatment are crucial to minimize morbidity and disability.

BU is one of the 19 neglected tropical diseases addressed by the World Health
Organization (WHO) in its “Global plan to combat neglected tropical diseases
2008-2015" [2].

10.2 History

The first cases described in the literature are from the 1930s, in Australia [3].
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In 1897, Albert Cook, a medical missionary who worked in Uganda, was the first
who described a progressively destructive skin disease [4]. In 1947, Mycobacterium
ulcerans was identified as the cause of Buruli Ulcer by P. Mac Callum (BU) [3, 5].

The first study was held in Northwestern Uganda by Lunn et al., who proposed
that contact with water was important but could not isolate the organism from water
or any aquatic animal [4].

In 1962, the disease was named Buruli Ulcer by Dodge and Lunn, after Buruli
County, Uganda, where a large number of cases were reported in the 1960s [1, 2, 6].

Mycobacteria are aerobic rod-shaped bacteria that do not form spores and that
are lipid rich with long-chain mycolic acids in their cell walls, which are largely
responsible for their acid fastness [3].

10.3 Epidemiology

Tuberculosis and leprosy are the most common mycobacterial infections in humans,
followed by BU [1].

In 1998, the World Health Organization (WHO) recognized BU as a reemerging
infectious disease in West and Central Africa, with important public health
impact [5].

Tuberculosis and leprosy nearly always involve human-to-human transmission
or other animal-to-host transmission, but on the other hand, BU is almost always
associated with an environmental source [4].

BU is a mycobacterial disease identified predominantly in rural tropical areas,
especially those with wetlands (ponds, swamps, marshes, slow-moving rivers,
flooding zones). The most possible mode of transmission is local skin trauma that
allows inoculation of M. ulcerans [1, 3].

According to WHO, BU has been reported in 33 countries in Africa, America,
Asia, and Western Pacific. Africa appears to be the worst affected region, followed
by Australia, French Guyana, Peru, and, in recent years, Japan [2], Tourism is also
responsible for the increase in recent years, because a brief contact may be suffi-
cient to become infected [2]. A great number of cases have been documented in
international travelers from nonendemic areas such as Europe or North America [6].

The rapid reemergence of BU in the early 1980s may be attributable to environ-
mental alterations such as deforestation and global warming that change global tem-
perature and precipitation patterns, beyond others [1].

According to the last data published by the World Health Organization (May
2021), the annual number of suspected BU cases reported globally decreased from
around 5000 until 2010 to 1961 cases per year in 2016, but then started to rise again,
reporting 2271 cases in 2019.

BU affects people of all ages, but it depends also on the geographical regions; in
general children (5-15 years old) are the group with the highest incidence of BU
(75%) [1]. Among those affected in Africa 48% are <15 years, and in Australia only
10% are <15 years [2].
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In Africa, BU is more prevalent in men (52%), but in Japan it is more frequent in
women (66%) [2].

Those who suffered from this condition usually live in remote rural areas, where
there is limited access to health services. This is the reason that BU is considered a
neglected tropical disease [4].

Up to 60% of patients with BU suffer a degree of sequelae with disability, scar-
ring, contractures, or bone destruction [1].

10.4 Microbiology of M. ulcerans

M. ulcerans is a gram-positive bacillus and a slowly growing mycobacterium. The
incubation period is 5 to 8 weeks, but can be as long as 6 months [3].

M. ulcerans grows at a temperature between 29 and 33 °C and needs a low
(2.5%) oxygen concentration. It may be cultured in Lowenstein-Jensen media; colo-
nies are yellowish, rough, and distinct from one another [3].

The organism produces a unique toxin—mycolactone—which causes tissue
damage and inhibits the immune response [2].

The exact mode of transmission remains unclear [5].

10.5 Physiopathology

The pathogenesis of cutaneous mycobacterial infections is the result of the interac-
tion between the pathogen and humans, with the subsequent hematogenous dis-
semination or local spread from another site/infection, or direct inoculation to the
skin. In M. ulcerans, transmission may possibly be vector-borne or through environ-
mental exposures [3].

The exact mode of transmission remains unclear, but it is likely to occur when a
host interacts with contaminated water, particularly stagnant water, and suffers
insect bites, puncturing injuries, or skin trauma [3]. In Australia, some investigators
propose that BU is a zoonosis transmitted by mosquitoes such as Aedes campto-
rhynchus and aquatic organisms in West Africa like Naucoridae; however it is
unknown if their bodies act as reservoirs [1].

M. ulcerans produces a necrotizing, immunosuppressive macrolide toxin
(polyketide)—mycolactone. There are SigA-like gene promoters, involved in the
virulence, that encode for the synthesis of mycolactone [1].

Mycolactone causes significant tissue destruction and necrosis, particularly in
subcutaneous fat [6]. The toxin also produces immunosuppression, by suppressing
innate and adaptive cell-mediated immunity. It Inhibits macrophages, monocytes, B
cells, and T cells, thereby inhibiting interleukin production. The toxin also induces
hypoesthesia, by altering angiotensin II receptors pathways, causing an hyperpolar-
ization of neurons [1, 3].
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10.6 Clinical Feature

Buruli ulcers can appear everywhere, but they are more common in lower extremi-
ties (>55%), following upper extremities (35%), or other body parts, predomi-
nantly [3].

Its wide morphology is described. The ulcers can be first described as “pre-
ulcerative lesions” or the “active form,” characterized as painless nodules, as large,
indurated plaques, or as diffuse painless swellings, like edema [7]. The disease pro-
gresses without pain and fever, leading to necrosis, and after 4 weeks, the first lesion
evolves into an ulcer with a cotton wool-like appearance, undermined borders, and
spreading laterally [3, 7]. The underlying bone is affected, leading to variable defor-
mities [2]. The inactive form is characterized by scars with or without sequelae [7].

M. ulcerans induces painless skin necrosis, secondary to mycolactone and its
role in analgesia [5] (Fig. 10.1).

Buruli ulcers can be divided into three categories depending on the degree of
cutaneous involvement, and therefore severity [3].

Stage 1: Single small lesion, <5 cm in diameter (32%).
Stage 2: Nonulcerative or ulcerative plaques and edematous forms, 5—15 cm (35%).
Stage 3: Severe disease, with dissemination: osteitis, osteomyelitis, or joint involve-
ment (33%).
3a: Single lesion, >15 cm in diameter, without osteomyelitis.
3b: Lesion(s) at critical sites: eye, breast, genitalia.
3c: Small multiple lesions.

If the patient does not receive treatment, the toxin persists, causing extensive,
deep ulcerations, developing scarring contractures, deformity, osteonecrosis, and
finally limb loss [3].

Fig. 10.1 Buruli ulcer.
Localized in left ankle,
painless ulcer with necrotic
borders. Important
swelling and edema around
the ulcer. (Photo kindly
provided by Dr. Roberto
Arenas Guzman)
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10.7 Diagnosis

With experienced health professionals, the diagnosis is mostly clinical, based on
age and geographic area, but training is essential [3].

The clinical diagnosis of BUs can be confirmed by four standard laboratory
methods: direct microscopy of the lesion, histopathology, culture, and molecular
detection methods (PCR 1S2404) [3].

The real-time polymerase chain reaction (PCR) techniques to identify the agent
detect two sequences insertions characteristic of M. ulcerans: 152404 and 1S2606.
PCR is only available in research laboratories and is considered the gold standard to
confirm the diagnosis [5].

In high endemicity areas, a rapid diagnostic test to detect mycolactone is being
developed.

10.8 Differential Diagnosis

The diagnosis of mycobacterial infections of the skin has a broad spectrum of clini-
cal presentations, so having into account differential diagnosis when a BU is sus-
pected is important.

The most important differential diagnoses are: tropical ulcers, cutaneous tuber-
culosis, vascular ulceration (venous or arterial), diabetic foot ulcerations, pyoderma
gangrenosum, cutaneous leishmaniasis, fungal infections, lipomas, ganglions,
lymph node tuberculosis, onchocerciasis nodules, cellulitis (the lesions are painful,
and the patient is ill).

HIV infection increases the risk of BU and complicates and changes the typical
clinical progression, with a more aggressive progression and poor treatment out-
comes [2].

10.9 Treatment

Early diagnosis and treatment are important to minimize morbidity and progression
of the clinical stages.

Historically the treatment of BU was surgical excision of the affected area, cor-
rection of wound defects, and rehabilitation physiotherapy.

Nowadays the treatment of BU is based on a combination of antimycobacterial
drugs and supportive treatments like wound care, surgery including skin grafting,
and heat therapy.

The antimicrobial regimens lasting 8 weeks or longer, which include rifampin
(10 mg/kg once daily) and clarithromycin (7.5 mg/kg twice daily), are now recom-
mended as the first line of treatment. The second-line options consist of the combi-
nation of rifampin (10 mg/kg) and intramuscular streptomycin (15 mg/kg) or
rifampin and moxifloxacin [3]. Other described agents are dapsone, trimethoprim-
sulfamethoxazole, and quinolones [7].
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Until 2004 antibiotic therapy was used, and surgery was the mainstream treat-
ment to remove all infected tissues [2]. Today, surgery is used to speed up healing
and prevent disability, and the most performed surgery is wound debridement fol-
lowed by closure. In the debridement procedure, the aim is to remove all necrotic
tissue, respecting deep structures as tendons, nerves, joint capsules, and bone. If
there are large skin defects, and primary closure is not feasible, then negative pres-
sure wound therapy can be used to improve healing and reduce area requiring skin
grafts [2]. The WHO recommends surgical intervention for category 2 and 3, with
concomitant use of antibiotics [6].

Other described therapy is the heat therapy, which consists in applying continu-
ous warming pads on the affected skin at 39 °C. The bacteria grow optimally at
28 °C, and its growth stops at higher temperatures. This technique has been avoided,
because of the good performance of antibiotic therapy, but adjuvant therapy can be
considered in extensive lesions, in cases where antibiotics are contraindicated, or
surgery is not available for the patient [2].

Some guidelines describe the use of antibiotics depending on the clinical
stage [8]:

Stage 1: Small lesions (<5 cm) — Antibiotics alone.

Stage 2: Moderate lesions (5-15 cm) — Antibiotics for 4 weeks, and then surgery,
if necessary, followed by another 4 weeks of antibiotics.

Stage 3: Advanced disease — Antibiotics 1 week before surgery, and then continue
up to the eighth week.

Telacebec is a new anti-tuberculous drug which has demonstrated extreme potent
activity against Mycobacterium ulcerans in animal studies, reducing the duration
from 8 weeks to 2 weeks [9, 10]. In January 2021, the US Food and Drug
Administration granted orphan drug designation (OOD) to Telacebec, a Buruli ulcer
treatment (https://www.koreabiomed.com/news/articleView.html?idxno=10169).

10.10 Conclusion

Buruli ulcer is a disease of the skin and soft tissue caused by Mycobacterium
ulcerans.

It is more prevalent in rural wetland zones, where a humid and hot climate pre-
dominates. The gender varies according to the geographic zone. It generally affects
predominantly young people, <15 years. The mode of transmission remains unclear,
but the main risk factor for infection is contact with bacteria in a traumatic skin
lesion. The most affected areas are lower extremities, but almost every part can be
affected. The morphology of lesions can start differently, but after 4 weeks, the
lesion ulcerates without pain. The diagnosis can be clinical in high prevalence areas.
The 1S2404 PCR is the gold standard. Treatment consists of an 8-week course of
antibiotics, with other supportive therapies like wound care, surgery, or heat therapy.
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Lepromatous Ulcer 1 1

Tulika Rai

11.1 Introduction

Leprosy also known as Hansen’s disease is a chronic, infectious disease caused by
Mycobacterium leprae bacillus, which affects mainly peripheral nerves and skin but
may also affect sites such as the eyes, mucous membranes, bones, and testes and
produces a spectrum of clinical phenotypes [1, 2]. Although the prevalence of dis-
ease is decreasing, Hansen’s disease represents one of the major public health prob-
lems mainly in India and Brazil [3, 4].

The presentation of the disease is determined by many factors such as the host’s
immune response, and there is a spectrum of presentation from the tuberculoid end
of leprosy to the lepromatous leprosy. Cutaneous lesions of leprosy usually present
as hypoesthetic/anaesthetic hypochromic macules, papules, plaques, and diffuse
infiltration of the skin with alopecia and xerosis [5]. The less frequent manifesta-
tions include spontaneous blisters on palms and soles, hyperpigmented patches, ver-
rucous lesions, macrocheilia, facial infiltration, uveitis, orchitis, reactionary states,
and pure neural leprosy [6-9].

The diagnosis is based on clinical findings followed by the bacteriological exam-
ination of slit-skin smears performed by an experienced technician. However, in
resource poor settings clinical examination is performed for diagnosing leprosy.
Therefore, clinical suspicion after careful examination of skin and peripheral nerves
is of utmost importance for the diagnosis of leprosy. Unfortunately, delayed diagno-
sis and treatment are still an issue in our settings.

Ulcer can develop in leprosy patients during reactional states, Lucio’s phenom-
enon (LP), or secondary to neuropathies. Neuropathic ulcers or trophic ulcers result
due to an injury to an area which is compromised due to disease, vascular
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insufficiency, or sensory loss. Leprosy has a wide range of neurocutaneous features.
The cutaneous and sensory-motor manifestations usually appear after a long period
of incubation in leprosy.

The nerve injury in Hansen’s disease leads to sensory and motor changes which
may cause deformities and the formation of skin ulcers. The pathogenesis is
explained by the penetration of gram-positive alcohol-acid-resistant bacilli into the
peripheral nerves, especially Schwann cells that damage the free nerve endings and
induce changes in thermal, pain, and tactile sensitivity. The protective sensitivity is
compromised by the disease along with the deformities of the foot resulting from
the weakness of muscles, mechanical trauma, and use of inadequate footwear which
further leads to hyperkeratosis, fissures, abrasions, blisters, erosions, and trophic
ulcers on foot [10].

Various treatment modalities have been tried like total plaster cast immobiliza-
tion, saline or collagen dressings, topical metronidazole application, topical growth
factors like platelet-derived growth factor (becaplermin), epidermal growth factor,
platelet-rich plasma therapy, and other reconstructive surgical procedures [11-14].
Few studies have shown promising results with platelet-rich fibrin therapy.

11.2 Trophic Ulcers

These ulcers usually develop on the sole of feet or fingertips, at sites exposed to
repetitive high pressures during activities of daily living like walking or working. In
patients with peripheral sensory deficits, the protective pain perception is absent,
leading to repetitive trauma which may result in skin breakdown and ulceration.
There may be modification of the gait due to a motor weakness and muscle mass
decrease in many patients of peripheral neuropathy. This may lead to a sharp
increase of pressure under the forefoot with very high pressures localized under the
metatarsal heads and the heel. This explains the anatomical location of trophic
ulcers in Hansen’s disease.

The World Health Organization (WHO) disability grading is used to define
3 groups:

Grade 0: No anesthesia, no visible deformity or damage, Grade 1: anesthesia
present but no visible deformity or damage, Grade 2: visible deformity or damage
present [15]. Most of the patients with trophic ulcers have other deformities at the
time of presentation.

In a study, the lepromatous form of Leprosy had the greatest impact on physical
disability and deformity, with a 16.5-fold greater chance of developing grade 2 ver-
sus other clinical forms. In the lower limb, the posterior tibial and fibular nerves
were the most commonly affected and when affected, the patient had a predisposi-
tion to plantar lesion formation, which began with a superficial lesion and evolved
to a deep ulcer, osteomyelitis, and septic arthritis and gangrene [10].

The basis of treatment regimens for the neuropathic or insensitive lower limb is
derived from the work of Dr. Paul Brand. His work demonstrated that plantar
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Fig.11.1 Clinical
photograph showing
callosity on foot

Fig. 11.2 Clinical
photograph showing
trophic ulcer on foot in a
patient with Lepromatous
Hansen’s disease

ulceration results from a lack of protective sensation along with high plantar
mechanical forces so offloading of affected limbs is important for wound healing.

The excessive pressure causes a hypertrophic reactive response of the local kera-
tinocytes causing local hyperkeratosis and callosity at pressure bearing sites
(Fig. 11.1). This callus may crack and break leading to ulceration (Figs. 11.2 and
11.3). Hence, the risk of an ulcer is even higher when a callus is present so it is
important to shave callus at the margins of the ulcer and callus removal has shown
reduction in dynamic plantar pressures in the forefoot by 30% during barefoot walk-
ing [16]. Topical keratolytic agents like urea and salicylic acid can be applied on
callosity to soften the thick skin.

‘Wound management begins with surgical debridement and must include removal
of all surrounding hard callus, hyperkeratotic skin, all dead necrotic tissue, and
infected soft tissue and bone. The end result of debridement should be soft, non-
keratotic wound edges with a well-vascularized tissue bed. During debridement a
swab or a deep tissue culture should be taken. Any secondary infection should be
treated.

Systemic antibiotics, oral or parenteral, are required only in the acute infective
phase, in the presence of cellulitis or failure of a properly treated wound to heal. The
treating physician should look for clinical signs of infection like purulent secretions,
signs of inflammation (e.g., pain, redness, erythema, warmth, tenderness and indu-
ration), foul odor, and presence of necrotic tissue. Once debridement is done topical
antimicrobial therapies are usually adequate to help eliminate bacteria in the foot
ulcer. Radiographs may be done to rule out osteomyelitis. Other investigations like
magnetic resonance imaging (MRI) may be done to know the extent of soft tissue
involvement in selected cases.
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Fig.11.3 Clinical
photograph showing
trophic ulcer on the foot

The most effective treatment of plantar ulceration in Leprosy is total contact cast
and posterior walking splint. Visual inspection and touching the feet daily for any
evidence of new trauma or injury are essential habits to develop in an effort to pro-
tect the feet from injury in all patients. Patient education is important to prevent
development of plantar ulcers.

A Wound Management Program for all patients must include:

* Assessment.

¢ Treatment.

e Protection from further injury.
e Patient education.

In patients with leprosy, sometimes insensitive hands may have a series of small
injuries or an insidious infection which can result in a gradual loss of soft tissue and
bone reabsorption. The infection process is believed to be primarily responsible for
the loss of finger length in insensitive hands. Patients must be taught to examine
insensitive extremities routinely for redness or swelling and to identify objects and
equipment they use which may cause injury. They should protect from hot water
from a faucet or a hot object. Patients are taught to use areas where they do have
“protective sensation” to test potentially damaging hot objects and to wear gloves
when manipulating hot or sharp objects.

Splinting of wounds is often necessary for patients with insensitive hands in
order to protect the affective area during healing. Patient education programs are
important in prevention of further wounds and also for healing of wounds.

Dressings on ulcers may improve healing in chronic ulcers. A moist wound envi-
ronment facilitates rapid migration of keratinocytes across the wound bed. As moist
dressings have become available now, advanced moist wound therapy (AMWT) can
be easily given with hydrogels INTRASITE Gel, Smith and Nephew, Hydroheal,
Dr. Reddys) and alginates. Few clinical trials have shown biomaterial-based treat-
ment of leprosy wounds as an excellent affordable alternative for wound manage-
ment [17].
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Most patients experience recurrence of ulcers so patient education is very impor-
tant. Most of the patients belong to low socio-economic status and deformities and
chronic ulcers affect their livelihood. Rehabilitative programs by government and
NGOs can improve their lives.

The treatment of such patients requires a multidisciplinary approach. The com-
bined efforts of dermatologists, general surgeons, orthopedicians, plastic surgeons,
field workers, and social workers are needed for complete rehabilitation of the
patients.

11.3 Non-Trophic Ulcers

Patients of leprosy frequently experience lepra reactions. Type I lepra reactions are
seen in borderline leprosy patients. Type II lepra reactions are seen in lepromatous
leprosy (LLHD) and borderline lepromatous leprosy (BLHD) patients. Type II lepra
reaction, also known as erythema nodosum leprosum (ENL), is a type III hypersen-
sitivity reaction which commonly manifests as sudden appearance of crops of ery-
thematous, edematous, evanescent, and tender nodules and plaques associated with
fever and joint pain. ENL is associated with involvement of multiple organs leading
to various complications [18]. ENL is an immune complex-mediated type III hyper-
sensitivity reaction involving antigen, antibody, and complements. Neutrophilic
activation and T cell dysfunction occur [19].

Many morphological patterns of ENL have been described such as nodular, bul-
lous, pustular, and necrotic. The nodular form is the most common presentation
along with fever, malaise, and joint pain. There is immune complex-mediated dam-
age which can lead to the involvement of various organs leading to uveitis, lymph-
adenitis, synovitis, mastitis, epididymo-orchitis, arthritis, glomerulonephritis, and
hepatitis [20]. Necrotic ENL represents a severe form of ENL and is less common
and is associated with systemic complications (Figs. 11.4 and 11.5).

The close differential diagnosis of a patient with leprosy with multiple, necrotic
ulcers is lucio phenomenon (LP) which occurs in patients with diffuse form of lep-
rosy and presents with purpuric lesions followed by ulcers with irregular margins.
There is absence of constitutional and systemic symptoms.

LP is also known as erythema necroticans. This was first described by Lucio and
Alvarado and later confirmed by Latapi and Zamoraas. This is a vasculitis which
occurs in the diffuse form of leprosy. It is a rare presentation in untreated leproma-
tous (LLHD) and borderline lepromatous leprosy (BLHD). This is endemic in
Mexico and cases have been reported from the USA, Spain, Brazil, and Asia [21].

Lucio phenomenon usually appears in untreated or inadequately treated non-
nodular lepromatous leprosy (LLHD) patients after a median of 1 to 3 years after
the first manifestations of the disease and presents with painful, erythematous areas
over the extremities which evolve into necrotic ulcers [22].

On histopathology in LP there is ischemic epidermal necrosis, necrotizing vas-
culitis, endothelial proliferation, and presence of a large number of AFB in endothe-
lial cells. Lucio phenomenon responds to MDT [23].
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Fig. 11.4 A 35-year-old
female on MB-MDT for
6 months presenting with
necrotic erythema
nodosum leprosum with
multiple ulcers distributed
on buttocks and thighs
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Fig.11.5 A 35-year-old
female on MB-MDT for

6 months presenting with
necrotic erythema
nodosum leprosum with
punched out ulcer on
buttocks with a violaceous
border. Multiple ulcers
were present

Non-trophic ulcers are rare and very few cases of necrotic ENL with ulcers and
lucio phenomenon have been reported from India.

11.4 Conclusion

Patients with lepromatous leprosy frequently present with trophic ulcers and many
of these patients experience lepra reactions. Trophic ulcers are difficult to treat and
patient education plays an important role in the prevention of ulcers. These patients
are from low socio-economic status and need rehabilitation. More efforts are needed
to diagnose leprosy and treat these patients early to prevent deformities.
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Varadraj V. Pai

Cutaneous tuberculosis (TB) is a relatively uncommon form of extrapulmonary
tuberculosis with diverse clinical manifestations which can frequently result in
diagnostic challenges. The wide clinical spectrum of cutaneous tuberculosis is
dependent on the route of infection (endogevnous or exogenous), the immune status
of the patient and whether or not there has been previous sensitization with
tuberculosis.

Cutaneous tuberculosis is classified into

— Multibacillary form which includes conditions like tuberculosis chancre (due to
inoculation), orofacial tuberculosis, scrofuloderma, acute military cutaneous
tuberculosis, tuberculosis gumma.

— Paucibacillary form which include warty tuberculosis, lupus vulgaris and
tuberculids.

In India, scrofuloderma and lichen scrofulosorum were the most frequently
found types in childhood, whereas lupus vulgaris was the commonest form in
adults [1-3].

12.1 History

Tuberculosis has plagued humankind throughout known history and human prehis-
tory. The genus Mycobacterium originated more than 150,000,000 years ago from
which the different species diverged over the course of millions of years [4].
References to tuberculosis have been made in Sanskrit works, namely the Rigveda
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(1500 BC), Ayurveda (700 BC) and in the Laws of Manu (1000 BC). It has also
been mentioned in Indian mythologies as Rajayakshma. The Charaka Samhita (sec-
ond century BCE) mentions the disease and also the various treatment modalities of
that era. Hippocrates (460-376 BC) gives an intelligent description of this disease
as ‘phthisis’, which meant to dry up [5].

12.2 Epidemiology

The incidence of cutaneous tuberculosis parallels that of pulmonary TB and is more
commonly seen in developing countries and impoverished populations [6].
Cutaneous tuberculosis is relatively uncommon, comprising 1-1.5% of all extrapul-
monary tuberculosis manifestations, which manifests only in 8.4-13.7% of all
tuberculosis cases [7].

The overall prevalence of cutaneous TB in various Indian studies is
0.25%-0.6% (2, 8].

Lupus vulgaris is the most common form of cutaneous tuberculosis in adults in
the Indian subcontinent and South Africa [9]. All age groups are equally affected
with females two to three times more than males [10].

12.3 Pathogenesis

Mycobacterium tuberculosis is the predominant causative agent in cutaneous
TB. Very rarely M. Bovis or Bacillus Calmette-Guerin [BCG], an attenuated strain
of BCG, can cause skin lesions. The mode of transmission is primarily through
aerosol route; rarely transmission can occur through inoculation or ingestion [6].
Lupus vulgaris is caused by haematogenous, lymphatic or contiguous spread from
elsewhere in the body. Lupus vulgaris originates from an underlying focus of tuber-
culosis, typically in a bone, joint or lymph node, and arises by either contiguous
extension of the disease from underlying affected tissue or by haematogenous or
lymphatic spread [1]. In patients where the underlying focus is not apparent it has
been postulated that it may be due to the reactivation of a latent cutaneous focus
secondary to previous silent bacteraemia It can also arise after exogenous inocula-
tion or as a complication of BCG vaccination [8].

Granulomas are the characteristic histopathological reaction seen in TB. These
granulomas were previously considered as host protective, are now in studies using
zebra fish infected with M. marinum have found to actually contribute to bacterial
growth and facilitate its spread. Virulent mycobacteria release the early secreted
target 6 protein, which stimulates epithelial cells to produce metalloproteinase 9
(MMP-9). MMP-9 secretion promotes the recruitment of new macrophages to the
granuloma where they become infected and expand the granuloma. The host
responds by producing CD4 and CD8 T cells that attempt to control bacterial
growth. The mature granuloma therefore represents an equilibrium between myco-
bacterial growth and the host immune response [1, 6].
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12.4 Clinical Features

The various types of cutaneous TB, mode of spread and their relation to the host
immune response are given in Table 12.1 [11].

Lupus vulgaris (LV) is a chronic, progressive, post-primary, paucibacillary form
of cutaneous tuberculosis, occurring in a person with a moderate or high degree of
immunity. Lupus vulgaris is caused by haematogenous, lymphatic or contiguous
spread from elsewhere in the body. Lesions of lupus vulgaris are usually solitary
over a normal appearing skin, but sometimes can be few in number particularly in
patients with pulmonary involvement [1, 10].

In Europe, over 80% of lesions are on the head and neck, particularly around the
nose. Next in frequency are the arms and legs, but involvement of the trunk is
uncommon. In India, cutaneous tuberculosis more commonly affects the buttocks
and extremities rather than the face. Such a pattern is usually due to re-inoculation
and may relate to playing without clothing or shoes [8, 12].

Classically the initial lesion of LV presents as a small, reddish brown, flat macule
of soft, almost gelatinous, consistency. On diascopy, the diagnostic ‘apple jelly’

Table 12.1 Types of Cutaneous TB

Clinical disease Aetiology Host immune status

Lupus vulgaris Haematogenous spread Can affect immunocompetent

Scrofuloderma or immunocompromised
people

Acute miliary TB Haematogenous spread Usually seen in

Orofacial TB immunocompromised people

Metastatic

tuberculous abscess
(tuberculous Gumma)
Primary inoculation

Inoculation of the skin with No previous TB infection,

TB mycobacteria TB, e.g. by needle immunocompetent
stick injury, or at site of trauma
Tuberculosis Inoculation of the skin with Previous TB infection,

verrucosa cutis

mycobacteria TB, e.g. by needle
stick injury, or at site of trauma

immunocompetent

Normal primary
complex-like reaction
Post-vaccination
lupus vulgaris
Perforating regional
adenitis

BCG inoculation

No previous TB infection

Lichen scrofulosorum
Papulonecrotic
tuberculid

True tuberculids—Thought to
represent hypersensitivity reactions,
rather than local TB infection of the
skin

Not clear; likely some
immunity due to previous
exposure

Nodular vasculitis
(erythema induratum
of Bazin)

Erythema nodosum

Facultative tuberculids—Mtb may
be one of several aetiological agents
causing this pathology

Not clear; likely some
immunity due to previous
exposure
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nodules may be demonstrated. Progression is characterized by elevation, a deeper
brownish colour and formation of a plaque. Later it shows the characteristic scarring
and involution in one area with progression in another often results in a gyrate out-
line border [1].

The clinical forms vary widely and fall into five different general patterns,
depending on the local tissue response to the infection [1]:

1. In plaque form, the lesions have irregular or serpiginous edge and large plaques
show irregular areas of scarring with islands of active lupus tissue. The edge
often becomes thickened and hyperkeratotic (Figs. 12.1, 12.2 and 12.3).

2. In ulcerative and mutilating forms, scarring and ulceration predominate with
crusts forming over areas of necrosis. The deep tissues and cartilage are invaded
and contractures and deformities can occur (Fig. 12.4).

3. Vegetating form is characterized by marked infiltration, ulceration and necrosis
with minimal scarring. Mucous membranes are invaded and cartilage is slowly
destroyed. When the nasal or auricular cartilage is involved, extensive destruc-
tion and disfigurement occur.

4. Tumour-like forms present either as soft tumour-like nodules or as epithelial
hyperplasia with the production of hyperkeratotic masses.

5. In papular and nodular forms, multiple lesions occur simultaneously in dissemi-
nated lupus—true ‘miliary lupus’ and usually occurs after immunosuppression.

The nasal, buccal or conjunctival mucosa may also become involved, either pri-
marily by a papule, nodule or ulcer, or by spread from a contiguous skin lesion.

The differential diagnoses in the early stages to be considered are leprosy, sar-
coidosis, lymphocytoma, Spitz naevus and lupus erythematosus, and in older
patients syphilis must be excluded. The histopathologic and culture reports help to
differentiate lupus vulgaris from the deep mycoses, which closely resemble the veg-
etating and crusted type. Leprosy and sarcoidosis are the chief causes of diagnostic

Fig. 12.1 Plaque type
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Fig. 12.2 Plaque type

Fig. 12.3 Classical
feature of scarring on one
edge and progression on
the other

difficulty. The nodules in leprosy are firmer with other positive signs of leprosy, and
the nodules of sarcoidosis resemble grains of sand rather than ‘apple jelly’ on palpa-
tion [1].

Diagnostic tests for lupus vulgaris [11]:

— Chest X-ray—All patients presenting with symptoms consistent with TB should
have a chest X-ray to look for previous or active pulmonary TB.

— HIV testing—Extrapulmonary TB is associated with HIV infection. All patients
should be offered integrated counselling and testing.
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Fig. 12.4 Ulcerative form

.

— Tuberculin skin test.

The TST is a delayed-type hypersensitivity to mycobacterial antigens, follow-
ing an intradermal injection of purified protein derivative (PPD). Tuberculin test-
ing should be done by the Mantoux method as this is the only technique that has
been standardized and extensively validated. PPD (0.1 mL =5 tuberculin units)
is injected into the volar aspect of the forearm using a 27-gauge needle to raise a
small weal. The diameter of the induration is measured after 48—72 h. Normally
a cut-off of 5 mm induration is used to determine those at high risk of infection,
for example close contacts of an active case, patients with radiographic abnor-
malities consistent with tuberculosis, those with HIV infection and those immu-
nosuppressed with corticosteroids or other agents. A cut-off of 10 mm is used in
migrants from endemic areas, healthcare workers, the homeless and residents of
some urban areas, and those patients with diabetes, renal disease, silicosis and
other conditions associated with an increased risk of latent tuberculosis. Finally
a cut-off of 15 mm is used in those with no risk factors [1].

In Indian scenario, the Mantoux test is not usually part of the diagnosis of
active TB infection. However, the Cutaneous TB Group agreed that in selected
cases where diagnosis was equivocal, it might be used as an ancillary test.
However, only a strongly positive result (with a diameter of 22 mm or more at
reading) supports a diagnosis of cutaneous TB. A negative or weakly positive
result does not rule out TB. Sensitivity and specificity estimates for this test vary
widely across case series, and the result must be interpreted in the context of the
other clinical findings [11].

— Interferon-y release assays are T cell-based blood tests that measure the host
response to M. tuberculosis by utilizing antigens that are much more specific for
M. tuberculosis than tuberculin. These tests are more specific than the TST in the
diagnosis of latent M. tuberculosis infection in adults and children; however the
sensitivity is no better than that of the TST [1].
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— Histopathology.

In lupus vulgaris there are tuberculoid granulomas with a variable mantle of
lymphocytes in the upper and mid dermis. The granulomas have a tendency to
confluence. Caseation is sometimes present. Multinucleate giant cells are not
always numerous. Langerhans cells are present in moderate numbers in the gran-
ulomas. The overlying epidermis may be atrophic or hyperplastic, but only rarely
is there pseudoepitheliomatous hyperplasia. Staining and microscopy for AFB
have very low sensitivity [1, 8].

— Culture has low sensitivity; but if positive, confirms the diagnosis of cutaneous
TB and facilitates drug susceptibility testing. PCR-based tests are in use with
variable diagnostic accuracy, but a lack of evidence from high-quality studies
means they cannot be recommended for routine use currently [11].

— Gene-Xpert, a CBNAAT (cartridge-based nucleic acid amplification test), is a
widely accepted diagnostic test for tuberculosis. This test is a rapid diagnostic
test for tuberculosis detection as well as Rifampicin resistance in direct smear
negative cases [11].

The diagnosis of skin tuberculosis in many cases can be challenging and may
require more than pure clinical skills in areas where it is less frequently seen and in
HIV-positive patients in whom the course of the disease is altered. Demonstration
of a classical tubercular granuloma on histopathology is diagnostic but caseation
necrosis is usually sparse or absent. The infiltrate can be nonspecific in up to one-
third of the patients. Demonstration of AFB in Ziehl-Neelsen—stained tissue smears,
histopathological sections, or their recovery in culture is disappointing in most
instances. Since lupus vulgaris is a paucibacillary condition a diagnosis can be
made based on the classical clinical, histopathological findings and demonstration
of tuberculosis bacilli from smear, biopsy, PCR or CBNAAT [1, 5].

Other indications towards the diagnosis, which are by themselves unreliable,
include the following:

The presence of active, proven tuberculosis elsewhere in the body.

. The presence of acid-fast bacilli in the lesion itself—this will also be seen in
infections with other mycobacteria.

3. A positive reaction to tuberculin—a strongly positive reaction of >15 mm in

diameter may be considered of diagnostic value.

4. Positive IFN-y release assay.

5. The effect of specific therapy—in areas of high tuberculous prevalence a thera-

peutic trial of anti-tuberculous therapy should be considered.

DN —

12.5 Course and Progression

The natural course of an untreated lesion is progressive leading to scarring, contrac-
tures and tissue destruction. The scars are usually thin, white and smooth, but are
unstable and may break down or become keloidal. Active lupus vulgaris frequently
reappears in scar tissue. Squamous cell and basal cell carcinomas or sarcomas can
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occur insidiously in up to 8% of patients and may be confused with renewed activity
of the lupus itself [1].

12.6 Treatment[11]
All patients with the following results should be treated for cutaneous TB:

— Patients with histology diagnostic of cutaneous TB.

— Patients with positive culture of Mtb or microscopy for AFBs from skin biopsy.

— Patients with equivocal histology findings and negative microscopy and culture,
but strongly positive Mantoux test.

The first-line therapy for adults and children with lupus vulgaris is 2HRZE/4ARHE
(2 months of Isoniazid, Rifampicin, pyrazinamide and ethambutol followed by
4 months of Isoniazid, Rifampicin and ethambutol). The patients have to be fol-
lowed up at 4-6 weeks interval to note the response to therapy. Failure to respond to
therapy may be due to misdiagnosis or drug resistance.

In conclusion, lupus vulgaris is most common among middle aged patients, com-
monly presenting as a plaque type, with frequent involvement of the extremities.
Diagnosis is based on clinical features and histopathological examination. All
patients should be treated with standard anti-tubercular regimen.
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Dermal Leishmaniasis 1 3

Jaya Chakravarty

13.1 Introduction

Leishmaniases are a group of vector-borne neglected tropical diseases caused by the
protozoan parasite Leishmania and are transmitted by the bite of infected female
phlebotomine sandflies. It presents in three forms—systemic form visceral leish-
maniasis (VL) or kala-azar, mucocutaneous leishmaniasis (MCL), and cutaneous
leishmaniasis (CL). Cutaneous leishmaniasis is the commonest form of the disease
with approximately 600,000 to 1 million new cases occurring worldwide annually.
As per WHO, in 2020 over 85% of new CL cases occurred in 10 countries:
Afghanistan, Algeria, Brazil, Colombia, Iraq, Libya, Pakistan, Peru, the Syrian
Arab Republic, and Tunisia [1]. Post-kala-azar dermal leishmaniasis (PKDL) is
usually a sequel of visceral leishmaniasis that occurs mainly in East Africa and on
the Indian subcontinent. The importance of PKDL lies in the fact that these patients
are a source of Leishmania infection. As the Indian subcontinent plans to eliminate
visceral leishmaniasis by 2023, early diagnosis and treatment of PKDL become
very important [2]. The data from national vector-borne disease control program of
India shows that the PKDL cases had a rising trend from 2012 to 2017 with subse-
quent decline [3].

13.2 Epidemiology

Based on the geographical distribution cutaneous leishmaniasis is divided into Old
World cutaneous leishmaniasis (OWCL) and New World cutaneous leishmaniasis
(NWCL). OWCL occurs in southern Europe, Middle East part of southwest Asia,
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Central Asia, and Africa and is caused by L. aethiopica, L. donovani, L. infantum,
L. major, and L. tropica. In India, cutaneous leishmaniasis is known to be endemic
to the Thar Desert of Bikaner in Rajasthan State mainly due to L. tropica and has
been also reported from Himachal Pradesh where the causative agent is L. donovani
[4-10]. NWCL is caused by many species of leishmania and is mainly found in
Mexico and Latin America. New World species are more likely to cause MCL and
rarer diffuse and disseminated cutaneous leishmaniasis (DCL). Over 90% of muco-
cutaneous leishmaniasis cases occur in Bolivia, Brazil, Ethiopia, and Peru [1]. A
severe form called diffuse cutaneous leishmaniasis (DCL) is caused by L. aethiop-
ica in the Old world and by L. mexicana and L. amazonesis in the New world. CL
mostly has zoonotic transmission except for disease caused by L. fropica and post-
kala-azar dermal leishmaniasis caused by Leishmania donovani is predominantly
anthroponotic [11].

13.3 Clinical Features

The incubation period for symptomatic CL ranges from weeks to months; however
mucosal involvement may occur years following initial infection. Asymptomatic
infection may occur in about 10% of patients. As CL is caused by different species
its clinical features vary between and within regions and immunological status of
the host.

Old World species like L. infantum, L. major, and L. tropica cause self-limiting
ulcers. It starts as a papule or nodule at the site of inoculation, taking at least 1 week
to reach its final size. A central crust develops, which may lead to an ulcer up to
5 cm in diameter with a raised edge and variable surrounding induration, which
heals gradually over months or years, leaving a depressed scar with altered pigmen-
tation. Satellite nodules at the edge of the lesion are common. In nonimmune
patients lesions are multiple. Secondary infection leads to slow healing leaving
large, disfiguring or disabling scars.

Rarely CL due to L. aethiopica can cause oronasal leishmaniasis, which may
distort the nostrils and lips, or diffuse cutaneous leishmaniasis. DCL is character-
ized by widely disseminated cutaneous macules, papules, nodules, or plaques, or by
diffuse infiltration of the skin, especially on extensor surfaces of the limbs and on
the face, causing thickening of the eyebrows and ear lobes mimicking lepromatous
leprosy. It does not lead to ulceration. DCL is caused by polyparasitic disease and
does not heal spontaneously, and relapses are frequent after treatment [11].

In the New world (Americas) L.L. mexicana infection generally produces small,
chronic skin ulcers, usually one or few in number which heal spontaneously, while
those caused by L.V. braziliensis are large, frequently with lymphocutaneous
involvement. Lymphadenopathy, fever, and malaise may precede development of
any lesion. Ulcers usually heal in 6 to 12 months but can be quite persistent and lead
to mucosal leishmaniasis concurrently or subsequently. L.L. mexicana, and
L.L. amazonensis can also cause DCL. Espundia or mucosal leishmaniasis occurs in
the New World and is caused by the Viannia subgenus, especially L.V. braziliensis,
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L.V. guyanensis, and L.Voratister panamensis, but also L.L. amazonensis [12—14]. It
is an oligoparasitic disease associated with a marked cellular immune response.

Patients with immunosuppressing conditions like use of steroids, biologics,
immunosuppressive agents, HIV/AIDS, organ transplant recipients, and pregnant
patients are at increased risk for more severe CL.

Approximately 50% of patients with VL in East Africa particularly Sudan have
PKDL while 5-20% develop PKDL in the Indian subcontinent. Although most
patients with PKDL have a history of VL in India, approximately 5% may not have
a history of visceral leishmaniasis. In East Africa, PKDL may occur soon after treat-
ment for VL or even concurrently with the disease and is self-limiting while in India
it usually occurs after a 2-3-year interval and is not self-resolving. The lesions
appear as a macule, papule, or nodule, or a combination of these, typically on the
face, but it may subsequently affect all parts of the body.

13.4 Differential Diagnosis

Cutaneous leishmaniasis—Fungal infection like histoplasmosis and coccidioido-
mycosis, sporotrichosis, cutaneous tuberculosis and atypical mycobacterial infec-
tion, leprosy and squamous cell carcinoma.

PKDL—For the macular form the differential diagnosis is leprosy, pityriasis
versicolor, pityriasis alba, and vitiligo while the nodular form needs to be differenti-
ated from leprosy, lupus vulgaris, and acne.

13.5 Diagnosis

Definitive diagnosis requires demonstration of the amastigote form of the parasite
in a clinical specimen (usually skin) by histology, culture, or leishmania DNA by
polymerase chain reaction (PCR). A full-thickness punch biopsy of the skin (4 to
5 mm) allows evaluation of histology and culture and to rule out other causes like
acid-fast mycobacteria and fungi.

PKDL should be suspected in patients in endemic areas who present with skin
lesions compatible with PKDL combined with previous or concomitant visceral
leishmaniasis. Slit-skin smears or biopsy can be used to identify parasites to confirm
the diagnosis of PKDL. Smears are more likely to show amastigotes if they are
taken from nodular lesions rather than papular lesion, and macular lesions are least
likely to show amastigotes. An rK39-based rapid test can be helpful when other
diseases like leprosy are considered in the differential diagnosis, or if a history of
visceral leishmaniasis is uncertain.
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13.6 Treatment
13.6.1 Post-Kala-Azar Dermal Leishmaniasis

In India, miltefosine for 12 weeks and Amphotericin B 60-80 doses over 4 months
are the recommended regimens. In East Africa, PKDL is not routinely treated, as the
majority of cases (85%) heal spontaneously within 1 year. Only patients with severe
or disfiguring disease, those with lesions that have remained for >6 months, those
with concomitant anterior uveitis, and young children with oral lesions that interfere
with feeding are treated, with either sodium stibogluconate (20 mg/kg/day per day)
for up to 2 months or a 20-day course of L-AmB at 2.5 mg/kg/day.

13.6.2 Cutaneous Leishmaniasis

In the OWCL, local wound care with careful follow-up is indicated for patients with
L. major; in those with fewer than four lesions requiring immediate treatment;
lesions <5 cm in diameter; no potentially disfiguring or disabling lesion (face, joints,
toes, and fingers); no immunosuppression and possibility for follow-up. If at least
one criterion is absent, local therapy should be given. Lesions due to L. tropica,
L. aethiopica, and L. infantum need local therapy.

The options for local therapy are Paromomycin ointments (15% PM/12% MBCL
ointment b.i.d. for 20 days), intralesional antimonials (intralesional antimonials,
1-5 mL per session plus cryotherapy both every 3—7 days for 1-5 sessions), thermo-
therapy (1-2 sessions with localized heat 50 °C for 30 s), and cryotherapy [11, 13,
14]. Systemic therapy is given for severe and complex lesions like lesions on face,
fingers, toes, or genitalia where local therapy cannot be given, failure of local ther-
apy or in immunosuppressed host (Table 13.1).

For NWCL the decision to wait and watch or to give local or systemic treatment
depends on factors like risk of developing MCL, presence of complicated or uncom-
plicated lesions. Complicated CL means infection with species associated with
mucosal leishmaniasis, more than four lesions of significant size (e.g., >1 cm), indi-
vidual lesions >5 cm, subcutaneous nodules, regional adenopathy >1 cm size, size
or location of lesions for which local treatment is not feasible, lesions on face, fin-
gers, toes, or genitalia, immunosuppressed host or clinical failure of local therapy
after 2 to 3 months post-treatment [15]. Before starting treatment the clinician
should know the high-risk areas and species causing MCL. Leishmania species with
an increased risk of causing MCL include L. (V.) braziliensis mainly, but also L. (V.)
guyanensis and L. (V.) panamensis. The Pan American Health Organization (PAHO)
guidelines prefer treating NWCL either with local or systemic treatment [12]
(Table 13.2).
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Table 13.1 Recommended systemic treatment regimens for Old World CL

Systemic therapy

L. major

¢ Fluconazole, 200 mg/day oral for 6 weeks*

* Sbv, 20 mg Sb5+/kg/day intramuscularly or intravenously for 10-20 days®

* Sbv, 20 mg Sb5+/kg/day intramuscularly or intravenously plus pentoxifylline, 400 mg t.i.d.
for 10-20 days®

L. tropica and L. infantum®

* Sbv, 20 mg Sb5+/kg/day intramuscularly or intravenously for 10-20 days®

* Sbv, 15-20 mg Sb5+/kg/day intramuscularly or intravenously for 15 days plus oral
allopurinol 20 mg/kg for 30 days, to treat leishmaniasis recidivans caused by L. tropica®

L. aethiopica
* Sbv 20 mg Sb5+/kg/day intramuscularly or intravenously plus PM, 15 mg (11 mg base)/kg/
day intramuscularly for 60 days or longer to treat diffuse CL

“Evidence obtained from at least one properly designed randomized controlled trial

"Expert opinion without consistent or conclusive studies

‘Few data are available on therapy for CL caused by L. infantum and L. aethiopica

4Opinions of respected authorities, based on clinical experience, descriptive studies, or reports of
expert committees

BEvidence obtained from well-designed trials without randomization

Table 13.2 Treatment options for cutaneous and mucosal leishmaniases in the Americas by clini-
cal presentation and therapeutic indication. PAHO®

Clinical presentation Therapeutic indication

Localized cutaneous leishmaniasis Local #

» Single lesion up to 900 mm? (3-cm diameter) in | « Thermotherapy
any location except head and periarticular « Intralesional pentavalent antimonials
regions, absence of immunosuppression, and Systemic
possibility of monitoring First-line

 Pentavalent antimonials

» Miltefosine (L. guyanensis and L.
panamensis)

« Pentamidine isethionate®

* Ketoconazole (L. mexicana and L.
panamensis)

Second-line

* Amphotericin B

(continued)
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Table 13.2 (continued)

Clinical presentation

Therapeutic indication

Localized cutaneous

leishmaniasis

* Single lesion larger than 900

mm? in any location or

» Single lesion of any size, on head or
periarticular regions

or

* Multiple lesions

* Single lesions previously treated locally that did

not respond or relapsed

Systemic

First-line

* Pentavalent antimonials

» Miltefosine

 Pentamidine isethionate (L. guyanensis
and L. panamensis)

¢ Ketoconazole (L. mexicana and L.
panamensis)

Second-line
¢ Pentamidine isethionate

* Amphotericin B

* Liposomal amphotericin B
Disseminated cutaneous Systemic
Leishmaniasis First-line

¢ Pentavalent antimonials

Second-line
* Liposomal amphotericin B
* Amphotericin B

Diffuse cutaneous leishmaniasis

Systemic

* Pentavalent antimonials

* Liposomal amphotericin B

¢ Pentamidine isethionate

* Amphotericin B deoxycholate

Mucosal leishmaniasis

Systemic

* Pentavalent antimonials + pentoxifylline
« Pentavalent antimonials

Liposomal amphotericin B
* Pentamidine isethionate
* Amphotericin B deoxycholate

“Decisions on whether to add local treatments as a therapeutic option for cutaneous leishmaniasis
should be based on the available evidence for each country

"Better results with L. guyanensis

13.7 Conclusion

PKDL patients are reservoirs of infection and can cause VL outbreaks making it
very important to diagnose and treat it for the success of the VL elimination pro-
gram. The most important barriers to the treatment of PKDL are the fact that patients
are symptomless and the long and arduous treatment of 12 weeks duration is a
major obstacle in completion of therapy. Thus active surveillance for PKDL, proper
counseling regarding importance of completing treatment, and shorter regimen for
PKDL are the need of the hour.

The treatment of CL depends on the infecting species, geographic region, risk of
MCL, and response rate of drugs in that region. A wait and watch approach can be
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adopted if the lesion is healing spontaneously or if it is a well-localized lesion
caused by L. major or L. Mexicana. Local therapy is recommended for non-self-
curing uncomplicated CL and systemic therapy for complicated CL.
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14.1 Introduction

The evolution of humans over the years has occurred in parallel with the evolution
of microorganisms. Hence the association of microbes and disease in humans is
constantly evolving. In this relevance, in recent years, fungal infections have been
increasingly recognized as an emerging cause of morbidity and mortality. The
impact of fungal infection is so severe that globally it affects over 300 million peo-
ple with nearly 1.6 million deaths each year [1]. The ubiquitous presence of fungal
elements in the environment, their commensal status on human body and their
opportunistic nature has accounted for increasing recognition of their disease-
causing ability. Additionally, changing lifestyle, climatic challenges, urbanization,
and comorbidities have also facilitated the spread of fungal infections.
Simultaneously, development in diagnostic modalities and a better understanding of
several strategies and mechanisms of fungi to survive and persist have helped in
their awareness.

When considering fungal infections and ulcerations in wounds, it must be
acknowledged that it becomes doubly challenging to timely diagnose, treat, and
ensure healing sets in. Some interesting facts on this aspect have been recently
revealed through in-depth research, though limited studies on mycobiome compo-
nent of microbiome on skin and in ulcer or wounds have shown the coevolution of
fungi and bacteria in a symbiotic manner benefitting from each other’s existence.
This renewed interest has put forward several answers and challenges towards fun-
gal infections in wounds and skin ulceration. Presently, when several approaches
are being made to study the entire microbial environment in the form of microbiome
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in different anatomical sites, the “wound” bed serves as an excellent environment to
constitute or support microorganisms.

In this chapter, we have reviewed the concepts of the mycobiome in relation to
the microbiome, the reported fungal infections in wounds, the developments in
diagnostic modalities, and a standard protocol for their management and prevention.

14.2 The Wound Microbiome

With the recent developments in our understanding of the wound environment, the
role of the entire microbiota in the wound rather than the culturable ones is being
emphasized. It is now evident that the microbial load along with the diversity in
microflora and the role of this flora as pathogens matter in the response towards
treatment. It is interesting that wound microbiomes are heterogenous. This hetero-
geneity is influenced by ulcer depth, duration, and other host-related factors [2].
Findings from studies mostly on diabetic foot ulcer (DFU) microbiome have
revealed that certain genera of bacteria are in abundance in the wound microbiome
namely: Anaerococcus, Staphylococcus, Corynebacterium, Porphyromonas,
Streptococcus, Peptoniphilus, Pseudomonas, etc. [3].

Large-sized chronic wounds are colonized by polymicrobial communities,
because of which persistent inflammation and impaired wound healing occur. The
common hypothesis is once colonized, the communities within the wound form a
biofilm and disrupt the healing process. The skin niche in case of the invasion or
injury can influence the composition and activity of the wound microflora [4]. The
commensals bacteria and fungi not only coexist at anatomical sites, but also interact
for their existence, which sometimes is detrimental to the host. There are several
reasons for evolutions of these cooperative strategies between the bacteria and fungi
as summarized in Fig. 14.1.

Fungi ' /Bacteria A
* Increased virulence * Develop antibacterial
by increased tolerance by surviving

\

secretion of enzymes under fungal hyphal
Fig. 14.1 Coevolution strategies of bacteria and fungi in human anatomical sites
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The wound microbiome therefore is not limited to bacterial flora but includes
complex interactions of microbial communities resulting in the formation of inter-
kingdom mixed species biofilms [5, 6]. The understanding of these niches on the
wound surface is imperative for the management of infected wounds.

14.2.1 Mycobiome

Our understanding of wound microbiome has heavily relied on improved methods
of detection of microbes based on their genomic data. In this way, the study of 16S
rRNA gene of bacteria by sequencing has helped in the identification of genetic
diversity. However, the 16S rRNA gene amplification method is “bacteriocentric.”
The fungal counterpart in the microbiome is often overlooked [7]. Therefore, the
mycobiome component of the “microbiome” is often lacking, though both bacteria
and fungi constitute the commensal population in the skin.

Unlike previous research which has mainly focused on the bacterial flora in
wounds and infections, there is emerging evidence that many human commensal
fungi are also members of this microflora community. It is interesting to note that
while sufficient number of research publications has targeted bacterial profiling of
wounds, a negligible number of studies have focused on fungal profiling. Studies
have suggested that over 25% of all DFUs consists of fungal flora that are missed by
the routine diagnostic procedures [7]. One study had determined the changes in the
DFU mycobiome [4]. In this study, it was found that the two most abundant species
were Cladosporium herbarum and Candida albicans (C. albicans) both belonging
to the phylum Ascomycota. A total of 17 phylotypes were identified, 10 belonged to
Ascomycota filamentous fungi, which are ubiquitous in the environment and others
were opportunistic pathogens like Trichosporon and Rhodosporidium. This study
has also revealed that highly heterogenous mycobiome exists varying with different
patients at different times. This mycobiome was more diverse in patients with sys-
temic administration of antibiotics that selectively kill bacterial counterpart of the
wound microbiome facilitating fungal growth.

Multispecies biofilm with bacteria was seen in the DFU microbiome in this
study. Interestingly, the co-cultures revealed close relation between the bacterial and
yeasts cells wherein the yeast cells were the “core” of the biofilm with the bacterial
cells at the periphery. The hyphae of varying thickness of the yeast cells were
directed outside the colony. The interactions were, however, not competitive.
Additionally, C. albicans has been previously correlated with Alcaligenes. It was
also reported that these hyphae help in adhesion to the surface thus providing sub-
strate for binding for the bacteria. In this regard, the association of C. albicans with
Staphylococcus aureus (S. aureus) whereby S. aureus coats itself with the secreted
polysaccharides of the yeast often enhances resistance to penetration of antimicro-
bial agents. Similarly, Citrobacter freundii and Candida have been related for pro-
viding attachment or scaffolding [7]. The arrangement of the bacterial and fungal
communities in mixed biofilms on wound surface can be visualized in Fig. 14.2.
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Fig. 14.2 Arrangement of the bacterial and fungal communities in mixed biofilms

When DFU mycobiome was categorized as “pathogens” and “allergens” owing
to the fact that many skin commensal filamentous fungi are opportunistic pathogens
or allergens, it was seen that both these groups clustered separately. Pathogens were
higher in non-healing wounds. In reference to necrosis, the level of pathogens was
significantly higher in ulcers with more than 75% necrotic tissues [4].

However, elucidating wound mycobiomes is challenging. In the process of
molecular DNA sequencing, band analyzing, the problem is that even in reference
database, adequate representation of fungal data may not be adequate for full char-
acterization of the microbiome. In this regard, the available fungal database repre-
sents only 1.5% of the total fungal diversity [4, 7].

14.3 Fungal Infections and Ulcerations

Chronic ulcerations in the leg often represent an important health problem with
most of these ulcers being related to peripheral vascular disease. Candida species is
an otherwise harmless commensal, which if gets opportunity in form of host
immunocompromised status due to malignancy, long term antibiotic therapy, use of
intravenous devices and invasive traumatic injuries, causes infection [8]. C. albicans
has been reported in 10% of cases of chronic DFU, second only to Pseudomonas as
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monomicrobial cause of infection [9]. Often Candida infections are the preliminary
signs of prediabetic stage or stage of developing diabetes [7].

Burn wounds are often colonized with commensal yeast which later finds an
opportunity to infect the wound. This colonization is usually seen after the third and
fourth week. Regarding fungi, translocation from gut flora does not seem to be the
source of infection. Instead, skin flora modified with the application and administra-
tion of topical and systemic agents facilitate fungal colonization. Consequently,
such wounds are infected with Candida species in normal circumstances [10].

However, fungal wound infections (FWIs) have been an independent predictor of
morbidity as revealed by multivariate analysis. Geographical locations of the injury
are important in terms of etiology because the reservoir of most of the fungi is soil.
Therefore, contamination of wounds with fungi like Fusarium species and
Apophysomyces is likely. Aspergillus has been noted to be the most common cause
of fatal FWIs. Infection with Mucorales takes a more aggressive course [11]. Fungi
implicated in deep infections are mycetoma, sporotrichosis, chromoblastomycosis,
blastomycosis, histoplasmosis, and lobomycosis [12].

Most of the wound infections following trauma due to molds have been reported
from penetrating wounds in soldiers or post natural disasters, where soil contamina-
tion of wounds by molds is a pre-requisite for colonization to proceed to infection
[13, 14].

Pathogens like Candida species, Trichosporon, and Rhodotorula have been
associated with poor wound healing often leading to chronicity in wounds. Delayed
wound healing is encountered with these pathogens. However, allergens like
Cladosporium, Aspergillus, Penicillium, Alternaria, and Fusarium are also
detected in abundance in wounds [7]. An extensive study from India on fungal
causes of deep tissue infections in diabetic foot ulcers had revealed prevalence
rates of C. parapsilosis (25.5%), C. tropicalis (22.7%), Trichosporon asahii
(12.8%), C. albicans (10.6%), and Aspergillus species (5.0%) with considerable
resistance to the azoles [15]. Clinical acumen and signs of infection help to decide
the true pathogen implicated and the management regime. Trichophyton, which is
a common cause of tinea capitis, has been reported as a rare cause of post-surgical
scalp infection [16].

List of fungi that have been reportedly isolated from invasive fungal infections
has been provided in Table 14.1.
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Table 14.1 List of common Funga] group Agents
fungal agents isolated from Mucorales Actinomucor spp.
invasive fungal wounds Apophysomyces spp

Cunninghamella spp.
Lichtheimia spp.
Mucor spp.

Rhizomucor spp.

Rhizopus spp.

Saksenaea spp.

Syncephalastrum spp.

Aspergillus A. flavus

A. fumigatus
Candida spp. C. albicans
C. tropicalis

Others Fusarium spp.

Scedosporium spp.

Alternaria

Penicillium

Paecilomyces

Bipolaris

14.4 Diagnosis of Fungal Infections

For any infection, cause of infection, and ulceration in wounds, the role of prompt
diagnosis in predicting the cause of the infection cannot be overemphasized.
Unfortunately, in case of fungal infections, diagnostic modalities are not only lim-
ited to advanced centers, but the etiological agents are much overshadowed by their
bacterial counterpart. Recently, with the emergence of fungal causes of infections,
the diagnostic possibilities have also been developed. Nevertheless, the usual cause
of diagnosis of FWI is non-responsive to conventional antibacterial therapy.
Classical laboratory diagnosis approach is microscopy of wound culture/histopath-
ological examination (HPE). However, suboptimal sensitivity for each method is
often seen. For example, positive HPE but false negative on culture can range from
17 to 56%, whereas 11% of HPE negative samples can be culture positive [13].
Rapid assays like serum galactomannan and Beta-D-glucan can help in dissemi-
nated cases. Polymerase chain reaction (PCR) and Matrix-Assisted Laser
Desorption/Ionization-Time of Flight (MALDI-ToF) can be used for exact identifi-
cation [17]. However, with the latest methods, the problem of limited fungal data in
the respective databases as mentioned above is the major hinderance. Diagnosis can
be elaborated in the following steps:
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Post-traumatic subcutaneous Mucormycosis

Traumatic wound

Fig. 14.3 Wounds showing blackening and non-viable tissue

14.4.1 Sample Collection

On physical examination, color changes in wound with the appearance of white
clusters for Aspergillus or blackening (Mucor) or increase in non-viable tissue hint
towards fungal infection as shown in Fig. 14.3. Relevant serial sampling might be
required to elucidate the dynamic microbial flora in case of chronic wound. Patients’
history including the use of empirical antifungal treatment should also be included.

14.4.2 Microscopy

Direct microscopy of wound tissue exudate can aid in early identification of fungal
infection provided sample has been properly collected. The microscopic findings
have been shown in Fig. 14.4. HPE of relevant tissue samples can also aid in early
detection of FWIs.

14.4.3 Conventional Culture

Diagnostic culture is largely biased as only culturable microbes are presumed to be
the cause of infection. This often leads to empirical use of antimicrobials and cause
delay in wound healing by promoting drug-resistant strains. However, in resource
limited settings, fungal culture is limited to few centers and there who performs it
can provide species level identification and antifungal susceptibility testing. Culture-
based methods are severely plagued with delay in diagnosis and difficulty in delin-
eation of colonizers or contaminants from true pathogens.
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Fig. 14.4 Direct microscopy (a) showing fungal elements like yeast cells and pseudohyphae
(40X); (b) budding yeast cells in gram stain (100X)

14.4.4 Nonculture-Based Techniques

14.4.4.1 Estimation of Markers

Estimation of certain cell wall fungal components like beta-D-glucan in invasive
fungal infections or galactomannan in case of invasive Aspergillosis is often per-
formed. These modalities lack the exact identification of the fungal agent but aid in
the diagnosis of probable fungal infections.

14.4.4.2 Polymerase Chain Reaction

Molecular detection of the internal transcribe spacer (ITS) region (ITS-1 and ITS-2)
of 18S rRNA by PCR can help in rapid and accurate diagnosis and is recently being
used in most of the developed centers.

14.4.4.3 Metagenomics Sequencing

To study the entire mycobiome, use of whole genome shotgun sequencing provides
a superior, unbiased assessment of the entire fungal flora of the wound. However,
the procedure dose not delineate colonizers and pathogens. An overview of these
approaches has been provided in Fig. 14.5 and Table 14.2.
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Fig. 14.5 Overview of diagnostic approaches for fungal infections

Table 14.2 Salient features of various diagnostic modalities for fungal infections

Diagnostic method Advantages Disadvantages
Microscopy » Allows presumptive identification | * Exact fungal identification not
and empirical therapy possible
Histology  Allows diagnosis of invasive * Exact fungal identification not
infections possible
¢ Detects angioinvasion
* Detects necrosis
Culture » Allows exact identification of the | * Poor yield in contaminated

fungi
 Allows antifungal susceptibility
testing

wounds
* Need resources

Non-culture-based
molecular methods

* Allows exact identification
* Advanced methods predict entire
microbiome

* Expensive

* Labor intensive

* Does not differentiate
pathogens from colonizers

14.5 Management

Once diagnosis is achieved, prompt management is the key to successfully treating
fungal infection in wounds. Management encompasses both non-medical measure-
ments and administration of antifungal agents [14, 18, 19].



158

T.Banerjee et al.

Table 14.3 Antifungal agents commonly used in fungal infections and ulcerations

Antifungal agent

Dosage

Antifungal spectrum

Amphotericin B 5-10 mg/kg/day intravenous Mucorales, Aspergillus, Fusarium

(liposomal) First-line therapy in mold-associated
traumatic injuries

Voriconazole Loading dose: 6 mg/kg every 12h | Aspergillus (including Aspergillus

(first 24 h)
Maintenance dose: 4 mg/kg twice
daily (after 24 h) intravenous

terreus), Fusarium, and
Scedosporium

Often used in combination
empirically for invasive fungal
infections

Not active against Mucorales

Posaconazole

Loading dose: 300 mg twice daily
(first 24 h)

Maintenance dose: 300 mg daily
(after 24 h) intravenous

Mucorales, Aspergillus (including
Aspergillus terreus), Fusarium, and
Scedosporium

Isavuconazole

Loading dose: 200 mg thrice daily
(first 48 h)

Maintenance dose: 200 mg daily
(12-24 h after the last loading
dose) intravenous

Mucorales, Aspergillus (including
Aspergillus terreus), Fusarium, and
Scedosporium

14.5.1 Non-Medical Measures and Local Therapies

* Repeated and aggressive surgical debridement of necrotic materials.
e Dakin’s solution: 0.025% sodium hypochlorite solution.

e Vacuum-assisted closure (VAC) therapy.
e Application of ointments Nystatin and Amphotericin B locally.

14.5.2 Medical Management

The use of antifungal agents based on the fungal etiology has been summarized in
Table 14.3.

14.6 Prevention

Fungal infections and ulceration can be prevented in several ways. However, owing
to their ubiquitous presence both in indoor and outdoor settings, prevention of expo-
sure is quite challenging. Fungal elements in indoor air depend on the composition
in outdoor air which is affected by geographical location as well as environmental
factors like temperature, humidity, level of pollution, etc. Besides, infected pets or
plants, leaking plumbing systems and heating, ventilation and air conditioning sys-
tems (HVAC) also affect the fungal composition of indoor air [16]. Strict vigilance
and avoidance of exposure to these sources can prevent fungal ulcerations. Another
important factor is damp living conditions, the moisture content helping in survival
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and persistence of fungal spores. Fungi like Alternaria, Aspergillus, Cladosporium,
and Rhodotorula have been reported in moist places. In this context, “sick building
syndrome” is an entity wherein contaminated building surfaces with fungal spores
often lead to symptoms among the building occupants. Consequently, source track-
ing by swabbing probable surface reservoirs can detect potential reservoir of infec-
tion. Building materials that minimize fungal colonization should be studied and
used. Lastly, prompt diagnosis, preferably prior to the transition from colonization
to pathogenic state, can help in early management and prevention. The use of
metagenomics to completely understand the fungal counterpart in the microbiota
both in humans and in the environment can be helpful under these circumstances [20].

14.7 Conclusion and Future Directions

There have been sufficient “bacteriocentric” microbiome studies due to improved
techniques of bacterial 16S rRNA gene sequencing. Similar methodologies should
be applied for the fungal counterpart through extensive research. A better under-
standing of several interactions of the microbial communities in wounds could help
in better and early management. Antifungal stewardship and the development of
new antifungal agents should be targeted to prevent undue drug resistance. The
future of wound management largely lies on restoring “healthy mycobiome” as
early as possible based on improved understanding of resident mycobiomes and
their interactions with host factors.
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Although the SARS-Cov-2 Corona virus primarily affects the respiratory system,
causing the acute respiratory distress syndrome and pneumonia, but it can involve
the other organs also including skin. COVID-19 induced illness has been coupled
with various dermatologic manifestations, including rash, urticaria, retiform pur-
pura, and vasculitis. Numerous dermal manifestations of COVID-19 occur, like
lymphocytic vasculitis presenting with lesions on the toes, feet, heals, and hands
occurs in COVID-19 patients. Vasculitis is a type of leukocytoclastic vasculitis with
deposition of immunocomplexes. Commonly involving the children and adoles-
cents. But none of the mechanism can explain the mechanism of ulcer formation
among the COVID-19 infected patients. Moreover, pressure ulcers are a wearisome
comorbidity for patients admitted with COVID-19 due to impaired perfusion and
reduced mobility in patients with compromised respiratory function.

15.1 Introductions

In the year 2020, when the World Health Organization confirmed that corona virus
disease 2019 to be pandemic disease. By that time most of the cities around the
world had become the epicentre of the COVID-19. In the beginning of year 2020,
novel corona virus named SARS-CoV-2 was recognized in Wuhan city of China.
Corona virus spread very rapidly to the different geographical regions of globe,
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causing a worldwide pandemic [1, 2]. Although the virus primarily affects the respi-
ratory system, causing the acute respiratory distress syndrome and pneumonia, but
it can involve the other organs also including skin [3, 4]. It was rapidly accepted that
SARS-CoV-2 is but one of a big pool of pre-pandemic SARS-like bat corona viruses
which reproduce in primary human airway epithelial cells, using human Angiotensin
Converting Enzyme (ACE)2 entry receptors patients [5, 6].

Chronic ulcer wounds are not uncommon it occurs in 1-2 per 100,000 popula-
tion in the western countries. Chronic wounds are usually associated with the simi-
lar comorbidities that augment the threat for mortality from Corona virus disease
2019 (COVID-19) [7]. Transmission of infection with severe acute respiratory syn-
drome corona virus 2 (SARS-CoV-2) is extremely contagious and its transmission
among humans is extremely quick. It has a long incubation period of average 6 days
during this period asymptomatic carriers can infect others. Hence, throughout the
care of patients with ulcers, following appropriate safety measures is vital to lessen
the risk in this susceptible population. The duty of caring both high-risk patients and
health care providers by minimizing contact to SARS-CoV-2 is necessary [8, 9].
During this pandemic health care sectors have suffered a major setback, leading to
major interruptions in the health care services together with the care of patients with
wounds. Unavoidably the delivery of wound care and all others essential medical
services have been shifted [10]. In addition, until pre-covid era device-related pres-
sure ulcers (DRPUs) and actions to avoid them have been concerned with the con-
sequence of device on patients. But in the COVID-19 era, stuffs have changed, and
it is now the medical professionals who need help in preventing skin damage and
DRPUs. A huge amount of focus has been shifted towards the effects of DRPUs
during the COVID-19. By such a substantial worldwide rise in the numbers of
patients requiring intensive care and the augmented use of prone positioning to
manage acute respiratory distress syndrome (ARDS), the occurrence of DRPU is
anticipated to increase [7, 10]. Besides, a novel and common type of DRPU coupled
with the pandemic appeared within medical personnel is that of facial injuries
caused by personal protective equipment (PPE). These injuries are first and fore-
most caused by medical face masks and goggles, even though reports are now up-
and-coming of PPE-induced dermal injure in other areas together with the armpit,
groin, and extremities [7].

In addition, this COVID-19 induced illness has been coupled with various der-
matologic manifestations, including rash, urticaria, retiform purpura, and vasculitis.
Numerous dermal manifestations of COVID-19 occur, like lymphocytic vasculitis
presenting with lesions on the toes, feet, heals, and hands occurs in COVID-19
patients [11]. Vasculitis is a type of leukocytoclastic vasculitis with deposition of
immunocomplexes. Commonly involving the children and adolescents. But none of
the mechanism can explain the mechanism of ulcer formation among the COVID-19
infected patients. Moreover, pressure ulcers are a wearisome comorbidity for
patients admitted with COVID-19 due to impaired perfusion and reduced mobility
in patients with compromised respiratory function [12—14].
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15.2 Risk Factors

The most important risk factors directly attributed to severe COVID-19 include
immobility, hypoperfusion, and systemic coagulopathy which are also the features
of critical ill COVID-19 patients [15, 16]. Among indirect risk factors that have
been seen variably displayed comprise of immobility and recumbency for prolonged
periods, mechanical ventilation, intensive care unit (ICU) stay, fever, incontinence
poor nutrition, and faecal contamination/irritation [17]. Unlike usual condition,
COVID-19 is highly contagious, especially among medical staff.

An ulcerative wound is a break of the normal constitution of the skin, likely
extending further deeply, and considered as acute or chronic. Risk factors for
COVID-19 in patients with chronic wounds. A nonhealing ulcerative wound is fre-
quently a pinnacle of various underlying medical problems. Majority of the patients
with ulcers have several comorbidities, for example, diabetes mellitus, hyperten-
sion, and chronic renal disease [18, 19]. These same above-mentioned risk factors
place a lot of patients with chronic ulcer wounds in a high-risk group for advancing
severe consequences if they get infected with COVID-19. According to the research
review and the meta-analysis the most common comorbid conditions associated
with the hospitalized COVID-19 patients were diabetes mellitus, hypertension, car-
diovascular diseases, smoking, chronic obstructive pulmonary disease (COPD),
malignancy, and chronic kidney disease [20]. Patients with these above-mentioned
comorbid conditions result in poorer outcomes, so attention should be given to
decrease exposure of the virus among these patients with chronic wounds. Beside
the conventional risk factors for developing wounds, SARS-CoV-2 is allied with
physiologic changes that may influence normal healing. If these changes encourage
de novo wound growth or supplement impair healing of chronic ulcer wounds in
patients having COVID-19 infection is unknown.

For patients with stage II or above pressure ulcers, the costs of medical resource
increase significantly in many hospitals. Meanwhile, patients on mechanical venti-
lation are difficult to turn, and the risk of medical care exposure infection increases.
In addition, diarrhoea is one of the common (2-49.5%) symptoms of COVID-19
and could also contribute to the occurrence of sacral pressure ulcer in ICU patients
[20, 21]. The sacral pressure ulcer is also very susceptible to contamination by fae-
ces. Unfortunately, faecal excretion persisted after sputum excretion in 23-82%
patients for 1-11 days, suggesting that the faeces of COVID-19 patients are poten-
tially infectious [22, 23]. Sacral/buttocks ulcerations in COVID-19 patients can
serve as portals of entry for bacteria, leading to bacteraemia or sepsis. Thus, even if
patients are successfully treated for COVID-19-associated ARDS, these ulcers can
lead to additional problems prolonging hospitalization, leading to hospital readmis-
sion or even death.

Although, these changes may add to the so far augmented risk for pressure-
induced skin and soft tissue ulcerative wound in patients with COVID-19 who need
extended hospital admissions. Prone positioning and face masks have been associ-
ated with pressure-induced injuries among both COVID-19 patients and health care
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personals, respectively. During the COVID-19 pandemic across the globe sectional
reported the prevalence of dermal injuries begins with the PPE use in medical work-
ers, it was found that there are mainly three types of skin injuries [23, 24]. These
were device-related pressure ulcers (DRPU, now known as pressure injuries),
moisture-associated skin damage, and skin tears.

Multi-level analysis of risk factors coupled with PPE-induced skin injuries
revealed higher prevalence among those with daily wearing times greater than 4 h.
Various other studies carried out across the globe mentioned the adverse skin reac-
tions among the N95 mask users, the most common of which being nasal bridge
scarring followed by facial itching and skin damage. Around more than 50% of
health care personnel reported dermal complications due to latex gloves. Aetiology
of PPE-induced DRPUs is considered to be very comparable to aetiology of DRPUs
from continuous positive airway pressure masks, used for sleep apnoea [25].

15.3 Pathophysiology

Pathophysiology of COVID-19-associated ulcer is unclear but may possibly com-
prise immune dysregulation, vasculitis, vessel thrombosis, or neoangiogenesis.
Severe COVID-19 may define a type of microvascular injury syndrome mediated by
the activation of complement pathways and an associated procoagulant state [26,
27]. Complement pathways activation and related procoagulant state has been seen
in severe COVID-19 which characterize a type of microvascular injury syndrome.
SARS-CoV-2 infection causes downregulation of angiotensin-converting enzyme 2
due to which cumulation of angiotensin II occurs, leading to vasoconstriction and
increased vascular permeability [28, 29]. However, direct thrombogenic effects can
also produce tissue ischemia. While few of the authors have reported the association
of ulcerative wounds with disseminated intravascular coagulation (DIC) among the
COVID-19 patients [30]. Histopathological samples taken from the skin and lung
tissue from the COVID-19 infected patients revealed considerable deposits of the
terminal complement components C5b-9 (membrane attack complex), C4d, and
mannose binding lectin (MBL)-associated serine protease (MASP) 2 in the micro-
vasculature along with systemic activation of the alternative and lectin-based com-
plement pathways [31-34]. Studies over several patients have established increased
risk for pulmonary embolism, high incidence of thrombosis involving multiple
organs, and amputations secondary to arterial thrombosis among COVID-19
patients which support that COVID-19 is a hypercoagulable state [35].

A few studies and case reports have also mentioned the unusual clinical course
of coronavirus disease 2019. Some researchers have proposed that acute limb isch-
emia be supposed to recognized as an unusual complication related with COVID-19.

The exact pathogenesis behind this hypercoagulable state is not entirely under-
stood, few researchers believes that main culprit is variation in prothrombic factors,
such as elevated levels of factor VIII and fibrinogen while other believes the reason
behind the hypercoagulable state is the inflammatory response and cytokine storm
associated with the disease [36-38]. Among several studies it is noted that some of
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the risk factors associated with the risk of thrombosis are of D-dimer, C-reactive
protein, and co-morbidity such as hypertension. Various studies have point out
towards the thrombotic complications among the COVID-19, especially venous
thromboembolic events such as pulmonary emboli and deep vein thromboses [39].

However, rare but some of the studies and few case reports have mentioned the
acute limb ischemia in patients with COVID-19. A study conducted in Italy on the
20 patients with acute limb ischemia with special attention on the incidence and the
outcome. They found that the incidence of acute limb ischemia to be higher in the
months of 2020 compared with 2019, and they credited this elevated incidence to
the augmentation in the cases caused by thromboembolic disease associated with
COVID-19. In conclusion, acute limb ischemia must be approved as an unusual
complication coupled with COVID-19. It is essential to increase knowledge of arte-
rial thrombosis as a potential complication of the hypercoagulable state caused by
SARS-CoV-2 since timely identification is crucial for early diagnosis and treatment
[40, 41].

SARS-CoV-2 is a novel enveloped, positive-sense, single-stranded RNA virus
that comes under the genus Betacoronavirus. For SARS-CoV-2 virus the only recep-
tors which is present is Angiotensin-converting enzyme 2 (ACE2) which help this
virus to invade and cause infection in human. This virus mainly involves the respira-
tory tract, ACE2 gene expression has been seen in various human tissues, including
gastrointestinal and cutaneous tissue. In recent studies on 31 Genotype-Tissue
Expression human tissue, have recognized that among all organs, small intestine,
testis, kidneys, heart, thyroid, and adipose tissue found to have the upmost ACE2
gene expression levels, at the same time blood, spleen, bone marrow, brain, blood
vessels, and muscle found to have the lowest levels [42, 43]. Organs other than
mentioned above such as lungs, colon, liver, bladder, and adrenal glands have inter-
mediate gene expression of ACE2 in the human body. Researchers looked over the
existed data sets available for (GEPIA2 and ARCHS4) to search ACE2 mRNA
expression and ACE2-positive cell constitution in skin tissue. The study established
that the genetic expression of ACE2 was much higher in keratinocytes than other
cellular compartments in skin tissues, such as fibroblasts and melanocytes. This
extensive expression of ACE2 advocate that this virus might be accountable for
infecting other human tissues beside the lungs and could possibly result in further
clinical manifestations. The exact pathophysiologic mechanisms involved in
COVID-19 and its skin manifestations (ulcers) are unexplored still, many assump-
tions have been considered. Some of the studies advocated the cause to be due to an
adverse reaction to pharmaceutical COVID-19 drugs or excess production of cyto-
kines triggered by hyperinflammation. While others believe that there may be other
possible molecular mechanisms like “immune dysregulation”, vasculitis, vessel
thrombosis, or neoangiogensis, pauci-inflammatory thrombogenic vasculopathy
with extensive deposition of complement components C5b-9 and C4d within the
cutaneous microvasculature [8, 44]. Other aetiology of these skin lesions could be
adverse dermatological side effects to medications used for COVID-19, DIC, and
macrothromboses. In less severe COVID-19 infections, these lesions are understood
to be a result of microthrombi formation created by inflammatory cytokines or
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ACE2 entry into cells or from “cytokine storm” due to hyperactivity of the immune
system [45, 46].

In the beginning pathology studies of COVID-19 patients established diffuse
alveolar damage (DAD) with oedema, hyaline membranes, and inflammation,
accompanied by type II pneumocyte hyperplasia, features characteristic of typical
ARDS [47, 48]. However, some patients with COVID-19 associated severe respira-
tory distress have a delayed onset of respiratory distress, then evident comparatively
well-preserved lung mechanics, despite of the severity of hypoxemia, characterized
by high respiratory compliance and high shunt fraction, and extended requisite for
ventilation. Thus, major aspects of the pathology of COVID-19 may be estimated to
differ from classic ARDS [27, 49, 50].

Vasculitis is an illustrative word for a broad variety of conditions marked by
inflammation of the blood vessels that happens as a primary process or secondary to
a fundamental disease. Occlusive vasculopathy is a separate clinical entity described
by skin changes and ulceration of the lower extremities (Fig. 15.1) as a consequence
of thrombosis of the small vessels of the dermis and is generally related with pre-
thrombotic conditions [51].

Various microbial agents, counting bacteria, viruses, protozoa, and fungi have
been marked out in association with vasculitis. The diagnosis of vasculitis is, hence,
wide-ranging and aims to exclude other potential aetiologies of malignancy, auto-
immune diseases, and other infections [52, 53]. Vasculopathy is related with risk
factors predisposing to thrombosis. Coronaviridae are reported to be associated with
thrombotic events.

Some of the authors have reported vasculitis among the corona virus positive
patients. The patient has gone through wide-ranging radiological and laboratory
investigations that were negative apart from positive coronavirus OC43. Even
biopsy of the tissue was performed. In view of the clinical presentation and the
investigations performed, the diagnosis of small vessel vasculopathy following
coronavirus OC43 has been recommended by the authors [54, 55].

Fig.15.1 Image of skin
changes and ulceration of
the lower extremities
because of vasculitis in
COVID-19 positive
patients
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Several recent studies demonstrate potential association of coronavirus OC43
with vascular pathology that the authors believe is post-immune inflammation, but
the diagnosis of vasculopathy has been also suggested by experienced clinicians.
Corona virus mainly involves the respiratory tract; however, there is facts relating
them to systemic disease [56]. COVID-19 infection has been involved in the patho-
genesis of Kawasaki disease. HCoV-OC43 and HCoV-229E were detected more
often among the multiple sclerosis patients from their brain samples when com-
pared with healthy individuals. The current COVID-19 pandemic has discovered
vasculopathic activity of some coronaviruses and there is well-established evidence
of COVID-19-associated vasculitis. Various viruses have well-built connection with
vasculitis such as HCV, HBV, and HIV, has also been look over. However, it is dif-
ficult to say whether that rash was linked with a coronavirus OC43 infection or was
related to another pathology. Two theories have been advocated for the explanation
of the pathogenesis of dermal manifestations among the —COVID-19. The main
pathogenesis behind dermal lesions in Covid 19, appears to be triggering of coagu-
lative cascade pathways and the complement activation pathways with a cross link
among the two [56, 57]. Unfortunately, consensus is deficient within the authors as
to the pathology and pathogenesis of the skin lesions of COVID-19. Though
researchers do not have diagnostic histology of vasculitis, but they believe this to be
a case of small vessel vasculitis caused by coronavirus OC43 infection.
Supplementary research is required to offer more strong evidence for this potential
association [58]. Histological and immunohistochemistry studies delineate a blue-
print of cutaneous and pulmonary pathology involving microvascular injury and
thrombosis, steady with activation of the alternative pathway (AP) and lectin path-
way (LP) of complement (Fig. 15.2). Co-localization of SARS-CoV-2-specific
spike glycoproteins with complement components in the lung and skin was also
recognized [60].

Among various dermal worries caused by PPE, DRPU/pressure injuries are the
most worth mentioning. Pressure ulcer/injury is defined by the National Pressure
Injury Advisory Panel (NPIAP) as “localized damage to the skin and underlying
soft tissue usually over a bony prominence or related to a medical or other device”
[61]. Prior to the COVID-19 pandemic, DRPU were chiefly seen in patients who
were significantly ill; but this virulent disease has introduced DRPU as a novel
complication resulting in facial injuries (ulcers) within health care workers wearing
PPE. The PPE devices worn amongst medical personnel inducing DRPU were N95
respirators, goggles, and protective masks. In medical personnel’s PPE-induced
DRPU had an, in general, prevalence of nearly 30%, the maximum among PPE-
induced skin injuries. In 2019 a review study was carried out in which prevalence of
non-PPE-acquired DRPU in adult patients was found to be only 11%, which is
much low when compared to DRPU in medical personnel during COVID-19. The
majority of PPE-induced DRPU were located on the nasal bridge and cheeks; lesser-
known locations included the auricle, forehead, zygoma, mandible, and eyebrow
arch. Non-PPE-acquired DRPU locations included head, face, ears, feet, neck,
sacrum, and buttocks. Around more than 95% of DRPU reported in the medical
staff belonged to Stage 1 and Stage 2 of pressure ulcer categories [61, 62] (Fig. 15.3).
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Fig. 15.2 Model for AP and LP complement activation by SARS-CoV2, and its interaction with
coagulation cascades “This figure is reprinted with permission from source, Magro et al.,
2020 [59]”

Fig. 15.3 PPE-induced pressure ulcers seen during the COVID-19 pandemic. (a) N95 respirator
mask worn by health care professionals. (b) Pressure sore, secondary to N95 mask, located on the
nasal bridge
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15.4 Clinical Features

COVID-19’s cutaneous symptoms become evident in patients of each and every age
group with differing levels of severity. At present, the value of these symptoms
remains comparatively unidentified by many health care personnel due to a scarcity
of literature reviews [8, 12]. COVID-19 is extremely communicable, mostly due to
its spread through respiratory droplets. Following an incubation period of 1-14 days,
common clinical symptoms such as “fever cough, fatigue, sputum production,
shortness of breath, sore throat, and headache” begin to show. In addition to these
symptoms, novel symptoms like a variety of dermal manifestations have been
reported worldwide. During the first wave of COVID-19 few of the studies across
the globe documented dermal manifestations in the established cases of COVID-19
positive patients to be less than 1%, on the other hand, data from various other stud-
ies later on shown a much higher percentage with dermal manifestations [63, 64].
Even though disparity in prevalence, reports of dermal lesions have turn out to be
even more in various age groups, collectively with children who were previously
considered to be asymptomatic to the infection.

Various studies evaluated pressure ulcers in patients with COVID-19 and found
that these cutaneous lesions were coupled with obesity, immobility in the setting of
critical illness, incontinence, and malnutrition [65] (Fig. 15.4).

Even though some patients in these studies developed thrombotic complications
of COVID-19 such as pulmonary embolism, deep vein thrombosis, and cerebrovas-
cular accident, dermal biopsies of dependent purpura and ulcers were in favour of
pressure injury rather than thrombotic vasculopathy. Even though our knowledge of
the skin manifestations of COVID-19 and their primary pathophysiology is still in
progress, this chapter contributes to the insufficient literature on ulcers in patients
with COVID-19 [66, 67]. Although, purpuric pressure necrosis lacking thrombotic
vasculopathy seems to be a common complication of COVID-19-related hospital
admission.

Fig. 15.4 Pressure ulcers
in patient with COVID-19
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Several dermatological manifestations have been coupled with COVID-19
including purpuric skin lesions such as pernio-like changes of the fingers/toes, mac-
ular purpuric rashes on the extremities, palpable purpura, and retiform purpura [11,
68]. Among the various dermatological finding Retiform purpura is common in
patients with coronavirus disease 2019 (COVID-19). But recently some of the stud-
ies have reported that Retiform purpura on the buttocks can be a presenting sign of
COVID-19 [69]. It has been observed that occurrence of retiform purpura, including
purpuric patches on the buttocks, is mainly associated with very serious COVID-19
patients, supporting it is a poor prognostic indicator. Histopathology studies pro-
pose that thrombotic vasculopathy that causes the retiform purpura involves com-
plement activation and platelet aggregation resistant to standard anticoagulation.
Few authors also advocate that COVID-19-associated vasculopathy seems to be
associated with a minimal type-I interferon immunologic response, excessive viral
replication, and extensive complement activation [3, 8]. Even though complement
activation has been a central reason for the vasculopathy, there is ample evidence
that platelet dysfunction also acts in COVID-19 coagulopathy. Results from the key
histopathological work up reveals that the biopsy specimens from pressure ulcers do
not correlate with features seen in patients with retiform purpura biopsies, however,
it is not clear whether histopathologic evaluation of lesional biopsy specimens can
distinguish between COVID-19-associated vasculopathy and pressure-induced
injury [70, 71] (Fig. 15.5).

In summary, few studies have reported the development of sacral/buttock reti-
form purpura on the buttocks as an ominous presenting sign of severe COVID-19.
Clinicians should be extremely suspicious of COVID-19 if this cutaneous abnor-
mality is observed among the patients. Recognition of sacral/buttocks retiform pur-
pura and its likely connection with severe COVID-19 course may allow aggressive
early treatment that minimizes end-organ damage and death. Moreover, research is
required to establish the role of pressure-induced injury in sacral/buttocks (Fig. 15.6)
purpura that arises after COVID-19 diagnosis and a prolonged bedbound state [72].

Additional research is necessary to establish efficient strategies for prevention
and management of pressure-related injury in patients with COVID-19.

Fig. 15.5 Thrombotic
ulcer in COVID-19 patient
in upper limb
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Fig. 15.6 Pressure-
induced injury in sacral/
buttocks of patient with
COVID-19 infection

15.5 Treatment

Treatment policies differ among studies because of low number of cases reported.
Some of the case series where health care workers presenting with nasal bridge
pressure ulcers associated with N95 respirators, in all these cases which were, cat-
egorized as grade 1 pressure ulcers and treated with hydrocolloid dressings, while
those with grade 3 pressure ulcer and treated with BETAplast [73]. Thin hydrocol-
loid dressing was also used as treatment in patients presenting with a grade 2 pres-
sure ulcer on the nasal bridge. One of the groups proposed an enhanced treatment
choice for health care personnel adding up of a benzalkonium chloride patch to the
pressure ulcer prior to using hydrocolloid dressing and applying the N95 mask [74].
Logic following this way incorporated protection of the existing pressure ulcer, at
the same time as preventing further severity of the ulcer when the patch was
removed.

Other treatment recommendations for PPE-induced ulcers incorporated wet
dressing to encourage wound convergence, silver ion dressings to avoid infection
and secondary damage by regular dressing replacements, and epidermal growth [75].

15.6 Management

Look up fundamental contributing factors, such as antishock treatment to improve
skin perfusion [69, 76-90].

e Offer pressure redistribution with correct positioning and appropriate use of
pressure-reducing devices.

e Improve mobility (such as augmented physical therapy and discourage use of
sedatives), avoiding excess moisture, and enhancing the nutrition.
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e Reinforce the preventive education of pressure sores for medical personnel.

e Vigilant routine monitoring of the pressure ulcer, the dressing, the adjacent skin,
and any potential complications.

e For stage 1, action should focus on preventive measures and wound protection.
For stage 2, dressings are required to maintain a moist wound environment. For
stages 3 and 4, treatment consists of available wound infection, debridement of
necrotic tissue, and proper dressings.

e Medical insurance may cover partial extra payments when patients with
COVID-19 in ICU develop stage 3 or 4 during the pandemic.

15.7 Complication

Potential complications arising from PPE-induced ulcers may well involve a begin-
ning to new infections and a breach of PPE protocol leading to increased contami-
nation. Interestingly, the introduction of viral infections other than COVID-19 or
bacterial infections could lead to cutaneous manifestations of their own, mimicking
those associated with COVID-19. Due to these complications, prevention of PPE-
induced pressure ulcers is paramount [91]. One of the preventative methods dis-
cussed include proper PPE training; this could reinforce the proper use of an N95
respirator and discuss problems associated with extremely tight N95 mask secure-
ment. Other preventative measures include the relief of pressure build-up in N95
masks every 2 hr and the addition of prophylactic barrier creams at least 30 min
before applying the respirator mask. Finally, wearing a properly fitted mask, correct
goggle use, the application of moistures/gels, and management of skin indentations
could help protect one from a pressure injury [62, 91].

15.8 Summary and Recommendations

e Ulcers are not uncommon and are usually associated to the similar comorbidities
(e.g., diabetes mellitus, hypertension, obesity, and chronic renal disease) that
augment the chances of mortality if the patient gets infected with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). While providing the care to
the patients with ulcers, it is extremely essential to supervise the proper safety
measures in order to reduce the risk in this vulnerable group. The chances of
spread are likely less in the home care surroundings with proper safety measures,
compared with other health care settings.

e SARS-CoV-2is allied with some physiologic changes that might influence heal-
ing process. It is not very sure if these changes encourage de novo wound devel-
opment or in addition impair healing of chronic ulcers in patients infected with
COVID-19. COVID-19 infected patients may present with ulcerative skin lesions
as a consequence of microvascular injury. Thrombotic events (arterial thrombo-
sis) have higher chance to occur in COVID-19 hospitalized patients.
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Timely wound care is important to prevent complications and reduce the time to
healing. In order to prevent complications and short down the time to healing it
is very essential that appropriate wound care should be provided to the patients
at the right time. Various modifications in the delivery of wound care have hap-
pened during this COVID-19 pandemic because of disruption of wound care
paradigms. Major endeavour for wound management all through the COVID-19
pandemic is to guarantee a better level of wound care at the same time restricting
unnecessary in-person visits to reduce contact to the virus for both patients and
health care staffs.

Throughout the COVID-19 pandemic one of the ways to diminish the risk of
COVID-19 transmission is to deliver the wound care in the home setting is pro-
moted irrespective of the type of wound.

Superior patients’ satisfaction along with better wound care through Telehealth
visits have been pointed in several studies. Many countries across the globeopted
telehealth as an option to provide cost-effective and minimal resource-demanding
medical care. The form of wound care adopted throughout the pandemic, which
places importance on distant care, can facilitate to deal with patients in the future.
Throughout this pandemic Telehealth appears to be the most supportive in evalu-
ating the wound of the patients.
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P. Harnarayan, D. Harnanan, and V. Naraynsingh

16.1 Introduction

Neuropathic ulcers occur in areas which are subjected to increased pressures due to
stress and repetitive injuries. They are seen in a foot that is typically warm, well
perfused with bounding pulses in the areas of high pressure such as the plantar sur-
face of the metatarsal heads and the heel of the foot. These ulcers arise in patients
who have a neurologic deficit, typically a loss of peripheral sensation, as seen in
peripheral neuropathy. The term neuropathic encompasses a broad meaning to
include a lack of sensation, reduced movement, autonomic dysfunction and reduced
feedback [1]. It is of necessity for clinicians to recognize the predictive conditions
for neuropathic ulcer formation, allowing them to reduce or eliminate ulcers in sus-
ceptible patients. It is also important to recognize and diagnose these ulcers early
and institute the appropriate treatment, since neuropathic ulcers can lead to acute
infection, chronic osteomyelitis with the risk of major amputation [2].

16.2 Epidemiology

Neuropathic ulcers are most commonly found in diabetic patients and can be classi-
fied as neuro-ischaemic, ischaemic or neuropathic in nature. The lifetime risk of an
ulcer in diabetes is 15% [3] with the annual population-based incidence having a
range of 1.0-4.1% [4]. The prevalence has a range of 4—10%, but up to 25% patients
may present with an ulcer during their lifetime [5, 6]. Over the age of 60, 7% of
diabetics have foot ulceration, and in the 15-50 age group, 45-60% are neuropathic,
25-45% neuro-ischaemic and only 10% purely ischemic [7].
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Although many studies have looked at neuropathic ulcers in the diabetic foot,
information in the non-diabetic neuropathic population is limited. One Australian
study looked at non-diabetic foot ulcers and found that one-third of patients had a
neuropathy as one of their comorbidities. The mean age of non-diabetic patients
with foot ulcers was found to be higher than in diabetics. The study also found that
the main aetiology of these non-diabetic neuropathic ulcers was end stage renal
disease (ESRD), vitamin B12 deficiency, rheumatoid arthritis, scleroderma, gout
and cerebral palsy [8].

Another Australian study confirmed the lack of information on non-diabetic foot
ulcer populations generally but found that only 15% of patients in their study were
non-diabetic. Foot ulcers were found to be neuropathic in 51.6% cases, neuro-
ischaemic in 17.8%, ischaemic in 7.2%, postsurgical in 6.6% and 16.8% were
described as “other.” The most common sites were the digits of the foot (52%), the
heel (25%), the plantar surface of foot (12%) and the dorsal aspect of the foot
(11%) [9].

Peripheral neuropathy is the pre-existing condition that leads to neuropathic
ulceration. This has a prevalence of up to 50% of diabetic patients during their life-
time [1, 10]. The incidence amongst Type 1 diabetics is 30-34% and Type II diabe-
tes ranges from 6% to 51% (average 35-45%). As expected, it is seen at younger
ages in Type I diabetes than Type II, with the incidence increasing with age [11, 12].
In terms of gender distribution, even though peripheral neuropathy is seen in both
men and women, it is more common in male patients [13]. Diabetic polyneuropathy
is seen more commonly in the elderly and those with long standing Type I and II
diabetes [14] and appears to be less common in those of South Asian descent than
in Europeans and Afro-Caribbeans [15]. However, South Asians suffer more painful
diabetic neuropathy than the other population sub-types [15].

16.3 Aetiology

Systemic derangements that contribute to peripheral neuropathy include deficien-
cies seen in Vitamin B, B4 and B, together with toxins such as heavy metal poison-
ing, and organophosphate exposure. Excessive alcohol consumption and drugs
(chemotherapeutic agents, antimicrobials and cardiovascular) have also been asso-
ciated with peripheral neuropathy [16]. Endocrine and metabolic causes of periph-
eral neuropathy include diabetes mellitus, thyroid, renal and chronic liver diseases.
Infectious diseases such as HIV, leprosy and syphilis as well as autoimmune dis-
eases like Sjogren’s syndrome have also been implicated. There are also less com-
mon causes such as the neurologic disorders Charcot-Marie-Tooth syndrome,
syringomyelia and demyelinating polyneuropathy [16]. Anatomical abnormalities
such as sciatic nerve compression, nerve entrapments (e.g., tarsal tunnel syndrome)
and spinal cord trauma are also included. Spina bifida and meningomyelocele are
the commonest causes in the childhood population.
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16.4 Pathophysiology

The development of a neuropathic ulcer is a complex process [17] involving many
factors but the initiating factor is a lack of the protective sensation of the plantar foot
surface. Patients with deformities of the foot and those with reduced joint move-
ments are prone to such ulcers [18]. Limited joint mobility is also thought to con-
tribute to ulcer formation in a susceptible neuropathic foot [19]. It is thought that
non-enzymatic glycosylation of the soft tissues around the joints creates a hard
non-yielding surface. This predisposes to increased friction at the prominent areas
of the foot during ambulation, in an area which has reduced or no sensation due to
the neuropathy. The lack of ability to appreciate sensation, feel pain and then with-
draw foot from a painful source, allows mechanical forces to breach the epidermal
layer allowing initiation of the process of ulcer formation.

When these forces are applied to an area for long periods, a combination of local
inflammation, tissue ischemia, epidermal destruction and then ulceration occur
[20]. It has been shown that ulcerative areas correspond to those areas with the high-
est plantar pressure [21]. The combination of walking, repetitive forces and neu-
ropathy expose the foot to high pressures and stressful forces [22]. High foot
pressures and neuropathy were found to be independent risk factors for ulceration
in a diabetic population [23]. In one study, peak plantar pressures were significantly
higher in feet with ulcers (83.14/—24.7 N/cm?, range:10-125) than in control
patients (62.74+/—24.4 N/cm?, range 7.3—-113.0, p < 0.001) [24].

In patients with peripheral neuropathy, sensory nerve injury progresses to a loss
of protective sensation whilst motor nerve injury leads to deformities of the foot.
Repetitive stress at high-pressure areas then cause a breach in the epidermis and
dermis of the skin, causing skin ulceration which allows passage of microorganisms
into the soft tissue and ultimately the bone. This gives rise to soft tissue infections,
abscess formation and osteomyelitis.

16.5 Assessing Patients
16.5.1 History

The importance of the patient’s medical history includes many of the facts we con-
sider to be routine but which become critically significant when treatment is consid-
ered. The length of time they have had the ulcer, the presence of causative or
contributory diseases, investigations done and treatment offered are important.
Clinicians sometimes neglect to ask about the level of control of comorbidities,
medicinal compliance as well as previous documented admissions to hospital or
health care facility. Past surgical history including debridement, minor or major
surgery are needed and any recent blood investigations should be included. A his-
tory of metabolic, endocrine, haematological or autoimmune disorders which can
be linked to foot ulcer formation should be sought. Personal insight from the patient
about their own observations, such as the slipping of the patient’s slipper from their
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foot whilst walking (the Slipping slipper sign) is relevant. This is a previously
undocumented marker of peripheral neuropathy [25].

16.5.2 Physical Examination

Clinical examination should include an examination of the neurological, musculo-
skeletal and vascular systems. A thorough neurological examination involves the
entire peripheral nerve supply including motor, sensory and autonomic nerve evalu-
ation, since each component can ultimately give rise to deficits, which may initiate
or perpetuate ulcer formation. Two-point discrimination and monofilament pinpoint
testing are the basic tools required but nerve conduction studies are also useful. In
specialized neuropathic foot clinics, the diagnosis depends on the finding of an
inability to appreciate a 5.07 Semmes-Weinstein hair (which applies 10 g of pres-
sure) areflexia and impaired vibration sense [26]. This is measured by an instrument
termed a biothesiometer (Xilas Medical, San Antonio, Texas, USA), a hand-held
device for measuring the threshold of perception of vibration sense, in
neuropathies.

Modified neuropathy disability scoring, in which a structured interview and clin-
ical examination are done by one observer, can be utilized [27]. Neuropathic signs
can also be assessed using a screening tool (e.g., The Michigan Neuropathy
Screening Instrument, MNSI) which visualizes a structured assessment of the
patient’s feet to identify various abnormalities. These include deformities, calluses,
dry skin, fissures, ulcers and the presence of infection. It also includes an examina-
tion of reflexes at the ankle, and vibratory sense of the great toe. The neurological
assessment is then added to nerve conduction studies to produce a score used to
confirm or exclude a neuropathy [28].

The musculo-skeletal system is examined taking special note of abnormality in
gait, structural deformities, the type of foot arches, presence of muscle wasting and
pressure points, during a full mechanical examination. Foot pressure measurements,
including peak plantar pressures, should also be recorded at this time.

Although pure ischemic ulcers are uncommon, a thorough vascular examination
is carried out to exclude a neuro-ischaemic aetiology, since these are the second
most common type of ulcers seen in the foot. All pulses should be palpated, com-
pared with the contralateral side and a hand-held Doppler (HHD) should be used to
auscultate the dorsalis pedis, posterior tibial and perforating peroneal arteries as an
objective assessment. The ankle —brachial index (ABI) should be obtained for all
three vessels, since this gives a quantitative assessment of the vascular supply, to
determine if patients require further investigation by way of angiography.

16.5.3 Clinical Evaluation

The purpose of the clinical evaluation is to diagnose and confirm and the presence
of a neuropathy. Laboratory investigations are essential, and those commonly
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requested are the full blood count, electrolytes, renal function tests, fasting glucose
and haemoglobin A,C. The special tests are the erythrocyte sedimentation rate
(ESR), thyroid function tests, vitamin B, levels and the specific tests for autoim-
mune diseases. Wound swabs and tissue sampling should also be done to confirm or
exclude an infection.

The physical examination is then used in conjunction with these biochemical
plasma markers and electromyoneurographic (EMG) studies. The electromyogram
and nerve conduction testing (NCT) give objective evidence on muscle contractility
and the speed of conduction of impulses along the peripheral nerves. Although these
are commonly used in the investigation of peripheral neuropathies they are seldom,
if at all, used in neuropathic ulcers [1].

16.5.4 Tissue Sampling

The specific probe to bone test allows the clinician to feel the bone in an ulcer and
sometimes a loose fragment can be acquired for laboratory analysis. This was at one
time considered the “gold-standard test”, retrieving bone and sending for both path-
ological and microbiological evaluation. Recent debates have shown that the quality
of reporting of both the sensitivity and specificity varies tremendously and are sur-
prisingly, very clinician dependent. However, tissue culture remains a mainstay of
diagnosis for infection in an ulcer, and this supersedes the value of wound swabs.

A punch biopsy of the skin around the ulcer, or at its edge, can be used to calcu-
late the epidermal nerve fibre density, a test which allows diagnosis of small-fibre
peripheral neuropathy objectively. The number of intra-epidermal nerves per unit
area (the epidermal nerve density) remains constant through our lifetime, so a
reduction is therefore clinically significant. These small fibres may give rise to
small-fibre neuropathy which can occur with persistent vibratory forces (e.g., use of
a jackhammer) or in chronic alcohol abuse, some types of vasculitis, amyloidosis
and also patients with HIV infection.

16.5.5 Radiological Imaging

The relative value of conventional radiography, magnetic resonance imaging (MRI),
computerized tomography (CT) and radio nucleotide bone scans, must be under-
stood when evaluating a neuropathic ulcer which may not be infected. Radiographs
are very useful and are the initial first line of imaging in the neuropathic foot. They
show the stature of the foot, identifying areas of suspected stress points due to flex-
ion or extension deformities. They also give views of bone demineralization with or
without cortical destruction and periosteal reaction, which may be either thickening
or elevation. Fat stripping and muscle atrophy which contribute to bony promi-
nences, in addition to features of osteomyelitis are readily visualized by radiogra-
phy (Fig.16.1).
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Fig. 16.1 Osteomyelitis

s
Osteomyelitis proximal phalanx -3¢ toe

Computerized tomography (CT) and magnetic resonance imaging (MRI) are
other imaging modalities available in evaluating neuropathic ulceration. CT scans
have more sensitivity when dealing with bone, since the resolution is better than
both conventional radiography and MRI. CT is especially good in detecting ero-
sions of the cortex, periosteal reaction and small sequestra formation. However, the
ability to give useful information on the state of the soft tissue is lacking.

MRI is based on showing morphologic features giving mainly structural infor-
mation about the neuropathic foot. It has evolved, now using contrast agents in dif-
ferent phases to give much more quantitative information. Since MRI is a
non-ionizing radiation, it is useful for repeat investigations in the younger popula-
tion and can be used to detect soft tissue infections easily. MRI is the imaging of
choice in detecting osteomyelitis (OM) and soft tissue complications of neuropa-
thies [29, 30], and has a sensitivity of 90% and a specificity of 83% in detection of
OM [31, 32].

Radionuclide scans, useful in both the diabetic foot and non-diabetic neuropathic
feet, find much more use in the former. The Technetium **™Tc- MDP bone scan and
the ''“Indium labelled WBC scan are quite useful in detecting infections in these
ulcers. When combined, they have a sensitivity of 93% and a specificity of 83% and
will show if infection in a neuropathic ulcer is localized and limited to soft tissue
only or if it involves bone. This dual scan shows site and extent of OM in the neu-
ropathic foot [26].

16.5.6 The Charcot Foot

Charcot’s foot is a neuropathic arthropathy with severe bone and joint changes that
accompany a peripheral neuropathy, primarily due to a loss of sensation. It is an
inflammatory condition due in part to the insensate foot, leading to dislocation of
joints, fracture of bones, osseous subluxation and bone remodelling.



16 Neuropathic Ulcers 185

Radiologically, there is destruction of the articular surfaces with joint debris,
deformity and bony dislocation observed. Osteolysis of the distal metatarsals and
phalanges can occur and it can present as ulceration of mid-foot or hind-foot.

Even though the Charcot foot is seen primarily in diabetics, it can also be seen in
a variety of clinical conditions which have a sensory or autonomic neuropathy.
These causes may be infective (syphilis, leprosy, HIV) neurologic (Parkinson’s
Disease, syringomyelia) or in patients with chronic alcoholism, those on renal dial-
ysis or those with spinal cord injury.

16.6 Management of Neuropathic Ulcers

The management of neuropathic ulcers can be conceptualized under three main
headings:
Prevention, Ulcer Healing with Maintenance and Surgery.

16.6.1 Prevention

Guidelines have recommended that persons at very low risk for ulceration be
screened annually, for loss of protective sensation and peripheral artery disease and
persons at higher risk would require more frequent follow-up with more aggressive
surveillance. For preventing a foot ulcer, educate the at-risk patient about appropri-
ate foot self-care and treat any pre-ulcerative sign on the foot. Instruct moderate-to-
high risk patients to wear accommodative, properly fitting therapeutic footwear.
Prescribe therapeutic footwear that has a demonstrated plantar pressure-relieving
effect during walking, to prevent plantar foot ulcer recurrence. In patients that fail
non-surgical treatment for an active or imminent ulcer, consider surgical interven-
tion. Provide integrated foot care for high-risk patients, to prevent ulcer recur-
rence [33].

16.6.2 Ulcer Healing

Neuropathic ulcers require a detailed evaluation and staging of the ulcers, so as to
determine how aggressive should be the management strategy. Understanding the
biomechanical evaluation behind the structures at risk, help inform clinical practice
guidelines, including orthotic prescriptions and modifications. This includes possi-
ble surgical intervention and reconstruction of underlying deformities to decrease
plantar loading [34]. Up to 25% of patients with diabetes mellitus will develop foot
ulcers in their lifetime and when these patients present, a detailed clinical evaluation
would enable categorization into two main groups. Those with only neuropathic
features—with or without infection and those with neuro-ischaemic features—with
or without infection. Whilst neuropathic ulcers are twice as common to that of
neuro-ischaemic ulcers there is a trend towards increasing vasculopathy in these



186 P.Harnarayan et al.

patients, and as such neuro-ischaemic wounds will also require revascularization in
order to achieve wound healing [35].

The depth and extent of tissue loss in addition to features of sepsis would allow
for a tailored approach to achieving wound healing. Wound debridement remains
the mainstay of management of wounds complicated by necrotic tissue and ascend-
ing infection. Neuropathic ulcers invariably are located over pressure points and
bone prominences and as such osteomyelitis is usually one of the major features
resulting in minor/major amputations. Wound debridement is performed to change
the environment of chronic non-healing or septic wounds to an environment which
encourages wound healing. This is done by removing abnormal tissues such as
hyperkeratotic epidermis, necrotic dermal tissue, septic and nonviable connective
tissue including tendons, muscle and bone. Debridement converts a stagnant non-
healing wound into an active healing wound by encouraging the release of platelet
derived growth factor, inhibiting proteinases and limits the action of the bacterial
biofilm [36]. There are various modalities of performing wound debridement which
include surgical, mechanical, enzymatic and biological. Because these wounds are
neuropathic, surgical debridement can be performed with minimal discomfort
(Fig. 16.2).

Once an underlying soft tissue infection is suspected, culture and sensitivity
directed antibiotic therapy as well as proper wound care techniques would be
required. Once osteomyelitis is suspected, the gold-standard approach for evalua-
tion is bone biopsy with both pathology and microbiology analysis [36]. Standard
techniques of encouraging wound healing by maintaining a moist wound, free of

Charcot’s
Arthropathy with
midfoot collapse
and instability

Fig. 16.2 Charcot’s arthropathy
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Fig. 16.3 Surgical Debridement

sepsis with a stable pH, allows time for closure of wounds. However, wounds that
fail to progress as expected and do not meet the target of 50% reduction in size by
6 weeks, or non-healing by 3 months, may require advanced wound care manoeu-
vres. These include negative pressure wound therapy, hyperbaric oxygen therapy
and ultrasonic wound debridement (Fig. 16.3).

16.6.3 Maintenance

All ulcerations should be offloaded to decrease the pressure and redistribute forces
to the surrounding tissues and thus facilitate all phases of wound healing. The likeli-
hood of wound healing is synonymous with the effectiveness of offloading and
patient compliance. This has been evaluated in many studies and shown to help
prevent recurrence of neuropathic ulcers, as well as promote healing in current
ulcerations. Offloading treatment comes in many forms and includes total contact
casting, controlled ankle motion (CAM) boot therapy, forefoot casting and wedge
shoes. These are extremely important in patients with plantar wounds [37, 38].
There is strong evidence supporting non-removable devices that extend up to near-
knee level, as being the primary therapy for offloading, in both forefoot and midfoot
ulcerations [39]. The International Working Group on the Diabetic Foot (IWGDF)
updated guidelines, for offloading the foot in patients with neuropathic ulcers,
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After 6weeks of total contact casting

Non healing ulcer -before

NEUROPATHIC FOOT ULCER —POST FOREFOOT
AMPUTATION

Fig. 16.4 Total Contact Casting

recommends non-removable, knee-high devices, as first-line therapy for offloading.
Removable knee-high devices are considered second-line, removable ankle-high
offloading are the third line, with felted foam or custom footwear, as the fourth line
for offloading ulcerations [40]. Once healing has been achieved, it is crucial that a
structured surveillance plan is instituted. This must include custom-made orthotics,
prescription foot wear and foot hygiene, in order to prevent re-ulceration. Patients
who have significant tissue loss and foot deformity, may require custom-made
ankle-foot-orthoses (AFO) in order to achieve adequate long-term offloading [41]
Fig. 16.4.

16.6.4 Surgery

Surgical offloading for recalcitrant plantar neuropathic ulcers is another very useful
option. These are ideally suited for plantar ulcers that are located over the metatarsal
heads or tips of hammer toes or in the cases of Charcot’s deformities with ulcers
over bony prominences. Surgical offloading can be bony offloading or tendon
lengthening procedure. Bony offloading includes metatarsal osteotomy, resection
arthroplasty and metatarsal head resection. Tendon lengthening procedures include
Achilles tendon lengthening, gastrocnemius recession, tibialis anterior lengthening
and flexor tenotomies. Whilst surgical offloading techniques have been mainly uti-
lized for recalcitrant or recurrent neuropathic ulcers, recent data suggests that early
surgical intervention results in earlier and more sustainable wound healing [42]
(Figs. 16.5, 16.6 and 16.7).
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Fig. 16.5 Flexor Tenotomy

Ulcer opposite 5th
metatarsal head

Tibialis Anterior Tendon

Lengthening

Surgical
offloading

Fig. 16.6 Tibialis Anterior Lengthening
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Ulcer opposite 15t MTP
and callus under
metatarsal head

Percutaneous Tendo Achilles
Lengthening

Surgical
Offloading

Healed wound after 2weeks

Fig. 16.7 Tendo-Achilles Lengthening

16.6.5 Treatment of Charcot’s Neuroarthropathy

Charcot neuroarthropathy is a devastating complication of peripheral neuropathy
especially seen in diabetes mellitus. It is synonymous with progressive, non-
infectious, osteolysis-induced bone and joint destruction and is seen in patients who
have sustained repeated trauma to the foot and ankle. When the ankle, mid-foot and
hind-foot are affected, the talo-calcaneo-navicular complex is destroyed, leading to
significant ankle instability. In its later stages, there can be complete subluxation of
the ankle mortis with weight bearing diverted onto the malleoli. Collapse of the
midfoot and foot arch can also lead to the “Rocker bottom” deformity phenomenon,
ultimately resulting in plantar ulceration and eventually, midfoot instability. Initial
management revolves around custom-made orthoses and braces, to prevent progres-
sion of the disease. However, whilst arthrodesis is the most commonly used surgical
procedure, resectional arthroplasty, internal fixation, external fixation or a combina-
tion of both, can be used for treatment [43] (Fig. 16.8).
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Fig. 16.8 Midfoot Plantar
Ulcer due to mid-foot
collapse —“Rocker bottom”
foot deformity

16.7 Conclusion

In a multicentre prospective study, it was found that 17.4% of patients with diabetic
foot ulcers die within 14 years, compared to 3.1% in patients without a pedal ulcer.
In the diabetic foot ulcer group, the 5-year mortality rate was 22%, and the 10-year
mortality rate was 71%, and about 29% of all patients underwent some form of limb
amputation. Twenty-five percent of diabetic patients will develop a foot ulcer in
their lifetime, and many would have either minor or major amputation. Neuropathic
ulcers are twice as common as neuro-ischaemic ulcers and whilst there are other
causes for neuropathic ulcers, peripheral neuropathy secondary to diabetes mellitus
is by far the most common [44]. In order to prevent major limb amputation, early
and aggressive management must be instituted, utilizing a multidisciplinary
approach. If patients have a history of previous ulceration, peripheral vascular dis-
ease or a history of previous minor amputations, an aggressive surveillance strategy
should be implemented with regular specialist physician evaluations. If patients
have any diagnosis related to peripheral neuropathy, they should be seen at a mini-
mum of once per year by their specialist, with primary care appointments more
often for overall medical management. Patients” education about daily pedal exami-
nations, whilst at home, is crucial in ensuring early recognition. The best strategy to
decrease the probability of neuropathic ulcerations is vigilance and proper treatment
of the underlying causes of neuropathy. Early intervention with proper offloading is
the key to decreasing morbidity and mortality associated with neuropathic ulcers
[45, 46] (Figs. 16.9, 16.10 and 16.11).
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TYPICAL LOCATIONS ON THE PLANTAR SURFACE OF THE FEET
-OVER BONY PROMINENCE
-CALLUS AND VARYING GRADES OF ULCERS

Fig. 16.9 Neuropathic Ulcers

4WKS POST ACHILLES

I
NEUROPATHIC ULCER OVER TENDON LENGTHENING

15T METATARSAL HEAD

Fig. 16.10 Case of Neuropathic foot ulcer healed by Tendo-Achilles Lengthening
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RIGHT FOREFOOT AMPUTATION RIGHT FOREFOOT FILLER INSOLE
LEFT HALLUX AMPUTATION LEFT HALLUX FILLER INSOLE

Fig. 16.11 Insoles for prevention of Ulcer recurrence
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Drug Induced Ulceration of Extremities 1 7

Upinder Kaur

17.1 Introduction

Medications are a rare and often ignored cause of limb ulcers. It is presumed that
around 1.1% of chronic leg ulcers can be caused by drugs [1]. Limb ulcers can be
related to the pharmacological action of drugs or can be the manifestation of drug
induced vasculitis or immunological alterations. Early suspicion of drug involve-
ment in the induction of ulcers can result in timely intervention and can prevent
considerable morbidity and mortality. Cutaneous ulcers can be observed in compli-
cated cases of drug related immunological conditions such as Stevens-Johnson syn-
drome (SJS) and drug induced bullous eruptions. Though such association is well
documented for some antiepileptics such as phenytoin and antimicrobials like sul-
phonamides, no drug is completely devoid of risk of hypersensitivity reactions.
Discussion of such immunological reactions is hence beyond the scope of this chap-
ter. The aim of the present chapter is to provide a comprehensive review on common
drugs implicated in limb ulcers, the possible mechanisms of ulcer development, the
phenotypic patterns of drug induced extremity ulcers, their management, and out-
comes. Description of such drugs is given individually in the section below as well
as in Table 17.1.

17.1.1 Hydroxyurea
Hydroxyurea, also known as hydroxycarbamide, is a hydroxylated version of urea

and is used in various haematologic conditions such as chronic myeloid leukaemia,
essential thrombocytosis, polycythaemia vera, sickle cell anaemia, and refractory
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hyper eosinophilia. Given at the therapeutic dose of 500-1000 mg twice a day, the
drug is known to cause mucocutaneous adverse effects (AEs) such as xerosis,
hyperpigmentation of skin, discolouration of nails, and cutaneous ulcers. Numerous
case reports and a large case series (n = 41) of hydroxyurea associated limb ulcers
exist in literature [2-6]. Around 12% patients on hydroxyurea therapy may develop
cutaneous ulcers [7]. Ulcers occur after years of therapy (mean time of onset &
5 years) and have been reported as early as after 6 months of drug intake. Elderly
are commonly affected, with no sex wise differences. Ulcers can be single or mul-
tiple and are typically located on the peri malleolar area, lower half of the anterior
aspect of tibia, feet, and heel (Fig. 17.1). In rare cases, the forearm can also be
involved [8]. Well demarcated margins of ulcers with surrounding erythema, cuta-
neous atrophy, and associated hyperpigmentation of skin are the presenting fea-
tures. Severe pain out of proportion to the ulcer is another typical complaint. Ulcers
can be preceded by trivial trauma such as a minor scratch and are often refractory to
conservative treatment unless the drug is discontinued. Secondary bacterial infec-
tions and cellulitis may develop in undiagnosed cases [2, 3]. Histopathologic exami-
nation (HPE) of ulcer shows epidermal necrosis, dermal oedema and fibrosis,
hyalinization of vessels and perivascular inflammatory infiltrates, with no evidence
of vasculitis [3, 7]. Ulcers heal over a period of weeks—months with drug discon-
tinuation and symptomatic management. Though the mechanism behind the ulcero-
genic state is not fully clear, the drug is known to impair DNA synthesis thereby
causing cell cycle arrest of rapidly proliferating cells such as the keratinocytes. The
drug also causes megaloblastic changes in erythrocytes leading to their poor deform-
ability, impairing cutaneous blood flow.

17.1.2 Anagrelide

Anagrelide is another drug used in the treatment of myeloproliferative disorders and
thrombocythemia. The drug acts by inhibiting phosphodiesterase (PDE) and
increasing c-AMP inside platelets and vascular smooth muscle cells. It interferes

Fig.17.1 Hydroxyurea
induced lower limb
ulceration
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with maturation of megakaryocytes to platelets and thus decreases platelet count.
Common AEs of anagrelide are related to the pharmacological action and include
headache, hypotension, and tachycardia. The drug can also cause mucocutaneous
AEs such as xerosis and hyperpigmentation and in rare cases, cutaneous ulcers.
Ulcers are generally located on lower limbs, mainly around the lateral malleolar
area and are painful [9, 10]. Time of onset varies from 6 weeks to 1 year. Ulcers are
refractory to symptomatic therapy including surgical debridement and heal only
following drug discontinuation. Whether pathogenesis of ulcer development is
related to the thrombotic milieu of underlying disorders or is solely related to drug,
needs further understanding [9, 10].

17.1.3 Warfarin

Warfarin is an oral anticoagulant used for the prevention and treatment of thrombo-
embolic states such as deep venous thrombosis and pulmonary embolism and in the
prophylaxis against stroke in patients of atrial fibrillation. Bleeding is the most com-
mon AE of the drug. Rarely, the drug can cause cutaneous disturbances in the form
of dermatitis, urticaria, maculopapular lesions, and skin necrosis. The exact inci-
dence of warfarin induced skin necrosis (WISN) is not known due to rarity of the
event but is thought to affect 0.01-0.1% of drug users [11]. The condition starts
within 3-10 days of warfarin intake and is common in middle aged—elderly, obese
women. Individuals with deficiency of protein C, protein S, factor V Leiden muta-
tion, antithrombin III deficiency and those with anti-phospholipid antibodies are
particularly vulnerable to this disabling condition [12, 13]. Loading with high dose
of warfarin without pre-treatment with heparin is another potential risk factor.
Classically affected areas are the fatty regions such as of breast, abdomen, thighs,
and buttocks. Penile involvement may occur in men. Uncommonly, distal parts of
lower limbs and toes can be affected. WISN may start as paresthesias in the affected
area followed by appearance of erythema and ecchymotic patch (Fig. 17.2). The
lesion is purplish to begin with, is followed by a blue-black discolouration and
often, is misdiagnosed as haematoma. Appearance of haemorrhagic bullae often
leads to permanent full thickness damage of the skin and exposure of underlying
muscles and tendons. HPE of lesion shows thrombosis of venules and fibrin depos-
its in the cutaneous vessels. Vasculitis and inflammatory infiltrates are less common.
Treatment requires warfarin discontinuation and administration of systemic antico-
agulants such as heparin or novel oral anticoagulants like dabigatran along with
optimal wound care. Purified protein C concentrates can be given but their avail-
ability and high cost are the limiting factors. Small lesions may heal with this con-
servative approach, but surgical debridement and grafting is usually required for
large lesions. Since benefits of drug overweigh the risk of WISN, resumption of
drug at low dose may be tried in future if no alternatives are available. This should
always be preceded by adequate heparin coverage [11].
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Fig. 17.2 Warfarin
induced skin erythema,
necrosis, and ulceration

17.1.4 Heparin

Unfractionated heparin (UFH) and low molecular weight heparin (LMWH) are sys-
temic anticoagulants used in the prevention and treatment of venous thrombosis, in
the immediate management of acute coronary syndromes and to prevent coagula-
tion in extracorporeal circuit in patients undergoing dialysis. Bleeding is their most
common AE. The drugs in rare cases can cause thrombocytopenia also known as
heparin induced thrombocytopenia (HIT). Around 0.5-1% patients on UFH may be
complicated by HIT and the incidence rate is further low (0.2-0.3%) with
LMWH. Major morbidity in HIT is not because of thrombocytopenia but is rather
accounted by thrombosis, defined better as heparin induced thrombocytopenia and
thrombosis (HITT). Thrombocytopenia is usually not severe, and platelet fall below
20,000/pL is uncommon. IgG antibodies induced by heparin-platelet factor-4 (PF-4)
complex activate the platelets and lead to the hypercoagulable state. Thrombosis
classically develops within 5-10 days of heparin use, is common in post-surgery
period and predominantly involves veins than arteries. Local skin sites such as of
abdomen, thigh, and arms are usually affected. Lesions can be erythematous to
begin with and can be necrotizing to non-necrotizing. Involvement of distant sites is
not uncommon. Fatalities due to stroke and myocardial infarction can occur in
missed cases. Bilateral deep venous thrombosis developing during heparin therapy
is a strong clue towards the development of HITT and if undiagnosed leads to poten-
tial sequelae in the form of venous gangrenes. Splanchnic, cerebral, and adrenal
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veins are some other atypical sites involved in HITT. Diagnosis of HITT is mainly
clinical and supported by four Ts (Thrombocytopenia, thrombosis, timing, and
other causes ruled out). Anti-heparin-PF-4 antibody is present in majority of cases.
In the event of suspicion of HITT, heparin should be discontinued, and alternative
anticoagulants should be initiated for the treatment of thrombus and prevention of
its progression. Direct thrombin inhibitors such as bivalirudin and dabigatran, and
anti-Xa agents such as fondaparinux are preferred in this setting. Other emerging
therapies include oral factor Xa inhibitors such as rivaroxaban and apixaban.
Warfarin can also be given but its use should be preceded by direct thrombin inhibi-
tors as possible aggravation of skin necrosis can occur in undiagnosed protein C
deficiency states. HPE of skin lesions may show epidermal necrosis, thrombosis of
dermal vessels or features of type III hypersensitivity reaction such as vasculitis,
induced by heparin-PF4-antibody immune complexes. In the event of occurrence of
HITT, reinstitution of heparin in future can be allowed for short term such as to
cover the peri-operative need, if platelet activating antibodies are undetectable in
serum. This should be followed by careful clinical monitoring as well as monitoring
of platelet count for at least 10 days post-last dose of heparin as possibility of occur-
rence of delayed HITT exists [14—16].

17.1.5 Ergot Compounds

Ergot compounds such as ergotamine and ergotoxine are used in the treatment of
migraine attacks. The compounds act as partial agonist at adrenergic a and seroto-
nergic receptors resulting in vasoconstriction. Claviceps purpurea, a fungus grow-
ing on grains such as rye is the source of natural ergot compounds. Attacks of ergot
poisoning or “ergotism” in the form of limb gangrenes and convulsions were wit-
nessed in the Middle Ages with some reports occurring in the nineteenth century
and few in 1950s in France. Following the association of fungus with these symp-
toms, cases of ergotism have declined. Rare cases of ergot compound toxicity in the
form of limb ischaemia and ulcers over the lower limbs are reported with ergota-
mine intake [17]. Chronic consumption of ergotamine over years for migraine
attacks is a consistent feature in these reports. In sensitive individuals, however,
dose as low as 2 mg can provoke significant ischaemia [17-19]. Constriction of iliac
and femoral blood vessels is evident in early phases, followed by more severe
involvement of distal blood vessels. Cases resolve with discontinuation of ergot
preparation and administration of vasodilators such as prazosin and nifedipine, and
antiplatelet drugs such as aspirin.

17.1.6 Methotrexate

Methotrexate associated skin ulcers were described initially in patients of psoriasis.
Ulcers can involve the psoriatic skin or can arise de novo over the uninvolved skin.
The dose of methotrexate has varied from 7.5 mg—25 mg/week in reported cases.
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When involving the psoriatic skin, ulcers arise usually within days-weeks of start of
therapy while the time of onset is variable when non psoriatic skin is involved.
Ulcers heal successfully within weeks of drug discontinuation [20].

Cutaneous ulcers with methotrexate have also been reported in nonpsoriatic con-
ditions such as rheumatoid arthritis (RA) particularly in old age patients. The onset
of ulcers is often delayed, varying from 3-10 years of therapy [21, 22]. Lower
limbs, hand, and elbows are the typical sites involved. Patients may have concomi-
tant oral ulcers and pancytopenia and may have other contributory conditions such
as diabetes, cardiovascular diseases, renal insufficiency, and haematological malig-
nancies. The development of ulcers is hastened with concomitant intake of steroids,
biologicals, and non-steroidal anti-inflammatory drugs (NSAIDs) [21]. Foot ulcers
as early as within days have been reported with a low 5 mg dose of methotrexate
consumed erroneously on daily basis [23]. Treatment requires drug discontinuation
and symptomatic management, and significant healing occurs over weeks. The
mechanism of ulcer induction by methotrexate has been hypothesized to be related
to the pharmacological inhibition of folate synthesis and DNA replication. Rapidly
proliferating cells such as of skin are consequently affected resulting in cutaneous
atrophy and ulceration.

17.1.7 Leflunomide

Leflunomide is another dug with disease modifying roles in immune conditions
such as RA and psoriasis. Diarrhoea and liver toxicity are its common
AEs. Mucocutaneous adverse effects such as rashes and alopecia are also not
uncommon. Cutaneous ulcers on lower limbs and forearms have been reported
mainly in elderly females after months of therapy with leflunomide. The drug inhib-
its dihydroorotate dehydrogenase enzyme involved in pyrimidine synthesis as well
as blunts the action of growth factors such as epidermal derived growth factor
(EDGF). Both mechanisms can explain the ulcerogenic potential of drug. HPE done
in limited cases has shown evidence of inflammation in dermis and subcutaneous
tissue with necrosis of collagen fibres and presence of granulation tissue. Granulomas
with giant cells may also be seen. Following drug discontinuation, healing starts,
albeit slowly and full healing may require a span of 8—18 months. Leflunomide has
active metabolite with a long t-half of 1-4 weeks. The drug activity may last for
months, explaining the delayed healing process [24, 25].

17.1.8 Sedative Use and Limb Ulcers

Sedatives such as members of barbiturate class, benzodiazepines, Z- compounds
like zolpidem, antihistaminics like diphenhydramine, and other drugs with sedative
action such as opioids, all have been linked with ulcers on the lower limbs. Ulcers
are generally of pressure ulcer type and located on the lower back or interior aspects
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of knees. In one study, nearly 45% elderly patients with pressure ulcers were using
sedative drugs. Furthermore, the risk of severe ulceration was observed to be five
times higher in patients using sedatives versus those not using sedatives [26].

Opioid abuse: Opioids such as pentazocine have been linked with cutaneous
ulcers [27, 28]. Ankles, tibial sites, and cubital fossa are the typical sites involved
and the time of onset can vary from 10 days to years of drug abuse. Ulcers start with
bullous lesion and upon rupture expose deeper tissues such as muscles. Ulcers have
a necrotic base, hyperpigmented margins, and surrounded by indurated skin.
Thrombophlebitis, multiple scars, and venous sclerosis may also be evident. Other
associated features include non-pitting oedema of hands and feet, typically known
as the puffy hand syndrome and muscle contractures. HPE findings include epider-
mal necrosis, perivascular infiltrates of neutrophils and lymphocytes in dermis, vas-
culitis, and neutrophilic abscesses. Typical location of ulcers at easily accessible
sites, difficulty in accessing the peripheral veins, presence of hand oedema and
muscle contractures are some of the potential clues of pentazocine abuse leading to
ulcers. Urinary pentazocine screening should be done but can be negative if patient
has not taken the drug recently. Though conservative management has been tried
successfully by some, excision followed by grafting is required in majority of the
cases [27]. Drug discontinuation should be done cautiously with vigilance for with-
drawal features. Psychiatry referral should be done for counselling and de-addiction
therapies.

17.1.9 Propylthiouracil

Propylthiouracil is used in the management of hyperthyroidism. Common AEs of
this drug include hepatitis and cutaneous reactions. A characteristic but uncommon
AE is agranulocytosis. In rare cases (<1/10000), the drug is known to cause vascu-
litis [29]. Case reports of pyoderma gangrenosum also exist with PTU [30].
Vasculitis occurs predominantly in females (F/M: 8/1) and after years of therapy
(median duration of therapy~ 42 months). Systemic symptoms such as fever, rash,
and arthralgia are the initial manifestations. Rash starts as palpable purpura and
patchy lesions (Fig. 17.3). Gradually, full thickness of skin is involved, lesions
become necrotic and widespread. Common sites are lower limbs and upper limbs.
Trunk and face may also be affected. Patients usually test positive for perinuclear-
anti neutrophilic cytoplasmic antibodies (p-ANCA) and antinuclear antibodies
(ANA). Concomitant renal involvement is seen in more than 50% of cases. HPE of
ulcers shows evidence of vasculitis and perivascular inflammatory infiltrates.
Significant recovery occurs with drug discontinuation and administration of steroids
with or without immunomodulators. Large ulcers may necessitate surgical debride-
ment and grafting. Nearly 8-9% patients may succumb to the disease because of
renal involvement and sepsis [29]. A high index of suspicion for vasculitis should be
kept in patients on PTU developing early signs of cutaneous involvement. In the
event of vasculitis, the drug should never be reintroduced.
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Fig. 17.3 Propylthiouracil
associated vasculitis and
patchy skin lesions

17.1.10 Hydralazine

Hydralazine is an arteriolar vasodilator used in the treatment of hypertension, preg-
nancy induced hypertension, and congestive heart failure. Hypotension, tachycar-
dia, and headache are its common AEs. Uncommonly and after years of therapy, the
drug is implicated in immunological conditions such as drug induced lupus and
ANCA positive vasculitis. Females, older age, and increased dose of hydralazine
are the traditional risk factors of these disorders. Vasculitis manifests as dyspnoea,
weight loss, rash, and polyarthralgia. Rash is vesiculopustular to ulcerative and
commonly involves legs, feet, and fingers. Among other systemic features, mucosal
involvement of airways and gastrointestinal tract and rapidly progressive renal
involvement are characteristic of hydralazine associated vasculitis. Fatalities can
occur in missed cases. In nearly all cases, patients test positive for p-ANCA and
ANA in serum. Not uncommon is the presence of anti-ds-DNA, anti-histone, and
anti-cardiolipin antibodies. HPE of ulcer site shows evidence of leukocytoclastic
vasculitis and deposition of IgM, fibrin, and complement protein C3 in the
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cutaneous blood vessels. Discontinuation of drug and symptomatic management
form the mainstay of therapy. Steroids and immunomodulators such as cyclophos-
phamide may be required in some cases. Larger ulcers may need surgical debride-
ment. Occurrence of vasculitis is an absolute contraindication of re-use of
hydralazine [31, 32].

17.1.11 Levamisole

Levamisole is an anthelminthic and immunomodulator drug. The drug is used off
label in nephrotic syndrome, gastrointestinal malignancies, and rheumatoid arthri-
tis. Because of serious AEs like agranulocytosis, the drug was withdrawn from the
USA. Having similarity with cocaine in taste and appearance and a euphoria supple-
menting action, the drug is mixed with cocaine unscrupulously. Following the use
of levamisole adulterated cocaine, reports of vasculitis and cutaneous ulcerations
have been reported in cocaine users. The entity is now named as cocaine-levamisole-
induced vasculopathy syndrome (CLIVS). Lesions start as painful purpura on pinna,
lower limbs, and upper limbs with gradual progression to full thickness skin lesions
and ulcerations. HPE of lesions shows leukocytoclastic vasculitis and thrombosis of
dermal blood vessels. Because of rarity of events, the exact pathogenesis needs to
be delineated. Affected individuals show neutropenia and serum positivity for
p-ANCA and c-ANCA. Urinary examination shows the presence of cocaine and
levamisole. Treatment requires discontinuation of both offending drugs, symptom-
atic care and counselling. Corticosteroids may be required in systemic involve-
ment [33].

17.1.12 Nicorandil

Nicorandil is used as adjuvant therapy in patients of stable angina. By opening the
ATP sensitive K+ channels on vascular smooth muscles, the drug acts as a vasodila-
tor and relieves the anginal pain. The common AEs include headache, hypotension,
and tachycardia. It was in the late 1990s that the drug began to be associated with
new onset mucosal ulcers in the oral cavity and perianal area. This was soon fol-
lowed by reports of gastrointestinal ulcers involving the ileum, parastomal ulcers,
and ulcers in the genital region. First case of pure cutaneous ulceration was reported
with nicorandil in 2011 [34]. In a pharmacovigilance-based study of spontaneous
reports of ulcerations with nicorandil, cutaneous involvement was seen in 27% of
reported cases. In nearly 22% cases, the history of physical trauma or prior cutane-
ous lesions may be present. Cutaneous ulcers are generally seen in elderly patients,
emerge after 2—4 years of therapy and commonly involve the lower limbs. Because
of unawareness, often there is a delay of another 7-8 months in attributing the
lesions to nicorandil [35]. In the absence of known predictors, a high index of sus-
picion should be kept at the very onset of ulcerative lesions and the drug should be
stopped, and optimal wound care should be provided. Significant healing occurs
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over next 2-3 months. Vascular steal phenomenon produced by the drug or accumu-
lation of its toxic nicotinic acid metabolite in skin, are some of the mechanisms
attributed to ulcer generation. Possibility of immune mediated reaction also exists.

17.1.13 Other Drugs

Tyrosine kinase inhibitors: Epidermal growth factor receptor (EGFR) inhibi-
tors such as gefitinib and afatinib are known for their AEs on skin such as
rashes and acneiform eruptions [36]. Multikinase inhibitors such as sunitinib,
soratinib, nilotinib, and cabozantinib have been associated with hand and foot
reaction and palmoplantar erythrodysesthesias [37]. Case reports of extremity
ulcers including pyoderma gangrenosum exist with these inhibitors. Ulcers
resolve following discontinuation of the culprit drug and symptomatic manage-
ment [38-40].

Erythropoietin, Diltiazem, and Nifedipine: Case reports of cutaneous ulcer-
ation on lower limbs exist with recombinant erythropoietin (r EPO), diltiazem,
and nifedipine [41-43]. Dermal vessel thrombosis leading to ulceration has been
reported with r EPO in an elderly male with underlying small vessel disease,
diabetes, hypertension, and renal insufficiency [41]. Nifedipine is known to
cause dependant oedema in lower limbs that in rare cases can complicate to
ulcers [42].

Cutaneous vasculitis and ulcers on lower limbs have been reported with diltia-
zem. However, patients being on multiple drugs, uncertainty exists with respect to
association and mechanism of vasculitis with diltiazem [43].

17.2 Conclusion

Drugs constitute an important cause of new onset cutaneous ulcers. Direct toxic-
ity on epidermal and dermal cells, vascular thrombosis, and vasculitis are the
main mechanisms through which medications can produce ulcers over extremi-
ties. Ample evidence of extremity ulcers exists for drugs such as hydroxyurea,
methotrexate, propylthiouracil, hydralazine, and anticoagulants. The pharmaco-
logically characteristic ergotism is rare nowadays due to decline in the use of
ergot compounds. Some drugs such as nicorandil have been characteristically
linked with mucosal ulcers. The last decade, however, witnessed many reports of
lower limb ulcers with nicorandil. With increase in the use of target-based ther-
apy, evidence on cutaneous lesions and extremity ulcers is piling up for tyrosine
kinase inhibitors. Since the field of pharmacologic evaluation is still underdevel-
oped in many countries, a significant delay occurs in attributing an ulcer develop-
ing in response to a drug. Timely involvement of a pharmacologist or performing
an intensive drug review can expedite the diagnosis and prevent physical and
psychological morbidity.
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Rajniti Prasad and Meenakshi Pandey

18.1 Introduction

Sickle cell hemoglobin (HbS) is a variant of adult hemoglobin due to mutation of
beta chain of globin, which leads to substitution of valine amino acid for glutamic
acid at sixth position of beta globin (base pair change: thymine for adenine at sixth
codon of B-globin gene). Sickle cell disease refers to any condition in which the
production of HbS causes pathophysiological consequences as a result of homozy-
gous inheritance of $S-mutation and referred as either SCD SS or SCA. It includes
Sickle cell anemia (SCA), which is the most severe form of the disease but also the
compound heterozygotes, where one allele includes sickle cell mutation and second
allele includes gene mutation other than the sickle cell mutation, such as HbC, beta
thalassemia, HbD, and HbO [1, 2]. Homozygous SS patients are the ones most
likely associated with ulcerations.

18.2 History and Epidemiology

Sickle cell disease (SCD) affects millions of people throughout the world and is
particularly common among those who had ancestors from Africa, South America,
Caribbean, Saudi Arabia, India, and Mediterranean countries. It was first described
by the American physician James Herrick who reported the presence of “peculiar
elongated and sickle shaped red blood corpuscles” in blood film of the patient with
history of leg ulcers, breathlessness, and jaundice. Scientific advances in further
decades led to description of molecular structure of HbS molecule, molecular basis
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of the sickling phenomenon, cloning and sequencing of the beta globin gene, devel-
opment of diagnostic methods and prenatal diagnosis [1].

The BS-mutation is the classical example of natural selection in humans. It has
been seen that heterozygotes, whose red blood cells contain both HbA and HbS, are
strongly protected from malaria. The global distribution and the frequency of the
BS-mutation reflect the historic incidence of death from malaria. Although sickle
cell disease originated in the malaria-endemic world but due to population migra-
tion during the last few hundreds of years, first through the slave trade and more
recently for economic and work-related reasons, now it is common particularly in
developed world. Due to non-availability of newborn screening for sickle cell dis-
ease in most resource-poor countries, global data regarding the precise numbers of
children born with SCD does not exist [2]. However, on the basis of data on carrier
frequencies and global birth rates, it has been estimated that around 312,000 chil-
dren are born each year with SCD SS (Fig.18.1).
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Fig. 18.1 Distribution of HbS allele frequency worldwide with malaria endemicity
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18.3 Pathophysiology

Hypoxia, acidosis, and dehydration leads to conformational changes and subse-
quent polymerization of sickle cell hemoglobin in red blood cells and their charac-
teristics shape, i.e., sickle shape. Sickled red blood cells interact with vascular
endothelium and cause microvascular occlusion, ischemia, and reperfusion injury.
The increased markers of inflammatory stress, vascular oxidases, inflammatory
cytokines, and adhesion molecules suggest it to be an inflammatory disease [3].

Sickle cell ulcer is a frequent complication and its incidence varies from phenotypic
and genotypic traits of sickle cell disease. It is rare before 10 years of age and its inci-
dence varies from 3/100 persons per year between 10—19 years and 14.5-19/100 persons
per years after 20 years of age inpatients of sickle cell disease. Ulcer is more common in
male and genotypes of patients in decreasing order of frequency are homozygous SS
sickle cell anemia, compound heterozygous SP0 thalassemia, and hemoglobin SCD [4].
The incidence of ulcer has also been correlated with blood level of adult and fetal hemo-
globin. Recently vasculopathy (endothelial cell dysfunction, deficiency of nitric oxide,
intimal hyperplasia, and vascular smooth cell proliferation) has been correlated with
chronic hemolysis in sickle cell disease. Ulcers in sickle cell disease are often associated
with high level of lactate dehydrogenase, pulmonary hypertension, and increased risk of
death. In mouse model of sickle cell ulcer, deficiency of angiogenesis and chemokines
CXCL12 has been reported [5-7].

18.4 Characteristics of Ulcer in Sickle Cell Disease

Most common site of ulceration in sickle cell is lower leg, especially around lateral
and medial malleoli and ulcers are often bilateral [4, 8]. Trauma is often the preced-
ing event in causing ulcers. Ulcers usually appear punched out, with well-defined,
slightly raised and occasionally rolled margins, and the base is frequently covered
with fibrinous material (Fig.18.2). These ulcers last several years. Another type of

Fig. 18.2 Punched out
ulcers over lateral
Malleolus in sickle cell
disease
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ulcer is also seen which develops in the absence of obvious trauma, and progresses
through the following stages.

. Stage of hyperpigmentation.
. Stage of induration.
. Stage of dermal necrosis with an intact overlying epidermis, and.
. Epidermal necrosis, eventuating in a small, deep, and very painful ulcer.
This type of ulcer, attributed to skin infarction, usually heals relatively quickly
(6-9 months). Common complications of these leg ulcers are chronic subcutane-
ous fibrosis, ulcer osteoma and sometimes acute ankle arthritis/ankyloses [4, 9].

AW N =

18.5 Deferential Diagnosis

Ulcers in thalassemia are punched out, frequently bilateral, heal slowly, and tend to
occur near the malleoli [4, 7].Hereditary spherocytosis, pyruvate kinase deficiency,
elliptocytosis, and paroxysmal nocturnal hemoglobinuria are also associated with
intractable ulcers of the leg. Cutaneous involvement occurs late in lymphoprolifera-
tive disorders and ulceration occurs generally when patient has significant tumor
burden or end stage disease. Tumor nodules are found in roughly 7-10% of patients
with mycosis fungoides which can later ulcerate and may involve the legs. Ulcerated
posterior thigh nodules in granulomatous mycosis fungoides have been reported. In
malignant histiocytosis, skin involvement occurs in 10-20% of individuals.
Cutaneous ulcer complications seen in polycythemia vera include livedo reticularis
with chilblain-like lesions, superficial digital ulcerations, and peripheral gangrene.
Disorders of coagulation and fibrinolysis are uncommon causes of cutaneous ulcer-
ation, including leg ulceration [1].

18.6 Diagnosis

Clinical findings in the patient may point to the associated hematologic disorder, but
the confirmation requires evaluation of red cell indices, blood smear morphology,
and other methods such as electrophoresis, HPLC, and genetic testing. Sickle
shaped red cells along with target cells on a routine blood smear is diagnostic of Hb
S-related disease, but cannot distinguish between Hb SS and HbS-thal states.
Hemoglobin electrophoresis studies therefore required for differentiating homozy-
gous from the heterozygous. The former will have high levels of HbSS (80-90%),
while carriers have lower values (35—40%). Given the implications of a diagnosis of
sickle cell disease versus sickle cell trait with respect to clinical manifestations,
evaluating red cell parameters in the parents for genetic counseling cannot be over-
emphasized (Table 18.1 and Figs.18.3 and 18.4).

In thalassemia major, microcytic, hypochromic anemia with target cells are
usual findings on peripheral blood smear. Nucleated red cells, marked
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Table 18.1 HPLC pattern of different hemoglobin and their diagnostic significance

Hemoglobin Disease

Hb A > HbS Sickle cell trait, sickle a-Thalessaemia

HbS, HbF, and no HbA Sickle cell anemia, sickle B-Thalassaemia

HbS > HbA and HbF Sickle p-Thalassaemia

HbA > HbC HbC trait

HbC, HbF, and no HbA HbC disease and HbC p-Thalassaemia

HbC > HbA HbC p-Thalassaemia
*Hb Hemoglobin

Fig. 18.3 Sickle shaped &<

red cells along with target
cells on peripheral blood ’ < .’;
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anisopoikilocytosis, and relative reticulocytopenia are typically seen. Hemoglobin
electrophoresis can be used for screening purpose, but the mutation analysis,
along with testing for common genetic modifiers of the clinical phenotype, is
recommended.

When clinical features, cell counts, and peripheral smear are indicative of
leukemia then diagnosis is confirmed by bone marrow aspiration and biopsy. In
bone marrow examination, more than 25% of cells are lymphoblasts, which is
diagnostic for ALL (20% for AML). Immunophenotyping is must while evaluat-
ing hematological malignancies. All patients suspected to be having thrombotic
disorder should have baseline complete blood count, prothrombin time (PT) and
activated partial thromboplastin time (aPTT) to assess coagulation status. It is
important to refer to age related normal ranges, when interpreting pediatric coag-
ulation studies.
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Fig. 18.4 HPLC showing
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18.7 Treatment and Prevention

First thing required for the management of ulcers in hematological disorders is
proper and timely management of the chief hematological disorder. The effective
pain management is of paramount importance as vasoconstriction caused by cate-
cholamine release inhibits ulcer healing. NSAIDS are commonly used to relieve
pain in SLCUS but topical lidocaine along with opioids is most effective [10]. There
is paucity of RCTs in literature regarding the management of sickle cell leg ulcers
(SCLUs), so most of the treatment options are based on anecdotal case reports.
Management options range from topical medications to systemic therapy and surgi-

cal methods.
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18.8 Topical Treatment and Dressings

Since SCLUs are extremely painful, heal with difficulty with frequent recurrence,
prior local anesthesia is important. Detersive cleaning of fibrin and/ or necrosis is
important in care of ulcers. Detersion recommended is first mechanical (with a
curette or scalpel) followed by autolytic (hydrogels, alginates or hydrofibers), which
should be changed preferably twice in a week. Hydrocolloid dressings are not rec-
ommended in SLCUs [11].

Topical application of arginine-glycine-aspartic acid matrix (RGD peptide
matrix) shows noticeable benefit in the treatment of SCLUs [12]. This RGD peptide
matrix is believed to act as a synthetic extracellular matrix to promote cell migra-
tion, keratinocyte layer formation and wound strengthening, thereby promoting
healing. Topical application of sodium nitrite has demonstrated a dose-dependent
effect on promoting ulcer healing and decreasing pain at the ulcer site [13]. The
beneficial effects of solcoseryl (protein free extract of calf blood) ointment, colla-
gen matrix, heparin sulfate and GM-CSF have been reported in some cases and still
in experimental phase [14—17].

18.9 Systemic Therapy

Systemic therapies in sickle cell ulcers have not been extensively studied but some
trials have shown some benefit of oral zinc [18] and pentoxifylline. Zinc supple-
ments (50 mg/day) reduce the number of vaso-occlusive crisis and decrease the
incidence of systemic infections, thus promote faster healing of ulcer. Pentoxifylline
improves RBC and leukocyte deformability, thus potentially decreasing blood vis-
cosity and also inhibits platelet aggregation and thrombus formation and decreases
plasma fibrinogen levels [19]. These multiple effects ultimately increase microcir-
culatory flow and tissue oxygen levels and help in SCLU treatment. Blood transfu-
sions are often used in the care of SCD patients. They have also been advocated as
a treatment modality for patients with SCLUSs as they increase the oxygen delivery
to tissues. A variety of transfusion recommendations have been proposed to prevent
the recurrence of or to treat existing ulcers [20]. Some authors suggest achieving
hemoglobin of 10 g/dL for successful surgical treatment, although a level between
8 and 9 g/dL may be more realistic and adequate for wound healing. Isoxsuprine
hydrochloride and levocarnitine have been reported as another treatment modality
but their role is unproven in SCLU treatment [21].

Hydroxyurea, a myelosuppressive agent, is the most common drug used in the
management of sickle cell anemia. It helps prevent the painful crises, dactylitis,
acute chest syndrome (ACS) in sickle cell anemia and also reduces the need of
blood transfusion but its role in preventing the occurrence of ulcers is still unproven.
The initial dose of hydroxyurea is 15-20 mg/kg given once daily with maximum up
to 35 mg/kg/day [22, 23].
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18.10 Treatment of Edema

The edema is common with SCLU either due to superficial or deep venous insuffi-
ciency (functional venous insufficiency) as observed in Doppler study. Venous com-
pression using multilayered compression bandage to obtain a 30—40 mmHg pressure
at ankle is recommended to reduce the edema, pain, and wound healing. After com-
plete healing, compression hosiery should be used to reduce the risk of recurrence
[24, 25].

18.11 Surgery and SLCU

Surgical modalities are most frequently used for the treatment of SCLUs but they
are associated with high rates of failure and recurrence [26]. Microsurgical free flap
transfers are commonly performed but owing to the high rates of failure, numerous
recommendations have been made to decrease the incidence of graft failure [27].
The role of endovenous ablation of superficial venous reflux in complete healing of
SLCU is debatable but may be useful in associated superficial venous reflux [28].
Perioperative transfusion to decrease HbS levels to less than 30% is recommended,
with transfusions beginning 1-2 weeks prior to surgery and continuing for 6 months
post-operatively [20]. Use of anticoagulation with heparin and/or aspirin, antibiot-
ics and the rinsing of flaps with warm, heparinized solution prior to attachment also
prevents graft failure. Prolonged anticoagulation (heparin or low molecular weight
heparin) therapy may be of benefit in such cases where ulcers are associated with
thrombotic disorders.

18.12 Cell Based Therapy

Pinch graft currently used in SLCUs appears to be good therapeutic modality in
wound healing but their efficacy has not been evaluated in randomized control trial.
The spray consisting of human allogenic fibroblasts and keratinocytes, adipocyte-
derived stem cells have been found effective in the management of venous ulcers
but data on SLCUs are lacking. The efficacy of platelet rich plasma in several ran-
domized trials have been reported as useful modality for treatment of leg ulcers of
different origin apart from SCLUs [29-31].

Apligraf, a bilayer epidermis and dermis construct approved by FDA for treat-
ment of venous ulcers has been reported to be beneficial in few patients with SLCUs.
Conner et al. had reported reduction in surface area of SLCUs after application of
autologous platelet gel at the end of the first week. The postulated hypothesis is
probably increase in production of platelet derived growth factor, TGF-} and vascu-
lar endothelial growth factor [32].
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18.13 Physical Treatment

Topically applied energy-based modalities have also been used for managing sickle
cell ulcers. Low-frequency non-contact ultrasound causes effective removal of bac-
teria and biofilm and the reduction of chronic inflammation [33]. Low-level laser
therapy modulates wound healing by increasing mitotic activity, fibroblast produc-
tion, collagen synthesis, and angiogenesis to help wound healing. There are some
case reports about the role of negative pressure wound therapy (NPWT) in the man-
agement of SCLUs to obtain granulation tissue in ulcer bed before pinch graft to
accelerate inflammatory stage of healing. It also increases release of nitric oxide and
growth factor by stimulating angiogenesis and vasodilation [34].

Malnutrition or undernutrition has been observed to be commonly associated
with SLCU but supplementation of protein in faster healing of SLCU has not been
reported. The administration of vitamin D and folic have been observed to have
some beneficial effects in healing of venous ulcer but not in SLCU.

Beyond medications and surgery, bed rest has long been recommended as a use-
ful treatment modality for promoting healing of ulcers in hematological disorders.
It reduces venous backpressure and edema around the ulcers. Prevention of any
trauma is a useful preventive measure to reduce the occurrence of ulcers, because
regardless of all existing treatment modalities, these ulcers are non-healing most of
the times with high rate of recurrence.

18.14 Conclusion

The only cure for sickle cell anemia is transplantation with HLA matched hemato-
poietic stem cells from a sibling or unrelated donor. Most common indications for
transplant are recurrent ACS, stroke, and abnormal transcranial Doppler. Genetic
counseling and testing should be offered to the family and parents should be done
to identify various complications of the disease.
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Pyoderma Gangrenosum 1 9

Harikrishna K. R. Nair

19.1 Introduction

Pyoderma gangrenosum (PG) was introduced by Brunsting et al. in 1930 [1]. These
patients had intractable ulcers with underlying ulcerative colitis and empyema. The
assessment is important in pyoderma gangrenosum as the diagnosis is difficult but
crucial in the comprehensive management especially when there are multiple clini-
cal variants [2].

Pyoderma gangrenosum which is a rare inflammatory condition is not caused by
infection or ischaemia. There is neutrophilic dermatosis with painful skin ulceration
which later form scars. The Health Related Quality of Life (HrQOL) of the patient
is often affected due to the nature of the presentation.

The incidence of PG is 3—10 cases per million people per year [3]. PG can affect
all ages especially female patients.

19.2 Pathophysiology

The pathogenesis of PG is complex and involves genetic mutations, neutrophil dys-
function, immune dysregulation, and abnormal inflammatory responses. Some
lesions of pyoderma gangrenosum have been found to have a proliferation of clonal
T-cells supporting the possibility of an aberrant T-cell response [4]. In PG there is
inflammation and is noted to have many inflammatory cells and mediators such as
Interleukin 23 which contribute to the clinical manifestation of this disease.
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19.3 Common Features

* Inflammatory papule, pustule, nodule or vesicle which erodes to form an ulcer.
e Inflammatory reaction.

e Pain.

e Arthralgia.

e Lethargy.

* Healing by scarring (secondary intention).

» Pathergy (surgical procedures can exacerbate this condition).

19.4 Heidi

History: It should be taken comprehensively. Associated comorbid conditions such
as inflammatory bowel disease and leukaemia should be asked in the history. Past or
current history of similar conditions, polyarthritis or immune diseases such as rheu-
matoid artritis, mixed connective tissue disease, etc. are also important.

19.4.1 Examination
There are four variants:

¢ C(lassical or ulcerative.

e Pustular.

¢ Bullous.

e Vegetative or granulomatous [5].

Differential diagnosis includes vasculitis, calciphylaxis, malignancy, infection,
drug eruptions, etc.

19.4.2 Investigations

* Full blood test.

* Erythrocyte Sedimentation Rate and C-Reactive Protein.

e Anti-Nuclear Antibody or factor, Rheumatoid factor, and immunological screen.

e Chest X-Ray to note any lung pathology.

» Liver function test to exclude hepatitis or liver pathology.

» Skin biopsy to support the pathophysiology of an inflammatory condition with
succinct history and examination is important with a proper exclusion of the
other differential diagnosis.

* There are no definitive blood, serology or histopathological investigations.
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19.4.3 Diagnosis

e The diagnosis is made after careful history, physical examination with a skin
biopsy which are not confirmatory but gives you a high index of suspicion. PG is
a diagnosis of exclusion [6].

e The Delphi consensus of international experts by [7] includes a single major
criterion and eight minor criteria. At least the major criterion and four minor
criteria are necessary for diagnosis of PG.

1 major criterion: —biopsy of ulcer edge demonstrating neutrophilic infiltrate.
8 minor criteria:

. exclusion of infection,

. pathergy,

. history of inflammatory bowel disease or inflammatory arthritis,

. history of papule, pustule, or vesicle ulcerating within 4 days of appearing,

. peripheral erythema, undermining border, and tenderness at ulceration site,

. multiple ulcerations, at least 1 on an anterior lower leg,

. cribriform or “wrinkled paper” scar(s) at healed ulcer sites,

. decreased ulcer size within 1 month of initiating immunosuppressive
medication(s).

0NN B W

19.4.4 Intervention

19.4.4.1 Topical
Proper wound care with advanced dressings, topical corticosteroids, cromolyn
sodium 2%, nitrogen mustard, 5-aminosalicylic acid and tacrolimus or pimecrolimus.

19.4.4.2 Systemic

Corticosteroids, cyclosporine, mycophenolate mofetil, azathioprine, dapsone,
tacrolimus, cyclophosphamide, chlorambucil, thalidomide, tumor necrosis factor-
alpha (TNF-alpha) inhibitors, and nicotine. Intravenous (IV) therapies include
pulsed methylprednisolone, pulsed cyclophosphamide, infliximab, IV immuno-
globulin, and ustekinumab. Interleukin 23, phosphodiesterase 4 inhibitors, along
with the newer Janus kinase inhibitors and intravenous immune globulin are other
biologic agents under trials [8].

19.4.5 Pain

Pain is the fifth vital sign and has to managed with appropriate analgesia according
to the pain ladder. The pain will reduce when the wound improves with the immu-
nopathic dressings.
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19.4.6 Wound Care Management

19.4.6.1 Wound Assessment

Local Assessment involves the assessment of the wound which looks at the

1. Wound bed.

(a) assess for necrotic, granulation, slough, and epithelial tissue,
(b) assess for infection or bacterial bioburden and inflammation,

(c) assess the exudate and odour,

(d) wound bed preparation paradigm involves the management of the bacterial
burden, debridement, and exudate or moisture management. This paradigm
has been used quite extensively for the past 23 years. [9].

2. Wound edges: assess for undermining and condition of the margin.

3. Surrounding skin: assess for the colour, moisture, suppleness, and the Harikrishna
Periwound Skin Classification can be utilized. The periwound skin is from the
edge up to about 4 cm. The periwound skin has to be managed well to allow the
keratinocytes to move in from the periphery to allow wound healing.

4. The wound size has to be measured and this involves the length, width, and depth
which gives you a volumetric measurement. The wound also should be photo-
graphed digitally for proper documentation [10].

Under the Wound Bed Preparation concept is TIME. TIME has been used since

2003 till now to assess the wound bed and plan a proper management of the wound.

Infection or inflammation

Moisture imbalance

Epidermal margin

wimZg ==

Surrounding skin or Periwound

The 2015 Harikrishna Periwound Skin Classification system [10] in Table 19.1
illustrates the proper way of classifying the periwound area when assessing the sur-
rounding skin. The periwound is from the edge up to 4 cm.

Table 19.1 HPSC
Periwound condition

Class 0 Normal

Class 1 Fibrous tissue/tissue at risk

Class 2A Exudate centred with
desiccation

Class 2B Exudate centred with
maceration

Class 2C Exudate centred with allergy

Class 3 Inflammation without
infection

Class 4 Inflammation with infection

Class 5 Atypical (senescent cells/
cancer/subcutaneous emphysema)
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19.4.7 Cleansing Solutions

e Water for irrigation.
e Normal saline.

Non-toxic wound cleansers:

e PHMB (PolyHexaMethyl Biguanide) with Betaine.
* Superoxide Solution.

e Octenidine Dihydrochloride.

e Nanocopper.

e Hypochlorous Acid spray.

19.4.8 Dressings

Immunopathic dressings are the main dressings considered.
These dressings are those that reduce the inflammation in the wound such as

e Collagen such as sheets, gel, ointments, etc.
e Polymeric membrane dressings.
e Sucralfate or urgostart.

Antimicrobial dressings such as silver, copper, iodine-based products are only
used if we suspect there is an infection in the wound bed. However, in PG the pre-
dominant cause is a proinflammatory condition and there is an elevated protease
activity with increased interleukin and MMPs. This has to be managed as shown in
Fig. 19.1.

Patient was also started on oral prednisolone for her Mixed Connective Tissue
Disease associated with the pyoderma gangrenosum

Fig. 19.1 The wound was treated with polymeric membrane dressing and noted improvement
with 1 week (courtesy of the Wound Care Unit, Kuala Lumpur Hospital).
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19.4.9 Surgery

Acute PG should not be debrided as there will be tissue death and necrosis and the
wound will become bigger. Pathergy is the cause of this. Refrain from surgical or
sharp debridement in cases of acute pyoderma gangrenosum.
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Necrotizing Fasciitis of the Extremities 2 0

Sandeep Raj Pandey, Jai Prakash Jaiswal,
Angampally Rajeev, and Ayman Khalil

20.1 Background

Necrotizing fasciitis (NF) is a rapidly progressive inflammatory infection of the
fascia, with secondary necrosis of the subcutaneous tissues [1]. NF has also been
referred to as hemolytic streptococcal gangrene, Meleney ulcer, acute dermal gan-
grene, hospital gangrene, suppurative fasciitis, and synergistic necrotizing cellulitis.

NF of the extremities may occur as a complication of a variety of surgical proce-
dures or medical conditions, including cardiac catheterization [2], injury, and vein
sclerotherapy [3]. It may also be idiopathic. The causative bacteria may be aerobic,
anaerobic, or mixed flora [4] (Figs. 20.1 and 20.2).
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Figs. 20.1 and 20.2 Right lower extremity NF in a diabetic who got COVID-19 and his leg
wound was not much cared during COVID-19 management

20.2 Pathophysiology

NF is characterized by widespread necrosis of the subcutaneous tissue and the fas-
cia. Although the pathogenesis of necrotizing fasciitis is still open to speculation,
the rapid and destructive clinical course of necrotizing fasciitis is thought to be due
to multi-bacterial symbiosis and synergy. In 1990s, media popularized that NF was
caused by “flesh-eating bacteria” [5] (Figs. 20.3 and 20.4).

In recent two decades, researchers have found that NF is usually polymicrobial
rather than monomicrobial which was mainly by group A beta-hemolytics
Streptococcus [6]. NF is usually associated with an underlying cause, such as dia-
betes, [7] atherosclerotic vascular disease, or venous insufficiency with edema.

Anaerobic bacteria are present in most necrotizing soft tissue infections, usually
in combination with aerobic gram-negative organisms. Anaerobic organisms prolif-
erate in an environment of local tissue hypoxia in those patients with trauma, recent
surgery, or medical compromise.

Along group A hemolytic streptococci and Staphylococcus aureus, other aerobic
and anaerobic pathogens may be present in NF, including the following:

e Bacteroides.

e Clostridium.

» Peptostreptococcus.

¢ Enterobacteriaceae.

e Coliforms (e.g., Escherichia coli).
e Proteus.
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Figs. 20.3 and 20.4 NF post-foam sclerotherapy

Fig. 20.5 NF of posterior
ankle and lower leg in a
diabetic

e Pseudomonas.
e Klebsiella.

Severe myositis accompanying septic NF may be caused by a Panton-Valentine
leukocidin—positive S aureus strain [8].

Although NF most frequently develops after trauma that compromises skin
integrity, it may rarely develop in a healthy person after minor trauma such as an
isolated shoulder sprain that occurred without a break in skin barrier [9] (Fig. 20.5).

20.3 Etiology

NF may occur due to surgical procedures causing local tissue injury and bacterial
invasion. These procedures include surgery for intraperitoneal infections and drain-
age of ischiorectal and perianal abscesses. Intramuscular injections and intravenous
infusions may lead to NF of extremities.
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Minor insect bites may set the stage for NF. Streptococci introduced into the
wounds may be prominent initially, but the bacteriologic pattern changes with
hypoxia-induced proliferation of anaerobes.

Local ischemia and hypoxia can occur in patients with systemic illnesses (e.g.,
diabetes). Host defenses can be compromised by underlying systemic diseases
favoring the development of these infections. Diabetes or cancer have been described
in >90% of cases of progressive bacterial gangrene.

A study by Hung et al. suggested that liver cirrhosis is an independent risk factor
for NF. In a retrospective analysis of hospital data, the investigators determined the
incidence of NF development in 40,802 patients with cirrhosis and 40,865 control
patients, over a 3-year follow-up period after each patient’s initial hospitalization.
NF occurred during follow-up in 299 patients with cirrhosis (0.7%) and in 160 con-
trol patients (0.4%), giving patients with cirrhosis a hazard ratio of 1.98 for NF. It
was also found that the risk of NF greater in patients with complicated cirrhosis than
in those with the non-complicated type (hazard ratio 1.32) [10].

Studies have shown a possible relationship between the use of NSAIDs, such as
ibuprofen, and the development of NF during varicella infections. Additional stud-
ies are needed to establish whether ibuprofen use has a causal role in the develop-
ment of necrotizing fasciitis and its complications during varicella infections. This
has not previously been described.

Group A beta-hemolytic streptococci have historically been noted as a cause of
NF, but Haemophilus aphrophilus and S. aureus are also associated with the condi-
tion, and some patients have mixed infections involving multiple species of bacte-
ria, including mycobacteria, as well as fungi [11, 12].

20.4 Clinical Presentation
20.4.1 History

Diagnosis of NF can be difficult and requires a high degree of suspicion. In many
cases of NF, antecedent trauma or surgery can be identified. Surprisingly, the initial
lesion is often trivial, such as an insect bite, minor abrasion, boil, or injection site.
Idiopathic cases are not uncommon, however.

Hallmark symptom of NF can be intense pain and tenderness over the involved
skin and underlying muscle [13]. The intensity of the pain often causes suspicion of
a torn or ruptured muscle. The local pain may progress to anesthesia over several
hours to days.

Other indicative findings include edema extending beyond the area of erythema,
skin vesicles, and crepitus. The fascial planes and muscle groups cannot be detected
by palpation.

A history of comorbid factors, including diabetes, should be sought in all cases
of suspected NF. A retrospective, multicenter study by van Stigt et al. of 58 patients
with NF found CVD to be the most common comorbidity (39.7% of patients) [14].
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20.4.2 Physical Examination

Early in the disease course, the patient may look deceptively well; unfortunately,
this may interfere with early detection, which is key to a favorable outcome. Soon,
however, the patient will usually begin to appear moderately to severely toxic.

Typically, the infection begins with an area of erythema that quickly spreads over
a course of hours to days. The redness quickly spreads, and its margins move out
into normal skin without being raised or sharply demarcated. As the infection pro-
gresses, the skin near the site of insult develops a dusky or purplish discoloration.
Multiple identical patches expand to produce a large area of gangrenous skin, as the
erythema continues to spread.

Iwata et al. reported that 2 of 3 patients who lacked inflammatory signs such as
redness and heat experienced fulminant progression of NF and death [15]. The ini-
tial necrosis appears as a massive undermining of the skin and subcutaneous layer.
If the skin is open, gloved fingers can pass easily between the two layers and may
reveal yellowish green necrotic fascia. If the skin is unbroken, a scalpel incision will
reveal it.

The normal skin and subcutaneous tissue become loosened from the rapidly
spreading deeper necrotic fascia that is a great distance from the initiating wound.
Fascial necrosis is typically more advanced than the appearance suggests.

Anesthesia in the involved region may be detected, and it usually is caused by
thrombosis of the subcutaneous blood vessels, leading to necrosis of nerve fibers.

Without treatment, secondary involvement of deeper muscle layers may occur,
resulting in myositis or myonecrosis. Normally, however, the muscular layer
remains healthy red with normal bleeding muscle under the yellowish green fascia.

Usually, the most important signs are tissue necrosis, putrid discharge, bullae,
severe pain, gas production, rapid burrowing through fascial planes, and lack of
classic tissue inflammatory signs.

Usually, some degree of intravascular volume loss is detectable on clinical exam-
ination. Other general signs, such as fever and severe systemic reactions, may be
present.

Local crepitation can occur in more than one half of patients. This is an infre-
quent finding, specific but not sensitive, particularly in cases of nonclostridial NF.

20.5 Complications

e Septic shock with CV collapse.

*  Renal failure.

e Scarring with cosmetic deformity.
e Limb loss.

e Sepsis.

e Toxic shock syndrome(TSS).
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Metastatic cutaneous plaques may occur in necrotizing fasciitis. Septicemia is
typical and leads to severe systemic toxicity and rapid death unless appropriately
treated.

20.6 Differential Diagnoses

e Cellulitis
* Gas Gangrene
e Streptococcal Toxic Shock Syndrome.

20.7 Approach Considerations
20.7.1 Laboratory Evaluation

e CBC with differential.

e Serum chemistry studies.
e ABG analysis.

e Urinalysis.

e Blood and tissue cultures.

New techniques: rapid streptococcal diagnostic kits and a PCR assay for tissue
specimens that tests for the genes for streptococcal pyrogenic exotoxin produced by
group A streptococci.

20.7.2 Imaging

B-mode and color Doppler USG, contrast-enhanced CT, or MRI can promote early
diagnosis of NF [16]. In addition, these studies permit visualization of the location
of the rapidly spreading infection. More importantly, MRI or CT scan delineation of
the extent of NF may be useful in directing rapid surgical debridement.

Plain radiographs, often obtained to detect soft tissue gas that is sometimes pres-
ent in polymicrobial or clostridial necrotizing fasciitis, are of no value in the diag-
nosis of necrotizing infections.[17] Indeed, nondiagnostic plain radiographs may
even hinder the diagnosis of necrotizing infection (Fig. 20.6).

20.7.2.1 CTand MRI
CT scanning can pinpoint the anatomic site of involvement by demonstrating necro-
sis with asymmetrical fascial thickening and the presence of gas in the tissues.
However, note that early on, CT scan findings may be minimal (Fig. 20.7).

While no published, well-controlled, clinical trial has compared the efficacy of
various diagnostic imaging modalities in the diagnosis of necrotizing infections,
MRI is the preferred technique to detect soft tissue infection because of its
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Fig. 20.6 Drug-indued NF showing mild tibial plafond spurring

Fig.20.7 CT of drug
induced NF showing small
amount of gas and
subcutaneous fat edema in
anterior and lateral leg

Subcutaneous gas

Subcutaneous fat
edema
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unsurpassed soft tissue contrast and sensitivity in detecting soft tissue fluid, its spa-
tial resolution, and its multiplanar capabilities [18].

20.7.3 Finger Test and Biopsy

The finger test should be used in the diagnosis of patients who present with NF [19].
The area of suspected involvement is first infiltrated with local anesthesia. A 2-cm
incision is made in the skin down to the deep fascia. Lack of bleeding is a sign of
NF. On some occasions, a dishwater-colored fluid is noticed seeping from the wound.

A gentle, probing maneuver with the index finger covered by a sterile powder-
free surgical double-glove puncture indication system is then performed at the level
of the deep fascia. If the tissues dissect with minimal resistance, the finger test is
positive.

Tissue biopsies are then sent for frozen section analysis. The characteristic histo-
logic findings are obliterative vasculitis of the subcutaneous vessels, acute inflam-
mation, and subcutaneous tissue necrosis. If either the finger test or rapid frozen
section analysis is positive or if the patient has progressive clinical findings consis-
tent with NF, immediate operative treatment must be initiated.

20.7.3.1 Excisional Deep Skin Biopsy
Excisional deep skin biopsy may be helpful in diagnosing and identifying the caus-
ative organisms [20]. Specimens can be taken from the spreading periphery of the
necrotizing infection or the deeper tissues, reached only in surgical debridement, to
obtain proper cultures for microorganisms.

Avoid doing this procedure from the actual necrosis or granulating center, as
many bacteria that neither cause nor add to the infection would be detected.

20.7.4 Aspiration and Gram Stain

20.7.5 Histologic Findings

Sections from NF tissue show superficial fascial necrosis with blood vessels
occluded by thrombi. A dense infiltration of neutrophils may be observed in deeper

parts of the subcutaneous tissue and fascia. Subcutaneous fat necrosis and vasculitis
are also evident. Eccrine glands and ducts may be necrotic.

20.8 Management
20.8.1 Surgical Debridement

Surgery is the primary treatment for NF. Surgeons must be consulted early in the
care of these patients, as early and aggressive surgical debridement of necrotic
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tissue can be life-saving [21]. In addition, early surgical treatment may minimize
tissue loss, eliminating the need for amputation of the infected extremity.

There should be wide, extensive debridement of all tissues that can be easily
elevated off the fascia with gentle pressure. Wide debridement of all necrotic and
poorly perfused tissues is associated with more rapid clinical improvement.

After the initial debridement, the wound must be carefully examined.
Hemodynamic instability is usually present after surgery, and it may cause progres-
sive skin necrosis. After debridement, the patient may return as often as necessary
for further surgical debridement. The anesthesiologist is an important member of
the operative team because continued resuscitative efforts are undertaken during the
operative procedure.

The surgical regimen can be summarized as follows:

e Surgical incisions should be deep and extend beyond the areas of necrosis until
viable tissue is reached.

* The entire necrotic area should be excised.

e The wound should be well irrigated.

e Hemostasis should be maintained, and the wound should be kept open.

e Surgical debridement and evaluations should be repeated almost on a daily basis.

e The wound should be inspected in the operating room.

20.8.1.1 Double Gloving

During surgery, all operating room personnel should wear a powder-free double-
glove hole indication system (i.e., including an underglove with distinct color that
becomes apparent when the outer glove is punctured in the presence of fluid). This
protects the staff as well as the patient from exposure to potentially deadly blood-
borne viral infections [22].

The US Food and Drug Administration (FDA) only requires that the leakage rate
of sterile surgical gloves does not exceed 1.5%. This high frequency of glove holes
is an invitation to the spread of deadly bloodborne infections between operating
room personnel and the patient.

20.8.2 Dressings

Following each debridement of the necrotic tissue, daily antibiotic dressings are
recommended [23]. Silver sulfadiazine (Silvadene) remains the most popular anti-
microbial cream. This agent has broad-spectrum antibacterial activity and is associ-
ated with relatively few complications in these wounds.

The current formulation of silver sulfadiazine contains a lipid-soluble carrier,
polypropylene glycol, which has certain disadvantages, including pseudoeschar for-
mation. When this antibacterial agent is formulated with poloxamer 188, the silver
sulfadiazine can be washed easily from the wound because of its water solubility,
making dressing changes considerably more comfortable.
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If the patient is allergic to sulfa, alternative agents include Polysporin, Bacitracin,
and Bactroban. While these agents are relatively inexpensive, they may induce
allergies.

Mafenide is an alternate agent that penetrates eschar more effectively than silver
sulfadiazine. Consequently, it is frequently used on infected wounds that do not
respond to silver sulfadiazine. Use mafenide with caution because it can induce
metabolic acidosis.

The Acticoat brand of barrier dressings provides the beneficial antimicrobial prop-
erties of the silver ion by coating the dressing material with a thin, soluble silver film.
This dressing appears to maintain antibacterial levels of silver ions in the wound for
up to 5 days. Because Acticoat can remain on the wound for up to 5 days, the patient
is spared the pain and expense associated with the dressing changes. Additional stud-
ies are now under way to determine the ultimate benefit of this product.

20.8.3 Soft Tissue Reconstruction

Once all of the affected tissues have been debrided, soft tissue reconstruction can be
considered. In the authors’ experience, this may take at least two debridements.
When the debridement involves relatively small (< 25%) body surface areas, skin
grafts, and flaps can provide coverage. When donor-site availability is limited, alter-
natives to standard skin graft construction must be considered, including Integra
artificial skin (Integra Life Sciences, Plainsboro, NJ) and AlloDerm (LifeCell
Corporation, Blanchburg, NJ) [24] (Figs. 20.8-20.10)

20.8.4 Antimicrobial Therapy

Empiric antibiotics should be started immediately. Initial antimicrobial therapy
should be broad-based to cover aerobic gram-positive and gram-negative organisms
and anaerobes. A foul smell in the lesion strongly suggests the presence of anaero-
bic organisms. The maximum doses of the antibiotics should be used, with consid-
eration of the patient’s weight and liver and renal status (Figs. 20.11-20.18).

Antibiotic therapy is a key consideration. Possible regimens include a combination
of penicillin G and an aminoglycoside (if renal function permits), as well as clindamy-
cin (to cover streptococci, staphylococci, gram-negative bacilli, and anaerobes).

A more specifically targeted antibiotic regimen may be begun after the results of
initial gram-stained smear, culture, and sensitivities are available.

Although some necrotizing infections may still be susceptible to penicillin,
clindamycin is the treatment of choice for necrotizing infections, for the following
reasons [17].

e Unlike penicillin, the efficacy of clindamycin is not affected by the inoculum
size or stage of bacterial growth [25, 26].

e Clindamycin is a potent suppressor of bacterial toxin synthesis [27, 28].

e Subinhibitory concentrations of clindamycin facilitate the phagocytosis of
GABS [16].
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Figs. 20.8-20.10 Aggressive surgical debridement of NF in a diabetic patient

* Clindamycin reduces the synthesis of penicillin-binding protein, which, in addi-
tion to being a target for penicillin, is also an enzyme involved in cell wall syn-
thesis and degradation [26].

e Clindamycin has a longer postantibiotic effect than fB-lactins such as penicil-
lin [28].

e Clindamycin suppresses lipopolysaccharide-induced mononuclear synthesis of
tumor necrosis factor-a (TNF-ar) [29].

Consequently, the success of clindamycin also may be related to its ability to
modulate the immune response [30].
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Figs. 20.11-20.18 Excised Necrotic Eschars in NF Leg Followed by Daily Dressings Showing
Good Vascularity & Healing Well
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Figs. 20.11-20.18 (continued)

Broad-spectrum beta-lactam drugs such as imipenem cover aerobes, including
Pseudomonas species. Ampicillin sulbactam also has broad-spectrum coverage, but
it does not cover Pseudomonas species; however, NF caused by Pseudomonas aeru-
ginosa is unusual [31].

If staphylococci or gram-negative rods are involved, vancomycin and other anti-
biotics to treat gram-negative organisms other than aminoglycosides may be
required. The use of vancomycin to treat methicillin-resistant Staphylococcus
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aureus (MRSA) may depend on the clinical situation. It’s use may depend on
whether a naso-cranial infection is present, or it may need to be avoided in patients
who are likely to be carriers of MRSA (e.g., those with diabetes, those who use
illicit drugs, those undergoing hemodialysis).

20.8.5 Fluid, Nutritional Support, IVIG
(Intravenous Immunoglobulin)

Because of persistent hypotension and diffuse capillary leak, massive amounts of
intravenous fluids may be necessary after the patient is admitted to the hospital.
Nutritional support is also an integral part of treatment for patients with NF. This
supplementation should be initiated as soon as hemodynamic stability is achieved.
Enteral feeding should be established as soon as possible to offset the catabolism
associated with large open wounds.

Successful use of IVIG has been reported in the treatment of streptococcal TSS
[32, 33].

20.8.6 Hyperbaric Oxygen Therapy (HBOT)
HBOT May Be Considered, if Available [34, 35]. The Literature Suggests that it

Can Reduce Mortality when Used as Part of an Aggressive Treatment Regimen for
NF [36] (Figs. 20.19, 20.20 and 20.21).

Fig. 20.19 Healing NF of leg caused by sclerotherapy
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Fig. 20.20 Healing NF of ankle caused by sclerotherapy

Fig. 20.21 Healed NF of lateral leg
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Check for
updates

Vasculitis 2 1

Shantonu Kumar Ghosh

Vasculitis is a term used to describe a group of uncommon diseases which produce
inflammatory changes and necrosis in the blood vessel walls. Loss of integrity leads
to bleeding and compromise of the lumen leads to tissue ischemia and necrosis [1].
In 1994, the definition of vasculitis was proposed at an international consensus con-
ference as “Vasculitis is the inflammation of vessel wall, resulting in vascular dam-
age and a wide variety of clinical signs and symptoms” [2].

Vasculitis may occur as a primary process or may be secondary to another under-
lying disease, e.g., Rheumatoid Arthritis (RA), Systemic Lupus Erythematosus
(SLE) or Sjogren’s syndrome. The outcome of this inflammation depends on the
size, type, and location of the vessels involved. Inflammation can affect the aorta
and its branches or may affect medium sized arteries through to small arteries,
venules, and arterioles [3]. Though ulcers are also evident in large vessel vasculitis,
the small vessel vasculitis is most associated with cutaneous changes, including nail
fold infarct and leg ulceration. General features such as fever, weight loss, and
anorexia may accompany widespread inflammation, which cause significant mor-
bidity and mortality. Patients with Rheumatoid Arthritis (RA) are predisposed to
developing chronic leg ulcers. Thurtle and Cawley [4] found that 9% of patients
with RA had a leg ulcer at some time, and 0.6-8% of inpatients with RA have an
active leg ulcer, compared to 1% prevalence in the general adult population.

S. K. Ghosh (<)
Department of Vascular Surgery, National Institute of Cardiovascular Diseases and Hospital,
Dhaka, Bangladesh

© The Author(s), under exclusive license to Springer Nature Singapore Pte 249
Ltd. 2023

A. K. Khanna, S. K. Tiwary (eds.), Uncommon Ulcers of the Extremities,
https://doi.org/10.1007/978-981-99-1782-2_21


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-99-1782-2_21&domain=pdf
https://doi.org/10.1007/978-981-99-1782-2_21

250

S. K. Ghosh

Table 21.1 Types of systemic vasculitis

Type of vessel
involved

Primary

Secondary

Large-vessel

Giant-cell arteritis

Aortitis associated with RA

vasculitis Takayasu’s arteritis Infection (tuberculosis,
syphilis)

Medium-sized- Polyarteritis nodosa HBYV associated PAN

vessel vasculitis Kawasaki’s disease

Small-vessel Granulomatosis with polyangiitis Drugs:

vasculitis, ANCA (Wegener’s), c-ANCA associated Propylthiouracil

associated Microscopic polyangiitis, p-ANCA Hydralazine

associated

Eosinophilic granulomatosis with
polyangiitis (Churg-Strauss syndrome),
p-ANCA associated

Small-vessel
vasculitis, immune
complex associated

IgA vasculitis (Henoch-Schonlein
purpura) (IgAV)

RA, SLE, Sjogren’s
syndrome

Cryoglobulinaemic vasculitis
(non-HCV)

Serum sickness

Anti-GBM disease

Cryoglobulinaemic vasculitis
(HCV)

Hypocomplementemic vasculitis

Drug induced: Sulfonamides,
Penicillins, thiazide diuretics

Variable

Behget’s disease

Drugs: Cocaine

Cogan’s syndrome

Adapted from [19, 20]

21.1 Classification

The development of a standard classification of different types of vasculitis was
challenging for clinicians involved in diagnosis and management [5, 6]. First diag-
nostic classification was proposed by Zeek et al. [7] in 1950 based on the size of
vessel. In 1990, American college of Rheumatology published a classification based
on clinical and histopathologic criteria. However, all these classifications could not
overcome the difficulties posed by overlapping clinical features. Later Carlson et al.
[8] proposed a framework for classifying cutaneous vasculitides that included clini-
cal features, histopathologic criteria, laboratory findings, and relationship of differ-
ent etiologies (Table 21.1).

21.2 Etiology and Pathogenesis

The development of the different types of vasculitis is affected by many factors. One
of these is the deposition of circulating immune complexes within vessel walls, a
mechanism implicated in hypersensitivity vasculitis. Potential antigens include
drugs and chemicals as well as infectious agents such as viruses or bacteria.
Interacting with the complement system, the immune complex deposition
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stimulates the production of chemotactic factors, vasoactive amines (histamine),
and proinflammatory cytokines (interleukin 1, tumor necrosis factor), which in turn
induce the expression of adhesion molecules on endothelial cells (intracellular
adhesion molecule-1, vascular cell adhesion molecule-1, P-selectin, and E-selectin).
The hypothesis is that this phenomenon promotes the recruitment of neutrophils,
which subsequently degranulate by binding with the Fc portion of the deposited
antibodies and release reactive oxygen species, collagenase, and elastase, which
trigger fibrinoid necrosis of the vessel walls [9].

21.3 Role of ANCA

Antineutrophil cytoplasmic antibodies (ANCA) also play a role in the development
of vasculitis. ANCA are autoantibodies directed primarily against the cytoplasmic
protein anti- gens proteinase 3 (PR3) and myeloperoxidase. On indirect immuno-
fluorescence, these antigens adopt a fluoroscopic pattern that is either perinuclear
(p-ANCA), cytoplasmic (c-ANCA), or atypical. The atypical pattern (x-ANCA or
a-ANCA) includes features common to both. Although most c-ANCA recognize
PR3 and most p-ANCA recognize myeloperoxidase, a percentage of p-ANCA are
directed against other components of primary cytoplasmic granules, such as elas-
tase and cathepsin, or components of the secondary granules, such as lactoferrin
[10]. These antibodies activate and trigger the degranulation of polymorphonuclear
cells, promoting their adhesion to the endothelial cells and the generation of reactive
oxygen species. However, a positive ANCA test result should be interpreted with
caution because the presence of ANCA is also associated with infectious diseases
(malaria and human immunodeficiency virus [HIV]), gastrointestinal diseases
(inflammatory bowel disease, autoimmune hepatitis, primary biliary cirrhosis), and
connective tissue diseases (lupus erythematosus, rheumatoid arthritis), and they are
occasionally found in healthy individuals [11].

Other factors that may be related to the pathophysiology of systemic vasculitis
are antiendothelial cell antibodies, which are also involved in the development of
other autoimmune connective tissue diseases through direct and indirect action on
the vascular endothelium [12]. Furthermore, a number of authors have described
genetic polymorphisms that are associated, to a greater or lesser degree, with an
increased risk of developing autoimmune diseases. Two examples are the case of the
CD18 gene, associated with microscopic polyangiitis and the Churg-Strauss syn-
drome [13], and human leukocyte antigens A2, Al1, and B35 alleles, associated
with Henoch-Schonlein purpura [14].

21.4 Clinical Features

The different types of vasculitis give rise to a variety of primary lesions. The mor-
phology of these lesions depends on vessel size, the anatomical site affected, and the
stage of development of the lesion.
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The most common primary lesions are purpuric macules or papules (palpable
purpura) secondary to the involvement of the small caliber blood vessels of the skin.
Other lesions that may occur include hemorrhagic blisters, pustules, urticarial or
annular plaques, and nodules of varying depths that can become ulcerated. The
nodules may be associated with livedo reticularis and represent damage to the ves-
sels of the deep dermis and hypodermis. All of these lesions are found more fre-
quently on the lower limbs, probably owing to hemodynamic factors. Cutaneous
involvement in sites other than the lower limbs and the presence of nodular lesions,
livedo reticularis, and ulcers are indications of vasculitis with systemic involve-
ment. Irrespective of the underlying process or trigger, any vasculitis of the skin
may be accompanied by fever, fatigue, or joint pain [15] (Table 21.2).

Circulating immune complexes (antibody/antigen) deposit in the blood vessel
walls, causing inflammation that may be segmental or may involve the entire vessel.

Table 21.2 Common symptoms

Name

Typical vessels
involved

Symptoms

Churg-Strauss
syndrome

Small and
medium vessel

Three stages:
¢ Airway inflammation, asthma, allergic
rhinitis
¢ Hypereosinophilia
e Vasculitis with tissue necrosis

Giant cell arteritis

Temporal and
cranial arteries

Headaches, temporal pain, visual disturbances,
scalp sensitivity, dry cough with respiratory
symptoms, fever, upper extremity weakness,
and sensory changes

Henoch-Schonlein
purpura

Small vessels

Purpura, arthritis, abdominal pain
(usually in children)

Immune complex—
associated vasculitis

Small vessels to
neurons

Peripheral neuropathy

Microscopic Small vessels to Ischemia, hemorrhage, loss of organ function
polyangiitis organs
Polyarteritis nodosa Small and Subcutaneous nodules or projections of lesions;

medium arteries

fever, chills, tachycardia, arthralgia, myositis,
motor, and sensory neuropathies

Primary angiitis of the
CNS

Small and
medium vessels in
the brain and

Brain: Headache, altered mental status, focal
CNS deficits; spinal cord: Lower extremity
weakness, bladder dysfunction

spinal cord
Takayasu’s arteritis Aorta, aorta Inflammatory phase with flu-like symptoms,
branches, pulseless upper extremity, claudication, renal
pulmonary artery disease
arteries
Wegener’s Small and Organ failure (lung and kidneys), variable
granulomatosis medium vessels including skin, depending on the vessels
(granulomatosis with involved
polyangiitis)

Adapted from [21]
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At the site of inflammation, varying degrees of cellular inflammation and resulting
necrosis or scarring occur in one or more layers of the vessel wall, and inflammation
in the media of the muscular artery tends to destroy the internal elastic lamina [16].
Leukocytoclastic vasculitis describe findings in small-vessel vasculitis, refers to the
breakdown of inflammatory cells that leaves small nuclear fragments in and around
the vessels. Vasculitic inflammation tends to be transmural, rarely necrotizing, and
non-granulomatous. Resolution of the inflammation tends to result in fibrosis and
intimal hypertrophy, which in combination with secondary clot formation can nar-
row the arterial lumen and account for the ischemia or necrosis of the tissue sup-
plied by the affected vessels [17].

21.4.1 Vasculitis Ulcer

Clinical presentation of cutaneous vasculitis, which varies depending on the arterial
involvement, includes palpable purpura, livedo reticularis, pain, skin lesions with or
without nodules, and tissue necrosis. It may present as one large necrotic lesion or
several small lesions, but all are full thickness after debridement. Systemic symp-
toms may also be present and usually relate to kidney, lung, or gastrointestinal tract
involvement. On some occasions, signs of vasculitis in other organs (e.g., symptoms
of a CVA or lung disease) may appear at the same time that skin lesions appear.
Characteristically, vasculitic ulcers are deep, with a punched out appearance, often
with a reddish or bluish tinge around the edge. They are often extremely painful,
and may deteriorate rapidly (Fig. 21.1). There may also be an accompanying

Fig.21.1 Vasculitic ulcer
and gangrene
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palpable purpuric rash. One very distinctive characteristic for differential diagnosis
from chronic venous wounds is the exquisite pain that occurs with vasculitis, mak-
ing the initial local treatment very tedious.

21.4.2 Giant Cell Arteritis (GCA)

It is the commonest vasculitis affecting the elderly. Headache is the most common
symptom occurring in >60% of patients, typically felt over the temporal areas.
Temporal arteries may be tender non-pulsatile and thickened (Fig. 21.2). In 30%
cases jaw claudication, pain in tongue or jaw may be present. Acute visual loss
occurs in as many as 20% of patients due to anterior ischemic optic neuropathy and
central retinal artery occlusion. Constitutional features, including fever, fatigue,
anorexia, weight loss, and depression are present in majority of cases. In severe
cases, segmental scalp necrosis or tongue infarction may be present. Extracranial
arteries involved in GCA are axillary artery, subclavian artery, and aorta.

Fig.21.2 Giant cell
arteries (temporal artery)
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21.4.3 Takayasu Arteritis (TA)

It is a granulomatous necrotizing vasculitis affecting large vessels. In acute inflam-
matory phase there is adventitial thickening, cellular infiltration of the tunica media,
with local destruction of the vascular smooth muscle. The intima becomes fibrosed,
which leads to vessel stenosis [18]. TA is characterized by stenosis, occlusion and
sometimes aneurysm formation of large arteries. Most common findings at presen-
tation are absence or asymmetry of peripheral pulses, non-recordable blood pres-
sure, claudication of arm or legs, transient visual disturbance scotoma, blurring or
diplopia. In limbs, it frequently develops ischemia of limbs, occasionally of all four
(Figs. 21.3 and 21.4).

21.4.4 Polyarteritis Nodosa (PAN)

It is a rare medium vessel vasculitis that is often associated with Hepatitis B Virus
(HBV-PAN) infection. It is not associated with ANCA. Typically, the patient experi-
ences constitutional features of fever, malaise, weight loss, and diffuse aching,
along with manifestations of multisystem involvement such as peripheral neuropa-
thy and an asymmetric polyarthritis. Cutaneous lesions include infarctions, ulcer-
ations, livedo reticularis, subcutaneous nodules, and ischemic changes of the distal
digits (Fig. 21.5).

Fig.21.3 Takayasu arteritis
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Fig.21.4 Ischemia of all limbs of Takayasu arteritis

21.4.5 Kawasaki Disease (KD)

The Chapel Hill consensus conference defined Kawasaki disease as Arteritis associ-
ated with the mucocutaneous lymph node syndrome and predominantly affecting
medium and small arteries. Coronary arteries are often involved. Aorta and large
arteries may be involved. Usually occurs in infants and young children [18].

21.4.6 Granulomatosis with Polyangiitis-GPA (Wegener’s)
Necrotizing granulomatous inflammation usually involving the upper and lower

respiratory tract, and necrotizing vasculitis affecting predominantly small and
medium vessels, e.g., capillaries, venules, arterioles, arteries, and veins (Fig. 21.6).
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Fig. 21.6 Digital gangrene of Granulomatosis with polyangiitis

It is associated with ANCA, specifically PR3 [18]. Common pulmonary symptoms
include cough, hemoptysis, and dyspnea. 40% patients may have skin involvement
such as palpable purpura, digital gangrene (Fig. 21.7). Typical ENT symptoms
include epistaxis, nasal crusting, sinusitis, and nasal collapse. Small bowel ischemia
is a rare gastrointestinal manifestation.
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Fig.21.7 Digital gangrene of Granulomatosis with polyangiitis

21.4.7 Microscopic Polyangiitis (MIPA)

It is an ANCA associated necrotizing vasculitis, with few or no immune deposits,
predominantly affecting small vessels (i.e., capillaries, venules, or arterioles).
Necrotizing arteritis involving small- and medium-sized arteries may be present
[18]. Necrotizing glomerulonephritis is very common. Pulmonary capillaritis often
occurs leading to life threatening massive pulmonary hemorrhage. Granulomatous
inflammation is absent. Skin involvement is frequent, typically a purpuric rash.
Nailbed infarcts, splinter hemorrhages, livedo, infarction, or ulceration can occur.
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21.4.8 Eosinophilic Granulomatosis with Polyangiitis-EGPA
(Churg-Strauss Syndrome)

Eosinophil-rich and necrotizing granulomatous inflammation often involving the
respiratory tract, and necrotizing vasculitis predominantly affecting small to
medium vessels and associated with asthma and eosinophilia. ANCA is more fre-
quent when glomerulonephritis is present [18]. Asthma, usually late-onset (mean
age 50 years), is a cardinal feature of the disease and seen in the majority of cases
(>95%). Skin involvement is seen in 40-70% of patients and is one of the most
common features of the vasculitic phase of EGPA. Palpable purpura (50%) com-
monly occurs on the lower extremities. Cutaneous or subcutaneous nodules (30%)
are the most distinctive skin lesions of EGPA (Fig. 21.8). These red or violaceous
lesions occur primarily on the scalp and the limbs or hands and feet and are often
bilateral and symmetrical.

21.4.9 IgA Vasculitis (Henoch-Schonlein Purpura) (IgAV)

Vasculitis, with IgA1-dominant immune deposits, affecting small vessels (predomi-
nantly capillaries, venules, or arterioles) [18]. IgA vasculitis is a predominantly
childhood vasculitic syndrome. It can occur from 6 months of age onward. The
classical features of IgA vasculitis are a triad of rash, gastrointestinal upset, and
joint pain. The classical rash of IgA vasculitis is usually the first sign of the disease.
Itis an erythematous papular rash which develops into a palpable purpura (Fig. 21.9).
The usual distribution is on the dependent and pressure-bearing areas of the lower
limbs and buttocks. The rash is usually symmetrical and does not blanch with pres-
sure. Skin necrosis may be seen in areas of severe cutaneous hemorrhage, and is
more common in adults.

Fig. 21.8 Eosinophilic
granulomatosis with
polyangiitis-EGPA
(Churg-Strauss syndrome)
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Fig.21.10 Oral aphthous
ulceration in Behget’s
disease

21.4.10 Behcet’s Disease (BD)

It is a multisystem disease; generally recognized to be a triad of anterior uveitis usu-
ally resulting in a hypopyon, oral aphthous ulceration (Fig. 21.10), and genital
ulceration. Recurrent oral ulceration is usually the first symptom. Genital ulceration
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in males is usually scrotal, on the shaft of penis or on the glans penis. In females, the
labia majora and minora can be ulcerated. The ulcers have a punched-out appear-
ance. They can be larger, more painful, and deeper than the oral ulcers. Genital
ulcers are resistant to treatment, more likely to get infected, and usually heal with
scarring. Behget’s disease can involve any part of the vascular tree—aortitis, pulmo-
nary arterial involvement, medium-sized vessel involvement, leukocytoclastic vas-
culitis, portal vein thrombosis, deep venous thrombosis, dural sinus thrombosis are
all a feature of Behget’s disease.

21.5 Laboratory Investigations (Table 21.3)

Complete blood count: Leukocytosis, neutrophilia, high platelet count.

. Renal function: Abnormal serum creatinine in small vessel vasculitis.
Compromised renal function in medium and large vessel disease due to renal
arterial or suprarenal aorta involvement. Urinary protein estimation and urine
protein/ creatinine ratio may be used to assess prognosis.

3. Liver function: Liver transaminases and alkaline phosphatase may be abnormal.
Hepatitis due to HBV and HCV are associated with polyarteritis nodosa and
cryoglobulinemic vasculitis.

4. Inflammatory markers: ESR and CRP elevated.

5. Immunology tests: (a) Antineutrophil cytoplasmic antibody test, (b) Rheumatoid
factor, (c) Complement (C3 and C4) consumption, (d) Immunoglobulin subclass
1gG4 level.

6. Histopathology (Table 21.4).

7. Imaging: X-ray, Duplex scanning, CT Angiogram, MR Angiogram, conven-

tional Angiogram, Digital Substraction Angiogram, PET-CT scan.

DN =

Table 21.3 Laboratory tests for vasculitis

May increase \ May decrease
Blood tests

Erythrocyte sedimentation rate Hemoglobin
C-reactive protein Serum
Platelets proteins
White cell count

Specific immunological test
Rheumatoid factor (RF) is positive in 60-80% of patients with rheumatoid arthritis. May be
positive in other autoimmune conditions, e.g., Sjogren’s syndrome

Antinuclear antibody (ANA) suggests the presence of an underlying connective tissue disorder

Complement. Low serum complement may be present in certain vasculitic conditions
A positive test for antineutrophil cytoplasmic antibodies (ANCA) may indicate systemic
vasculitis, e.g., polyarteritis, Wegener’s granulomatosis, etc.

Adapted from [22]
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Table 21.4 Histologic criteria for diagnosis

Histologic definition

Inflammatory process affecting the vessel wall. Two criteria must be met:
1. Inflammatory infiltrate in the vessel wall

2. Damage in the form of fibrin deposition and/or endothelial necrosis

Histopathologic criteria for vasculitis
Major

Neutrophils and karyorrhexis (nuclear dust)
Necrosis and fibrin deposition

Minor

Endothelial cell swelling Epidermal vesicles
Hemorrhage Histiocytes
Thrombosis Eosinophils
Necrosis Aneurysms
Calcinosis

Adapted from [23]

21.6 Principles of Treatment

Treatment of any vasculitis depends on the etiology, extent, and severity of the dis-
ease. Treatment may be divided into remission induction, maintenance, and long-
term follow-up [19].

21.6.1 Remission Induction

Large Vessel Disease Large vessel vasculitis (TAK and GCA) can be treated with
oral Prednisolone. In critical cases intravenous Methyl Prednisolone can be used.
Low dose Aspirin can be used in GCA.

Medium Vessel Disease PAN with HBV is treated with antivirals and plasma
exchange. Non-HBV-associated PAN requires immunosuppression with
Glucocorticoids and Cyclophosphamide. KD is treated with Immunoglobulin along
with Glucocorticoids.

Small Vessel Vasculitis ANCA associated vasculitides 1is treated with
Cyclophosphamide or Rituximab.

21.6.2 Maintenance Therapy
Mostly required for AAV. Maintenance therapy is usually started at 3 month of treat-

ment and continued for 6-12 months with Cyclophosphamide. Then it is substituted
with Methotrexate or Azathioprine [19].
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21.6.3 Long-Term Follow-Up

As there is a high risk of relapse even after many years of successful remission
induction, regular long-term follow-up should be carried out.

21.7 Treatment of Secondary Vasculitis

For secondary vasculitic disorders, treating the underlying comorbidity (e.g., infec-
tion, drug use, cancer, or autoimmune disorder) is crucial. Remission of life- or
organ-threatening disorders is induced by using cytotoxic immunosuppressants
(e.g., cyclophosphamide) and high-dose corticosteroids, usually for 3—6 months,
until remission occurs or until the disease activity is acceptably reduced. Adjusted
treatment to maintain remission takes longer, usually 1-2 years. During this period,
the goal is to eliminate corticosteroids, reduce the dosage, or use less potent immune
suppressants if needed. After tapering or eliminating corticosteroids, methotrexate
or azathioprine can be substituted to maintain remission.

21.8 Management of Ulcer

Initial treatment of wounds caused by vasculitis is extremely difficult because of the
pain. The principles of standard wound care (debride necrotic tissue, treat inflam-
mation and infection, apply moist wound dressings, nurture the edges) are recom-
mended. Topical lidocaine helps reduce pain during treatments, non-contact
low-frequency ultrasound helps mobilize cellular activity and interstitial fluids, and
compression therapy helps manage the edema that occurs in the lower extremities
because of the inflammation and decreased mobility. Non-adherent dressings that
promote autolysis of the necrotic tissue (e.g., X-Cell, Medline, Mundelein, IL) are
excellent initially, especially in reducing pain levels with dressing changes. Silicone-
backed foam dressings are helpful in absorbing exudate as well as in reducing pain.
If the patient is on steroids, local vitamin A can be used to negate the effects of
steroids. As the acute inflammation recedes, pain levels decrease, and wound heal-
ing progresses to proliferation, treatment can be more aggressive with the goals of
full re-epithelialization and return to prior level of function.
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Marjolin’s Ulcer 2 2

Madhuri Gore

22.1 Introduction

Malignant ulcer developing most often in burn scar is a rare lesion. The term
Marjolin’s ulcer was coined by Da Costa [1] but such lesions were also observed
and described by Dypuytren and much before that by Celsus in the first century AD
[2, 3]. The debate about which histological type of malignancy occurring in scar be
called Marjolin’s ulcer is still ongoing. The description of classical Marjolin’s ulcer
appears appropriate for squamous cell carcinoma. As proposed by some, other vari-
ants of malignancies occurring in scar should be included in the group called scar
tissue carcinomas and not Marjolin’s ulcer [2]. Still other group of workers is of the
opinion that the term Marjolin’s ulcer should be an all-encompassing term applied
to all histological types of malignancies that occur in scar tissue and chronic wounds.
Therefore, no consensus has been reached yet and the debate is still on. The changes
responsible for the development of malignancy are not clear, awareness about its
occurrence and hence timely diagnosis is rare and studies including large number of
cases are not available. All these factors make Marjolin’s ulcer (MU) an enigma
though it has been described almost 200 years ago.

22.2 Predisposing Factors

Marjolin’s ulcer is a rare condition that occurs due to malignant degeneration in a
long-standing scar tissue or chronic wound. The most common scar in which this
change develops is burn scar (Fig. 22.1). Longer the time taken for healing of the
burn wound, more is the possibility of development of malignancy in the scar.
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Fig.22.1 Showing
ulcerative lesion involving
burn scar on lateral aspect
of right knee. (Photograph
curtesy Dr. Ajay Khanna)

Fig.22.2 Showing
ulcerative MU developing
in chronic non-healing
ulcer due to chronic
osteomyelitis of right
lower extremity.
(Photograph curtesy Dr.
Ajay Khanna)

Hence it is appropriate that while treating wounds that don’t heal in 3 weeks (which
usually happens with deep partial thickness and full thickness burn wounds) wound
closure should be achieved by resorting to either split thickness skin graft or flap as
indicated [4]. The incidence of development of Marjolin’s ulcer in burn scar can be
0.77-2% [5].

Any type of trauma resulting in unstable scar with recurrent breakdown is also
likely to develop malignant transformation especially if it is on the flexor aspect of
joints and under tension. Chronic non-healing ulcers such as venous ulcer [6] and other
chronic ulcers such as decubitus ulcer, ulcer due to chronic osteomyelitis (Fig. 22.2)
have been reported to have 1.7% incidence [7] of undergoing malignant change. Scars
including donor site scars, vaccination scar, scars following Lupus lesions, amputation
stump scar, scar due to radiotherapy (Table 22.1) are other probable locations where
Marjolin’s ulcer may originate [8]. In general scars of wounds left to heal by secondary
intention and are unstable are likely to undergo malignant transformation.



22 Marjolin’s Ulcer 267

Table 22.1 Predispos-
ing factors

. Burn scar

. Chronic wounds

. Unstable scars with recurrent ulceration
. Chronic osteomyelitis
. Flexor aspect scars

. Pressure sore

~N| NN R W N~

. Venous ulcer

8. Vaccination scar

9. Lupus lesion scars

10. Donor site scar

11. Postradiation scar

The most common locations of Marjolin’s ulcer are lower extremities, heel, plan-
tar aspect of foot. But it has also been reported to occur over upper extremities,
scalp, face, buttocks, trunk and rarely on breasts [9].

This pathological condition can affect individuals of any gender, age or race.
Men have been reported to be three times more prone than women though some
believe that this observation is because a greater number of males receive burn
injury [3]. It has been detected in young children (11 years), but the average age of
majority of the patients is 59 years. Younger the age at the time of initial injury,
longer is the latency period. The average latency period is 30-35 years in chronic
variety [8]. Occurrence of initial trauma at advanced age leads to development of
malignancy in the scar after shorter latency period. A study from Tanzania reported
shorter latency period of about 10 years between initial burn injury and develop-
ment of malignant change in scar [9]. An acute variety of M.U. in which the change
occurs within 1 year of initial injury has been observed but is rare [5, 8].

22.3 Classification

The lesion can be classified based on the time lapse between initial trauma and
detection of malignant change, morphological appearance and histopathology of the
lesion and the extent of the spread as given in Table 22.2.

Commonly the duration between initial trauma and development of malignancy
is 32 years with the range of latency period reported as 11-75 years and this type is
categorized as “Chronic”. Rarely the change occurs as early as within 1 year of
initial trauma and is then termed as “Acute” [8].

Though the lesion carries the name Marjolin’s ULCER, it may not always appear
as an ulcer. Morphologically the lesion may be a papillary, exophytic growth which
is usually well differentiated. This type is rare and has lesser malignant potential.
The commonest variety has an indurated, ulcerative or flat appearance, is poorly
differentiated and it infiltrates deeper tissue. This type spreads to lymph nodes rap-
idly and being aggressive recurrence is common. This variety carries poor progno-
sis [10].
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Table22.2 Classification 1. Duration of latency period
A. Acute
B. Chronic
2. Morphological appearance
A. Exophytic, proliferative

B. Flat, ulcerative, infiltrating
3. Histological types

A. Squamous cell carcinoma

B. Basal cell carcinoma

C. Malignant melanoma

D. Sarcoma—Liposarcoma, osteogenic sarcoma
4. Extent

Tumour (T): Size, local spread affecting adjacent tissues,
structures

Lymph nodal involvement (N)—Mobile, fixed,
perinodal tissue involvement
Distant metastasis (M)

Though conventionally the term Marjolin’s ulcer refers to Squamous Cell
Carcinoma (SCC) occurring in a scar or chronic wound, other histological types of
carcinomas and rarely sarcoma may also occur in scar tissue. These could be Basal
Cell Carcinoma (BCC), Malignant Melanoma (MM) and sarcoma such as—
Liposarcoma [10], Fibrosarcoma [9]. Some workers in this field suggest that only
SCC occurring in a scar be called Marjolin’s ulcer and all other histological types
should be included under the term Scar Carcinoma [2]. The debate is still on.

Based on the tumour size, extent of local spread, involvement of lymph nodes
and presence or absence of distant metastasis, Marjolin’s ulcer can also be classified
using standard Tumour Nodes metastasis (TNM) classification [8]. No specific clas-
sification has been recommended as yet.

224 Etiopathology

The chronicity of wound healing process as seen in wounds allowed to heal by sec-
ondary intention, recurrent ulceration in unstable scar and chronic non-healing
wounds—has been associated with increased possibility of the development of
malignant change in the scar or persistent wound. Though the process that leads to
malignancy is not yet clear, following processes in these scars or wounds are the
most likely responsible factors.

1. Chronic inflammation and repeated attempt at healing: Unstable scars and
chronic non-healing wounds have persistence of inflammatory process with
abnormality of its mediators including matrix metalloproteinases and compo-
nents of scar such as collagen. Recurrent breakdown of scar generates stimulus
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for cellular multiplication to achieve wound healing along with release of
multiple cytokines and growth factors. Ongoing attempt at healing may give rise
to multiple cell mutation and malignant change [10].

2. Toxins and co-carcinogens: Presence of toxins in necrotic tissue in non-healing
chronic wounds, infection and effect of co-carcinogens such as repeated physi-
cal and chemical injury in unstable scars may lead to malignant change and
proliferation of latent malignant cells [5, 11].

3. Immune isolation: In the presence of normal immune response, when cell muta-
tion occurs it is recognized by immune system as non-self and immune response
is mounted accordingly leading to destruction of mutated cell. But scar tissue
has significant fibrosis with destruction of lymphatics and blood vessels. Hence
normal immune response is affected in the scar tissue leading to immune isola-
tion of the area. This allows the malignant change to escape recognition by
immune system and the multiplication of abnormal cell continues unopposed
leading to the development of malignancy [11].

Aberration of immune response which is present in autoimmune conditions
such as Lupus probably explains the development of malignancy in scars of
Lupus ulcers.

4. Immune escape in Scar tissue: The scar resulting after a full thickness skin loss
has decreased population of Langerhans cells that are responsible for detecting
immune aberration [12]. Exposure of scar to Ultraviolet radiation causes further
decrease in the number of Langerhans cells. This hampers the ability of scar tis-
sue to detect immunological aberration. It is also proposed that Ultraviolet radia-
tion also leads to changes in the p53 gene leading to loss of its inhibitory role on
tumour growth [11].

5. Genetic changes: In patients with Marjolin’s ulcer, researchers have reported the
presence of HLA DR4 which is known to be associated with malignancy.
Aberration in the p53 gene due to a homozygous deletion has been detected in
patients who develop this malignancy [13]. This along with mutation in FAS in
the region of apoptosis appears to predispose malignant degeneration in the scar
[11-13]. Further support to this theory of genetic predisposition is provided by
identification of changes in transcription that lead to differential expression of
genes in squamous cells in both SCC and Marjolin’s ulcer [13].

6. It has been proposed that at the time of initial trauma, epithelial element get
implanted in the dermis. These epithelial cells undergo disorganized regenera-
tion and multiplication in the unusual environment of dermis giving rise to
malignant change [14].

Several researchers such as Virchow, Friedwald and Rouse, Saffioti and
Shubik, Ribet, Treves and Pack, Castillo and Goldsmith and others have all con-
tributed to above explanations for the malignant change leading to Marjolin’s
ulcer [14]. It appears that a combination of changes in genetic configuration,
microenvironment of the wound, immunological aberration and external factors
leads to development of Marjolin’s ulcer.
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In sub-Saharan Africa this malignancy has been reported to occur at younger
age and with short latency period [15]. The reason for this observation could be
a combination of increased susceptibility due to genetic differences, environ-
mental factors and suboptimal initial medical care.

22,5 Histopathology

Squamous cell carcinoma (SCC) is the most common histological type (97.6%)
[15]. Morphologically ulcerative variety with infiltration of deeper tissues is more
common [9, 14, 16] compared to proliferative, exophytic (Fig. 22.3) and it carries
poorer prognosis. Besides SCC, basal cell carcinoma, malignant melanoma, sar-
coma and tumours arising from other rare cell types (adenocarcinoma) in variable
order have been reported in different studies 3, 9, 15, 17, 18]. Dermatofibrosarcoma
protuberans appearing as a nodule has been reported by Fei Xiang [18].
Basosquamous—a combination of basal and squamous cell carcinoma as well as a
mix of melanoma and squamous cell carcinoma (which may be named melanosqua-
mous) have been described [14]. The confirmation of diagnosis should be obtained
by performing multiple punch biopsies from periphery and centre of the lesion [8].

The commonest variety of squamous cell carcinoma seen in Marjolin’s ulcer is
spinocellular type histologically [8]. Minimal keratinization and evidence of chronic
inflammation is the peculiarity of Marjolin’s as it occurs in scar or chronic non-
healing wound. Other features such as keratin pearl formation and pleomorphic
appearance of pseudoglandular pattern are seen on histology. Perineural infiltration
(23.08%) and lymphatic and vascular permeation (30.77%) are common [19]
explaining the high incidence of nodal involvement and local recurrence. A feature
that may cause confusion is the presence of pseudoepitheliomatous hyperplasia
which often seen in chronic ulcers too [14]. But malignant changes such as de-
differentiation, invasion of basement membrane may occur in such areas of

Fig.22.3 Showing
exophytic, proliferative
growth involving burn scar
on left gluteal region.
(Photograph curtesy Dr.
Ajay Khanna)
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hyperplasia as well. Hence to avoid mis-diagnosis, multiple biopsies from various
areas need to be taken from the lesion [14]. Squamous cell carcinoma of verrucous
variety is also noted in some lesions [8]. Poorly differentiated growths show
decreased inflammatory response.

The lesions show variable degree of cellular differentiation and can be graded
depending on extent of differentiation [8]. With large number of poorly differenti-
ated cells, tumours with pathological grade III are more aggressive, spread faster,
and have poor prognosis. The gradation may direct the treatment plan as dis-
cussed later.

Grade I: More than 75% of the cells are differentiated.
Grade II: 25-75% of the cells are differentiated.
Grade III: Less than 25% of the cells are differentiated.

In the event of full thickness skin loss at the initial injury, the scar tissue is not
likely to have basal cells and melanocytes. Hence basal cell carcinoma (BCC) and
malignant melanoma (MM) are less likely to develop in the scar tissue [3]. Presence
of these varieties may be explained on the basis of the theory of implantation of
epithelial elements into deeper tissues at the time of initial injury [14]. BCC and
MM may develop if the initial injury is superficial and the skin appendages are
spared [20] or if MU develops in an area which had been skin grafted previously
[18]. BCC has also been observed to be more common in acute variety of Marjolin’s
ulcer [11]. In one study the histological variety of the lesion was found to be differ-
ent at different locations on the body, e.g., over head, neck, and lower limbs SCC
was more common, face lesion was often BCC and dermatofibrosarcoma protuber-
ans was predominant on trunk [18].

22.6 Presentation

Marjolin’s ulcer is very likely to go unsuspected and undiagnosed for prolonged
period as it is viewed as a chronic non-healing ulcer. The history and clinical find-
ings that would suggest the malignant change in the scar or chronic wound need to
be sought vigilantly. These are as follows.

Location of ulcer: Maximum number of Marjolin’s ulcers are located in scars or
non-healing wounds on lower extremities (42.1%), followed by head, face (34.5%);
upper extremities; trunk in the order of frequency [14, 18].

Initial injury: The possibility of development of Marjolin’s ulcer in a scar follow-
ing full thickness ungrafted flame burn is maximum (76.5%). This risk has been
reported to be about 8.1% in chronic non-healing wounds due to non-burn injury,
6.3% in ulcers due to chronic venous insufficiency and 2.6% in chronic osteomyeli-
tis [11]. The decubitus ulcer carries the least risk which is less than 0.5%. Hence the
history of causative factor of the initial trauma needs to be sought along with the
information about time taken and method used for the wound to heal.
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Change in scar: Development of burning sensation and itching in an old, previ-
ously asymptomatic scar, appearance of vesicle or blister over the scar with intact
surface [2] should raise a doubt. These symptoms may be neglected by the patient
and hence not reported. But these may appear in pre-ulceration period and should
be asked about specifically.

Repeated breakdown of a scar particularly on flexor aspect, any change in thick,
firm hypopigmented scar [14] including itching, post-burn scar and scar over junc-
tional area of mobile and immobile part of body [14], development of nodule or
induration in the scar [8]—all these changes should be checked for in the scar. It
should also be noted that ulceration occurring in a chronic scar for the first time has
high possibility of being malignant [2].

Change in ulcer: The following changes occurring in the ulcer are highly sugges-
tive of development of malignancy—failure of ulcer to heal within 3 months [8],
increase in the size of the ulcer after initial response to treatment, flat ulcer with
indurated, elevated margin [9], appearance of excessive hyper granulating tissue
[8], involvement of adjacent normal skin due to expansion of the ulcer [12], partial
healing of ulcer with persistence of remaining part of ulcerated lesion, necrotic tis-
sue on floor of ulcer with blood clot [14], change in the appearance of wound to an
exophytic, proliferative ulcer, unsatisfactory response of the ulcer despite appropri-
ate, optimal care [14].

Pain: Increasing pain or appearance of recent onset pain at the ulcer site has been
a symptom consistently reported and observed in multiple studies [8, 9, 12].

Exudate from ulcer: Increase in exudate from the ulcer, purulent, foul smelling
discharge, bleeding from ulcer on contact, formation of excessive crust over the
ulcer [8, 12]—these findings should raise strong suspicion of malignant change.

Regional lymphadenopathy: This may be due to chronic inflammation associated
with non-healing ulcer. But it should not be neglected and multiple biopsies from
ulcer edge and centre should be obtained and studied.

In order to avoid delay in detection and appropriate treatment of malignant trans-
formation of scar or chronic wound, it is essential to have high level of suspicion.
Besides detailed history, clinical examination must be performed to check for ulcer-
ation, induration and nodule formation [12]. The clinical diagnosis may often be
misleading as the ulcer commonly appears benign [14]. Hence multiple biopsies
from the lesion are necessary for early diagnosis [9]. The features on histopatho-
logical examination also may be confounding because of difficulty in differentiating
between changes due to chronic ulceration and inflammation and malignancy. The
outcome of delay in diagnosis could be need for limb amputation, occurrence of
metastasis and poor prognosis.
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22.7 Investigations
22.7.1 For Confirmation of Diagnosis

Biopsy: It is mandatory to obtain histological confirmation when diagnosis of
Marjolin’s ulcer is suspected. The change usually begins at the margin and hence
biopsies should be taken from the most suspicious peripheral areas and from the
centre of the ulcer too.

It is important to include deeper tissue from subcutaneous region in the biopsy to
get information about invasion and to avoid missing the diagnosis [13].

The pathology could be multifocal and so may be missed even by multiple biop-
sies. Hence it has been suggested that whenever feasible complete ulcer should be
excised and subjected to histological examination. This would decrease the possi-
bility of false negative report [14].

22.7.2 For Assessment of Extent of Spread

At the time of diagnosis 20-36% of patients have metastasis [21]. The metastases
are commonly seen in distant lymph nodes, brain, kidneys, lung and liver [8]. To
plan appropriate treatment, it is important to investigate for extent of primary and
presence and location of metastasis initially. Various imaging techniques are useful
for this purpose.

Radiographs: Invasion of underlying bone has been reported in 32.9% of the
lesions [18]. This incidence was observed to be maximum in lesions on head and
neck. On X-ray, the bony involvement may be evident as periosteal reaction
(Fig. 22.4) which is often seen as bone lamellation and bone destruction [8]. Smith
et al. observed significantly large sized soft tissue masses on X-ray along with mul-
tiple types of non-specific periosteal reactions, the commonest being lamellation

Fig.22.4 Showing
radiograph of lower limb
with MU associated with
chronic osteomyelitis with
periosteal reaction and
bone dysplasia.
(Photograph curtesy Dr.
Ajay Khanna)
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[22]. Solid periosteal reaction seen with venous insufficiency and changes associ-
ated with chronic osteomyelitis were rarely seen in this study. But all these changes
were observed to be non-specific and did not help in reaching the diagnosis.

Radiograph of chest is routinely performed.

Bone scan: This is useful in demonstrating bone erosion in cases with chronic
osteomyelitis [8]. But in today’s era of MRI and PET scan it is rarely performed
or needed.

Ultrasonography: It is useful for the evaluation of regional lymph nodes (palpa-
ble or non-palpable) and for initial evaluation of intraabdominal structures.

Computed tomography: Computed tomography (CT) helps to assess bony
involvement more thoroughly and with greater sensitivity than plain radiograph [8,
14]. It also provides information about involvement of deeper tissues. CT scan of
brain is an integral part of metastatic work up.

Magnetic resonance imaging (MRI): MRI provides information about extent of
bone as well as soft tissue involvement better than CT [14]. The details about depth,
margins, extent of tumour, involvement of bone marrow along with condition of
nearby neurovascular structures can be obtained from MRI [13]. This is useful in
deciding the most appropriate surgical option. Performing optimal biopsies may be
difficult in suspected Marjolin’s in a large sacral sore. In such a situation MRI pro-
vides information about extent and level of soft tissue involvement. It also enables
to judge the severity of inflammation [11].

Surprisingly, Smith et al. commented that they found CT and MRI studies infor-
mative but these were not essential for treatment of the patient [21].

Positron emission tomography CT (PET CT): This imaging technique allows
differentiation between benign chronic inflammatory changes and changes associ-
ated with malignancy, i.e., Marjolin’s ulcer. It provides information about the depth
of invasion of deeper tissues which compares and correlates well with that judged
surgically and histologically [13]. This quality is of great advantage in deciding the
extent and depth of excision while performing surgery.

PET CT can be replaced by PET-MRI as has been done in other malignant
lesions, the advantage being lesser dose of radiation. But PET-MRI is not yet
routinely used for diagnosis of Marjolin’s ulcer [13].

Sentinel lymph node biopsy (SLNB): With high incidence of lymph nodal metas-
tasis at diagnosis, the role of SLNB appears important for detection of latent spread
in regional lymph nodes [11]. SLNB has been reported to be successful in detecting
occult metastasis in 83% of the patients [23] leading to lymphadenectomy and so
more complete surgical resection.

22.8 Treatment

MU is a rare pathology and so there is no single centre that has accrued experience
of treating large number of patients. The largest series the author has come across
includes 187 patients [16]. This is probably the reason for the absence of a



22 Marjolin’s Ulcer 275

recommended uniform treatment protocol as yet [13]. Surgery remains the main
treatment modality with some common and some differing approaches. The role of
radiotherapy and chemotherapy is still under evaluation and is rather unclear.

1. Surgery
(a) Wide local excision—Complete excision of the Marjolin’s ulcer along with
surrounding wide zone of tumour free tissue is the most essential component

of surgical procedure and there are no diverse opinions about it [3, 8, 10, 11,

14, 21]. The excision should address all three dimensions of the ulcer and

periphery as well as depth need to be considered while planning the extent

of resection. With the presence of invasion of deeper tissue, excision includ-
ing only deep fascia [11] may not be adequate and then it needs to be
extended to include muscle as well as bone too if invasion is either suspected

[18] or confirmed on investigation. The discrepancy in different studies is

mainly regarding the extent of margin around the tumour and views about

excision of complete scar which contains the MU.

e Margin—Different studies have recommended different extents of surgi-
cal margin from 2 cm [11], 2-4 cm [14], 2-5 cm [12], 3-5 cm [10]. No
controlled clinical trial has been reported yet so as to reach a consensus.
MU in decubitus ulcer is more aggressive and a tumour free margin of up
to 5 cm has been advocated [11] while 2.5 cm margin of healthy tissue
has been suggested for recurrent MU [14]. All the margins of excised
specimen including those in depth must be examined histologically and
further excision or if necessary amputation proximal to the lesion should
be performed if any margin is found positive for malignant cells. The use
of electrocautery has been advocated during skin incision as well as
three-dimensional excision so as to control entry of malignant cells in the
lymphatics and blood vessels that open up if knife is used [8].

* Resection of scar—This is another topic of controversy. Detection of
multiple foci of malignant degeneration in the same scar suggests that it
would be logical to excise the complete scar along with MU with the
hope of controlling development of recurrence or second primary lesion
[14]. But in the opinion of Aydogdu et al. the uninvolved scar tissue with
fewer or absent lymphatics and blood vessels provides protection from
spread of malignant cells. This should not be disturbed by complete exci-
sion of the scar tissue as it may promote lymph nodal and distant metas-
tasis [24]. It is suggested that this approach may be considered while
treating MU detected early in its course.

* Mohs’s micrographic surgery—To overcome the uncertainty about
having clear margin [3] and for avoiding unnecessary loss of healthy tis-
sue due to excision, Moh’s micrographic surgical principles can be
applied particularly when the lesion is on cosmetically and functionally
important areas such as face. This procedure demands significant time,
training of surgeon and expensive equipment. The excised tissue is sub-
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jected to histological examination immediately and the result of exami-
nation guides the need for further excision. With reported 90% cure rate
at 5 years following this surgery, it is now considered the gold standard
[8] and is recommended over wide excision which has 76% survival at
5 years. With the drawbacks such as expenses, time required and lack of
trained surgeons, this procedure is being performed in select cases at spe-
cialized centres at present.

(b) Wound closure—After wide excision of the lesion the defect created needs
to be closed by an appropriately chosen method. On a very rare occasion
primary wound closure with approximation of wound edges may be possible
if the lesion is very small in size. But most of the times the defect created
demands one of the following options available for closure. The views about
the choice of the method vary.
 Split thickness skin graft/Full thickness skin graft—The method most

commonly used for wound closure after wide excision of MU is split
thickness skin grafting (STSG). It is an easy procedure and allows satis-
factory observation of the site for the detection of local recurrence during
follow-up [12]. But split thickness skin graft itself is prone for contrac-
tion and for development of contracture if applied over a joint. To avoid
this situation, the use of full thickness skin graft has been advocated over
joints [3]. Split thickness or full thickness skin graft may be applied as a
temporary, initial method of wound closure to aid observation of the area
of resection. A disadvantage of split thickness skin graft is that it may
undergo necrosis if the area needs to be subjected to radiotherapy in
future for control of local recurrence.

* Replacement of STSG with flap closure—Most of the local recurrences
have been observed to develop within 1 year of surgical excision [18]. As
mentioned above STSG allows for easy surveillance for local recurrence.
Hence it appears logical to perform initial closure of defect with STSG
and observe for at least 1 year [12, 14]. In the absence of recurrence, the
STSG should then be replaced by a fasciocutaneous or myocutaneous
flap for definitive closure. This approach would probably be most appro-
priate for large size lesions with high histological grade of tumour.

e Immediate flap closure—Several reports now suggest that primary use
of appropriate flap to close the defect at the time of wide excision has
certain advantages. Flap closure becomes essential when the wound bed
created by excision is not suitable for application of a skin graft [14].
Flap closure overcomes the possibility of contracture effectively. It pro-
vides significant volume of soft tissue and aids reduction of stretch and
searing force which is the main reason for recurrent ulceration after
reconstruction. Local transposition flaps may be suitable at appropriate
location. But use of free flap for tissue transfer has been observed to be
more effective for this purpose. Shobhit Sharma et al. have described the
advantage of free anterolateral thigh flap in avoiding limb shortening and
improving limb function in patients with MU around the knee [25]. This
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method of reconstruction allows radical excision of MU without compro-
mise and prevents amputation. Aydogdu et al. [24] have also reported
advantages of use of free flap in reconstruction following excision of
MU. MU with larger than 10 cm diameter is more likely to have positive
margins due to compromised extent of excision and the incidence of local
recurrence following excision is high in MU. These patients often need to
receive radiotherapy. If the defect has been closed using free flap, it is
able to tolerate the radiation better than STSG which may undergo
necrosis [25]. Using leg arteries distal to popliteal trifurcation, perforator
based free flaps can also be used to close defects over the leg.

Use of free flaps for tissue transfer or local transposition flap is now
recommended for closure of defect with significant soft tissue loss and
over joints after excision of MU and it provides the advantage of allowing
more radical excision which should help control recurrence and metasta-
sis particularly in early stage [13]. It has also been observed to avoid
amputation.

(c) Regional lymph nodes—The main path for MU to metastasize is via lym-
phatic channels to lymph nodes and then to distant nodes and organs. This
makes the scheduling of regional lymphadenectomy a key issue while per-
forming surgery for MU. There is no doubt that lymph nodal dissection has
to be performed when nodal involvement is confirmed [11].
¢ Concomitant regional lymphadenectomy:

In a patient with lesion suspicious of MU, the regional lymph nodes
must be diligently examined clinically. If those are palpable, enlarged,
perceived to be metastatic on examination, confirmation of the suspicion
must be sought by one or more of following methods—

— Ultrasound examination to evaluate the changes in the nodes sugges-
tive of malignant spread, performance of ultrasound guided needle
cytology/biopsy of node for examination.

— PET CT scan to detect the uptake and performance of CT guided nee-
dle biopsy if the location of the node demands this approach.

— Lymph node biopsy for histological examination.

With confirmation obtained from any of the above investigations,
lymphadenectomy is definitely indicated. Some studies have recom-
mended lymphadenectomy along with wide excision of the primary
lesion when regional lymph nodes are palpably enlarged [8]. The
lymphadenectomy of clinically palpable regional lymph nodes with-
out performing SLNB for confirmation has not been recommended if
the MU histology is malignant melanoma [9].

¢ Delayed regional lymphadenectomy:

If the primary lesion is more than 10 cm in diameter and the histology
reveals high grade of malignancy, regional lymphadenectomy has been
advised after a 2—4 weeks period of observation [3]. Some authors have
suggested performing regional lymph node biopsy in all patients with
MU particularly when the primary tumour is poorly differentiated and
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then proceeding with lymphadenectomy if the histology reveals lymph
nodal involvement [8]. With the advent of PET CT and SLNB, probably
this approach will now be needed in areas where the socioeconomic con-
ditions and available health care facilities do not permit use of sophisti-
cated methodology.

* Prophylactic regional lymphadenectomy:

The performance of prophylactic regional lymphadenectomy in clini-
cally node negative patients is the issue with controversial opinions. If
only wide local excision is performed, the incidence of development of
regional lymph node metastasis or distant spread is 15-75% and 50% of
these affect the lymph nodes. Almost 90% of these appears within 3 years
of detection [21] leading to increased morbidity and mortality.
Considering this data, some have advocated performance of prophylactic
lymphadenectomy along with wide local excision of MU in all the
patients [14] or atleast in patients having MU with high grade of malig-
nancy [8]. As regional nodal involvement is more common at presenta-
tion with primary lesion on the lower extremity, some have suggested this
approach for patients with MU on lower extremity and in those requiring
amputation due to involvement of bone, joint or neurovascular structures
[3]. But as available data does not show significant difference in the inci-
dence of recurrence with or without prophylactic lymphadenectomy,
many do not favour performance of prophylactic lymphadenectomy for
non-palpable lymph nodes [8].

The concept of sentinel lymph node biopsy to judge the status of
regional lymph nodes though initially applied to patients with malignant
melanoma, is now used with SCC too [21]. This method has been shown
to have good sensitivity [23] leading to its recommendation for detection
of occult metastasis in the regional lymph nodes and subsequent lymph-
adenectomy [12, 13]. But despite its success in detecting occult metasta-
sis in lymph nodes, consensus about the routine use of SLNB in clinically
node negative patients of MU has not yet been reached [13]. Kanth et al.
state that the available evidence does not clearly define the efficacy of
SLNB and lymphadenectomy with non-palpable lymph nodes [26].
Therefore, the confusion continues.

Other investigation that can help detect the presence of occult metas-
tasis in non-palpable regional lymph nodes is PET CT. Fei Xiang [18]
reported that in 11 patients PET CT performed to detect lymph nodal
metastasis showed positive result leading to lymphadenectomy of these
clinically non-palpable nodes. But on histopathological examination
only in two patients the nodes showed the evidence of malignant metas-
tasis. This experience indicates possibility of false positive findings on
PET CT. Thus, again creating debate about the performance of preventive
lymphadenectomy of non-palpable regional lymph nodes.

At present the opinion seems to be that the incidence of recurrence is
not affected by performance of prophylactic lymphadenectomy and
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(d)

(e)

®

hence, it is not indicated for this purpose [18]. It is suggested that if the
MU is on lower extremity (which has higher incidence of nodal involve-
ment) and/or the tumour pathology reveals high grade of malignancy;
then prophylactic lymphadenectomy should be considered [18].
Therefore, it can be concluded that multiple factors should be taken
into consideration while taking the decision about lymphadenectomy of
non-palpable regional lymph nodes. Besides the systemic condition of
the patient other factors include location of the lesion, size of the lesion,
extent of invasion of deeper tissues, histological grade of the malignancy
and the findings on imaging study of the lymph node.
Amputation—The most common location for occurrence of MU is lower
extremity. If after wide excision and wound closure the limb causes diffi-
culty in the mobility of patient, the limb becomes a liability. In this situation
amputation at appropriate level and provision of prosthesis with rehabilita-
tion is recommended. Amputation is also indicated with recurrence of MU
after wide excision, involvement of bone, joint space and /or deeper tissues
including neurovascular structures [3]. More than 10 cm diameter MU with
poorly differentiated malignancy and extensive scarring or deformity of the
involved extremity and possibility of unsatisfactory function after limited
surgical procedure would also lead to the decision of performing amputation
[11, 12, 17].
Hemicorporectomy—MU developing in pressure ulcer has been reported
to be aggressive. The patients prone for development of pressure sores gen-
erally suffer from poor nutritional and immunological status. The situation
worsens with development of malignant change in the pressure sore.
Excision with adequate margin and reconstruction with appropriate flap is
often impractical. In such a challenging situation hemicorporectomy which
involves amputation of both lower extremities and sex organs may be the
only choice available [11].
Hemipelvectomy—Hemipelvectomy may have to be considered if comple-
tion of adequate radical excision is difficult due to involvement of bone or
joint and/or the resection if completed is likely to lead to severe impairment
of limb function [13] and amputation is not a suitable choice.

2. Radiotherapy

The role of radiotherapy in treatment of MU is as yet rather ill defined. The

response to radiotherapy on this pathology in area with significant fibrosis has
not been observed to be encouraging [14]. The decision to administer adjuvant
radiotherapy may be taken based on degree of malignancy, location of MU and
large extent of the lesion [11] and involvement of lymph nodes [8] or patient
refusal to undergo surgery. Tumours with high grade of malignancy and large

ext
pat

ent of growth may achieve better control with adjuvant radiotherapy. In
ients with unfavourable prognostic factors or presence of distant metastasis

either neoadjuvant or adjuvant radiotherapy may be used with the aim of achiev-
ing better disease control. Radiation may be the only treatment possible if the
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lesion cannot be excised completely either due to its large size or location and if

the patient refuses surgical resection.

Radiotherapy has also been observed to be useful in providing palliation
while treating inoperable tumours. In situations such as development of local
recurrence, detection of positive margins after wide excision, lesion larger than
10 cm diameter; radiotherapy has been shown to be of benefit [24].

MU involving head and neck with lymph nodal metastasis on node dissec-
tion, presence of lymph nodal metastasis that is inoperable, association of posi-
tive lymph nodes on dissection with high grade malignancy and lesion larger
than 10 cm diameter—radiotherapy has been recommended in these situa-
tions [8].

After wide excision if the wound closure has been achieved by application of
split thickness skin graft, there is a possibility of development of skin necrosis
following radiotherapy. Hence if radiotherapy is likely to be needed as adjuvant
therapy, the wound closure should be achieved using a myocutaneous of fascio-
cutaneous flap [11].

Therefore, radiotherapy is a modality which may be of benefit in the follow-
ing situations.

(a) Primary lesion—Size larger than 10 cm diameter, incomplete excision,
extensive local recurrence, associated with distant metastasis, palliation in
non-resectable disease.

(b) Inoperable lymph node metastasis, positive nodes on dissection with high
grade malignancy

(c) Refusal of surgical excision.

3. Chemotherapy

The efficacy of chemotherapy in MU is still being evaluated. The area of
origin of MU has poor vascularity as it is a scar tissue. Hence chemotherapeutic
agents administered systemically have poor assess to the lesion and hence poor
response too [14]. To overcome this barrier adjuvant intra-arterial limb perfusion
of chemotherapeutic agent (Methotrexate) has been reported to be useful in
patients with MU with SCC [8, 14].Multidrug chemotherapy with administra-
tion of four cycles of Methotrexate, Bleomycin and Cisplatinum combination
has been used in patients with distant metastasis and expected poor prognosis
[9]. For small size MU topical application of 5-fluorouracil has been found to be
useful. But no conclusive recommendation has been made yet.

Adjuvant chemotherapy has been proposed for patients diagnosed to have
metastasis in the regional lymph nodes at detection [3].This appears logical as
this factor is an important determinant of the prognosis. Use of sentinel lymph
node biopsy has been suggested in patients who do not have clinical evidence of
regional node involvement. The outcome of SLNB could be of use in deciding
the need for adjuvant chemotherapy [10]. Chemotherapy has also been tried in
patients with widespread disease and while treating MU occurring in pressure
sore. The outcome has not been consistent or predictable [10].

In the absence of adequate evidence to have uniform guidelines, the general
opinion is to take the decision about adjuvant chemotherapy after consideration
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of multiple factors in each patient [11]. At present this treatment modality is
generally considered in patients with guarded prognosis due to recurrence or
metastasis or in patients who are either unsuitable or unwilling for any type of
surgical procedure [8].

Therefore, in the absence of any established evidence and guidelines, radio-
therapy or chemotherapy is not routinely resorted to while treating MU. The
response of MU to these modalities is unpredictable and poor. These therapies
particularly radiation is resorted to in almost desperate situations when surgery
is an unsuitable or inadequate option [13].

4. Use of newer technology—The following newer technologies are presently
under evaluation so as to add refinement to surgical procedure [8].
(a) Cryosurgery
(b) Carbon dioxide laser
(c) Intralesional interferon
(d) Photodynamic therapy

22,9 Suggested Treatment Protocol

Available data suggests that the prognosis is encouraging following surgical man-
agement when the lymph nodes are not involved. At the other end of the spectrum,
in advance stage of the disease the outcome remains poor despite the use of combi-
nation of therapeutic modalities [3]. Hence it is very desirable that appropriate plan-
ning and execution of radical excision, prophylactic lymphadenectomy and adjuvant
therapy be done before the disease reaches advanced stage. The experience with
SLNB in MU is limited at present [23] and same observation applies to the false
positive results with PET CT [18]. In the opinion of the author more data needs to
be accrued before drawing any conclusion. Taking into consideration experiences
and recommendations expressed in various studies, the following treatment proto-
col is being suggested.

1. After complete history and clinical examination, confirmation of malignancy, its
histological type and pathological grading should be obtained using multiple
biopsies from the suspicious lesion.

2. Necessary investigations (MRI, PET CT, Ultrasound or CT guided needle
biopsy) should be performed to evaluate the extent of invasion and meta-
static spread.

3. Based on above information the patients can be categorized into following
groups and customized treatment protocol should be implemented.

Group I: Tumour size less than 10 cm diameter, no palpable lymphadenopa-
thy, well differentiated lesion on histology, negative result for nodal or distant
uptake on PET CT—Mohs micrographic surgical technique should be used to
ensure wide local excision with negative margins and closure of defect should be
achieved with STSG or with use of appropriate flap particularly if lesion is on
flexor aspect of joint.
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Group II: Tumour size less than 10 cm diameter, palpable lymphadenopathy,
well differentiated lesion on histology, positive result for nodal uptake on PET
CT—Confirmation of nodal involvement with needle biopsy, wide local excision
with at least 2.5 cm tumour free margin (confirmed histologically), lymphade-
nectomy and closure of defect with STSG or appropriate flap. Adjuvant therapy
to be considered.

Group III: Tumour size more than 10 cm diameter, no palpable lymphade-
nopathy, poorly differentiated lesion on histology, negative result for nodal or
distant uptake on PET CT—Wide local excision with at least 2.5 cm
three-dimensional margin, SLNB and if positive then performance of lymphad-
enectomy and closure of defect with STSG or preferably by use of flap.
Histological confirmation of negative margins is mandatory.

If the lesion is on the lower extremity, prophylactic lymphadenectomy even
without SLNB would be advisable. Adjuvant radiotherapy is suggested for pre-
vention of local recurrence.

Group IV: Tumour size more than 10 cm diameter, palpable lymphadenopa-
thy, poorly differentiated lesion on histology, Positive result for nodal or distant
uptake on PET CT—Neo-adjuvant radiotherapy or chemotherapy followed by
wide local excision with at least 2.5 cm three-dimensional tumour free margin,
lymphadenectomy and closure of defect preferably with free tissue transfer in
view of need for adjuvant radiotherapy. Histological confirmation of negative
margins is mandatory.

If the lesion is on the lower extremity, the use of free tissue transfer for clo-
sure of defect is certainly indicated so as to avoid compromised resection, limb
shortening and probability of amputation. Adjuvant radiotherapy is suggested
for the prevention of local recurrence.

Group V: Tumour location on lower extremity, tumour size more than 10 cm
diameter, any status of lymph nodes clinically and/or on PET CT, poorly differ-
entiated lesion on histology, involvement of deeper structures such as joint cav-
ity, neurovascular bundle, presence of extensive scarring, possibility of
compromised local resection or creation of instability—Amputation of limb
proximal to the lesion with regional lymphadenectomy or hemipelvectomy is
suggested.

Hemicorporectomy is another major ablative procedure that may be con-
ducted to obtain radical excision in patients with MU in sacral pressure ulcer.

Regular close follow-up of all patients is mandatory for detection of local
recurrence, nodal or distant spread.

Adjuvant therapy: The indications for use of radiotherapy have been defined
with some clarity and have been elaborated upon earlier. The use of chemothera-
peutic agents is not clear yet and it is mainly used in patients with poor progno-
sis, advanced disease and unfit/reluctant to undergo surgery.
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22.10 Prognosis

The observations reported in multiple studies indicate that Marjolin’s ulcer is a par-
ticularly aggressive malignancy. This is apparent from its tendency to develop local
recurrence, presence of metastasis at diagnosis, appearance of metastasis after treat-
ment of primary lesion and higher mortality with shorter survival period in compari-
son to SCC occurring due to other causes. Various factors that influence the outcome
have been identified.

1. Local recurrence:

Following excision local recurrence (Fig. 22.5) has been reported in 20-50%
of patients [8, 9]. Chun-Yuan Huang has quoted lower incidence (10.8-37%) of
local recurrence [3]. The difference in incidence could be because no standard-
ized protocol has yet been recommended addressing the margin to be excised
around the lesion.98% of the recurrences have been observed to occur within
first 3 years after diagnosis [8]. Despite the aggressive nature of the malignancy,
the growth of tumour is slow. Distant metastases may occur in the absence of
local recurrence after wide excision [3].

2. Metastasis at diagnosis and follow-up:

The presence of regional lymph nodal metastasis at the time of diagnosis of
MU is an important indicator of poor prognosis. This status has been detected in
20-36% of MU. The lymph node involvement rate is higher [20] and overall
incidence of metastases is also higher (53.8%) [3] when the MU is in lower
extremity. The possibility of development of metastasis in lymph nodes and
other organs is 15-75% if wide excision of the primary lesion is the only surgery
performed. About 50% of these metastases occur in regional lymph nodes as
lymphadenectomy has not been performed at the time of first surgery. The most
(92%) of these nodal metastases present within a time period of 3 years from
detection of MU [20]. This data suggests that wide excision alone is not ade-

Fig.22.5 Showing local
recurrence of Marjolin’s
ulcer following local wide
excision and STSG of
lesion involving post burn
scar in right axilla.
(Photograph curtesy Dr.
Ajay Khanna)
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quate in achieving disease control. The role of sentinel lymph node biopsy
(SLNB) appears important in guiding the need to perform lymph nodal clearance
along with wide excision of primary. The presence of lymph node metastasis has
been identified as the most important determinant of prognosis and outcome
[14]. Distant metastases observed in the absence of local recurrence may be due
to the presence of micro metastasis in regional lymph nodes or breaking of the
barrier of scar tissue during excision of primary. As the scar tissue is excised it
allows the malignant cells to gain access to blood vessels so as to reach distant
organs [3].

Extremely close observation at follow-up has been recommended in young
patients with MU of high pathological grade. The risk of development of local
recurrence and nodal metastasis has been reported to be high in this group [27].

3. Mortality:

After detection of MU the possibility of survival at 3 years has been reported
as 65-75% [10]. About 34% are likely to survive at 10 years [8]. The reported
5 year survival varies widely between 52% and 80% [3]. But the presence of
regional lymph node involvement brings down the 3-year survival rate to 35-50%
[8]. Other study has identified regional lymph node involvement at diagnosis as
predictor of death within 2 years while yet another study predicts mortality of
66% at 2 years attributable to metastatic or local disease [10]. One study reports
that the patients without regional lymphadenopathy had median survival period
of 66 months, while those with regional lymphadenopathy the median survival
duration dropped to 16 months [3]. Overall the conclusion is that presence of
regional lymph node metastasis is the main determinant of duration of survival.
As more than 95% of patients with metastasis report within first year after diag-
nosis one can presume that if patient survives for 3 years without nodal metasta-
sis, then the possibility of long-term survival is likely to be good [8].

Location of MU is also an important factor influencing mortality. In patients
who develop MU in decubitus ulcer the mortality at 2 years is 80% if only local
excision is performed [10].

Better prognosis has been observed in lesions that are well differentiated and
so are less aggressive. In this group the 5-year survival is 40-69% and is some-
what better in those subjected to amputation of involved extremity [8].

A rather dismal observation made by Chun-Yuan Huang [3] is that the mortal-
ity reported in the recent studies barely differs from the one (28.5%) reported by
Treves and Pack in 1930. This probably indicates that no significant improvement
has occurred in the treatment of this pathology over all these years. This cer-
tainly deserves attention.

4. Comparison with conventional SCC:

The behaviour and outcome of SCC that occurs in scar tissue or chronic non-
healing wounds differs from the conventional SCC (generally attributed to expo-
sure to actinic rays) mainly in terms of incidence, local recurrence, regional
lymph nodal involvement and mortality (Table 22.3). SCC is the commonest
type of carcinoma identified in MU while BCC is the most commonly identified
carcinoma among conventional skin tumours [3]. Development of metastasis is
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Table 22.3 Differences between SCC MU and conventional SCC [3]

Observation SCC MU Conventional SCC
Age 50 years 65-70 years
Latency period 30 years 10 years
Incidence 75% of MU 16% of skin cancers
Location Scar tissue, chronic Exposed body parts
wound Head, face
Lower extremity
Aetiology Multifactorial Exposure to actinic
rays—mainly
Behaviour More aggressive Less aggressive
Metastatic spread More likely Less likely
Local recurrence 10.8-37% 1.3-18.7%
Regional lymph nodal involvement 5.6-60% 0.5-16%
Incidence of metastasis from primary in | 53.8% 2-5%
lower extremity
Mortality 21-38% 1%

Table 22.4 Factors affecting prognosis [3, 11-14]

Prognostic factor

Poor prognosis

Better prognosis

Latency period

Long latency period
More than 5 years

Short latency period
Less than 5 years

Location

Lower extremity
involvement

Upper extremity, head, neck, trunk
involvement

Initial cause of trauma

Pressure sore

Burns and other trauma

Type of growth

Ulcerative, infiltrating

Proliferative, Exophytic

Involvement of deeper tissue

More than 4 mm

Less than 4 mm

Diameter of tumour More than 2 cm/10 cm Less than 2 cm/10 cm
Degree of differentiation Poorly differentiated Well differentiated
Peritumoral T lymphocyte Scanty Dense

infiltration

Local recurrence Present Absent

Regional lymph nodal Present at diagnosis Absent at diagnosis
involvement
Metastasis Present Absent

ten times more likely with SCC in MU as compared to conventional SCC [3].
Overall the prognosis is worse with SCC in MU compared to SCC due to other

aetiology.

Such an obvious difference is not found in BCC or MM occurring in scar tis-
sue and conventional BCC and MM.

5. Factors influencing prognosis:
The prognosis of MU is dependent on multiple factors including grade of
tumour, type of growth, location, size, presence of metastasis, histology, etc.
Observations collated from different studies [3, 11-14] have been detailed in

Table 22.4.
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Some discrepancy has been observed within different studies regarding the
critical diameter of the tumour that affects the prognosis. One report states that
tumour size larger than 2 cm has poor prognosis [14], while other study observes
that tumour larger than 10 cm diameter is associated with poorer prognosis [3].
But it is certain that larger the tumour, worse is the prognosis. The presence of
good peritumoral T cell lymphocyte infiltration indicates good immune response
and so is associated with better prognosis. The factors that certainly affect the
prognosis adversely are histological grade of tumour indicating severity of
de-differentiation, involvement of lower extremity and most importantly pres-
ence of regional lymph nodal metastasis at presentation.

22.11 Prevention

Marjolin’s ulcer is a rare but aggressive malignant lesion with high incidence of
metastasis at diagnosis and overall poor prognosis. The detection of malignant
change is often delayed and the histopathology of biopsy may mislead causing fur-
ther delay in confirmation. The pathogenesis is not completely clear. The treatment
protocol is not yet standardized. In this situation adoption of methods of primary
prevention and high level of suspicion with focussed attempts to achieve early diag-
nosis are the appropriate steps towards prevention. The preventive measures have
been enlisted in Table 22.5.

1. Burns—Burn scar is the commonest site of origin of Marjolin’s ulcer. Closure
of the burn wound should be obtained at the earliest either by epithelisation or
for deep burns by excision and early skin grafting. Use of skin allografts, skin
substitutes, cultured epithelia—all have their role in aiding wound closure.
Development of malignancy has rarely been reported in burn wound that had
been closed by successful skin grafting [3].

2. Chronic wounds—The possibility of chronic wound developing malignancy is
0.1-2.5% [12]. Infection in chronic wounds should be appropriately treated.
Wounds that do not heal within 3 weeks [8] should be excised and skin grafting

Table 22.5 Preventive
measures

. Early wound closure of burn and chronic wounds
. Scar follow up and management

. Regional lymphadenopathy
. Regular scar biopsy

. Multidisciplinary team

. Oncology awareness

. Patient education

NN AW =

. Molecular and genetic studies
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should be done. Wounds causing pain, having unusual morphology, with foul
smelling discharge and resistant to appropriate treatment should be subjected to
multiple biopsies from margins and centre [11].

Venous ulcers—In patients with chronic venous insufficiency if the venous
ulcers do not heal within 3 months despite treatment, multiple biopsies should
be taken from margins and centre of non-healing ulcers as 2.4% of venous
ulcers may develop malignant degeneration [11].

Scars—Scars particularly burn scars developing recurrent breakdown, scars on
flexor aspect of joints prone to repeated tension/stretching injury, thick and
hypopigmented scars, inelastic scars over mobile areas should be completely
excised and skin graft or flap should be used to obtain closure with supple tis-
sue. Post burn contractures should be released so as to avoid repeated trauma
and breakdown [3]. Use of pressure garment or compression bandage over scars
should be recommended.

Monitoring scar and regional nodes: All scars should be regularly monitored
and if detected to have recent onset itching, breakdown; multiple biopsies
should be done to obtain histology. Assessment of regional lymph nodes should
be performed regularly for the detection of lymphadenopathy [11].

Protection from exposure to sun rays—Scars on scalp can be excised and
grafted as well as protected by using wig, cloth and exposure to chemicals
should be avoided [12, 14]. All scars should be protected from sun rays using
sunscreen protection creams, covers and avoidance of exposure.

Regular multiple punch biopsies—For early detection of this aggressive malig-
nancy, some workers have recommended performance of multiple punch biop-
sies from margin and centre of the scar or chronic wound at yearly follow-up.
Multidisciplinary approach—Obtaining early wound closure, conducting regu-
lar follow up of patients with wounds and scars with keen vigilance for any
change, taking rapid, appropriate action for suspected pathology and ensuring
complete rehabilitation of the patient—such comprehensive approach needs
care by a multidisciplinary team [11]. Establishment of special clinics for
chronic leg ulcers would be of help in prevention, early detection and develop-
ment of standardized protocol for treatment of MU with the hope of improving
the prognosis.

High level of oncology awareness—To develop acute alertness about malignant
transformation in a scar or non-healing wound and to take the necessary action
for detection and management of MU, development of high level of oncology
awareness needs to be inculcated in health care personnel including paramedics
and wound care specialists.

Health education—The patient with particularly burn scar, chronic non-healing
wound and family members of such a patient should be informed about the pos-
sibility of malignant transformation in the lesion. Counselling should be con-
ducted about the need for regular follow-up and reporting of any symptom or
change occurring in the lesion. This health education is likely to help in early
detection of malignant degeneration.
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11. Studies at genetic and molecular level—Association of MU with HLA DR4,
aberration in p53 gene and mutation of FAS gene has been detected [3]. Changes
in mediators of chronic inflammation have been found to be responsible for
modification of microenvironment. It needs to be seen whether this knowledge
helps in identifying scars that are more likely to develop malignancy. Such an
identification may be of help in early detection and successful treatment of this
pathology in years to come.

22.12 Conclusion

Marjolin’s ulcer is a rare malignancy that develops most often in a postburn scar.
Unstable scars and other types of non-healing wounds are also likely to be the sites
of origin. Some studies have reported male predominance. The latent period between
initial trauma and detection of malignancy varies significantly and has been reported
to be shorter in studies from Africa, Nigeria and Southwest China [14, 15, 18] prob-
ably due to ethnic variations. The lower extremity is the most commonly affected
body part and SCC is the most common histological type. But this SCC behaves
more aggressively in comparison to original SCC. After histological confirmation
by biopsy, local wide excision of lesion with confirmation of tumour free margins
and closure of defect using STSG or appropriate flap is the main stay of treatment.
Lymphadenectomy is performed for clinically palpable nodes or with large tumour
of high grade of malignancy. Amputation of limb, hemipelvectomy, hemicorporec-
tomy are procedures resorted to when radical excision without creation of instabil-
ity is not possible. Adjuvant treatment such as radiotherapy and chemotherapy has
limited role in desperate situations. Despite treatment, the incidence of local recur-
rence and lymph nodal as well as distant metastasis remains high. The patients need
to be under meticulous follow up throughout their life. Diligent implementation of
preventive measures and high level of alertness for early detection and treatment of
the malignant lesion are the main recourses for improving the outcome at present.
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Malignant Melanoma 2 3

Satyendra Kumar Tiwary

23.1 Introduction

A lower extremity ulcer is full thickness skin loss with progression into chronic
wound, which shows no tendency to heal after 3 months of appropriate treatment or
is still not fully healed at 12 months [1]. Chronic wounds may be of malignant etiol-
ogy and as high as 10.4% incidence has been reported [2]. Malignant melanoma is
a malignancy of aggressive behavior that develops when melanin-producing mela-
nocytes originating from the neural crest undergo malignant transformation.
Melanoma can develop in other places where neural crest cells migrate, such as the
gastrointestinal system and the brain, and is most commonly found on the skin [3].

23.2 Epidemiology

Indian subcontinent has relatively low incidence of malignant melanoma as well as
poor statistical data, whereas American Cancer Society data estimates that in the
USA, a total of 106,110 cutaneous melanomas were expected to be diagnosed in
2021, according to estimations (62,260 in male and 43,850 in female) [4]. Although
melanoma accounts for only about 1% of skin cancers, considering the aggressive
behavior, it is the cause of the great majority of skin cancer deaths. According to the
American Cancer Society, 7180 people in the USA (4600 males and 2580 women)
will lose their life to melanoma in 2021 [4]. Unlike other solid tumors that target
elderly folks, malignant melanoma is known for striking youthful and middle-aged
people. It is most frequent in individuals under the age of 55, and it is more common

S. K. Tiwary (><)
Department of General Surgery, Institute of Medical Sciences, Banaras Hindu University,
Varanasi, India

© The Author(s), under exclusive license to Springer Nature Singapore Pte 291
Ltd. 2023

A. K. Khanna, S. K. Tiwary (eds.), Uncommon Ulcers of the Extremities,
https://doi.org/10.1007/978-981-99-1782-2_23


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-99-1782-2_23&domain=pdf
https://doi.org/10.1007/978-981-99-1782-2_23

292 S. K. Tiwary

in women, and it is responsible for the third-highest number of deaths among all
malignancies [5].

23.3 Etiology

Precursor lesions: Certain precursor lesions are more likely to transform into
melanoma as compared to normal healthy skin. Important among them are:

— Common acquired nevus

— Dysplastic nevus

— Congenital nevus

— Cellular blue nevus

Family history: A positive family history is found in 5-10% of patients; at least
one affected relative is linked to a 2.2-fold increased risk.

Genetics: CDKN2A (p16), CDK4, RB1, CDKN2A (p19), PTEN/MMACI, and
rasCDKN2A (p16) appear to be notably relevant in both sporadic and hereditary
melanomas.

Personal characteristics: Skin response to sunlight (easily burnt); freckling;
benign and/or dysplastic melanocytic nevi (number indicates a stronger link than
size); immunosuppressive conditions (transplantation patients, hematologic
malignancies) all enhance the risk of melanoma [3].

Ultraviolet radiations and sun exposure: UVA and UVB radiation has a carci-
nogenic effect that can lead to melanoma. There are numerous mechanisms at
work, including inhibition of the immune system. There are numerous methods,
including suppression of the skin’s immune system, promotion of melanocyte
cell proliferation, creation of free radicals, and DNA damage in melanocytes.
Sunscreen prevents UVB; however, sunscreen users are more exposed to UVA
than the general public. Low latitude, blistering sunburns, and tanning bed use all
contribute to increased exposure and subsequent melanoma formation.
Atypical mole syndrome (B-K mole syndrome/dysplastic nevus syndrome/
familial atypical multiple mole melanoma): Melanoma risk rises by 10.7%
every 10 years (vs. 0.62% of controls). Depending on the number of family
members affected, a higher risk of melanoma exists (nearly 100% risk if two or
more relatives have dysplastic nevi and melanoma).

Parkinson’s disease: Parkinson’s disease (PD) is a neurological disorder that
affects millions of people worldwide. When compared to healthy people, those
with Parkinson’s disease have a nearly four-fold greater risk of malignant mela-
noma [6].

Socioeconomic status: Lower socioeconomic level, like other diseases, has been
associated with more advanced disease at the time of identification.
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23.4 Pathophysiology

Melanomas can arise from a pre-existing precursor lesion or from healthy skin. De
novo melanoma refers to a malignant melanoma that develops in healthy skin. Many
of these melanomas are caused by UV radiation from the sun, and they can appear
on both exposed and unexposed parts of the skin, such as the palms, soles (Fig. 23.1),
and perineum. Melanoma has two growth phases in its history: radial and vertical.
Malignant cells proliferate radially in the epidermis during the early radial growth
phase. Most melanomas eventually move to the vertical growth phase, in which
malignant cells infiltrate the dermis and develop the potential to spread [7].
Lesions are categorized clinically based on their depth as follows:

* 1 mm or less (thin)
* 1-4 mm (moderate)
e >4 mm (thick)

The four major forms of melanomas are as follows, based on their growth
patterns:

 In the early stages, the superficial spreading melanoma (70%) is normally flat,
but it can become uneven and raised. Variegated colors, peripheral notches, and
indentations characterize the average size of 2 cm in diameter.

* Nodular melanoma (15-30%) is often blue-black in color; however, it may be
pigmentless in some cases.

* Melanoma lentigo maligna (4-10%): The lesions are typically more than 3 cm
in diameter, flat, and tan, with pronounced border notching; they start off as little,
freckle-like lesions.

e Acral lentiginous melanoma is a type of lentiginous melanoma (2-8%). Flat,
tan, or brown stains with uneven borders may form on the palms and soles; sub-
ungual lesions can be dark or black, with ulcerations in advanced stages.

Fig. 23.1 Ulcer over the
sole in malignant
melanoma
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23.5 Diagnostic Dictums (ABCDE)

Melanoma features are frequently referred to by the abbreviation ABCDE and com-
prise the following:

°* A—Asymmetry

e B—Irregular border (Fig. 23.2)

e C—=Color changes, particularly red, white, and blue tones in a brown or
black lesion

¢ D—Diameter >6 mm

¢ E—Elevated surface

Melanomas can also itch, bleed, ulcerate, or form satellites. The examination
includes a local inspection of the lesion (Fig. 23.3) as well as in-transit (Fig. 23.4)
and satellite nodule evaluation (Fig. 23.5). Patients with metastatic disease or pri-
mary sites other than the skin frequently experience signs and symptoms that are
related to the organ system in question. It is also crucial to check all of the body’s
lymph node groups.

Fig. 23.2 Melanoma of
left inguinal region with
ulceration in a 65-year-
old male
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Fig. 23.3 Ulceration with
pigmentation of left big toe
in a 72-year-old male

Fig. 23.4 Malignant
melanoma of left leg with
in-transit nodule

Fig.23.5 Ulceration,
pigmentation, and multiple
satellite nodules in
malignant melanoma of
right lower limb
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23.6 History and Physical Examination
23.6.1 Family History

First a careful and complete family history of melanoma or skin cancer in any mem-
ber of family is taken [8]. A family history of irregular, conspicuous moles is also
essential. Around 10% of all melanoma patients have a family history of the disease.
These people are more likely to acquire melanoma at a younger age, have more
aggressive behavior, a worse prognosis, and have many dysplastic nevi and primary.
Patients having a family history of pancreatic cancer or astrocytoma should be eval-
uated for the presence of a familial melanoma syndrome. Mutations in the CDKN2A
tumor suppressor gene are the most prevalent genetic aberration (p16).

23.6.2 Patient History

Patients’” previous melanoma history must be elicited. Patients with multiple dys-
plastic nevi are more likely to have multiple primaries. This inherited tendency to
develop multiple dysplastic nevi and melanoma is known as family atypical mole or
melanoma (FAMM) syndrome.

23.6.3 Sun Exposure

It is crucial to have a history of previous sun exposure, especially if you have had
severe sunburns as a child. The ability to tan is important because those who tan
readily have a lower risk of developing melanoma than people who burn easily.

23.6.4 Moles

Any changes in size, color, or symmetry of the lesion (Fig. 23.6), as well as the
development of bleeding or ulceration (Fig. 23.7), must be documented.
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Fig. 23.6 Right great toe
malignant melanoma with
pigmentation and
ulceration in a 60-year-
old male

Fig. 23.7 Malignant
melanoma of right sole
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23.7 Physical Examination
23.7.1 Total Body Examination

When examining a patient with an atypical nevus or melanoma, a full-body skin
examination is essential. The skin examination should be done at the time of the
patient’s initial evaluation and at all future appointments. A well-lit examining room
and a completely undressed patient are essential for a thorough skin examination.
Serial photography and new techniques like epiluminescence microscopy and digi-
tal image analysis can be helpful. Computerized image analysis saves images of
lesions and allows them to be compared across time [8].

23.7.2 Compete Skin Examination

Assessment of the total number of nevi on the patient’s skin during examination and
an effort to distinguish between typical and atypical lesions are essential. The
ABCDE diagnostic dictums (Asymmetry, B-Border irregularity, C-Color,
D-Diameter >6 mm, E-Elevated) are used to distinguish early melanomas from
benign nevi.

23.7.3 Lymph Node Examination

Examine all lymph node groups if a patient has been diagnosed with melanoma.
Melanoma can spread through the lymphatic system, causing regional lymph node
involvement, or hematogenously, causing involvement of any nodal basin in
the body.

23.8 Workup
23.8.1 Approach Considerations

An excisional biopsy confirms the diagnosis of melanoma. In some individuals, a
sentinel lymph node biopsy or a gene profile assay may be useful as a predictive
tool; however, there is little evidence that they have an impact on survival. Laboratory
and imaging tests are rarely needed in the early stages of illness. When triggered by
signs or symptoms at any time, they are often suitable. In most melanoma patients,
preoperative imaging investigations are expensive and provide little benefit [9]. The
best imaging study for diagnosing lymph node involvement is ultrasonography,
while the best imaging study for looking for further metastatic locations is positron
emission tomography, computed tomography scanning (PET/CT) [10].
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23.8.2 Histologic Findings

Although no single histologic finding is pathognomonic for melanoma, there are
several common characteristics. Large, pleomorphic, hyperchromic nuclei with
prominent nucleoli are almost usually present, as are expanded cells with large,
pleomorphic, hyperchromic nuclei. Several mitotic figures are frequently observed.
Immunohistochemical stains are rarely required for diagnosis; nevertheless, they
may be required in cases of ambiguous histology. In melanocytes, the S-100 and
HMB 45 stains are both positive. The junctional component of benign nevi can be
stained with PRAME (preferentially expressed antigen in melanoma), but dermal
staining indicates malignancy. Other malignancies, such as testicular tumors and
cellular neurothekeoma, are stained by it, but it is not totally selective. It is espe-
cially useful for telling the difference between nevus remnants and melanoma [11-
13]. The use of fluorescent in situ hybridization (FISH) assays is growing, and
molecular predictors of biologic response to targeted immunotherapy are becoming
more widespread, with BRAF testing being the most popular [14-16].

23.8.3 Complete Chemistry Panel (CCP)

The chemistry panel suggests metastatic disease as well as general condition. An
elevated alkaline phosphatase level is indicative of metastasis to the bone or liver,
while impaired liver function suggests metastasis to the liver. Nutritional status
assessed by total protein and albumin while Creatinine level a must prior to chemo-
therapy as nephrotoxicity in impaired kidney may be catastrophic.

23.8.4 Lactate Dehydrogenase Assay (LDH)

The level of lactate dehydrogenase (LDH) is high in a variety of situations, although
it is not particular to any of them. It could be effective in the follow-up management
of some melanoma patients. The level of LDH, which has been shown to be an
independent predictor of poor prognosis, is included in the melanoma stag-
ing system.

23.8.5 Radiography of the Chest (CXR)

A normal chest radiograph at diagnosis, however, provides a baseline for future
comparison. Because the lungs are generally the first location of metastatic illness,
patients with stage III disease, in-transit disease, or local recurrence should obtain a
chest radiograph or computed tomography (CT) scan of the chest.
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Fig. 23.8 MRI image of
malignant melanoma right
big toe

23.8.6 Magnetic Resonance Imaging (MRI)

To define the lesion with dimension and effect on adjoining structures MRI
(Fig. 23.8) is of help but important role is to detect further asymptomatic cerebral
metastatic illness during the workup of a patient with known distant metastases.
This is especially true for patients who are being treated with high-dose interleukin-
2. Only patients with neurologic symptoms should receive a brain MRI if they have
no known metastatic illness.

23.9 Computed Tomography (CT)
23.9.1 Chest Computed Tomography (CT) Scan

To detect asymptomatic metastatic lesions, a chest CT scan should be included in
the staging workup of a patient with stage IV disease (i.e. a patient with known
distant metastases). A chest CT scan should be conducted only if clinically justified
in individuals with stage I, II, or III illness.

23.9.2 CT Scan of the Abdomen

When examining a patient with stage I11, locally recurrent, or in-transit illness, a CT
scan of the abdomen is frequently performed. A negative CT scan provides a base-
line study for future comparison, despite the low yield.
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23.9.3 CT Scan of Pelvis

Only if a patient has local regional recurrence below the waist, is symptomatic, or
has known metastatic illness with a history of primary tumors below the waist
should be recommended for CT scan of pelvis.

23.10 Positron Emission Tomography (PET)

PET/CT is the most sensitive technology for diagnosing metastatic illness right
now. PET scans are not indicated in early stage disease (stage I or II), but a PET
scan may aid in staging patients with known node involvement or in-transit or satel-
lite lesions. Fluorodeoxyglucose (FDG) PET/CT scans, in particular, are a useful
technique for detecting further metastases in patients with advanced and metastatic
melanoma as part of the preoperative examination [17].

23.11 Biopsy of a Suggestive Lesion

It is preferable to perform a thorough excisional biopsy. The sample should have a
healthy skin margin of 1-3 mm and include all layers of skin as well as some sub-
cutaneous fat.

Fascia is no longer considered standard. If the suggestive lesion is large or
located in a cosmetically sensitive area, an incisional or punch biopsy may be
required. The source of the incisional biopsy samples should be the most abnormal
site of the lesion. In situations of lentigo maligna melanoma in situ, a broad shave
biopsy may help improve diagnostic sampling when the index of suspicion is
low [18].

23.12 Surgical Excision or Re-excision After Biopsy

Excision or re-excision after biopsy should be done always with safe margins as per
recent guidelines:

e 0.5-1 cm margin for in situ lesions.

e Lesions with a thickness of less than 1 mm have a 1 cm border.

e Lesions with a thickness of 1.01-2 mm and a border of 1-2 cm.

e Lesions with a thickness of 2.01-4 mm and a margin of 2 cm.

¢ Lesions with a thickness of more than 4 mm—at least a 2 cm border [19].
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23.13 Elective Lymph Node Dissection

A lymph node dissection should be performed on patients who have clinically
enlarged lymph nodes but no signs of distant illness. However, studies show that in
patients with melanomas that are 1-4 mm thick, LND may not yield a significant
survival advantage. The only patients who seem to benefit from LND are those with
lesions 1.1-2 mm thick and who are younger than 60 years.

23.14 Sentinel Lymph Node Biopsy

To determine which node is the sentinel node, the following two techniques, often
in combination, are used. The first method includes injecting a blue dye at the origi-
nal melanoma site and establishing the location of the sentinel node through a tiny
incision above the nodal basin. The second method includes injecting a radiolabeled
solution into the primary site and determining the position of the sentinel node with
a hand-held gamma detector. After that, the node is removed for pathologic exami-
nation. Prior to performing a large excision of the primary, the node should be
removed [20]. Sentinel lymph node biopsy (SLNB) is now widely recognized as a
valuable source of prognostic, diagnostic, and therapeutic data [21]. Patients with
thick melanomas (T4; Breslow thickness >4 mm) have less evidence, although sen-
tinel lymph node biopsy is advised for staging and regional disease control. Although
there is insufficient evidence to support routine sentinel lymph node biopsy in indi-
viduals with thin melanomas (T1; Breslow thickness 1 mm), it may be an option in
some patients with high-risk features.

23.15 Staging

The American Joint Committee on Cancer (AJCC) tumor/node/metastasis (TNM)
classification and staging systems for cutaneous melanoma are provided below [22].
The TNM system has incorporated the older Breslow classification of melanoma
thickness, whose four classes of lesion depth correspond with levels T1-4. Clark
levels, another older classification of melanoma, are now largely used for historical
reference.

23.15.1 T Classification

e TX: Itis impossible to assess the primary tumor (shave biopsy)

e TO: No sign of original tumor

e TI1: 1.0 mm Melanoma in situ (ulceration unknown or unspecified)

e Tla: 0.8 mm without ulceration; 0.8—1.0 mm with or without ulceration
e Tl1b: 0.8 mm with ulceration

e T2a:>1.0-2.0 mm without ulceration
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e T2b: >1.0-2.0 mm with ulceration

e T3:>2.0-4.0 mm (ulceration unknown or unspecified)
e T4:>4.0 mm (ulceration unknown or undetermined)

e T4a: >4.0 mm without ulceration

e T4b: >4.0 mm with ulceration

23.15.2 N Classification

e NO: No regional metastases found

¢ N1: One tumor-involved node; or in-transit, satellite, and/or microsatellite metas-
tases with no tumor-involved nodes

e Nla: One clinically occult (i.e. not discovered by sentinel lymph node biopsy);
no in-transit, satellite, or microsatellite metastases

e Nlb: One clinically detected; no in-transit, satellite, or microsatellite metastases

¢ N2: Two or three tumor-involved nodes; or in-transit, satellite, or microsatellite
metastases

e N2a: Two or three clinically occult (i.e. not detected by sentinel lymph node
biopsy); no in-transit, satellite, or microsatellite metastases

e N2b: Two or three clinically detected; no in-transit, satellite, or microsatellite
metastases

e N2c: One occult or clinically diagnosed metastasis; in-transit, satellite, and/or
microsatellite metastases discovered

e N3: 2 tumor-involved nodes or any number of matted nodes without or with in-
transit, satellite, and/or microsatellite metastases with 4 tumor-involved nodes or
in-transit, satellite, and/or microsatellite metastases.

e N3a: 4 clinically occult (i.e. identified by sentinel lymph node biopsy); no in-
transit, satellite, or microsatellite metastases

e N3b: 4 clinically detectable (i.e. detected by sentinel lymph node biopsy); no
in-transit, satellite, or microsatellite metastases

e N3c: 2 clinically occult or clinically detectable nodes, with in-transit, satellite,
and/or microsatellite metastases

23.15.3 M Classification

e MO: There are no signs of distant metastases.

e MIla: Skin, subcutaneous, or non-regional nodal metastases that are far away.

e MIlb: Lung metastases, whether or not M1a is involved.

e Milec: Distant metastases to visceral locations outside the central nervous system
(CNS), with or without M1a or M1b involvement.

e MId: Long-distance CNS metastases, with or without M1a-c involvement.

Cases where the lactate dehydrogenase (LDH) level is known (beyond MO) are
given the suffix (0) for normal LDH level or (1) for high LDH level.
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23.16 Surgical Management

For primary cutaneous melanoma of any thickness, as well as melanoma in situ,
surgical excision with histologically negative margins is the preferred and first-line
treatment. The depth of excision should be up to the fascia [23-26], with margins
based on tumor thickness. Sentinel lymph node biopsy should be conducted before
broad excision of the primary tumor, if possible, and in the same operating environ-
ment. For lentigo maligna type melanoma in situ on the face, ears, or scalp, Mohs
micrographic surgery (MMS) or phased excision with paraffin-embedded perma-
nent sections may be used for tissue-sparing excision and extensive histologic
examination of peripheral borders.

23.16.1 Wide Local Excision

Primary melanomas should be excised with clear margins in the setting of resect-
able clinical stage III illness to ensure local control. When possible, wide local exci-
sion (WLE) with a clinical 1 cm margin is recommended, with primary closure to
avoid reconstruction. There is no need to resect the original tumor in clinical stage
IV illness if there are no symptoms or diagnostic tissue is required. If excision of the
original lesion is indicated, it should be done with clean margins and no additional
safety margins.

23.16.2 Radical Lymph Node Dissection

After pathological examination (cytology or histology of the lesion preoperatively)
and proper staging [27], radial lymph node dissection is advised for cases of clini-
cally diagnosed lymph node metastases in resectable stage III illness. When it
comes to lymph node surgery, radical node dissection is preferred over ‘“node
picking.”

23.16.3 Treatment of Satellite or In-Transit Metastases

Resection with clear margins is indicated for resectable in-transit metastases that
can consist of few, tiny, and non-rapidly recurring lesions. Resections and recon-
structions that are extensive and recurrent should be avoided. Loco-regional treat-
ments (e.g. isolated limb perfusion or infusion, talimogene laherparepvec [TVEC],
electrochemotherapy, 10% rose Bengal solution [PV-10]) may be used to treat unre-
sectable satellite/in-transit metastases or inoperable primary tumors of the limbs
without additional metastases.
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23.16.4 Adjuvant Radiotherapy After Lymphadenectomy

The basic prescription for patients with advanced stage III disease who have had
lymphadenectomy is adjuvant systemic therapy and surveillance, with additional
surgery and radiotherapy (RT) reserved for any recurring disease. Adjuvant RT,
however, could be beneficial for high-risk individuals in whom regional control is a
key concern and/or systemic therapy is not an option.

23.16.5 Neoadjuvant Therapy

Neoadjuvant methods should only be evaluated in the context of a clinical trial for
easily resectable stage III illness with tolerable surgical morbidity. Outside of a
clinical trial, neoadjuvant treatments should be considered for technically resectable
but bulky nodal and/or in-transit disease where surgery is expected to result in posi-
tive resection margin status or necessitate postoperative RT.

23.16.6 Mohs Micrographic Surgery (MMS)

The primary treatment option for melanoma in situ is Mohs micrographic surgery
(MMS), which is augmented by immunohistochemistry staining. Antibodies to a
melanoma antigen identified by T cells were used in the stain (MART-1). All recur-
rent melanoma in situ and lentigo maligna, as well as primary lesions in the follow-
ing sites: head and neck, hands, feet, pretibial surface, nails, and ankles, should be
treated with MMS [28].

23.16.7 Radiation Therapy

e Primary disease: As an adjuvant treatment in individuals with deep desmoplastic
melanoma with narrow margins, significant neurotropism, or locally recurrent
cancer, among other criteria.

* Regional disease: Adjuvant treatment after excision of category 2B nodes and
LDH 1.5 times upper limit of normal, as well as extra-nodal tumor extension;
palliative treatment for unresectable illness.

e Metastatic disease: Used to treat brain metastases as an adjuvant or primary
treatment.

For localized or solitary distant metastatic illness, stereotactic radiotherapy has
been advised.
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23.17 Treatment for Advanced Melanoma

Resection is indicated in cases of restricted illness; alternatively, observation or
systemic medication may be used.

Systemic therapy is used to treat individuals with unresectable cancer who do not
have brain metastases; patients with brain metastases require treatment for the cen-
tral nervous system [29-33].

Immunotherapy regimens for systemic therapy that are first-line (category 1)

* Nivolumab/ipilimumab
* Pembrolizumab or nivolumab as anti—programmed cell death protein 1 (PD-1)
monotherapy

The following are second-line or follow-up therapy recommendations:

e Targeted therapy if a BRAF V600 activating mutation is present:
Pembrolizumab/Nivolumab/Ipilimumab
— Anti-PD-1 monotherapy: Pembrolizumab/nivolumab/ipilimumab
— High-dose interleukin-2
— Dabrafenib/trametinib or vemurafenib/cobimetinib (IL.-2)
— Imatinib, a cytotoxic drug, is used to treat cancers with KIT activating
mutations.

23.18 Follow-Up for Melanoma Cancer Survivors

Melanoma survivors should have the following follow-up:

History and physical examination every 3—6 months for 2 years, then every
3—12 months for 2 years, then annually as clinically recommended. Blood tests on
a regular basis are not advised.

To screen for recurrence or metastatic disease, consider imaging every
3—-12 months for 2 years, then every 6—12 months for another 3 years (unless other-
wise compelled by clinical trial participation). After 5 years, routine imaging to
check for asymptomatic recurrence or metastatic illness is not advised.

23.19 Prognosis
The following factors have a poor prognosis [34]:

* Measurement of thickness (worse prognosis in thicker lesions)

e Ulceration (ulcers indicate advanced lesion and poor prognosis)

e Lymph nodes involvement (stage III disease)

e Number of positive lymph nodes (more positive nodes, poor prognosis)
» Distant metastasis (stage IV disease)
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e Anatomic site (extremity lesions better prognosis than face or trunk)
e Male sex (worse prognosis)

Prognosis depends on the disease stage at the time of diagnosis with 5-year sur-
vival for stage I disease (>90%), stage Il disease (45-77%), stage III disease
(27-70%), metastatic disease-5-year survival rate <20%.

23.20 Complications
Complications are evident in cases of delayed diagnosis and treatment which may be:

e Ulceration: It always indicates advanced stage of the disease.

e Secondary infection: It results from disruption of the normal skin barrier.

e Ugly scar: Either the disease or the treatment with aggressive resection and
reconstruction may result in unacceptable or ugly scarring.

e Local recurrence: Advanced cases at the time of diagnosis which included ulcer-
ation in melanoma may result in local recurrences often.

e Metastases: Local recurrences, metastases are more common with advanced
cases and malignant melanoma is notorious.

¢ Lymphedema: Lymphatic invasion by the disease or removal of the lymph nodes
leads to lymphedema.

e Stress, depression, and anxiety: Fear of the disease considering aggressive nature
and cosmesis issues connected with the treatment and disease leads to a lot of
psychological issues.

23.21 Conclusion

Multi-etiological causes, misdiagnosis, and multimodal approach in the manage-
ment must be considered malignant ulcers which stands true for malignant mela-
noma. Atypical presentation, abnormal location, arrest in healing are alarming bells
for malignant ulcers which stands true for malignant melanoma. Consider the surgi-
cal margins first before doing a wide local excision. Skin grafting or tissue transfers
may be required if the closure is not possible. Adjuvant therapy for patients with
advanced melanoma is reserved for medical management. The prognosis for iso-
lated lesions is good with surgery, but the prognosis for advanced melanoma after
ulcerations develop is gloomy, but the interprofessional team approach to care will
optimize the patient’s chances for a better outcome.
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Squamous Cell Carcinoma 24

Sandeep Agarwal

Squamous cell carcinoma (SCC) is one of the most encountered types of cancers
worldwide. It is an aggressive disease that affects the majority of the human body
organs including the lungs, head and neck, esophagus, skin, genitourinary tract,
thyroid, and other parts. SCC is a highly metastasizing disease with a relatively low
overall survival rate.

24,1 Pathogenesis

The pathogenesis of squamous cell carcinoma is multifactorial and includes many
extrinsic and intrinsic factors. The most important extrinsic factor is generally rec-
ognized as UV sunlight exposure. As lifetime UV exposure increases, so does the
incidence of squamous cell carcinoma. The human papillomavirus type 16 is pres-
ent in many of the genital and periungual forms of squamous cell, but human papil-
lomavirus types 5, 8,9, 18, 31, 33, 35, 39, 40, and 51-60 have all been isolated from
squamous cell tumors. Other extrinsic factors that are related to the development of
squamous cell carcinoma are industrial carcinogens, such as pitch, tar, crude paraf-
fin oil, fuel oil, creosote, lubricating oils, arsenic, and nitrosoureas.

Intrinsic factors associated with squamous cell carcinoma include age, lighter
skin pigmentation, scars, and dermatoses associated with photosensitivity (chronic
cutaneous lupus), ulcerations, and lichen planus. There are two hereditary condi-
tions that increase the risk of developing squamous cell carcinoma. Xeroderma pig-
mentosa is an autosomal recessive condition leading to an inability to repair
UV-induced DNA damage. Oculocutaneous albinism results in insufficient melanin
production, thereby decreasing the body’s defense against UV damage.
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Immunosuppressed individuals, whether by AIDS or organ transplant, have shown
not only an increased incidence of squamous cell carcinoma but also a tendency to
develop more aggressive tumors [1].

24.2 Squamous Cell Carcinoma: Development and Variants

The prototypical invasive squamous cell lesion can be identified with relative ease
by its appearance. Most commonly, they are indurated papules, plaques, or nodules,
with thick adherent scale or hyperkeratosis. Fortunately, many squamous cell carci-
nomas move through multiple stages before reaching the invasive presentation. If
these precursors are identified, more conservative treatments can be utilized.

24.2.1 Actinic Keratosis

The actinic keratosis is the first observable precursor to an invasive squamous cell
carcinoma. Histologically, an actinic keratosis is defined by atypical keratinocytes,
arising in the stratum spinosum, which extend up to but do not involve the stratum
corneum (Fig. 24.1). These keratinocytes are enlarged and crowded and show loss
of polarity. Clinically, actinic keratoses present as less than 1 cm, tan-brown, red, or
skin-colored, rough, sandpaper-like patches. Cutaneous horns can develop in lesions
that produce excess keratin. The most common sites of occurrence are the face, ears,
and dorsum of the hands and arms. These precancerous lesions can be treated con-
servatively and successfully with cryosurgery, electrodessication and curettage,
chemotherapeutic creams, or topical immune modulators. Without treatment, it is
generally believed that a percentage of these lesions will spontaneously resolve, but
some can continue to mutate and form squamous cell carcinoma in situ [2].

Fig. 24.1 Actinic
keratosis. Note the
irregular nuclei of
varying size
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Fig. 24.2 (a) Squamous cell carcinoma in situ on medial aspect of upper calf. (b) Squamous cell
carcinoma in situ showing atypical keratinocytes approaching the stratum lucidum

24.2.2 Squamous Cell Carcinoma In Situ

Clinically, squamous cell carcinoma in situ presents as a well-demarcated, scaling,
or hyperkeratotic macule, papule, or plaque (Fig. 24.2a). They can be nearly indis-
tinguishable from actinic keratoses to the naked eye. Evidence of erosion and, at
times, evidence of bleeding should increase clinical suspicion. Histopathologically
(Fig. 24.2b), squamous cell carcinoma in situ involves the entire thickness of the
epidermis with pleomorphic (multiple sizes and shapes) keratinocytes and involves
the adnexal epithelium. No evidence of invasion into the dermis is observed. Like
their precursors, squamous cell carcinoma in situ may be treated with cryosurgery,
electrodessication and curettage, chemotherapeutic creams, excision, and topical
immune modulators. Without timely and appropriate treatment, these lesions can
advance to form invasive squamous cell carcinoma.

24.2.3 Invasive Squamous Cell Carcinoma

The common invasive squamous cell carcinoma is a malignancy of the keratino-
cytes from the epidermis that invade the dermis. Having transversed the basement
membrane, these malignancies have the potential to invade fat, muscle, bone, and
cartilage and to metastasize to regional lymph nodes and distant sites. The cells of
an invasive squamous cell carcinoma resemble those of an actinic keratosis. They
have enlarged and irregularly contoured nuclei, increased numbers of nucleoli, and
irregular mitotic figures. The important clinical distinction is that there is invasion
into the dermis, which necessitates more aggressive treatment to prevent further
damage to the surrounding cutaneous and underlying structures and metastasis
(Figs. 24.3 and 24.4). Surgical excision is the treatment of choice for all invasive
tumors. Usually, treatment is performed under local anesthesia with a 3- to 4-mm
margin taken. For high-risk lesions, such as those on the face, ears, and lips, as well
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Fig.24.3 Invasive
squamous cell carcinoma
on the scalp

Fig. 24.4 Full thickness
atypia, extending into the
dermis (dermis is not
shown)

as recurrent tumors and tumors larger than 2 cm, Mohs micrographic surgery should
be employed to ensure the highest possible cure rate. Failure to treat or insufficient
treatment can lead to recurrence and metastasis.

There are many factors that contribute to the aggressiveness, recurrence rate, and
metastatic potential of squamous cell carcinomas. Tumor size is a major determi-
nant. For lesions larger than 2 cm, the recurrence rate doubles and the metastatic
rate triples to 30%. Tumors with rapid growth rates also have a higher metastatic
potential. Tumors originating in burn scars have a 30% metastasis rate. The rate for
metastatic disease increases the closer a tumor is to the oral cavity. Recurrent tumors
also have a greater metastatic rate, especially on the lips and ears, where the rate is
32% and 45%, respectively. Metastasis from squamous cell carcinoma appears most
commonly in the regional lymph nodes, followed by the lungs and liver [3, 4].

Rare varieties of the squamous cell carcinoma are difficult to diagnose and
treat if the common variety were all that existed. There are, however, multiple vari-
ants of this disease, including spindle cell, acantholytic, verrucous,
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lymphoepithelioma-like, desmoplastic, adenosquamous, cystic, and keratoacan-
thoma. Each of these variants differs in histology and prognosis, but the treatment is
identical to the more common form.

Spindle cell carcinoma is a rare variant in which the neoplastic keratinocytes
infiltrate the dermis as single cells with elongated nuclei.

Verrucous squamous cell carcinoma (Fig. 24.5) is a low-grade variant that is
typified by well-differentiated keratinocytes lacking significant atypia. These are
not believed to have a metastatic risk and are identified by their location. The three
main forms are oral, plantar, and Buschke-Loewenstein tumors.

Lymphoepithelioma-like carcinoma is a rare form of squamous cell carcinoma,
recently classified by the World Health Organization. Its histogenesis is as yet
uncertain. Due to the presence of sebaceous, eccrine, and trichilemmal differentia-
tion within these neoplasms, it is widely believed that they originate in adnexal
structures.

Desmoplastic squamous cell carcinomas are another subtype that has an increased
risk of recurrence and metastasis. The most common site for these tumors is the ear.
Histologically, these tumors are characterized by infiltrating cords of neoplastic
keratinocytes with a dense sclerotic stroma that comprises at least one-third of the
tumor. Perineural invasion and cytological atypia are often present.

Adenosquamous carcinoma is a form of squamous cell carcinoma that has the
cytological features of both a keratinocyte-derived epidermal tumor and a

Fig.24.5 Verrucous
squamous cell carcinoma
on the lower leg
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gland-derived epithelial tumor. Its architecture is identical to the common squamous
cell carcinoma except for the presence of deeply invasive nests and gland-like cystic
spaces with areas of mucin production.

Keratoacanthomas are a distinct and interesting subtype of squamous cell carci-
noma (Fig. 24.6). The debate still rages as to whether this is a form of squamous cell
and if it should be treated as a malignancy at all. Histologically (Fig. 24.7), these
tumors resemble the common squamous cell carcinoma and at the early stages are
nearly indistinguishable. In the mature tumor, there is a crateriform squamous

Fig.24.6 Keratoacan-
thoma on the lower leg

Fig.24.7 Keratoacan-
thoma. Note the crateri-
form morphology
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proliferation with a central core of compact hyperkeratosis. These tumors evolve
rapidly over weeks to months, and then many will spontaneously resolve. There are
many factors associated with the development of these lesions, including solar radi-
ation, trauma, genetics, and possible viral etiologies. There are various forms of
keratoacanthomas including Grzybowski, Ferguson-Smith, and Witten and Zak.

24.3 Clinical and Dermoscopic Presentation [5, 6]

A presumptive diagnosis of SCC is based on the physician’s interpretation of clini-
cal information, including appearance and morphology, anatomic location, and
patient-reported history. While the most frequent clinical presentation of SCC in
situ is an erythematous scaly patch or slightly elevated plaque, which is barely
noticed by the patients, invasive SCC is often ulcerated and can be patchy, papulo-
nodular (Fig. 24.8), papillomatous, or exophytic.

Although histopathology remains the gold standard for the diagnosis of SCC,
some noninvasive optical technologies such as dermoscopy and RCM have recently
been applied in an attempt to enhance clinical diagnosis accuracy and to obtain an
in vivo characterization of the tumor [7-9].

Fig. 24.8 Papulonodular
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*Erythema-reticular vessels surrounding follicular openings
Strawberry pattern: erythema plus white keratotic roundish follicular openings
Rosettes or four shiny white dots into the follicular openings

*Whitish scales
Clusters of glomerular or dotted vessels
Red starburst pattern; aligned dotted and glomerular vessels in radial disposition at the periphery |

*White yellowish keratin mass
White circles or target follicular openings
Hairpin vessels with white halo in well-differentiated SCC

*Erythema and irregular polymorphic vessels
Ulceration and blood spots

In situ SCC (Bowen disease) is characterized by yellowish white opaque scales
and clusters of 2 types of roundish vascular pattern: small dotted vessels and glo-
merular or coiled vessels. Both patterns often appear within the same lesion and are
distributed in small, densely packed clusters or groups [10]. In pigmented Bowen
disease, other dermoscopic features are represented by small brown globules, which
are regularly packed or aligned in a patchy distribution, and by gray to brown homo-
geneous pigmentation. White circles are a specific feature of early SCC and actinic
keratosis. They are white structures within the hair follicle that might present a ring-
like or targetoid appearance due to the white yellowish keratotic plug in the center
of the follicular opening and white halo surrounding it [11].

When in situ SCC progresses to microinvasive SCC, the lesion thickens clini-
cally, and hairpin and/or linear-irregular vessels appear in dermoscopy examination,
occasionally giving a red starburst-like image on dermoscopy. In addition to typical
vessel morphology, a keratotic center and ulceration might be seen. Invasive SCC
presents more polymorphic vessels such as linear irregular, hairpin, and grouped
glomerular/dotted vessels over a whitish background with a central mass of keratin
or ulceration. Such dermoscopic features reflect a “vertical” growth phase (dermal
invasion).

24.4 Other InVivo Imaging Techniques
24.4.1 Reflectance Confocal Microscopy
RCM is a noninvasive technique for in vivo imaging of the skin with a cellular-level

resolution (0.5-1.0 mm in the lateral dimension and 4-5 mm the axial) that uses
near-infrared laser light at 830 nm. This technique reproduces horizontal images of
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the skin in shades of gray, with a resolution comparable with that of conventional
histology. It is painless and harmless; it allows the evaluation of a larger area of
skin, the mapping of a whole tumor and margins, and the imaging of exactly the
same location over time, and it does not induce any kind of skin damage or inflam-
matory response. However, there is a clear limitation to the ability of the microscope
to evaluate the thickest components of the tumors, as occurs in some cases of SCC
in which hyperkeratosis predominates. The presence of hyperkeratotic surface on
the lesion can make the RCM examination challenging, as the epidermal layers
might be poorly visualized due to limited RCM laser penetration [12, 13].

24.4.2 High-Frequency Ultrasonography and Doppler Mode
[10,14]

High-frequency ultrasonography (HFUS) is a fast and accessible, noninvasive, con-
venient, practical, and safe dermatological diagnostic imaging examination that is
now widely used in skin cancer. It allows real-time visual information with high
diagnostic value and provides the physician with an extra hand in everyday practice.
HFUS uses frequencies of approximately 20 MHz, which are dedicated to depicting
the skin and allow scanning of the whole skin (epidermis, papillary, reticular der-
mis, blood vessels, and upper parts of subcutaneous tissue—depending on the
localization).

In HFUS, tumor depth is ascertained with B-mode, and Doppler blood flow tech-
nologies permit the measurement of tumor neovascularity and the mapping of vas-
cular structures. SCC is usually seen as a hypoechogenic mass in relation to the
surrounding tissue, without clear specific features that allow the differential diagno-
sis from other nonmelanoma skin cancer or other skin lesions. However, HFUS is
useful for determining the local aggressiveness of the tumor [15, 16].

24.4.3 Optical Coherence Tomography

Optical coherence tomography (OCT) is an emerging technology that uses infrared
light for performing high-resolution, cross-sectional imaging. OCT is analogous to
ultrasound imaging, except that it uses light instead of sound [10] and it magnifies
the surface of a skin lesion using near-infrared light. Used in conjunction with clini-
cal or dermoscopic examination of suspected skin cancer, or both, OCT may offer
additional diagnostic information. As occurs in HFUS, the method is useful for
preoperative evaluation of the tumor size in patients with SCC, as it provides a real-
time imaging of nonmelanoma skin cancer to a depth of approximately 1.5 mm.
However, its specificity is low and there are no pathognomonic features of SCC
under OCT examination [17].

24.4.3.1 Diagnosis Confirmation [18]
Diagnosis is routinely confirmed by biopsy, and histological examination will dif-
ferentiate between in situ and invasive SCC and detect aggressive histopathological
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growth patterns. However, conventional histopathological examination is also
undergoing some changes, as new imaging techniques are emerging and beginning
to replace the typical fixation, processing, and staining methods. This is the case of
ex vivo fluorescence and RCM, which allows a rapid microscopic examination of
freshly excised unfixed tissue directly in the surgery room during Mohs surgery
after a few seconds of immersion in a fluorescence media. This optical imaging
modality uses the inherent light-scattering properties of the different components of
the tissue and generates optical images similar to H&E-stained tissue sections
obtained by cutting frozen or fixed tissues.

Under conventional histopathology or ex vivo RCM, features such as the degree
of differentiation, aggressive histological subtypes (acantholytic, adenosquamous,
and carcinosarcomatous), depth greater than 2 mm (measured from the granular
layer of the adjacent intact epidermis), Clark level IV or greater, and presence of
perineural and/or angiolymphatic invasion classify the lesion as high risk. The dif-
ferential diagnosis between SCC subtypes is mandatory, as it will further determine
the therapeutic approach and follow-up of the tumor.

Once an invasive/aggressive SCC is diagnosed, it must be staged as the risk for
metastasis is reported to be approximately 4%, and even two to three times higher
in immunosuppressed individuals. Locoregional invasion can be assessed by HFUS
or OCT in some cases as mentioned above. However, additional imaging techniques
such as computed tomography (CT) or magnetic resonance imaging (MRI) are fre-
quently required to assess the depth of invasion in critical areas such as the face or
the scalp, as SCC is more likely to invade soft tissues, cartilage, and adjacent bone
than other nonmelanoma skin cancer. Cutaneous in-transit regional lymph node
metastases are the most common metastatic presentation; therefore, clinical assess-
ment of regional lymph nodes must be always included in the physical examination
and supported by complementary imaging techniques such as ultrasonography and
positron emission computed tomography (PET/CT).

Staging of the tumor is classically performed according to the TNM (tumor,
node, and metastasis) American Joint Committee on Cancer (AJCC) criteria.

TNM staging—For Staging visit = AJCC official website

https://www.facs.org/quality-programs/cancer-programs/american-joint-
committee-on-cancer/

In all the staging scales there are several clinical-pathological markers of high-
risk SCC such as tumor size (which can vary depending on the location), Breslow
or tumor depth, perineural and lymph/vascular invasion, histological differentiation
of the tumor (despite not being included in the latest AJCC classification), and the
immune status of the patient (worse prognosis is seen in immunocompromised
patients). When the patient fulfills two or more high-risk markers, further staging by
sentinel lymph node biopsy (SLNB) is recommended, as about 20% of these patients
will present positive SLNB. However, the impact on the overall survival or disease-
free survival has still not been established.


https://www.facs.org/quality-programs/cancer-programs/american-joint-committee-on-cancer/
https://www.facs.org/quality-programs/cancer-programs/american-joint-committee-on-cancer/
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Follow-up of patients must be individualized and determined both by the clinical
history of the individual and the subtype of the SCC; however, screening for new
primary skin cancers should be performed at least once per year, adjusting fre-
quency on the basis of individual patient risk.

24,5 Surgical Treatment

Surgical excision is still the gold standard and includes conventional and Mohs sur-
gery [18]. Conventional excision must ensure complete removal and therefore
include a margin of clinically normal-appearing skin around the tumor and surround-
ing erythema. Clinical margins can be assessed prior to surgery by imaging tech-
niques such as dermoscopy, RCM, HFUS, or OCT, which decrease the rates of
incomplete excision and affected margins. NCCN guidelines recommend 4- to 6-mm
clinical margins for standard excision of low-risk SCC, whereas Mohs surgery is
recommended in high-risk SCC, SCC in immunocompromised patients, or “special-
site SCC” such as head and neck, where tissue conservation is important [19, 20].

24.6 Nonsurgical Treatment

24.6.1 Low-Risk SCC

If surgical therapy is not feasible or elected, nonsurgical local approaches may be
considered [2]. For in situ or low-risk SCC, the physician can choose photodynamic
therapy (a 2-step method consisting of topical application of a photosensitizer,
either 5-aminolevulinic acid or methylaminolevulinate, followed by 1 to several
hours of incubation by light irradiation, typically with a blue, red, or broadband
light source), or topical therapy with imiquimod (3.75-5%), or 5-fluorouracil. These
modalities not only treat the tumor but also have an effect on the cancerization field
if applied in a larger area.

Nonsurgical ablative modalities are also accepted in some cases in which surgery
is not feasible, contraindicated, or not preferred by the patient. These include laser
ablation (CO,, erbium), electrocoagulation, and cryosurgery. However, given the
lack of histological margin control with these approaches, the recurrence rate of
SCC is higher. Primary local radiation can also be used in special situations when
other therapies are contraindicated or impractical.

24.6.2 High-Risk SCC and Metastatic Disease

High-risk SCC should always be surgically excised, preferably by Mohs technique;
however, adjuvant radiation therapy to the local tumor site following surgical treat-
ment may be considered in primary SCC concerning perineural invasion or at high
risk for regional or distant metastasis.
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Regarding locally advanced and metastatic SCC, treatment is based on the extent
of disease. If lymph nodes are involved, dissection must be performed whenever
possible, and adjuvant radiation with or without concurrent systemic therapy must
be considered. Systemic therapies such as capecitabine or epidermal growth factor
receptor inhibitors (cetuximab, panitumumab) have demonstrated efficacy in
patients with advanced, unresectable SCC. Based on the high mutational loads of
SCC, the well-known infiltration with lymphocytes, and programmed death ligand
1 (PD-L1) expression, there is a promising utility in treating SCC with the immune
checkpoint inhibitors such as pembrolizumab [21, 22].

Recently the first anti-PD1 drug cemiplimab was approved by the US Food and
Drug Administration (September 2018) and by the European Medicines Agency
(July 2019) after having demonstrated responses in about 50% of advanced or meta-
static SCC.
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Sanjeev Kumar Gupta

25.1 Introduction

Chronic ulcers affecting the extremities have diverse etiology. These ulcers are
more common in the lower extremity than in the upper extremity. The prevalence of
lower extremity ulcers ranges from 0.18% to 2% but increases to 5% in patients
older than 65 years [1]. Some of the common extremity ulcers include diabetic foot
ulcers, ulcers of chronic venous disease, ischemic ulcers, chronic infections such as
tuberculosis, autoimmune diseases, and malignant ulcers. Of the various types of
ulcers mentioned above, malignant ulcers are relatively uncommon. These ulcers
can be either primary or result from malignant transformation in a chronic ulcer.
The prevalence of malignancy in chronic leg ulcers ranges from 2.0% to 4%.
Squamous cell cancer (SCC) and basal cell cancer (BCC) are the most common
ulcerating skin tumors. Cutaneous lymphoma, Kaposi’s sarcoma, and angiosarcoma
are some of the rarer types of malignant ulcerative lesions of the lower extremity
[2]. Since the prevalence of malignant extremity ulcers is quite low, their diagnosis
requires a high degree of suspicion. Inability in instituting appropriate treatment due
to delayed diagnosis or misdiagnosis results in poor outcome. Basal cell cancer
which was earlier known as basal epithelioma was first described by Jacob in 1824
[3]. It is a slow growing tumor which tends to be locally infiltrative and rarely
causes distant metastases. It is seldom fatal but can cause local tissue destruction
resulting in disfigurement.

S. K. Gupta (<)
Department of General Surgery, Institute of Medical Sciences, Banaras Hindu University,
Varanasi, India

© The Author(s), under exclusive license to Springer Nature Singapore Pte 325
Ltd. 2023

A. K. Khanna, S. K. Tiwary (eds.), Uncommon Ulcers of the Extremities,
https://doi.org/10.1007/978-981-99-1782-2_25


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-99-1782-2_25&domain=pdf
https://doi.org/10.1007/978-981-99-1782-2_25

326 S.K. Gupta

25.2 Epidemiology

Basal cell carcinoma is the commonest skin cancer in humans which usually affects
fair skinned individuals. The incidence of BCC worldwide is showing an increasing
trend but since it is not consistently recorded in cancer registries, the exact inci-
dence is difficult to determine [4]. There are wide geographical variations with the
highest incidence being reported from Australia (up to 1000/100,000 population per
year) followed by the USA (212-407/100,000 population per year). In USA nearly
3 out of 10 white people will develop basal cell cancer during their lifetime. The
lowest incidence has been reported in Africa (<1/100,000 population per year). In
India too, even though exact data is not available, the incidence is similar to that
seen in Africa [5, 6]. The incidence of basal cell cancer increases with increasing
age with the median age at diagnosis being 68 years. Males are generally more com-
monly affected than females.

25.3 Etiology and Molecular Pathways

The most common environmental factor implicated in causation of BCC is chronic
exposure to ultraviolet radiation particularly the UVB wavelengths and to a smaller
degree to the UVA wavelengths. This is responsible for its predilection to the sun
exposed parts of the body. Classically more than 80% of BCCs occur in the head
and neck region with truncal and extremity lesions being uncommon. Ultraviolet
rays can not only cause direct as well as indirect DNA damage but can also cause
dose dependent immune suppression. Ultraviolet B rays cause direct DNA damage
by causing C/T or CC/TT transition resulting in formation of mutagenic cyclodipy-
rimidine dimers. Melanin absorbs UVA and indirectly damages DNA through gen-
eration of cytotoxic and mutagenic free radicals [6]. Typically, there is a time lag of
15-20 years between UV exposure induced DNA damage and development of
BCC. Hence exposure duration and intensity particularly in childhood and adoles-
cence play an important role in the causation of BCC. In addition to the environ-
mental factors, certain genetic mutations also play an important role. The most
commonly affected gene is the PTCH1 gene and the second most commonly
affected is the p53 gene. PTCHI1 gene mutations leading to activation of the hedge-
hog pathway (Hh) occur in 70-80% of individuals with sporadic BCC [7, 8].
Exposure to UV rays is not the only risk factor because nearly 10-20% of BCCs
occur in areas not exposed to the sunlight. The other factors implicated include
exposure to ionizing radiation, arsenic exposure, immunosuppression, and genetic
predisposition. Increased risk of BCC has been seen in patients with xeroderma
pigmentosum, basal cell nevus syndrome (Gorlin syndrome), and Rombo syn-
drome. Furthermore, a previous history of BCC causes a ten-fold increase in the risk
of developing a second BCC.
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25.4 Clinical Features

Basal cell cancers arise in the basal layer of the epidermis from the follicular and
interfollicular pluripotent stem cells related to the hair follicles (pilo-sebaceous
unit). These cancers are heterogeneous with different morphological subtypes
which have distinct biological behavior. The most recognized clinical variants of
BCC are superficial, nodular, and morphea-like BCC. Nodular BCC is the most
common clinical type accounting for 60—70% of all basal cell cancers [9, 10]. They
appear as shiny, pink or flesh colored papule or nodule with telangiectasia. Patients
often give a history of crusting and repeated bleeding. These lesions tend to enlarge
and ulcerate. These ulcers which typically have rolled-up borders infiltrate into
adjacent tissues hence the name rodent ulcer. In dark skinned individuals, pigmented
nodular BCCs are common and have to be distinguished from melanoma. The com-
monest site for nodular BCC is the face, typically above a line joining the angle of
the mouth to the ear lobule. Superficial BCC, the second commonest clinical sub-
type, appears as a well circumscribed pink-red scaly macular lesion which may have
telangiectasia. These are usually multiple and occur more frequently on upper back,
chest, or shoulders. Pigmented variants of superficial BCC can occur and they can
evolve into the nodular type over time. The morphea form or sclerosing clinical
subtype frequently presents as white or flesh colored lesion with ill-defined borders
and surrounding induration. The surface of the lesion is smooth but crusts with
underlying erosion or ulceration may also be present. These account for 5-10% of
all basal cell cancers. BCCs invade locally and cause tissue destruction but involve-
ment of regional lymph nodes is not seen [11, 12] (Figs. 25.1, 25.2, 25.3, and 25.4).

Fig. 25.1 Basal cell
carcinoma of thigh.
Blackish color may be
mistaken for melanoma
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Fig. 25.2 Typical BCC
with everted rolled out
edges

Fig. 25.3 Typical basal
cell carcinoma with field
fire BCC where
concomitant crusting,
ulceration, and scarring
spread peripherally with a
central area of regression
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25.5 Investigations

The diagnosis of BCC can be confirmed by skin biopsy which could either be a
shave biopsy, a punch biopsy, or an excision biopsy. It is important to include the
dermis in the biopsy to differentiate between superficial and other histological sub-
types of BCC. Imaging studies are required only if there is a suspicion of bony
involvement in which case magnetic resonance imaging is the modality of choice to
delineate the extent and the depth of the lesion [13].

25.6 Treatment

Treatment of basal cell cancer is primarily surgical but there are other options such
as medical treatment or radiation therapy depending on the patients’ age and gender
and also the site, size, and type of lesion. The aim of treatment is complete excision
of tumor to prevent future recurrence, to provide good cosmesis, and to correct any
functional impairment. Various types of therapeutic interventions for BCC include
Mohs micrographic surgery (MMS), standard surgical excision, radiotherapy, pho-
todynamic therapy, cryosurgery, topical therapies, and systemic medications [14].

25.6.1 Surgery
Mohs micrographic surgery is preferred in high-risk BCC, recurrent BCC, and

lesions in critical areas. MMS entails serial excisions of the lesion with examination
of 100% tissue margins. Since thin slices of the tissue are removed sequentially, the
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wound size is minimized, thereby leading to better cosmetic outcomes. It also
ensures complete removal of the tumor tissue. In a prospective randomized con-
trolled trial comparing standard excision and Mohs micrographic surgery, the
10-year probability of recurrence was 12.2% versus 4.4% for primary BCC and
13.5% versus 3.9% for recurrent BCC [15]. Mohs surgery is therefore considered to
be the gold standard because of its high long-term cure rate and tissue sparing effect.

In a standard surgical excision (SE) a 4 mm margin is considered adequate if the
lesion is well circumscribed and less than 2 cm in diameter and is situated in a low-
risk area. Wider lateral margins ranging from 5 to 15 mm may be required in ulcer-
ated lesions larger than 2 cm situated in high-risk areas [16]. The depth of excision
is up to the subdermal fat or to the level of deep fascia, perichondrium, or perios-
teum in the face. Postoperative histopathology is essential to ensure complete exci-
sion of the lesion as recurrences are fairly common. However, there is no specific
recommendation for re-excision in cases with narrow margins. Incomplete excision
is associated with recurrence rates of up to 40% after 2-5 years of follow-up.
Re-excision with wider margins is recommended for such cases.

25.6.2 Radiotherapy

Radiotherapy is an alternative modality of treatment in elderly patients with co-
morbidities or in those who refuse surgery. It can be administered as external beam
radiotherapy, brachytherapy, or contact therapy. Recurrence rates are similar to
those as reported for surgery. Its use as an adjuvant treatment in patient with incom-
plete excision has not been studied and hence there are no specific recommenda-
tions. It is contraindicated in patients with BCC nevus syndrome.

25.6.3 Chemotherapy

The role of chemotherapy in BCC has not been evaluated. Most of the regimens
used are platinum based and the response rate is approximately 20-30%. However,
since the duration of response is only 2—3 months chemotherapy is generally not
considered as a useful modality for treatment. For superficial or small nodular
BCCs, certain medical treatments have been used. One such agent is Imiquimod
which is an immune response modifier and is applied topically. Another agent for
topical application is 5-fluorouracil 5%. However, there are limited indications for
their usage in superficial, low-risk lesions <2 cm in diameter. The long-term results
of these agents have not been evaluated. Certain destructive treatments such as pho-
todynamic therapy (PDT) with 5-aminolaevulinic acid (ALA) or its methyl ester
(MAL) have been used for superficial and small nodular BCC less than 2 mm thick.
PDT is an option for patients with multiple lesions [17].
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25.6.4 Newer Agents

The systemic treatment of difficult to treat or advanced basal cell cancer has to be
discussed in a multidisciplinary committee. The agents which have been approved
for systemic therapy include Hedgehog inhibitors Vismodegib and Sonidegib. These
are still under evaluation and their routine use outside clinical trials is not recom-
mended. The prognosis of BCC depends upon its location and size. Extremities are
considered to be a low-risk location in contrast to the centrofacial areas, nose, etc.
which are high-risk areas. Primary superficial BCC or nodular BCC <2 cm in diam-
eter in the extremity has a good prognosis as compared to primary nodular lesions
>2 cm or recurrent basal cell cancers [18].

25.7 Conclusions

Basal cell cancers even though being the commonest skin cancers are relatively
much less common in Indian patients. The most common site of occurrence is the
head and neck and extremity involvement is uncommon. They are slow growing
tumors which cause local tissue destruction. Metastases to distant sites is extremely
rare. Surgical excision is the treatment of choice. A better understanding of molecu-
lar pathways has led to the development of systemic therapies for difficult to treat
locally advanced or metastatic basal cell carcinoma.
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Divya Khanna and Ajay K. Khanna

Moritz Kaposi, an Austro-Hungarian physician and dermatologist, first described
Kaposi sarcoma (KS) in 1872, when he documented five patients with multifocal
pigmented cutaneous and extra-cutaneous tumour in elderly European males, all of
whom died within 2 years [1]. Since then, other varieties of this tumour have been
identified, each with its own epidemiologic characteristics and clinical history but
with similar histology. The cause of KS was unknown until 1994. Late epidemio-
logic investigations suggested that KS was caused by an infectious agent other than
Human Immunodeficincy Virus (HIV), leading to the discovery that KS is caused
by the KS herpesvirus (KSHV; also known as Human herpesvirus 8 (HHVS)) and
decreased host immunity [2, 3]. In addition KSHV causes Primary Effusion
Lymphoma (PEL) [4], Multicentric Castleman Disease (MCD) [5]—two lymphop-
roliferative diseases and KSHV inflammatory cytokine syndrome [3].

26.1 Epidemiology of Kaposi Sarcoma

Before the Acquired Immunodeficiency Syndrome (AIDS) crisis in the early 1980s,
KS was a rare disease that was regularly documented in males who had sex with
men (MSM) [6, 7]. AIDS patients in the USA reported KS 20,000 times higher than
the general population and 300 times more than other immune-suppressed patient
groups [8]. Australia [9] and Europe [10] both reported similar trends. Since the
onset of the AIDS epidemic in sub-Saharan Africa (SSA), the incidence of KS has
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increased by roughly 20-fold. In several SSA nations, such as Uganda, Malawi,
Zimbabwe, and Swaziland, KS is the most prevalent cancer in males and the second
most frequent cancer in women [11, 12]. GLOBOCAN 2020 estimated that 34, 270
KS cases were diagnosed globally [13].

The heterogenity in the population prevalence of two main infectious risk fac-
tors, namely the KSHYV, along with HIV, which severely worsens the carcinogenic
outcome of KSHYV infection through impaired immune functioning, is guiding these
disproportionately high KS cases, with nearly three quarters of global KS cases
occurring in SSA [3].

However, the classic form of KS that was first described in elderly men of
Mediterranean/Jewish/ Eastern European ancestry, and more recently in HIV-
negative MSM, the endemic form in parts of Central and Eastern Africa, and the
iatrogenic form in immunosuppressed organ transplant recipients are all recognised
to occur in the absence of HIV infection [2, 14-20].

After the introduction of combination antiretroviral therapy (cART) in 1996, the
incidence of AIDS-related KS decreased dramatically [21]. Between 1997 and
1999, prospective studies from the USA, Europe, and Australia revealed a decrease
in the incidence rate of KS from 15.2 per 1000 person-years in 1992 to 4.9 per 1000
person-years, owing mostly to a decrease in AIDS-related KS cases [22]. However,
KS continues to occur among HIV-positive people, despite a decline in global
prevalence.

26.2 Variants of Kaposi Sarcoma

There are four forms of KS, each with its own demographic and clinical course, but
all with very similar histological alterations.

26.2.1 Epidemic (AIDS-associated) Kaposi Sarcoma

Epidemic or AIDS-associated KS is the most common kind of KS and is regarded
as an AIDS-defining illness [8]. Multiple cutaneous lesions on the limbs, trunk, and
face are seen clinically. In 20% of cases there is a mucosal lesion, and in 15% of
cases there is visceral involvement. Oedema caused by the tumour is frequently
seen. Improving CD4 cell counts and the use of cART reduce the risk of developing
KS [3]. When comparing patients with CD4 counts of 200, 200-349, and 350-499
cells/mm to those with patients having counts of 500 cells/mm, the rate ratio for
developing KS was 18.9, 3.6, and 4.1, respectively [23].

The majority of cases are indolent; however, visceral involvement is not uncom-
mon and with effective cART, it may regress. According to a recent systematic
review, HIV is responsible for around 80% of KS in SSA, compared to 50% in the
rest of the globe. Southern Africa (6.0 cases per 100,000) and Eastern Africa (3.4
cases per 100,000) have the highest rates of HIV-attributable KS [24].
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26.2.2 Classic (Mediterranean/Sporadic) Kaposi Sarcoma

Classic KS primarily affects the elderly and middle-aged of Mediterranean, Eastern
European, and Middle Eastern descent. Men are more likely to have it than women.
Usually observed as fewer lesions limited to the lower limbs that do not grow as
quickly or as frequently. The gastrointestinal system is the most common site of
visceral and mucosal involvement. It is rarely aggressive or widespread [3]. There
is some evidence that the risk groups of people who appear with classic KS are
shifting. A retrospective cohort study on classic KS patients in Paris between 2006
to 2015, reported that less than 40% of patients were of Mediterranean background
and 28% were MSM [25].

26.2.3 Endemic (African) Kaposi Sarcoma

Endemic KS, often known as African KS, affects people living in equatorial Africa.
Because KSHYV infection is far more common in Africa than it is in other parts of
the world, the risk of Endemic KS is much higher. Other conditions that impair the
immune system, such as malnutrition, chronic infections, and malaria, are likely to
contribute to the development of KS. Children and women are both affected by the
disease. Younger persons are more likely to have endemic KS (usually less than
40 years) [2, 26]. In children before puberty, a more aggressive type of endemic KS
is occasionally encountered, which frequently involves lymph nodes and other
organs and advances rapidly [27]. The distribution of HHV-8 seropositivity in
endemic KS is similar to that of HHV-8 seropositivity in the paediatric population
[28]. In paediatric patients, rates of HHV-8 seropositivity range from 2% in Eritrea
to over 100% in the Central African Republic [29].

26.2.4 latrogenic (Transplant-related) Kaposi Sarcoma

Iatrogenic, or transplant-related KS, occurs when persons develop KS as a result of
iatrogenic immunodeficiency, as seen in organ transplant recipients. When com-
pared to the general population, transplant patients have a 400- to 500-fold higher
risk of getting KS. For iatrogenic KS, the male-to-female ratio is 3:1. Patients who
get a bone marrow or peripheral blood stem cell transplant have a considerable
lower risk of developing KS than those who receive a solid organ transplant [30].
Immunosuppressive medicines are used by the majority of transplant recipients to
prevent new organ rejection. This immunosuppression raises the likelihood of infec-
tion with KSHV. Immunosuppressive medicines can be stopped or reduced, which
can cause KS lesions to disappear or shrink [3].

Finally, many cases of KS have been observed in MSM who are not HIV-positive,
and KS in MSM who are not HIV-positive is becoming widely recognised as a
unique fifth form of KS [3, 25].
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26.3 Clinical Signs and Symptoms

Cutaneous manifestations: Cutaneous lesions in all variants of KS usually appear
as numerous, pigmented, raised or flat, painless lesions that do not blanch when
pressure is applied. Patch, plaque, and nodule are the three clinical stages of skin
lesions [31]. Asymptomatic pigmented macules or tiny papules ranging in colour
from pale pink to vivid purple are the most common cutaneous lesions. The charac-
teristic features of the lesions are often used to diagnose KS. Even skilled clinicians
sometimes misdiagnose KS; hence, the diagnosis should be confirmed histologi-
cally. On the trunk, larger oblong plaques follow the skin folds. Exophytic, ulcer-
ated, and bleeding nodules are occasionally found, and they are associated with
uncomfortable oedema [3] (Figs. 26.1, 26.2, 26.3, and 26.4).

Visceral manifestations: Noncutaneous disease most commonly affects the oral
cavity, gastrointestinal tract, and respiratory system. Visceral signs are uncommon,
thanks to the widespread use of antiretroviral medication and a variety of therapeu-
tic options [32]. In around one-third of KS patients, the oral cavity is afflicted, and
in about 15% of instances, it is the first site of involvement. A biopsy should be
utilised to confirm the diagnosis of KS whenever possible [33]. The most common
intraoral location is the palate, followed by the gingiva. Pain, bleeding, ulceration,
and secondary infections are all possible complications of intraoral lesions.
Dysphagia is a symptom of advanced lesions [34]. Patients with AIDS-related KS
are more likely to develop visceral lesions in the lungs and gastrointestinal tract.
Weight loss, stomach pain, nausea and vomiting, upper or lower gastrointestinal
haemorrhage, malabsorption, intestinal blockage, and/or diarrhoea are common
symptoms of gastrointestinal lesions, which are confirmed by endoscopy [35, 36].
Pulmonary lesions are potentially fatal. Shortness of breath, fever, cough,

Fig.26.1 Nodule seen on
thigh
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Fig.26.2 Nodule seen on
arm as inflamed swelling

Fig.26.3 Multiple lesions
seen round ankle and sole

hemoptysis, and chest pain are all symptoms of pulmonary involvement. Radiographs
can reveal nodular, interstitial, and alveolar infiltrates, pleural effusion, and hilar
and/or mediastinal adenopathy [3, 37]. In African children and young adults,
endemic KS is commonly linked with lymphoedema and is difficult to manage [4].
However, visceral lesions associated with KS are infrequent. Only 15% of 469
AIDS-related KS patients had visceral lesions, according to one study [32]. As a
result, CT scans, bronchoscopy, and endoscopy are not indicated in patients who do
not have symptoms that indicate visceral lesions [3].

26.4 Staging of Kaposi Sarcoma

To date, the American Joint Committee on Cancer (AJCC) tumour, node, and metas-
tasis (TNM) staging approach has not been incorporated into the staging of
KS. AIDS-related KS is staged using the Modified AIDS Clinical Trials Group
(ACTG) staging criteria, based on tumour, immunological state, and systemic
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Fig. 26.4 Ulcerated big
nodule on arm

Table 26.1 Staging classification for AIDS-related KS by the AIDS Clinical Trial Group (ACTG)
of the National Institute of Health [38]

Good risk (all of the following)

Poor risk (any of the following)

Tumor, T | TO: Confined to skin and/or lymph T1: Tumour-associated oedema or
nodes and/or minimal oral disease ulceration,
(non-nodular KS confined to palate)* | extensive oral KS,
gastrointestinal KS,
KS in other non-nodal viscera
Immune 10: CD4 cell count >200/pL I1: CD4 cell count <200/pL
system, I
Systemic SO: No history of opportunistic S1: History of opportunistic infection
illness, S infection or thrush and/or thrush

No unexplained fever, night sweats,
>10% involuntary weight loss, or
diarrhoea persisting more than

2 weeks

Karnofsky performance status >70

Unexplained fever, night sweats, >10%
involuntary weight loss, or diarrhoea
persisting more than 2 weeks present
Karnofsky performance status <70
Other HIV-related illness (e.g.,
neurological disease, lymphoma)

* Minimal oral disease is nonnodular KS confined to the palate

sickness (TIS) (Table 26.1). There are no defined staging systems for endemic or
iatrogenic KS, and classic KS classification focuses solely on the tumour [3].

26.5 Diagnosis

26.5.1 Histopathology

In settings with appropriate resources, a biopsy is conducted for clinically question-
able KS cases to histologically confirm the diagnosis. However, in resource-limited
countries, such as Africa, where KS is most prevalent, and clinical visualisation is
often the sole means for diagnosing KS, this procedure can be difficult [3]. According
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to one study from Eastern Africa, visual diagnosis showed only an 80% positive
predictive value for KS. Incorrect diagnosis of KS results in the unnecessary admin-
istration of chemotherapy [39]. Task-shifting, teledermatology, and telepathology
are some of the strategies under evaluation to improve the histologic diagnosis
of KS [3].

The histopathological diagnosis of the patch stage is performed by traditional
haematoxylin and eosin (H&E) staining, which is characterised by spindle cell pro-
liferation. Vascular proliferation in the dermis, resulting in slitlike spaces not lined
by endothelium, an increase in the number of vessels without an endothelial cell
lining, the presence of extravasated blood resulting in hyaline globules and haemo-
siderin accumulation, and an inflammatory infiltrate are all common features of
spindle cell [31, 40].

Pleomorphism, nuclear atypia, and mitotic figures may be seen in advanced nod-
ule lesions with the enhancement of the slit-like lumens. Significant inflammatory
infiltrates consisting of lymphocytes, histiocytes, plasma cells, and, rarely, neutro-
phils are present in all phases of KS [31, 40].

KS in situ, anaplastic KS, lymphangiectatic KS, bullous KS, ecchymotic KS,
glomeruloid KS, and hyperkeratotic KS are the histologic variations of KS [31].

26.5.2 Immunohistochemistry

Because KS lesions have varied cellular compositions, they express a variety of
markers. The presence of endothelial markers such as CD34, podoplanin, LYVEI,
and VEGF receptor 3 suggests lymphatic endothelial cell origin [41, 42]. Vimentin
and other mesenchymal markers are also expressed [43]. Based on the immunohis-
tochemistry (IHC), gene expression, and experimental data, spindle cells appear to
be reprogrammed lymphatic endothelial, vascular endothelial, and/or mesenchymal
cells that create cells with an abnormal immunophenotype. In KS lesions, lympho-
cytes, plasma cells, and histiocytes are abundant [3].

The identification and localisation of HHVS8 within KS lesional cells using
LANA (latency-associated nuclear antigen) is the most diagnostically valuable
immunostaining approach for separating KS from its imitators [31]. LANA immu-
noreactivity in KS cells appears as a stippled nuclear staining that is separate from
cytoplasmic haemosiderin or melanin [3, 31]. Every infected cell is thought to
express LANA; nevertheless, the proportion of infected cells varies from less than
10% to more than 90% of the overall cell population in the lesion. As a result, a
negative stain does not necessarily rule out KS because sampling errors or false
negatives might occur due to poor tissue preservation or other technical artefacts [3].

26.5.3 Molecular Diagnosis

KSHV DNA is virtually always found in nucleic acid amplification techniques
(NAAT) of KS lesions (>95% of all epidemiologic types of KS) [44]. KSHV DNA
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detection by PCR is very sensitive, if not ideal for KS diagnosis, the lack of KSHV
DNA in a well-prepared sample effectively rules out the diagnosis of KS. PCR for
KSHYV DNA is currently available in only highly specialised clinical and research
molecular pathology labs [3].

26.6 Etiopathogenesis

KS is causally linked to HHV8/KSHV. HHV S8 belongs to the Herpesviridae subfam-
ily and the Rhadinovirus genus [45]. Gamma herpesviruses play a critical role in
cellular proliferation and malignancies. The HHVS viral genome can be found in all
phases and clinical variations of KS lesions. KSHV is a linear double-stranded
DNA virus with an icosahedral capsid and a tegument that is encased (space between
the envelopes and nucleocapsid containing proteins and RNAs). Endothelial cells
are assumed to be the KSHV-infected cell type in KS because endothelial cell mark-
ers are expressed [46].

The time it takes from HHVS8 infection to the onset of KS varies depending
on the clinical type. Immunosuppression has a significant role in illness pro-
gression and presentation. According to limited evidence, 50% of HIV-positive
people acquire KS within 3.5 years of KSHV discovery in their blood. The typi-
cal time it takes for KS to emerge after transplantation is 13—-21 months [47].
For classic KS, the duration is longer and the other contributors are not yet
established [3].

26.6.1 Transmission
The exact mode(s) of transmission for HHV-8 remains unclear.

26.6.1.1 Sexual Transmission

The high reported incidence of KS in homosexual and bisexual patients and those
with certain sexual practices originally suggested a role in the sexual transmission
of the virus. In later epidemiological studies, sexual activities were confirmed as a
route for HHV8 transmission and the risk increases with the number of sexual part-
ners and with certain practices such as oral/genital and oral/anal sex [48-50].

26.6.1.2 Nonsexual Transmission

The virus is also widespread in Mediterranean countries and Africa, strongly sug-
gesting nonsexual transmission among family members [51]. The oropharynx is a
vigorous site for viral replication. High HHV8 copy numbers are present in saliva
[50]. Based on this, nonsexual transmission via saliva is widely assumed to play the
most important role in childhood transmission in endemic areas [50]. Vertical trans-
mission from mother to child during pregnancy or birth does not seem to play an
important role [52].
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26.6.1.3 latrogenic Transmission
It is crucial to emphasise for medical professionals that HHVS8 can be transferred by
blood, blood products, and donor organs [53-55].

26.6.2 HHV8/KSHV Epidemiology

Although the seroprevalence of HHV8/KSHYV infection is less than 10% in regions
like northern Europe, Asia, and the USA, it is greater than 40% in most of Sub-
Saharan Africa. Adult seroprevalence in SSA ranges from 22% to 71%.
Seroprevalence rates in the Mediterranean region (Italy, Sicily, and Sardinia) are
moderate (10-30%). The causes for these geographic differences in HHV8/KSHV
incidence are unknown; however, there is some evidence that environmental factors,
such as coinfection with malaria and other parasite illnesses, may increase viral
shedding in saliva, resulting in higher transmission rates. However, the impact of
these coinfections on saliva shedding has yet to be proven [3, 45].

26.6.3 Life Cycle of HHV8/KSHV

Endothelial cells, B cells, epithelial cells, dendritic cells, monocytes, and fibroblasts
are all susceptible to HHV8/KSHYV infection [56]. The viral envelope contains gly-
coproteins that engage with cell type-specific cellular entry receptors. HHV8/KSHV
enters endothelial cells by attaching to integrins, the cystine—glutamate transporter
xCT, heparan sulphate, and the EPHA?2 tyrosine-protein kinase receptor. This bind-
ing triggers a signalling cascade that causes cellular modifications that allow the
virus to enter the cell and travel through the cytoplasm. Viral entrance causes the
virion capsid to be delivered into the cytoplasm, followed by the uncoating of the
virion capsid and the transport of the viral genome into the nucleus. The genome
survives as an episome in the nucleus. During the lifespan, the virus either goes into
latency or has irregular lytic reactivation episodes [56—59].

26.6.3.1 Virus Latency Phase

Because of the latency, infection with HHV8/KSHYV is life-long, as it is with other
herpesviruses. ORF71 (also known as ORFK13; encoding viral FLICE inhibitory
protein), ORF72 (encoding vCyclin), ORF73 (encoding LANA), ORFK12 (encod-
ing the kaposins), and various microRNAs (miRNAs) are all expressed by the virus.
They are seen in the majority of KSHV-infected tumour cells and are thought to
stimulate tumour growth. The HHV8/KSHV LANA tethers the latent viral genome
to the host chromosome, allowing the viral genome to replicate alongside the host
genome during normal cell division. Other latent genes’ protein products aid
infected cell survival by boosting the nuclear factor (B (NF-¢B) pathway (increases
cell survival), blocking apoptosis, increasing endothelial cell reprogramming, driv-
ing endothelial cell migration and invasion, and avoiding latency reactivation
[60-68].
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26.6.3.2 \Virus Lytic Phase

HHVS8/KSHV experiences periodic spontaneous lytic reactivation throughout the
host’s lifetime, while the physiological triggers are unknown. The lytic phase per-
mits the viral genome to replicate and infectious viral progeny to be produced.
Immediate early (IE) genes are the first to be expressed, and they encode RTA, a
transcription factor that assures the expression of viral genes necessary for viral
replication. After IE genes, delayed early (DE) genes and late genes are expressed.
They code for proteins that regulate the replication of viral DNA. The late lytic
phase produces the infectious virus by expressing all of the viral structural proteins
[60, 69-74].

26.6.4 Modulating Host Signalling Pathways

HHVS8/KSHYV has evolved to modify multiple host cell signalling pathways, includ-
ing the phosphoinositide 3kinase (PI3K)-AKT-mTOR pathway, the mitogen-acti-
vated protein kinase (MAPK) system, and the NFB route, to allow virus-infected
cells to survive. As a result, the virus encodes a slew of proteins that influence host
cell signalling pathways, allowing for cell survival and proliferation as well as viral
replication. Their expression results in the secretion of cytokines and growth factors
that might influence neighbouring cells, causing angiogenesis and inflammation,
and thereby contributing to the pathogenesis of KS [3, 60].

26.6.5 Immune System and HHV8/KSHV

HHVS8/KSHY, like other herpesviruses, strikes a delicate balance with the host’s
immune system to create a long-lasting latent infection. The substantially higher
incidence of HHV8/KSHYV infection in patients with immunodeficiency than in
people with a healthy immune system demonstrates this regulation [75].

LANA appears to be the most immunogenic of the latent viral proteins, whereas
KS8.1 appears to be the most immunogenic of the lytic proteins. ORF38, ORF61,
ORF59, and K5 all produced detectable responses in people with KSHV-related ill-
nesses, according to a systemic study of antibodies to all KSHV proteins [76].
Though, antibodies against KSHV are rarely neutralising [77].

Despite the host mounting an immunological response to KSHV via Toll-like
receptors (TLRs), a retinoic acid-inducible gene I protein (RIGI) like receptors
(RLRs), and type I interferon induction, KSHV persists in the infected host for a
lifetime by expressing both lytic and latent proteins [3].

KSHV K3 and K5 are lytic genes that encode MIR1 and MIR2, respectively,
which hinder the immune system from identifying KSHV-infected cells by inhibit-
ing MHC class I antigen presentation [78]. MIR1 inhibits all four alleles or allo-
types of the human leukocyte antigen (HLA) gene (HLA-A, HLA-B, HLA-C, and
HLA-E), while MIR2 inhibits HLA-A and HLA-B [79]. Interferon regulatory fac-
tors (viral IRFs; vIRFs) are lytic proteins that inhibit type I interferons in KSHV
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homologues. vIRF1, vIRF2, vIRF3, and vIRF4 are the four vIRFs encoded by the
KSHYV genome [80]. These work by preventing IRF from transactivating interferon
gene promoters by binding to STING and blocking cGAS-STING signalling as
well as IFN induction [81, 82]. KSHV ORF52 and LANA both block the cGAS—-
STING pathway, but they do so by targeting cGAS rather than STING [83, 84].
KSHV encodes three CCchemokine ligands (CCLs) that inhibit inflammation:
vCCL1 (encoded by ORFK6), vCCL2 (encoded by ORFK4), and vCCL3 (encoded
by ORFK4.1) [85].

The KSHV K14 gene generates a viral OX2 (vOX2), a member of the immuno-
globulin superfamily that interacts with the CD200R receptor and is comparable to
the cellular OX2 membrane glycoprotein (OX2) [86]. In neutrophils induced to per-
form phagocytosis, KSHV vOX2 fused to a crystallisable fragment (Fc) antibody
domain lowered neutrophil activation, decreased CCL2 (also known as MCP1) and
IL-8 production, and inhibited oxidative burst [87]. Purified glycosylated vOX2
protein, however, stimulated primary monocytes, macrophages, and dendritic cells
to produce inflammatory cytokines such as IL-1, IL-6, monocyte chemoattractant
protein 1, and TNF [88]. If vOX2 is produced in cells undergoing lytic replication
in the lesions, this activation of inflammatory cytokines may contribute to the
inflammatory infiltrates found in KS [3].

26.7 Management of Kaposi Sarcoma

KS often requires multi-modality management (Table 26.2). The first-line strategy
in patients with forms of KS in which immunosuppression is possibly reversible is
to boost the immune system; for example, treating HIV with cART in patients with
AIDS-related KS may produce TO tumour regression. Similarly, patients with iatro-
genic KS may be treated by lowering immunosuppression or switching immuno-
suppressive drugs while assessing the risks and benefits, as lowering
immunosuppression may increase the chance of transplant rejection. High-quality
data for the clinical care of KS is restricted to AIDS-related KS, while the strategy
for treating other types of KS is based on small retrospective case series and physi-
cian experience.

The current therapeutic options for classic KS include monitoring of patients
with a small number of asymptomatic lesions, elastic compression stockings for
lower extremity oedema, and several local and systemic tumour-directed medica-
tions similar to those used for AIDS-related KS [3].

Clinical staging plays a significant role in the treatment of AIDS-related
KS. Patients with TO stage disease should start cART (if they are not already on it),
to which KS frequently responds (i.e., lesions diminish by 50% in size and/or num-
ber) within 6-12 months. Nearly 80% of patients with TO stage who have not previ-
ously been treated with cART will only require ongoing cART for the next
10 years [32].

In randomised controlled trials conducted in the USA and the UK, single-agent
liposomal anthracyclines were found to be superior to conventional combination
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Table 26.2 Treatment modalities for Kaposi’s sarcoma [88, 89]

Localised disease: local therapy
Surgical excision

Cryotherapy

Topical 9-ci retinoic acid

Radiation therapy

Intralesional chemotherapy (vinblastine, vincristine, bleomycin)

Laser

Sclerotherapy

Photodynamic therapy

Disseminated disease with internal organ involvement: systemic therapy

AIDS-related KS cART

For AIDS patients not responding to cART Liposomal anthracyclines (e.g., liposomal

alone-systemic cytotoxic chemotherapy doxorubicin 20-40 mg/m? every 2—4 weeks)
Paclitaxel (100 mg/m? given every 2 weeks)

Classical KS Liposomal anthracyclines
Interferona

For patients on immunosuppressive therapy Reevaluation of drug regimen

chemotherapy for treating patients with advanced-stage or progressive AIDS-related
KS [90-92]. Safety and tolerability of liposomal anthracyclines in cART patients
have now been proven, and they are now considered the standard first-line treatment
for advanced AIDS-related KS [93, 94]. Several phase II studies suggest paclitaxel’s
efficacy in treating AIDS-related KS [95, 96]. In the only head-to-head comparison
of pegylated liposomal doxorubicin and paclitaxel for advanced AIDS-related KS,
there were no significant differences in response rate, progression-free survival, or
overall survival. Paclitaxel produced greater neurotoxicity (P = 0.045) and baldness
(P 0.001) than pegylated liposomal doxorubicin [96].

IFN and alitretinoin (a retinoid receptor panagonist) are two pathogenesis-
directed therapies for AIDS-related KS, although their use has been limited. Several
pathogenesis-targeted therapies are in the early phases of development and have not
yet been authorised for patient use [3].

26.8 Prevention and Early Detection

Early detection of KS is associated with a better clinical outcome. The availability
of cART has significantly improved the prognosis of KS patients. During the cART
era, one of the largest studies of prognosis found that T1 disease at diagnosis had a
2.6-fold higher rate of death than TO disease at diagnosis [97]. Another study of
AIDS-related KS patients in Switzerland found that those with T1 disease at diag-
nosis had a 5.2-fold higher death rate than those with TO disease at diagnosis [98].
Similarly, T1 disease had a 2.4-fold higher fatality rate than TO disease in South
Africa [99]. These advantages have not been proven in randomised trials, and doing
so would be expensive and time-consuming, especially in resource-constrained
SSA regions [3].
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KS does not have a pre-cancer stage. Furthermore, KS usually manifests itself
first on the skin and/or mucous membranes that are visible. As a result, patients are
the ones who first notice it. Thus, except for lesions in the oral cavity, which are
frequently the initial anatomic site of involvement in AIDS-related KS, traditional
screening by healthcare practitioners for established KS before the onset of clinical
symptoms is of poor utility. Because visceral organ involvement is uncommon in
KS, screening of the lower respiratory tract and gastrointestinal tract is not advised
[3, 100].

KS can be prevented by interventions targeted at preventing HIV infection
(including preexposure prophylaxis) [101], reducing HIV replication, and maintain-
ing patients’ immune systems [102]. Interventions to prevent KSHV infection are
not clearly characterised, owing to a lack of understanding of the exact routes of
KSHYV transmission. MSM’s use of saliva in sexual practises has the potential to
spread KHSV infection, necessitating health education and counselling [103].
However, there is currently no place in the general population for a wide recom-
mendation to avoid saliva exposure [3].

26.9 Quality of Life of Patients with Kaposi Sarcoma

KS-related physical and emotional disorders affect QOL. Pain, oedema, and ulcer-
ated skin sores can make walking difficult. External genital oedema can also impede
urination. In severe cases, facial and periorbital oedema might impair eyesight.
Dyspnoea, cough, and haemoptysis can be distressing pulmonary symptoms.
Gastrointestinal lesions can cause discomfort, bleeding, eating issues, diarrhoea,
obstruction, malabsorption, and weight loss. Lesions on the face, chest, and limbs
can cause social and psychological isolation. Because current KS therapies are not
curative, symptom reduction is a major goal.

Chemotherapy for KS increases the quality of life despite its downsides.
Chemotherapy reduces KS discomfort and swelling. Although improved QOL are
sometimes connected with a quantifiable objective response of KS to treatment
(e.g., 50% tumour shrinkage), symptom palliation occurred in many people without
the objective response [97, 104]. These data suggest evaluating KS therapy based on
QOL and patient benefit, especially in resource-constrained settings [3].
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27.1 Introduction

Skin is the largest organ of the human body. It forms a part of innate immune system
and serves as a physical barrier for most of the pathogens and harmful substances.
It is made up of three layers: the outermost is epidermis, underneath lies dermis, and
the innermost is subcutaneous tissue (hypodermis). The layers of epidermis from
superficial to deep are stratum corneum, stratum lucidum, stratum granulosum, stra-
tum spinosum, and stratum basale. The cells in the innermost layer of epidermis are
stem cells that regenerate continuously. On infliction of any injury or imbalance
in local milieu, these stem cells proliferate, differentiate, and thus restore the integ-
rity of skin.

Rapidly dividing cells such as those of skin, bone marrow, gastrointestinal epi-
thelium are more sensitive to radiation-induced damage [1]. It has been observed
that more than 70% patients of malignancy require radiotherapy (RT). More than
95% of patients receiving radiation develop dermatitis of varying degree [2]. The
manifestation of skin injury may range from mild desquamation, erythema to frank
ulceration or necrosis. It is associated with pain and discomfort affecting the overall
quality of life of the patient [3]. Incidence of radiation associated skin toxicity is
higher in head and neck cancer with around 25% patients developing severe toxicity
[4]. Radiation related skin toxicity can negatively affect patients experience, body
image, and overall quality of life [5]. It may lead to unwanted treatment interrup-
tions during RT, thus prolonging treatment duration. This prolongation of overall
treatment time (OTT) is associated with inferior oncological outcomes. Therefore,
it is imperative to prevent or minimize the severity of skin toxicity.
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A complex interplay of various treatment related and patient related factors
determines the degree of skin damage during and after RT. There is a myriad of
presentation of skin injury following RT. Acute changes may manifest as mild ery-
thema, hyperpigmentation to frank ulcer, necrosis, or hemorrhage. Chronic skin
damage usually presents with fibrosis, atrophy, telangiectasia, altered pigmentation
in mild form to chronic nonhealing ulcers in severe forms. Although there has been
drastic decrease in more serious skin toxicity with advanced skin sparing RT tech-
niques, simultaneously increased used of chemotherapy, immunotherapy has com-
plicated the situation.

Despite the availability of numerous treatment recommendations there is a varia-
tion in practice across various centers [6, 7]. This chapter gives a comprehensive
overview of pathophysiology, evaluation, and management of RT induced skin tox-
icity including ulcers.

27.2 Etiology

The free radicals and reactive oxygen species generated as the result of interaction
of radiation with the body tissue cause killing of tumor cells and healthy cells. As
cell turnover is rapid in skin the radiation reactions are more early evident here. The
severity of skin damage depends upon the self-renewal capacity versus killing of
normal skin cells.

27.3 Aggravating Factors

(a) Patient related: Any preexisting skin disease, genetic susceptibility like xero-
derma pigmentosa, any associated comorbidity, increased body mass index,
nutritional status.

(b) Treatment related: Higher total radiation doses, conventional technique, accel-
erated RT, use of concurrent chemotherapy, use of chemotherapy drugs causing
radiation recall reaction like doxorubicin, and more skin folds in irradiated area.

27.4 Pathophysiology

Hypoxia is considered as a predominant cause of radiation-induced changes in skin.
The mechanism of radiation-induced skin reactions includes generation of free radi-
cals consequently a cascade of events leading to cell death. Inflammation may start
as early as 24 h after receiving radiotherapy with liberation of free radicals in the
actively multiplying cells of the basal layer [8, 9]. The early inflammatory response
to radiation is mainly caused by pro-inflammatory cytokines (interleukins and
tumor necrosis factor), chemokines (eotaxin and IL-8), receptor tyrosine kinase,
and adhesions molecules (intercellular adhesion molecule 1 [ICAM-1], E-selectin,
and vascular cell adhesion protein). These factors cause accumulation of
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eosinophils and neutrophils initiating inflammatory response, leading to self-
perpetuating tissue damage and loss of protective barriers. Inflammatory response
and oxidative stress interact and promote each other in the cell microenvironment
resulting in acute skin reactions [10]. After receiving radiotherapy, cells may die in
various forms, predominant mode of cell death being mitotic. In chronic phases,
inflammation and oxidative stress lead to changes at level of microcirculation caus-
ing telangiectasia, connective tissue causing atrophy, and fibrosis or nonhealing
ulcers [11].

The smallest unit of skin that contains microvessel, epidermis, and dermis is
known as functional unit of skin. It is to be emphasized that the dose response of
functional units defines the dose response of skin as a whole. The functional unit is
about 30 pm in diameter and 350 pm in length. The dose response of the skin is like
the parallel structures where toxicity is evident only when a significant number of
functional subunits are damaged [12]. On histology, acute radiation dermatitis may
have epidermal changes, including vacuolar degeneration of basement membrane
and necrotic keratinocytes as well as the presence of spongiosis that can lead to
subepidermal blister formation. Perivascular inflammatory infiltrates, dilated blood
vessels with thrombi, and dermal edema may be observed [13]. Chronic radiation
dermatitis shows dermal sclerosis, elastosis, and vascular ectasia; overlying epider-
mis which is often hyperkeratotic. There may be epidermal spongiosis or basal
vacuolar changes. The dermal vessels are typically quite dilated in later stages.
Stromal fibroblast and endothelial cells may show some hyperchromasia, enlarge-
ment, and atypia. There is often a mixed inflammatory response. Skin may become
thin due to atrophic epidermis and loss of the rete pattern. Telangiectatic changes
characterized by tortuous vascular pattern, hypocellular dermis with areas of fibro-
sis, dense collagen, and elastic tissue are commonly observed [14—16].

27.5 Evaluation
27.5.1 History

A complete and meticulous history of hypersensitivity, preexisting skin disease like
scleroderma, genetic susceptibility, any drug allergy, contact dermatitis, sun burn
should be evaluated. There are some genetic syndromes like Ataxia telangiectasia
(mutation in ATM gene) and Fanconi syndrome (autosomal recessive disorder)
which are associated with higher probability to develop severe skin reactions [17,
18]. Detailed information of radiation like area receiving radiotherapy, total dose,
dose per fraction, overall treatment duration, maximum acute skin toxicity etc. must
be obtained. Cumulative total radiation dose and overall treatment time are critically
associated with severity of radiation-induced skin reactions. History of comorbidity
like diabetes, HIV, tuberculosis, syphilis should be taken as these factors are associ-
ated with delayed healing. Details of received chemotherapy also need to be docu-
mented, in particular, the type of chemotherapeutic agents used. There are some
chemotherapeutic agents that will predispose to radiation recall such as
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doxorubicin, docetaxel, paclitaxel, etc. Radiation recall is a clinical phenomenon
which is characterized by acute inflammatory reactions triggered by the administra-
tion of certain systemic agent in previously irradiated area. There are certain chemo-
therapeutic agents (cisplatin, bleomycin, doxorubicin, etc.) that are considered as
relative contraindication to hyperbaric oxygen therapy, a treatment modality to treat
radiation-induced late reactions.

27.5.2 Physical Examination

Patient must be examined in a well-lighted area. The area to be examined should be
adequately exposed and any changes in skin and under the skin folds are to be noted.
The site, size, floor, margin, edge, consistency of any ulcer if present should be
noted. Any associated pain, discharge, discoloration, atrophy should also be docu-
mented. The grading scales are available from various bodies (Table 27.1), the
lesion should be graded accordingly. Radiation-induced skin changes may have fol-
lowing features:

¢ Redness or darkening of the skin

e Dry desquamation of skin (Image 27.1)

e Swollen skin

e Moist desquamation; patchy or confluent

e Ulceration, hemorrhage, or necrosis (Image 27.2)

Table 27.1 Various toxicity assessment scales

Systems Grading
Radiation therapy oncology group (RTOG)

: No change

: Erythema, dry desquamation, epilation

: Bright erythema, moist desquamation, edema
: Confluent moist desquamation, pitting edema
: Ulceration, hemorrhage, necrosis

: None

: Erythema

: Dry desquamation, vesiculation, pruritus
: Moist desquamation, ulceration

: Exfoliative dermatitis, necrosis requiring
surgical intervention

Common terminology criteria for adverse 0: None

events (CTCAE) 1: Faint erythema or dry desquamation

2: Moderate to brisk erythema

3: Confluent moist desquamation

4: Skin necrosis or ulceration

0
1
2
3
4
World Health Organization (WHO) criteria | 0
1
2
3
4
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Image 27.1 Post-RT
hyperpigmentation and dry
desquamation

Image 27.2 Post-RT skin
ulcer, grade IV toxicity

27.5.3 Investigation

A patient having radiation-induced skin ulcer should be thoroughly investigated to
find out probable aggravating factor. Complete blood profile, random blood sugar,
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erythrocyte sedimentation rate should be routinely performed. Chest X-ray should
be performed, if hyperbaric oxygen therapy is chosen as a treatment modality.
Culture sensitive of the discharge merits if ulcer is associated with any discharge.
For a chronic nonhealing ulcer, a biopsy should be performed to establish the diag-
nosis as well as to exclude malignant lesion.

27.6 Differential Diagnosis

1. A chronic nonspecific ulcer may have necrotic slough over floor of ulcer, regular
margins, and foul smelling discharge.

2. Osteo-radionecrosis also has feature of chronic nonhealing ulcer. On examina-
tion, tenderness will be more pronounced. An X-ray may be helpful to reach the
diagnosis.

3. Chondronecrosis mimics the osteo-radionecrosis. CECT or MRI may be helpful
to rule out and to establish the diagnosis.

4. Acneiform eruptions can be distinguished from acne as there are no comedones
(whiteheads or blackheads).

5. Hyperkeratotic reactions are characterized by blackish and leathery appearance
of skin.

6. Atypical vascular lesions are pearly, pinkish, and nodular lesion. They may be
pulsatile in nature.

7. Primary skin malignant lesion mimics the features of chronic nonhealing ulcer
but these ulcers have irregular margins with indurated base and bleeds on touch.
Recurrent malignant lesion of skin has history of malignancy and appears as
nodular lesion which may ulcerate in due course of time. However, secondary
skin metastasis presents with multiple discrete firms to hard nodular lesion may
have tenderness.

27.7 Management
27.7.1 Prevention

The effect of ionizing radiation on skin varies from no change to ulceration and
necrosis. It depends upon many factors like total EBRT dose, skin folds over irradi-
ated region, use of concurrent chemotherapy, individual care, and patient’s intrinsic
sensitivity to radiation. However, there are various measures to avoid or reverse
radiation-induced skin reactions.

1. Instructions before EBRT
Patients should be given specific instructions regarding skin care before
RT. Patients should be advised to maintain good skin hygiene. In a prospective
randomized study including 99 patients of breast cancer, Roy et al. demonstrated
a trend toward less toxicity while washing skin with water and soap [19].
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Although the difference in toxicities was not significant and since the study
included patients of breast cancer only, the results may not be generalized to all
sites. Instructions should be given to patients to avoid topical irritants, friction,
and to wear loose fitted clothing during RT.
2. Radiation Technique and Doses

Apart from total RT dose and dose per fraction, technique also affects the
severity of reactions. Patients should be positioned in a manner to minimize skin
folds. Use of multiple radiation beams reduces dose to a particular area and thus
in turn reduces the severity.

27.7.2 Treatment

27.7.2.1 External Creams

Triethanolamine containing topical agents has been widely used for clinical condi-
tions which affect skin integrity. It enhances wound healing as it provides deep
hydration, accelerates fibroblast proliferation, removes necrotic tissue, restores
CD34 expression, reduces vascular changes and IL-1 secretion [20]. An oil-in-water
topical emulsion containing triethanolamine, Biafine, has been used in management
of radiation dermatitis. Szumacher et al. evaluated role of Biafine in patients of
carcinoma breast undergoing RT and demonstrated that although majority of
patients developed grade 2 skin reactions, there was no treatment delay or interrup-
tion because of skin toxicity [21].

Like Biafine, moist exposed burn ointment (MEBO) is also used in the manage-
ment of radiation dermatitis and subsequent ulcers. It is a mixture of various Chinese
medicines. It increases tissue metabolism and causes repair of vascular endothe-
lium. Geara et al. showed that there was no significant difference between MEBO
ointment and Biafine in reducing skin dermatitis [22]. Apart from these, Jaungo, a
complex herbal medicine has been also shown to be safe and effective in managing
radiation dermatitis [23]. However, more elaborate data is required for its routine
clinical use.

Since development of radiation associated reaction is associated with inflamma-
tory response, topical corticosteroids are clinically useful. Although the exact mech-
anism of action is not completely known, the anti-inflammatory effects of
corticosteroids are thought to be because of vasoconstriction, reduced capillary per-
meability and inhibition of leukocyte proliferation and migration [24]. In patients of
carcinoma breast receiving adjuvant RT, a randomized study demonstrated that
betamethasone was associated with better control of acute radiation dermatitis as
compared to two moisturizing creams. Another study by Omidvari et al. demon-
strated that preventive and sustained use of 0.1% betamethasone effectively delayed
the onset of acute radiation dermatitis in patients of breast cancer undergoing
RT [25].

Some other studies have also shown therapeutic efficacy of topical steroids in
controlling radiation-induced skin damage [26, 27].
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RT induced moist desquamation causes pain, discomfort, and increases risk of
infection and subsequent ulcer formation. Gentian violet (GV) paint has been effec-
tively used in management of moist desquamation [28].

27.7.2.2 Dressings

Hydrogel/hydrocolloid dressings, when applied over skin wounds, makes skin sur-
face moist. Moisture promotes cell migration and assists in wound debridement.
These dressings are easy to clean, reusable, and effective. In a trial comparing
hydrogel dressings with dexpanthenol cream in patients of breast cancer undergoing
RT, authors reported that the hydrogel dressing significantly reduced frequency of
moist desquamation [29]. Another study comparing hydrogel dressings with GV
reported that hydrogel dressings not only cured the RT induced moist desquamation
but was more tolerant than GV [30].

Soft silicone dressings adhere to skin, absorb secretions, promote development
of granulation tissue, release of growth factors, formation of blood capillaries, and
dissolve necrotic tissues. Various studies have shown clinical benefit of soft silicone
dressings (Mepilex Lite and Mepitel Film) in management of skin reactions. In a
clinical trial by Diggelmann et al., authors demonstrated that Mepitel dressing
effectively reduced RT induced erythema [31]. In another study by MacBride et al.,
it was found that the dressing had no negative effect on wound healing [32]. In a
study conducted by University of Toron, Mepitel Film caused decreased radiation
dermatitis and significantly favored patient-reported outcomes in patients receiving
breast irradiation [33].

27.7.2.3 Hyperbaric Oxygen Therapy (HBOT)

Hyperbaric oxygen is 100% oxygen at two to three times of atmospheric pressure at
sea level. Although the definite mechanism is unclear, investigators have proposed
that HBOT mainly acts by increasing the oxygen concentration in tissues which in
turn can enhance angiogenesis, collagen synthesis, and resist bacterial infections. In
a retrospective study, Abdul et al. evaluated the role of HBOT and concluded that
considering the efficacy and favorable toxicity profile of HBOT, it should be consid-
ered in management of radiation-induced tissue injuries [34]. Regarding HBOT, the
existing literature suggests that although it is a safe intervention with promising
outcomes, more evidence is required to approve its clinical use in treatment of
radiation-induced skin necrosis [35].

27.7.2.4 Mesenchymal Stem Cells (MSCs)

MSCs have strong ability of wound healing owing to its properties of cytokine
secretion, immunoregulation, and multipotential differentiation. Many authors have
reported that locally injected MSCs are effective in healing radiation-induced ulcer-
ative wounds [36, 37]. A Chinese case study has reported regeneration of radiation-
induced skin ulcers in 36 days after combined treatment with MSCs and
hematopoietic stem cells [38]. Although the role of MSCs in repairing RISRs has
been widely studied in animals, robust clinical data is lacking for humans. Further
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research may provide a way for widespread clinical use of this promising therapeu-
tic approach.

27.7.2.5 Superoxide Dismutases (SODs)

Being a free-radical scavenger, SODs eliminate free radicals from skin, thus increase
tolerance of skin to RT. SODs either ameliorate or avoid the toxicity. In a study of
57 patients, Garcia et al. reported that topical SOD was very effective in treatment
of acute radio-dermatitis [39].

27.7.2.6 Low Intensity Laser

Therapy with laser causes normalization of the affected region by promoting accel-
eration of tissue repair, reduction of edema and analgesia [40, 41]. Schindl et al.
evaluated low intensity laser therapy in three patients having RT induced chronic
ulcers post-mastectomy and found that the therapy was effective in induction of
wound healing in such cases [42]. With further research, this strategy may become
one of the advanced methods for treatment of intractable chronic ulcers.

27.7.2.7 Surgery

Surgery is an effective strategy to deal with RT induced ulcers not responding to
conservative means. Wide excision of the affected tissue, followed by transplanta-
tion of well-vascularized tissue is done. Suitable reconstructive methods vary
according to functional and esthetic conditions. The choice of flap varies with the
location and size of the wounds. For example, free flap-based transplantation for
head and neck, sartorius muscle flaps for groin, fascio-cutaneous and large gluteal
musculocutaneous flaps for sacral region can be used [43].

27.7.2.8 Phototherapy

Phototherapy has been used in treatment of many skin diseases. Red light photo-
therapy increases hemangiectasis and tissue circulation in deep layer of skin. Owing
to its property of improved wound healing, it has potential for effective treatment of
RISRs and clinical experiments have also demonstrated lower degrees of radiation
dermatitis and lower pain scores with its use [44].

27.7.29 Plasma

Plasma proteins promote growth of granulation tissue by improving blood circula-
tion and nutrition supply. In a study involving mouse model, Lee et al. reported that
platelet-rich plasma accelerates regeneration and wound healing in irradiated skin
[45]. Clinical studies have also demonstrated that plasma-based biomaterials were
effective at promoting wound closure and mitigating acute radiation toxicity [46].

27.7.2.10 Interleukin (IL)

IL-12 improves cutaneous physical barrier after radiation and accelerates wound
healing. It is mainly secreted by dendritic cells, monocytes, and macrophages. It has
been identified as a potential mitigator of radiation-induced skin injury; however,
more studies are needed to explore its further clinical use [47].
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27.7.2.11 Hydrogen

Hydrogen gas can reduce levels of peroxynitrite and hydroxyl radicals that cause
radiation-induced damage [48]. It may be used as a novel therapeutic medical gas to
prevent radiation-induced adverse effects [49]. A study based on rat model showed
that inhalation of hydrogen-containing gas (HCG) prior to the irradiation signifi-
cantly decreased the delay in wound healing compared with control [50].
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Extravasation Ulcers Following 28
Chemotherapy

Ajay K. Khanna and Divya Khanna

Intravenous infusion is the principal modality of administration of anti-cancer drugs
with numbers exceeding one million infusions each day worldwide [1]. Extravasation
is one of the most dreaded complications when administering chemotherapy. It is
defined either as the escape of a chemotherapeutic agent from a vessel into the sur-
rounding tissues by leakage or as an involuntary injection of a drug into the tissues.
The frequency of extravasation in adults is considered to be between 0.1% and 6%
[2]. Extravasation ulcers following chemotherapy is unintended instillation or leak-
age of drugs into the perivascular space or into the subcutaneous tissue during injec-
tion or infusion of chemotherapy in various malignant diseases. The severity of
tissue damage can be limited by quick detection of extravasations and swift treat-
ment. A chemotherapeutic extravasation is considered an oncologic emergency.
Chemotherapy extravasation is an accidental complication of chemotherapy admin-
istration and may result in serious damage to patients leading to severe morbidity,
which is defined as the accidental infiltration of chemotherapy into the subcutane-
ous or sub-dermal tissue at the injection site, and can result in tissue necrosis, ulcer-
ations, limb deformity, and even sometimes septicemia.
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28.1 Prevalence

Chemotherapy extravasation can range from 0.1% to 6% when chemotherapeutic
drugs are administered through a peripheral intravenous access and from 0.26% to
4.7% when administered through a central venous access device. One of the major
unsolved problems is the management of central venous devices after extravasation
as drug may accumulate in the mediastinum, pleural space, or in the subcutaneous
area of the chest or neck. Although the implantation of a Port-a-Cath® was initially
considered safe, extravasation rates up to 4.7% have been reported [3].

28.2 Types of Chemotherapy as per Damage Potential

Intravenously administered drugs can be classified into five categories according to
their damage potential: Vesicant, Exfoliants, Irritants, Inflammitants, and Neutrals.

Vesicants can result in tissue necrosis or formation of blisters when accidentally
infused into tissue surrounding a vein. Vesicants are drugs that may cause severe
and lasting tissue injury and necrosis. Symptoms may arise immediately after
extravasation or appear after several days or weeks. Patients may complain of pain
or local burning at the infusion site, mild erythema, itching, or swelling. Over time,
the symptoms of erythema and pain may increase and a discoloration and induration
of the skin, dry desquamation, or blistering may develop. In case of a significant
extravasation, necrosis, eschar formation, and ulceration with involvement of under-
lying tissues may occur. The indolent ulceration lacks granulation tissue formation
and there is little peripheral re-epithelization. Vesicant drugs are actinomycin D,
dactinomycin, daunorubicin, doxorubicin, epirubicin, idarubicin, mitomycin C,
vinblastine, vindesine, vincristine, and vinorelbine.

Exfoliants have low vesicant potential and these drugs cause inflammation and
shedding of skin without causing underlying tissue death. Drugs may cause superfi-
cial tissue injury, blisters, and desquamation. They include aclacinomycin, cispla-
tin, docetaxel, liposomal doxorubicin, mitoxantrone, oxaliplatin, and paclitaxel.

Irritants cause inflammation, pain, or irritation at the extravasation site, without
any blister formation. Irritants are drugs that can cause an inflammatory reaction,
aching, swelling, pain, or phlebitis at the injection site or along the vein. They may
cause sclerosis and hyperpigmentation along the vein, burning, local warmth, dis-
comfort, erythema, or tenderness. These symptoms are self-limiting and there are
no long-term sequelae. These drugs produce a burning sensation in the vein while
being administered: Irritant drugs are: Bendamustine, bleomycin, carboplatin,
dexrazoxane, etoposide, teniposide, and topotecan.

Inflammitants cause mild to moderate inflammation, painless skin erythema and
elevation (flare reaction) at the extravasation site. They include bortezomib,
5-fluorouracil, methotrexate, and raltitrexed.
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Table 28.1 Various types of chemotherapy as per damage potential

Neutrals Asparaginase, bevacizumab, bleomycin, bortezomib, cetuximab,
cyclophosphamide, cytarabarine, eribulin, fludarabine, gemcitabine,
ifosfamide, melphenal, rituximab, trastuzumab

Inflammitants | Bortezomib, fluorouracil, methotrexate, raltitrexed

Irritants Bendamustine, bleomycin, carboplatin, etoposide, teniposide, topotecan

Exfoliants Aclacinomycin, cisplatin, docetaxel, doxorubicin, mitoxantrone, oxaliplatin,
paclitaxel

Vesicants Actinomycin D, dactinomycin, daunorubicin, doxorubicin, epirubicin,

idarubicin, mitomycin C, vinblastine, vindesine, vincristine, vinorelbine

Neutrals neither cause inflammation nor damage upon extravasation. Monoclonal
antibodies (rituximab and trastuzumab) are also listed under this category:
Asparaginase, bevacizumab, bleomycin, bortezomib, cetuximab, cyclophospha-
mide, cytarabine, eribulin, fludarabine, gemcitabine, ifosfamide, melphalan, ritux-
imab, and trastuzumab (Table 28.1).

28.3 Various Risk Factors Responsible

Drugs related: Various factors which can increase the vesicant properties of the
drug are its concentration, volume, and duration of extravasation of infusion [4].
Factors that determine the extent of tissue damage from chemotherapy extravasa-
tion include its pH, osmolarity, vasoconstrictive potential, and duration for which it
remains in tissue. Infusion solution whose pH is far from the physiologic pH
(7.35-7.40) and/or osmolarity (281-282 mOsm/L) can irritate the venous endothe-
lium and vessel wall and can damage the cell proteins and cause cell death.
Hypertonic solutions can further increase tissue injury and lead to necrosis. Vesicants
with high vasoconstrictive potential can result in tissue necrosis by severe vasocon-
striction of capillary smooth muscles and reducing blood flow. Vesicants that are
retained in extravasation tissue area for a long duration lead to a vicious cycle of
direct cell injury. Typical examples are anthracyclines which enter the cells and bind
to DNA causing immediate and continuous tissue injury. Conversely, vesicants that
are easily metabolized and are not retained in tissue include vinca alkaloids and
taxanes. Despite their ability to cause direct tissue damage, they cannot bind to
DNA and are easily metabolized [5].

Patient related: Small and/or fragile veins, lymphedema, obesity, impaired level
of consciousness, and having had previous multiple venipunctures are the various
risk factors.

Iatrogenic: Lack of training of nurses, poor cannula size selection, poor location
selection, and lack of time. Extravasation can occur upon accidental puncturing of
the vein or upon movement of the cannula itself due to movement of the patient or
insecure fixing. Prolonged peripheral line infusions of vesicants carry an increased
risk of extravasation and vesicants should not be infused as prolonged unsupervised
infusions via a peripheral vein.
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28.4 Clinical Presentation

The extravasation can present as skin erythema to soft tissue necrosis. Chemotherapy
extravasation is manifested by a wide range of symptoms that can be mild and can
present as an acute burning pain, swelling at the infusion site, pain and erythema,
induration, and skin discoloration which progresses over several days and weeks
and may progress to blister formation. Blister formation or necrosis can lead to
invasion and destruction of deeper structures. Damage can reach tendons, nerves,
and joints depending on the location of the vein where extravasation occurs.
Symptoms vary according to the amount and concentration of extravasated drug.
Erythema may be associated with associated symptoms edema, pain, induration,
phlebitis, ulceration, or necrosis and severe tissue damage [6] (Figs. 28.1, 28.2,
28.3,28.4,28.5, 28.6, 28.7, 28.8, and 28.9). Grade of Damage: Extravasation inju-
ries can be divided into four grades ranging from 2, which is manifested by ery-
thema with associated edema, pain, induration, and phlebitis, to grade 5, which
refers to extravasation that leads to death. There is no grade 1 [7].

Grade of Damage [7]

Grade 1 Not available

Grade 2 Erythema with associated symptoms as oedema, pain,
induration, phlebitis

Grade 3 Ulceration or necrosis, severe tissue damage, operative
intervention indicated

Grade 4 Life threatening consequences, urgent intervention indicated

Grade 5 Death

Fig.28.1 Adriamycin
extravasation
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Fig. 28.2 Adriamycin
extravasation with
gangrenous patches

Fig. 28.3 Adriamycin
extravasation in cubital
fossa

Fig. 28.4 Extravasation
ulcer in dorsum of hand
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Fig. 28.5 Extravasation
ulcer in dorsum of foot
exposing tendons

Fig. 28.6 Extravasation in
bilateral dorsum of foot
with necrosed patches
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Fig.28.7 Extravasation
ulcer in cubital fossa

Fig. 28.8 Mitomycin C
extravasation in cubital
fossa

Fig. 28.9 Extravasation
ulcer in two places wrist
and cubital fossa in
same limb

28.5 Prevention

In all departments where cytotoxic drugs are given, written guidelines for handling
cytotoxic agents and procedures in case of extravasation should be present. In addi-
tion to these guidelines, an extravasation kit, with all the necessary material and
drugs to treat extravasation, should be present.

Education and training among nurses and physicians remains the mainstay of
safe chemotherapy administration and emphasizes the importance of being preemp-
tive instead of reactive to extravasation.
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A cytotoxic agent should not be administered in an extremity if within the previ-
ous 48 h there was venopuncture above the place of insertion of the catheter.
Consideration of the appropriate vascular access is crucial for the prevention of
chemotherapy extravasation. Chemotherapy infusion can be either through a central
venous access or through an adequate peripheral vein. Veins that are small and/or
fragile should be avoided as they might not withstand the required flow and rate of
infusion and may have a lower threshold for extravasation. Locations that are also
generally avoided include the dorsum of the hand, the antecubital fossa, and the
radial and ulnar aspects of forearm. Patients who do not have adequate peripheral
venous access should have a central venous catheter placed.

Peripheral arm assessment consists of: (a) assessing location and fragility of the
patient’s veins that can be reflected by the inspection and palpation of the vein.
Veins that have a small caliber and/or are superficial are generally considered fragile
and should be avoided. In addition, assessment also consists of (b) patient’s age; (c)
presence of diabetes; (d) steroid use; (e) history of previous venipunctures; (f) pres-
ence or absence of ecchymosis; (g) prior hospitalization or blood drawing history;
(h) lymphedema; (i)vascular accident in an extremity. The level of consciousness of
the patient should be also assessed for the purpose of assuring immobility and com-
pliance during catheter insertion [8].

The catheter should never be inserted in a limb that is affected by lymphoedema
or has a neurological weakness. Veins adjacent to tendons, nerves, or arteries should
be avoided, while areas of high venous pressure should not be used. Selection of the
appropriate cannula type and size plays an important role in chemotherapy extrava-
sation prevention. The ideal cannula is one that can remain patent to allow blood
flow and that does not dislodge from its place. The recommended choice is to use
the smallest size of adequate and appropriate cannula in the largest vein available.
Use of 1.2-1.5 cm long small bore plastic cannula and a clear dressing that shows
any possible extravasation beneath it are recommended. A butterfly needle should
never be used for vesicant chemotherapy administration. Before administering a
cytotoxic agent, the catheter is flushed by a free flowing infusion with normal saline
0.9% or glucose 5% solution for at least 5 min. At the end of the administration of
a cytotoxic drug, the same procedure is repeated [9].

Patients should be instructed to report any discomfort, pain, redness, or swelling
at infusion sites. Nurses and physicians should never underestimate the significance
of any patient symptom and check the infusion site and venous patency immedi-
ately. Close monitoring of the infusion site every 5—10 min and avoiding infusion of
vesicants for more than 30—60 min.

Continuous monitoring at the beginning and during the infusion is essential
every 5-10 min. Cancer centers should ensure the availability of “Extravasation
Kits” at the treatment units. These kits should contain disposable syringes, cannu-
las, cold-hot packs, gauze pads, adhesive plaster, gloves, and antidotes that can be
used in cases of extravasation [6].

There should also be a form to report the extravasation to the authorities (hospital
direction, legal department, nursing department).
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28.6 What To Do in Case of Extravasation
28.6.1 General Management of Extravasation
General measures after extravasation of nonvesicants basically include the following:

. Stop injection/infusion immediately.

. Get extravasation Kkit.

. Put on sterile gloves.

. Replace infusion lead or syringe with 5 mL disposable syringe and aspirate
slowly as much as possible of the extravasated drug.

. Remove i. v. access while aspirating.

. Elevate limb and immobilize.

. Complete extravasation documentation sheet (mention extent of extravasation).

. Inform and instruct the patient and relatives.

. Follow the patient regularly until full resolution of symptoms [10].

AW N =
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In case of extravasation, occlusive dressings or moist heat or cold should never
be applied, as this increases the risk of skin maceration or necrosis.

Many chemotherapeutic agents do not have known antidotes that are safe to use
in order to neutralize their toxic activity. It is important to note that the first goal of
treatment is to immediately either localize the extravasated agent or disperse the
agent. The choice of localization or dispersion depends on the chemotherapeutic
agents. Cold compress will help to constrict local blood vessels and localize tissue
damage. Warm compress will act in the opposite, aiding to disperse the chemothera-
peutic into surrounding tissues. The second goal of treatment is to neutralize the
chemotherapeutic once localized or dilute the agent to allow it to be absorbed and
consequently metabolized.

In case of chemotherapy extravasation and as soon as the patient complains of
pain or swelling, the first step should be immediate cessation of the infusion while
keeping the cannula or port needle in place. This is followed by attempts at aspira-
tion of the chemotherapeutic agent and removing the cannula or port needle.

Aspiration of the drug is usually done by a 10 mL syringe, percutaneous needle
aspiration, liposuction, simple squeeze maneuver, or by surgical fenestration and
irrigation. Catheter can then be removed if there are no antidotes that need to be
infused at the extravasated site. Elevation of the affected limb and thermal applica-
tion by either cold or hot packs should follow. Elevation of the limb helps in reab-
sorption of the extravasated agent by decreasing capillary hydrostatic pressure and
it is recommended during the first 24—48 h of the incident.

Dexrazoxane is a member of the bisdioxopiperazine family and is an FDA-
approved antidote for intravenous anthracycline extravasation. The exact mecha-
nism by which it reduces tissue damage resulting from chemotherapy extravasation
is unknown. Dexrazoxane is an iron chelator that prevents anthracycline-iron com-
plexes and free radical formation causing oxidative damage. Furthermore, dexra-
zoxane has a protective effect on healthy tissue by stabilizing topoisomerase II,
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thereby preventing damage from anthracycline. This mechanism of action is respon-
sible for its ability to reduce the cardiotoxicity associated with anthracyclines, such
as doxorubicin [11, 12].

Hyaluronidase is an enzyme that degrades hyaluronic acid in tissues and pro-
motes diffusion of the extravasated agent. Multiple subcutaneous injections of
Hyaluronidase 100-150 units may be injected. Hyaluronidase is an enzyme that
degrades hyaluronic acid, improving the absorption of the extravasated drugs into
circulation where they can be metabolized. A study with seven human patients with
accidental vinca alkaloid extravasation showed no skin necrosis after local treat-
ment with hyaluronidase. Data from this study showed use of a 150 U/mL solution
of hyaluronidase injected through the existing catheter line was beneficial. The dose
was 1:1, 1 mL hyaluronidase (150 U/mL) for every 1 mL of extravasated drug.
Warm compresses help disperse vinca alkaloids, which helps minimize vesicant
toxicity [13].

Dimethyl sulfoxide (DMSO) is an organosulfur solvent that is topically applied
to improve absorption of the extravasated solvent. In cases of anthracyclines extrav-
asation, the combination of DMSO and cooling is most commonly described initial
therapy for minor anthracyclines extravasation, especially when dexrazoxane is not
available. DMSO has been used with success in human anthracycline extravasation.
In humans, topical DMSO was applied immediately after extravasation covering
twice the area affected. This treatment was repeated twice daily for 14 days with
resolution. It is important to note that concomitant use of DMSO and dexrazoxane
is not recommended and has been shown, in mice, to decrease dexrazoxane efficacy.
However, in a case report of 4 dogs with doxorubicin extravasation, all dogs received
dexrazoxane along with topical 90% DMSO ointment every 8 h for 14 days; only 1
dog required surgical debridement but all survived with medical management.
Evidence to support DMSO use for doxorubicin extravasation exists; however, the
strength and variability of that data do not support DMSQO’s use as first-line treat-
ment of doxorubicin extravasation [14—18].

Sodium thiosulfate: It is an antidote generally recommended for mechloretha-
mine (nitrogen mustard) extravasation.

Local injection of corticosteroids has been hypothesized to accelerate wound
healing and prevent ulcer formation. Local injection of granulocyte macrophage
colony-stimulating factor, which is a glycoprotein growth factor, has been reported
to be beneficial to wound healing in cases of doxorubicin extravasation. Local injec-
tion of corticosteroids has been hypothesized to accelerate wound healing and pre-
vent ulcer formation. While in vitro animal experimental studies showed no
prevention of ulcer formation after corticosteroid injection, it was reported to have
clinical benefit on ulcer prevention when used on humans. Variable results have
been reported regarding the success of wound healing after the use of local cortico-
steroids, which depends on the amount of inflammatory cells generated at the site of
extravasation. Local injection of granulocyte macrophage colony-stimulating fac-
tor, which is a glycoprotein growth factor, has been reported to be beneficial to
wound healing in cases of doxorubicin extravasation. The mechanism is believed to
be through stimulation of cellular components such as fibroblasts and endothelial
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cells [19]. Evaluation of blood flow by indocyanine green angiography in the
extravasation area predicts the extent of damage and the need of future surgical
intervention [20]. ICG angiography was therefore considered a good indicator of
local perfusion and a predictor of tissue damage. This method, which can be per-
formed on an outpatient basis, was suitable to identify patients at risk early after
extravasation of vesicants.

Indications for surgery in chemotherapy extravasation include full-thickness
skin necrosis, chronic ulcer, and persistent pain. It is crucial that all necrotic tissue
be removed until bleeding occurs and only healthy tissue left for wound coverage.
To ensure complete excision, some surgeons use intraoperative fluorescent dye
injection to detect the doxorubicin HCI in the tissue to ensure complete excision.
After this, either immediate or delayed surgical reconstruction and skin grafting can
be performed [21].

Vacuum-assisted closure (VAC) dressing, this method applies a negative pres-
sure to the wound, aids in aspiration of extravasated vesicant, and improves its envi-
ronment. There are only few reports in which negative pressure wound healing
(NPWH) was used for vesicant extravasation [22].

Hyperbaric oxygen therapy: Hyperbaric oxygen therapy (HBO) is defined by
the Undersea and Hyperbaric Medical Society as a therapy consisting of intermit-
tent breathing 100% oxygen in a chamber whose pressure is greater than atmo-
spheric pressure. Its role in chemotherapy extravasation is still unclear, but it is
believed that HBO increases production of oxygen free radicals and thus can aid in
extravasation wound healing [23, 24].

28.7 Specific Drugs Interactions

Anthracyclines: Although all vesicants can cause tissue damage upon extravasa-
tion, anthracyclines, such as daunorubicin, doxorubicin, epirubicin, and idarubicin,
have the greatest vesicant potential when compared to other chemotherapeutic
agents. While all chemotherapeutic agents cause similar signs upon extravasation,
anthracyclines are characterized by causing immediate pain and burning sensation,
which can last up to hours and can be severe. Lesions form slowly over weeks and
expand over periods of months due to tissue retention of the extravasant vesicant.
Weeks after the extravasation episode, surrounding tissue may become red, firm,
and tender. The resolution of redness depends on the size of the extravasation area.
If the area is small in size, redness will gradually resolve over the following weeks.
If extravasation is significant, the center of the redness area becomes necrotic and
painful. The accidental leak of anthracyclines can cause severe tissue damage. By
cellular uptake and remaining for an extended period of time in tissue, they cause a
continuous vicious cycle of tissue damage [25].

Epirubicin is an anthracycline chemotherapy agent used for treatment of several
cancers including esophageal, breast, and gastric. Extravasation is a well-recognized
and serious complication of any intravenous therapies but especially chemothera-
peutic agents. Signs of the injury can be subtle and without prompt recognition and
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treatment there can be extensive tissue damage and depending on location of injury
this can result in significant functional [26].

Vinca alkaloids: Vinca alkaloids, which include vinblastine, vincristine, and
vinorelbine, can cause direct cellular damage upon extravasation. Extravasation is
known to cause a mostly painful ulceration, local paresthesia, and slow healing. It
can cause significant irritation and usually presents with intense pain around intra-
venous line or port site, erythema, and tenderness. Erythema may be delayed by
1-2 h and even 3 d depending on the dosage of the vinca alkaloid administered. This
is followed by blister formation, swelling, and induration and can be complicated by
sloughing, ulceration, and tissue necrosis. Vinorelbine, which is a moderate vesi-
cant, also causes common irritation and burning sensations which are prevented by
proper dilution, short infusion time, and use of an adequately large vein [27].

Taxanes: Taxanes, including docetaxel and paclitaxel, are most often classified
by literature as vesicants although there is no clear delineation. Most reactions fol-
lowing extravasation of taxanes consist of erythema, tenderness, and swelling.
There are case reports of patients who had necrosis and skin exfoliation. It is rare
that taxane extravasation requires surgical debridement [28].

Oxaliplatin: Platinum compounds have been classified as irritants. Oxaliplatin
has been recently reported to have vesicant properties. Extravasation usually begins
with a palpable swelling and discomfort upon palpation. Lesion usually progresses
to erythematous painful lesions and resemble erysipelas. Long-term outcome is
usually healing and necrosis and surgical debridement are rarely needed. The harm
caused by oxaliplatin extravasation is not comparable to that of anthracyclines and
vinca alkaloids [29].

Mitomycin C (MMC) is a DNA-alkylating chemotherapeutic agent mostly used
in the treatment of adenocarcinomas of the gastrointestinal tract. Due to its toxicity,
inadvertent extravasation of this medication can cause local skin and soft tissue
injury. Acute symptoms are mild with erythema, swelling, and pain. Weeks later,
indolent ulcerations can appear with severe local necrosis, resembling doxorubicin
extravasation [24, 30-33].

28.8 Conclusion

Safe administration of chemotherapy and prevention of extravasation is a shared
responsibility among medical team members. Education of patients about risks and
manifestations is essential. Prevention of chemotherapy extravasation is an impor-
tant quality indicator for certification of chemotherapy infusion centers. While only
some healthcare institutions devise their own policies and guidelines regarding
extravasation prevention and management, there is a need to have local institution
education, training, and guidelines. All institutions that administer intravenous che-
motherapy should have known antidotes available. In spite of all efforts to prevent,
accidental extravasation still occurs and more research for antidote for many drugs
is needed.
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Seema Khanna

Electrosurgical units, also called as surgical diathermy are an integral part of any
surgical operation theater. They are an indispensable tool for general surgery, all
surgical super-specialties, gynecology, orthopedics, ophthalmology, otorhinolaryn-
gology, dermatology, dentistry. Recent advancements in energy devices have led to
the introduction of newer modalities such as ultrasound based scalpel device, feed-
back dependent auto shutdown devices, hybrid devices, radiofrequency ablators,
and laser energy devices. However, electrosurgical units (ESU) remain the primary
workhorse of the operating surgeon. The advent of laparoscopic surgery has led to
further refinements of ESU equipment as well as appearance of newer aspects of
safety issues and complications.

Surgical diathermy was invented by Bovie and its first use is credited to Cushing
(1927) who used it for the removal of intra-cranial tumors [1]. Although they are
extremely safe and the newer versions come with enhanced safety features yet com-
plications to the patient and to the operating room personnel have been reported off
and on. The true incidence of diathermy complications is probably more than what
is generally believed in the absence of reliable reporting. In USA 500-600 cases of
surgical fires are estimated to occur every year [2]. Besides causing harm and occa-
sional death in the patient, destruction of operation room infrastructure, ESU related
complications are an important cause of malpractice suits.
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29.1 Principles of Surgical Diathermy

Surgical diathermy involves the use of high frequency AC electric current either to
cauterize small blood vessels or as a cutting modality. The ESU receives alternating
current from the electrical supply at 50-60 Hz and converts it into electromagnetic
current in excess of 200 KHz. Depending on the wavelength, diathermy can be used
to cut, coagulate, desiccate, or fulgurate tissues.

There are two main modes of electrode configuration used in surgical dia-
thermy [3]:

1. Monopolar mode: Where current flows from an active electrode placed near or
in contact with the tissue to be treated to a passive or indifferent or dispersive
electrode in contact with the patient’s skin elsewhere in the body. The passive
electrode is usually in a wide area of contact with the skin of the buttocks or legs.

2. Bipolar mode: Where both the active and passive electrodes are mounted on a
pen like device or forceps. The tissue under treatment is grasped between the two
electrodes and the current flows only through this tissue and does not spread to
other parts of the body. Thus, bipolar mode is a much safer mode compared to
monopolar mode.

In patients with cardiac pacemakers only the bipolar diathermy can be used. Use
of monopolar diathermy is contraindicated because dispersal of current through the
body can interfere with the rhythm and setting of the pacemaker. For the same rea-
son burn injuries are a more frequent occurrence with use of monopolar compared
to bipolar diathermy.

29.2 Safety Precautions During Use of ESUs

Besides technical failure, improper or careless use of ESUs can result in burn inju-
ries at the local or distal site, lead to smoke inhalation by OR personnel, and is also
a fire hazard. Some simple safety precautions are mandatory when using an ESU
especially of the monopolar variety.

1. Ensure good electrical contact between a large area of the skin of patient’s back
and the dispersive or patient plate which contains the indifferent electrode in
monopolar diathermy. Ideally the entire buttock or back of thigh should be in
contact. The size of the dispersive electrode pad should be at least 70 cm? in area
to carry sufficient current back to the ESU and avoid thermal injury at the site.

2. Ensure that patient is not in unintended contact with a metal object which can
cause capacitive leakage of current to earth or ground. This can lead to burn at
the site of contact (Fig. 29.1).

3. Check that sufficient electrolyte gel is present on the dispersive electrode pad
and its wires are in good condition. Disruption of the electrical circuit at the pad
can lead to shocks and burns.
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Fig.29.1 Diathermy
burns at calf region due to
inadequate adhesive jelly
on dispersive electrode

4. Place the dispersive electrode pad on the same side as the surgical procedure and
as close as possible to the active electrode.

5. If the patient has a metallic implant, e.g.: a hip implant, the dispersive electrode
pad should be placed in such a position that the metallic object does not lie in the
path of the returning current.

6. If alcohol based disinfectant has been used for the skin prep it should be allowed
to dry before using the active electrode. OR personnel should check that spirit
and alcohol based disinfectant have not pooled below the patient on the opera-
tion table.

7. Operation theater should ideally have a gas scavenging system to evacuate the
diathermy generated smoke. Failing which a pedestal fan should run behind the
surgeon to disperse the smoke and vapors generated.

8. Surgeon should check his gloves for any minute perforation or internal hydration
due to sweating or fluid seepage which can cause burn to the surgeon’s fingertips.

29.3 ESU Related Injuries
Intraoperative injuries secondary to use of ESU are broadly categorized as

(a) Thermal injuries

(b) Diathermy smoke related injuries

(c) ESU related fires

(d) ESU related explosion

(e) Malfunction of electromagnetic devices implanted in patient

29.3.1 Thermal Injuries Due to ESU Use

These injuries can be direct or indirect. Direct injuries are the result of accidental
application of the active electrode at an unintended site on the patient. Indirect ther-
mal injury is a consequence of accidental contact of the active electrode to a metal
instrument such as a forceps which is in contact to a tissue not intended for
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diathermy. Another mode of indirect injury is due to spread of current from the shaft
of active electrode to tissue in contact.

29.3.2 Mechanisms of Thermal Injury During Diathermy Use

29.3.2.1 Injuries Caused by Active Electrode

1. Inadvertent contact of active electrode with neighboring tissue

2. Inadvertent activation of active electrode due to accidental compression of
foot pedal

Damage to insulation sleeve of active electrode

Inappropriate placement of a hot electrode on patient’s skin

Channeling of current along vascular pedicles, nerves, or adhesions

Perforated gloves or throughout hydrated gloves of operating surgeons

kAW

29.3.2.2 Injuries Caused by Dispersive Electrode Pads

1. Poor contact of electrode with patient’s skin: either due to small area of contact
or drying of the conductive jelly

2. Dispersive electrode placed over bony prominence

3. Dispersive electrode close to ECG leads

29.3.2.3 Injuries Caused by Diversion of Current

Capacitive coupling: This is the induction of stray current to a surrounding conduc-
tor through the intact insulation of an active electrode. This is a problem in laparo-
scopic surgery where active electrode is separated from a metal trocar only by its
insulation sheath. The metal trocar gets electrified and the current gets harmlessly
dispersed through the abdominal wall. However, if the electrified trocar is separated
from the abdominal wall by insulation, then inadvertent contact of trocar with vis-
cera can cause serious injury.

29.3.3 Clinical Profile of Diathermy Induced Skin Burns

The incidence of thermal cutaneous burns due to diathermy was estimated to be 1-2
patients per thousand operation 25 years ago [4]. With the improvement in ESU
devices and enhanced safety features the incidence of such burns is negligible now.
Most ESU machines now have auto-sensors which prevent activation of the active
electrode until the complete electrical circuits including the dispersive electrode are
properly positioned and in sound working condition. However technical failures and
ignorance of proper usage of the ESU may still lead to an occasional thermal injury.

Diathermy burns are usually detected after the operation. On the evening of sur-
gery the patient may complain of pain or burning sensation at the site where the
dispersive electrode was placed or any other site where inadvertent earthing of cur-
rent took place. The erythema at the site may initially be mistaken for allergic reac-
tion to the disinfectant solution because it is a much more common occurrence than
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Fig.29.2 Accidental deep
burns at site other than
dispersive electrode due to
fluid accumulation

Fig. 29.3 Superficial burn
at inactive electrode site

diathermy burns. Burns over the sacrum or heel are likely to be mistaken for pres-
sure sores. Superficial burns may cause only skin erythema which resolves over few
days. Deeper burns may start ulcerating after 2—-3 days of injury (Fig. 29.2).

When a diathermy burn ulcerates it will take a longer time to heal. This is due to
the thrombosis of superficial blood vessels in surrounding skin. The floor of the
ulcer will require debridement to remove slough and necrotic tissues. Almost all
such ulcers will undergo primary healing over next 2-3 weeks. However there are
reports of larger ulcers needing closure with skin graft or flap. Such type of dia-
thermy burns is most commonly located over the gluteal or sacral areas where dis-
infectant fluid, blood, or leaking urine is most likely to accumulate.

Several reports have pointed out that the commonest cause of electro-surgery
burns is use of monopolar diathermy with improperly placed grounding electrode
[5]. A loose grounding pad will cause local heat generation and sparking at the con-
tact site. A minimum of 70 cm? of firm, hair free skin to grounding pad contact
should be ensured. Preferably it should be secured with an adhesive bandage. If the
patient’s position is changed during surgery, the positioning of the dispersive pad
should be checked and adjusted as required. Pads with adhesive properties should
be preferred. Most ESUs come with an alarm system which will prevent activation
of the electrode if the dispersive pad is not in secure position. Use of bipolar dia-
thermy will eliminate possibility of such type of burn injuries (Fig. 29.3).
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29.3.4 Association Between Type of Surgical Procedure
and Diathermy Burns

Certain procedures such as tumor ablation and laparoscopic and orthopedic surgery
require longer periods of electrocautery use sometimes at higher current settings.
Such procedures have a higher risk of diathermy injuries. Also at higher risk are
procedures where an intraoperative change of position is required as displacement
of dispersive pad may occur. It is recommended that the ESU should be set at short
duration duty cycles with auto cutoff after a certain time of 10-15 s.

The causes leading to diathermy associated burn injuries can be categorized into
three main groups:

(a) Equipment failure related
(b) OR personnel oversight related
(c) Operative draping and disinfection fluid related

29.3.4.1 Equipment Failure Related

Electrosurgical units with capacity to monitor patient grounding pad contact imped-
ance only should be used. Such machines will automatically switch off if the contact
is inadequate or the grounding wire has come loose from the pad. Disposable neu-
tral electrode pads with conductive gel coating although a little expensive should be
preferred. Such electrodes are pliant and can be wrapped around the calf or thigh to
ensure a good large area contact. These pads adhere firmly even if there is excessive
sweating or fluid collection. Also they negate the issue of surface contour irregular-
ity, scars, and creases which can impede a satisfactory contact with a rigid plate
electrode.

29.3.4.2 OR Personnel Oversight Related

The surgeon needs to take overall responsibility for all OR events barring those
which are under the control of the anesthesiologist. All nursing and technical staff
should be familiar with diathermy machine, its potential hazards and the fine tuning
required as per the demands of the surgical procedure. This becomes even more
relevant when a new machine is procured or there is shifting of OR staff from one
OR to another.

29.3.4.3 Operative Draping and Disinfectant Fluid Related
While scrubbing the patient with disinfectant fluid, the surgeon should ensure that
the fluid does not seep under the patient or gets pooled up under other potential sites
of earthing such as the blood pressure cuff. If cotton drapes are placed before the
alcoholic disinfectant has entirely dried up, the linen may act as a wick to draw the
solution up to the operative site. Further alcohol vapors trapped under the drapes
may be channeled to the operative site and get ignited when a diathermy electrode
is activated [6].

When alcohol based disinfectants are used, the surgeon must wait for the solu-
tion to evaporate before starting surgery. The hairs must be shaved to prevent
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pooling of the disinfectant. A safer option is to use povidone iodine or chlorhexidine
instead.

29.3.5 Capacitive Coupling Burn

These are also called as alternate site burns because they occur at unusual sites
which are not in the surgical field. An interesting case of forehead burn in a patient
with titanium plates in her skull illustrates this variety of diathermy burn injuries.
The titanium plates had been implanted earlier during a surgery for skull anomalies.
The patient was placed prone on the operation table with the grounding pad on the
lateral side of thigh. This resulted in capacitive coupling between the active elec-
trode and the alternate grounding source which was the titanium skull plate [7, 8].
Capacitive coupling occurs when an aberrant intraoperative current is created by
metallic objects in contact with the body of patient. Such injuries occur when the
site comes in contact with metallic IV drip stand, uninsulated area of operation
table, ECG leads, temperature probes, or sites of leads of monitoring devices.

29.3.6 Supplemented Oxygen Induced Fire

Patients undergoing surgical procedures of the face and neck region are at risk of
fire injury if electrocautery is used in presence of inhalational oxygen. A safe
method is to employ endotracheal intubation for delivering of oxygen. However, if
a mask or nasal prong is used, then oxygen enriched atmosphere is a fire hazard
when electrocautery is used [8].

29.4 Diathermy Injuries and Malpractice Suits

Although electrocautery associated injuries are extremely rare yet when they do
occur they may become the reason for malpractice litigation. The important ques-
tion that arises is whether the injury is secondary to equipment failure or personnel
negligence. When injury has occurred, patient should be suitably compensated and
receive prompt and best possible treatment to pre-empt a malpractice suit. Further
the injury should be reported to create awareness and avoid such injuries in future.
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Kanhaiya Singh, Shomita S. Mathew-Steiner,
and Chandan K. Sen

30.1 Introduction

The fundamental characteristics of a living being is the ability to heal damaged tis-
sue. This includes every kind of traumatic event ranging from a simple paper cut to
complex myocardial infraction. Such tissue repair system encompasses two sepa-
rate processes: replacement and regeneration [1]. During regeneration, a brand-new
growth fully restores the morphology and functionality of damaged tissue to its
previous normal state. Replacement on the contrary repairs the injured tissue by
laying down of connective tissue, a process known as scarring [1]. In humans, the
means of recovery following a tissue damage event consists of replacement rather
than regeneration [1]. Although this process of tissue repair by replacement may
restore few original structures of the damaged tissue; however, it is often associated
with structural abnormalities that impair the organ function. One of the classical
examples of such impairment is the formation of scar after myocardial infarction
[1]. A complete investigation of the size, location, composition, structure and
mechanical properties of such scar is critical to determine the functionality of the
recovering heart [2]. Similarly, in liver pathology, it is important to access liver
synthetic function like serum albumin and prothrombin time in addition to injury
markers like serum transaminases and bilirubin levels [3, 4]. However, there is no
such standard guidelines to assess the reconstitution of skin functionality after phys-
ical insults like wounds. Such determination of skin functionality is critical as any
damage in skin integrity can allow dermal absorption of harmful chemicals that can
travel into body and cause potential health issues [5]. For example, higher
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penetration of allergens could be correlated to onset of food allergies, allergic rhini-
tis and asthma, a condition described as “atopic march” seen in atopic dermatitis [6,
7]. Immunological studies have started to provide some insight into the link between
skin barrier defects and impact on distant internal organs. Specifically, induction of
a systemic T helper 2 inflammatory response and a thymic stromal lymphopoietin-
mediated pathway initiated at the defective skin negatively impacts the intestinal
and respiratory tract [8]. This chapter addresses the variables that can affect the
extent and the quality of healing of skin tissue post-injury [9].

30.2 Human Chronic Wound and Its Burden

Wounds that do not follow normal process of healing and are open for more than a
month are classified as chronic wounds [10]. If left untreated these chronic wounds
can result in significant medical issues like limb amputation, infection, sepsis, and
even death [10]. Chronic wounds are often complicated by comorbidities [10]. Vast
majority of subjects suffering from wound healing impairment have other genetic,
epigenetic, or metabolic predispositions [11-26]. Chronic wounds impact about
8.2 million Medicare beneficiaries with cost projection ranged from $28.1 to
$96.8 billion [10, 27]. The global advanced wound care market is projected to reach
$18.7 billion by 2027 [27]. In addition to the direct expenditure toward these non-
healing wounds, there is also indirect expenditure that possibly contributes to loss
of productivity, family costs, family status, and loss of quality of life.

Diabetic foot ulcers (DFU) are one of the most common reasons for hospitaliza-
tion of diabetic patients and frequently result in amputation of lower limbs [10, 28].
The rate of amputation in patients with DFU is 38.4% [29]. Infection is a common
complication of DFU [10, 28, 30, 31]. In the current standard of care (SoC), wound
closure is defined (FDA) by wound area coverage without drainage [32]. Published
preclinical large animal works have demonstrated that wounds with a history of
biofilm infection may meet above criteria but the repaired wound-site skin is defi-
cient in barrier function [33-35]. This has led to the concept of functional wound
closure wherein the current clinical definition of wound closure is supplemented
with a functional parameter—restoration of the skin barrier function.

30.3 Skin Barrier System

The skin serves as the largest human organ. It has three layers: the epidermis, the
dermis, and the hypodermis. The epidermis is the outer layer of skin which gener-
ates protective and defensive functions (Table 30.1) [36]. Presence of epithelial bar-
rier structures in skin is required to isolate our body from the external environment
and to maintain homeostasis [37]. The skin’s barrier function is predominantly com-
posed of three key elements: (1) the stratum corneum (air—liquid barrier; outermost
layer of the skin), (2) tight junctions (liquid-liquid barrier), and the (3) Langerhans
cell network (immunological barrier) [37, 38]. The stratum corneum is the



30 Functional Wound Healing 387
Table 30.1 Multiple protective functions of the outer epidermis
Regulatory
Principal signals
Function compartment | Structural basis Biochemical basis | (receptors)
Permeability®® | Extracellular | Lamellar bilayers Ceramides, IL-1a, Ca*™, pH,
matrix of SC cholesterol, liposensors,
nonessential fatty serine proteases
acids in proper ratio | via PAR2,
TPRVI, and 4
Antimicrobial*® | Extracellular | Lamellar bilayers Antimicrobial 1,25 (OH)2D3;
matrix of SC peptides, FFA, IL-1a
sphingosine
Antioxidant® Extracellular | Lamellar bilayers Cholesterol, FFA, ?
matrix of SC secreted vitamin E,
redox gradient
Cohesion Extracellular | Corneodesmosomes | Intercellular DSG1/ | pH, Ca**,
(integrity) — matrix of SC DSC1 homodimers | (TPRV)
desquamation*®
Mechanical or | Corneocyte Cornified envelope; | y-glutamyl Ca**, CholSO4,
rheological® keratin filaments isopeptide bonds liposensors
Chemical Extracellular | Extracellular lacunae | Hydrophilic products| Same as for
(antigen matrix of SC of permeability
exclusion)*? corneodesmosomes | barrier
Psychosensory | Extracellular | Lamellar bilayers Barrier lipids Glucocorticoids,
interface® matrix of SC heat (TPRV3)
Neurosensory Stratum Neuroreceptors + Ton channels, Divalent cations;
granulosum | transmitters neurotransmitters K*; others?
Hydration® Corneocyte Cytosolic pool of Filaggrin proteolytic | Osmotic changes
precursors products; glycerol | (TPRV1 and 4),
aquaporin 3
Ultraviolet light | Corneocyte Cytosol Trans-urocanic acid
(histidase activity)
Initiation of Corneocyte Cytosol Proteolytic activation| pH, serine
inflammation of pro-IL-1a/p protease
(first-degree activation
cytokine
activity)*®

Reproduced with permission from Springer Nature. The following original report is credited: Peter

M Elias [36]

FFA free fatty acids, /L interleukin, PAR2 plasminogen activator type 2 receptor, SC stra-

tum corneum

2 Regulated by SC pH
> Abnormal in atopic dermatitis

outermost layer of skin which serves as air—liquid interface barrier, thereby protect-
ing the living layers from desiccation [37, 38]. Each corneocyte in the stratum cor-
neum is sealed together by tight junctions. Claudins proteins are important
components of the tight junctions between corneocytes that help to prevent moisture
loss through this layer of the skin as well as block access through the skin of exter-
nal environmental allergens. Another class of proteins called desmogleins mediate
cell-to-cell tight junction adhesion in the stratum corneum. Any significant
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disruption of these epithelial barrier systems increases vulnerability to infection and
allergens and results in the onset of skin diseases [37, 38]. Compromised skin bar-
rier function is often associated with different skin diseases like atopic dermatitis,
psoriasis, and contact dermatitis [37—39]. One of the striking examples of the impor-
tance of these barrier systems is that the transgenic mice with abnormal desmoglein
expression die due to water loss and dehydration mediated by lack of corneocyte
adhesion [40, 41]. Hence it is important to functionally characterize the significance
of barrier function following skin injury. The following section describes the param-
eters that are important in characterizing the barrier function functionality following
skin tissue injury.

30.3.1 Transepidermal Water Loss (TEWL)

Among the defensive functions of skin, the most critical is the permeability barrier,
which is determined by TEWL [9, 35, 36]. The first of its kind measurement of
TEWL was described in 1911 and today it serves as a standard procedure in a wide
variety of dermatological and skin related research activities [42—45]. TEWL repre-
sents the diffusion of condensed water through the stratum corneum [43, 46]. An
elevated TEWL values represents a compromised skin barrier function and has been
associated with a number of skin diseases like atopic dermatitis and psoriasis.
Lowered TEWL on indicates recovered skin barrier [43]. Such reduced TEWL is
often associated with larger surface corneocytes and an increased number of cor-
neocyte layers [47]. In addition, the elevated levels of TEWL is frequently corre-
lated with low hydration levels of TEWL measurement can also screen treatments
having a beneficial effect on the barrier function and aids in monitoring the effect of
topical treatment in an objective and non-invasive way in human skin [44].

TEWL represents a flux density, i.e., a quantity of water per unit area per unit
time (elaborated by Imhof et al. [46]). The commonly used methods of measure-
ment of TEWL are indirect and measure the flux density of water evaporating from
the skin surface (Imhof et al. [46]). The practical unit for TEWL measurement is
gm2hl,

Mass of Water

Flux density = -
Area x Time

Based on the application different types of TEWL devices can be used. Some of
the examples are (1) open-chamber TEWL device, (2) unventilated-chamber TEWL
device, and (3) condenser-chamber TEWL device [47] (Fig. 30.1). The disadvan-
tages of this method are that it can be easily disturbed by the perspiration of the
volunteers and by topically applied substances, for instance, application of hydro-
phobic wound healing creams [48]. It should be recognized that different anatomi-
cal sites within an individual have different inherent TEWL levels. For example,
TEWL levels are generally high at the palm and soles because of the presence of
low sebaceous lipid content at these sites [49]. Other regional differences in the
TEWL measurement can be attributed to skin temperature, microvascular
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+— Condenser
— Ice

Fig. 30.1 TEWL devices. (a) Open-chamber TEWL device. A hollow cylinder is placed in con-
tact with the skin, and water vapor diffuses through the open chamber. Spatially separated tempera-
ture and relative humidity sensors detect the humidity gradient. (b) Unventilated-chamber TEWL
device. The upper end of the chamber is closed, resulting in water vapor collecting in the chamber.
The temperature and relative humidity sensors detect the rate of increase of relative humidity. (c)
Condenser-chamber TEWL device. The upper end of the chamber is closed by a condenser that
removes water vapor from the chamber, enabling continuous TEWL measurements to be recorded.
Water vapor density is measured by sensors in the chamber and condenser. TEWL transepidermal
water loss. (Reproduced under the terms of Elsevier. The following original report is credited:
Alexander et al. [47])

abundance, and occlusion [49]. Hence it is important to adhere to the set guidelines
that address the external factors affecting TEWL in research studies and achieve
consistency and accuracy [44, 45]. A room temperature of 18-21 °C, relative humid-
ity of 40-60%, no exposure to direct light, no recent (<12 h) application are some
of the external factors that are employed while collecting TEWL measurement [47].
Importantly, proper calibration of the TEWL equipment and its components should
be done before taking the TEWL measurements.

30.3.2 Molecular Determinants of Skin Barrier Function

During initial phase of wound healing, epithelial cells dismantle cell-cell adhesion
and tight junctions to acquire a mesenchymal phenotype by a process known as
epithelial-to-mesenchymal transition (EMT) [9, 14]. This process stimulates and
mobilizes stationary keratinocytes in the skin toward the wound bed, enabling re-
epithelialization [50]. Many well-defined regulators like extracellular growth fac-
tors, transcription factors (e.g., Twist and Zebl), microRNAs (e.g., miR-200b,
miR-200c, miR-9), and other microenvironmental cues govern the process of EMT
[14, 16, 51, 52]. Any defect in such injury induced EMT process leads to impair-
ment of wound healing [14]. However, following successful re-epithelialization,
epithelial cells give up their migratory behavior, reconstitute apico-basal polariza-
tion, and re-establish junctional complexes by the process of mesenchymal-to-
epithelial transition (MET) [53]. This process of MET reconstitutes apical junctional
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complexes encompassing tight junctions and adherens junctions and restores the
barrier function of repaired skin. Although the essentials of such EMT<MET have
not been well characterized yet, the mechanisms may reasonably be hypothesized to
be an iterative process. Such coordinated inherent reversible plasticity of skin cells
is crucial for proper wound repair (Fig. 30.2) [9]. Given the fact that this tissue
EMT<MET is responsive to individual’s glycemic status renders extraordinary sig-
nificance to this process in the context of diabetic wounds [14, 54]. For example,
work by our group recently identified ZEB1, an EMT regulator, as a significant
mechanistic hub across different cellular compartments in wounds. ZEB1 is respon-
sive to the glycemic status of the injury microenvironment in both epithelial and
endothelial cell compartments. In epithelial cells, sustained hyperglycemia impaired
the ZEB1-EMT pathway toward wound epithelialization. Future studies unveiling
the molecular underpinnings of cutaneous wound epithelial plasticity will reveal
regulatory hubs orchestrating wound re-epithelialization.

30.3.3 Metabolic Determinants of Skin Barrier Function

Biochemically, one of the major contributors of the epithelial barrier is lipids pro-
duced in the lamellar bodies of the stratum granulosum [55]. These lipids increase
the adhesion between corneocytes and create an multilamellar epidermal barrier
[55]. Composition wise ceramides constitute 50% of lipids forming the multilamel-
lar barrier of skin followed by cholesterol (25%) and fatty acids (FAs) (15%) [55—
57]. Chemically, ceramides are composed of a sphingoid base, which is a long-chain
amino alcohol, and a FA joined by an amide bond [55]. The sphingoid base may
consist of dihydrosphingosine (dS), sphingosine (S), phytosphingosine (P), or
6-hydroxy sphingosine (H) [55, 58]. The FA may be a non-hydroxyl FA (N), an
a-hydroxyl FA (A), or an esterified w-hydroxyl FA (EO) [55, 58]. In addition to
providing extracellular barrier function, ceramides act as a secondary messenger
intracellularly. Intracellular ceramides play important role in signal transduction
during various processes like cell growth, senescence, diabetes, insulin resistance,
and inflammation [55, 59-61]. Biosynthesis of ceramide directly regulates the cuta-
neous barrier function and prevents TEWL [60, 62]. It has been reported that 9 out
of 11 ceramide classes found in human stratum corneum has significant correlations
with TEWL [63]. Any significant changes in the skin ceramide content are associ-
ated with a number of diseases such as atopic dermatitis, psoriasis, and impaired
wound healing [62]. Additionally, inhibition of cholesterol or fatty acid also impairs
barrier function by adversely affecting lamellar body formation [64].
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Fig.30.2 Hyperglycemia restrains cutaneous epithelial plasticity necessary for functional wound
closure. A hypothetical paradigm depicts (a) and (b) in which EMT<MET is central for re-
epithelialization and restoration of the barrier function of the repaired skin. During EMT, epithelial
cells dismantle cell adhesion and tight junction structures in an effort to acquire a mesenchymal
phenotype favoring re-epithelialization. MET helps to reconstitute the AJCs restoring the barrier
function of the repaired skin. (¢) Hyperglycemia is a barrier to such plasticity and as such hinders
re-epithelialization, restoration of barrier function, or both. The result is wound chronicity or non-
functional wound closure. (d) Closure of wound without the restoration of skin barrier function
predisposes the closed wound to recidivism as evident in preclinical porcine studies. The incidence
of wound recurrence is high in patients with diabetes. TEWL is a measure of skin barrier function.
TEWLNhi represents TEWL-deficient skin barrier function. TEWLIo represents TEWL-restored
skin barrier function indicative of functional wound closure. Horizontal rivets between cells repre-
sent functional AJC. These are low or absent in mesenchymal cells compromising barrier function.
AJC apical junctional complex, EMT epithelial-to-mesenchymal transition, MET mesenchymal-to-
epithelial transition, TEWL transepidermal water loss. (Reproduced under the terms of Elsevier.
The following original report is credited: Sen and Roy [9])
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30.4 Biofilm and Skin Tissue Repair

Microbes have the innate ability to exist and thrive in aggregates/communities
sheathed within an extracellular polymeric matrix, called the biofilm mode of
growth. The communities could be single species or multi-species including bacte-
ria, fungi, and other microbes. This is a survival mechanism that enables microbial
adaptation to harsh environments (e.g., human body) and is perceived as an invisible
threat to human health. The protective cocoon of the matrix is impervious to stan-
dard antimicrobials [65-80], including silver [35] and the host’s immune system.
Within the matrix, the microbial cells can communicate with each other using
chemical (quorum sensing) and electrical (ion channels) signaling, share genes
(e.g., antibiotic resistance) that promote efficient use of resources and activate
pathogenic mechanisms. Additionally, a subpopulation of cells within the biofilm is
responsive to physiological and microenvironment changes and exhibits a persistent
phenotype. These can survive the direct exposure to antimicrobials and result in
recurrent infections once the therapy has been stopped.

Biofilm infection is directly implicated in numerous human soft tissue and
device-related infections [67, 71, 81-119]. Biofilm infection in an open wound is a
significant threat to wound healing [120-122]. Current standard clinical microbiol-
ogy tests do not detect a biofilm as this form of infection is not reliably culturable
[69, 109, 115] and cannot be reliably eliminated even by aggressive debridement
[35]. In fact, debridement may inadvertently move some of the infectious elements
into deeper tissue [35] potentially causing complications. The vast majority of the
current biofilm literature represents in vitro studies [68, 69, 80, 87, 123—131]. The
clinical relevance of such approach is arguable because the struggle between bio-
film infection and host defense defines a clinically relevant biofilm [71, 78, 81,
97-101, 105, 106, 108, 115, 119, 128, 132-136]. Clinically, consistent with the
CDC and NIH estimates [137], there is a rapidly growing evidence demonstrating
that the presence of biofilm clearly threatens human health. In the context of medi-
cal devices and food safety, the FDA recognized this threat and sought to avoid
biofilm infection [138-140]. However, clinically relevant systematic mechanism-
directed studies are scanty due to the ethics of experimentally generating biofilms in
humans. To understand the cascade of events that lead to pathological impact of
biofilm infection, relevant preclinical wound infection studies are needed. Such
understanding requires controlled experimental preclinical studies. Pig being the
most reliable preclinical model for wounds [141], we developed the first [128] burn
biofilm model in pigs [35]. The progressive interaction between bacteria and the
host is an iterative process that helps evolve an acute-phase infection to a pathogenic
biofilm. Thus, long-term (weeks) wound infection studies are needed to understand
the crosstalk between host and bacteria [128]. This model led to the observation that
biofilm-infected burn wounds may close, but the repaired skin lacking barrier func-
tion leaves the wound site functionally compromised [35].
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30.4.1 Biofilm and Skin Barrier Function

The breaching of the skin following wounding leaves the body vulnerable to exter-
nal threats. The physiological response to this breach is the onset of the wound
healing cascade culminating on re-epithelialization and closure of the breach. As
mentioned earlier, wound re-epithelialization relies on EMT. This promotes
increased motility of keratinocytes caused by cytoskeletal reorganization until the
wound is closed. Gap closure engages a return to epithelial phenotype with the res-
toration of intercellular junctional proteins and formation of a tight skin barrier that
protects the body from external assaults. Published studies identified that while bio-
film infection does not compromise visual closure of wounds, the “repaired” skin
has significant barrier function defects. Specifically, biofilm infection silences sev-
eral junctional proteins including E-cadherin, ZO-1 and ZO-2 through a microRNA
(miRNA) dependent process. Although bacterial infection [142, 143] is known to
perturb tight junctions and miRNA [144-146] and is known to regulate epithelial
barrier function, these studies were the first to highlight a role for biofilm-induced
miRNA in compromising skin barrier function.

30.4.2 Biofilm and Wound Recurrence

Recurrence in chronic wounds is a known phenomenon whereby a wound that
appears to heal visually per FDA guidance [32] reopens weeks, months, or years
after initial closure. One study estimated that ~40% of patients had diabetic foot
ulcer recurrence within a year of healing and 65% do so within 5 years [147]. Once
scenario in the context of biofilm infection is related to faulty barrier formation, as
described above, whereby the entry of pathogens could establish infection and
thereby reopen the wound or the persistent biofilm within the closed wound could
seed a new round of infection to reopen the wound. Biofilm forming bacteria come
armed with virulence factors that target various host proteins. For example, a study
using in vivo graded Staphylococcus aureus biofilm infection established a cause-
and-effect relationship with skin collagen levels via a miRNA-matrix metallopro-
teinase (MMP) axis. Only biofilm forming S. aureus strains were able to markedly
inhibit collagen I by inducing MMP-2 through depletion of miR-143. Such activa-
tion of MMP-2 inhibited collagen I, a major structural protein of the skin extracel-
lular matrix, culminating in poor wound tensile strength of the repaired skin. Loss
of structural collagen [148] markedly changes the biomechanical properties of the
skin such that they are vulnerable to external trauma and could reopen.

30.4.3 The Theft Biofilm Concept

During the process of host-microbe interaction, mechanistic underpinnings of bio-
film infection are contextual and depend on the host tissue microenvironment [39].
Recently, the theft biofilm concept has been proposed which demonstrates that
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Fig. 30.3 The theft biofilm concept. In cutaneous wounds, Pseudomonas aeruginosa forms
pathogenic theft biofilm. Such biofilm severity relies on the theft of host lipids (ceramides) causing
potent induction of bacterial ceramidase (bcdase). Skin lipid homeostasis is disrupted such that the
site of wound repair is deficient in barrier function exacerbating host pathology. (Reproduced
under the terms of Wolters Kluwer Health, Inc. The following original report is credited: Sinha
et al. [39])

microbial biofilm involves larceny of host factors toward bolstering pathogenicity
and promotes host vulnerability [39] (Fig. 30.3). Bacterial pathogens such as
Pseudomonas aeruginosa are armed with virulence factors that target host proteins,
lipids, carbohydrates, and other molecules. The host microenvironment presents
offenses and defenses that trigger pathogen responses. P. aeruginosa exploits host
lipids to enable immune evasion [149, 150] and establish biofilm [151]. In the skin,
P. aeruginosa infection responds to cues from host skin and robustly induced bacte-
rial ceramidases. Ceramidases target essential skin lipids, i.e., ceramides, that are
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the first line of the skin barrier defense. Pathogenic P. aeruginosa biofilm, thereby,
responds iteratively to host factors. The presence of ceramides in the breached and
infected skin activated bacterial ceramidases to metabolize host ceramides produc-
ing sphingosine (Sph) and sphingosine-1-phosphate (S1P). Sph and S1P further
induced bacterial ceramidase and inhibited proliferator activated receptor (PPAR)S,
respectively. P. aeruginosa biofilm silences (PPAR)S via miR-106b. Decreased
(PPAR)S inhibited ABCA12 expression, thereby disrupting skin lipid homeostasis
and compromising barrier function [39].

30.5 TEWL as a Reliable Measurement of Skin Barrier
Function in Biofilm Infected Wounds

Biofilm-infected wounds may achieve closure without restoring the barrier function
of the repaired skin. Such barrier function-deficient skin exhibits compromised bio-
mechanical properties of closed wounds and favors wound recurrence. Hence the
concept of “functional wound closure” states that wound closure is only complete
when defects caused by injury are covered by skin with a restored barrier function.
Thus, measurement of barrier function restoration is an important element charac-
terizing biofilm-infected wound closure [33-35]. TEWL, as described above, is the
most widely used objective measurement that characterizes skin barrier function.
TEWL,; represents deficient skin barrier function and TEWL,, represents restored/
close to normal skin barrier function indicative of functional closure. The skin bar-
rier is disturbed in pathological conditions (e.g., atopic dermatitis [36, 152-154],
psoriasis [155, 156], and biofilm infection [34, 35]) and physiological conditions
(e.g., aging and menopause) [54] and are objectively assessed as TEWL,,;. This mea-
sure has been validated in humans and animal models by different groups [35, 157,
158]. For example, in atopic dermatitis, increased TEWL, reflecting skin barrier
dysfunction, is a major pathological feature that can be robustly correlated with
severity of disease and response to treatment not only in adults but also neonates
[36, 152-154].

Several preclinical porcine studies [35, 128, 159, 160], using polymicrobial bio-
film infection caused by clinically isolated bacteria demonstrated that a history of
biofilm infection compromises barrier function of the repaired skin as manifested
by high TEWL [35, 128, 159, 160]. Pilot clinical studies in DFU suggested a strong
correlation between TEWL,; and increased risk for recurrence of DFU. These stud-
ies laid the foundation for the first NIH Diabetic Foot Consortium (DFC) clinical
trial (NCT04558775) to assess the value of TEWL as a biomarker predicting DFU
recurrence. The scope of this study is to find the right type of treatment or measure-
ment that will predict wound recurrence. TEWL will be measured on the closed
wound site and a location similar to the wound site (reference site). Enrollment of
the participants will be done within 2 weeks after closure of their DFU. Participants
will be followed weekly for 16 weeks by phone until the earliest time of DFU
wound recurrence or 16 weeks. Participants who experience a DFU wound recur-
rence and a subset of participants who do not experience a DFU wound recurrence
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by week 16 will be asked to attend one final visit. Successful completion of this
study may identify TEWL as an essential biomarker for the assessment of DFU
healing progress and prognosis.

30.6 Conclusion

The current standard of care that informs the clinical decision-making process in
wound care is for a physician to visually assess the wound for closure. The validity
of that clinical decision-making process is questionable in the light of the emergent
concept of functional wound closure. Wounds infected by bacteria in biofilm con-
figuration may close, as appreciated visually, but functionally remains open because
the repaired skin lacks barrier function. Such defective repair of wounds lends itself
to a higher rate of recurrence or post-closure complication in patients. The notion
that continued care, until functional wound closure is achieved, is necessary to min-
imize recurrence and amputation would be of transformative value in the delivery of
DFU care. In this context TEWL is being most widely used objective measurement
for assessing the barrier function of skin in healthy individuals but also patients with
skin diseases that are associated with skin barrier dysfunction, such as aging, atopic
dermatitis, and chronic wounds. Finally, this chapter explains the premise of mea-
surement of skin barrier function being investigated by NIH Diabetic Foot
Consortium as the new biomarker that may predict DFU wound recurrence.
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