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   Foreword   

 This book addresses a number of important aspects of wounds and wound healing. 
It is written by experts from a range of academic and clinical disciplines and illus-
trates the complexity of the issue and the need for multidisciplinary teams to care 
for patients with wounds. It provides a comprehensive and practical approach to 
what is a major health problem globally. 

 Wounds have existed since the beginning of time, and apart from developments 
in previous centuries driven by confl ict and trauma, we are still struggling to ensure 
patients with wounds receive an accurate diagnosis and effective treatment in many 
parts of the world. The changing patterns of disease and population demographics 
in different countries mean that wounds will increase in number and complexity as 
we go forward and the urgency for education, training, and research in this area will 
unquestionably expand rapidly. 

 It is interesting to refl ect on the current situation where many patients can be 
cured of cancer and organ transplantation is seen as a routine procedure, but we can-
not guarantee a patient with a wound will receive care from an educated, informed, 
and up-to-date clinician. This book will go a long way to helping both clinicians and 
patients to provide and receive care that is more appropriate for the twenty-fi rst 
century. I commend it to you as a source of valuable information as you will fi nd 
useful information that will assist your practice. 

 Regards, 
 Keith  

Prof.      Keith     Harding  ,   CBE, FRCGP, FRCP, FRCS, FLSW       
Medical Director – WWII Ltd, University Dean of Clinical Innovation

Cardiff University ,   Cardiff ,  UK   
   Welsh Wound Innovation Centre ,   Rhodfa Marics, Ynysmaerdy , 

 Pontyclun, Rhondda Cynon Taf   CF72 8UX ,  UK     
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   Foreword   

 Ulcers are one of the most common pathological conditions affecting lower limbs, 
easy to be diagnosed with the naked eye. However, what we see is only an external 
picture of tissue changes. This is barely a symptom of pathological events taking 
place in soft tissues, caused by various noxious factors. To identify these factors the 
naked eye is not enough. Modern imaging, blood fl ow evaluation, bacteriology, 
immunohistopathology, and other methods, these are what we need to identify the 
etiological factors of ulcer. Even with these methods in hand, we do not exactly 
know what is the initiating factor in most types of ulcers. The result is that our treat-
ment efforts are not always satisfactory. There are four basic elements in the 
pathomechanism of formation and persistence of ulcers. These are local predispos-
ing factors, bacterial fl ora, high reactivity of infi ltrating granulocytes and macro-
phages, and lack of skin regeneration. The predisposing factors are venous 
hypertension with high tissue fl uid pressure damaging the epidermal barrier from 
inside, arterial hypoperfusion with cell apoptosis or necrosis, and lack of tissue fl uid 
fl ow away in lymphedema with lymph leakage. These changes create favorable con-
ditions for penetration of deeper tissues by bacteria and fungi normally residing on 
the epidermal surface. Our own microbes peaceful while on the skin surface become 
virulent in tissues. Furthermore, bacteria attract immune cells. So do necrotic kera-
tinocytes, fi broblasts, and dying granulocytes. The scavenging process of microor-
ganisms and our own cellular debris is a type of an almost endless autoimmune 
reaction. This can be confi rmed by the enlargement of inguinal lymph nodes and 
subsequent depletion of their immune cells. The fourth factor is lack of regeneration 
of the skin with all its layers. Keratinocytes migrate upon the granulation tissue; 
however, they lack fi brils attaching them to the ulcer bed ground matrix which is a 
substitute of the nonexisting basement membrane. There is no papillary and reticu-
lar layer with blood and lymphatic capillaries. Moreover, no ulcer (wound) contrac-
tion can take place, as it happens in other type of wounds, because the foot or calf 
skin cannot be mobilized. 

 The described process illustrates how important it is to study the mechanism of 
ulcer formation and conduct the treatment trials. Refreshing knowledge of the basic 
and clinical processes of the so frequent development of infl ammation/necrosis foci 
in human lower limbs becomes indispensable. The content of this book fulfi lls this 
requirement. It is the most actual summary of today’s clinical experience in ulcer 
pathogenesis and treatment in the contemporary medicine. The variety of etiology, 
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kinetics of development, topography, methods of treatment, epidemiology, and 
medical documentation have been presented in a comprehensible style. It will serve 
medical professionals in their efforts to use modern methods of treatment, based on 
the knowledge of pathophysiology. Elimination of the predisposing factors must 
become a priority before the topical treatment is started. Finally, it would direct our 
attention more to the role of microorganisms in ulcer delayed healing, as our lower 
limbs are so much exposed to them, colonized from the perineal region and feet 
touching the ground full of microlife. 

 I am extremely happy to note that Prof. Khanna with his colleague is bringing 
out such a book which will be helpful for every person interested in lower limb 
ulcers. This book has 29 chapters tackling almost all types of ulcers of the lower 
extremity. As this book has many color photographs, it will defi nitely invite more 
interaction with the readers. Most of the chapters are well written and provide a 
complete scenario of such ulcer.  

    Waldemar     L.     Olszewski   
  Medical Research Center ,  Polish Academy of Sciences ,   Warsaw ,  Poland      

Foreword
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  Pref ace   

 Ulcers of the lower extremity are extremely common. When I thought of writing 
this book on ulcers of the lower extremity in my mind, I thought there will be many 
books on this subject being such a common entity. But when I started searching and 
I asked my colleagues if have they seen a comprehensive book on this subject, their 
answer negated it. In fact I could only trace one book on this subject which has been 
written by a nurse. Though many textbooks of medical sciences had various chap-
ters at various places on this subject, I thought that I should accumulate and com-
prehend such type of book which will have at one place all aspects of chronic ulcers 
of the lower extremity. With this idea in my mind, I met Dr. Naren Agarwal, 
Executive Editor, Clinical Medicine, Springer, in one of our society meeting. On 
putting this idea, Dr. Naren got so excited that even without asking anything about 
the book, he immediately agreed to publish this book. In one of our annual national 
meeting of the surgeons, I moderated a symposium on ulcers of the lower extremity, 
and I found that a full hall of a capacity of 1500 persons was jam-packed to hear this 
subject. So I could understand that this book may be worth writing. 

 I thought of what can be the various chapters which can be included in such type 
of book, and I along with my coeditor and other colleagues could pinpoint 29 chap-
ters starting right from the epidemiology, impact of ulceration, approach and inves-
tigations to an ulcer, pathophysiology of healing of an ulcer, microbiology of ulcer, 
common type of ulcers like venous, arterial, and diabetic and then uncommon type 
of ulcers, various types of malignant ulcers, various fl aps for ulcers, amputation, 
pain management, and the documentation of ulcer. I selected the various authorities 
on the subject very carefully across the world, and in this book, chapters have been 
written by authors from the USA, Europe, UK, West Indies, and India. I think that 
there may still be many topics which might not have been covered in this book. 

 Two giants in the fi eld of wound healing Prof. Keith Harding, Cardiff, UK, and 
Prof. Olszewski from Warsaw, Poland, are writing the forewords for this book. Prof. 
Keith Harding is the editor of several journals related to wounds. Prof. Olszewski is 
a lymphologist and the mastermind of the concept of various diseases related to 
lymphology. Now he is giving the new concept of the role of bacteria in nonhealing 
ulcers. 

 The book is full of fi gures, and I am sure that the readers will enjoy perusing the 
chapters and looking at the various pictures. 
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 I acknowledge the help of my coeditor Dr. Satyendra K. Tiwary and my other 
colleagues in the department who have taken all pains to bring out this book. I 
acknowledge the help of Dr. Naren Agarwal and Ms. Teena Bedi of Springer in 
bringing out this concept in the present form. I am indebted to my family Anuradha, 
Divya, and Soumya who provided me the moral support and will forgive me for the 
ignorance which was unintentional. 

 I dedicate this book to all those patients who have suffered from this painful 
disease, and I hope that their misery will soon turn into a boon.  

  Varanasi, India     Ajay     Kumar     Khanna    
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 1       Epidemiology of Leg Ulcer                     

       Divya     Khanna      and     Ajay     Kumar     Khanna   

1.1            Introduction 

 Leg ulcers have plagued mankind since ancient times and still pose a considerable 
burden for both patients and carers in most countries of the world. Ulcers can be 
defi ned as wounds with a “full-thickness depth” and a “slow healing tendency.” 
Ulcers of skin can result in complete loss of the epidermis and often portions of the 
dermis and even subcutaneous fat [ 1 ]. Chronic leg ulcer disease also known as 
chronic lower-limb ulcer is a chronic wound of the leg that shows no tendency to heal 
after 3 months of appropriate treatment or is still not fully healed at 12 months [ 2 ]. 

 According to most of the Western and European studies, the most common type 
of leg ulcer is venous ulcer, the others being neuropathic ulcer and arterial ulcers 
(Table  1.1 ) [ 3 ,  4 ]. These three kinds of ulcers account for almost 90 % of cases of 
lower-leg ulceration. Approximately 70 % of the limb ulcers are caused by venous 
diseases. Rest 30 % are due to vascular diseases, diabetic, malignant ulcers, trau-
matic ulcers, chronic lymphedema, and a few medical conditions [ 4 ].

   Chronic ulceration of the lower legs is a relatively common condition among 
adults. The spectra of symptoms in chronic leg ulcer disease include increasing 
pain, friable granulation tissue, foul odor, and poor wound healing. This not only 
results in social distress and considerable increase in healthcare and personal costs 
but also loss of productivity and poor quality of life [ 5 ,  6 ]. 

mailto:dkhannakgmc@gmail.com
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1.1.1     Global Burden of Leg Ulcer 

 Globally various studies have refl ected burden of leg ulcer in terms of prevalence, inci-
dence rate, morbidity, and mortality associated with leg ulcer and health cost involved 
in its management. Chronic leg ulcers affect 0.6–3 % of population aged over 60 year 
and increasing to more than 5 % of those aged 80 years and above. Rayner et al. (2009) 
have stated that chronic leg ulcer disease is an important cause of morbidity with preva-
lence in the community ranging from 1.9 to 13.1 % [ 7 ]. Sasanka et al. (2012) have 
stated in their study that in the course of a lifetime, nearly 10 % of the population will 
develop a chronic wound, with a wound-related mortality rate of 2.5 % [ 6 ]. 

 According to Cheng et al. (2011) about 15 % of elderly adults in the United 
States suffer from chronic wounds and in chronic leg ulcer disease predominantly 
venous stasis ulcers, pressure ulcers (bedsores), and diabetic (neuropathic) foot 
ulcers. In America yearly 2–3 million new cases are diagnosed with various types of 
chronic wounds [ 8 ]. The prevalence of vascular ulcer in the United States is esti-
mated at 500,000–600,000 and increases with age. Estimated annual incidences of 
leg ulcer in Switzerland and the United Kingdom are 0.2 and 3.5 per 1000 individu-
als, respectively [ 9 ,  10 ]. 

 Faria et al.’s (2011) study in Botucatu, Sao Paulo, Brazil, reported a 35.5 % 
prevalence of varicose veins and 1.5 % prevalence of severe chronic venous 

  Table 1.1    Causes of leg ulcers [ 4 ]   Vascular  Venous 

 Arterial 

 Mixed 

 Neuropathic  Diabetes 

 Tabes 

 Syringomyelia 

 Metabolic  Diabetes 

 Gout 

 Prolidase defi ciency 

 Hematological  Sickle-cell disease 

 Cryoglobulinemia 

 Trauma  Pressure 

 Injury 

 Burns 

 Tumors  Basal cell carcinoma 

 Squamous cell carcinoma 

 Infections  Bacterial 

 Fungal 

 Protozoal 

 Panniculitis  Necrobiosis lipoidica 

 Fat necrosis 

 Pyoderma  Gangrenosum 

 Special cases  Hypertensive ulcers 

D. Khanna and A.K. Khanna
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insuffi ciency with an ulcer or an ulcer scar [ 11 ]. The peripheral artery disease com-
monly associated with non-healing wounds affects about 8 million Americans and 
12–20 % of Americans of age group 65–72 years. An estimated over 7.4 million 
population suffer from pressure ulcers around the world where estimation was pos-
sible. This estimate is not including a major number of developing countries [ 12 ]. 

 In Western Australia, 1994, leg ulcers were found to affect nearly 1.1 per 1000 
population (0.11 % point prevalence). The study of Baker et al. (1994) demon-
strated that 24 % of the population suffered from ulcers for 1 year, 35 % had a 
problem of ulceration for 5 years, 20 % had experienced 10 or more episodes of 
ulceration, and 45 % of the sufferers were housebound [ 13 ]. Jull et al. (2009) stated 
that although the period prevalence of leg ulcers in New Zealand was at 79 per 
100,000 per year, capture analysis suggested a more accurate estimation, which was 
between 393 and 839 per 100,000 per year [ 14 ]. 

 According to data from epidemiological studies, the incidence of chronic ulcers 
in surgically hospitalized patients in China is 1.5–20.3 %. In one study of the 580 
wound areas in 489 patients, 366 or 63 % were ulcers on the lower extremities [ 15 , 
 16 ]. Korber et al. (2011) stated in their study conducted in Germany that venous 
insuffi ciency was the predominant causative factor in 47.6 % and arterial insuffi -
ciency in 14.5 % and 17.6 % of ulcers were due to combined arterial and venous 
insuffi ciency [ 17 ]. 

1.1.1.1     Indian Scenario 
 In tropical countries like India, there is a defi ciency of epidemiological studies for 
prevalence and etiology of chronic leg ulcer diseases. One study estimated the prev-
alence at 4.5 per 1000 population. The incidence of acute wounds was more than 
double at 10.5 per 1000 population [ 18 ].   

1.1.2     Socioeconomic Impact of Chronic Leg Ulcer Diseases 

 Ruckley (1997) has stated that chronic venous insuffi ciency affects approximately 5 
% and chronic leg ulcer approximately 1 % of the adult population of developed 
countries. Recent quality-of-life studies highlight major disability and social impair-
ment associated with chronic leg ulcer disease, but they also refl ect that this condi-
tion is characterized by chronicity and relapse and hence giving rise to massive 
healthcare expenditure. This expenditure was accounted in the United Kingdom to 
be around E400 million per annum. Venous diseases are consuming 1–2 % of the 
healthcare budgets of European countries. In France too, the costs of venous disease 
represented 2.6 % of the total healthcare budget in 1995, thus confi rming other data 
from European studies and an early health survey in the United States [ 19 – 21 ]. 

 Similarly in the United States, treatment costs for venous ulcers in more than 6 
million patients approached $2.5bn (£1.6bn; €1.8bn), and 2 million workdays were 
lost annually because of venous ulcer disease [ 22 ,  23 ]. A recent prospective study 
performed in 23 specialized wound centers throughout Germany calculated the 
mean total cost of a venous ulcer per patient per year to be €9569 (€8658 (92 %) 
direct costs and €911 (8 %) indirect costs [ 23 ,  24 ].  
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1.1.3     Importance of Prevalence Data 

 Epidemiological studies are used to assess the prevalence of diseases or conditions 
within populations in order to ascertain the magnitude of a certain problem. Mostly 
cross-sectional studies have been used to assess the number of patients with a cer-
tain disease within the healthcare system. Large randomized samples have been 
used to assess populations, and such samples have the advantage of knowing people 
who are suffering from chronic leg ulcer disease but are self-treating and are out of 
reach to the healthcare system. 

 Prevalence data from such studies will serve as a valuable basis for the planning 
of appropriate actions to deal with the problem. Impact and effectiveness of current 
treatment modalities can be assessed by doing repeated prevalence based studies in 
a defi ned geographical region and subsequently these studies can suggest for need 
of improvements in current treatment strategies [ 25 – 32 ]. For example, in an obser-
vation of Skaraborg, the prevalence of leg ulcer decreased by 46 % within the 
healthcare system from fi rst epidemiological studies (1988–1992) compared to a 
repeat study in 2002, giving a strong indication that our changed management strat-
egy was successful. In the absence of repetitive planned prevalent studies, it would 
have been much more diffi cult to detect the result of this change of management 
strategy [ 26 – 32 ].  

1.1.4     Definitions of Incidence and the Various Forms 
of Prevalence Estimates [ 32 ] 

     Incidence : Number of new cases per unit time and population; usually one year  
   Point prevalence : Proportion with a certain disease at any point of time; time period 

usually shorter than three months  
   Period prevalence : Proportion with a certain disease within a longer period of time; 

usually one year or more  
   Overall prevalence : Proportion that have ever had a certain disease; lifetime period; 

lifetime prevalence     

1.1.5     Methodological Pitfalls in Prevalence-Based Study 

 For a prevalence data to be reliable, the study has to be large enough. Validation of 
all or a randomly selected sample of the reported patients is mandatory to determine 
the number of false positives (described later) and to establish the diagnosis. It is not 
appropriate to rely on a venous ulcer diagnosis by the healthcare giver without veri-
fi cation from a previous objective noninvasive assessment. Without objective vali-
dation there is a high risk of overestimating venous leg ulcer prevalence [ 32 ]. 

 One example is a study from Ireland that only assessed ankle pressures to diag-
nose arterial ulcers and most other ulcers were considered as being venous, clearly 
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resulting in an overestimation of venous ulcer point prevalence [ 33 ]. False-positive 
cases, for example, erosions from eczema can be confused with leg ulcers and 
thereby contribute to increased false positive rates. This underlines the importance 
of validating studies of patients/caretakers claiming a history of ulceration to avoid 
overestimates of prevalence of venous ulceration [ 32 ]. 

 A hospital-based cross-sectional study can contribute selection bias as only 
patients treated within the healthcare system will be in chronic leg ulcer disease 
prevalence. Such a study will refl ect the workload for healthcare professionals, but 
we know a large population of people who are self-treating their ulcers. In such a 
scenario, a population sample can overcome this bias by including all people within 
the selected sample. However, such studies need to be fairly large for a reliable 
prevalence estimate. These studies are not only expensive but also time consuming 
and diffi cult to perform [ 32 ].   

1.2     Risk Factors Associated with Leg Ulcers 

 The incidence of ulceration is rising as a result of the ageing population and 
increased risk factors for atherosclerotic of chronic leg ulcer disease such as smok-
ing, obesity, and diabetes [ 4 ,  23 ,  37 ]. Prevalence of leg ulceration increases dramati-
cally with age, although ulcers can occur in quite young people and there are records 
of people suffering with venous ulcers for up to 60 years [ 4 ,  34 ]. 

 People 65 years of age and older constitute one of the fastest growing segments 
of the population in the United States and Europe. In the next 40 years, this group is 
expected to double in size [ 34 ]. Venous leg ulcers account for 40–70 % of chronic 
lower-extremity wounds, with a disproportionate percentage of individuals with 
venous leg ulcers being elderly or women [ 4 ,  34 ]. 

 One of the studies refl ects that venous leg ulcers were overall more likely to occur 
in women than in men. However, the overall difference in incidence between men 
and women probably refl ects the greater number of women as compared with men 
that survive to the oldest ages, thereby increasing the overall rate for women [ 34 ]. 

 Family history of venous ulceration, obesity, phlebitis, deep venous thrombosis, 
and leg injuries were also found to be a signifi cant risk factor in various studies [ 4 , 
 23 ,  30 ]. Sedentary-style habits such as jobs involving prolonged sitting or standing 
especially among men is also associated with increased risk of occurrence of venous 
leg ulcers [ 23 ,  35 ]. Similarly obesity was also associated with venous leg ulceration. 
A study also refl ected that BMI >33 kg/m 2  and walking distance shorter than 200 m 
during the day are indicators of poor wound healing [ 35 ]. 

 Recurrent pregnancy also was found to be an important risk factor contributing 
to increased risk of venous ulceration. Several studies refl ected that women who had 
more than one pregnancy had a higher risk of venous ulceration even after adjusted 
for increasing age [ 4 ,  23 ,  37 ]. 

 Korber et al. stated in their study conducted in Germany that venous insuffi -
ciency was the predominant causative factor in 47.6 % and arterial insuffi ciency in 
14.5 % and 17.6 % of ulcers were due to combined arterial and venous 
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insuffi ciency. Other rarer causes associated with leg ulcers include leg vasculitis 
(5.1 %), exogenous factors (3.8 %), and pyoderma gangrenosum (3.0 %) [ 14 ]. 

 A study from one center in India suggests leprosy (40 %), diabetes (23 %), 
venous disease (11 %), and trauma (13 %) causes of lower-extremity wounds. Other 
causes included atherosclerosis and tuberculosis [ 4 ,  7 ,  18 ]. Other major causes 
include venous ulcers, pressure ulcers, vasculitis, and trauma. The most common 
causes of vasculitis ulcers are rheumatoid arthritis, systemic lupus, and polyarteritis 
nodosa. The blood dyscrasias that most commonly lead to leg ulceration are sickle- 
cell disease, thalassemia, thrombocythemia, and polycythemia rubra vera [ 36 ]. An 
important factor that further contributes to chronicity of leg ulcers is inappropriate 
treatment of acute traumatic wounds [ 4 ].  

    Conclusion 

 Leg ulcers are common and very debilitating and carry a huge impact on the 
patient’s life, the society, and the government. Venous ulcers are the most com-
mon of all ulceration followed by arterial and mixed variety. With the increase in 
the incidence of diabetes, more and more diabetic foot ulcers will be more 
prevalent.     
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2.1            Introduction 

 Wounds, particularly chronic wounds, are an area of concern for patients and clini-
cians alike. They not only represent a signifi cant health problem but also have a 
profound socioeconomic impact. Chronic wounds are conventionally defi ned as 
wounds that have failed to progress in an orderly and timely reparative process over 
a maximum period of 6 weeks to restore the anatomic and functional integrity of the 
injured site.  

2.2     Prevalence 

 There are wide geographical variations in both the prevalence and the etiology of 
chronic wounds. In Europe, the prevalence ranges from 0.18 to 1 % with venous 
ulcers accounting for the majority of these cases followed by diabetes and arterial 
disease. Data from India are limited. The etiology of chronic wounds in the hospital 
setting is different from that seen in the community. While hospital-based studies 
are easier to carry out, they do not refl ect the true population-based statistics. In a 
community-based study from Northern India, the prevalence of chronic wounds 
was 4.48 per 1000 population with lower-extremity involvement being much more 
common than the involvement of the upper extremity [ 1 ]. The most common etiol-
ogy for chronic ulcers in the above study was untreated or improperly treated acute 
traumatic wound followed by diabetes. In contrast, most studies indicate that dia-
betic ulcers are the most common cause of lower-extremity ulceration in the hospi-
tal setting [ 2 ,  3 ].  

mailto:drsanjeevkgupta@gmail.com


10

2.3     Quality-of-Life Issues 

 Chronic wounds represent a heterogeneous group which shares the common char-
acteristic of delayed wound healing due to an underlying disease. Most patients 
have a poor quality of life including pain, physical discomfort, functional limita-
tions, social and economic burden, and psychological distress. The negative socio-
economic impact of chronic ulceration plays a huge strain not only on the patient 
and his/her family but also on the society. In the United States, chronic wounds 
affect around 6.5 million patients resulting in expenditure of an estimated US$ 25 
billion annually on treatment. In the Scandinavian countries, the cost of treatment of 
chronic wounds accounts for 2–4 % of the total healthcare expenses. In developed 
countries approximately 1–2 % of the population will experience a chronic wound 
during their lifetime. The economic burden is growing rapidly across the globe due 
to increasing healthcare costs, an aging population, and an increasing incidence of 
diabetes [ 4 – 6 ].  

2.4     Cost of Ulcer Prevalence 

 According to the Center for Disease Control and Prevention, 7.8 % of the popula-
tion in the United States had diabetes in 2007 which equals almost 24 million per-
sons. In the same year, diabetes and its complications cost the exchequer $174 
billion of which $116 billion were in direct costs and the rest $58 billion were 
indirect costs such as loss of productivity, disability, and early mortality. An analy-
sis of Medicare claims from 1995 to 1996 showed that expenditures for diabetic 
foot patients were three times higher than for the general population ($15,309 vs. 
$5526) yielding a total Medicare cost of $1.5 billion in 1995. In a study in which 
patients with diabetic foot ulcers were prospectively followed up, it was shown that 
54 % patients healed in 2 months, 19 % healed in 3–4 months, and 27 % healed in 
>5 months. Healing without amputation costs an average of $6664 against healing 
by amputation which averaged $44,790. The Wagner grade was also related to the 
cost, being $1892 for Wagner grade 1 ulcer while a Wagner grade 4/5 ulcer aver-
aged $27,721. Presence of vascular disease and neuropathy adds to the costs of 
treating diabetic foot ulcers. In India, the expenditure incurred in treating diabetic 
foot ulcers (DFU) varied from Rs. 10,000 in patients in urban areas to Rs. 6260 in 
patients in rural areas. Patients in urban areas spent a signifi cantly higher amount on 
medications as well as for laboratory tests and consultations than patients in rural 
areas. The median costs of surgical treatment were also considerably higher in 
urban patients (Rs. 21,000 vs. Rs. 6500). Expenditure increased with increased 
duration of diabetes as well as with the number of complications in both groups. In 
a recently published study, the cost of treating DFU in fi ve different countries was 
estimated based on a hypothetical model [ 5 ]. While the cost of treatment varied 
from the lowest in Tanzania to the highest in the United States for two different 
types of diabetic foot ulcers, the burden for the patient cannot be determined by the 
adjusted absolute cost but by the patients’ responsibility for bearing the cost. The 
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cost to the patient is a function of both insurance cover and annual per capita pur-
chasing power parity (PPP) adjusted gross domestic product (GDP). The authors 
concluded that India is the most expensive country for treatment of DFU, where 
approximately 5.7 years of income are required to pay for treatment compared to 
only 3 months of income in Chile and in China [ 5 ]. Several investigators have 
reported marked differences between the costs in urban versus rural settings, being 
considerably higher in the latter. These differences are due to poor access to health-
care facilities and mismanagement due to lack of adequately trained healthcare pro-
viders. It is thus obvious that in countries where the cost of treatment to the patient 
is so high, many patients will decline treatment, while those who chose treatment 
will face fi nancial ruin [ 6 ].  

2.5     Risk of Amputation 

 Diabetic neuropathy contributes to foot deformities and ulcers, which, if left 
untreated, increase the likelihood of lower-extremity amputations. It is estimated 
that up to 25 % of diabetics will develop a foot ulcer. In the United States, nearly 
71,000 lower-limb amputations were performed in people with diabetes in 2004 
costing approximately 3 billion dollars per year. 67 % of all lower-extremity ampu-
tations have diabetes. Majority of the amputations (nearly 80 %) are preceded by an 
ulcer. Every year 5 % of diabetics develop foot ulcers and 1 % will require amputa-
tion. Recurrence rate of diabetic foot ulcers is 66 %, and the amputation rate rises to 
12 % with subsequent ulcerations. The age-adjusted lower-extremity amputation 
rate for people with diabetes (5.5 per 1000 people) was 28 times higher than in 
people without diabetes (0.2 per 1000 people). Amputation rates also rise with 
increasing age varying from 3.9 per 1000 in diabetics who are less than 65 years of 
age to 7.9 per 1000 in diabetics more than 75 years of age. Amputation rates are also 
infl uenced by race being 1.5 times more common in blacks than in whites. Men are 
twice as more likely to have a lower-extremity amputation than women. The 5-year 
survival rate after a major lower-extremity amputation is about 50 %. Once amputa-
tion occurs, 50 % will develop an ulcer in the contralateral limb within 5 years. 
According to estimates, a staggering $9 billion were spent on the treatment of dia-
betic foot ulcers in 2001 [ 4 ].  

2.6     Venous Ulceration and Cost 

 In developed countries, venous ulcers account for 70–90 % of ulcers on the lower 
leg. In the United States, 1.69 % of the population aged 65 years or older are affected 
by venous ulceration. The prevalence of venous ulcers is approximately 600,000 
annually. The annual cost of treating these ulcers ranges from $ 2.5 to 3.5 billion. 
Similar fi gures have been observed in Europe and Scandinavian countries. In 
Germany, the average cost of treating a patient with venous ulceration ranged from 
9900 to 10,800 Euros. The incidence of venous ulceration increases with increasing 
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age. The recurrence rates following healing are high with up to one third of treated 
patients experiencing four or more recurrences. Estimates suggest that venous 
ulcers lead to loss of 2 million working days per year in the United States [ 7 ]. 

 The socioeconomic burden of wound complications is worsened by the aging 
global population. As the global population ages, so does the population of elderly 
in the hospitals which leads to increased socioeconomic burden in caring for people 
with lower-extremity ulcerations.  

2.7     Loss of Work 

 Patients with chronic wounds are often forced to abstain from their work in order to 
get proper medical management of their wounds. Some of them may be unable to 
carry out their occupation due to wound-related disability. Chronic wounds cause 
disability which in turn is associated with poor outcome leading to a vicious cycle. 
The loss of wages places a heavy socioeconomic burden not only on the patient but 
also on his/her family and the society. Venous ulcers lead to an early retirement in 
nearly 12.5 % of workers. Venous ulcers are responsible for a staggering 2 billion 
dollars in lost wages. An overwhelming majority of patients complain that their 
mobility is adversely affected by the ulcer. In younger, working patients, leg ulcer-
ation correlated with time lost from work, job loss, and deleterious effects on their 
fi nances. They found caring for their wounds burdensome leading to feelings of 
anger and resentment. Majority of the patients felt that chronic wounds had a pro-
found negative emotional impact and were associated with feelings of fear, social 
isolation, anger, depression, and negative self-image [ 8 ]. Accurate assessment, 
prompt treatment, and suitable follow-up are essential for minimizing the long-term 
disability caused by chronic wounds.  

2.8     Psychological Impact 

 Pain is also a major problem for venous leg ulcer patients which leads to depression, 
irritation, and reduced social activity. The pain is often worsened during dressing 
changes. In a multicenter cross-sectional study from Italy, it was seen that women 
with venous ulcers had more pain and worse quality of life than men. Venous ulcers 
had high mean values of visual analog score (VAS) during the day and night (44.4 
and 44.9, respectively). A higher value was observed during dressing change (57.5). 
There was direct correlation between pain and quality of life, being worse for ulcers 
with longer duration and larger area [ 9 ]. Chronic leg ulcers also affect self-esteem 
and social life. In a study from the United Kingdom based on a questionnaire admin-
istered to 198 patients, it was observed that bad odor and excessive exudates from 
the wound had adverse psychological effects leading to feelings of disgust, self- 
loathing, and low self-esteem. The net result was social isolation and depression. 52 
patients (27 %) scored as depressed, while 50 (26 %) scored as anxious on the 
hospital depression and anxiety (HADS) scale [ 10 ]. In another study, 38 patients 

S.K. Gupta



13

completed a health-related quality-of-life questionnaire, and the data obtained was 
used to evaluate the impact of ulceration. Older patients had worse health-related 
quality-of-life issues as did those with pain and non-healing ulcers. Pain, itching, 
altered appearance, loss of sleep, functional limitation, and disappointment with 
treatment were identifi ed as the psychological effects of chronic ulceration [ 11 ]. It 
is thus important that wound management guidelines should also include recom-
mendations for management of pain, lifestyle modifi cations, compliance and other 
quality-of-life issues. In another study from Brazil, the diminished quality of life 
observed in patients with chronic venous ulcers was attributed to both the physical 
aspects and functional ability [ 12 ]. Routine activities like climbing or moving down 
stairs or simply standing without support even for short periods become diffi cult. 
This physical limitation of mobility entails multiple restrictions which force people 
with chronic venous ulcers to restructure their daily activities and increase depen-
dence upon others which also hamper social relationships. These patients feel 
socially isolated, depressed, and constrained due to the dressings. They also feel 
discriminated against by their family as well as the society. The presence of chronic 
leg ulcers also affects their mental health as evidenced by the low quality-of-life 
(QOL) scores in the domains of emotional aspects and mental health. Many studies 
have shown that persistent pain is a constant reminder of their ulcer and contributed 
to the feelings of sadness and loss of control. Pain was also related to loss of mobil-
ity and sleep disorders. 

 Health-related quality of life (HRQOL) is worse in diabetics with complications 
than in diabetics without complications. Foot ulcers increase the risk of death by 
2.4-fold as compared to diabetic patients without ulcers. These ulcers are associated 
with reduced mobility and restriction of daily activities that adversely affect 
HRQOL. Both qualitative and quantitative studies have confi rmed the huge negative 
psychological and social effect in diabetic foot ulcer patients including reduction in 
social activities, increased family tensions for patients and their caregivers, limited 
employment, and fi nancial hardship [ 13 ]. A systematic literature review of HRQOL 
issues in diabetic foot ulcer patients reported that these posed a threat to physical 
functioning and a negative impact on psychological and also social functioning. The 
major factors were limited mobility, sleep disturbances, lack of energy, limitations 
in work and leisure activities, worries and frustration, and a lack of self-esteem [ 11 ].  

    Conclusion 
 Chronic leg ulcers have a profound economic, psychological, and social effect on 
the lives of the patients and their immediate families. The cost of caring for these 
patients also imposes a huge economic burden on healthcare facilities and pro-
viders. Manpower constraints and limited resources aggravate the problem. The 
immense economic and social impact of wounds call for allocation of more 
resources and funds not only to increase research funding for a better under-
standing of the complex biological mechanisms of wound healing but also to 
harness the technology for development of better wound care products which 
help in the early healing of chronic wounds thereby minimizing the cost of treat-
ment and the socioeconomic burden.     
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3.1            Introduction 

 One of the most debilitating, painful, recurrent, malodorous, and costly conditions 
seen in the practice of surgery is the leg ulcers. These have always been a challenge 
for clinicians in terms of diagnosis and understanding of its pathophysiology. For 
instance, although the association between ulceration of the leg and varicose veins 
was observed more than 2000 years ago by Hippocrates [ 1 ], he thought that these 
ulcers were the site of release of the “evil humors” that plagued the body causing 
untold maladies. Thus, healing of the ulcers was frowned upon, and these ulcers 
were frequently reopened as described by Chadwick et al. [ 2 ]. Table  3.1  shows the 
various types of ulcers of the lower extremity. We herein look at the types of ulcers 
which are commonly seen in our surgical practice including the following: venous, 
arterial, mixed arterial, and venous; diabetic; neuropathic; hematological; lym-
phatic; Marjolin’s; malignant (primary and secondary); vasculitic; infective (necro-
tizing fasciitis, osteomyelitis, tuberculosis, and syphilitic); trauma; decubitus; 
calciphylaxis; hypertensive; and Bazin’s.

3.2        Venous Ulcer (Fig.  3.1 ) 

    Chronic venous insuffi ciency affects about 5 % of the adult population, and 1 % 
may have chronic leg ulcers in developed countries and a prevalence of 3–5 % in the 
population above 65 years of age [ 3 ,  4 ]. Ulcers of primarily venous origin can range 
between 54 and 57 % of chronic leg ulcers [ 5 ,  6 ]. Ulceration can begin before age 
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   Table 3.1    Types of ulcer   

 Vascular  Venous 

 Arterial 

 Mixed 

 Neuropathic  Diabetes 

 Tabes 

 Syringomyelia 

 Metabolic  Diabetes 

 Gout 

 Prolidase defi ciency 

 Hematological  Sickle-cell diseases 

 Cryoglobulinemia 

 Trauma  Pressure 

 Injury 

 Burns 

 Tumors  Squamous cell carcinoma 

 Marjolin’s ulcer 

 Basal cell carcinoma 

 Melanoma 

 Sarcomas 

 Infection  Bacterial 

 Fungal 

 Protozoal 

 Others  Hypertensive ulcer, Bazin’s disease, pyoderma gangrenosum, fat necrosis, 
necrobiosis, calciphylaxis 

3.of 40 [ 7 ], and many patients live with one throughout their entire adult life without 
seeing resolution. Venous disease utilizes 1–2 % of the health budgets of European 
countries with annual cost estimates being around £ 400 million in the United 
Kingdom and $1 billion in the United States [ 1 ,  8 ]. 

  Fig. 3.1    Varicose ulcer 
due to saphenofemoral 
incompetence       
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 Before 40, the gender incidence is equal, but above this the disease affl icts mainly 
the women [ 7 ] probably due to earlier pregnancies and hormonal factors [ 5 ,  6 ]. 
Venous disease has a multifactorial origin with prolonged standing, obesity, aging, 
pregnancy, and hereditary factors all playing a part [ 6 ]. 

 Primary disease can be congenital when patients are born with valvular defects 
which herald themselves in the late teens or early twenties or familial when it affects 
generations and a familial factor does exist if one parent was involved and this is 
increased further if both parents had venous disease [ 5 ]. Secondary valvular prob-
lems range from trauma to the surrounding tissue, motor vehicular accidents with 
bony fractures and crush injuries, and post-thrombotic syndrome [ 5 ]. Deep vein 
thromboses (DVTs) associated with chronic leg edema, pigmentation, and ulcer-
ation were known as “postphlebitic syndrome” [ 9 ]. 

 The pathology here is one of elevated venous pressure (venous hypertension) due 
to venous refl ux through valves which are either primarily diseased or through path-
ological changes in the vein wall. In primary valve failure, there is degenerative 
change in the valve annulus and leafl ets, while secondary failure is due to the dis-
eased vein wall with secondary widening of the commissures leading to incompe-
tence and refl ux. 

 Venous disease is chronic, and venous ulcers tend to be more often recurrent 
when compared with the non-venous ulcers [ 10 ] and those with venous ulcers had a 
higher body mass index. Elevated venous pressure is the underlying cause of skin 
and soft tissue changes seen in chronic venous insuffi ciency (CVI) that ultimately 
lead to venous ulceration. 

 Increased venous pressure is transmitted to the venules and capillaries of the 
subcutaneous tissue causing a level with elongation of the capillary bed, increased 
type IV collagen in the basement membrane [ 9 ], and pericapillary fi brin cuff forms 
[ 11 ]. These capillaries which are not normal seem to have increased permeability to 
larger molecules. Protein such as fi brinogen and red cells then leak into the intersti-
tium, and this fi brinogen converts to fi brin in the pericapillary space [ 11 ] and the 
fi brin is deposited together with hemosiderin [ 12 ], released during red cell destruc-
tion. Fibrinolytic activity appears defi cient in patients with venous ulceration depo-
sition so there is decreased fi brin clearance and reduced lymph drainage [ 13 ,  14 ]. In 
addition, fragmentation and obliteration of cutaneous lymphatics and decreased 
lymphatic fl ow correlate with the degree of venous hypertension [ 15 – 17 ]. 
Microscopically, capillaries also demonstrate microthrombi that are occlusive and 
white cells sludge [ 18 ]. Stagnation of blood fl ow and decreased oxygen levels occur, 
and the protein laden, edematous area then acts to decrease oxygen diffusion into 
the area leading to tissue hypoxia [ 19 ,  20 ]. There is good evidence that there is 
reduced cutaneous oxygenation [ 21 ]. This actually improves with oxygenation 
which indicates that a diffusion barrier exists and not an oxygen transport problem 
causing low oxygen tissue content which presumably plays a major part in genesis 
of the ulcer. This improves if oxygen is supplied to the area [ 19 ,  20 ]. 

 Venous ulcers typically occur on the lower medial leg in the so-called gaiter 
area, but they can be seen nearly anywhere on the lower leg or dorsum of the 
foot [ 7 ]. They may be single or multiple, painful, and shallow with a red 
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granulating fl oor, and usually there is a zone of stasis dermatitis and brown-to-
black hemosiderin deposits [ 22 ] called lipodermatosclerosis. Edges may be 
clear-cut or irregular, and they extend onto the dorsum, up the leg, or become 
circumferential, and if present the ulcer will be found within this hyperpig-
mented area. Venous ulcers can be found on the lateral aspect of the dorsum as 
well especially when there is severe sapheno- popliteal refl ux into the short 
saphenous venous system [ 23 ]. 

 The skin becomes heavily pigmented and bound down to the subcutaneous tis-
sue with extensive fi brosis which constricts the limb. This lipodermatosclerosis 
(LDS) usually occurs in the lower third of the leg with brawny edema above [ 9 ] the 
fi brosis and on the foot giving the typical appearance of an inverted champagne 
bottle with the neck being the area of lipodermatosclerosis and the edematous leg 
being the body of the bottle. Even though these areas of pigmentation are dark 
brown to black, there may be patches of depigmented macules called atrophie 
blanche, avascular and fi brotic in nature, that are thought to be forerunners to ulcer 
formation (Fig.  3.2 ) [ 9 ].

   Clinically the changes include edema, dermatitis and eczema, hyper- or hypopig-
mentation (called atrophie blanche), and eventually tissue hypoxia leading to ulcer-
ation which is typically non-healing or recurrent [ 24 ]. 

 Venous ulcers can be seen in patients with valvular incompetence at the super-
fi cial, deep, or perforating systems or a combination of two or even all three [ 25 , 
 26 ], and in patients with ulcers, incompetence generally occurs at multiple loca-
tions [ 26 ]. Indeed some researchers studied closely the patterns of refl ux and 
agree the incidence of multiple systems being involved in lower-limb venous 
ulcers was 64 % [ 27 ]. Furthermore, in 36 % patients with venous disease, one 
other etiological factor was a contributor to the chronic venous ulcer, and 96 % of 
these either had a previous history of a DVT or some condition that may have 
caused this pathology [ 28 ].  

  Fig. 3.2    Lipodermatosclerosis 
with ulceration       
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3.3     Arterial Ulcer (Figs.  3.3 ,  3.4 , and  3.5 ) 

      Peripheral arterial disease is the only etiology identifi ed in about 10 % of patients 
with leg ulcers [ 29 ]. Pure arterial ulceration is not as common as we may believe. 
One large study of 689 leg ulcers showed that only 15 limbs (2.2 %) were purely 
arterial in origin [ 2 ,  30 ] and another large study involving 1333 limbs with ulcers 
(1163 fully evaluated) indicated that 55 % were venous, 25 % were mixed, and 
8.3 % were diabetic [ 3 ,  31 ], alluding to the fact that many clinicians do not separate 
leg ulcers into venous and arterial but venous, diabetic, and mixed origin. They 
believe that there is usually some other etiological factor present even if it is 
 quiescent or subtle. 

  Fig. 3.3    Ischemic ulcer of 
the heel       

  Fig. 3.4    Ischemic heel 
ulcer       
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 Arterial ulcers of the leg tend to develop distally and are seen commonly on the 
toes and feet. They tend to be small and multiple and may occur in the areas com-
monly seen in venous disease or diabetes but are notorious for lying in unusual 
places such as the interdigital spaces, web-space areas, lateral dorsum, or plantar 
surface of the foot as well as the heel. They tend to be painful and they are usually 
dry and crusted and devoid of granulation tissue [ 5 ,  22 ]. 

 Objective parameters to diagnose arterial insuffi ciency were considered to be 
ankle-brachial index (ABI) < 0.7 and a toe systolic pressure (TP) of <50 mm Hg [ 4 , 
 32 ]. Arterial disease is seen primarily in patients with atherosclerosis whether the 
cause is uncontrolled hypertension, chronic smoking, or diabetes, or in patients with 
dyslipidemias. 

 Most arterial leg ulcers may not be included in the category of chronic critical 
limb ischemia; however, they are unlikely to heal with conservative measures. An 
ankle pressure of 110 mmHg was able to determine those who should proceed to 
revascularization [ 1 ,  29 ], and generally they can be treated by conservative means 
using local therapy [ 4 ,  32 ], but wound care must be supplemented by active wound 
debridement, percutaneous transluminal angioplasty (PTA), or infrainguinal arterial 
bypass [ 6 ,  33 ]. 

 The natural history of ischemic limb ulceration has not been well understood [ 4 , 
 32 ]. Some patients with arterial ulcers can heal well in time without undergoing 
revascularization procedures such as angioplasty or arterial bypasses. Use of pres-
sure relief, debridement, moist wound care, negative pressure, application of a strict 
antibiotic policy (with repeated wound swabs or tissue culture) for control of infec-
tions or special chemical debriding or granulation-producing agents, dipteran larvae 
(fl ies), or hyperbaric oxygen therapy (HBOT) may assist in wound healing [ 4 ,  32 ]. 

 Limb salvage can be achieved in chronic non-healing ulcers that are uncompli-
cated, but if the ankle-brachial index (ABI) is less than 0.5, the end result can be a 
major amputation [ 4 ]. Infrainguinal bypasses are likely to result in wounds healing 
even if the ulcer was located in the heel area [ 6 ,  33 ], and limb salvage rates of >85 % 
can be achieved once the graft remained patent but other factors are also relevant in 

  Fig. 3.5    Arterial ulcers on 
the dorsum and fi rst three 
toes       
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predicting healing. These included normal renal function, a palpable pedal pulse, a 
patent posterior tibial artery past the ankle joint, and the number of patent tibial 
arteries after completion of the bypass [ 6 ,  33 ]. Interestingly, the ABI, the presence 
of infection, diabetes, nor cardiovascular risks were unable to infl uence outcome of 
these ulcers [6, 33]. 

 Therefore, most patients with an ulcer due to arterial insuffi ciency that is not 
complicated, even if appearing to be non-healing, may do so with local therapy. The 
patients with a low ABI and ankle and toe systolic pressure may attain limb salvage 
through percutaneous angioplasty or infrainguinal bypasses [ 29 ].  

3.4     Mixed Arterial and Venous Ulcers 

 The mixture of venous and arterial disease is likely to be the second most common 
etiological factor leading to leg ulcers [ 31 ]. Combined arterial and venous insuffi -
ciency (CAVI) [ 34 ] accounted for the second largest group of patients with leg 
ulcers. In a study assessing 689 chronic leg ulcers, 14.5 % were of mixed origin as 
compared with those of a completely venous origin 72 % [ 30 ]. Elderly patients in 
this category may also have some degree of venous refl ux giving rise to a “mixed” 
arteriovenous origin of the ulcers. 

 Clinically these patients can be diffi cult to diagnose due to the mixed symptoms 
and clinical signs with which they present. They may have some characteristics of 
arterial disease that may far overwhelm the venous picture such as a cold, dry dor-
sum of the foot, decreased pedal pulses, small ulcers on digits or dorsum of the foot, 
“hammer toes,” with lipodermatosclerosis at the medial malleolar area leading an 
inexperienced clinician to think this may be a form of gangrene and ignore the 
venous component. 

 Alternately, a large medial malleolar ulcer typical of venous insuffi ciency may 
be accompanied by cutaneous gangrene of the covered toes or simply a dry withered 
foot with an absent dorsalis pedis pulse and loss of cutaneous hair on the lower leg 
but a good popliteal pulse. To the casual observer, this is venous disease, and the 
fact that the patient is diabetic or an ex-smoker of a pack a day prior to admission 
may be lost to an inexperienced medical offi cer. 

 Ulcers may develop anywhere on the foot or calf in mixed disease [ 34 ], and 
patients need the eye of an experienced clinician to properly assess and manage the 
patient. Patients with a previous history of a previous deep vein thrombosis (DVT) 
of the calf or thigh vessels complicate not only the diagnosis but subsequent treat-
ment since these mixed ulcers are unlikely to heal [ 34 ]. 

 In a large study of 689 limbs with chronic venous ulcers, 100 (14.5 %) were of 
mixed origin [ 30 ] and 56 had arterial revascularization via bypass procedures, 36 
had venous surgery, 23 had local therapy (compression bandaging) whilst of 15 with 
pure arterial origin 13 had angioplasty (PTA) and the remaining 2 patients had 
dressings to the area [ 30 ]. This shows the multifactorial nature of the disease, the 
array of treatment options available, and therefore the treatment modalities adopted. 
Investigations always center on a careful clinical examination including bedside 
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ankle-brachial index (ABI), handheld Doppler investigation, color fl ow duplex 
scan, and either MR, CT, or conventional arteriography. Ankle pressures are crucial 
in determination of the pathway management should follow and are required even 
with respect to the venous component since it allows estimation for the degree of 
compression allowed in the patient. 

 The value of ankle pressure of below 110 mmHg identifi ed those patients for 
revascularization [ 29 ], but an ankle pressure (AP) of > or = 80 mmHg predicts 
favorable outcome as well as a toe pressure of 30 mmHg [ 35 ]. In any case a practical 
bedside test such as the ankle-brachial index (ABI) of < 0.5 should alert clinicians 
to seek revascularization for these slowly healing ulcers [ 29 ].  

3.5     Diabetic/Neuropathic/Neuroischemic (Figs.  3.6 ,  3.7 ,  3.8 , 
 3.9 , and  3.10 ) 

        Diabetes mellitus patients may have a whole host of pathologies, some of which 
have the greatest effect on the foot. Ulceration of the foot is the commonest major 
end point in diabetic complications. Diabetic neuropathy and peripheral arterial 

  Fig. 3.6    Neuropathic ulcer with underlying sesamoid bone       

  Fig. 3.7    Traumatic neuropathic ulcer from foreign body embedded in slipper       
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disease are the main players in foot ulceration alone or in tandem or with other fac-
tors such as mechanical issues (poor footwear, deformities with points of increased 
pressure), limited joint mobility, microvascular disease, and infections. 

 One study found foot ulceration in 7 % of diabetic patients over the age of 60 
years; another study showed a 3 % history of ulceration in insulin-dependent diabe-
tes patients (IDDM); patients aged 15–50 years are 45–60 % purely neuropathic, 
10 % are purely ischemic, and 25–45 % are mixed. 

 Neuropathic ulcers are usually at the site of repeated trauma as in the area at the 
metatarsal heads where a high pressure exists or dorsal surface of the “hammer 
toes” or the distal-most portion of these hammer toes where there is fl exion at the 
interphalangeal joint (IPJ) of these “clawed” toes. The foot is warm, well perfused, 
and pulse bounding. A foreign body may get lodged in the footwear, or a sharp 
object like a nail can penetrate the shoe or slipper. The presence of callus continues 
to impede ulcer healing since wounds heal from margins or edge, and epidermal 
cells from this area are prevented from so doing by position of the callus. 

 The pure ischemic ulcer is rare and most are neuroischemic occurring at the 
medial aspect of the fi rst metatarsal head, the heel, and the digits. There is no callus 
present but there is a ring of hyperemia, with or without a necrotic center. Again 
ulcer formation is preceded by mild trauma and the tight or poorly fi tting usually 
“under”-sized shoe in women and the hard boot in the industrial areas. Diabetic 

  Fig. 3.8    Neuropathic ulcer opposite to the 5th metatarsal head with underlying bony destruction       

  Fig. 3.9    Ulcers on the dorsum of hammer toes       
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neuropathy affects approximately 30–50 % of patients. Diabetics then suffer from 
another source of ulceration, namely, those of a neuropathic origin which tends to 
be typically small, shallow, and painful and lies in relation to the digits and the 
plantar surface of the hallux at the metatarsal-phalangeal joint (MPJ). The ulcers in 
diabetics could be ischemic, neuropathic, or mixed neuroischemic. These account 
for the majority of ulcers seen in the practice of clinical surgery at the emergency 
room, clinic, or long-stay “sepsis ward.” However, they are not by any means the 
only (etiology of) ulcers encountered in practice of surgery, and indeed there are 
more striking, chronic, and lethal forms of ulcers encountered on the legs and feet 
of patients.  

3.6     Hematological Ulcers 

 Patients with hematological diseases such as sickle-cell anemia as well as 
β-thalassemia (genetic disorders of hemoglobin synthesis frequently present with 
leg ulcers, which tend to be painful and slow to heal [ 1 – 3 ,  36 – 38 ]. The incidence 
varies from 8 to 10 % of sickle-cell patients (with the homozygote SS disease) 
between ages of 10 to 50 years [ 36 ]. Leg ulcers did not occur in sickle beta plus 
thalassemia and sickle hemoglobin C disease. Low steady-state hemoglobin patients 
had a higher incidence of ulcer formation, and fetal hemoglobin seemed to have a 
protective effect on sickle-cell patients [ 36 ]. The pathophysiology of the ulcers is 
unclear, but there may be a relation to vaso-occlusive complications where decreased 
oxygen-carrying capacity of the abnormal hemoglobin has been suggested [ 39 ]. 
There were no ulcers in patients below age 10, and males were much more affected 
than female patients for reasons unknown to clinicians [ 36 ]. 

 Even though the exact etiology remains unknown, another theory advanced is 
one related to the hemorheological changes (blood cell deformability, blood viscos-
ity, and aggregation properties), and the hemolytic pathways leading to anemia may 
be responsible. The hematocrit-to-viscosity ratio (HCT/viscosity or HVR) appears 

  Fig. 3.10    Ulcers from 
neuropathic foot on hot 
surface       
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to give an idea of the blood oxygen transport system and is lower in the patients with 
leg ulcers [ 40 ]. 

 This really indicates a lower hemoglobin level and a higher viscosity (and there-
fore probable hypercoagulability) and when taken together with decreased red cell 
deformability it probably explains why this group of sickle-cell patients had a higher 
prevalence of leg ulcers even though the viscosity and deformability characteristics 
seem to oppose each other [ 41 ]. Other malignant hematological disorders such as 
lymphomas and leukemias can present with leg ulcers [ 42 ]. Not only are traditional 
T-cell lymphoma skin lesions associated with multiple extremity ulcers [ 43 ] but 
patients with B-cell lymphomas (including post-transplant lymphoproliferative dis-
orders as well as Epstein-Barr virus driven large B-cell lymphomas) can manifest 
themselves as well, since primary cutaneous B-cell lymphomas (PCBCL) are the 
second most common cause of primary cutaneous lymphomas [ 44 ].  

3.7     Rheumatoid Arthritis Ulcers 

 Rheumatoid arthritis (RA) patients can present with extra-articular fi ndings such as 
ulcerated rheumatic nodules, ischemic vasculitic lesions, pyoderma gangrenosum 
[ 1 ,  45 ], and gangrene [ 2 ,  46 ]. These are characteristic of the disease; however, rheu-
matoid arthritis patients have a more complex picture since chronic venous disease, 
peripheral arterial disease, and combined arteriovenous etiologies coexist [ 45 ]. 
Rheumatoid arthritis patients tend to develop gravitational leg ulcers and pressure 
ulcers on their legs and around their ankles that can be visualized as punched-out 
indolent ulcers that are slow to heal and can be quite painful [ 3 ,  47 ]. Due to the 
existence of dermal infarction, a necrotizing arteritis would be more likely the cause 
of these ulcers than the expected vasculitis [ 46 ].  

3.8     Vasculitis-Associated Ulcers 

 Cutaneous vasculitis is an uncommon cause of ulceration in the lower limb [ 1 ]; 
sometimes these patients present with mild skin lesions like purpura, erythema, or 
severe infarction of the skin with ulceration. There may be an increased incidence 
of hypercoagulability with patients presenting with vasculitic ulcers [ 2 ] which may 
explain the larger-than-expected size. In Sjogren’s syndrome characterized by dry-
ness of the mucous membranes, xerostomia and xerophthalmia are present, but this 
uncommon chronic autoimmune disease may have leg ulcers that are painful and 
diffi cult to treat. Polyarteritis nodosa can occur with hematologic malignancies, 
characterized by palpable purpura, while small-vessel vasculitis causing leg ulcers 
can be drug induced as seen in some patients taking hydroxyurea therapy (for 
myeloproliferative disorders) [ 3 ]. They are painful ulcers occurring on the dorsum 
of the foot or lateral malleolar area that may disappear on cessation of hydroxyurea 
therapy.  
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3.9     Connective Tissue Disease: Ehlers-Danlos 
with Ulceration 

 Connective tissue disorders such as Ehlers-Danlos syndrome (type VIII) are very 
rare autosomal dominant diseases usually characterized with periodontic disease at 
a young age. Skin fragility, atrophic scars, and relatively thin skin are seen together 
with atrophic pretibial plaques and leg ulcers which is pyoderma gangrenosum, a 
rare infl ammatory noninfective, nonneoplastic skin disorder with association to sys-
temic disease like rheumatoid arteritis, infl ammatory bowel disease, or hematologic 
malignancy [ 1 ]. There are enlarging necrotic ulcers with advancing zones of 
erythema.  

3.10     Traumatic (Figs.  3.11 ,  3.12 ,  3.13 , and  3.14 ) 

       Traumatic ulcers may arise in a number of scenarios and may be considered a com-
plex wound. Such a wound is defi ned as a diffi cult wound or ulcer that challenges 
the skill of doctors and nurses. They usually are diffi cult to heal and may require 
more complex dressings such as vacuum-assisted closure and have a signifi cant 
psychosocial impact on the patient and a major economic impact on healthcare 
systems. They usually require skin grafting and complex fl aps and the help of a 
multidisciplinary team approach to achieve closure [ 48 ]. 

 When we think of trauma, we think of road traffi c accidents, penetrating injury 
related to violence such as gunshots and stabs, and work-related crush-type injury, 
impalement, and burns. These can all result in a non-healing chronic ulcer affecting 
the upper limb, lower limb, or elsewhere on the body. 

 We must be mindful that there is an iatrogenic component whereby 
ulceration may result after surgery to a limb and may be worse in cases such as 

  Fig. 3.11    Chronic 
ulceration from previous 
trauma to the lower limb       
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  Fig. 3.12    Gunshot wound 
to the left thigh with false 
aneurysm formation and 
ulceration of entry wound 
with impending rupture       

  Fig. 3.13    Traumatic 
ulcer – not healing for 6 
months       

  Fig. 3.14    Chemical burn 
ulcer       
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a degloving injury with a compound fracture as per Gustilo-Anderson classifi ca-
tion [ 49 ]. After debridement and surgical reconstruction, many patients return 
years later with chronic ulceration of the lower limb which is diffi cult and slow 
to heal. 

 Clinically, the presentation is that of a chronic, non-healing ulcer usually around 
the distal leg area, ankle, anterior tibial region, gaiter area, or foot. They are usually 
deep and very painful. Therefore, it is essential to investigate and exclude vascular 
compromise in these cases and intervene along the lines of angioplasty or bypass 
surgery when required and surgical reconstruction using pedicled or free fl aps as 
required [ 50 ]. Infection may be associated with slow healing, and one must always 
be mindful of MRSA, pseudomonas, and other atypical and hospital-acquired infec-
tions that are diffi cult to treat but contribute signifi cantly to the pathological 
process.  

3.11     Infective Ulcers 

 Infections may cause ulcers on the lower limb in a number of situations. The most 
common scenario is due to an infection in after trauma, a burn, the diabetic foot 
[ 51 ], or necrotizing fasciitis [ 52 ]. More rare situations occur in elephantiasis [ 53 ], 
lymphedema [ 54 ], and pathogenic bacteria as in tuberculosis [ 55 ], syphilis [ 56 ], and 
leprosy [ 57 ]. Syphilitic ulcers may occur elsewhere such as the mouth, tongue, and 
penis. Chronic osteomyelitis after a compound fracture may also lead to chronic 
painful non-healing ulcers and chronic discharging sinuses (Figs.  3.15 ,  3.16 ,  3.17 , 
 3.18 ,  3.19 ,  3.20 ,  3.21 , and  3.22 ) [ 58 ].

          Chronic ulcers despite etiology may become infected with bacterial organisms. 
In a study conducted by Tascini et al. on 1295 patients, Gram-positive organisms 
were the most common isolate accounting for 52.6 % of cases.  Staphylococcus 
aureus  was the most common organism accounting for 29.9 % (MRSA was 22 % of 
 Staphylococcus aureus ) followed by  Enterococcus faecalis  (9.9 %), streptococci 

  Fig. 3.15    Infected 
diabetic foot       
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  Fig. 3.16    Elephantiasis and lymphedema with superimposed skin necrosis and infection       

  Fig. 3.17    Infected ulcer 
venous ulcer in the gaiter 
area       

  Fig. 3.18    Ischemic ulcers 
affecting the dorsum of the 
foot and digits with MRSA 
infection       

(4.6 %), and  Pseudomonas aeruginosa  (10.3 %). Anaerobes were less than 1 %, and 
extended-spectrum beta-lactamase producers were  Escherichia coli  and  Proteus  
species [ 52 ].  
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3.12     Malignancy 

 Malignant ulcers can be classifi ed as primary and secondary. Primary malignant 
ulcers include those arising from the skin including basal cell carcinoma, squa-
mous cell carcinoma (Fig.  3.23 ), and malignant melanoma. A study done by 

  Fig. 3.19    Chronic mixed 
venous and arterial 
ulceration with 
superimposed infection 
with coliforms       

  Fig. 3.20    Osteomyelitis with non-healing hallux ulceration. Though appearing ischemic, the 
blood supply is good       

  Fig. 3.21    Gas in subcutaneous tissue and necrotizing fasciitis       

 

 

 

P. Harnarayan et al.



31

 Pilgrim et al.  in 2014 details the epidemiology of skin malignancy and found 
basal cell carcinoma to be the most common and accounting for the majority of 
healthcare costs [ 59 ].

   Ulcerating tumors may include liposarcomas and sarcomas from other tissues 
such as leiomyosarcomas of smooth muscle origin, rhabdomyosarcomas [ 60 ] of 
skeletal muscle origin, and advanced malignant bone tumors as may occur in the 
developing world setting (Figs.  3.24  and  3.25 ). These include osteosarcoma, chon-
drosarcoma, and chondrofi brosarcoma. A Marjolin’s ulcer of a chronic venous ulcer 
may be considered a secondary malignancy.

  Fig. 3.22    Subcutaneous 
pus and fascial gangrene       

  Fig. 3.23    Squamous cell 
carcinoma on the thigh 
with ulceration       
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3.13         Marjolin’s Ulcer 

 Marjolin’s ulcers are malignancies that arise in chronic venous ulcers, scars, 
burns, long-standing wounds, or sinuses [ 1 ]. A Marjolin’s ulcer is a carcinoma 
that develops in chronic benign ulcers or scars (Fig.  3.26 ). The concept of or the 
term “Marjolin’s ulcer” is generally representative of/refers to a long-term malig-
nant complication of the scars resulting from burn. It was fi rst described by the 
French Surgeon Jean- Nicolas Marjolin in 1828. It was originally associated with 
chronic osteomyelitis [ 2 ] but is seen in many different types of chronic wounds or 
in an area of chronically infl amed or scarred skin; it can occur in the quiescent 
scar overlying osteomyelitis [ 3 ].

   Clinically they occur in middle-aged to older men, three times more commonly 
than women [ 4 ]. Any part of the body can be affected, but the extremities and scalp 
are the areas most commonly involved [ 5 ]. Usually involving the lower limb, they 
most often occur in the tibial region with typically increased bone destruction on 

  Fig. 3.24    Advanced rhabdomyosarcoma of the thigh with ulceration after radiation. The patient 
went on to have a hindquarter amputation       

  Fig. 3.25   
 Rhabdomyosarcoma of the 
proximal anterior 
compartment of the leg       
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radiographs. Earlier believed to be benign, these ulcers are sometimes called the 
skin malignancy of developing countries where a non-healing ulcer undergoes a 
malignant change over a period of a few decades and the patient only seeks advice 
of a physician for symptoms of increased pain, discharge with foul odor, and bleed-
ing. The patient usually presenting with increased pain in a chronic fungating ulcer 
which has an unusually foul-smelling drainage, and occasional heavy bleeding for 
which they usually seek medical advice. A change in the size of the ulcer as evi-
denced by a fungating or exophytic growth or in its nature, such as “heaped-up” 
edges, is suspicious as well as persistent bleeding, recent or enlarging inguinal lym-
padenopthy [ 6 ] or an abnormal radiograph showing severe underlying bone 
destruction.  

3.14     Calciphylaxis 

 Calciphylaxis is a syndrome of disseminated calcifi cation (uremic gangrene syn-
drome) and is a rare and life-threatening condition occurring in 1 % of patients with 
chronic renal failure (CRF)/end-stage renal disease (ESRD) on dialysis each year 
with secondary hyperparathyroidism characterized by medial calcinosis of dermal 
arteriolar vessels leading to skin necrosis, ischemia, and then secondary infection. 
These hemodialysis patients suffer from various metabolic derangements and ecto-
pic deposition of calcium in the skin, soft tissue, and vessel walls lead to abnormal 
condition of calcium and phosphate homeostasis (Fig.  3.27 ) [ 61 ].

   The calcifi cation of microvascular system and thrombosis and microvascular 
occlusion cause painful, violaceous lesions of the trunk and extremities. The lower 
extremities are predominantly involved in 90 % of patients that progress to subcuta-
neous tissue necrosis, non-healing ulcers, and gangrene skin lesions which become 
necrotic and can lead to non-healing ulcers. Secondary infection occurs with sys-
temic sepsis and demise. The path physiology is not well understood, and although 
these patients have abnormal calcium-phosphate axis or elevated parathyroid hor-
mone levels, these are not crucial to the eventual outcome. 

 Recently a functional protein C defi ciency has been postulated to cause the hyper-
coagulable state which produces small-vessel thrombosis, skin ischemic necrosis, 
and then gangrene. By extension warfarin, a vitamin K antagonist, has been impli-
cated in calciphylaxis. Rare cases not associated with ESRD include breast 

  Fig. 3.26    Marjolin’s ulcer 
in burn scar       
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carcinoma, hyperparathyroidism, alcoholic cardiomyopathy, and alcoholic cirrhosis. 
Indeed though calciphylaxis is characterized by spontaneous skin ulcers that prog-
ress to deep tissue necrosis, it can present in ESRD prior to dialysis and must be 
considered in a differential even if patient is not yet dialyzing. The lower extremity 
is the commonest location (90 %), and the trunk has been recorded in cardiac and 
alcoholic cardiomyopathy. The diagnosis lies in serologic and histopathologic fi nd-
ings and can only be healed by immunosuppressive therapy with modern wound 
therapy polyarteritis nodosa occurring with hematologic malignancies [ 62 ].  

3.15     Bazin’s Ulcer 

 Named after the French physician Pierre-Antoine-Ernest Bazin, the Bazin’s ulcer, 
also known as erythema induratum or nodular vasculitis, is essentially panniculitis 
typically involving the calf region of adolescent and middle-aged females (Fig.  3.28 ). 
Usually occurring in the lower third of the posterior calf but can also involve the 
thigh and gluteal region, these ulcers commence as multiple painful nodules, some-
times red in color. The nodules eventually ulcerate leading to bluish irregular bor-
ders. Bazin’s ulcers were initially thought to be directly related to tuberculous 
infection; however, the etiology is now multifactorial with the term Bazin’s ulcer 
used when tuberculosis is the causative agent and Whitfi eld type for nontuberculo-
sis etiology [ 63 – 65 ].

3.16        Martorell’s Ulcer 

 First described by the Spanish cardiologist Fernando Martorell and also known as 
hypertensive ulcers, these are quite uncommon and associated with severe, uncon-
trolled diastolic hypertension. The ulcers commonly are located on the anterolat-
eral aspect of the supramalleolar region as opposed to the typical gaiter region of 
venous ulcers. Less commonly, the region over the Achilles tendon can be affected. 
Despite the small inconspicuous size, they are characteristically exquisitely 

  Fig. 3.27    Ulcers associated with calciphylaxis       
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tender. Despite the pain, the easily palpable pulses differentiate the Martorell’s 
ulcer from the more common arterial ulcer. The ulcer tends to be quite deep with 
tendon exposure and erythematous and irregular edges with a symmetrical distri-
bution. Histology revealed arteriole hyalinization. Treatment is based on rigid 
hypertensive control with some success with oral anticoagulation and lumbar 
sympathectomy [ 66 ,  67 ].  

    Conclusion 
 There may be a variety of ulcerations in the lower extremity, but the common 
ones are venous, arterial, and diabetic ulcers. Other types of ulcer form a very 
small percentage. There should be a good approach to investigate these patients 
to make a proper diagnosis so that an appropriate treatment may be started. These 
ulcers may be very chronic and require a very good psychosocial support apart 
from the treatment of the ulcers.     
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 4       Healing of Leg Ulcers                     

       M.  G.     Vashist    

4.1            Introduction 

 An ulcer is defi ned as a break in the epithelial continuity. Most common chronic 
wounds in developed countries are leg ulcers [ 1 ]. All tissues in the body are 
capable of healing by one of two mechanisms: regeneration or repair. Regeneration 
is the perfect restoration of the preexisting tissue architecture in the absence of 
scar formation. It is replacement of damaged tissues by identical cells and is 
more limited than repair. In humans, complete regeneration occurs in a limited 
tissue compartments like bone and liver. The main healing mechanism is repair 
where damaged tissue is replaced by connective tissue which then forms a scar. 
Ulcer healing involves physiological changes by which the body replaces and 
restores function to damaged part. The healing process passes through different 
stages which are overlapping with each other. A brief haemostatic phase is fol-
lowed by infl ammatory phase which leads to fi broblastic activity with production 
of collagen and ground substance and new blood vessels. Finally epithelial cells 
migrate from the wound edges and reepithelisation takes place. This process of 
healing is infl uenced by a number of factors which may accelerate or delay the 
process of healing. 

 Acute ulcers are sometimes defi ned as those that follow the normal phases of 
healing; they are expected to show signs of healing in less than 4 weeks and 
include traumatic and postoperative wounds. The healing proceeds through an 
orderly reparative process to achieve sustained restoration of structure and 
function. 

 Ulcers that persist for longer than 4 weeks are termed as chronic ulcers and are 
often of complex poorly understood etiology. Chronic leg ulceration affects about 1 

mailto:mgvashist@hotmail.com


40

% of the middle-aged and elderly population. The chronic ulcer however does not 
proceed to a restoration to complete functional integrity. It is stalled in the infl am-
matory phase owing to a variety of etiologies causing the ulcer and does not proceed 
to closure easily [ 2 ]. 

 Following any injury or ulceration, the body tries to restore the integrity of the 
injured part. Several factors are known to infl uence the process of healing, but in 
acute phase, the healing proceeds through a set process of different stages which are 
overlapping and can be divided into four stages:

    1.    Hemostatic phase   
   2.    Infl ammatory phase   
   3.    Proliferative phase   
   4.    Remodeling or maturation phase     

4.1.1     Hemostatic Phase 

 It is more pronounced in acute injuries where it leads to immediate clotting at the 
injured site to prevent the blood loss. There is vasoconstriction and thrombus forma-
tion to prevent blood loss. It is negligible in healing of an ulcer. The early phase, 
which begins immediately after skin injury, involves cascading molecular and cel-
lular events that cause hemostasis and formation of an early, makeshift extracellular 
matrix that provides structural support for cellular attachment and subsequent cel-
lular proliferation [ 3 ].  

4.1.2     Inflammatory Phase 

 Platelets adhere to the damaged endothelial lining of the vessels releasing adenos-
ine diphosphate (ADP), which causes thrombocytic aggregates to fi ll the wound. 
Then platelets release several cytokines from their alpha granules. These are 
platelet- derived growth factor (PDGF), platelet factor IV, and transforming growth 
factor beta (TGFB). Fibrin and fi bronectin link together and form a plug that traps 
proteins and particles and prevents further blood loss. This fi brin-fi bronectin plug 
is also the main structural support for the wound until collagen is deposited. 
Migratory cells use this plug as a matrix. The clot is eventually lysed and replaced 
with granulation tissue and then later with collagen. These attract infl ammatory 
cells such as polymorphonuclear lymphocytes (PMN) and macrophages. Platelets 
and local injured tissue release vasoactive amines, such as histamine, serotonin, 
and prostaglandins, which increase vascular permeability, thereby aiding infi ltra-
tion of these infl ammatory cells. Macrophages remove devitalized tissue and 
microorganisms while regulating fi broblastic activity in the proliferative phase of 
the healing [ 1 ]. 
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 The cellular phase involves several types of cells cooperatively mounting an 
infl ammatory response, synthesizing granulation tissue, and restoring the epithelial 
layer. Various components of the cellular phase occur in the following sequence:

    Platelets,  the most numerous cells soon after wounding, release such substances as 
ECM proteins and cytokines, including growth factors. Growth factors stimulate 
cells to speed their rate of division. Platelets also release other proinfl ammatory 
factors like serotonin, bradykinin, prostaglandins, prostacyclins, thromboxane, 
and histamine, which cause increasing cell proliferation and migration to the 
area and causing blood vessels to become dilated and porous.    

4.1.2.1     Vasoconstriction and Vasodilatation 
 Immediately after a blood vessel is breached, ruptured cell membranes release 
infl ammatory factors such as thromboxanes and prostaglandins that cause the vessel 
to spasm to prevent blood loss and collect infl ammatory cells and factors in the area. 
This vasoconstriction lasts fi ve to ten minutes and is followed by vasodilatation. 
Vasodilatation is caused by histamine released from platelets. This causes edema 
and migration of leukocytes to the injured site [ 4 ].  

4.1.2.2     Polymorphonuclear Neutrophils 
 Within an hour of wounding, polymorphonuclear neutrophils (PMNs) arrive at the 
wound site and become the predominant cells for the fi rst 2 days. Fibronectin, 
growth factors, and substances like kinins attract them to the wound. Neutrophils 
phagocytize debris and bacteria, kill bacteria by releasing free radicals, and cleanse 
the wound by secreting proteases that decompose damaged tissue. Neutrophils usu-
ally undergo apoptosis after completing their tasks and are engulfed and degraded 
by macrophages [ 5 ,  6 ].  

4.1.2.3     Macrophages 
 Numbers of monocytes in the wound increase at about 2 days after the injury occurs. 
Once they are in the wound site, monocytes mature into macrophages. One of the 
macrophage’s roles is to phagocytize other expended phagocytes, bacteria, and 
damaged tissue, and they also debride damaged tissue by releasing proteases [ 7 ,  8 ]. 

 Macrophages function in regeneration and are essential for wound healing. They 
are stimulated by the low oxygen content of their surroundings to produce factors 
that induce and speed up angiogenesis, and they also stimulate cells that re- 
epithelialize the wound, create granulation tissue, and lay down a new extracellular 
matrix [ 9 – 12 ]. 

 As infl ammation decreases, numbers of neutrophils and macrophages are 
reduced at the wound site. If there is excessive devitalized tissue, or microbial bio-
fi lm is present in the ulcer, these factors may cause a prolonged infl ammatory phase 
and prevent the ulcer from passing to the proliferation phase of healing. This can 
lead to formation of chronic ulcer [ 13 ].   
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4.1.3     Proliferative Phase 

 It lasts from the third day to the third week, consisting mainly of fi broblastic activity 
with the production of collagen and ground substance (glycosaminoglycans and 
proteoglycans), the growth of new blood vessels as capillary loops (angioneogene-
sis), and the re-epithelialization of the wound surface. Fibroblasts require vitamin C 
to produce collagen. The tissue formed in the early part of this phase is called granu-
lation tissue. In the later part of this phase, there is an increase in the tensile strength 
of the wound due to increased collagen, which is at fi rst deposited in the random 
fashion and consists of type III collagen. 

 About 2 or 3 days, fi broblasts begin to enter the wound site and proliferate, 
and angiogenesis occurs concurrently when endothelial cells migrate to the area 
of the wound. Because the activity of fi broblasts and epithelial cells requires 
oxygen and nutrients, angiogenesis is imperative for other stages in ulcer heal-
ing, like epidermal and fi broblast migration. The tissue in which angiogenesis 
has occurred typically looks red and erythematous due to the presence of capil-
laries [ 14 ,  15 ]. 

 Stem cells of endothelial cells, originating from parts of uninjured blood vessels, 
develop pseudopodia and push through the ECM into the wound site to establish 
new blood vessels. Endothelial cells are attracted to the wound area by fi bronectin 
found on the fi brin scab and chemotactically by angiogenic factors released by other 
cells, e.g., from macrophages and platelets when in a low-oxygen environment. 
Endothelial growth and proliferation is also directly stimulated by hypoxia and 
presence of lactic acid [ 16 ]. 

 When macrophages and other growth factor-producing cells are no longer in a 
hypoxic, lactic acid-fi lled environment, they stop producing angiogenic factors. 
Thus, when tissue is adequately perfused, migration and proliferation of endothelial 
cells is reduced. Eventually blood vessels that are no longer needed die by apoptosis 
[ 16 ,  17 ]. 

4.1.3.1     Fibroplasia and Granulation Tissue Formation 
 Fibroblasts begin entering the wound site 2–5 days after wounding as the infl amma-
tory phase is ending, and their numbers peak at 1–2 weeks post-wounding. By the 
end of the fi rst week, fi broblasts are the main cells in the wound. Fibroplasia ends 
2–4 weeks after wounding [ 4 ,  5 ]. 

 In the fi rst 2 or 3 days after injury, fi broblasts mainly migrate and proliferate, 
while later, they are the main cells that lay down the collagen matrix in the wound 
site [ 4 ]. Origins of these fi broblasts are thought to be from the adjacent uninjured 
cutaneous tissue (although new evidence suggests that some are derived from blood- 
borne, circulating adult stem cells/precursors) [ 18 ]. Initially fi broblasts utilize the 
fi brin cross-linking fi bers (well formed by the end of the infl ammatory phase) to 
migrate across the wound, subsequently adhering to fi bronectin [ 16 ]. Fibroblasts 
then deposit ground substance into the wound bed, and later collagen, which they 
can adhere to for migration [ 19 ]. 
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 Granulation tissue functions as rudimentary tissue and begins to appear in the 
wound already during the infl ammatory phase, 2–5 days post-wounding, and con-
tinues growing until the wound bed is covered. Granulation tissue consists of new 
blood vessels, fi broblasts, infl ammatory cells, endothelial cells, myofi broblasts, and 
the components of a new, provisional extracellular matrix (ECM). The provisional 
ECM is different in composition from the ECM in normal tissue, and its compo-
nents originate from fi broblasts [ 11 ]. Such components include fi bronectin, colla-
gen, glycosaminoglycans, elastin, glycoproteins, and proteoglycans [ 16 ]. Growth 
factors (PDGF, TGF-β) and fi bronectin encourage proliferation, migration to the 
wound bed, and production of ECM molecules by fi broblasts. Fibroblasts also 
secrete growth factors that attract epithelial cells to the wound site. Hypoxia also 
contributes to fi broblast proliferation and excretion of growth factors, but severe 
hypoxia will inhibit their growth.  

4.1.3.2     Collagen Deposition 
 Main strength of the wound is due to collagen, and it is deposited by fi broblasts. 
Before collagen is laid down, main strength of the wound is due to fi brin-fi bronectin 
clot, which does not provide much resistance to traumatic injury. Also, cells involved 
in infl ammation, angiogenesis, and connective tissue construction attach to, grow, 
and differentiate on the collagen matrix laid down by fi broblasts. Type III collagen 
and fi bronectin are generally beginning to be produced in appreciable amounts at 
about 3 days. Their deposition peaks at 1–3 weeks. They are later replaced by the 
stronger type I collagen [ 11 ,  16 ,  20 ].  

4.1.3.3     Epithelialization 
 The formation of granulation tissue into an open wound allows the re- epithelialization 
phase to take place, as epithelial cells migrate across the new tissue to form a barrier 
between the wound and the environment. Basal keratinocytes from the wound edges 
and dermal appendages such as hair follicles, sweat glands, and sebaceous glands 
are the main cells responsible for the epithelialization phase of wound healing [ 21 ]. 
They advance in a sheet across the wound site and proliferate at its edges, ceasing 
movement when they meet in the middle. In healing that results in a scar, sweat 
glands, hair follicles, and nerves do not form [ 22 ,  23 ]. 

 Epithelial cells climb over one another in order to migrate. This growing sheet 
of epithelial cells is often called the epithelial tongue. The fi rst cells to attach to 
the basement membrane form the stratum basale. These basal cells continue to 
migrate across the wound bed, and epithelial cells above them slide along as well. 
The more quickly this migration occurs, the less scar will be formed. Fibrin, col-
lagen, and fi bronectin in the ECM may further signal cells to divide and migrate 
[ 8 ,  21 ,  24 ]. 

 As keratinocytes migrate, they move over granulation tissue but underneath the 
scab (if one was formed), separating it from the underlying tissue. Epithelial cells 
have the ability to phagocytize debris such as dead tissue and bacterial matter that 
would otherwise obstruct their path. Because they must dissolve any scab that 
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forms, keratinocyte migration is best enhanced by a moist environment, since a dry 
one leads to formation of a bigger, tougher scab [ 21 ,  25 ]. 

 The epithelial cells at the wound edges proliferate until the entire raw area is 
resurfaced. When the cells from either side meet in the middle, contact inhibition 
causes them to stop migrating and keratinocytes secrete the proteins that form the 
new basement membrane [ 24 ]. Cells reverse the morphological changes they under-
went in order to begin migrating, and they reestablish desmosomes and hemidesmo-
somes and become anchored to basement membrane [ 26 ].  

4.1.3.4     Contraction 
 Contraction is a key phase of healing with repair. If contraction continues for too long, 
it can lead to disfi gurement and loss of function [ 27 ]. It is more in healing of deep 
ulcers. Contraction commences approximately a week after wounding, when fi bro-
blasts have differentiated into myofi broblasts [ 28 ]. Myofi broblasts, which are similar 
to smooth muscle cells, are responsible for contraction. In full-thickness wounds, con-
traction peaks at 5–15 days post-wounding. Contraction can last for several weeks and 
continues even after the wound is completely re-epithelialized. Contraction usually 
does not occur symmetrically; rather most ulcers and wounds have an “axis of contrac-
tion” which allows for greater organization and alignment of cells with collagen [ 28 ]. 

 As the actin in myofi broblasts contracts, the wound edges are pulled together. 
Fibroblasts lay down collagen to reinforce the wound as myofi broblasts contract. 
The contraction stage in proliferation ends as myofi broblasts stop contracting and 
commit apoptosis [ 27 ].   

4.1.4     Remodeling Phase 

 It is characterized by maturation of collagen (type I replacing type III until a ratio 
of 4:1 is achieved) [ 1 ]. There is realignment of collagen fi bers along the lines of 
tension, decreased wound vascularity, and wound contraction due to fi broblast 
and myofi broblast activity. When the levels of collagen production and degrada-
tion equalize, the maturation phase of tissue repair begins. Type III collagen, 
which is prevalent during proliferation, is replaced by type I collagen. Originally 
disorganized collagen fi bers are rearranged, cross-linked, and aligned along ten-
sion lines, and tensile strength increases [ 24 ]. Gradually vascularity at the healing 
site decreases, and the scar loses its red appearance as blood vessels that are no 
longer needed are removed by apoptosis. If the phases of healing do not progress 
in a predictable and timely manner, it leads to the formation of a chronic ulcer 
such as a venous ulcer or pathological scarring such as a keloid scar [ 29 ,  30 ].   

4.2     Basic Concept of Treatment of Chronic Ulcer 

 The basic treatment to promote healing of chronic ulcer includes cleaning and 
debridement of the ulcer if there is slough and presence of necrotic tissue and treat-
ment of any infection. Treatment of biofi lm of the ulcer which prevents healing, and 
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treatment of the cause of the ulcer depending on its etiology is equally important. A 
proper dressing should be done which does not damage the newly formed epithelial 
cells and at the same time promotes healing. 

4.2.1     Cleaning the Ulcer 

 Meticulous skin care and cleansing of the ulcer are essential. Cleaning should be 
done fi rst from the margin and then from the centre of the ulcer. Debridement is the 
removal of surface contamination and dead tissue which is essential for healing to 
start. Debridement may be surgical or medical using wet and dry dressings. 
Debridement converts the chronic ulcer into an acute ulcer so that it can progress 
through the normal stages of healing.  

4.2.2     Treatment of Infection 

 In chronic ulcers, antibiotics are not necessary unless there is evidence of tissue 
infection like pain in the ulcer or redness in the surrounding skin. Patient may have 
fever and systemic symptoms if there is acute infection. Antibiotic should be as per 
sensitivity report to avoid resistance of the organism. Topical antibiotics can be used 
if there is evidence of infection. Their excessive use may result in increased antibi-
otic resistance and can cause local skin allergy.  

4.2.3     Dressings 

 There is a wide range of specialized dressings available to assist ulcer healing. 
These are classifi ed as nonabsorbent, absorbent, debriding, self-adhering, and oth-
ers. Selection of dressing will depend on the site and type of ulcer, personal prefer-
ence, and cost. Dressings are usually occlusive as ulcers heal better in a moist 
environment. If the ulcer is clean and dry, occlusive dressings are usually changed 
once or twice weekly because more frequent change of dressing removes healthy 
cells as well as debris. Contaminated ulcers discharging pus may require more fre-
quent dressing changes. The principle of moist wound healing is a well-accepted 
concept for chronic wounds and ulcers. Maintaining a physiological moist environ-
ment helps in ulcer healing as it enables the undisturbed granulation and epitheliali-
zation in the ulcer. Moisture has various benefi cial effects in the ulcer bed like the 
following:

•    Nutrients, growth factors, and enzymes can easily spread across the wound.  
•   Moisture facilitates the proliferation of new cells.  
•   Epithelialization is much quicker than in dry ulcers.  
•    Method of dressing 

 –    Carefully rinse the ulcer and debride if necessary.  
 –   Dry the ulcer margins and peri-ulcer skin.  
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 –   Apply local antibiotic ointment (if evidence of infection) and the dressing and 
allow it to overlap the ulcer size by approximately 2 cm.  

 –   Apply medical skin cream in the surrounding area as per requirement of skin.  
 –   Finally apply the compression bandages or compression stockings as in 

venous ulcers.        

4.2.4     Surgical Management of Ulcer 

 Surgery may be considered if the ulcer fails to heal with conservative measures,  
especially if it is very large or painful. First, the state of the venous and arterial 
systems should be assessed, infection eliminated, and underlying associated dis-
eases such as diabetes, venous insuffi ciency, and arterial insuffi ciency treated. 
Nutritional defi ciency and anemia must be corrected especially vitamin C, zinc, and 
adequate protein diet supplementation. Clean chronic ulcers may be treated by vari-
ous types of skin graft. Meshed grafts are better than sheet grafts as they allow 
exudate to escape through the mesh. The bed of the ulcer needs to be carefully 
prepared. A shave procedure to remove surrounding lipodermatosclerosis may be  
required prior to applying the skin graft. 

 Various new products have also been used to accelerate the ulcer healing like: 
growth factors and cytokines, hyperbaric oxygen to increase tissue oxygen ten-
sion, skin graft substitutes (bioengineered skin), connective tissue matrix, 
expanded epidermis, epidermal stem cells, and V.A.C. (vacuum-assisted closure) 
device. 

4.2.4.1     Vacuum-Assisted Closure (V.A.C.) Device 
 It is being frequently used to accelerate healing of chronic ulcers. Vacuum-assisted 
devices help in control of infection and prevent seroma formation. Negative pres-
sure applied in the ulcer bed increases cell proliferation and promotes angiogenesis 
and vascularity. It promotes early healing by decreasing edema, by removing inter-
stitial fl uid, and by increasing blood fl ow [ 31 ].  

4.2.4.2    Compression Therapy 
 Compression therapy is an important part of the management of venous leg ulcers 
and chronic swelling of the lower leg [ 32 ]. Compression results in healing of 40–70 
% of chronic venous ulcers within 12 weeks. Compression therapy is achieved by 
using a graduated elastic compression stocking or a good quality crepe bandage that 
is wrapped from the toes or foot to the area below the knee. This externally created 
pressure on the leg helps to heal the ulcer by increasing the calf muscle pump action 
and reduce swelling in the leg. Compression is not used if the ABPI is below 0.8. 
Four-layer bandage has been shown to increase the healing of venous ulcers. Various 
stages of ulcer healing are shown in Figs.  4.1 ,  4.2 ,  4.3 , and  4.4 .
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a b

  Fig. 4.1    ( a ,  b ) Unhealthy chronic ulcer showing slough at the base with patchy areas of granula-
tion tissue in between       

a b

  Fig. 4.2    ( a ,  b ) Chronic ulcers showing changes of lipodermatosclerosis in the surrounding skin       
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  Fig. 4.4    Chronic ulcer in 
the contraction phase and 
showing epithelialization 
at the margins and changes 
of lipodermatosclerosis in 
the surrounding skin       

a b

  Fig. 4.3    ( a ,  b ) Chronic ulcer showing healthy granulation tissue ready for epithelialization       
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5.1            Introduction 

 Ulcer is any breech in the continuity of the epithelium of the skin. The skin itself 
gets supply from artery, vein, and a nerve and any pathology of either of them 
results in ulcer. 

 Thus, ulcer can be broadly classifi ed into the following:

    1.    If venous supply is hampered
   Venous ulcer (varicose ulcer): due to abnormal venous hypertension  
  Ulcers from congenital arteriovenous fi stula      

   2.    If arterial supply is hampered
   Arterial ulcer: due to peripheral arterial disease and poor peripheral circulation  
  Erythrocyanoid ulcer: due to abnormally small posterior tibial and peroneal 

arteries  
  Gummatous ulcer: due to obliterative endarteritis, necrosis, and fi brosis. Occurs 

in tertiary syphilis  
  Martorell’s ulcer: sudden obliteration of end arterioles of the skin of region 

which is already having sparse arterial supply  
  Diabetic ulcer: due to diabetic atherosclerosis      

   3.    If nerve supply is hampered
   Trophic (neurogenic) ulcer  
  Diabetic ulcer: due to diabetic neuropathy      
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   4.    Infective: Infection can hamper either artery, venous, or nerve supply.
   Infective  
  Meleny’s  
  Tropical  
  Yaws  
  Diabetic        

 Thus, this chapter basically focuses on the anatomy of veins, arteries, and nerves 
of lower limb and what all structures they supply and their signifi cance.  

5.2     Regions of Lower Limb [ 1 ] 

 Lower limb is divided into four regions:

    1.    Gluteal region/buttock: lies behind the pelvis, above the posterior compartment 
of thigh   

   2.    Thigh: region above knee. It is further divided into three compartments:
    (i)    Anterior or extensor   
   (ii)    Medial or adductor   
   (iii)    Posterior or fl exor       

   3.    Leg proper is also divided into three compartments:
    (i)    Anterior or extensor   
   (ii)    Posterior or fl exor   
   (iii)    Lateral or peroneal       

   4.    Foot: has dorsum or upper surface and a sole or plantar surface     

5.2.1     Gluteal Region and Hip Joint (Figs.  5.1  and  5.2 ) 

     The following structures emerge from the pelvis through greater sciatic foramen 
into the gluteal region:

    1.    Above the piriformis
    (i)    Superior gluteal nerve   
   (ii)    Superior gluteal vessels       

   2.    Below the piriformis
    (i)    Inferior gluteal nerve and vessels   
   (ii)    Pudendal nerve and vessels   
   (iii)    Nerve to obturator internus   
   (iv)    Sciatic nerve       

   3.     (v) Posterior femoral cutaneous nerve   
   4.     (vi) Nerve to quadratus femoris     
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  Superior gluteal nerve  supplies both gluteus medius and minimus and ends in 
tensor fascia lata. It has no cutaneous distribution. 

  Superior gluteal artery  gives superfi cial and deep branches. The superfi cial 
branch enters deep surface of gluteus maximus to supply the muscle and skin over 
it. The deep branch passes laterally between gluteus minimus and gluteus medius 
and further divides into upper and lower branch. The upper branch forms the anas-
tomosis at the anterior superior iliac spine and lower supplies gluteus minimus and 
medius and forms the trochanteric anastomosis. 

 The  inferior gluteal nerve  passes below the piriformis to sink into deep surface 
of gluteus maximus. 

 The  inferior gluteal artery  supplies piriformis, obturator internus, and gluteus 
maximus. 

 The  pudendal nerve  (S2–S4) after emerging below the piriformis makes a for-
ward turn around the back of sacrospinous ligament and ultimately leaves the but-
tock by passing through lesser sciatic foramen to pass through pudendal canal. 

 The  internal pudendal artery  follows a similar course to that of the nerve and lies 
lateral to the nerve. A companion vein lies on each side of the artery. 

1. Gluteal maximus muscle
2. Gluteus medius muscle

4. Sciatic nerve
5. Quadratus femoris muscle
6. Adductor magnus muscle
7. Hamstring muscle
8. Ischial tubersoty

10. Inferior gluteal vessels and nerve
11. Piriformis muscle
12. Sacrotuberous ligament
13. Obturator tendon with gemelli

9. Pudendal nerve and internal pudendal vessels

3. Superior gluteal nerve and vessels

  Fig. 5.1    Gluteal region       
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 The  nerve to obturator internus  (L5, S1, S2) lies lateral to internal pudendal 
artery and loops around base of ischial spine to fi nally supply obturator internus and 
superior gemellus. 

 The  sciatic nerve  (L4, L5, S1–S3) emerges from below piriformis muscle. It is 
typically 2 cm wide at its origin, thus being the thickest nerve in the body. It lies more 
laterally than the inferior gluteal and pudendal nerve and vessels. It passes upon the 
ischium over the posterior aspect of acetabulum. It comes in contact with ischial 
tuberosity at a point one third of the way from ischial tuberosity to the posterior 
superior iliac spine, its surface marking for entry of nerve into the gluteal region. It 
goes vertically downward going over the posterior surface of obturator internus and 
quadratus femoris and fi nally entering the hamstring compartment of the thigh, 
where it lies anterior to the long head of biceps femoris. In the upper part of the pop-
liteal fossa, it divides into tibial and common peroneal in most of cases. Occasionally, 
there is a high division and the two components may leave the pelvis separately. 

 The  posterior femoral cutaneous nerve  (S1–S3) emerges below the piriformis, 
and during its course in the gluteal region, it lies on the sciatic nerve under cover of 
gluteus maximus. Below the buttock, the nerve goes vertically down as low as the 
mid calf. It lies below the fascia lata, superfi cial to hamstrings which separate it 
from sciatic nerve. It gives gluteal branches which curl around lower border of glu-
teus maximus to supply the skin over buttock convexity. The perineal branch sup-
plies the posterior part of scrotum or labium majus. 
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  Fig. 5.2    Nervous anatomy of lower limb       
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 It is noticeable that the segments of this nerve are also those of pelvic parasym-
pathetic nerves which supply pelvic viscera. Pain from the pelvic disease is often 
referred over the supply of femoral cutaneous nerve and this pain should be distin-
guished from sciatica. 

 The  nerve to quadratus femoris  (L4, L5, S1) lies over the ischium anterior to the 
quadratus femoris. It gives an articular branch to the back of hip joint and supplies 
quadratus femoris and inferior gemellus.  

5.2.2     Anterior Compartment of the Thigh [ 2 ] 

5.2.2.1     Superficial Nerves 
 They are:

    1.    Ilioinguinal nerve   
   2.    Femoral branch of genitofemoral nerve   
   3.    Medial, intermediate, and lateral femoral cutaneous nerve   
   4.    Cutaneous branches of obturator nerve     

  Ilioinguinal nerve  is derived from fi rst lumbar nerve. It supplies the skin of root 
of the penis, anterior one third of scrotum, and small area of thigh below medial end 
of inguinal ligament. 

  Genitofemoral nerve  is derived from fi rst and second lumbar nerves. But the 
femoral branch has fi bers from L1 only. It supplies the skin over femoral triangle. 

  The medial femoral cutaneous nerve  is a branch of femoral nerve (L2, L3). It 
supplies medial side of thigh. 

  The intermediate femoral cutaneous nerve (L2, L3) , again a branch of femoral 
nerve after piercing the sartorius and fascia lata, supplies front of thigh. 

  The lateral femoral cutaneous nerve  is a branch of lumbar plexus (L2, L3). It 
gains entry to the thigh by piercing the fascia lata and divides into anterior and pos-
terior branches. The anterior branch supplies the anterolateral surface of the thigh, 
whereas the posterior branch supplies the skin on posterolateral aspect from the 
level of greater trochanter to the mid thigh. The nerve if compressed while passing 
through inguinal ligament causes pain and altered sensation in lateral side of thigh 
(meralgia paraesthetica). Sometimes, it may get compressed while passing through 
iliac fascia as well. The treatment of this condition requires division of inguinal 
ligament and freeing the nerve from any compression. 

  The cutaneous branches of obturator nerve (L2–L4)  pass to the skin over the 
medial side of thigh. 

  Patellar plexus:  It is a network of communicating twigs present in subcutaneous 
tissue over and around the patella and patellar ligament. It receives contribution 
from the terminal branches of medial and intermediate femoral cutaneous nerves, 
anterior branch of lateral femoral cutaneous nerve, and infrapatellar branch of 
saphenous nerve.   
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5.2.3     Superficial Arteries 

 There are four cutaneous branches of femoral artery:

    I.    Superfi cial circumfl ex iliac artery   
   II.    Superfi cial epigastric artery   
   III.    Superfi cial external pudendal artery   
   IV.    Deep external pudendal artery     

  Superfi cial circumfl ex iliac artery  passes up below the inguinal ligament to the 
anastomosis at anterior superior iliac spine. 

  Superfi cial epigastric artery  crosses inguinal ligament and runs toward 
umbilicus. 

  Superfi cial external pudendal artery  emerges from saphenous opening, passes in 
front of spermatic cord (round ligament), and goes to the penis and scrotum (labium 
majus). 

  Deep external pudendal artery  pierces fascia lata and goes behind spermatic 
cord (round ligament) to supply the skin of scrotum (labium majus).  

5.2.4     Superficial Veins (Fig.  5.3 ) 

    The  great saphenous vein  (GSV) being the longest vein in the body runs from foot 
to groin, beginning as upward continuation of the medial marginal vein of foot. This 
vein runs between superfi cial and deep fascia, and on ultrasound, it gives the appear-
ance of Egyptian eye. It goes upward in front of medial malleolus, crosses lower 
fourth of medial surface of tibia obliquely, and runs behind the medial border of 
tibia toward the knee where it lies palm breadth behind medial border of patella. It 
curves forward around medial convexity of the thigh and ends by piercing deep 
fascia and passing through cribriform fascia, where it joins femoral vein. Normal 
diameter of GSV is 5–6 mm in thigh and 2–3 mm in calf. There are about 20 valves. 
Incompetence of these valves is a cause of varicosity of the vein. Four tributaries 
join great saphenous vein in the region of saphenous opening. They are superfi cial 
circumfl ex iliac, superfi cial epigastric, and superfi cial and deep external pudendal 
vein (Fig.  5.4 ) near the saphenofemoral opening. Superfi cial external pudendal 
artery crosses at the level of saphenofemoral junction (SFJ) but many a times, it 
passes behind the GSV. Saphenofemoral junction is 4 cm below and lateral to pubic 
tubercle. Apart from the tributaries near SFJ, there are other tributaries as anterior 
accessory and posterior accessory veins draining into GSV. GSV is in close proxim-
ity to saphenous nerve which is the largest branch of femoral nerve purely sensory 
in origin. This nerve is in close proximity to GSV in lower part and that is why it is 
likely to damage if stripping or endovenous procedure is done in the leg.

    Short saphenous vein (SSV)  arises from lateral side of foot and drains in popliteal 
fossa at variable positions. It usually penetrates the deep fascia in the mid calf and 
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then, it runs between two heads of gastrocnemius to open in popliteal vein. Sural 
nerve is in relation with SSV and is likely to be damaged during surgery of SSV 
mainly in the lower part as it is in close proximity in that part. Sometimes, the vein 
of Giacomini which connects SSV with GSV is present and that may be the reason 
for recurrence of varicose veins after surgery or endothermal treatment. 

 There are numerous perforating (anastomotic) veins which connect great saphe-
nous vein with deep veins of the calf. They are variable in position but the constant 
ones are the following [ 3 ]:

1. Great sepahanous vein

2. Profunda femoris vein

3. Femoral vein

4. Short sephanous vein

5. Popliteal vein
6. Dorsal palmar arch

  Fig. 5.3    Venous anatomy 
of lower limb       
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    I.    Just below the medial malleolus   
   II.    10 cm above the medial malleolus   
   III.    Little below the middle of the leg   
   IV.    Just distal to the knee   
   V.    In lower thigh joining great saphenous vein or one of its tributaries to the femo-

ral vein in adductor canal    

  The perforators in the leg may connect the  posterior arch vein  which joins the 
great saphenous vein below the knee. Also, some perforating veins join the venae 
comitantes of the posterior tibial artery, whereas others communicate with venous 
plexus of the soleus. The valves in the perforating veins are directed from superfi cial 
to deep and are found where the veins pierce the deep fascia and also where they 
communicate with the deep veins. The blood in the superfi cial system fl ows to the 
deep system of veins which is further pushed upward by the pumping action of the 
soleus and other calf muscles. If the valves in the perforators become incompetent, 
the fl ow becomes reversed resulting in varicose veins. Although deep venous 

  Fig. 5.4    Saphenofemoral 
junction       
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insuffi ciency is common and important, the anatomy of deep vein valves is poorly 
understood. A study was conducted to investigate the location, number, and consis-
tency of venous valves in the femoral and popliteal veins in normal subjects. All 
studies were cadaveric and subjects ranged from stillborn fetuses to 103 years of 
age. Studies suggested that femoral veins contain between one and six valves, and 
popliteal veins contain between zero and four valves. Deep vein valves were consis-
tently located in the common femoral vein (within 5 cm of the inguinal ligament), 
the femoral vein (within 3 cm of the deep femoral vein tributary), and the popliteal 
vein near the adductor hiatus. Valves are consistently located at specifi c locations in 
the deep veins of the leg, although there is often signifi cant variability between 
subjects [ 4 ].  

5.2.5     Femoral Artery (Figs.  5.5 ,  5.6 , and  5.7 ) 

      The femoral artery enters the thigh at midinguinal point (point between anterior 
superior iliac spine and pubic symphysis) as a continuation of external iliac artery. 
Here, it lies over the psoas major. It is here where its pulsation can be felt and cath-
eterization can be done. It emerges from the femoral sheath, goes downward, and 
enters adductor canal deep to sartorius. 

 It has four small branches below the inguinal ligament and just below the ending 
of femoral sheath gives off a large deep branch, the  profunda femoris , the chief 
artery of the thigh. 

 The profunda femoris artery usually supplies all muscles of thigh. It arises from 
lateral side of femoral artery about 3–4 cm distal to the inguinal ligament and then 
curves down deep to it, passing between pectineus and adductor longus, whose 
upper border separates femoral and profunda arteries. 

 In addition to perforating arteries and muscular branches, it gives off large lateral 
and medial circumfl ex femoral artery. 

  The lateral circumfl ex femoral artery  passes between branches of femoral nerve 
and divides into three branches beneath sartorius. The ascending branch runs up on 
the vastus lateralis. It gives a branch to the trochanteric anastomosis and passes on 
toward anterior superior iliac spine where it terminates by anastomosing with super-
fi cial and deep circumfl ex iliac and superior branch of superior gluteal artery. The 
transverse branch passes across vastus lateralis and spirals around the femur to form 
part of the cruciate anastomosis. The descending branch runs downward with nerve 
to vastus lateralis in a groove between anterior edges of vastus lateralis and vastus 
intermedius. 

  The medial circumfl ex femoral artery  arises from medial side of profunda. It 
gives an ascending branch to the trochanteric anastomosis and a horizontal branch 
to the cruciate anastomosis. 

  The four perforating arteries  pass backward, through adductor magnus, fi rst pass 
above, second through, and third and fourth below adductor brevis. They supply 
hamstring and adductor muscles.  
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  Fig. 5.5    Arterial anatomy of lower limb       

5.2.6     Femoral Vein 

 It enters through the lower part of femoral triangle lying posterior to femoral artery. 
It goes upward through femoral triangle and comes to lie medial to femoral artery. 
A tributary corresponding to profunda femoris artery drains into it and just below 
the femoral sheath the great saphenous vein joins it. It bears 4 or 5 valves, the most 
constant ones being just above the junction with profunda and great saphenous vein. 
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The position of femoral vein in the living body is found by feeling the pulsations of 
the femoral artery and the femoral vein lies immediately medial to it [ 5 ]. More than 
80 % of blood fl ow in the lower limb is through deep veins.  

5.2.7     Femoral Nerve 

 It is the nerve of extensor compartment of the thigh. It is formed by posterior divi-
sions of the anterior rami of the lumbar nerves 2, 3, and 4. It supplies iliacus in the 
abdomen. It lies between psoas and iliacus in iliac fossa. It enters the thigh by pass-
ing deep to the inguinal ligament. On entering the femoral triangle, it gives a branch 
to pectineus. After passing down the inguinal ligament, the femoral nerves divide 
into numerous branches:

    I.    Intermediate and medial femoral cutaneous nerves   
   II.    Nerve to sartorius   
   III.    Nerve to rectus femoris   
   IV.    Nerve to vastus medialis   
   V.    Nerve to vastus lateralis   
   VI.    Nerve to vastus intermedius   
   VII.    Saphenous nerve      

1. Inguinal ligament

2. Sartorius muscle

3.Rectus femoris muscle

4. Addcutor longus muscle

5. Pectineus muscle

6. Iliopsoas muscle

7. Femoral vein

8. Femoral artery

9. Femoral nerve

  Fig. 5.6    Femoral triangle       
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5.2.8     Medial Compartment of the Thigh 

 The artery of the compartment is the profunda femoris, assisted proximally by the 
obturator artery, and the nerve is the obturator nerve. 

  Obturator artery  emerges from the obturator foramen along with the nerve and 
divides into anterior and posterior branches which anastomose with each other and 
the medial circumfl ex artery. 

  Obturator nerve  (Fig.  5.8 ) divides in the obturator notch into anterior and poste-
rior divisions. The anterior division passes above obturator externus and, after giv-
ing an articular branch to hip joint, descends in the thigh behind the adductor longus. 
After supplying adductor brevis and gracilis, it ends up in the subsartorial plexus, 
the branches of which supply the skin over medial side of thigh. The posterior divi-
sion passes through obturator externus and also supply to it. It supplies the adductor 
magnus and gives a terminal branch which enters the popliteal fossa through the 
adductor hiatus and supplies capsule of knee joint.

1. Femoral vein

2. Femoral artery

3. Saphenous nerve

4. Muscular branches of femoral artery

5. Nerve to vastus medialis

6. Anterior and posterior division of obturator nerve

  Fig. 5.7    Adductor canal       
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5.2.9        Posterior Compartment of the Thigh 

 It extends from buttock to the back of knee. The cutaneous nerve supply is by pos-
terior femoral cutaneous nerve. The muscles of the back of the thigh are called 
hamstring muscles .  They are semitendinosus, semimembranosus, long head of 
biceps femoris, and ischial head of adductor magnus. 

 The sciatic nerve travels between the long head of biceps femoris and adductor 
magnus to fi nally reach the superior angle of popliteal fossa. It is accompanied by a 
small companion artery which is a branch of inferior gluteal artery. 

 The arteries of the back of thigh are terminal parts of the branches of the profunda 
femoris artery, the main supply being the perforating branches of the profunda femoris. 
Other branches are the lateral circumfl ex femoral and medial circumfl ex femoral artery. 

1. Obturator nerve in obturator groove
2. Psoas major muscle
3. Branch to hip joint from anterior division
4. Pectineus
5. Adductor longus muscle
6. Adductor brevis muscle
7. Gracilis muscle
8. Branch to knee joint
9. Adductor magnus muscle
10. Quadratus femoris muscle
11. Medial circumflex femoral artery
12. Gluteus maximus muscle
13. Obturator externus muscle
14. Obturator membrane
15. Posterior division

  Fig. 5.8    Course and distribution of obturator nerve       
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 Anastomosis on the back of thigh is formed by branches of internal iliac, femo-
ral, and popliteal arteries, thus from above downward:

    I.    The gluteal artery anastomose with each other and with circumfl ex femoral 
artery   

   II.    The circumfl ex femoral artery anastomose with fi rst perforating artery   
   III.    The perforating artery anastomose with one another   
   IV.    The fourth perforating artery anastomose with upper muscular branch of popli-

teal artery       

5.3     Popliteal Fossa (Figs.  5.9  and  5.10 ) 

     Popliteal Fossa is a diamond-shaped space behind the knee bounded above by semi-
membranosus and semitendinosus (medially) and biceps femoris (laterally) and 
below by heads of gastrocnemius. 

1. Outline of popliteal fossa

2. Posterior cutaneous nerve of thigh

3. Lateral cutaneous nerve of calf

4. Peroneal communicating nerve

5. Small sephanous vein

6. Posterior cutaneous nerve of thigh

7. Posterior division of medial cutaneous nerve of thigh
  Fig. 5.9    Structures on 
roof of popliteal fossa       
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 The popliteal vein and artery along with the tibial and common peroneal vein 
pass through the fossa. A group of popliteal lymph nodes lie alongside the popliteal 
vein. The common peroneal nerve goes downward and laterally, medial to biceps 
femoris, and disappears into the substance of peroneus longus to lie along the neck 
of fi bula. Following are the branches of it:

    I.    Sural communicating nerve after piercing the roof of the fossa goes downward 
to join the sural nerve below the bellies of gastrocnemius.   

   II.    The lateral cutaneous nerve of the calf pierces the roof of the fossa over the 
lateral head of gastrocnemius and gives cutaneous innervation for upper part of 
peroneal and extensor compartments of the leg.   

   III.    The superior and inferior genicular nerves supply the capsule of knee joint and 
lateral ligament.   

1. Popliteal artery
2. Popliteal vein
3. Tibial nerve
4. Common peroneal nerve

  Fig. 5.10    Popliteal region        
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   IV.    The recurrent genicular nerve, coming from the substance of peroneus longus, 
perforates tibialis anterior and supplies the capsules of the superior tibiofi bular 
and knee joints.     

 The  common peroneal nerve  terminates by dividing in substance of peroneus 
longus into deep and superfi cial peroneal nerves. 

 The  tibial nerve  (Fig.  5.11 ) runs downward along the mid of the fossa and then 
disappears by going deep within the heads of gastrocnemius where it is accompa-
nied by the popliteal vessels. It gives motor branches to plantaris, both heads of 
gastrocnemius, soleus, and popliteus. The last branch winds around the lower bor-
der of popliteus to enter its deep (tibial) surface. It has only one cutaneous branch, 
the sural nerve. Sural nerve goes vertically down between two heads of gastrocne-
mius and pierces the deep fascia in the middle of the calf where it replaces posterior 
cutaneous nerve of thigh. It is accompanied by the small saphenous vein and the 
vein usually lies medial to it. Its articular branches are three in number known as 
genicular nerves. They supply the medial ligament and the capsule of the knee joint, 
oblique popliteal ligament, and cruciate ligament.

  Fig. 5.11    Distribution of 
tibial nerve       
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5.3.1       Popliteal Artery 

 It extends from the opening in the adductor magnus to the fi brous arch in the soleus 
to the fi brous arch in the soleus. It enters the popliteal fossa medially and lies deep 
and medial to the sciatic nerve. As it goes downward, it lies lateral to the tibial nerve 
which is a continuation of sciatic nerve itself. Below the fi brous arch of soleus, it 
divides into anterior and posterior tibial artery which lies medial to the tibial nerve. 
In rare case, the popliteal artery divides way above proximal to popliteus and in this 
case, anterior tibial artery lies anterior to the muscle. The popliteal artery may get 
compressed by the medial head of gastrocnemius if the artery takes a variant course 
leading to a condition known as popliteal artery syndrome. It may also get com-
pressed by an accessory slip of muscle. It gives muscular branches to the muscles in 
the popliteal fossa. The genicular arteries are fi ve in number – upper, lower, middle, 
medial, and lateral. The middle genicular artery is accompanied by genicular branch 
of posterior division of obturator nerve.  

5.3.2     Popliteal Vein 

 The popliteal vein holds a constant position and lies between nerve and artery 
throughout the course. It is formed by the union of the venae comitantes of the ante-
rior and posterior tibial arteries. After passing through the adductor magnus hiatus 
it becomes the femoral vein.  

5.3.3     Anterior Compartment of the Leg 

 Its cutaneous innervation is from the femoral nerve over the tibia and from the com-
mon peroneal nerve over the extensor compartment. The  saphenous nerve  gives off 
its infrapatellar branch, to supply the subcutaneous periosteum of the upper end of 
the tibia and the overlying skin, and then descends along with the great saphenous 
vein and both the structures pass in front of medial malleolus. It usually divides 
above the medial malleolus and the branches run in front of and behind the great 
saphenous vein. The main nerve (anterior branch) often extends on the medial side 
of the foot as far as the metatarsophalangeal joint. The lateral cutaneous nerve 
(branch of common peroneal nerve) supplies deep fascia and the skin over the upper 
parts of the extensor and peroneal compartments. The superfi cial peroneal nerve 
supplies the remaining surfaces. 

 The subcutaneous surface of the tibia has subcutaneous fat in direct contact with 
periosteum and also the deep fascia is blended with the periosteum over here. 

 Muscles of anterior compartment of leg are tibialis anterior, extensor hallucis 
longus, extensor digitorum longus, and peroneus tertius. 

 The main artery of the anterior compartment of the leg is the anterior tibial artery. 
In addition to it, perforating branch of peroneal artery supplies the region. 
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 The  anterior tibial artery  is smaller terminal branch of popliteal artery. It begins 
on the back of the leg at the lower border of the popliteus and enters the anterior 
compartment through an opening in the upper part of the interosseous membrane. It 
then runs vertically downward to a point midway between two malleoli where it is 
named as  dorsalis pedis artery . 

  Deep peroneal nerve  is the nerve of anterior compartment of leg. It is one of the 
terminal branches of the common peroneal nerve. It begins on lateral side of neck 
of fi bula. It enters the anterior compartment by piercing the anterior intermuscular 
septum. It then pierces extensor digitorum longus and comes to lie next to anterior 
tibial artery. The nerve ends on the dorsum of foot close to the ankle joint by divid-
ing into lateral and medial terminal branches.  

5.3.4     Dorsum of the Foot 

 The dorsum of the foot receives innervation from superfi cial peroneal nerve, assisted 
by deep peroneal, saphenous, and sural nerves. The large veins form a dorsal venous 
arch which receives most of its blood by marginal and interosseous tributaries from 
the sole of the foot. The  dorsal venous arch  fi nally drains from its medial and lateral 
ends into great and small saphenous veins, respectively. 

 The  superfi cial peroneal nerve  divides into medial and lateral branches which 
supply the skin of the dorsum of foot. The medial branch further divides to supply 
the medial side of the dorsum of great toe as well as the sides of the second cleft. On 
the other hand, lateral branch divides to supply third and fourth clefts. The sural 
nerve supplies lateral side of the foot and lateral side of little toe. The  deep peroneal 
nerve s upplies the fi rst cleft. The skin over the terminal phalanges is supplied by the 
medial and lateral plantar nerves. The medial side of the foot is supplied by the 
termination of the saphenous nerve. 

 The  anterior tibial artery  lying over the distal end of tibia midway between the 
malleoli continues forward as the  dorsalis pedis artery . This travels to the fi rst inter-
metatarsal space and passes down into the sole, where it joins the lateral plantar 
artery to complete the plantar arch. Its pulsation can be palpated lateral to the tendon 
of extensor hallucis longus on a line from the midpoint between two malleoli toward 
the fi rst toe cleft on the underlying intermediate cuneiform and navicular bone. On 
occasions, the dorsalis pedis artery is replaced by an enlarged perforating peroneal 
artery in front of the lateral malleolus. It has three branches:

    I.    Lateral tarsal artery passes laterally beneath extensor digitorum brevis to sup-
ply that muscle and underlying tarsal bones.   

   II.    Arcuate artery goes laterally beneath the tendons of extensor digitorum brevis over 
the bases of metatarsal bones which further branches to give dorsal metatarsal arter-
ies to supply the lateral three clefts. Each metatarsal artery further divides to give 
perforating branches at the posterior and anterior end of its intermetatarsal space 
and these further communicate with the plantar arch and its metatarsal branches.   

   III.    First dorsal metatarsal artery is given off before the dorsalis pedis artery enters 
the sole and it provides supply to the fi rst cleft and the medial side of the dor-
sum of great toe.    
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5.3.5       Lateral Compartment of the Leg 

 It contains peroneus longus and brevis muscles and the superfi cial peroneal nerve. 
Its blood supply is derived from branches of the peroneal artery which pierce fl exor 
hallucis longus and the posterior intermuscular septum. Its veins drain mostly into 
the small saphenous vein. 

 The  superfi cial peroneal (superfi cial fi bular) nerve , after supplying peroneus 
longus and brevis, pierces the deep fascia between the middle and lower third of the 
leg and gives off medial and lateral branches which further supply dorsum of the 
foot. It also supplies the skin of the anterolateral aspect of the lower leg.  

5.3.6     Posterior Compartment of the Leg 

 The cutaneous innervation of the upper half of this region is by the termination of 
the posterior femoral cutaneous nerve. Below this level, the sural and sural com-
municating nerves, from tibial and common peroneal nerves, supply the back and 
lateral side of the calf and the saphenous nerve supplies the medial side. 

 The small saphenous vein lies with sural nerve behind the lateral malleolus and 
it drains the lateral side of the dorsal venous arch and the lateral margin of the foot. 
It ascends upward to run within and then beneath deep fascia for some distance to 
fi nally enter the popliteal vein. It communicates with the great saphenous vein by 
several channels. 

 The popliteal artery at the lower border of the popliteus gives off anterior and 
posterior tibial branches. The  posterior tibial artery  passes under the fi brous arch in 
the origin of soleus and runs over tibialis posterior. It ends below the fl exor retinacu-
lum by dividing into medial and lateral plantar arteries. Its pulsation can be palpated 
behind the medial malleolus, 2.5 cm in front of the medial border of the tendo cal-
caneus. An arteriovenous shunt with the great saphenous vein can be formed over 
here for hemodialysis. It gives off following branches:

    I.    The peroneal (fi bular) artery runs in a fi brous canal formed between tibialis 
posterior and fl exor hallucis longus, giving branches to the calf muscles and 
peroneus longus and brevis. It gives a nutrient artery to the fi bula. It ends by 
dividing into a perforating branch, which can sometimes replace the dorsalis 
pedis artery and a lateral calcaneal branch.   

   II.    The circumfl ex fi bular artery contributes to the arterial anastomosis around the 
knee   

   III.    Nutrient artery to the tibia.   
   IV.    Muscular branches supply deep fl exors and soleus.   
   V.    Median calcaneal branch supplies medial side of heel.    

  The  tibial nerve  can be surface marked from the middle of the popliteal fossa to 
midway between the medial malleolus and the tendo calcaneus. It is the nerve of the 
fl exor compartment giving supply to soleus, fl exor digitorum longus, fl exor hallucis 
longus, and tibialis posterior. It gives medial calcaneal nerves which pierce the 
fl exor retinaculum to supply the skin of the heel.  

5 Clinical Anatomy of Lower Extremity



70

5.3.7     Sole of the Foot 

 Sole gets its cutaneous innervation from medial and lateral plantar nerves. The plan-
tar digital nerves also supply the nail bed and the surrounding the skin. 

 The vessels and nerves are derived from the posterior tibial neurovascular bun-
dle. Both the posterior tibial artery and tibial nerve divide, each into medial and 
lateral plantar branches, under cover of the fl exor retinaculum. On the medial and 
lateral borders of the sole, the artery is more marginal than the nerve and accompa-
nying the artery is a pair of venae comitantes. The plantar arteries and nerves lie 
between the fi rst and second layers, inferior to the long tendons. 

 The  medial plantar artery  (Fig.  5.12 ) supplies the greater toe. It has no con-
tribution in the formation of plantar arch. The  lateral plantar artery  forms the 
plantar arch. It runs an oblique course deep to the fi rst layer of the sole, toward 
the base of the fi fth metatarsal bone. It gives a superfi cial branch which accom-
panies superfi cial branch of the lateral plantar nerve but its main trunk accompa-
nies the deep branch of the nerve to form the plantar arch. The  plantar arch  
forms a convex loop, across the bases of the fourth, third, and second metatarsals 

1. Medial plantar artery
2. Muscular branches
3. Dorsalis pedis artery
4. Cutaneous branches
5. Distal perforating arteries
6. Plantar digital artery
7. Plantar metatarsal artery
8. Plantar arch
9. Superficial branch
10. Proximal perforating artery
11. Lateral plantar artery and branches

  Fig. 5.12    Medial and 
lateral plantar arteries       
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and is joined in the proximal part of the fi rst intermetatarsal space by the dorsalis 
pedis artery. The plantar metatarsal arteries arise from the plantar arch which 
further bifurcates to supply the four webs and the digits. Perforating arteries 
from the plantar arch and its metatarsal arteries reinforce the dorsal metatarsal 
arteries.

   Most of the blood from the sole and from interosseous muscle drains to the veins 
accompanying perforating arteries which fi nally drain to the dorsal venous arch. 
The veins present in the plantar muscles acts as a “sole pump” which aids the “soleal 
pump” of the posterior compartment of the calf. 

 The  medial plantar nerve  (Fig.  5.13 ) gives off digital cutaneous branches to sup-
ply medial three and half toes. It gives muscular supply to abductor hallucis, fl exor 

1. Medial planer nerve

2. Branch to abductor hallucis

3. Branch to flexor digitorum brevis

4. Branch to skin of medial side of sole

5. Proper digital branch to great toe

6. Common plantar digital nerve

7. Branch to flexor haullicis brevis

8. Branch to first lumbrical

9. Proper plantar digital nerve

10. Lateral plantar nerve
  Fig. 5.13    Medial plantar 
nerve       
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digitorum brevis, fl exor hallucis brevis, and the fi rst lumbrical. Its most lateral cuta-
neous branch communicates with the neighboring lateral plantar digital branch 
across the plantar surface of the fourth metatarsophalangeal joint. Pressure on the 
nerve over this region may lead to painful condition known as metatarsalgia.

   The  lateral plantar nerve  (Fig.  5.14 ) like the artery runs an oblique course but 
lies medial to the lateral plantar artery. It supplies abductor digiti minimi and fl exor 
accesorius. It gives cutaneous innervation to lateral side of the sole. It divides into 
superfi cial and deep branches near the base of the fi fth metatarsal bone. The super-
fi cial branch supplies the fourth cleft and supplies the skin of the lateral side and 
distal dorsum of the little toe. It also gives supply to fl exor digiti minimi brevis and 

1. Lateral planer nerve

2. Deep branch

6. Adductor haullicis
7. Plantar digital nerves

8. Lumbricals

11. Superficial branch

12. Lateral part of skin of sole

13. Flexor digitorum accessories

14. Abductor digiti minimi

9. Flexor digital minimi brevis

3. 3rd dorsal and 2nd plantar interossei

4. 2nd dorsal and 1st plantar interossei

10. 3rd plantar and 4th dorsal interossei

5. 1st dorsal interossei

  Fig. 5.14    Lateral plantar 
nerve       
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the two interossei of fourth space (third plantar and fourth dorsal). The deep branch 
supplies the remaining interossei, transverse head of adductor hallucis, and the three 
lateral lumbricals.

5.4         Applied Aspect 

5.4.1     Applied Anatomy of Venous System of Lower Limb 

 Leg can be regarded as a tube consisting of veins running in the center. Muscles 
enclosed within a thick inelastic fascia form a powerful pump mechanism which on 
contraction forces blood from superfi cial to deep veins which then goes upward 
through deep veins. Thus, direction of fl ow being from superfi cial to deep and from 
below upward and any discrepancy in this pattern of fl ow lead to varicose veins. 

 Each limb has three anatomically and functionally distinguishable sets of veins:

    1.    Superfi cial   
   2.    Deep   
   3.    Perforating     

 Superfi cial: They are long and small saphenous veins. These have relatively thick 
muscular walls. These run in tunnels created by a condensation of superfi cial 
fascia. 

 Deep: They are tibial, popliteal, and femoral and their tributaries. These veins lie 
among and are supported by powerful muscles. 

 Perforating veins: These are the communication between superfi cial and deep 
veins. They show a predilection for intermuscular septa occurring on either side of 
sartorius, between vastus lateralis and the hamstrings, on either side of the peroneal 
group, and along anterior border of soleus. They are of two types:

•    Indirect: Small superfi cial vessels penetrating deep fascia  
•   Direct: Long and small saphenous veins and smaller perforating veins    

 Varicose veins and ulcers: If incompetency occurs in the valves of perforating 
veins or at the termination of superfi cial veins, the defective veins become “high 
pressure leaks” through which high pressure of deep veins produced by muscular 
contraction is transmitted to superfi cial veins. As a result, superfi cial veins become 
dilated and gradual degeneration of their walls produces varicose veins and varicose 
ulcers. 

 With calf pump and peripheral heart in the upright position of the body, venous 
return of lower limb largely depends upon calf muscle contraction. For same reason, 
soleus is called peripheral heart. 

 Great saphenous vein is used for transfusion of blood/fl uids in case of nonavail-
ability or collapse of other veins. It lies in front of medial malleolus and posterior to 
saphenous nerve. Great saphenous vein is used for bypassing the blocked coronary 
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arteries. The vein is reversed so that valves do not block the passage of blood. 
Femoral vein is commonly used for intravenous infusion in infants and in patients 
with peripheral circulatory failure. 

 Anatomy of the veins may vary. A retrospective review of 404 bilateral (808 
limbs) lower limb venograms obtained from medical patients participating in a 
thromboprophylaxis clinical trial and found to be free of thrombus was performed. 
Venograms were evaluated according to predetermined criteria for the presence of 
duplication of vessels and inter- and intraindividual variations in venous anatomy. 
Two vessels were seen in the popliteal fossa on 337 (42 %) of 808 venograms, and 
41 (5 %) were true duplicated popliteal veins. There were 253 (31 %) duplicated 
superfi cial femoral veins (SFVs), with 12 (1.5 %) being complex duplicated sys-
tems. Of 265 duplicated SFVs, 138 (52 %) began in the midthigh region and 80 
(30 %) in the adductor canal region. The duplicated vessel was medial to the main 
SFV in 122 (46 %), lateral in 131 (49 %), and both (i.e., triplications) in 12 (4.5 %). 
The length of the duplicated SFV ranged from 1 to 35 cm; 6–15 cm was the most 
common length in 162 (62 %) SFVs. There was no signifi cant association between 
the incidence of anatomic variations and age or sex ( P  > .1). The presence of multi-
ple vessels in one leg was strongly correlated with the probability of occurrence in 
the other leg ( P  < .001).Variations in lower limb venous anatomy are common and 
have important implications for the US diagnosis of deep vein thrombosis [ 6 ].  

5.4.2     Applied Anatomy of Arteries of Lower Limb 

 Femoral artery pulsations can be felt at the midinguinal point against head of femur 
and the tendon of the psoas major. A bilateral absence or feebleness of the femoral 
pulse may occur due to coarctation of aorta. Stab wounds at the apex of femoral 
triangle may cut all large vessels of the lower limb, the arrangement backward being 
femoral artery and vein and profunda femoris artery and vein. Since femoral artery 
is quite superfi cial in the femoral triangle, it can be easily exposed for ligation or 
passing a cannula. Blood pressure in the lower limb is recorded from the popliteal 
artery. In coarctation of aorta, the popliteal pressure is lower than brachial pressure. 
When the popliteal artery is affected by atherosclerosis, grafts can be tried in the 
lower part of artery as it is usually patent. 

 The popliteal artery is one of the common arteries prone to aneurysm. Pulsations 
of the dorsalis pedis artery are easily felt between tendons of the extensor hallucis 
longus and the fi rst tendon of the extensor digitorum longus. However, it is to be 
noted that dorsalis pedis artery is congenitally absent in about 14 % of subjects. 
Posterior tibial artery can be palpated against the calcaneum about 2 cm below and 
behind the medial malleolus. It is palpated in doubtful cases of intermittent claudi-
cation. Hamada et al. studied three-dimensional arteriography to analyze the arterial 
supply of the great and second toes of 100 cadaveric feet down to the microsurgical 
level for purpose of successful composite tissue transfers of these toes to the hand. 
The arterial blood supply of the great toe came principally from the fi rst dorsal 
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metatarsal a. (78 %) and the fi rst plantar metatarsal a. (22 %) and secondarily from 
the medial tarsal a. and the three terminal branches of the medial plantar a. For the 
second toe, the fi rst dorsal metatarsal a. (78 %) and the fi rst plantar metatarsal a. 
(22 %) supplied blood from the medial side, and the second dorsal metatarsal a. 
(78 %) and the second plantar metatarsal a. (22 %) supplied blood from the lateral 
side. Seven arterial patterns were found in the interdigital web space. The so-called 
general pattern was seen in the fi rst web space in 65 % of the feet examined. In the 
second web space, it was found in 85 %. The fi rst intermetatarsal space sometimes 
contained a large artery arising directly from the dorsalis pedis or fi rst proximal 
perforating a. as well as the fi rst dorsal and fi rst plantar metatarsal arteries. In this 
space, arterial patterns were classifi ed into 4 types and 9 subtypes based on the ori-
gins and proximal courses of these arteries. The so-called standard pattern was 
found in only 19 % of the feet, while an arterial pattern with a common proximal 
trunk on the plantar side for the fi rst dorsal and fi rst plantar metatarsal a. was found 
most frequently [ 7 ].  

5.4.3     Applied Anatomy of Nerves of Lower Limb 

 As compared to the upper limb, the peripheral nerve injuries are much less in lower 
limb, the most common injured nerve being the common peroneal nerve. 

 Femoral nerve can be injured in the following ways:

    I.    Penetrating injuries of lower abdomen and thigh   
   II.    Pelvic masses such as hematoma or neoplasm compressing it   
   III.    Catheterization of femoral artery   
   IV.    During laparoscopic repair of inguinal hernia     

 Complete lesion of femoral nerve presents with the following:

    I.    Extension of the knee by quadriceps that is lost   
   II.    Weakness of hip fl exion (due to rectus femoris)   
   III.    Sensory loss over front of thigh   
   IV.    Pain extending as far as the medial side of foot (saphenous branch)     

 Obturator nerve rarely gets injured as it is deeply situated, but it can get injured 
by obstetric procedures or involved in the pelvic disease, e.g., an ovarian tumor may 
cause pain in the medial side of the thigh. On sitting, the affected limb cannot be 
crossed over the other. 

 Sciatic nerve is injured by the following ways:

    I.    Misplaced gluteal injections   
   II.    Pelvic disease   
   III.    Severe trauma to the hip     
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 Lesion of the sciatic nerve results in:

    I.    Paralysis of the hamstring muscles   
   II.    Foot drop with ulceration   
   III.    Sensory loss below knee sparing the medial side of the leg and upper part of the 

calf.     

 Sciatic nerve can be approached by exposure over the lower border of gluteus 
maximus, retracting semitendinosus and the long head of biceps medially. 

 Common peroneal nerve is injured by:

    I.    Direct trauma at the neck of fi bula   
   II.    Pressure by plaster casts over the neck of fi bula     

 Lesion of common peroneal nerve results in;

    I.    Foot drop and ulceration   
   II.    High stepping gait   
   III.    Peroneus longus and brevis affected   
   IV.    Sensory loss over lower lateral part of the leg and the dorsum of foot     

 The nerve can be approached by tracing it down from the lateral side of the pop-
liteal fossa, where it lies medial to the biceps tendon. 

 Tibial nerve damage is uncommon. Lesion of it results in paralysis of the calf 
muscles and sensory loss over lower part of calf and sole. The lesion can be tested 
by asking the patient to stand on tiptoe. It can be approached in the middle of the 
popliteal fossa. 

 Saphenous nerve is prone to get injured in front of the medial malleolus during 
varicose vein surgery and when great saphenous vein is harvested for arterial bypass 
procedures. Sural nerve may be damaged in lower part when operating for Small 
sephanous vein varicosity. 

 Morton’s neuroma is a neuroma formed on the branch of medial plantar nerve 
between 3rd and 4th metatarsal bones causing pain between 3rd and 4th 
metatarsals. 

 Peripheral nerve pathology can be detected on high-resolution MRI on the basis 
of primary or secondary fi ndings. Primary fi ndings of nerve pathology include alter-
ations in signal, course, and caliber; secondary fi ndings include skeletal muscle 
denervation. Although two-dimensional (2D) MRI sequences comprised of a com-
bination of fl uid-sensitive and non-fat-suppressed anatomical sequences can detect 
changes in nerve size, signal, course, and architecture, three-dimensional (3D) 
imaging can play an important role in the detection and characterization of nerve 
pathology including caliber changes at typical compression sites, anomalous course, 
and nerve discontinuity [ 8 ].   
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    Conclusion 

 For a better understanding of the cause of ulceration, anatomy of the lower 
limb is helpful in knowing the cause, site, and type of pathology. It is essential 
to know which part of the lower limb is affected so that one can plan the treat-
ment accordingly. The treatment of venous ulcer is compression therapy, but if 
the patient also has arterial diseases, then the compression is relatively contra-
indicated. When the treatment for varicose veins is carried out, one has to 
avoid injury to Sephanous nerve especially in leg and sural nerve in the lower 
part of calf.     
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6.1            Introduction 

 Treatment of a wound of lower extremity is not a simple course, and one type of 
treatment does not fi t for all patients. So the fi rst step should be to fi nd out the under-
lying pathology. There are several causes for the ulcers of the lower extremity. 
Basically they may be traumatic, infl ammatory, neoplastic, or vascular causes and 
autoimmune causes. The common causes are venous, arterial, diabetic, and neuro-
pathic ulcers. Other causes are shown in Table  6.1 . The goal of treatment in any case 
of ulcer is to heal the wound, relieve the pain, regain a high quality of life, and 
prevent the recurrence. So treatment of chronic wound requires the multidisci-
plinary and comprehensive approach for salvage of the limb. This may require vas-
cular physicians, vascular surgeons, cardiologist, podiatrist, endocrinologist, plastic 
surgeons, infectious disease specialist, dermatologist, oncologist, orthopedic sur-
geon, and rehabilitation personnel and dedicated nursing staff. It needs an individu-
alized wound care protocols with the goal of special recovery. It may involve 
advanced technologies for diagnosis and treatment, topical wound care dressing and 
therapies, antibiotics, antiplatelet drugs, compression garments, intervention to 
improve circulation, and prosthetics. The patient’s active participation in healing of 
wound is well appreciated in terms of keeping the wound clean and dry, changing 
the dressing as per need, taking prescribed medicines, healthy diet, regular exer-
cises, and wearing compression stockings and shoes as prescribed. Basically the 
patients are advised to avoid smoking; take proper diet; control sugar, blood pres-
sure, and cholesterol; and lose weight if overweight [ 1 ].
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   The ulcers usually present with wound which may or may not be painful associ-
ated with edema, burning, itching, and features of infl ammation as red, brown dis-
coloration, dry, and scaly skin. Most common ulcer in the leg is venous ulcer, 
diabetic ulcers, and arterial ulcers. Depending on the location of ulcer, appearance 
of ulcer, and who is affected can differentiate between the common ulceration of 
venous, arterial, and diabetic ulcers [ 2 ] (Figs.  6.1 ,  6.2 ,  6.3 ,  6.4 , and  6.5 ).

       Leg ulcer are caused by various medical conditions as poor circulation in athero-
sclerosis, venous insuffi ciency, diabetes, renal failure, hypertension, lymphoedema, 
vasculitis, hypercholestremia , smoking, pressure ulcers, malignancies, infections, 
and sometimes genetic. 

 For diagnosis of an ulcer, medical history is evaluated, then the ulcer is examined 
in detail, and various test like X-rays, Doppler, MRIs, CT scan, pus culture, and 
biopsy may be needed. The treatment of all ulcers begins with careful ulcer care and 
supportive treatment in form of antibiotics, antiplatelet drugs, etc. [ 3 ]. 

 In examination of an ulcer, edge and fl oor of ulcer is most important. The edge of 
the ulcer can determine if it is a healing ulcer or it is a spreading ulcer or it is becom-
ing chronic. Floor also tells about the healing of ulcer or if there is slough. The lymph 
node must be examined as it may suggest the infl ammatory or neoplastic cause. 

   Table 6.1    Other causes of limb ulcers   

 Physical or 
chemical injury 

 Pressure (decubitus), chemical (corrosive agents) following sclerotherapy, 
self-infl icted 

 Malignancy  Squamous cell carcinoma, basal cell carcinoma, melanoma, sarcoma, 
lymphoma, metastatic cancer 

 Drug induced  Steroid ulcers, halogens, ergotamine, methotrexate, hydroxyurea, 
paravasal injection of anticancer drugs as Adriamycin, mitomycin, 
vaccination ulcer following BCG 

 Skin diseases  Pyoderma gangrenosum, pseudoepitheliomatous hyperplasia, epithelioma, 
pemphigoid, panniculitis, periarteritis nodosa, erythema induratum, 
Behcet’s disease, cutaneous discoid and systemic lupus erythematosus, 
scleroderma, lichen planus, keratosis actinica, contact dermatitis, fat 
necrosis 

 Autoimmune  Dermatitis, lupus, rheumatoid arthritis, vasculitis, Wegener’s 
granulomatosis, allergic granulomatosis (Churg-Strauss), Henoch- 
Schonlein purpura,, erythema induratum Bazin, polyarteritis nodosa, 
Kawasaki disease 

 Metabolic  Diabetes mellitus, necrobiosis lipoidica, porphyria cutanea tarda, gout, 
calciphylaxis, calcinosis cutis, homocysteinuria, prolidase defi ciency, 
hyperoxaluria 

 Hematologic 
disorders 

 Sickle cell anemia, thalassemia, hereditary spherocytosis, glucose-6- 
phosphate dehydrogenase defi ciency, thrombotic thrombocytopenic 
purpura, granulocytopenia, polycythemia, leukemia, multiple myeloma, 
cryofi brinogenemia, purpura, hyperglobulinemia 

 Clotting disorders  Factor V Leiden, lupus anticoagulant, antiphospholipid syndrome, factor 
XIII defi ciency, antithrombin III defi ciency, protein C or S defi ciency 

 Infective causes  Tubercular, erysipelas, gas gangrene, anthrax, diphtheria, herpes, Madura, 
fungal, amoebiasis, leishmaniasis, leprosy 
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  Fig. 6.1    Venous ulcer       

  Fig. 6.2    Arterial ulcer       
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  Fig. 6.3    Diabetic foot ulcer       

  Fig. 6.4    Malignant ulcer       

  Fig. 6.5    Trophic ulcer       

 The ulcers may be classifi ed as spreading ulcer, healing ulcer, or chronic or cal-
lous ulcer, and pathologically they can be classifi ed as nonspecifi c ulcer, specifi c 
ulcers, and malignant ulcers. Further the ulcers can be classifi ed as per the grading of 
involvement (Wagner’s grading): Grade “0” preulcerative or healed ulcer, Grade “I” 
superfi cial ulcer, Grade “2” ulcer deeper to subcutaneous tissue exposing soft tissues 
or the bone, Grade “3” abscess formation underneath osteomyelitis, Grade “4” gan-
grene of part of tissues/limb/foot, and Grade “5” gangrene of entire one area/foot.  
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6.2     Thorough History 

 It is important to fi nd out the cause of any lower extremity ulcer to provide the 
correct treatment. A thorough physical examination with proper history can give 
the basic pathological diagnosis in majority of cases, but few patients will require 
the various investigations to fi nd out the cause. Always try to fi nd out any comor-
bid illness as diabetes mellitus, hypertension, hypercholesterolemia, autoim-
mune disease, peripheral vascular disease, atherosclerosis, infl ammatory bowel 
disease, and connective tissue disease must be investigated. Sometimes ulcers 
may be self-infl icted so a psychiatric evaluation should be done. Any history of 
deep vein thrombosis, recent surgery, prolonged bed rest, pregnancy, multiple 
spontaneous abortions, or genetic causes in form of thrombophilia may suggest 
the cause of ulceration. Patients with venous ulcers may give history of heaviness 
in limbs especially in the evening. Inquire about history of heavy smoking and 
drinking, patient’s social and occupational situation as prolonged standing may 
lead to varicose veins, and subsequent skin ulceration. Patients with higher body 
mass index are likely to have more ulceration. Find out the history of numbness, 
paresthesias, burning, or loss of sensation in the feet which may suggest diabetic 
neuropathic ulcer. Prolonged and poorly controlled diabetes not only causes neu-
ropathies but increases risks of leg infections and impairs wound healing. Also 
take the history of medications, such as hydroxyurea, which may lead to leg 
ulceration [ 4 ]. 

6.2.1     Examination 

 The physical examination must include the systemic examination, limb examina-
tion, skin examination, and ulcer examination. The systemic examination must 
evaluate the heart thoroughly as primary pathology may be in the heart. Also all the 
systems must be examined as respiratory, cardiac, neurological, abdomen, musculo-
skeletal examination.  

6.2.2     Limb Examination 

 In the examination of the limb, especially palpate all the pulses up to dorsalis pedis, 
assess capillary fi lling time, and also look for signs of venous hypertension. These 
signs include varicose veins and pigmentation of the skin over the lower leg. The 
diameter of the limb at various levels must be measured including the normal side 
also. Mobility should also be assessed at all joints. Leg range of motion at the ankle/
knee/hip should also be assessed to distinguish between pain from infl ammation 
and pain from arterial insuffi ciency. One must examine the sensation of the foot 
along with motor power.  
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6.2.3     Skin Examination 

 Always examine the surrounding tissue. Venous disease may present with staining 
and pigmented spots especially around the ankle, brawny skin, lipodermatosclero-
sis, reticular or varicose veins, atrophic blanche (patchy areas of ischemia), telangi-
ectasia, and stasis eczema. In venous ulcers, the surrounding skin may be 
erythematous with scaling, irregular shaggy borders, and crusting. On the other 
hand, patients with arterial disease have trophic changes of chronic ischemia, with 
pale skin which is often hairless, cool, and shiny. Nails may be thickened nail and 
architecture of the foot may be deformed.  

6.2.4     Ulcer Examination 

 For having a fi rm diagnosis, location and pain are the key fi ndings. Venous leg ulcers 
usually occur in the gaiter region of the lower leg, most often medially, and are super-
fi cial with poorly defi ned margins. The fl oor is usually red granulation tissue with 
moderate to high levels of exudate. Exudate levels vary depending on the ulcer size, 
the presence of leg edema, and the presence or absence of infection. Obese patients 
with coexisting lymphedema may have more edema and more exudates. Arterial 
ulcers can occur anywhere on the lower leg and less likely in the gaiter region. Many 
arterial/ischemic ulcers occur over a bony prominence and have a history of pressure 
related to the cause. Arterial ulcers have slough and devitalized tissue in the wound 
fl oor and less wound exudate. In patients with ulcers on the sole of the foot, the sole 
should be examined for signs of ascending infection, including proximal tenderness 
and appearance of pus on proximal compression of the sole. Surrounding calluses are 
typical of neuropathic ulcerations, and sinus track formation should be explored by 
probing the wounds. Neuropathic ulcers especially in diabetic patients and other neu-
rological problems occur on the sole of the feet under the metatarsal heads, in the 
area with the most postural pressure exerted. The other types of ulcers may occur in 
any part of the lower extremity. The degree of discomfort or pain can give clue to the 
underlying condition. Arterial ulcers are particularly painful at night, can become 
severe, and are relieved by dependency and made worse by elevation, even to a hori-
zontal position in bed. Venous ulcers are mildly painful, relieved with elevation, and 
often get relief from a gentle massaging of the surrounding skin. Ulcers with signs of 
infl ammation with a purple border and extreme pain may be because of vasculitis or 
underlying connective tissue disorder. They often present with a rapid increase in 
size, severe pain, and necrotic tissue in the wound base. Lesions that present as blis-
ters such as bullous pemphigoid are related to an autoimmune condition [ 5 ]. Table  6.2  
shows the differential diagnosis of common ulcers.

6.3         Noninvasive Diagnosis 

 Many of the ulcers are diagnosed only by clinical examination, but it is advisable to 
combine with noninvasive or invasive assessment of the circulation to confi rm the 
clinical impression. 
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6.3.1     Ankle Brachial Pressure Index (ABPI) 

 ABPI testing is very important for the diagnosis of an ischemic ulcer. Brachial and 
ankle blood pressure determination is measured with the help of handheld Doppler 
measured after 10 min rest. The cuff is placed above the malleoli. The maximum 
cuff pressure at which the pulse can be heard with the probe is recorded and divided 
by the systolic blood pressure measured at the brachial artery. Normal ABPI value 
is 0.9–1.1 (average 1). ABPI values below 0.9 suggest peripheral arterial occlusive 
disease. If the vessels are calcifi ed as in atherosclerosis and diabetes, ABPI can be 
inaccurate or invalid because the arteries may be hard to compress due to calcifi ca-
tion. So usually pressure above 1.3 suggests calcifi ed vessels and is an indication of 
diseased vessel. If the ABPI is 1.3 or more, then a toe pressure is measured as it is 
most often spared from calcifi cation. ABI testing can be performed before and after 
exercise to uncover mild peripheral arterial atherosclerosis that presented with nor-
mal values at rest [ 6 ].  

6.3.2     Duplex Ultrasound 

 Duplex ultrasound which combines B or M mode ultrasound with Doppler is an 
inexpensive, quick, and noninvasive method that screens and detects the various 
vascular diseases. It is regarded as the test of choice for diagnosis of venous refl ux, 
thrombosis, arterial obstruction, and aneurysms. It differentiates between stenosis 
and occlusion and provides information for the plaque content and surface charac-
teristics to aid and also guide treatment. It also helps to identify acute, chronic, and 
recurrent thrombosis as well as to demonstrate collateral pathways and the fl ow 
dynamics. It is also an excellent tool for differential diagnosis as tumors, cysts, 
hematoma, and other pathologies may be detected during the vascular examination. 
Furthermore, it is used for studying the effect of treatment, progression of disease, 
or developments of new pathology. So being the noninvasive test, Duplex ultra-
sound is the test of choice for any vascular pathology [ 7 – 9 ].  

6.3.3     Plethysmography 

 Doppler ultrasound studies the fl ow of blood, while plethysmography measures the 
volume of blood. There are several types of plethysmography, such as air, photo, 
and strain gauge. It is used to detect and quantify arterial and venous disease. 
Depending on the device used, pressure and fl ow measurements, waveform pat-
terns, volume changes, amount of refl ux, degree of venous obstruction, and the 
effi ciency of the calf muscle pump can be estimated. All these are important as the 
severity of the disease can be demonstrated to determine their impact on ulceration. 
Usually this test is not performed and is mainly used for academic purpose rather 
than clinical use. One can also measure ambulatory venous pressure especially in 
suspected venous ulcer cases.  
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6.3.4     Computer Tomography 

 Spiral CT angiography is an accurate modality to assess presence and extent of periph-
eral arterial disease. This test is usually performed if the intervention is required either 
endovascular or open surgery or hybrid techniques. CT angiography has become pop-
ular due to rapid technical developments in terms of shorter acquisition times, thinner 
slices, higher spatial resolution, and improvement of multidetector computed tomo-
graphic scanners which enable scanning of the whole vascular tree in a limited period 
with less amount of contrast. CT venography is also accurate to determine proximal 
venous obstruction, but as it is relatively static, one cannot evaluate refl ux. CT can 
also detect aneurysms, AV fi stulae, and any other pathology like neoplasms and can 
determine the extent of disease and involvement of surrounding structures.  

6.3.5     Magnetic Resonance Imaging 

 Magnetic resonance arteriography (MRA) equivalent to CT angiography is a nonin-
vasive method to visualize the peripheral vasculature, to detect hemodynamically 
signifi cant stenosis, and to distinguish focal from long-segment occlusive disease. 
Advantage of its use is that it does not need any contrast, so the patients with 
deranged renal functions may undergo MRA. But the disadvantage is that it takes a 
much longer time to perform and also cannot be used in the patients on pacemakers 
and any other prosthesis. Further claustrophobia and the sounds produced during 
the procedure may not be palatable to the patients. MRA has the ability to defi ne the 
pattern of the disease and help in planning for arterial access sites (retrograde or 
antegrade). More specifi cally, MRA has proven useful in detecting occult runoff 
channels, which can be used for distal bypass. Magnetic resonance venography has 
a great accuracy in detecting proximal vein obstruction and may differentiate acute 
from chronic thrombosis.  

6.3.6     Phlebography 

 Phlebography is usually not done because of the availability of noninvasive tests as 
Duplex and relatively less invasive as CT or MRI, but it can identify the location and 
extent of blood clots and enables the condition of the deep leg veins to be assessed. 
It is especially useful when there is a strong suspicion of deep vein thrombosis, after 
noninvasive tests have failed to identify the disease. Phlebography can also be used 
to evaluate congenital vein problems and assess the function of the deep vein valves. 
Phlebography is a great method to demonstrate the extension of obstruction and all 
the collateral pathways. It can guide treatment and at the same time assess its effect. 
It is not used often, because it is painful, expensive, and time-consuming, exposes the 
patient to a fairly high dose of radiation, and can cause phlebitis, tissue damage, and 
the formation of deep vein thrombosis in a healthy leg. It is reserved for evaluating 
limbs that may need deep vein reconstruction or to open proximal vein obstruction.  
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6.3.7     Arteriography 

 Contrast arteriography was supposed as the gold standard for evaluation of arterial 
disease. But again as being the invasive procedure, it is less used until unless a thera-
peutic procedure is planned. It can be done usually by transfemoral route (Seldinger’s 
technique), but in the higher blocks, direct lumbar puncture into aorta had been used 
in the past. It demonstrates the arterial tree in its entirety, to readily delineate the site 
of arterial stenosis and occlusion. It is indicated for select patients, who will undergo 
revascularization to reestablish perfusion. In addition to providing valuable ana-
tomic information, pressure measurements across arterial stenosis can be obtained 
to gauge the hemodynamic severity of a lesion. More importantly, interventions can 
be done using balloons, stents, and other devices. In patients with vascular malfor-
mations, selective catheterization can be performed to obliterate the feeding vessels. 
There are several complications being an invasive technique, such as hematoma, 
pseudoaneurysm, arteriovenous fi stula formation, embolism, dissection, and renal 
failure. As the amount of contrast used is high, so it can lead to renal failure. Further 
patient may go into anaphylaxis because of reaction to contrast.  

6.3.8     Intravascular Ultrasound (IVUS) 

 Usually this technique is not available, but it can differentiate between the normal 
and abnormal vessel. It also determines plaque volume within the wall of the artery 
and the degree of stenosis. Small lesions like intimal fl aps or tears are well visual-
ized because of their high fi brous tissue content and the contrasting echoic proper-
ties of surrounding blood. Intramural thrombus appears as echogenic homogenous 
mass with varying image attenuation beyond the location. IVUS an also differenti-
ate noncalcifi ed vessels versus calcifi ed because the latter appears as a bright image 
with dense acoustic shadowing because the ultrasound energy is refl ected by calci-
fi ed plaque. It is also used to identify proximal venous obstruction. It allows precise 
estimation of the stenosis and the diameter of the lumen so the correct balloons and 
stents are used in the best possible position.  

6.3.9     Bacterial Culture 

 A quantitative bacterial culture is more specifi c and should be performed once 
wound infection is suspected. This is performed by curetting or biopsying the bed 
of the ulcer rather than just the superfi cial swab which usually is contaminated or 
has dead tissue. The quantitative biopsy is the current gold standard for assessing 
the quality and quantity of microbial pathogens within wound. Quantitative biopsies 
containing greater than 10 5  organisms per gram of tissue are considered signifi cant. 
If osteomyelitis is suspected, representative cultures need to be obtained from the 
bone or deepest tissue layers [ 10 ].  
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6.3.10     Skin Biopsy 

 Skin biopsies is used in ulcers of indeterminate cause and suspected neoplastic 
pathology. A patient with long-standing ulceration like venous ulcers may change to 
malignancy as Marjolin’s ulcer. Any wound that is suspected of a malignant process 
must be biopsied, especially if refractory to treatment for at least 3 months, and tis-
sue sample must be taken from the wound bed and the edge including surrounding 
skin. One can perform the punch biopsy or an incision biopsy. Biopsy should be 
taken from the margins and not from the central part which may be necrotic. Usual 
neoplastic skin ulceration is squamous cell carcinoma in lower extremity, but one 
may get a basal cell carcinoma, melanoma, and the sarcomas rarely.  

6.3.11     Documentation 

 All ulcers must be documented and one should note down all the dimensions of the 
ulcer. There are many ways to document and one should keep a serial order as per 
the date. The various types of rules, gauge piece, and camera documentation may be 
done. Sophisticated mobile softwares are available to carry out documentation.   

    Conclusion 

 Any ulcer in the leg present for more than six weeks is considered as chronic 
ulcer. Some say that this period may be only 6 weeks to 3 months. The common-
est cause of chronic ulcer is venous followed by arterial, diabetic, and neuro-
pathic. But a good number of cases may have etiology of different nature. A 
comprehensive history and examination of the patient, limb, and ulcer is required 
to determine etiology and to formulate an appropriate management plan, and it 
may require a battery of tests to reach to a fi nal diagnosis. Management of 
patients with chronic ulcers has to be multidisciplinary, and it involves not only 
the physician but the nursing personnel who play a very important role, and the 
support of the family and the society is crucial. Educating patients and the family 
members on issues of correct foot care and the importance of seeking early medi-
cal advice cannot be overstated.     
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7.1            Introduction 

 Ulceration of the lower limb in aging population with comorbidity associated has 
always been a challenge in philosophy of wound management. Acute ulcers have a 
predictable outcome with rapid progression or regression and outcome achieved 
within 3–4 weeks. The etiology of the lower limb ulcerations varies from different 
geographic regions in world. In Western societies, most chronic lower limb ulcers 
are due to vascular diseases, whereas in developing countries, trauma, infections, 
malignancies, and poorly controlled diabetes remain the most common causes of 
chronic lower limb ulceration [ 1 – 3 ]. The treatment of chronic lower limb ulcers 
requires multidisciplinary approach [ 4 ,  5 ]. Multifactorial etiology and interdisci-
plinary approach in management are key factors determining outcome [ 5 ].  

7.2     Epidemiology 

 Chronic leg ulcer (CLU) also termed as chronic lower limb ulcer is a chronic wound 
of the leg that shows no tendency to heal after 3 months of appropriate treatment or 
is not still fully healed at 12 months [ 6 ]. Ulcers can be defi ned as wounds with full 
thickness depth and a slow healing tendency [ 7 ]. Investigations are aimed for cor-
rect diagnosis to avoid inappropriate treatment that may delay wound healing, cause 
deterioration of wound, or harm the patient to detect underlying cause and work up 
the needful intervention. Complete history and accurate assessment clinically are 
prerequisites before any investigations. Chronic leg ulcers affect 0.6–3 % of those 
aged over 60 years, increasing over to 5 % of those aged over 80 years [ 8 ]. 
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 Principles and philosophy of investigations are governed by history and exami-
nation to detect cause, direct treatment, and predict prognosis. Both modalities, 
invasive and noninvasive, are essential according to assessment after history and 
examination. Almost 70 % of leg ulcers have a venous etiology; approximately 
20–25 % are due to arterial insuffi ciency; and some of these have a mixed vascular 
etiology. The remaining causes include infection, malignancy, vasculitis, lymph-
edema, pyoderma gangrenosum, and other conditions [ 9 ]. 

 Lower extremity ulcers are always assessed systematically with skin assessment, 
vascular assessment, ulcer assessment, and limb assessment with assessment of the 
patient as a whole for comorbidities and risk factors associated [ 10 ]. After complete 
history and physical examination, mostly diagnosis of lower limb ulcer is almost 
settled, but the role of investigations is always integral for etiology, treatment, fol-
low- up, and prevention. In acute ulcers, investigations are directed toward the detec-
tion of risk factors and comorbidities, but isolation of microbes and antibiotic 
sensitivity are key investigations. In chronic ulcers, almost 95–98 % are caused by 
venous, arterial, or diabetic and other less common causes are to be detected mostly 
by invasive investigation with biopsy.  

7.3     Investigations 

 Lower extremity ulcers are investigated after proper clinical history and examina-
tion. Both types of investigations, diagnostic and prognostic, are essential for proper 
management.  

7.4     Diagnostic and Prognostic Investigations 

 First-line routine biochemical and hematological laboratory investigations included 
are essential as they are sometimes diagnostic but always of prognostic signifi cance. 
Blood investigations like complete blood count, erythrocyte sedimentation rate, 
lipid profi le, renal function tests, and liver function tests are prognostic, while blood 
sugar is diagnostic. 

 Screening tests for vasculitis are urine analysis for proteinuria, hematuria, cylin-
druria, antinuclear antibodies (ANA), rheumatoid factor (RA), complement C4, cir-
culating immune complexes, paraproteins, immunoglobulin fractions, antineutrophil 
cytoplasmic antibodies, serological tests and cultures for underlying infections, and 
fi nally routine and immunohistopathology of skin biopsies [ 11 ]. These battery of 
tests have both diagnostic and prognostic signifi cances. 

 Clotting disorders are screened by activated partial thromboplastin time (APTT), 
prothrombin time (PT), thrombin time (TT), factor V Leiden mutation, factor II (throm-
bin) mutation, antithrombin III, protein C and protein S, and lupus anticardiolipin [ 11 ]. 

 For majority of ulcers falling in venous category, color Duplex ultrasound is the 
standard investigation serving diagnostic purpose by evaluating venous obstruction 
and assessing location and extent of refl ux in venous obstruction. Plethysmography 
and venography are supplementary investigations for planning surgery. Plain X-ray, 
CT, and MRI are used in selective ulcers to rule out osteomyelitis and malignancy. 
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 Microbe isolation by culture and sensitivity is very specifi c and always per-
formed once there is a possibility of infection. Ulcer biopsy is done for fi nal tissue 
diagnosis once there is a possibility of malignancy. Gene variant analysis in venous 
ulcer is evolving as a prognostic tool for healing and prevention of ulcer well in 
advance once high risk is detected.  

7.5     Noninvasive and Invasive Investigations 

 Diagnostic tests are fi rst line followed by prognostic tests. Based on history and 
clinical examination, selected tests should be performed according to requirement. 
In chronic ulcers almost up to 98 % are due to venous, arterial, or diabetic, so the 
primary and most important investigations in chronic ulcers are vascular assess-
ment. ABPI and Duplex ultrasound are two key investigations in all cases of isch-
emic ulcers. If an ulcer is recurring, etiology is unclear, and all invasive and 
noninvasive studies have been preformed, a biopsy is essential to establish a diagno-
sis and to further understand the etiology of the disease. As always, management of 
chronic wounds can be improved by understanding the true etiology and therefore 
treating the underlying problem. 

 Assess the vascular supply to the site of ulceration so that the likelihood of satis-
factory wound healing may be estimated. Several methods of determining the ade-
quacy of the pedal circulation are available, e.g., ABI, Xenon-133 clearance, and 
transcutaneous oxygen tension.

    A.     Ankle - brachial pressure index  ( ABI / ABPI ): (Figs.  7.1  and  7.2 ) Most basic and 
essential tool of noninvasive investigations is ankle-brachial pressure index 
(ABPI) for accurate assessment of arterial perfusion. Ischemic ulcers should 
always be assessed by ABI. It is done by using a handheld Doppler ultrasound 
and sphygmomanometer. The results are used to determine the likelihood of arte-
rial insuffi ciency and can be used to guide the management plan. It should be 
done after 10 min of rest and cuff placed proximal to the malleoli. ABI values 
below 0.9 are considered as evidence of peripheral arterial occlusive disease [ 12 ].

  Fig. 7.1    Handheld Doppler for measurement of systolic pressure for ABPI       
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    When Doppler tests indicate arterial insuffi ciency, arterial Duplex ultraso-
nography will (noninvasively) provide accurate anatomic and hemodynamic 
information on the site and extent of the arterial disease. When indicated, further 
detailed anatomic information for treatment planning can be obtained from 
magnetic resonance angiography, computer tomographic angiography, or digital 
subtraction angiography [ 12 ]. 

 Ankle-brachial indices (ABIs) and toe digital pressures with pulse volume 
recordings can provide good clues to the perfusion of the foot. Findings are also 
predictive of wound healing, although they may be misleading in patients with 
diabetes and calcifi ed noncompressible arteries. An ankle pressure greater than 
55 mmHg suggests adequate leg perfusion. Research suggests that venous ulcers 
require a higher ABI for healing than arterial ulcers. The diagnosis of critical 
limb ischemia is supported by either an ankle systolic pressure of 50 mmHg or 
less or digital pressures less than 30 mmHg. Limitation of ABI is calcifi ed ath-
erosclerotic arteries mostly in diabetics giving higher false value of ABI due 
reduced compressibility caused by calcifi cation.   

Right ABI

Right arm
systolic pressure

Right ankle
systolic

pressure

Higher of the right ankle pressures Higher of the two left ankle pressures

Higher of the two arm pressures

Posterior tibial Posterior tibial

Dosalis pedis Dosalis pedis

Higher of the two arm pressures

Left arm
systolic pressure

Left ankle
systolic

pressure

Left ABI

  Fig. 7.2    ABPI       
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   B.     Xenon - 133 clearance  to measure blood fl ow can help estimate the chance of 
wound healing. A rate of 2.6 mL/100 g is believed to be adequate for healing.   

   C.     Transcutaneous oxygen tension  may be measured; however, a wide discrepancy 
exists with the minimal level below which wound healing does not occur. Most 
agree that a pressure of 30–35 mmHg is suffi cient for healing of more than 90 % 
of wounds.     

7.5.1     Leg Ulcer Measurement Tools (LUMT) 

 Accurate and regular measurement of the wound is important to give an objective 
assessment of the effectiveness of the current management plan. The leg ulcer mea-
surement tool (LUMT) is a validated tool that has been developed to quantify leg 
ulcer assessment and can be used to track change in wound status over time. Various 
methods have been used to document an ulcer of the lower extremity (Fig.  7.3 ). 
They can be broadly classifi ed into the following:

     (a)     Contact methods 
    1.    Ruler method   
   2.    Graduated swab stick method   
   3.    Alginate cast   
   4.    Planimetry   
   5.    Kundin gauge   
   6.    Wound tracing    

      (b)     Noncontact methods 
    1.    Clinical photography   
   2.    Stereophotogrammetry   
   3.    Structured light techniques   
   4.    Laser triangulation   
   5.    Alfred/Medseed wound imaging system   
   6.    Video image analysis   
   7.    Magnetic resonance imaging    

  Fig. 7.3    Leg ulcer measurement tools       
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      Role of ulcer measurement tools is to see progress of wound healing, and these 
are instrumental in monitoring of wound healing after different modes of interven-
tions. Only limited role of ulcer measurement tools is well defi ned in experimental 
studies of chronic ulcers.  

7.5.2     Doppler Duplex Scanning 

 Due to rapid, easy, and inexpensive assessment, Duplex ultrasound can be consid-
ered as a screening tool for detecting vascular pathology in chronic ulcers. 
Combination of ultrasound with Doppler detects the distribution and extent of vas-
cular disease. It is regarded as the investigation of choice for the diagnosis of venous 
refl ux, thrombosis, arterial obstruction, and aneurysms [ 13 ,  14 ]. Stenosis and occlu-
sion can be clearly demonstrated and differentiated with adequate information about 
surface characteristics and plaque content to direct the treatment plan according to 
etiology and anatomical delineation of pathology of the vascular segment affected. 
In chronic cases or during follow-up, collateral pathways and fl ow dynamics are 
demonstrated leading to the identifi cation of acute, chronic, or recurrent thrombo-
sis. Duplex scan is an excellent tool to differentiate tumors, cysts, hematoma, clots, 
thrombus, and foreign body in vascular tree. Considering its excellent sensitivity 
and availability, it is integral in the diagnosis and follow-up with effect on treatment, 
progression of disease, or developments of new pathology. Duplex is superior in the 
detection of venous refl ux with a sensitivity greater than 75 %, compared to approx-
imately 40 % for descending venography. Neglen and Raju suggest that combining 
Duplex scanning with air plethysmography helps differentiate severe venous dis-
ease from mild venous disease [ 15 ].  

7.5.3     Plethysmography 

 Considering the surgical options in chronic ulcers, plethysmography is used to 
detect and quantify arterial and venous diseases [ 16 ,  17 ]. Several types of plethys-
mography have been evolved such as air, photo, and strain gauge. Depending on the 
device used, pressure and fl ow measurements, waveform patterns, volume changes, 
amount of refl ux, degree of venous obstruction, and the effi ciency of calf muscle 
pumps can be calculated. All these parameters are important as the severity of the 
disease can be demonstrated to determine the impact of ulceration. So, these are 
good tests to assess treatment and progression of the disease. Venous pressure data 
are important in determining the need for surgical bypass or valve replacement. 
Quantitative data on venous obstruction, calf muscle pump ejection fraction, and 
refl ux are provided by air plethysmography, whereas venous pressure studies assess 
the physiological importance of anatomic obstruction because the collaterals may or 
may not provide adequate compensation for an obstructed pathway. Dual signifi -
cance with both diagnostic and prognostic effi cacies is associated with plethysmog-
raphy, but its use is limited mostly to academic and research purpose.  
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7.5.4     Computed Tomography (CT Arteriography and CT 
Venography) (Figs.  7.4  and  7.5 ) 

     In chronic ulcer, spiral CT angiography (CTA) is an accurate modality to assess the 
presence and extent of peripheral arterial disease (PAD). This investigation is done 
only if the active intervention is required to salvage the limb and improve the quality 
of life by reducing rate of limb loss and persistent pain. Modes of interventions are 
either endovascular, open surgery, or hybrid techniques. CT angiography has become 
popular due to rapid technical developments in terms of shorter acquisition times, 
thinner slices, higher spatial resolution, and improvement of multidetector computed 
tomographic scanners that enable the scanning of the whole vascular tree in a limited 
period with limited contrast [ 18 ]. CT venography (CTV) is also accurate to deter-
mine proximal venous obstruction, but as it is relatively static, one cannot evaluate 
refl ux. CT can also detect aneurysms, AV fi stulae, and any other pathologies like 
neoplasms and can determine the extent of disease and involvement of surrounding 
structures. Both CT arteriography and CT venography are considered as excellent 
tools for differential diagnosis to detect vascular lesion in chronic ulcers [ 19 ]. 

  Fig. 7.4    CT angiography 
showing popliteal artery 
aneurysm. Patient 
presented with ulceration 
of foot       
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7.5.4.1     Magnetic Resonance Imaging (MR Arteriography and MR 
Venography) 

 Despite limited availability and skilled interpretation of fi ndings, magnetic reso-
nance arteriography (MRA) equivalent to CT angiography is a noninvasive method 
to visualize the peripheral vasculature, to detect hemodynamically signifi cant steno-
sis, and to distinguish focal from long-segment occlusive disease [ 20 ]. Advantage 
of its use is that it does not need any contrast, so the patients with deranged renal 
functions may undergo MRA. But the disadvantage is that it takes a much longer 
time to perform and also cannot be used in the patients on pacemakers and any other 
prosthesis. Further claustrophobia and the sounds produced during the procedure 
may not be palatable to the patients. MRA has the ability to defi ne the pattern of the 
disease and help in planning for arterial access sites (retrograde or antegrade). More 
specifi cally, MRA has proven useful in detecting occult runoff channels, which can 
be used for distal bypass [ 21 ]. Ulcerations should be bright on T2-weighted imag-
ing, with peripheral enhancement of the ulcer base. Magnetic resonance venogra-
phy has a great accuracy in detecting proximal vein obstruction and may differentiate 
acute from chronic thrombosis [ 22 ]. Drawback of MRV is failure to demonstrate 
venous refl ux. MRA and MRV can be easily compared to CTA and CTV for excel-
lency in differential diagnosis tool for vascular lesions. 

 Magnetic resonance angiography (MRA) can also be useful when evaluating 
lower extremity disease. Yucel et al. found that MRA was 94 % accurate in 

  Fig. 7.5    CT angio showing bilateral femoral block at variable levels       
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evaluating lower extremity vessels when compared to conventional angiography or 
surgery [ 23 ] Owen and coworkers found that MRA detected all runoff vessels when 
compared to conventional angiography and, in fact, was more sensitive than con-
ventional arteriography for visualizing both runoff vessels and arterial stenosis [ 24 ].  

7.5.4.2     Phlebography/Venography 
 Phlebography is usually not done because of the availability of noninvasive tests 
such as Duplex and relatively less invasive such as CT or MRI, but it can identify 
the location and extent of blood clots and enables the condition of the deep leg veins 
to be assessed. It is especially useful when there is a strong suspicion of deep vein 
thrombosis, after noninvasive tests have failed to identify the disease. Ascending 
venography also may be considered to obtain detailed anatomic information. This 
study can reveal axial channel patency, perforator incompetence, obstruction, and 
the presence of deep venous thrombosis. Phlebography can also be used to evaluate 
congenital vein problems and assess the function of the deep vein valves. 
Phlebography is a great method to demonstrate the extension of obstruction and all 
the collateral pathways. It can guide treatment and at the same time assess its effect. 
It is not used often, because it is painful, expensive, and time-consuming, exposes 
the patient to a fairly high dose of radiation, and can cause phlebitis, tissue damage, 
and the formation of deep vein thrombosis in a healthy leg. It is reserved for evaluat-
ing limbs that may need deep vein reconstruction or to open proximal vein obstruc-
tion [ 25 ].  

7.5.4.3     Percutaneous Arteriography 
 It is integral to do angiography when visualization of the vessels of the lower 
extremities is desired. A femoral runoff study is the study of choice. It reveals the 
fi lling of leg vessels down to the ankle. The plantar arch also may be visualized if 
the location of the wound is distal enough to warrant it. This study is invaluable to 
both the plastic surgeon when providing coverage and to the vascular surgeon if 
revascularization is also performed. 

 Contrast arteriography is the gold standard for the evaluation of arterial disease. 
But again as being the invasive procedure, it is less used until unless a therapeutic 
procedure is planned. It can be done usually by transfemoral route (Seldinger’s 
technique), but in the higher blocks, direct lumbar puncture into the aorta had been 
used in the past. It demonstrates the arterial tree in its entirety, to readily delineate 
the site of arterial stenosis and occlusion. It is indicated for select patients, who will 
undergo revascularization to reestablish perfusion. In addition to providing valuable 
anatomic information, pressure measurements across the arterial stenosis can be 
obtained to gauge the hemodynamic severity of a lesion. More importantly, inter-
ventions can be done using balloons, stents, and other devices. In patients with 
vascular malformations, selective catheterization can be performed to obliterate the 
feeding vessels. Limited use of arteriography in clinical practice due to catastrophic 
complications is occurring sometimes. There are several complications being an 
invasive technique, such as hematoma, pseudoaneurysm, arteriovenous fi stula for-
mation, embolism, dissection, and renal failure. As the amount of contrast used is 
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high, it can lead to renal failure. Further patient may go into anaphylaxis because of 
reaction to the contrast [ 26 ].  

7.5.4.4     Intravascular Ultrasound (IVUS) 
 This technique is not available commonly, but it can differentiate between the nor-
mal and abnormal vessel. It also determines plaque volume within the wall of the 
artery and the degree of stenosis. Small lesions like intimal fl aps or tears are well 
visualized because of their high fi brous tissue content and the contrasting echoic 
properties of surrounding blood. Intramural thrombus appears as echogenic homog-
enous mass with varying image attenuation beyond the location. IVUS can also 
differentiate noncalcifi ed vessels versus calcifi ed because the latter appear as a 
bright image with dense acoustic shadowing because the ultrasound energy is 
refl ected by calcifi ed plaque [ 27 ,  28 ]. It is also used to identify proximal venous 
obstruction. It allows precise estimation of the stenosis and the diameter of the 
lumen so the correct balloons and stents are used in the best possible position.  

7.5.4.5    Skin Biopsy/Ulcer Biopsy 
 Although an invasive investigation, biopsy of the ulcer including normal adjoining 
skin is the fi nal armamentarium in diagnosing doubtful, suspicious, or indetermi-
nate causes of chronic ulcers. In acute ulcers biopsy has limited role and usually not 
recommended. Most common use of skin biopsies is in ulcers of indeterminate 
cause and suspected neoplastic pathology. Chronic ulcer of long durations of many 
years like venous ulcers may change to malignancy [ 29 ]. Marjolin’s ulcer is an 
example of a malignant transformation of long-standing ulcers. 

 Ulcer biopsy is important in making a correct diagnosis and to rule out malignancy 
as these ulcers are prone to malignant transformation [ 29 ]. This requires taking a deep 
wedge of tissue from the ulcer edge and can usually be performed under local anes-
thesia [ 30 ]. Chronic ulcers are sometimes biopsied for experimental protocols to 
obtain information regarding the wound bed or the wound edge to grow cells in vitro 
from nonhealing wound. Chronic wounds do not worsen overall after a biopsy of the 
wound edge and wound bed is performed. In the majority of the patients, the biopsy 
site heals up to the original wound edge. The biological underpinning for this occur-
rence is unclear. There is a paucity of studies investigating the effects of biopsies on 
the healing of chronic wounds. However, recent research on the molecular pathogen-
esis of nonhealing wounds has shown that there are phenotypic differences in the cells 
populating the wound edge and the surrounding skin. Keratinocytes at the edge of the 
wound show deregulation in cell differentiation and cell migration, resulting in a 
hyperproliferative epidermal edge that fails to reepithelialize the wound bed. However, 
cells in the periwound area retain the capacity to differentiate, migrate, and respond 
appropriately to wound healing signals. In other studies, phenotypic changes have 
been found between dermal fi broblasts cultured from chronic versus acute wounds. 
Dermal fi broblasts cultured from the edge of chronic wounds have decreased respon-
siveness to transforming growth factor-β1 (TGF-β1) and platelet-derived growth fac-
tor in terms of collagen production and proliferation. The mechanism for decreased 
responsiveness to TGF-β1 may be the result of downregulation of TGF-β type II 
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receptor expression and under phosphorylation of key signaling proteins, such as 
Smad2/Smad3 and p48/44 MAPK. The expression of a downstream TGF-β inducible 
protein, βig-H3, has been found to be decreased in chronic wound fi broblasts and in 
the dermis of chronic nonhealing wounds. Thus, taking a biopsy of the wound edge 
may remove part of the nonhealing edge and abnormal cell populations and thus pro-
duce an acute injury capable of resetting the healing process. This sequence of events 
may lead to healing in a more timely manner. 

 There are no studies that focused primarily on the safety of performing wound 
biopsies in chronic wounds. However, several practice guidelines have been recom-
mended performing wound biopsies for histological diagnosis or microbiologic 
testing in wounds that have not improved within 2–6 weeks of appropriate manage-
ment. The Food and Drug Administration (FDA) recommends performing biopsies 
of the wound, when needed clinically, as an objective tool to exclude neoplastic, 
immune-mediated, or primary infectious disease. In addition, they suggest perform-
ing wound biopsies to diagnose wound infections and to guide treatment. In the 
future, we may use this information to guide us when to best perform wound biop-
sies. One might recommend that diagnostic or experimental biopsies be performed 
several weeks after resolution of the infection. 

 Wound healing rates at 3 and 4 weeks have been used as predictors of ultimate 
wound closure. A recent study published on healing rates of both venous and dia-
betic ulcers determined that a healing rate of 1.5 mm/week was predictive of wound 
closure at 12 weeks. The biopsy site heals up to the original wound edge. It is quite 
possible that, once stabilized (standard therapy with a run-in period), chronic 
wounds reach a size that corresponds to the underlying pathophysiological defects 
and are, therefore, as large as they can be, based on those intrinsic abnormalities. 
Certainly, more studies with a larger sample size and a more homogenous patient 
population are needed. However, the data presented in this report are consistent with 
our long clinical experience that biopsies are a safe procedure in patients with oth-
erwise impaired healing. These fi ndings should prove useful for clinicians and 
investigators. 

 Usually neoplastic skin ulceration is squamous cell carcinoma in the lower extrem-
ity, but one may get a basal cell carcinoma, melanoma, and the sarcomas rarely.    

7.6     Microbial Isolation 

 A quantitative bacterial culture is more specifi c and should be performed once 
wound infection is suspected [ 31 ]. This is performed by curetting or biopsying the 
bed of the ulcer. The quantitative biopsy is the current gold standard for assessing 
the quality and quantity of microbial pathogens within the wound [ 31 ,  32 ]. 
Quantitative biopsies containing greater than 10 5  organisms per gram of tissue are 
considered signifi cant, and systemic antibiotic therapy should be considered. If 
osteomyelitis is suspected, representative cultures need to be obtained from the 
bone or deepest tissue layers [ 8 ]. Chronic wounds contain complex polymicrobial 
communities of sessile organisms that have been underappreciated because the 
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limitations of standard culture techniques increased bacterial diversity with an 
 average of 17 genera in each wound. Data from microbial community profi ling of 
chronic wounds were compared with published sequenced analyses of bacteria 
from normal skin. Increased proportions of anaerobes, Gram‐negative rods, and 
Gram‐positive cocci were found in chronic wounds. In addition, chronic wounds 
had signifi cantly lower populations of  Propionibacterium  compared with normal 
skin. Using epifl uorescence microscopy, wound bacteria were visualized in highly 
organized thick confl uent biofi lms or as scattered individual bacterial cells. 
Fluorescent in situ hybridization allowed for the visualization of  Staphylococcus 
aureus  cells in a wound sample. Quorum‐sensing molecules were measured by 
bioassay to evaluate signaling patterns among bacteria in the wounds. A range of 
autoinducer‐2 activities was detected in the wound samples. Collectively, these 
data provide new insights into the identity, organization, and behavior of bacteria 
in chronic wounds. Such information may provide important clues to effective 
future strategies in wound healing.  

7.7     Gene Variant Analysis 

 The clinical application of gene variant analysis and evaluation in patients with 
venous leg ulcers implies that the high-risk minority of patients could be identifi ed 
in advance by means of a simple blood test that would act as a genetic screening 
device. Utility of gene variant analysis is to prevent chronic ulcers by modifi cations 
of lifestyle and minimize morbidity in high-risk populations [ 33 ].  

    Conclusion 

 Majority of the ulcers may be diagnosed clinically by thorough history and 
examination, but investigations are needed for unusual cases. Baseline investiga-
tions must be available for all cases, and in special type of cases, specifi c inves-
tigations are needed. Majority of the chronic ulcers are vascular in origin, so 
Duplex ultrasound is the choice of investigation in almost all type of chronic leg 
ulcers. In long- standing cases where the ulcer is not responding to the treatment, 
a biopsy must be performed. The biopsy should be performed from the margins 
of the ulcer and not from the center which may show only necrotic material. The 
ulcers respond best if correctly diagnosed.     
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8.1            Introduction 

 The primary function of normal, intact skin is to control microbial populations that 
reside on the skin surface and to prevent underlying tissue from becoming colonized 
and invaded by potential pathogens. Ulcer causes break in continuity of skin and 
makes a path for entry of pathogen. Infections of the lower extremity ulcers are a 
major source of morbidity and important cause of amputation and sometimes mor-
tality in patients particularly with neuropathy and diabetes. Not all ulcers are 
infected. Evaluation of infection should involve a thorough examination of the 
extremity for clinical signs of infection along with appropriate laboratory and imag-
ing studies. The organisms implicated are often  Staphylococcus aureus  (often 
MRSA in diabetic patients) and Group B  streptococci  in limb-threatening infection. 
Chronic infected wounds often have multidrug-resistant pathogens, especially after 
exposure to health care procedures and use of multiple antibiotics. The presence of 
a foot ulcer should heighten the index of suspicion for associated infection.  

8.2     Microbiology 

8.2.1     The Normal Microbiota 

 The skin and mucus membranes of human beings always harbor a diverse number 
of microorganisms that can be broadly divided into two major groups: 

 The  resident fl ora  which consists of relatively fi xed types of microorganisms 
regularly found in a given area at a given age, and if disturbed anyhow, it 
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reestablishes itself. The  transient fl ora  consists of nonpathogenic or potentially 
pathogenic microorganisms that inhabit the skin or mucous membranes for hours to 
weeks; these are derived from the environment, do not produce any disease, and are 
not able to establish permanently on the surface. Members of the transient fl ora are 
generally of little signifi cance so long as the normal resident fl ora remains intact. 
However, transient microorganisms may colonize, may proliferate, and may pro-
duce disease if the resident fl ora is disturbed. 

 It is likely that the culturable microorganisms in the laboratory represent only a 
fraction of those that are part of the normal resident or transient microbial fl ora of 
the area. When a range of polymerase chain reaction is used to amplify bacterial 
16SrDNA, many previously unidentifi ed bacteria can be detected. The number of 
species that make up the normal micro biota has been shown to be much greater 
than is recognized. Thus, the understanding and identifi cation of normal micro biota 
is still in transition. 

 The microorganisms that are constantly present on the body surfaces are com-
mensals, and their presence in that particular area depends upon many factors such 
as temperature, moisture, as well as the presence of certain nutrients and inhibitory 
factors. On mucous membrane and the skin, the resident fl ora may prevent coloniza-
tion by pathogens and possible disease through bacterial interference which may 
involve competition for nutrients, mutual inhibition by metabolic or toxic products, 
and mutual inhibition by antibiotics or bacteriocins.   

8.3     Role of Host and Environment 

 The most important factor in limiting the infection is the host resistance. Suppression 
of the normal microbiota creates a partial local gap that tends to be fi lled by organ-
isms from the environment or from other parts of the body. Such organisms behave 
as opportunists and often become pathogens when conditions favor. 

 On the other hand, members of the normal micro biota may themselves produce 
disease under certain circumstances. These organisms get adapted to the noninva-
sive mode of life defi ned by the limitations of the surrounding environment. If 
forcefully removed from the restrictions of that environment and introduced into the 
bloodstream or tissues, these organisms may become pathogenic. The surrounding 
environment causes constant exposure of skin with different microbes, and so the 
skin is apt to contain transient microbiota. The constant and well-defi ned resident 
fl ora is modifi ed in different anatomic areas by secretions, habitual wearing of 
clothing, or proximity to mucous membranes.  

8.4     Role of Microbes in Infection 

 Most acute and chronic wound infections involve mixed population of both aerobic 
and anaerobic microorganisms. The predominant resident microorganisms of the 
skin are aerobic and anaerobic diphtheroid bacilli (e.g.,  Corynebacterium, 
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Propionibacterium ); nonhemolytic aerobic and anaerobic staphylococci ( S. epider-
midis  and other coagulase-negative staphylococci, occasionally  S. aureus  and 
 Peptostreptococcus  species); Gram-positive, aerobic, spore-forming bacilli that are 
ubiquitous in air, water, and soil; alpha hemolytic  Streptococci  (viridians strepto-
cocci) and Enterococci, and Gram-negative coliform bacilli and  Acinetobacter . 
Fungi and yeast are often present in skin folds; acid-fast nonpathogenic mycobacte-
ria occur in areas rich in sebaceous secretions (genitalia, external ear). The number 
of superfi cial microorganisms may be diminished by vigorous daily scrubbing with 
soap containing hexachlorophene or other disinfectants, but the fl ora is rapidly 
replenished from sebaceous and sweat glands. 

 Anaerobic and aerobic bacteria often join to form synergistic infections (gan-
grene, necrotizing fasciitis, and cellulitis) of the skin and soft tissue. These bacteria 
are frequently part of normal microbial fl ora. So mixture of microorganisms is usu-
ally involved in many skin lesions.  

8.5     The Role of Biofilm in Infected Ulcer 

 Most chronic ulcers are colonized by bacteria in the form of a biofi lm, which is dif-
fi cult to treat [ 1 ]. Although the adverse effect of bacteria on wound healing has long 
been noted, biofi lm, which does not always give rise to an overt phenotype or infec-
tious picture, has been underappreciated. Indeed, a nonhealing wound is one of the 
more common presentations of biofi lm. 

 Biofi lm consists of a sessile community of multiple bacterial species enclosed by 
a protective carbohydrate-rich polymeric matrix that is resistant to antimicrobial 
and immune cell penetration [ 2 ]. Most wounds are in fact colonized by bacteria that 
set up in the form of biofi lm. Unfortunately biofi lm is exceedingly tenacious and 
readily accumulates after debridement. Thus, proper dressing care consists of dress-
ings that both treat the wound and minimize biofi lm accumulation. 

 Bacteria whether free fl oating or incorporated within a biofi lm are extremely 
detrimental to wound healing, particularly when they reach the level of critical colo-
nization [ 3 ].  

8.6     Bioload of Ulcer Wound 

 Wounds may be classifi ed as contaminated, colonized, critically colonized, or 
infected [ 4 ]. This classifi cation is useful to understand relation between the bac-
teria and the patient (or host) and defi ne the level of bioburden (i.e., the cost 
exacted by bacteria from the resources of the wound and the patient). All wounds 
are contaminated to some degree either by skin fl ora or by environmental 
pathogens. 

 It is likely that this level of bacterial contamination stimulates wound repair 
mechanisms by upregulating the infl ammatory response. When the contaminating 
bacteria begin to proliferate, the wound is said to be colonized; however, when the 
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wound provokes an infl ammatory reaction by the proliferating bacteria, the wound 
is said to be infected. It is important to keep in mind both host infl ammatory reac-
tions contribute to failure in wound healing as bacteria themselves do [ 5 ]. 

 Microbiological factors such as the population density, the types of microorgan-
isms present, and the microbial interactions and host factors such as the effi cacy of 
the immune response and the condition of the tissue are all critical and must be 
considered collectively as factors predisposing to infection. 

 Antimicrobial treatment of clinically infected and/or nonhealing polymicrobial 
wounds should cover a variety of potentially synergistic aerobic or facultative and 
anaerobic microorganisms and should not simply target specifi c pathogens (e.g.,  S. 
aureus and P. aeruginosa ). 

 Judicious use of antibiotics, adequate debridement, and proper dressing choices 
can decrease bacterial numbers and reduce the competition for resources occurring 
in wounds contaminated by bacteria [ 3 ].  

8.7     Vicious Cycle of Wound Healing 

 Schematic representation depicts interplay between bacterial levels, oxidative 
stress, and parameters of healing in a wound: 

 Lower extremity ulcers,  ACS Surgery  [ 42 ]

    A.    Typical self-limiting infl ammatory response in a healthy healing wound: 
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        B.    Impaired healing of wound: 
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8.8             Infective Causes of Ulcer 

8.8.1     Infectious Causes of Limb Ulcers 

 Ulceration in the lower extremity may be due to infectious agents. Diverse groups of 
microbes including bacteria, viruses, parasites, and fungi have been implicated [ 41 ].

 Disease  Causative agent 

 Erysipelas (bullosa)   Streptococcus pyogenes  

 Fasciitis necroticans   Streptococcus hemolyticus  

 Ulcerating pyoderma   Staphylococcus aureus  

 Ecthyma gangrenosum   Pseudomonas spp.  

 Gas gangrene   Clostridium spp.  

 Septic embolism   Meningococcus  and others 

 Anthrax   Bacillus anthracis  

 Diphtheria   Corynebacterium diphtheriae  

 Osteomyelitis  Several microorganisms specially  Staphylococcus aureus  

 Herpes, CMV  HSV, CMV 

 Lues maligna (malignant syphilis)   Treponema pallidum  

 Tularemia   Francisella tularensis  

 Tropical ulcer   Bacteroides, Borrelia vincentii,  and other bacteria 

 Maduromycosis (eumycetoma/
mycetoma) 

  Nocardia brasiliensis, Exophiala jeanselmei  

 Chromoblastomycosis, 
coccidioidomycosis, 
sporotrichosis, granuloma 

 Several bacteria;  Coccidioides immitis  or  Coccidioides 
posadasii ;  Sporothrix schenckii ; dermatophytes of the 
genera Trichophyton and Microsporum 
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 Disease  Causative agent 

 Histoplasmosis   Histoplasma capsulatum  

 Buruli ulcer   Mycobacterium ulcerans  

 Bacillary angiomatosis   Bartonella henselae  or  Bartonella quintana  

 Ulcerating cutaneous tuberculosis   Mycobacterium tuberculosis  

 Amebiasis   Entamoeba histolytica, Acanthamoeba  

 Leishmaniasis   Leishmania donovani  complex,  Leishmania mexicana  
complex,  Leishmania tropica ; Leishmania major; 
 Leishmania aethiopica  

 Leprosy   Mycobacterium leprae and Mycobacterium lepromatosis  

   CMV  cytomegalovirus,  HSV  herpes simplex virus 

8.9          Infected Ulcers 

 Some microorganisms can cause tissue necrosis, such as the notorious Group A 
β-hemolytic  Streptococcus pyogenes.  These bacteria have been implicated into a 
range of severe clinical symptoms varying from erysipelas, ecthyma, and fasciitis 
necroticans to deep cellulitis, sepsis, and multiorgan failure. 

 Almost all chronic wounds are secondarily contaminated with bacteria, but in 
most cases, with the exception of few, they are not of pathogenetic importance. 
Wound swab cultures are often routinely performed, but give only information 
about the bacterial fl ora in the superfi cial layers. The decision to prescribe systemic 
antibiotics should be based on the combination of culture results and clinical crite-
ria, such as signs of infection (fever, erythema, calor). 

 Acquired immune defi ciency due to human immunodefi ciency virus (HIV) 
infection reintroduced ulcerative conditions that were thought to be eradicated, such 
as tertiary lues and ulcerating tuberculosis, and may be associated with atypical, 
large ulcers caused by herpes simplex or cytomegalovirus. In addition, bacillary 
angiomatosis, caused by  Rochalimaea  species, and  Histoplasma capsulatum  must 
be included in the differential diagnosis of ulcerations occurring in HIV disease [ 6 , 
 7 ]. Increased world travel has brought tropical ulcerating infections to Western 
countries, especially leishmaniasis, but also atypical mycobacteria, ulcus tropicum 
[ 8 ], and deep mycotic infections. 

 Tuberculous cutaneous ulcer might occur in erythema induratum or Bazin’s dis-
ease, situated usually on the back of the calves [ 9 ]. 

  Ulcer by amoeba : Ulceration of the skin of the lower limbs by amoebae, which 
could be the result of superinfections of skin wounds due to scratching with dirty nails. 

  Tropical ulcer : These are necrotic painful lesions that result from a mixed bacte-
rial infection. They are common in hot humid tropical or subtropical areas, where 
they occur on the lower legs or feet of children and young adults. 

8.9.1     Other Infective Causes of Ulcer 

    Cutaneous tuberculosis  
  Syphilis  
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  Parasitic infection  
  Fungal infection      

8.10     Infected Diabetic Foot Ulcers 

 In most cases, diabetic foot infections are polymicrobial, and deep tissue culture 
after debridement is essential for identifying the true pathogens. Diabetic foot infec-
tions are frequently associated with  S. aureus, epidermidis, Streptococcus spp., P. 
aeruginosa, Enterococcus spp.,  and coliform bacteria [ 10 ]. 

8.10.1     Infection Status of Chronic Wounds 

 Chronic leg ulcers are defi ned as those that show no tendency to heal after 3 months 
of appropriate treatment or are still not fully healed at 12 months. 

 The interaction between ulcer and bacteria can be stratifi ed into four levels: con-
tamination, colonization, critical colonization, and infection [ 11 ], while contamina-
tion and colonization by microbes are not believed to inhibit healing, the line 
between colonization and infection can be diffi cult to defi ne. 

 The term “critical colonization” has been used to describe the stage at which 
bacteria begin to adversely affect wound healing [ 11 ]. Moreover, the underlying 
pathogenesis of chronic wounds may result in wounds of different etiologies being 
differently affected by bacteria [ 12 – 14 ]. 

 Chronic wounds by their very nature may not always display the classic symp-
toms of infection (pain, erythema, edema, heat, and purulence), and it has been sug-
gested that an expanded list, including signs specifi c to secondary wounds (such as 
serous exudate plus concurrent infl ammation, delayed healing, color of granulation 
tissue, foul odor, and wound breakdown) be employed to identify infection [ 15 ]. 

 Microbiologically, a critical bacterial load, synergic relationships between bacte-
rial species, and the presence of specifi c pathogens have all been proposed as indi-
cators of infection. The presence of microbes per se is not indicative of wound 
infection.  

8.10.2     Microbial Load and Healing of Wound 

 The possibility that a critical microbial load might directly affect the healing out-
come in both acute and chronic wounds has been considered for several decades, 
with a direct relationship fi rst being demonstrated by Bendy et al. [ 16 ] in 1964. 
Since then, work carried out by Robson [ 17 ] and others has led to the widely held 
opinion that nonhealing is associated with a bacterial load of more than 10 5  bacteria 
per gram of tissue. 

 The concept of bacterial synergy which recognizes the importance of interspe-
cies interactions has been purported to occur in chronic wounds through studies 
such as that by Bowler and Davies [ 18 ]. They found the growth and pigmentation of 
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some Gram-negative anaerobes to be enhanced by some facultative bacteria through 
the provision of an essential, unidentifi ed growth factor. Furthermore, they found 
signifi cantly greater numbers of anaerobes in infected ulcers compared with nonin-
fected ones. 

 With regard to specifi c pathogens, beta-hemolytic  streptococci  [ 17 ,  19 ]  S. aureus  
[ 12 ], Enterobacteriaceae [ 12 ], and  Pseudomonas  species [ 12 ,  20 ] have all been 
implicated as having potentially adverse effects on wound healing. The impact of 
these species may vary in different settings, for example, over 60 % of arterial and 
diabetic ulcers colonized with  S. aureus  develop an infection compared with only 
20 % of venous ulcers similarly colonized [ 12 ]. 

 In summary, microorganisms are identifi ed in the deep tissue of all chronic 
wounds, yet the role they play and the impact of specifi c species on wound longevity 
are not clear. The distinction between infected and colonized wounds has to be con-
sidered on a clinical basis and not by microbiological analysis only due to the univer-
sal colonization of chronic wounds [ 21 ]. Microbial analysis can be of benefi t when 
considered in concert with clinical observations to confi rm causative organisms and 
their sensitivities [ 22 ] and so enable refi nement of antibiotic regimens [ 21 ].  

8.10.3     Microbiology, Antibiotic Usage, and Resistance 
in Leg Ulcers 

 The microfl ora of leg and foot ulcers is usually polymicrobial, and recent studies 
using molecular techniques have emphasized the complex ecology of these wounds 
[ 23 ,  24 ]. Using conventional techniques, the mean number of bacterial species per 
ulcer has been found to range from 1.6 up to 4.4 [ 25 – 28 ]. Hansson et al. [ 29 ] 
observed that 86 % of ulcers with no clinical signs of infection contained more than 
one bacterial species. 

  Staphylococcus aureus  and coagulase-negative  Staphylococcus  have been the 
predominant organisms isolated.  S. aureus  has been reported in frequencies vary-
ing from 43 % of infected leg ulcers to 88 % of noninfected leg ulcers [ 29 ], whereas 
 Staphylococcus epidermidis  has been reported in 14 % of venous ulcer specimens [ 30 ] 
and 20.6 % of diabetic foot ulcers (DFUs) [ 27 ].  Pseudomonas aeruginosa  is another 
frequently identifi ed organism and has been found in 7–33 % of ulcers [ 12 ,  26 ,  29 ]. 
A number of other aerobic species have also been reported, including  Escherichia 
coli  [ 18 ,  27 ,  29 – 31 ],  Enterobacter cloacae ,  Klebsiella  species,  Streptococcus  species, 
 Enterococcus  species [ 28 ,  29 ] and  Proteus  species [ 31 ]. This is by no means an exhaus-
tive list, but is illustrative of the range of aerobic bacteria that exist in chronic wounds. 

 In addition to aerobes, anaerobic organisms are frequently identifi ed in wounds, 
albeit with considerable variation. Trengove et al. [ 20 ] found obligate anaerobes in 
one-quarter of chronic leg ulcer samples, while Ge et al. [ 31 ] found they constituted 
only 6 % of DFU wound isolates. 

 However, a focused study by Bowler and Davies [ 18 ] found anaerobes in 73 % 
of noninfected leg ulcers and 82 % of infected leg ulcers. The most common isolates 
found in both the infected and noninfected leg ulcers were Peptostreptococcus spe-
cies and pigmented and nonpigmented  Prevotella/Porphyromonas  species [ 18 ]. 
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 Finegoldia magna  (previously classifi ed as  Peptostreptococcus magnus ) was found 
by Hansson et al. [ 29 ] to be present in 19.6 % and  Peptoniphilus asaccharolyticus  
in 9.8 % of noninfected venous leg ulcers. Kontiainen and Rinne [ 28 ] found that 
clinical swabs sent for analysis, presumably from infected or assumed infected 
wounds, yielded obligate anaerobic rods (mainly  Bacteroides  species) from 12 % of 
ulcers and anaerobic cocci ( Peptostreptococcus)  from 8 %. Ge et al. [ 31 ] found 
 Bacteroides, Peptostreptococcus,  and  Prevotella  species to be the most frequently 
isolated obligate anaerobes in mild or moderately infected DFUs. The continuity of 
the microbial profi le of chronic wounds over time is unclear from the limited litera-
ture that has examined this issue. Hansson et al. [ 29 ] considered the microfl ora of 
chronic wounds to be a relatively stable entity having found that 90 % of ulcers that 
were followed for 4 months, or until healing, contained at least one resident organ-
ism that was isolated from all monthly swabs. Furthermore, Gilchrist and Reed [ 32 ] 
considered chronic wounds to have stable microbial populations, following the 
observation that once a species was present, it generally remained so under hydro-
colloid dressings, with the exception of the transient appearance of  P. aeruginosa . 
However, closer examination of their data shows that 85 % of wounds acquired new 
aerobes and 45 % new anaerobes over the 8 week of study period. Trengove et al. 
[ 20 ] logged the occurrence of new bacterial groups appearing in wounds after initial 
swabs had been taken. They found at least one new bacterial group present in sub-
sequent swabs in 82 % of patients and thus concluded that the microbial populations 
of chronic wounds alter over time. 

 Each of these studies suggests that although there may be a degree of stability for 
some microbial populations, the chronic wound appears to be a dynamic environ-
ment. However, there are to date no defi nitive studies of bacterial succession within 
chronic wounds, the infl uence of antibiotics on this succession, or of the interactions 
between bacterial succession and healing.   

8.11     Lab Diagnosis of Infected Ulcers 

8.11.1     The Role of Microbiology in Diagnosis 

 The diagnosis of infected ulcer is made clinically and supported by microbiology 
lab reports. Finding purulent drainage (pus) or two or more signs or symptoms of 
infl ammation, e.g., erythema, induration, swelling, pain, tenderness, or warmth, is 
indicative of infection. 

 Elevated concentration of C-reactive protein and procalcitonin can help dis-
tinguish mild or moderately infected ulcer wound from those that are uninfected 
[ 33 ]. 

 Serologic tests for syphilis or polymerase chain reaction for mycobacterium 
DNA may be performed on specimens from an ulcer suspected of being of myco-
bacterial origin (e.g., erythema induratum of Bazin: Mycobacterial panniculitis with 
subsequent ulceration usually involving the calves). Cryoglobulins may be associ-
ated with hepatitis C and leg ulceration.   
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8.12     Culture 

 For culture, specimens should be obtained after the surface of the wound has been 
washed thoroughly by sterile saline and followed by debridement of superfi cial exu-
dates. Specimens must be obtained by scraping the ulcer base or the deep portion of 
the wound edge with a sterile curette. A curettage, or tissue scraping with a scalpel, 
from the base of a debrided ulcer provides more accurate results than does the 
wound swab (Fig.  8.1 ). 

 Culture of open foot and leg ulcers cannot be used reliably to establish the presence 
of infection. These ulcers whether infected or not will contain multiple commensal or 
colonizing bacteria, some of which have the potential to become invasive pathogens. 

 Culturing specimens from a chronic wound that is healing at an expected rate and 
does not display any signs or symptoms of infection are unnecessary. Because all 
wounds are contaminated and colonized, a culture simply confi rms the presence of 
microorganisms without providing any information as to whether they are having a 
detrimental effect on the host. 

 However, bacterial swabs can provide information on the predominant fl ora 
within a nonprogressing, deteriorating, or heavily exudating wound. Microbiological 
tests also can screen for multiresistant bacteria such as methicillin-resistant 
 Staphylococcus aureus  (MRSA) and vancomycin-resistant  Enterococcus  (VRE). 

 The soft tissue specimens should be promptly sent to the laboratory and pro-
cessed for aerobic and anaerobic bacteria.

    Following incubation under aerobic or anaerobic conditions for 24–48 h, qualita-
tive and semiquantitative assessments of the cultures are normally made. A mini-
mally infl amed but deep ulceration may be associated with underlying osteomyelitis 
[ 34 ] (Fig.  8.2 ).    

Swab method Curettage Aspiration

  Fig. 8.1    Collection of specimen from ulcer       
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8.12.1     Picture of Common Isolates (Figs.  8.3 – 8.5 ) 

  Fig. 8.2    McIntosh and Field’s anaerobic jar       

  Fig. 8.3     Staphylococcus aureus  colonies on blood agar       
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8.13         Gram Stain 

 The degree of infl ammatory response is measured by the presence and quantity of 
neutrophils per high power fi eld in the Gram stain of the swab contents before inoc-
ulating the specimen on growth media. 

 In case of cutaneous anthrax, a Gram stain smear of the lesion shows the typical, 
large Gram-positive rods (1–1.5 × 4–10 μm). The bacterium is noticeably larger than 
most other pathogens. An alternative to Gram stain is polychrome methylene blue 
(M’Fadyean’s stain). 

  Fig. 8.4     Pseudomonas colonies  on nutrient agar       

  Fig. 8.5    Beta-hemolytic colonies of  Streptococcus pyogenes        
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  Fig. 8.6    Gram-positive cocci in clusters ( Staphylococcus aureus )       

  Fig. 8.7    Gram-positive cocci in short chain ( Streptococcus pyogenes )       

8.13.1     Which Culture Technique Should Be Used? 

 Quantitative sampling (tissue biopsy) has merits, and a strong association exists 
between the number of organisms in a wound and the ability of the wound to 
heal. Once bacterial load reaches 10 6  CFU/g of tissue, wound healing is usually 
impaired [ 35 ]. However, these fi ndings need to be viewed in perspective. At least 
20 % of wounds colonized with more than 10 5  CFU/g of tissue will still heal [ 36 ], 
and normal skin fl ora present in high quantities appears to enhance wound healing 
[ 37 ]. On the other hand, some microorganisms (e.g., beta-hemolytic Streptococci, 
 Mycobacterium tuberculosis, Treponema pallidum, Corynebacterium diphtheriae, 
Bacillus anthracis, Francisella spp.,  and  Brucella spp. ) can be detrimental in small 
numbers. Thus, quantitative microbiology does not necessarily provide an unam-
biguous diagnosis of infection (Figs.  8.3 ,  8.4 ,  8.5 ,  8.6 ,  8.7 , and  8.8 ).
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  Fig. 8.8    Gram-negative bacilli (pseudomonas) on Gram stain       

     Qualitative aspects are at least as important as overall bacterial load, and evi-
dence is growing that microbiology obtained by a swab may adequately correlate 
with qualitative fi ndings obtained through tissue biopsy. 

 In a study on diabetic foot infections, Wheat et al. [ 38 ] showed that the results 
obtained with swabs are similar to those obtained with tissue biopsy. 

 Sapico et al. [ 39 ] found similar results in a study on chronic pressure ulcers, 
demonstrating a 75 % concordance between swab and biopsy results. Ehrenkranz 
et al. [ 40 ] demonstrated that an irrigation-aspiration technique could produce simi-
lar results to qualitative biopsy.  

8.13.2     Procedure for Taking a Swab 

 In most cases, wounds should not be cultured if no evidence of infection or impaired 
healing is noted unless screening is being performed for colonization of multiresis-
tant organisms. The wound bed must fi rst be cleaned with saline and superfi cially 
debrided so the cultures from the superfi cial wound compartment more closely 
resemble those in the deep wound compartment. 

 Alginate or rayon-tipped swabs are sometimes preferred in the belief that the 
fatty acids contained in cotton swabs might inhibit growth in certain bacteria. 
However, the organisms commonly encountered in infection are likely to withstand 
the environment of a cotton swab (Fig.  8.9 ).

    Pre-moistening a swab (Fig.  8.10 ) in the transport media is useful if the surface 
of the wound is dry but is not necessary if the wound is already moist. The swab 
should be taken from the surface of the granulation tissue wound. The tip of the 
swab should be rolled on its side for one full rotation over the part of the wound 
granulation tissue with the most obvious signs of infection, avoiding slough and 
surface purulent discharge. 
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 A zigzag pattern can be used for wounds larger than 5 cm 2 . This technique is 
likely to increase the yield. If pus or discrete abscesses are collected locally, the 
fl uid should be aspirated into a syringe using a needle. The fl uid is an ideal speci-
men for culture. 

 Cultures, while essential in the assessment of the microbiology of leg/foot infec-
tions, do not in isolation establish the presence of infection.      
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 9       Role of Bacteria in Pathogenesis 
of Lower Leg Ulcers                     

       Waldemar     L.     Olszewski    

9.1            Introduction 

 Lower leg ulcer is a circumscribed necrosis of epidermis, skin, and occasionally 
also muscular fascia, tendon, or even underlying bone with sluggish granulation 
and delayed covering by keratinocytes migrating from the ulcer margins. Following 
skin microinjury the colonization of denuded surface by local skin and fl oating 
down perineal bacterial fl ora takes place. The predisposing factors are venous sta-
sis with excess capillary fi ltrate, high tissue fl uid pressure, erythrocyte extravasa-
tion, hemosiderosis and fi brosis, or ischemia in atherosclerosis and diabetes with 
decreased arterial supply of nutrients, or lymph stasis with excess tissue fl uid, high 
tissue fl uid pressure and fi brosis, or excessive fat deposition in the subcutis in 
pathological obesity with excess tissue fl uid and high tissue fl uid pressure. The 
common denominator, irrespective of predisposing factors, is colonization of the 
denuded surfaces by bacteria. Although bacteria may not necessarily be the pri-
mary etiological factor, they certainly are responsible for progression of ulcer or 
delayed healing.  

9.2     Hypothesis 

 There are several questions to be answered before we can achieve a progress in 
healing of ulcers. They are as follows: (1) Why does ulcer occur more frequently 
in the calf and foot than in the upper limbs or elsewhere, (2) is it local microtrauma 
that initiates ulcer development, (3) why does a rapid colonization of ulcer by skin 
residential bacteria develop so fast, (4) do perineal bacteria contribute to the ulcer 

mailto:waldemar.l.olszewski@gmail.com


126

colonization, (5) do the normally saprophytic skin bacteria become virulent once 
they colonize the denuded surface, (6) why do the colonizing bacteria proliferate 
rapidly increasing the bacteria cell mass, (7) which bacterial strains dominate, (8) 
are there dormant bacteria in calf subcutaneous tissue (persisters), (9) does a local 
cellular memory to bacterial antigens exist stimulating immediate recruitment of 
granulocytes and macrophages, and (10) is there autoimmune reaction to own 
granulocyte and tissue debris and insuffi cient granulocyte autophagy of incorpo-
rated bacteria? 

 This chapter will be specifi cally devoted to the factors predisposing for bacterial 
colonization and subsequent proliferation of bacteria in lower leg venous, ischemic, 
diabetic, and lymphedema ulcers.  

9.3     Lower Limb Skin Bacteria 

 Human skin has been considered to harbor a complex microbial ecosystem, with 
transient, short-term resident and long-term resident biota, based on the consistency 
with which they are isolated. S taphylococcus ,  Micrococcus ,  Corynebacterium , 
 Brevibacteria ,  Propionibacteria ,  and Acinetobacter  species are, among others, reg-
ularly cultivated from normal skin.  Staphylococcus aureus ,  Streptococcus pyogenes , 
and  Pseudomonas aeruginosa  may be transient colonizers, especially in pathologi-
cal conditions [ 1 ,  2 ] . These strains colonize any denuded skin surface of lower 
limbs, among them ulcers.  

9.4     Venous Ulcers 

 Venous insuffi ciency of the lower limbs is characterized by venous blood hyperten-
sion in the upright position and subsequent development of chronic edema, with 
elevated tissue fl uid pressure and its adverse effects on fi broblasts producing and 
depositing collagen. Skin becomes fi brotic. Even a minor injury may denude the 
surface and create port of entry for bacteria dwelling on the epidermis or in the 
sweat and sebaceous glands. The exact mechanism of formation of ulcer in limbs 
with venous insuffi ciency remains unclear. A large defect in skin and subcutis 
develops. This precludes healing by wound contraction and leaves space for the 
granulation tissue. However, it remains unclear why covering by the keratinocytes 
encroaching from the ulcer edge is so sluggish and often does not occur at all. 
Keratinocytes remain morphologically and functionally normal. They synthesize 
cytokines and chemokines necessary in the healing process [ 3 ] . Vascularization of 
granulation tissue is abundant. However, the granulation surface is covered by gran-
ulocytes and cellular debris. This may be the effect of bacterial colonization and 
chemoattraction of granulocytes lysing granulation cells. An autoimmune mecha-
nism to own destructed cells maintaining the infl ammatory process cannot be 
excluded. 
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9.4.1     Do Bacteria Colonizing Ulcers Originate From Foot, Calf, 
and Perineal Skin? 

 In order to answer the question whether foot and ulcer fl ora may be similar to that 
of perineum, we cultured skin smears (Tables  9.1  and  9.2 ) and compared bacterial 
phenotypes. Out of 17 toe web isolates, 13 were of the same phenotype as perineal 
isolates.

    Could bacteria be present in and around the varicose veins? 
 The exact etiology of varicose vein formation and development of ulcer is still 

full of questions. Are these two entities linked with each other? Could dormant 
persister bacteria in leg subcutaneous tissue be responsible for vein wall destruction 
and subsequently ulcer formation? 

 We tried to detect bacteria in the varicose veins and subcutis using two tech-
niques. Biopsy material was homogenized and cultured in routine media, and in 
another method, it was placed on bacteriological culture plates and observed for 3 
weeks. In this last technique, tissue environment for bacteria was preserved and 
plate contained erythrocytes (iron). This mimicked a normal tissue situation. In 
addition, bacterial 16sRNA was identifi ed in specimens [ 4 ] .  

9.4.2     Bacterial Isolates in Varicose Veins 

 In our studies, varicose veins specimen stage 4 (CEAP classifi cation) revealed 
presence of bacterial isolates in 40 %, whereas controls taken from healthy cadav-
eric organ donors contained live bacteria in only 4 % (Table  9.3 ). Disinfected skin 
specimens from the sites of varicectomy showed presence of microbes in 4 %. The 
dominant isolates from vein specimens were  Staphylococci , preponderantly 

  Table 9.1    Numerical 
prevalence of bacterial 
isolates from perineal skin 
( n  = 15 patients)  

 Bacilli  Cocci 

 Gram positive  Gram negative  Gram positive 

 Corynebacterium 5  Pseudomonas 1  Staphylococcus aur 5 

 Acinetobacter 1  Staphylococcus 

 Coagulase –ve 10 

 E. coli 1  Enterococcus 2 

 Aerococcus 1 

 Micrococcus 2 

  Table 9.2    Numerical frequency of bacterial 
isolates from toe web skin ( n  = 12 patients)  

 Bacilli Gram negative  Cocci Gram positive 

 Citrobacter 2  Micrococcus 2 

 Proteus 2  Staphylococcus 

 Coagulase –ve 20 
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coagulase negative; however, in a few cases  Enterococcus faecium  was also 
detected.  Staphylococci  were highly sensitive to antibiotics except of penicillin 
(Table  9.4 ). Thirty-three percent of isolates were methicillin resistant. The 16sRNA 
was detected in 69 % of specimens, evidently higher than the percentage of live 
bacterial cells. 

 Bacterial culture on the Hemoline plates revealed microbes migrating from the 
outer aspect of varices, adjacent fat but not muscles (Fig.  9.1 ).

9.4.3          Bacterial Isolates on Ulcers 

 Bacterial phenotypes on ulcer exudate remain similar to those identifi ed on adja-
cent skin; however, the numerical distribution of strains becomes different 
(Table  9.5 ). Strains of Gram-negative Bacilli dominate over others, and the number 
of colonies is tripled (Tables  9.6  and  9.7 ). This may be the result of more favorable 
environmental conditions on the granulation tissue for some strains or less favor-
able for others. Interestingly, bacteria cultured from the ulcer surface revealed 
increasing resistance to antibiotics compared with the fl ora taken from normal leg 
skin (Tables  9.8  and  9.9 ).

       Our studies clearly showed that bacterial colonization and superimposed 
 infections are common in venous leg ulcers and contribute to poor wound 
healing. Necrotic tissue is laden with bacteria, while devitalized tissue impairs 
the body’s ability to fi ght infection and serves as a pabulum for bacterial growth 
[ 5 ].   

   Table 9.3    Bacteriology of varices of great saphenous veins (GSV)   

 Varicose GSV  Control GSV and femoral vein 

 Staphylococci: Coagulase neg  22 

   Epidermidis  13 

   Hominis  4 

   Hemolyticus  2 

   Capitis  1 

   Warneri  1 

   Intermedius  1 

 S. aureus  10  1 

 Micrococcus spp.  2 

 Branhamella catarrhalis  1 

 Aerococcus viridans  1 

 Enterococcus faecium  3  1 

 Acinetobacter  1 

 Gemella morbil  1  1 

 Strept. mitis  1 

 Pseudomonas  1 
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9.5     Can Bacterial Flora Be Eradicated or at Least Attenuated? 

9.5.1     Systemic Antibiotics 

 A recent Cochrane Review of 22 randomized control trials of systemic and topical 
antibiotics and antiseptics for venous ulcer treatment found no evidence that routine 
use of oral antibiotics improves healing rates. No between-group differences were 
detected in terms of complete healing for comparisons: antibiotics given according 
to antibiogram versus usual care, ciprofl oxacin versus standard care/  placebo    , 

  Table 9.4    Sensitivity to 
antibiotics of bacterial isolates 
from varicose fragments of the 
great saphenous vein  

 Staph. coagulase negative  Staph. aureus 

 Penicillin  32  27 

 Cotrimoxazole  95  91 

 Gentamicin  95  82 

 Erythromycin  68  63 

 Clindamycin  74  73 

 Tetracyclines  68  73 

 Minocycline  100  100 

 Vancomycin  100  100 

 Teicoplanin  100  100 

 Rifampicin  100  100 

 Nor/quinolones  74  91 

 Fusidic acid  79  91 

 Nitrofurantoin  84  91 

 Quinupristin  100  100 

 Oxacillin  73  67 

 Penicillin  32  27 

 Cotrimoxazole  95  91 

 Gentamicin  95  82 

 Erythromycin  68  63 

 Clindamycin  74  73 

 Tetracyclines  68  73 

 Minocycline  100  100 

 Vancomycin  100  100 

 Teicoplanin  100  100 

 Rifampicin  100  100 

 Nor/quinolones  74  91 

 Fusidic acid  79  91 

 Nitrofurantoin  84  91 

 Quinupristin  100  100 

 Oxacillin  73  67 

   n  = 40 specimens (in %)  
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trimethoprim versus   placebo    , ciprofl oxacin versus trimethoprim, and amoxicillin 
versus topical povidone-iodine [ 6 ]. 

 Oral antibiotics may be indicated in patients with venous ulcer and infl ammation 
of the surrounding tissues. It should be treated with systemic Gram-positive bacte-
ricidal antibiotics.  

9.5.2     Topical Antibiotics and Antiseptics 

 Topically applied antimicrobials can be effective. Cadexomer iodine: more partici-
pants were healed when given cadexomer iodine compared with standard care [ 6 ,  7 ]. 
No between-group differences in complete healing were detected when cadexomer 

  Fig. 9.1    Fragments of 
tissue harvested from 
ischemic upper calf. ( 1 ) 
Bone marrow, ( 2 ) popliteal 
vein, ( 3 ) subcutaneous fat, 
( 4 ) popliteal artery, ( 5 ) fat 
adjacent to artery, ( 6 ) skin 
bacteria migrate from 
subcutis. Confl uent 
bacterial colonies of 
coagulase-negative 
 Staphylococci  formed 
around the specimens. 
Interestingly, bone marrow 
contained hemolytic 
bacteria       

   Table 9.5    Numerical frequency of bacterial isolates from varicose ulcer ( n  = 56 patients)   

 Bacilli 
Gram negative  Cocci Gram positive 

 Aeromonas  1  Staphylococcus aur  19 

 Citrobacter  2  Staphylococcus coagulase – ve  9 

 Acinetobacter  6  Streptococcus  4 

 Pseudomonas  18  Enterococcus  16 

 Klebsiella  3 

 Providencia  6 

 Enterobacter  1 

 E. coli  2 

 Serratia  2 

 Proteus  9 

 Pasteurella  1 

 Morganella  2 

 Alcaligenes fec  4 

 Gram-positive Corynebacterium  8 
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iodine was compared with the following: hydrocolloid dressing, paraffi n gauze 
dressing, dextranomer, and silver-impregnated dressings. Povidone iodine: no 
between-group differences in complete healing were detected when povidone- iodine 
was compared with the following: hydrocolloid, moist or foam dressings according 
to wound status, and growth factor. Silver-based preparations: no between-group dif-
ferences in complete healing were detected when 1 % silver sulfadiazine ointment 
was compared with standard care/  placebo     and tripeptide copper complex, when 

   Table 9.6    Prevalence of bacterial strains isolated from leg varicose ulcers and calf skin surface of 
normal subjects   

 Cocci 

 Staphylococcus 
coag-ve 

 Staphylococcus 
aureus  Streptococcus  Enterobacter 

 Gram (−) 
cocci, bacilli, 
coryneforms 

 Varicose ulcer  1 a   32  11  15  41 

 Normal calf 
skin 

 37 b   37  0 b   0 b   24 b  

  18 patients with varicose ulcer, 30 normal subjects 
  a Percent of isolates 
  b  p  < 0.05  

   Table 9.7    Frequency of bacteria isolates on perineal skin, calf skin, toe web, and varicose ulcer (in %)   

 Site of 
isolation  Strains/patient 

 Cocci  Bacilli 

 Gram 
positive 

 Gram 
negative 

 Spore forming  Spore nonforming 

 Gram positive  Gram positive  Gram negative 

 Perineum  2.40  66.7  0  0  13.9  19.4 

 Calf skin  1.47  68.2  4.5  9.1  4.5  13.7 

 Toe web  2.16  84.6  0  0  0  15.4 

 Venous 
ulcer 

 4.84 a   38.9 a   0  0  7.9  53.2 a  

   a  p  < 0.05  

   Table 9.8    Sensitivity to antibiotics of bacterial isolates from 18 varicose ulcers and leg skin of 
30 normals   

 Antibiotic 

 Gram (−) cocci, bacilli, coryneforms 

 Varicose ulcer  Normals 

 +++  +  +++  + 

 Penicillin  14 b   0  25  4 

 Kanamycin  0  33   a   100  0 

 Tobramycin  66  33  100  0 

 Gentamicin  66  16   a   100  0 

 Tetracycline  16  0   a   100  0 

 Erythromycin  33  33  45  8 

 Cotrimoxazole  32  16   a   80  0 

   a  p  < 0.05 
  b Percent of sensitive isolates  
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different brands of silver-impregnated dressings were compared, or when silver-
impregnated dressings were compared with non-antimicrobial dressings [ 6 ]. 

 Other topical antibiotics: more ulcers healed at four weeks when treated with an 
enzymatic cleanser (a nonantibiotic preparation) compared with a chloramphenicol-
containing ointment. No between-group differences in complete healing were 
detected for framycetin sulfate ointment versus enzymatic cleanser, chloramphenicol 
ointment versus framycetin sulfate ointment, mupirocin ointment versus vehicle, and 
topical antibiotics given according to antibiogram versus an herbal ointment [ 6 ] .   

9.6     Arterial Ischemic Ulcer 

 Arterial ischemic ulcers develop in the calf or dorsum of the foot in cases with 
obstruction of large arteries after an incidental trauma, insect bite, and skin scratch-
ing. They should be differentiated from the diabetic ulcers by other location and lack 
of diabetes symptoms. They are usually painful with intensive peri-ulcer skin infl am-
mation [ 8 ] . Restoration of fl ow is crucial to infection control in arterial ulcers and 
must be addressed fi rst. However, the colonizing bacterial fl ora hampers healing. 

 We were trying to identify the source of bacteria in this type of ulcers. They 
could originate from the surface of adjacent skin and/or from the preexisting dor-
mant perister forms in the deep soft tissues. In our studies we harvested, in nondia-
betic patients, fragments of arteries, muscles, and lymphatics from lower limbs, 

   Table 9.9    Sensitivity to antibiotics of bacterial isolates from 18 leg varicose ulcers and calf skin 
of 30 normal controls   

 Antibiotic 

 Cocci 

 Varicose ulcer  Normals 

 +++  +  +++  + 

 Penicillin  31 b   12  28  2 

 Oxacillin  55  0   a   73  0 

 Kanamycin  25  8   a   44  8 

 Tobramycin  29  35   a   75  15 

 Gentamicin  48  22   a   85  4 

 Tetracycline  28  42  61  2 

 Minocycline  16  16   a   100  0 

 Erythromycin  43  13  59  8 

 Lincomycin  37  12   a   69  6 

 Pristinamycin  70  20  100  0 

 Fosfomycin  45  8  77  0 

 Rifampicin  77  14  91  9 

 Fusidic acid  63  27  77  18 

 Vancomycin  58  8   a   88  2 

 Cotrimoxazole  46  15   a   63  16 

   a  p  < 0.05 

  b Percent of sensitive isolates  
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amputated because of uncontrollable rest pain in multilevel arterial obstructions 
without peripheral necrosis [ 9 ]. In over 50 % arterial specimens contained live bac-
teria (Table  9.10 ). 

9.6.1     Bacterial Isolates in Arterial Walls 

 In group I of 60 ischemic limbs specimens of tibial and popliteal arteries contained 
bacterial cells in 60.6 % and femoral arteries in 30.8 % In the healthy femoral arter-
ies, microbial cells were isolated in 11 % (ischemic vs. controls,  p  <0.05). The 
Gram-positive bacteria were sensitive to all antibiotics but penicillin . Enterococcus  
was sensitive to vancomycin (Table  9.11 ). 

 Optical evaluation of colonies formed from migrating bacteria on Hemoline 
plates revealed dominance of  Staphylococci  (Fig.  9.2 ). They were present in arter-
ies, muscles, and subcutis. Single colonies of highly pathogenic bacteria, as quoted 
above, could also be seen in some specimens. Interestingly, microbes were also 
present in the bone marrow.

9.6.2        Microbial DNA in Arterial Wall 

 In group I, out of 60 samples of tibial, popliteal, and femoral arteries, the 16 s RNA 
gene was detected in 70 %. In 25 normal femoral arteries revealed presence of 
16sRNA in 21 %.

  Table 9.10    Prevalence of various bacterial 
strains in arteries of the lower limbs in patients 
with critical lower bacteria limb ischemia 
undergoing amputation (no toe and foot 
necrosis) ( n  = 60)  

 Bacteria 

 Arteries 

 Calf  Thigh 

 S. aureus  28 a   18 (0 b ) 

 S. coagulase negative  22  25 (0 b ) 

 Micrococcus  4  11 (0 b ) 

 Enterococcus  12  18 (0 b ) 

 Aerococcus  4  0 (11) 

 Clostridium  0  3 (0 b ) 

 Bacilli  2  0 (0) 

 Pseudomonas  4  14 (0 b ) 

 Proteus  4  7 (0 b ) 

 Klebsiella  2  4 (0 b ) 

 Enterobacter  4  0 (0) 

 Serratia  0  4 (0 b ) 

 Acinetobacter  4 a   0 (0) 

 Citrobacter  2 a   0 (0) 

 E. coli  0  0 (0) 

  In parentheses values of healthy cadaver organ 
donors ( n  = 27) (in%) [ 9 ] 
  a Calf vs. foot or thigh  p  < 0.05 
  b Ischemic vs. normal tissues  p  < 0.05  
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 Pseudomonas  Proteus mirabilis  Acinetobacter  Citrobacter 

 Amo/penicill. gr.a  0  50  0  0 

 Amox/clav. ac  0  75  0  0 

 Piper + tazobactam  75  100  50  – 

 Ticarcillin  75  50  0  0 

 Ctx/caphalo. 3 g  50  100  50  0 

 Ceftriaxone  0  100  50  – 

 Ceftazidime  0  100  50  – 

 Aztreonam  75  100  0  – 

 Imipenem  75  100  50  – 

 Ceftazidime 1  0  100  50  – 

 Cotrimoxazole  0  50  0  – 

 Tobramycin  75  50  50  – 

 Amikacin  100  100  50  – 

 Gentamicin  75  50  50  100 

 Netilmicin  75  50  50  100 

 Pef/quinolones 2 g  60  50  50  100 

 Ciprofl oxacin  100  100  100 

   The bacterial strains detected in deep tissues of ischemic limbs could be the main 
source of microbes potentially colonizing totally ischemic regions and bring about 
formation of ulcer or even necrosis of limb fragments. 

   Table 9.11    Sensitivity of Gram-negative bacterial isolates from femoral and popliteal artery wall 
to antibiotics in patients with acute leg ischemia undergoing reconstruction or amputation (in % of 
specimens) [ 9 ]   

 Enterococcus  Staphylococcus 

 Faecium  Fecalis  Durans  Epidermidis  Aureus  Haemolyticus 

 Penicillin  75  0  100  0  0  0 

 Ampicillin  75  –  100  50  –  – 

 Cephalosporin. 1 g  0  0  0  100  100  – 

 Erythromycin  0  0  0  33  50  0 

 Clindamycin  0  0  0  0  33  0 

 Tetracyclines  50  0  0  100  33  0 

 Cotrimoxazole  0  0  33  100  0 

 Rifampicin  0  100  0  100  100  100 

 Ciprofl oxacin  0  0  0  33  100  – 

 Vancomycin  100  100  0  100  100  100 

 Teicoplanin  100  100  100  75  100  100 

 Nitrofurantoin  75  100  100  33  100  100 

 Oxacillin  0  –  0  0  50  – 

 Gentamicin  0  0  50  0  75  0 

 Kanamycin hc  0 

  11 patients, 26 specimens, 27 bacterial isolates  
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 Systemic administration of antibiotics is indicated in cases with acute infl amma-
tory changes. The duration of therapy with high doses should depend on the sys-
temic symptoms. Subsequently, taking into account presence of bacteria in deep 
tissues, low doses should be given even for months. Topical administration of anti-
biotics has not been proved effective; however, antimicrobials can be applied as in 
the venous ulcers.   

9.7     Diabetic Foot Ulcer 

 Ischemia in diabetics results from atherosclerosis of the leg vessels, often bilateral, 
multi-segmental, and distal, involving arteries below the knee. Considerable data 
support the observation that 10 5  organisms/g of tissue are necessary for infection 
and to allow invasive sepsis for most types of bacteria [ 10 – 12 ] . 

 The immune system is impaired in diabetic patients, and we should be aware of 
factors that increase the risk of infection for neuro-ischemic ulcers including the long-
term ulceration (>30 days), presence of loss of sensation, and comorbidities associ-
ated with immunosuppression, renal insuffi ciency, long-term steroid use, etc. [ 13 ]. 

 Bacteria colonize the diabetic ulcers. They evoke a local host infl ammatory reac-
tion preventing healing. However, they may also cause infl ammation of tissues sur-
rounding the ulcer with systemic symptoms. 

 We studied the bacterial fl ora from the edges of diabetic ulcers or fi stulae in 
Wagner’ stage IV (Table  9.12 ). In contrast to the venous ulcers, bacterial fl ora con-
tained Gram-negative  Bacilli  and few  Cocci.  They revealed high resistance to most 
antibiotics (Tables  9.13  and  9.14 ).

     Systemic treatment with antibiotics is mandatory in diabetic ulcer with acute 
infl ammation of the ulcer surrounding tissues. The topical administration of antibi-
otics has not been proved effective. The other antimicrobial therapy remains the 
same as for the venous ulcer.  

  Fig. 9.2    Fragments of 
varicose great saphenous 
vein and adjacent tissues. 
( 1 ) Fat adhering to the 
vein, ( 2 ) varix placed with 
external wall on the plate, 
( 3 ) muscle, ( 4 ) varix 
placed with intima on the 
plate. Confl uent colonies 
of coagulase-negative 
 Staphylococci  formed 
around the specimens       
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  Table 9.12    Bacterial isolates from the bottom of diabetic foot 
ulcer ( n  = 25pts)  

 Enterococcus faecalis  1 

 Enterococcus 
casselifl avus 

 1 

 Proteus mirabilis  3 

 vulgaris  1 

 Acinetobacter spp.  1 

 E. coli  1 

 Leuconostoc spp.  1 

 Acinetobacter anitratus  1 

 Morganella morganii  1 

 Staph. aureus  3 

 epidermidis  1 

 Streptococcus pyogenes  1 

 Pseudomonas spp.  1 

   Table 9.13    Sensitivity to antibiotics of Gram-negative bacteria from foot ulcer of diabetic 
patients (in%)   

 G (−) 

 Amo/penicill. gr.a.  60  40 

 Amox/clav. ac  30  50  20 

 Pic/ureidopen.  44  44  12 

 Piper + tazobactam  20  70  10 

 Ticarcillin  60  40 

 Cft/cephalo. 1 g  70  30 

 Cft/cephalo. 3 g  60  40 

 Ceftriaxone  44  44  12 

 Ceftazidime  30  50  20 

 Aztreonam  44  56 

 Imipenem  20  80 

 Ceftazidime 1  60  40 

 Cotrimoxazole  20  80 

 Tobramycin  30  70 

 Amikacin  50  50 

 Gentamicin  40  60 

 Netilmicin  20  80 

 Pef/quinolones 2 g  30  70 

 Ciprofl oxacin  30  60  10 

 Piperacillin  100 

 Cefoxtine  100 

 Cyclines  100 

 Guinolones 1 gen  100 
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9.8     Lower Limb Lymphedema Ulcer 

 Ulcer development is one of the complications in chronic lymphedema. Although 
not frequent, it is a very serious condition [ 14 ] . Ulcers are usually formed in the 
lower parts of calf or dorsum of the foot. Denuded skin surface is colonized by skin 
fl ora. Oozing of lymph precludes covering of the surface by ulcer edge keratino-
cytes. In addition, microbes present in the lymphedematous tissues and lymph 
enhance the local host immune reaction [ 15 ]. Patients with obstructive lymphedema 
suffer from recurrent attacks of dermatolymphangioadenitis caused by bacteria 
present in a dormant state in the stagnant tissue fl uid and lymph (Tables  9.15  and 
 9.16 ) (Fig.  9.3 ). This microfl ora is responsible for nonhealing of ulcers and poor 
healing after the debulking surgery. Interestingly, the detected bacteria are sensitive 
to most antibiotics (Tables  9.17  and  9.18 ).

   Lymphatic ulcer should be treated by debulking of the fragment of ulcerated tis-
sue. Systemic antibiotics should be given perioperatively and for as long as wound 

   Table 9.14    Sensitivity to antibiotics of Gram-positive bacteria from foot ulcer of diabetic patients   

 G (+) 

 Penicillin  62  38 

 Oxacillin  67  33 

 Cft/cephalo. 1 g  25  62  13 

 Ampicillin-sulbactam  22  78 

 Gentamicin  33  12  55 

 Netilmicin  38  62 

 Erythromycin  44  33  23 

 Clindamycin  62  38 

 Pef/quinolones 2 g  54  23  23 

 Ciprofl oxacin  26  37  37 

 Tetracyclines  55  33  12 

 Cotrimoxazole  11  89 

 Nitrofurantoin  22  78 

 Rifampicin  44  56 

 Vancomycin  100 

 Teicoplanin  100 

 Methicillin  75  25 

 Penicilline g  100 

 Kanamycine  100 

 Tobramycine  100 

 Minocycline  100 

 Linconycine  100 

 Pristinamycine  100 

 Fosfomycine  100 

 Acide fusidique  100 
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   Table 9.15    Prevalence of bacterial isolates from specimens obtained from lower limb tissues, 
lymph and lymphatics, and nodes of patients with secondary lymphedema. In parentheses are 
values from 30 healthy volunteers   

 Specimen 

 Number of specimens 

 % of positive cultured  Total  Positive 

 Calf surgical incision swab  41  4  10 (7) 

 Leg lymph  20  12  60 a  (7) 

 Lymphatics and nodes  20  6  33 a  (0) 

   a  p  < 0.05  

   Table 9.16    Numerical prevalence of bacteria isolated from specimens obtained from lymph-
edematous legs   

 Surgical wound swab  Lymph  Lymphatics and nodes 

 Number of specimens  41  20  20 

 Micrococcus 
   Species 
   Luteus 

 2  2 

 Staphylococcus 
   Aureus 
   Epidermidis 
   Hemolyticus 
   Hominis 

 2 
 1 

 12 
 2 
 2 
 6 
 2 

 4 

 Enterococcus faecium  2 

 Corynebacterium  1 

  Fig. 9.3    Lymph sample from lower limb during acute dermatolymphangioadenitis was spread on 
the plate. Multiple colonies of  Staph. aureus  and coagulase-negative  Staphylococci , few  Enterococci        
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   Table 9.17    Sensitivity to antibiotics of bacterial isolates from skin surface, surgical skin incision, 
lymph and lymph nodes in 54 European patients with lymphedema of lower limbs and 30 normal 
control   

 Gram cocci, bacilli, coryneforms 

 Lymphedema  Normals 

 +++  +  +++  + 

 Penicillin  67 a   0  27  5 

 Cefotaxime  100  0  80  25 

 Kanamycin  67  0  100  0 

 Tobramycin  83  0  100  0 

 Amikacin  67  0  100  0 

 Gentamicin  86  14  100  0 

 Tetracycline  71  0  80  0 

 Quinolones  83  17  100  0 

 Cotrimoxazole  67  0  80  0 

   a Percent of isolates  

   Table 9.18    Sensitivity to antibiotics of bacterial isolates from skin surface, surgical skin inci-
sions, lymph and lymph nodes of 54 European patients with secondary lymphedema of the lower 
limbs and 30 normal controls   

 Cocci 

 Lymphedema  Normals 

 +++  +  +++  + 

 Penicillin  24 a   0  28  2 

 Oxacillin  72  0  73  0 

 Methicillin  80  0  80  0 

 Kanamycin  68  6  44  8 

 Tobramycin  74  5  75  15 

 Gentamicin  79  3  85  4 

 Tetracycline  49  0  61  2 

 Minocycline  96  4  100  0 

 Erythromycin  49  4  59  8 

 Lincomycin  60  14  69  6 

 Pristinamycin  92  1  100  0 

 Fosfomycin  57  6  45  8 

 Nitrofurantoin  85  6  54  25 

 Quinolones  72  18  62  12 

 Rifampicin  91  6  91  9 

 Fusidic acid  81  11  77  18 

 Vancomycin  92  0  88  2 

 Teicomycin  92  0  79  0 

 Cotrimoxazole  78  4  80  0 

   a Percent of isolates  
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healing is not completed. Thereafter, long-term penicillin (Penidure) should be 
given in a dose of 1,200,000 u., i.m., every 3 weeks for 1 year or longer, to prevent 
recurrence of ulceration and dermatolymphangioadenitis attacks.
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 10       Venous Ulcer                     

       Himanshu     Verma     and     Ramesh     K.     Tripathi    

10.1            Introduction 

 Chronic wounds in legs associated with clinical and radiological fi ndings of chronic 
venous insuffi ciency are termed as venous ulcers. Venous ulcers are one of the most 
common types of leg ulcers. Different studies have reported its prevalence ranging 
from 0.7 to 2.4 %, which further increases with ageing population [ 1 ,  2 ]. Typically 
venous ulcers are recurrent in nature and therefore have a huge impact in treatment 
cost. In the United States, annual cost of venous ulcer treatment is over 2.5 billion 
dollars a year, and the annual estimated cost in the United Kingdom is 300–600 mil-
lion pounds [ 3 ,  4 ]. 

 American Venous Forum suggests the defi nition for a typical venous ulcer as 
“A full-thickness defect of skin, most frequently in the ankle region, that fails to 
heal spontaneously and is sustained by chronic venous disease (duplex studies)” 
[ 5 ] .  

 Treatment of venous ulcer needs careful clinical evaluation, correct identifi cation 
of contributory etiological factors, and extensive imaging to look for level of 
obstruction and/or refl ux. Based on the above factors, the most appropriate therapy 
is chosen among array of treatment modalities available (e.g.: compression, endove-
nous thermal ablation, sclerotherapy, venoplasty and stenting, and deep valve 
reconstruction).  
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10.2     Pathophysiology of Venous Ulceration 

 Venous hypertension is key factor in all stages of venous insuffi ciency. Before look-
ing into pathophysiology of chronic venous insuffi ciency and venous ulceration, it 
is important to understand basic venous physiology. 

 Venous system drains the blood volume back to the heart to maintain circulation 
circuit. When in supine position, pressure gradient between arteriovenous segments 
drives this fl ow and is aided by negative intrathoracic pressure due to upward move-
ment of diaphragm in expiration [ 6 ]. 

 While in upright position, hydrostatic force of blood column increases venous 
pressure in foot. However when measured with a direct cannula in foot vein, 
foot pressures dramatically decrease after a few tiptoe exercises as calf muscles 
empty venous channels on walking. This pressure is called ambulatory venous 
pressure. In normal circumstances, resting pressure in foot veins on standing 
ranges from 90 to 120 mmHg. Upon 7–9 tiptoe exercises, this pressure falls to a 
mean of 22 mmHg. In cases with venous incompetence or poor calf muscle 
pump, resting foot vein pressures are high, and these does not decrease after 
tiptoe exercise, which overall results in venous hypertension (Fig.  10.1a, b ) 
[ 6 ,  7 ]. Venous hypertension is key to all pathological changes occurring in 
chronic venous insuffi ciency.

   Multiple hypotheses have been proposed for venous ulceration. Fibrin cuff the-
ory states that there is leakage of fi brinogen in extravascular space, and over time 

  Fig. 10.1    ( a ) In a limb with normal venous pump, effects of exercise on calf volume and venous 
pressure measured on the dorsum of the foot. ( b ) Effects of exercise on calf volume and venous 
pressure measured on the dorsum of the foot in a patient with post-thrombotic syndrome and 
venous hypertension       
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pericapillary fi brin cuff is formed which causes ischemia of dermis making it prone 
for ulceration [ 8 ]. In another “leukocyte entrapment” theory, extravasation and acti-
vation of leucocytes has been given utmost importance, which further sets in a 
chronic infl ammatory reaction [ 9 ]. 

 Venous hypertension leads to extravasation of macromolecules and red blood 
cells, which further set in a secondary infl ammatory reaction. Activated endo-
thelial cells release vasoactive agents, infl ammatory mediators, chemokines, 
express adhesion molecules, and prothrombotic precursors. Increased expres-
sion of ICAM-1, recruitment of leukocytes, and their endothelial transmigration 
leads to initiation of infl ammatory cascades that have been regularly demon-
strated in patients’ venous ulcers. There is increased production of cytokines 
(TGF-β1, TNF-α, IL-1) and increased MMPs that have been shown to be a key 
component of development, chronicity, and the delay of healing of venous ulcers 
[ 8 – 10 ].  

10.3     Clinical Assessment (Figs.  10.2  and  10.3 ) 

     Clinical assessment of patient with varicose veins should be carried out as outlined 
in Table  10.1 . Additionally detailed examination of ulcer and surrounding is very 
important [ 11 ]. It is recommended to keep a photographic record of ulcers on every 
visit.

   Assessment of calf muscle pump could be done clinically by looking at calf 
muscle volume and range of motion at ankle joint and comparing it with the contra-
lateral side. Patients’ psychological status should also be looked at, as long-lasting 
venous ulcers could precipitate severe depression [ 12 ]. Alternative diagnosis of 
ulcers in lower extremity should be ruled out specially if ulcer is present without 
background signs and symptoms of venous insuffi ciency or ulcer is present in atypi-
cal sites [ 13 ].  

  Fig.10.2    Varicose veins 
in popliteal region       
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10.4     Investigations 

 There are multiple tests available to diagnose three key points in venous ulcer patho-
physiology: (a) level and severity of obstruction, (b) level and severity of refl ux, and 
(c) hemodynamic assessment of calf pump dysfunction. These tests could be cate-
gorized as noninvasive and invasive tests. 

10.4.1     Noninvasive Investigations 

•     Venous duplex imaging  
•   Air plethysmography  
•   Photo plethysmography  
•   CT venogram  
•   MR venogram     

10.4.2     Invasive Investigations 

•     Ascending and descending venography  
•   Ambulatory venous pressure  
•   Intravenous ultrasound    

  Fig. 10.3    Varicose ulcer       
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   Table 10.1    Clinical evaluation   

  History  

 1. Basic details 

   (a)  Age : 

    Younger, otherwise asymptomatic patients with family history: primary varicose veins 

   (b)  Female gender : hormonal factors 

    (i) Primary: progesterone 

    (ii) Induced: oral contraceptive pills, postmenopausal hormone replacement therapy 

   (c)  Occupation : disease of occupations involving prolonged standing 

 2. Chief complaints and history of present illness 

  Record symptoms and signs for each leg separately  

   (a)  Prominent veins : 

    (i)  Describe distribution of veins in patient’s language, i.e., inner side of thigh, outer side 
thigh, inner /outer/aspect of leg/behind knee 

    (ii) Duration 

    (iii) Unilateral/bilateral 

    (iv) Associated symptoms: pure cosmetic or associated symptoms 

    (v) Any history of bleeding from veins 

   (b)  Leg swelling : 

    (i) Unilateral/bilateral 

    (ii) In ankle region or in thighs as well 

    (iii) Relation to long-standing posture 

    (iv) Diurnal variation 

   (c)  Leg pain : 

    (i) Anatomical distribution of pain 

  Most of patients with varicose veins have neurological claudication or knee joint disorder with 
associated asymptomatic varicose veins  

    (ii) Pain score (0–10): document to compare with posttreatment pain scores 

    (iii) Duration 

    (iv) Ask leading question: 

     Pain is in joints or in between joints (thigh/calf/leg) 

     Lower back pain 

     Multiple joint pains 

  Venous claudication  

 Venous claudication is defi ned as “bursting” thigh pain and “tightness” that develops during 
exercise in patients with iliofemoral venous thrombosis. Peripheral arterial disease is not a 
factor. The pathophysiology of venous claudication is related to the high outfl ow resistance 
associated with venous collaterals. Venous volume increases but proximal venous fl ow is 
unable to increase because of the fi xed resistance of the collaterals, which results in the 
clinical syndrome 

   (d)  Itching : 

    (i) Rule out localized itching due to skin disorder 

    (ii) Check for ongoing skin disorder treatment 

(continued)
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Table 10.1 (continued)

   (e)  Night cramps : 

    (i) Frequency 

    (ii) Variation 

   (f)  Pigmentation : 

    (i) Pattern 

    (ii) Progression 

   (g)  Healed/active/recurrent ulcer  

    (i) Total number of ulcers 

    (ii) Mode of onset of ulcer: spontaneous/traumatic 

    (iii) Duration of ulcer; if healed, how long it took 

    (iv) In recurrent ulcers: total number of events 

    (v) If active soakage present: how many times dressing has to be changed 

 3. Past history: 

   (h)  Previous DVT : 

    (i) Direct evidence 

     1. History of warf/acitrom intake 

     2. Documented history of DVT 

     3. History of regular INR monitoring 

    (ii) Indirect evidence: especially if current symptoms started after the inciting event only 

     1. History of acute onset painful swelling of lower limb in the past 

     2. History of major orthopedic trauma/immobilization 

     3. Major abdominal/neuro/ortho surgery 

     4. Malignancy 

   (i)  History of breathlessness  

    (i)  Acute onset shortness of breath might be associated with episode of pulmonary 
embolism 

    (ii) Chronic PE may result in pulmonary hypertension with secondary right heart failure 

 4. Treatment history 

   (i) Oral contraceptive use 

   (ii) Hormone replacement therapy 

   (iii) Oral anticoagulants 

 5. Family history 

 6. Personal history 

   (a) Smoking 

 7. Comorbidities 

  Always to be recorded in all vascular cases  

 (�?⁄�)  If yes: duration (years) 

 Diabetes 

 Hypertension 

 IHD 

 Smoking 

 Obesity 

 Chronic renal failure 
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  Examination  

 Standing position in good light 

 (In presence of nurse when examining a female) 

  Inspection  

 1. Distribution of varicosities: GSV territory/SSV territory/other 

   (a)  Saphena varix : blow out at saphenofemoral junction—look for visible cough impulse 
(Morrissey’s sign) 

   (b) Lateral vein in thigh associated with limb hypertrophy and port-wine stain:  KT syndrome  

   (c) Refl uxing vein connecting GSV-SSV territory:  Giacomini vein  

   (d) Abdominal veins: rule out IVC obstruction 

 2. Obvious limb swelling 

   (a) Differentiate from lymphedema (foot involvement) 

   (b) Differentiate from lipedema 

 3. Skin changes: 

   (a)  Redness : local thrombophlebitis 

   (b)  Pigmentation : distribution in leg 

   (c)  Lipodermatosclerosis  (LDS): localized chronic infl ammation and fi brosis of skin and 
subcutaneous tissues of lower leg, sometimes associated with scarring or contracture of 
the Achilles tendon. LDS is sometimes preceded by diffuse infl ammatory edema of the 
skin, which may be painful and which often is referred to as lipodermitis. LDS must be 
differentiated from lymphangitis, erysipelas, or cellulitis by their characteristically 
different local signs and systemic features 

  Try to pinch skin: in pigmentation it can be pinched easily whereas not in lipodermatosclerosis  

   (d)  Itching marks  

   (e)  Atrophie blanche (white atrophy)  

    Localized, often circular whitish, and atrophic skin areas surrounded by dilated capillaries 
and sometimes hyperpigmentation. Sign of severe CVD, and not to be confused with 
healed ulcer scars. Scars of healed ulceration may also exhibit atrophic skin with 
pigmentary changes but are distinguishable by history of ulceration and appearance from 
atrophie blanche and are excluded from this defi nition 

   (f)  Corona phlebectasiae  

    Fan-shaped pattern of numerous small intradermal veins on medial or lateral aspect of 
ankle and foot. Commonly thought to be an early sign of advanced venous disease. 
Synonyms include malleolar fl are and ankle fl are 

   (g)  Eczema : erythematous dermatitis, which may progress to blistering, weeping, or scaling 
eruption of skin of leg. Most often located near varicose veins but may be located anywhere 
in the leg. Usually seen in uncontrolled CVD but may refl ect sensitization to local therapy 

 4. Characteristics of venous ulcer 

   (a) Site: premalleolar and malleolar region of ankle 

   (b) Superfi cial 

   (c) Sloping edges 

   (d) Healthy granulation tissue in base—if no infection 

   (e) Exudative, weepy 

   (f) Surrounding +/− skin maceration 

   (g) Pigmentation and lipedermatosclerosis in surrounding skin 

  Also inspect  

(continued)

Table 10.1 (continued)
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Table 10.1 (continued)

 Scrotum for any obvious swelling 

 Groin for any lymph nodes 

 Abdomen for any previous abdominal surgery 

 Lateral aspect of thigh/knee for orthopedic procedures scar mark 

 Scar marks of any previous varicose vein surgery 

  Palpation  

 Feel the patient’s legs from ankle to the groin in standing position 

   1.  SF junction refl ux : 

    Place middle and index fi nger tips over cribriform fossa. Ask patient to externally rotate 
the examined limb and fl ex at the knee 5–10°. Ask patient to cough with face turned to 
opposite side. Feel for an impulse on your fi ngertips 

   2.  Schwartz test : 

    In the above test, place the other hand’s index and middle fi nger at any point distal to SF 
junction in the anatomical course of GSV and feel the vibration transmitted by tapping at 
SF Junction. This indicates the level of serial valve incompetence in GSV starting from 
SF junction 

   3.  Trendelenburg test : 

    Repeat the above in supine position and compress the SF junction and ask patient to rise 
into standing position and observe pattern of fi lling of distal veins 

    Note: Trendelenburg test can be performed by tourniquet application at different levels to 
check refl ux from SF junction, mid-thigh perforator, above-knee perforators, and 
below-knee perforators following the same principle as the above 

   4.  SP junction refl ux : 

    Place middle and index fi nger tips over popliteal fossa just above the knee crease. Ask 
patient to extend the knee. Ask patient to cough. Feel for an impulse on your fi ngertips 

   5.  Perforator “blowouts”(Fegan’s sign):  

 Feel along the course of GSV and SSV and palpate any prominent defect in fascia with 
prominent varicose bulge, which may signify perforator incompetence at that level 

   6.  Modifi ed Perthes test : 

    With patient in supine position, limb is elevated and a tourniquet is tied below the 
saphenofemoral junction. Patient is then asked to walk for 50 m. Deep venous outfl ow 
obstruction is suspected if there is GSV or SSV 

    Varicosities or calf pain increase on walking 

   7.  Warning : please remember all this may be possible in thin patients, and may not be 
visible or palpable in obese patients 

   8. Feel for thrill to rule out AV fi stula 

   9. Check for  pedal edema  

    (a) Pitting 

    (b) Nonpitting 

    (c) Brawny 

   10. Palpate all  peripheral arterial pulses  and record ankle-brachial index 

   11.  Measurements  

    (a) Height 

    (b) Weight 

    (c) Limb length 
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    (d) Limb circumference 

     (i) Calf level: 10 cm below tibial tuberosity 

     (ii) Thigh level: 15 cm above medial condyle of femur 

   12.  Pes equinus : 

    Palpate and assess ankle movements: fi xed fl exion deformity is generally a 
contraindication for venous intervention 

    Also palpate 

     1. Groin for lymph nodes 

     2. Abdominal/pelvic/testicular mass 

     3. Direction of fl ow in abdominal veins, if present 

  Auscultation:  
 SF junction 
 SP junction 
 Bruit 

  C E A P classifi cation (Fig.   10.4  )  
  Clinical classifi cation  
   C0: no visible or palpable signs of 

venous disease 
   C1: telangiectasies or reticular v 
   C2: varicose veins 
   C3: edema 
   C4a: pigmentation or eczema 
   C4b: lipodermatosclerosis or atrophie 

blanche 
   C5: healed venous ulcer 
   C6: active venous ulcer 
    S : symptomatic, including ache, pain, 

tightness, skin irritation, heaviness, 
and muscle cramps, and other 
complaints attributable to venous 
dysfunction 

    A : asymptomatic 

  Etiologic classifi cation  
   Ec: congenital 
   Ep: primary 
   Es: secondary (post-thrombotic) 
   En: no venous cause identifi ed 

  Anatomic classifi cation  
   As: superfi cial veins 
   Ap: perforator veins 
   Ad: deep veins 
   An: no venous location identifi ed 

  Pathophysiologic classifi cation  
   Pr: refl ux 
   Po: obstruction 
   Pr, o: refl ux and obstruction 
   Pn: no venous pathophysiology identifi able 

  Impression at end of history and examination  

 1. Diagnosis? (CEAP) 

 2. Does this patient have symptomatic venous disorder? 

 3. Do his symptoms are purely due to varicose veins? 

 4. Does this patient have primary of secondary varicose veins? 

 5. Are symptoms severe enough to proceed for treatment? 

 6. Does patient need other contributory symptoms to be treated fi rst, e.g., back pain and knee 
joint pain? 

Table 10.1 (continued)
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10.4.2.1     Noninvasive Tests 

   Venous Duplex Imaging 
 Venous duplex imaging has become the favored technique for evaluation of CVI to 
confi rm the diagnosis and assess its etiology and anatomy. A venous duplex refl ux 
examination combines B-mode and color-fl ow imaging of the deep and superfi cial 
veins and pulsed Doppler assessment of the direction of fl ow. The standard venous 
duplex examination assesses for venous thrombosis or obstruction as well as 
changes associated with chronic thrombotic disease which are the presence of an 
organized, hyperechoic, heterogeneous, noncompressible thrombus fi rmly adherent 
to the vein wall on DUS. Duplex ultrasound criteria used to differentiate acute, sub-
acute, and chronic obstruction have been listed in Table  10.2  [ 14 – 18 ].

   Refl ux is assessed with provocative maneuvers, which may involve Valsalva 
maneuver or augmenting fl ow with distal limb compression in the reverse 
Trendelenburg position. The preferred method, however, involves the use of 

C0 C1 C2 C3

C4a C4b C5 C6

  Fig. 10.4    CEAP       
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rapid cuff infl ation-defl ation in the upright position [ 18 ]. Reversal of fl ow in the 
superfi cial venous system lasting longer than 0.5 s indicates valvular incompe-
tence. Deep system refl ux is considered abnormal when reversal of fl ow exceeds 
1 s. Longer duration of refl ux (or greater refl ux times) and higher refl ux veloci-
ties and volumes have been used to assess the severity of refl ux [ 15 ,  16 ]. 
However, the severity of disease as determined by duplex imaging correlates 
weakly with clinical manifestations. Despite such limitations, the venous duplex 
refl ux examination is considered the mainstay of noninvasive evaluation of 
CVI. It provides information about the anatomic distribution involving the deep, 
superfi cial, and perforator venous systems—useful information to help guide 
therapy.  

   Photoplethysmography (PPG) 
 PPG uses light absorbance by hemoglobin as a refl ection of blood volume in the 
venous and capillary networks in the skin to estimate the degree of venous stasis. 
Relative changes in blood volume in the dermis of the limb are determined by measur-
ing the backscatter of light with a probe containing a photosensor [ 19 ]. The PPG 

   Table 10.2    Duplex ultrasound criteria used to differentiate acute, subacute, and chronic obstruction   

 Acute (days to weeks) 
 Subacute (weeks to 
months) 

 Chronic (months to 
years) 

 Size  Distended  No longer distended 
because of lysis 

 Reduced; sometimes 
unable to be traced by 
duplex ultrasound 

 Echogenicity   Echolucent : acute 
thrombi do not contain 
dense material 

  Moderate 
echogenicity : 
increased cellular 
components 

  Echogenic : as the clot 
ages, fi broblasts and 
collagen deposits form 

 Lumen 
characteristics 

 The lumen is 
noncompressible or 
partially compressible 
and often has spongy 
texture on compression 

 Recanalization with 
adherence of residual 
thrombus to the vein 
wall 

 Partial recanalization 
with fi lling defects and 
refl ux may be present 

 Wall 
characteristics 

 Thin and smooth  Thickened  Thickening with 
luminal reduction as a 
result of an 
infl ammatory response 
from the thrombus 

 Flow 
characteristics 

 Absence of fl ow/fi llings 
defects 

 Partial recanalization  Partial recanalization 
with refl ux 

 Enhanced fl ow in 
dilated collateral veins 

 Thrombus 
characteristics 

 Presence of a tail  Decreased linear 
extension of the 
thrombus 

 Collateral veins  Absent  May be present  Often found around the 
obstructed segments 
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probe is placed on the foot, followed by repetitive contraction of the calf muscles to 
empty blood from the veins of the foot. The time required for blood to refi ll the vessels 
of the skin, detected by increased backscatter of light, is determined after stopping 
muscle contraction. This venous refi ll time is the time required for the PPG tracing to 
return to 90 % of its baseline. The measure has been shown to correlate with invasive 
techniques for diagnosing CVI. A venous refi ll time of less than 18–20 s is indicative 
of CVI, whereas a venous refi ll time greater than 20 s suggests normal venous fi lling. 
The test does not provide specifi c information about anatomic distribution. There is 
poor correlation of the severity of disease as gauged by refi ll times with other methods 
because this parameter depends on factors such as refl ux volume and capacitance of 
the reservoir. The technique has also been used to assess muscle pump function and 
venous outfl ow by measuring venous emptying during calf muscle contraction and 
limb elevation, respectively. Though capable of providing an assessment of overall 
venous physiologic function, PPG is most useful for determining the absence or pres-
ence of disease or CVI. It has best supplemental value with duplex to give overall 
anatomical as well as physiological diagnosis [ 19 ,  20 ].  

   Air Plethysmography 
 Air plethysmography (APG) is based on measurement of changes in limb volume 
by displacement of air in a cuff surrounding the calf during maneuvers to empty and 
fi ll the venous system. Air plethysmography is used to assess the contribution of 
each—refl ux, obstruction, and muscle pump dysfunction, respectively. 

 Venous outfl ow is assessed during rapid defl ation of a venous occlusive cuff 
placed on the proximal portion of an elevated limb. The primary parameter in 
assessing outfl ow is the outfl ow fraction at 1 s, with greater than 38 % being consid-
ered normal and less than 28 % indicating severe obstruction. Venous fi lling is eval-
uated by placing the limb in a dependent position, and the rate of refi ll is used to 
determine the presence and severity of refl ux. The key parameter is the venous fi ll-
ing index, which is calculated by measuring 90 % of the venous volume and divid-
ing this by the time required to fi ll 90 % of the venous volume after resumption of 
an upright position. The venous fi lling index is less than 2 mL/s in normal limbs, 
and values above 4 mL/s have been found to correlate with the severity of CVI. The 
venous fi lling index may be the best parameter for detection of abnormal refl ux; it 
has a sensitivity of 70–80 % and a positive predictive value of 99 %. The function 
of the calf muscle pump is determined after a single and ten repetitive contractions 
during toe raises. The volume of blood ejected with one tiptoe maneuver divided by 
the venous volume is the ejection fraction. The severity of CVI has been shown to 
correlate with the venous fi lling index and ejection capacity .  Air plethysmography 
provides quantitative information about global venous function and may be used to 
select and monitor response to intervention [ 21 ,  22 ].  

   CT Venogram 
 Visualization of Iliac veins and IVC is often limited in duplex examination. The 
development of high-resolution computed tomography (CT) with contrast enhance-
ment has allowed extension of its use for the evaluation of venous disease. The 
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technique is most useful in the evaluation of centrally located veins and their sur-
rounding structures to assess for intrinsic obstruction or extrinsic compression. 
Optimal imaging of the venous system requires the use of intravenous contrast 
material, with appropriate timing of image acquisition based on venous fi lling. 
Features suggestive of obstructive venous pathology in CT venogram could be nar-
rowing of iliac veins, transpelvic or transpubic collaterals, eccentric fi lling defects, 
compression of IVC or iliac vein with iliac artery, etc. [ 23 ].  

   MR Venogram 
 Magnetic resonance imaging has been refi ned to allow detailed imaging of the 
venous system. This technique uses differences in the signal detected from protons 
within biologic tissue subjected to radiofrequency energy to assess fl ow within 
vessels and adjacent structures. The technique is useful to assess disease within 
veins of various sizes and provides utility in assessing obstructive disease and 
venous malformations. As with CT, magnetic resonance venography may provide 
useful anatomic detail before venous interventions. In comparison to CT, MR 
venogram delineates intraluminal webs, spurs, trabeculations, as well as wall 
thickening better [ 23 ].   

10.4.2.2     Invasive Tests 

   Ascending Venography 
 Ascending venography is mainstay diagnostic tool for iliac vein obstruction avail-
able worldwide. Transfemoral ascending venography demonstrates obvious ste-
notic area, transpubic and trans-pelvic collaterals, fi lling defects, and trabeculations. 
Infl ation of a semi-compliant balloon across suspected area of stenosis could dem-
onstrate stenosis in the form of an hourglass waist. In cases where disease is 
extending in thigh, trans-popliteal or trans-short saphenous ascending venogram 
could be done for accurate delineation for suitable treatment of ilio-caval disease 
(Fig.  10.5 ) [ 24 – 26 ].

      Descending Venography 
 Once obstruction is ruled out by ascending venography, descending venography 
is performed. Patient is strapped on table in 50–60 % of upright position. 
Contralateral common femoral vein or jugular approach is used to access. Contrast 
is injected into the IVC fi rst for iliocavogram then into the segments of interest 
which are imaged sequentially. It is the defi nitive test to identify the level of refl ux 
and the segment involved so is used for planning for valve repair or valve trans-
plantation [ 27 ]. 

 Kistner et al. developed a classifi cation system used commonly to categorize the 
severity of deep venous refl ux and the functional integrity of the venous valves 
(Table  10.3 ). With the use of descending venography, candidates are selected for 
deep venous valve repair or transplantation, which is offered to patients with grade 
3 or 4 refl ux who have recurrent symptoms of venous insuffi ciency after treatment 
of superfi cial varicosities and perforator venous incompetence [ 27 ].

10 Venous Ulcer



154

    Table 10.3    Grades of venous refl ux   

 Grade  Description 

 0  Normal valvular function with no refl ux 

 1  Minimal refl ux confi ned to the upper part of the thigh 

 2  More extensive refl ux, which may reach the lower part of the thigh; a competent valve 
is present in the popliteal vein, and there is no refl ux to the calf level 

 3  Refl ux as above but associated with popliteal valvular incompetence and leakage of 
contrast material into the calf veins 

 4  Virtually no valvular competence with immediate and dramatic refl ux distally into the 
calf; this type of refl ux often opacifi es incompetent calf perforators 

  From Kistner et al. [ 27 ] and Herman et al. [ 49 ]  

  Fig. 10.5    Ilio-caval obstructive pathology on ascending venography and results following venous 
stenting. ( a ) Multiple recanalized veins along with previous IVC fi lter suggestive of post- 
thrombotic syndrome. ( b ) Multiple tens pelvic and trans-lumbar collaterals. Note disappearance of 
collaterals post stenting. ( c ) Classical “May-Thurner” syndrome: compression of the left iliac vein 
by the right iliac artery. ( d ) Filing defect in common iliac vein in a patient with chronic ilio-caval 
DVT and active venous ulcer       
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      Intravascular Ultrasonography (IVUS) 
 It is the gold standard investigation for assessment of ilio-caval obstruction. It is 
mainly used for intraluminal anatomic evaluation of the veins. So it is very useful 
for assessing valves, venous wall, side branches, webs and trabeculations, throm-
bus, external compression, or stenosis as well as in diagnosis and endovascular 
management of May-Thurner syndrome and accurate placement of stents. However, 
the unavailability at majority of centers in the world and higher cost are limitations 
in routine use of IVUS [ 28 ,  29 ].     

10.5     Treatment 

10.5.1     Lifestyle Modification 

 It has been shown that poor mobility and exercise status are major factors in 
recurrence of venous ulcers. Supervised exercise therapy is focused on weight 
loss, increasing angle plantar fl exion and dorsifl exion range of motion, and 
increasing calf muscle strength to improve healing of ulcer and decrease ulcer 
recurrence [ 30 ].  

10.5.2     Compression Therapy 

 Single-layer compression therapy with graduated pressure stockings is standard 
fi rst-line treatment for all stages of chronic venous insuffi ciency. It applies graded 
external compression to the legs and opposes the hydrostatic forces of the venous 
hypertension. An external compression of maximum 60 mmHg has been shown to 
be safe even in patients with an ankle-brachial index of 0.5 and above. Treatment 
with 30–40 mmHg compression stockings results in signifi cant improvement in 
pain, swelling, skin pigmentation, activity, and well-being if compliance of 70–80 % 
is achieved [ 31 ]. 

 The commonly used compression therapy includes elastic stockings, multilay-
ered bandaging, and nonelastic paste gauze boots. 

 Multilayered bandage provides rapid decrease in venous hypertension in 
active venous ulcers. So in authors’ practice, multilayered bandage is added 
specially if there is calf muscle dysfunction to heal ulcers faster. Once healing 
is achieved, compression is switched over to compression stockings. SVS guide-
lines do not suggest compression bandages or stockings if the ankle-brachial 
index is 0.5 or less or if absolute ankle pressure is less than 60 mmHg [ 32 ]. 

 However, poor compliance to all type of compression therapy has been a histori-
cal problem. Also requirement of lifelong compression and recurrence after discon-
tinuing compression makes compression only as supporting treatment and not 
defi nitive therapy for venous ulcers.  
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10.5.3     Pharmacological Therapy 

 Many drug formulations have been tried for venous insuffi ciency, but most of them 
failed to prove to be advantageous over placebo. 

  Flavonoids 
 Flavonoids affect leukocytes and the endothelium by modifying the degree of 
infl ammation and reducing edema. A micronized purifi ed fl avonoid fraction, Dafl on, 
has been shown to reduce edema-related symptoms as either primary treatment or 
in conjunction with other therapy [ 33 ].  

  Pentoxifylline 
 It has been found to be useful in ulcer healing when used along with compression 
therapy. Mechanism is still not explained [ 33 ]. 

 Aspirin and other antiplatelets have been used for healing of ulcer but their role 
is still not defi ned [ 33 ].   

10.5.4     Wound and Skin Care 

 Noninfected ulcers should be dressed with normal saline; although a variety of the 
dressings are available, none of them are found to be advantageous over saline if the 
underlying venous pathology is corrected. For infected ulcers, silver-impregnated 
dressings are found to be effective in controlling infection and restoring tissue integ-
rity. If exudates are excessive, hydrocolloid dressings should be used for soaking it 
and to prevent excoriation of the surrounding skin. Skin care includes proper 
hygiene and moisturization of the skin to prevent tissue breakdown due to dryness 
which may act as portal for infection and cellulitis [ 33 ,  34 ].   

10.6     Treatment of Superficial Venous Reflux 

10.6.1     Open Surgery 

10.6.1.1     High Ligation of the Saphenous Vein 
 The great saphenous vein is ligated at its junction with femoral vein along with liga-
tion of all six tributaries around saphenofemoral junction (SFJ). However, ligation 
alone without GSV stripping has shown very high rate of recurrence [ 33 ,  35 ].  

10.6.1.2     Great Saphenous Vein Stripping 
 It is one of the classic operations for the varicose veins. Objective here is to remove 
the entire GSV and avulse the tributaries and perforators, so as to reduce the chances 
of recurrence. 

 Under general, regional, or tumescent anesthesia, a groin crease incision is made 
and SF junction is dissected out. All tributaries of GSV at SFJ are identifi ed and 
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ligated with care. After high ligation of the SFJ and transection from the great 
saphenous vein (GSV), the vein stripper is introduced from the end of GSV at the 
knee level and advanced up SFJ where the head of the stripper is delivered from the 
great saphenous vein at the transected end. The head of stripper is ligated to the end 
of GSV which is now invaginated, and the whole vein is stripped inside out. Incision 
sites are closed and compression stockings are applied. 

 When stripping is done for below-knee GSV, the chances of saphenous nerve 
injury are high; hence, foam sclerotherapy or avulsion stab phlebectomy should be 
done. Risk of hematoma formation is also high [ 33 ,  35 ].  

10.6.1.3     Ambulatory Phlebectomy 
 This is the procedure to remove the bulging varicosities on an outpatient basis, under 
local anesthesia. Muller developed the stab avulsion method that is now in widespread 
use. The characteristics of Muller’s AP technique are absence of venous ligatures, 
exclusive use of local infi ltration anesthesia, immediate ambulation after surgery, 
2-mm incisions, absence of skin sutures, and a postoperative compression bandage 
kept in place for 2 days then replaced with daytime compression stockings [ 36 ].  

10.6.1.4     Endovenous Thermal Ablation 
 Endovenous thermal ablation with LASER or radiofrequency is based on the principle 
of heat-induced thermocoagulation of vein wall proteins. This is followed by brief 
period of compression resulting in permanent closure of superfi cial refl uxing veins. 

 Procedure is performed under local tumescent anesthesia with ultrasound guid-
ance followed by thermal ablation. Saphenous vein is percutaneously accessed and 
the catheter advanced cephalad toward the saphenofemoral junction. Tumescent 
anesthesia is given around the vein. Purpose of tumescent anesthesia is to absorb 
heat generated by catheter therefore decreasing chances of skin burn, shrink the vein 
to increase catheter vein wall contact area to achieve improved thermocoagulation, 
and avoid injury to saphenous nerve and prevent postoperative paresthesia. Mobility 
is resumed almost immediately, and the patient is encouraged to walk as much as 
possible specifi cally in initial weeks following procedure. 

 Endovenous thermal ablation has become gold standard treatment for superfi cial 
axial refl ux. It is less morbid than open surgery and essentially a day-care procedure. 
It has signifi cant reduction in perioperative pain and wound-related complications 
when compared to open surgery and has similar long-term occlusion rates [ 33 ,  37 ]. 

 There has been many studies comparing LASER vs RFA; however, there has 
been no signifi cant difference in outcomes, although a few studies have shown 
lesser perioperative pain with RFA closure [ 37 ,  38 ].  

10.6.1.5     Foam Sclerotherapy 
 Foam sclerotherapy works on the principal of chemical-induced endothelial dam-
age, which sets in thrombosis and eventually fi brosis. Sclerosants in their “foam” 
constituency have been used to decrease the total dosage required as well as increase 
total contact time, as stable foam stays in vein and replaces blood column. Mostly it 
has been used to treat smaller size of veins, i.e., reticular and thread veins and small 

10 Venous Ulcer



158

varicose veins. However, the use of sclerotherapy in combination with LASER or 
RFA has shown better results. 

 A form of stable foam is prepared by Tessari technique (Fig.  10.6 ). The scle-
rosant is diluted with CO 2  or O 2  or air in a ratio of 1:4 sclerosant—air dilution and 
a foam created by mixing them by 25 passage to and fro in two syringes. It is 
injected in the veins under ultrasound guidance.

    Common sclerosing solutions used are 1 and 3 % sodium tetradecyl sulfate, 1 
and 3 % polidocanol sodium morrhuate, and 20 % hypertonic saline [ 38 ]. 

 Painful thrombosis of varicosities is the most common complication seen, which 
if occurs is managed by a small nick on the hardened vein to release the infl amed 
thrombus. Usually it results when there is lack of adequate compression or foam has 
been given in very large varicosity. 

 In practice larger varicosities may be removed surgically by stab phlebectomy 
along with GSV ablation, whereas smaller varicosities are treated with foam sclero-
therapy [ 38 ,  39 ]. In patients with active venous ulcer, foam sclerotherapy of perfora-
tors underneath the ulcer bed is an important adjuvant therapy.    

10.7     Treatment of SSV Reflux 

 Treatment of isolated SSV refl ux is matter of debate. However, if iliac vein obstruc-
tion has been either ruled out or corrected, isolated SSV refl ux is treated in similar 
way as GSV refl ux, either by open surgery or by endovenous ablation with or with-
out foam sclerotherapy [ 33 ,  40 ] (Table  10.3 ). 

10.7.1     Treatment of Deep Venous Obstruction 

 Ilio-caval venous obstruction has been recognized as one of the major contributor to 
chronic venous insuffi ciency. It is classifi ed as primary or non-thrombotic iliac vein 
lesions (NIVLs) and post-thrombotic iliac vein obstruction. Plain angioplasty in 
venous stenosis has shown to have severe recoil, and stenting is always 

  Fig. 10.6    Foam 
sclerotherapy with Tessari 
technique       
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recommended after a signifi cant stenosis is identifi ed. Raju et al. have shown an 
excellent 5-year patency of iliac vein stenting. However, primary and secondary 
5-year patency markedly dropped from limbs with NIVLs to limbs with post-throm-
botic limbs (79 and 100 %, 57 and 86 %, and 54 and 74 %, respectively) [ 41 ]. The 
use of IVUS during iliac vein stenting has helped to diagnose missed lesions and 
accurate assessment of venous stenosis [ 28 ]. 

 In situations where stenotic/occlusive disease is extending below the inguinal 
ligament, either stents could be extended below the inguinal ligament. Alternatively 
endovenectomy of common femoral vein ensuring good infl ow from profunda vein 
could be combined with iliac vein angioplasty and stenting [ 26 ,  46 ].  

10.7.2     Treatment of Deep Venous Reflux 

 Majority of venous ulcers heal with the combination of compression therapy, abla-
tion of superfi cial refl ux, and correction of deep venous refl ux. Raju et al. showed 
that after correction of iliac vein obstruction, many patients still might be having 
residual refl ux, but ulcer heals despite its presence [ 34 ]. 

 However, a small subgroup of patients with venous ulcer, who either have pri-
mary valvular insuffi ciency or Kistner grade 2–4 refl ux with active venous ulcer 
after iliac vein stenting, may benefi t from deep vein valve reconstruction [ 33 ]. There 
are many strategies of deep vein valve repair that are out of scope for discussion in 
this text but can be referenced from their source [ 41 – 46 ].   

10.8     Recurrent Venous Ulcer 

 The biggest disappointing event for patient as well for treating doctor is recurrence 
after initial healing. However, this needs careful evaluation. Adequacy of previous 
procedure is fi rst assessed. If previously patient underwent superfi cial venous abla-
tion, repeat duplex should be done to look for any evidence of missed anterior 
accessory vein, incomplete ablation, or recanalization of great saphenous vein. 

 In case of previous iliac vein stenting, a repeat venogram should be done to 
check for missed cranial or caudal stenotic area, in stent stenosis or occlusion 
[ 47 ,  48 ].  

    Conclusion 

 Venous ulcers are multifactorial. Accurate assessment of all contributory factors 
is required. Compression therapy is recommended in most of patients. 
Endogenous treatment of superfi cial refl ux should be done if signifi cant refl ux is 
found. Correction of iliac vein obstruction with angioplasty and stenting is 
needed in the presence of obstructive disease. Selected subgroup of patients may 
benefi t from deep vein valve repair. Upon recurrence of ulcer, a thorough evalu-
ation should be done to look for any missed or new area of refl ux or 
obstruction.     
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 11       Arterial Ulcer                     

       Narendra     Meda    ,     Manzoor     Abbas    ,     Himanshu     Verma    , 
and     Ramesh     K.     Tripathi    

11.1            Introduction 

 Arterial ulcers, commonly referred to as ischemic ulcers, are wounds that won’t 
heal due to inadequate arterial blood fl ow or low perfusion pressure to the tissues of 
lower extremities. Precipitating events to the arterial ulcers vary. Such impairment 
can occur acutely (e.g., trauma, thrombosis) or chronically (e.g., atherosclerosis). 
Both acute and chronic arterial insuffi ciency can lead to the formation of lower 
extremity ulcers. Arterial insuffi ciency can occur at any level, from large arteries to 
arterioles and capillaries. Tissue ischemia that leads to leg ulcers tends to occur 
more in the setting of large vessel or mixed disease [ 1 ,  2 ]. For proper treatment of 
leg ulcers, it is important to be aware of the different types of leg ulceration, their 
clinical features, and the various diagnostic and treatment modalities.  

11.2     Epidemiology 

 It is thought that the incidence of ulceration is rising as a result of aging population 
and increased risk factors for atherosclerotic occlusion such as smoking, obesity, 
and diabetes. A number of epidemiological studies have been conducted and have 
found a similar prevalence of leg ulceration ranging from 0.11 to 0.18 % of the 
general population [ 3 – 5 ]. In diabetic population, about 15 % will be affected with 
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foot ulcers during their lifetime and about 85 % of all amputations are preceded by 
an ulcer [ 6 ]. Worldwide most common chronic wounds are because of chronic 
venous disease and represent 65 % of ulcers on the leg followed by arterial and 
neuropathic ulcers, which together make 95 % of leg ulcers.  

11.3     Etiology 

 Arterial ulceration can be caused due to involvement of large to medium-sized and 
small-sized vessels. The most common cause is atherosclerotic disease of the large- and 
medium-sized arteries. Small vessel involvement is seen in vasculitis which leads to 
blood vessel stenosis/occlusion with resultant tissue ischemia, especially in the presence 
of palpable pulses. Other causes include diabetes, thromboangiitis, pyoderma gangreno-
sum, thalassemia, and sickle cell disease, some of which may predispose to the forma-
tion of atheroma. The etiology of arterial ulcer is mentioned in Table  11.1  [ 7 ].

   Table 11.1    Etiology of arterial ulcer   

  Arterial occlusion  

   Peripheral arterial disease (arteriosclerosis) 

   Diabetes 

   Arterial thrombosis ⁄ macrothromboembolism and microthromboembolism (fi brin, platelets) 

   Fat embolism (hypercholesterolemia, hyperlipidemia) 

   Detachment of cholesterol-containing plaques from aorta, aneurysm, or atrium (atrial 
fi brillation) 

   Thromboangiitis obliterans (Buerger disease) 

   Arteriovenous anastomosis (congenital ⁄ traumatic) 

   Trauma, rupture, infection, vascular procedures 

   Fibromuscular dysplasia 

  Microcirculatory disorders  

   Raynaud phenomenon, scleroderma 

   Hypertension: ulcus hypertensivum (Martorell ulcer) 

   Increased blood viscosity (increased fi brinogen level, paraneoplastic, paraproteinemia, 
leukemia) 

   Blood transfusion reactions 

  Vasculitis  

   Small vessel: small vessel-leukocytoclastic vasculitis, microscopic polyangiitis, Wegener 
granulomatosis, allergic granulomatosis (Churg–Strauss), Henoch–Schonlein purpura, 
essential cryoglobulinemic vasculitis, erythema induratum Bazin, livedo reticularis, 
livedo vasculitis, and Sneddon syndrome 

   Medium-sized: polyarteritis nodosa, Kawasaki disease 

   Large vessel: giant cell arteritis (polymyalgia rheumatica, Takayasu arteritis) 

  Hematological disorders  

   Sickle cell anemia, other forms of anemia, thalassemia, hereditary spherocytosis, glucose-6- 
phosphate dehydrogenase defi ciency, essential thrombocythemia, thrombotic 
thrombocytopenic purpura, granulocytopenia, polycythemia, leukemia, monoclonal 
dysproteinemia (Waldenstrom disease, myeloma), polyclonal dysproteinemia 
(cryofi brinogenemia, purpura, hyperglobulinemia, cold agglutinins) 
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   Arterial ulceration almost always involves bony high point and is due to pressure 
necrosis where the relatively mild pressures involved are suffi cient to cause isch-
emia where the arterial perfusion pressure is low. 

 Arterial ulcers are associated with pain making them very distinct from venous 
ulcers. Vascular pain is a complex issue leading to sympathetic changes causing 
skin hyperalgesia, dystrophic skin with shinny appearance. 

 According to a recent report, chronic kidney disease (CKD), hypertension, and 
myocardial ischemia may also be associated with increased risk of developing foot 
ulcers including severe ulcers that necessitate amputation [ 8 ].  

11.4     Clinical Features 

11.4.1     History and Assessment 

 The fi rst step toward diagnosis of any leg ulcer is to compile a comprehensive his-
tory and assessment of the patient (Table  11.2 ) [ 9 ]. This should include general 
health status, social and occupational situation, past and current medical history of 
relevant diseases (such as deep vein thrombosis, diabetes, autoimmune disorders, 
infl ammatory bowel disease, and connective tissue disease), condition of the skin, 
current vascular status, limb size and shape, and history and status of the ulcer.

   The patient should be asked about lower extremity pain, paresthesia, anesthesia, 
and claudication. It is important to determine the duration of ulceration and whether 
it is a fi rst episode or recurrent. Pain is a major problem for patients with leg ulcers 
unless there is a neuropathic component. Lack of pain, therefore, suggests a neuro-
pathic etiology. Patients should also be asked about their mobility. 

 A typical arterial ulcer is located distally in extremities (toes, heels, and bony 
prominences of the foot) and usually present with nocturnal rest pain. The ulcer 
appears “punched out,” with well-demarcated edges and a pale, nongranulating, 
often necrotic base (Fig.  11.1a ), which differentiates it from other types of ulcers 
(Table  11.3 ). The surrounding skin may exhibit dusky erythema and may be cool to 
touch, hairless, thin, and brittle, with a shiny texture. The toe nails thicken and 
become opaque and may be lost [ 10 ]. Gangrene of the extremities may also occur.

    Vasculitic ulcers tend to have some characteristics similar to ischemic ulcers, 
including their location, size, and shallow depth. There are several typical differ-
ences, however. Vasculitic ulcers frequently have irregular shapes and borders 
(Fig.  11.1b ). Additionally, the fl oor of the wound tends to be necrotic with signifi -
cant vascularity. The surrounding skin is usually hyperemic rather than pale. 
Vasculitis may also feature other cutaneous manifestations, including palpable pur-
pura, petechiae, and persistent urticaria [ 1 ]. 

 A rare condition exists called Martorell ulcer (Fig.  11.1c ), seen in patients with 
prolonged, severe, or suboptimally controlled hypertension [ 11 ]. The ulceration is 
secondary to tissue ischemia caused by increased vascular resistance. The ulcers are 
usually located at the lower limb, above the ankle region, contain black necrosis and 
are extremely painful. By defi nition, the distal arterial pulsations are normal, and 
the diagnosis is made by histological examination, which shows concentric intima 
thickening and marked hypertrophy of the media of small-sized and medium-sized 
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arteries, and by exclusion of other conditions that may cause ulceration in this area. 
The differential diagnosis consists of arteriosclerotic occlusion of small-sized arter-
ies, diabetic angiopathy, vasculitis, thromboembolic occlusion (e.g., in atrial fi bril-
lation), and pyoderma gangrenosum. Treatment consists of reducing hypertension, 
adequate control of pain, and local wound care [ 12 ]. 

 Examination of the arterial system may show a decreased or absent pulse in the 
dorsalis pedis and posterior tibial arteries. There may be bruits in the proximal leg 
arteries, indicating the presence of atherosclerosis. 

 Clinical course of the ulcer can suggest its etiology. Possible considerations to 
rule out include diabetes; hypertension; hyperlipidemia; coronary artery disease; 
alcohol and tobacco use; thyroid, pulmonary, renal, neurologic, and rheumatic dis-
eases; and specifi cally cutaneous factors including cellulitis, trauma, and recent 
surgery.   

11.5     Diagnosis 

 Diagnosis includes blood investigations for risk factor screening and noninvasive 
and invasive vascular investigations.  

  Fig. 11.1    ( a ) Arterial ulcer, ( b ) vasculitic ulcers, ( c ) Martorell ulcer       
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11.6     Blood Investigations 

 Blood investigations such as complete blood count, erythrocyte sedimentation rate, 
blood sugar, lipid profi le, renal function tests, and liver function tests are essential 
in patients with chronic leg ulcers. 

 Laboratory screening tests for vasculitis: urine analysis for proteinuria, hematu-
ria, cylindruria, routine and immunohistopathology of skin biopsies, antinuclear 
antibodies, rheumatoid factor, complement C4, circulating immune complexes, 
paraproteins, immunoglobulin fractions, antineutrophil cytoplasmic antibodies 
(ANCA), serological tests, and cultures for underlying infections [ 13 ].  

  Table 11.3    History and assessment of the patient 
with limb ulcer  

  Patient  

   History of ulcer development 

   Past and current medical problems 

   General health status 

   Nutrition 

   Social, occupation 

   Mobility problem 

   Limitations to self-care 

   Obesity 

  Skin changes  

   Arterial 

   Malignant 

   Autoimmune 

  Vascular assessment  

   Pedal pulses 

   Ankle–brachial pressure index 

  Limb factors  

   Edema 

   Circumferences 

   Lymphedema 

   Orthopedic problems 

   Sensation and pain 

  Ulcer  

   Site-venous, arterial, pressure 

   Appearance 

   Size measure 

   Wound base 

   Exudate level 

   Surrounding skin 
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11.7     Vascular Investigations [ 7 ] 

 Vascular investigations aid in the management of the arterial ulcer and also aid in 
differentiating the type of ulcer. 

11.7.1     Ankle–Brachial Index (ABI) 

 Ankle–brachial index of less than 0.90 is considered abnormal. ABI for PAOD vary 
from <0.80 to <0.97,9 [ 14 ,  15 ], and a cutoff value of <0.9 is 97 % sensitive for iso-
lated aortoiliac disease and 89 % sensitive for femoropopliteal disease. More than 
50 % of patients with PAOD due to an abnormal ABI may not have limb ischemia 
but a decrease in their functional activity limiting their quality of life. Furthermore, 
for most of the described studies in the last two decades, the screening value for 
PAOD is defi ned by a resting ABI ≤0.9. Less than 0.45: severe, limb threatening.  

11.7.2     Toe Systolic Pressure Index (TSPI) 

 In diabetics arterial disease tends to be more severe and widespread. In addition, 
calcifi cation of the media is common in these patients, making it diffi cult to mea-
sure ankle pressures. However, because medial calcifi cation does not extend into the 
digital arteries, it is possible to assess perfusion pressure by measuring toe systolic 
pressure using either a strain-gauge sensor or a photoplethysmograph. In measuring 
toe pressure, it is important to record both the absolute pressure and the index. 
Normally, the TSPI should be >0.60. Variability of the measurement is ±17 %. The 
absolute levels of systolic pressure may be of value in estimating the healing poten-
tial when an ulcer is present. If the absolute pressure is ≤30 mmHg, healing is 
unlikely to occur without some form of intervention [ 14 ].  

11.7.3     Transcutaneous Oxygen Tension (TcPO2) 

 Transcutaneous oxygen tension (TcPo 2 ) measurement is a noninvasive diagnostic 
study that provides information about the supply and delivery of oxygen to the 
underlying microvascular circulation by recording the partial pressure of oxygen at 
the skin surface. The amount of oxygen detected by the sensor is a balance of oxy-
gen delivery and local physiologic demands and refl ects the metabolic status of the 
skin. The TcPo 2  measurement is used in determining amputation level, wound heal-
ing evaluation, hyperbaric therapy, and peripheral arterial disease assessment, 
including the status of spinal cord stimulation and revascularization procedures. For 
wound healing to occur, studies found that the TcPo 2  should be >40 mmHg, and 
impaired wound healing is noted with values between 20 and 40 mmHg.  
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11.7.4     Duplex Ultrasound Scan 

 Duplex scan uses the combination of gray scale (B-mode) for vessel morphology 
and color pulsed wave Doppler techniques. It is safe and inexpensive and can pro-
vide functional information about vessel stenosis. The primary criteria of intra- 
arterial peak systolic velocity (PSV) and ratio of PSV between the site of stenosis 
and adjacent normal vessel are used to gauge the degree of stenosis. Duplex ultra-
sound scan has a sensitivity of 99 % and 80 % and a specifi city of 94 % and 91 % 
for the femoropopliteal and tibial segments, respectively, as compared with arteri-
ography. Duplex scanning also is useful in follow-up studies of patients who have 
undergone some form of intervention. In particular, patients who have undergone 
femoropopliteal or distal saphenous vein grafts [ 16 ] benefi t from close follow-up 
because 20 to 30 % develop myointimal hyperplastic lesions that can be detected by 
duplex scanning before graft failure occurs.  

11.7.5     Contrast Tomography (CTA) and Magnetic Resonance 
(MRA) Angiography 

 Advances in both CTA and MRA provide clinicians with the opportunity to obtain 
a high-resolution, 3-dimensional (3-D) road map of the peripheral arterial tree in 
patients, particularly when planning revascularization strategies. 

 MRA can be performed using contrast-enhanced (CE-MRA) approach or 
noncontrast- enhanced, fl ow-sensitive techniques that take advantage of the differ-
ence in signal properties between static tissue and fl owing blood. These noncontrast 
MRA techniques include time-of-fl ight (TOF) MRA, ECG-gated partial-Fourier 
fast spin echo (FSE), and steady-state free precession (SSFP). 

 CTA requires the use of iodinated contrast media for visualization of the vascu-
lature. Injection rates vary depending on protocol but typically are in the range of 
4–6 mL/s delivered intravenously by a dual channel power injector. Main disadvan-
tage other than limitations in patients with renal impairment is noted in vessels with 
dense calcifi cations which have high attenuation and may lead to blooming artifact 
and resultant overestimation of stenosis [ 17 ].  

11.7.6     Digital Subtraction Angiography 

 Invasive digital subtraction angiography (DSA) has been the accepted standard for 
evaluation of lower extremity atherosclerosis. Although DSA is a robust technique 
for diagnosing signifi cant arterial stenosis or obstruction, it provides a 2-D view of 
the vessels, which may underestimate the degree of stenosis for tortuous vessels. 

 Invasive digital subtraction angiography has the advantage of dual role in the 
management of arterial ulcer where the diagnosis and treatment of the lesion can be 
achieved at the same time avoiding multiple procedures and investigations. 
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 The main disadvantages are the arterial puncture with the risk of local complica-
tions (i.e., hematoma), allergic reactions, and the development of contrast-induced 
nephropathy particularly in patients with preexisting renal disease or cardiac failure 
[ 6 ]. The risk of contrast nephropathy can be reduced by pre-procedure intravenous 
hydration. Given these risks, DSA should preferably be performed once the deci-
sion to perform a revascularization has been made.   

11.8     Algorithm of Arterial Ulcer Management 

    

Ulcer

History and assessment

Site-over toes, heel or bony
prominace

punched out edges

surrounding area with signs of
ischemia

Typical ulcer

Non recostructable disease by
adjuvant procedure

Adjuvant therapies

Routine blood investigation

Capillary filling time, buergers
test

Ankle brachial index, TcPo2

Pulse volume recordings, doppler
scan

CT angiogram/MR angiogram

Digital subtraction angiogram

Risk factor reduction

Pain control

Consevative debridement & antibiotic

Anti-platelets

-Hyperbaric oxygen therapy

-Intermittent pneumatic compression

-Stem cell/gene therapy

-VAC dressing

Reconstrutable disese treated by open
or endovascular technique

-Vein/prosthetic bypass

-Angioplasty/stenting

Hyperbaric oxygen therapy

Spinalcord stimulation

Lumbar sympathectomy

Steroids

Immunosupression drugs

Plasmapheresis

Intravenous immunoglobulin

Routine blood investigation

Urine analysis, skin biopsy

Anti nuclear antibodies

Rhematoid factor, complement levels

ANCA, para proteins

Immunoglobulin level

Serolgy, cultures

Atypical ulcer

Multiple

irregular shapes and borders

surrounding area is hyperemic
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11.9         Treatment 

 Wound healing in patient with underlying peripheral vascular disease may be fur-
ther disturbed by a complex interplay of several other factors such as the presence 
of necrotic tissue, infection, poor glycemic control, abnormal mechanical loading of 
the ulcer, and comorbidities. Treatment should therefore also be focused on inten-
sive wound care, treatment of infection, blood glucose control, biomechanical 
offl oading, and treatment of comorbidities. 

 The impact of peripheral arterial circulation on wound healing depends on its 
hemodynamic signifi cance. Well-collateralized, localized peripheral arterial disease 
(PAD) may have minimal effect on healing, whereas poorly collateralized, multi- 
segmental PAD can prevent wound healing or lead to progressive tissue loss. 

 The primary goal of the treatment of arterial ulcers is to increase circulation to 
the area, either surgically or medically. 

 Management of arterial ischemic ulcers classically includes:

•    Risk factor reduction  
•   Antiplatelet medication  
•   Lipid-lowering agents  
•   Pain control  
•   Conservative debridement  
•   Improvement of circulation  
•   Treatment is also directed at the pathogenic causes of arterial disease  
•   Adjuvant therapies    

11.9.1     Risk Factor Reduction 

 Risk factor reduction is the most signifi cant issue to be addressed in peripheral vas-
cular disease. Risk factor reduction also involves lifestyle modifi cation which 
includes regular exercise, cigarette smoking cessation, and diet management. Other 
risk factor reductions include control of diabetes mellitus, elevated homocysteine 
levels, hyperlipidemia, and hypertension [ 7 ]. 

 Regular exercise therapy coupled with risk factor modifi cation, especially 
smoking cessation, is the mainstay of conservative therapy for intermittent 
 claudication. In fact, critical review of the available literature suggests that 
 exercise therapy is the most consistently effective medical treatment for this 
condition [ 18 ]. 

 Cigarette smoking is the most signifi cant independent risk factor for the develop-
ment of chronic peripheral arterial occlusive disease and is associated with the pro-
gression of established disease and a higher likelihood of disabling claudication, 
limb-threatening ischemia, amputation, and the need for intervention [ 19 ]. In addi-
tion, many observational studies report poorer patency of lower extremity vascular 
reconstructions among smokers [ 20 ]. Because of the adverse general health effects 
of cigarette smoking and the marked increase in morbidity and mortality from car-
diopulmonary causes among smokers, patients with intermittent claudication should 
be vigorously counselled to stop smoking.  
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11.9.2     Antiplatelet and Vasodilator Medication 

 Antiplatelet therapy may modify the natural history of chronic lower extremity arte-
rial insuffi ciency. The benefi cial effect of aspirin and clopidogrel is most likely due 
to prevention or retardation of platelet thrombogenesis on the surface of atheroscle-
rotic plaque; experimental and clinical trial evidence suggests that aspirin has no 
effect on the progression of atherosclerosis [ 21 ]. 

 Vasodilation and antiplatelet effects of certain drugs could theoretically improve 
fi brinolytic activity, improving arterial insuffi ciency and minimizing ulceration. 
Vasodilators, although commonly used in the past, failed to increase blood fl ow and 
did not relieve symptoms. Vasodilators are ineffective because large vessel dimen-
sions are fi xed by the atherosclerotic process and collaterals are maximally dilated 
in patients with intermittent claudication. Rheologic agents like pentoxifylline, a 
methylxanthine derivative are used in treatment of intermittent claudication with 
limited benefi ts. In patients with peripheral arterial disease, pentoxifylline has been 
reported to improve abnormal erythrocyte deformability, reduce blood viscosity, 
and decrease platelet reactivity and plasma hypercoagulability.  

11.9.3     Lipid-Lowering Agents 

 Lipid-lowering agents mainly statins or 3-hydroxy-3-methylglutaryl-coenzyme 
A (HMG-CoA) reductase inhibitors signifi cantly reduce coronary events in patients 
with hypercholesterolemia. HMG-CoA reductase inhibitors block the endogenous 
synthesis of cholesterol and lower LDL levels. Additionally statins have an 
 anti- infl ammatory effect on the plaque and help cease the atherosclerotic process.  

11.9.4     Pain Control 

 Patients with rest pain or worsening claudication, or both, and a nonhealing ulcer 
should be referred to a vascular surgeon. Signifi cant pain is common in patients 
with arterial ulceration and may be exacerbated by dressing changes; opioid analge-
sia may be necessary during the wait for surgery.  

11.9.5     Pressure Area Management 

 Poorly fi tting footwear may create pressure areas that lead to further ulceration. 
Patients need to be advised to wear well-fi tting, closed footwear. Refer to a  podiatrist 
or orthotist should be made if specialized footwear is required.  

11.9.6     Conservative Debridement and Antibiotics 

 Infection can cause rapid deterioration in an arterial ulcer, and treatment with 
 systemic antibiotics should be started. 
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 Initially, these should be treated empirically (with broad-spectrum penicillin or 
macrolide or quinolone antibiotics) until defi nitive culture and sensitivities are 
available. It is not appropriate to debride arterial ulcers as this may promote further 
ischemia and lead to the formation of a larger ulcer [ 10 ].  

11.9.7     Improvement of Circulation 

 Revascularization options include endovascular and open surgical interventions. 
Endovascular techniques include angioplasty with or without stenting in order to 
restore normal blood fl ow to the ischemic site (Figs.  11.2 ,  11.3 , and  11.4 ). Open 
surgeries include endarterectomy for isolated lesions especially in common femoral 
artery [ 22 ], anatomical bypass (aorto-bifemoral/aortoiliac/femoropopliteal/femo-
rodistal bypass) or extra-anatomical bypass (axillo-bifemoral/fem–fem crossover) 
(Fig.  11.5 ).

11.9.8           Endovascular Intervention 

 In recent years, there has been a dramatic increase in the use of interventional radio-
logical procedures for the treatment of acute and chronic lower extremity arterial 
disease. This refl ects advances in vascular imaging that have made percutaneous 
transluminal angioplasty (PTA) more feasible, the development of newer intravas-
cular stents, and the more widespread use of intra-arterial thrombolysis for the treat-
ment of peripheral arterial thrombosis. 

 Although the majority of patients with symptomatic aortoiliac disease do not 
require an invasive intervention, for those with incapacitating claudication or 

  Fig. 11.2    Aortoiliac stenting       
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limb- threatening ischemia, angioplasty and lower extremity bypass surgery are the 
two major therapeutic options. Currently, the primary indications for an interven-
tional procedure in patients with lower extremity arterial disease include: (i) inca-
pacitating claudication interfering with work or lifestyle and (ii) limb salvage in 
patients with limb-threatening ischemia as manifested by pain at rest, nonhealing 
ulcers, and/or infection or gangrene. 

 Factors predictive of a favorable outcome included claudication as the indication 
for the procedure, a stenotic rather than occlusive lesion, good distal runoff, and a 
more proximally situated lesion.  

  Fig. 11.3    Superfi cial 
femoral artery angioplasty       

  Fig. 11.4    Infrapopliteal angioplasty       
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11.9.9     Open Surgical Intervention 

 There is general agreement that surgical treatment is indicated to relieve symptoms 
of limb-threatening ischemia, including ischemic pain at rest, ischemic ulcers, and 
gangrene. Intermittent claudication is considered only a relative indication for sur-
gical treatment and then only after an adequate trial of nonsurgical therapy. Presently 
there is no consensus regarding disease severity, whether assessed by symptoms or 
hemodynamic parameters, for which operative treatment of claudication is 
appropriate.  

11.9.10     Vasculitis Ulcer Treatment [ 23 ] 

 Glucocorticoids (prednisone, prednisolone, or others), often referred to as “ste-
roids,” are an important part of treating most forms of vasculitis. The dose and 
length of treatment depend on how bad the disease is and how long the patient has 
had it. These drugs help reduce infl ammation but can have long-term side effects. 

Aorto bi-femoral

a b

c d

e

Fem-fem crossover

Axilo-bi-femoral Fem popliteal/fem distal

Removal of
plaque from

artery

Opening
of artery
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Occluded iliac artery

  Fig. 11.5    Open surgical procedures: ( a ,  d ) Anatomical bypass procedures, ( b ,  c ) extra-anatomi-
cal bypass procedure, and ( e ) endarterectomy procedure       
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Other drugs like immune-suppressing drugs because of their side effects may be 
less serious than those of glucocorticoids. This is called “steroid-sparing” 
treatment. 

 Cyclophosphamide is the strongest of these drugs, and doctors may prescribe it when 
severe disease endangers vital organs. For less serious vasculitis, patients may receive 
methotrexate, azathioprine, or other immune-suppressing drugs. Doctors often prescribe 
these drugs to treat other rheumatic diseases, but they are useful for vasculitis, too. 
Newer drugs designed to treat other autoimmune and infl ammatory diseases may also 
help vasculitis. Researchers found that one of these drugs, rituximab, effectively treats 
severe cases of certain forms of vasculitis. These include granulomatosis with polyangi-
itis, microscopic polyangiitis, and cryoglobulinemic vasculitis. Some patients with the 
most severe cases of these diseases may receive plasma exchange (“plasmapheresis”) or 
intravenous immunoglobulin (often called “IVIg”).  

11.9.11     Adjuvant Therapies [ 13 ] 

•     Hyperbaric oxygen therapy  
•   Intermittent pneumatic compression (IPC)  
•   Ultrasound, electrostimulation, and spinal cord stimulation  
•   Lumbar sympathectomy  
•   Vacuum-assisted wound closure (VAC)  
•   Stem cell therapy and gene therapy with vascular endothelial growth factor 

(VEGF) may be of benefi t for healing arterial ulcers, especially in patients with 
critical limb ischemia who are not candidates for revascularization.     

11.9.12     Amputation 

 Limb-threatening ischemia typically occurs in elderly patients with multiple severe 
coexisting medical conditions making revascularization surgery responsible for 
many systemic complications. Unfortunately, a decision not to perform revascular-
ization in the setting of limb-threatening ischemia makes amputation virtually inev-
itable. This is a problem because amputation is in itself a surgical procedure 
involving risks and length of hospitalization at least equivalent to those of revascu-
larization and with a far less desirable outcome from the patient’s point of view. 
Although a more minimalistic procedure, the postoperative support of the patient by 
physiotherapy and rehabilitation facilities is the most important consideration prior 
to decision making. 

 Cardiovascular morbidity and mortality are markedly increased in patients with 
PAD; these patients have an overall mortality at 5 years of 50 %. In patients who had 
a major amputation, these fi gures are even more dismal, with a 50 % mortality at 
2 years [ 24 ].   
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    Conclusion 

 Treatment of arterial/ischemic ulcers should therefore not be solely focused at 
the foot but should also aim to improve this poor survival. This cardiovascular 
risk management should include support for cessation of smoking, treatment of 
hypertension, and prescription of a statin as well as low-dose aspirin or 
clopidogrel.     
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12.1            Introduction and Magnitude of the Problem 

 “Diabetic foot” is one of the most common and feared complications associated 
with diabetes. It is estimated that almost 15 % of people with diabetes will develop 
foot ulcers requiring medical care during their lifetime. Diabetic foot ulcers are a 
major cause of hospital admission and thus impose a large fi nancial burden on 
healthcare systems. Diabetic patients who develop foot ulcers are at greater risk of 
dying prematurely than those without this complication [ 1 ] (Fig.  12.1 ); in particular, 
not only ischemic diabetic foot ulcers but also neuropathic ulcerations are related to 
increased mortality in individuals with diabetes [ 2 ] (Fig.  12.2 ).

    Alarmingly, foot ulceration often results in lower extremity amputation, i.e., the 
loss of the entire foot, and such amputations account for more than half of nontrau-
matic major (above-the-ankle) amputations in the diabetic population. Prevention of 
lower extremity amputation is thus the primary goal of diabetes management. There 
remains the question of whether this goal can be achieved, as data that are relevant 
to this issue remain elusive. The number of amputations in diabetics appears 
unchanged during the last decade; however, the rates of amputation vary in different 
institutions and in different countries [ 3 ,  4 ]. Figure  12.3  summarizes data on the 
incidence of major amputations in the past and in recent years.

   The amputation rate data might lead one to speculate that the efforts devoted to 
improving diabetes care have proven ineffective and, therefore, have been useless. 
This remains a matter of debate for two reasons. First, the average life expectancy 
of those with diabetes has increased by almost a decade in a single generation in 
many developed countries. It is well established that neuropathy and arteriopathy, 
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which are the pathogenetic factors that contribute most to the formation of diabetic 
foot ulcers, become more common with increasing age. Therefore, the number of 
patients with diabetic foot and, consequently, the number of candidates for amputa-
tion are predicted to increase gradually over time. With this in mind, it becomes 
clearer that preserving the rate of amputation is itself the achievement of an impor-
tant goal. Second, in order to decrease amputation rates, we need patients to have 
better access to highly skilled care at medical centers. According to a recent report, 
the rates of hospitalizations for nontraumatic lower extremity amputations in the 
USA declined signifi cantly in the diabetic population between 1996 and 2008, 
while rates among those without diagnosed diabetes changed little [ 5 ] (Fig.  12.4 ). 
These fi ndings are particularly notable considering the higher prevalence rates and 
greater severity of foot disease in diabetic subjects compared with the general popu-
lation. Moreover, these fi ndings completely differ from results obtained in a previ-
ous study [ 6 ].

*p < 0.01
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  Fig. 12.1    Mortality in diabetes patients with and without diabetic foot ulcers (DFU)       
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da Silva AF: 40% amputations in diabetic patients

Melliere D: 35.6% amputation in diabetic patients
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  Fig. 12.3    Amputation rates in diabetes patients in the past and in recent years       
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  Fig. 12.4    Reduction in the amputation rate in diabetes patients in the past and in recent years       

 

 

12 Diabetic Foot Ulcers



184

   These data can only be explained by increased awareness of foot problems and 
increased availability of highly skilled foot care in centers in the USA. Questions 
remain about care in many other countries. Do these countries have an adequate 
number of skilled diabetic foot centers? Are all diabetic patients with foot ulcers 
referred to specialized hospitals? These questions should concern all diabetes asso-
ciations as well as the national healthcare organization. Undoubtedly, in Italy the 
approach to amputation prevention in patients with diabetic foot, and particularly 
the establishment of specialized diabetic foot clinics for comprehensive multidisci-
plinary foot care programs, is very appreciated by many clinicians, including those 
who performed the US study cited above [ 7 ]. In Italy, the rates of major amputations 
at multidisciplinary centers dedicated to diabetic foot care have progressively 
decreased from the beginning of the 1990s into the 2000s. Faglia et al. and Lombardo 
et al. [ 8 ,  9 ] note that the amputation rate in patients with diabetes in Italy decreased 
by more than 30 % from 2001 to 2010 as a result of a team approach and improved 
awareness of diabetes-associated foot problems. 

 How can this goal be achieved elsewhere? Amputation is the consequence of a 
nonhealing foot ulcer that causes severe damage to tissues and bone. Thus, the 
development of effective approaches to preventing and treating diabetic foot ulcers 
should be the primary goal. The development of standard protocols for comprehen-
sive, multidisciplinary diagnoses and effective treatment is mandatory for improv-
ing care (Fig.  12.5 ). The fi rst step in the management of diabetic foot is to understand 
the problems associated with diabetic foot.

Diagnosis 
Pulses ABI TcPO2 Duplex scan monofilament VPT 

Arteriopathy 

Angiography 

PTA / bypass 

Surgery Graft dressing

Neuropathy 

Rx/RMN

Charcot
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Offloading 

Dressing Healing 

Education/prevention

Nurses/
podologists 

Vasc surgeon

Interv radiol

Surgeon-
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Plastsurg

Team approach 

Diabetic
foot team  

Infection ! Diabetologist

  Fig. 12.5    A diabetic foot care fl ow chart       
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12.2        Definition 

 The WHO criteria defi ne diabetic foot as “the foot of diabetic patients with ulcer-
ation, infection and/or destruction of deep tissue, associated with neurological 
abnormalities and various degrees of peripheral vascular disease in the lower limb.” 
After the establishment of this defi nition, the subsequent two meetings of the 
Interassociative Working Group of the Italian Association of Diabetologists defi ned 
diabetic foot as “the foot with anatomical and functional alterations caused by 
occlusive peripheral arteriopathy and/or by diabetic neuropathy” (Fig.  12.6 ). In 
terms of prevention, this defi nition includes patients without evident foot lesions 
who are nonetheless at risk of developing foot ulcers according to established and 
validated classifi cations systems.

   Diabetic foot develops from complications of diabetic neuropathy of the lower 
extremities or from complications of occlusive peripheral arteriopathy; in both sce-
narios, the complications undermine the structural integrity and/or function of the 
foot. These two conditions, namely, neuropathy and ischemia, differ considerably in 
terms of their pathophysiology, diagnosis, therapeutic approach, and prognosis. 
However, the coexistence of both conditions, termed neuroischemic foot, has been 
reported in many diabetic patients, especially in the elderly population. Infection of 
foot ulcerations is one of the most common and serious complications leading to 
amputation in patients with diabetes.  

  Fig. 12.6    International consensus on the diabetic foot provided by the IWGDF and the Italian 
version of the consensus       
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12.3     Clinical Features of Diabetic Foot 

 Neuropathy usually results in a insensitive deformed foot. A neuropathic foot is 
warm and well perfused with palpable pedal pulses; the skin is usually dyschromic. 
Figure  12.7  shows images of some neuropathic feet. Bilaterality of the neuropathy is 
a classic  characteristic independent of the presence or absence of an ulcer (Fig.  12.8 ).

    In contrast to the neuropathic foot, the ischemic foot is generally a cool, sub- 
cyanotic foot. The subcutaneous venous network is visible through the skin and is 
tiny; pedal pulses are hardly palpable or absent (Fig.  12.9 ). Although patients with 
occlusive peripheral arteriopathy usually present with bilateral steno-occlusive 
lesions, clinical complications usually affect only one lower extremity. However, 
complications may also occur over time in the contralateral limb [ 10 ] (Fig.  12.10 ). 
Note that while clinical signs of neuropathic foot are clearly visible, the clinical 
signs of ischemic foot are hard to see, and instrumental examinations are required 
to make the diagnosis.

  Fig. 12.7    The typical appearance of neuropathic foot in patients with diabetes       

  Fig. 12.8    Bilateral deformities and diabetic foot ulcers in patients with diabetes       
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    Ischemic and neuropathic ulcers differ in their clinical presentation. The etio-
pathogenesis of the ischemic foot ulcer is usually related to friction. Accordingly, 
the site of ulceration can be located anywhere on the foot (e.g., on the dorsum of the 
foot or on the margins of the foot) (Fig.  12.11 ). In contrast, the etiopathogenesis of 
the neuropathic foot is related to mechanical forces of gait. Because of this, neuro-
pathic ulcers mainly occur on the plantar aspect of the foot and on areas that, due to 
foot distortion, are exposed to weight-bearing forces (Fig.  12.12 ).

    Diabetic foot frequently presents with unusual clinical manifestations. There 
may be lesions in different areas of the foot according to the type of trauma; how-
ever, the signs differ between the two ulcer types (Table  12.1 ). The features reported 

  Fig. 12.9    The typical appearance of ischemic foot in patients with diabetes       

  Fig. 12.10    Critical right 
limb ischemia in a patient 
with diabetes and less 
obvious ischemic signs on 
the left foot       
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  Fig. 12.11    The ulceration site can be located anywhere on the feet of patients with diabetes       

  Fig. 12.12    Neuropathic ulcers in characteristic hyperpressure areas of the feet of patients with 
diabetes       

    Table 12.1    Characteristics of neuropathic versus ischemic foot ulcers   

 Neuropathic ulcer  Ischemic ulcer 

 Painless  Painful 

 Normal pulses  Absent pulses 

 Regular margins, typically punched-out 
appearance 

 Irregular margin 

 Often located on plantar surface of foot  Commonly located on toes, glabrous margins 

 Presence of calluses  Calluses absent or infrequent 

 Loss of sensation, refl exes, and vibration  Variable sensory fi ndings 

 Increased in blood fl ow (atrioventricular 
shunting) 

 Decreased in blood fl ow 

 Collapsed veins 

 Dilated veins  Cold foot 

 Dry, warm foot  No bony deformities 

 Bony deformities  Pale and cyanotic in appearance 

 Red or hyperemic in appearance 
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here are related to noninfected ulcers, since infected ulcers, both neuropathic and 
ischemic, present with different clinical signs.

   In general, neuropathic foot is associated with little or no pain, while ischemic 
foot is always associated with rest pain (Fig.  12.13 ); however, rest pain may be 
absent in some patients with arteriopathy. Elderly diabetic patients with arteriopathy 
often develop neuropathy that can attenuate or cancel ischemic pain, thus preventing 
prompt and accurate diagnosis of arteriopathy, which has serious consequences.

   Differential diagnosis is the fi rst step in the management of an ulcer. Diabetes 
specialist Michael Edmonds notes, “An important prelude to successful treatment is 
the differentiation between two main syndromes: the neuropathic foot and the neu-
roischemic foot” [ 11 ]. Differential diagnosis is an important prerequisite not only to 
prevent amputation but also to reduce mortality [ 12 ]. 

 The signs of neuropathic ulcers differ in some ways from those of ischemic 
ulcers (Table  12.1 ). Most of these differences may be irrelevant, with the exception 
of the absence of palpable pedal pulses in elderly neuroischemic patients. There are 
also some differences regarding the type of ulcer that is found in neuropathic versus 
neuroischemic foot. Figure  12.14  shows an example of a neuropathic foot with a 
typical plantar lesion and an example of a critically ischemic foot with multiple 
typical gangrenous ulcers. Neuropathic foot presents with ulcerations that are usu-
ally located on the plantar aspect of the metatarsal heads. However, ulcerations can 
also occur in areas of the foot that are exposed to biomechanical stress, such as the 
top or dorsum of the toes (in “pied en griffe”), the midfoot (in fl at feet), lateral areas 
of the foot, or other areas (Fig.  12.15 ). Ischemic foot also presents with ulcerations 
of areas that are subjected to pressure, which can even include the plantar aspect of 
the foot (Fig.  12.16 ).

  Fig. 12.13    Patient with rest 
pain because of critical limb 
ischemia that was treated 
with analgesic drugs. The 
medication was administered 
with a pump       
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a b

  Fig. 12.14    ( a ) Typical neuropathic plantar ulcer under the third metatarsal head and ( b ) typical 
ischemic gangrene of the forefoot       

a b c

  Fig. 12.15    Neuropathic ulcers can occur on areas of the foot that are exposed to biomechanical 
stress, such as the top ( b ) or dorsum or plantar ( a ) aspect of the toes or the plantar aspect of the 
foot ( c )       
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     Although diabetic foot ulcers can have many signs and symptoms, selecting the 
most appropriate diagnostic and therapeutic approaches requires accurate identifi -
cation of the type of ulcer after considering the clinical fi ndings and etiopathoge-
netic factors. In addition, the appropriateness of the treatment and management 
must be constantly assessed to ensure that the patient receives the best possible care.  

12.4     Neuropathic Diabetic Foot Ulcers 

 Together with arteriopathy, neuropathy contributes to the etiopathogenesis of dia-
betic foot ulceration [ 13 ,  14 ]. According to the Eurodiale study, neuropathy accounts 
for almost half of all foot ulcers, and arteriopathy accounts for the remaining half 
(Table  12.2 ). Although the Eurodiale study may have had some bias, the fi ndings 
highlight the potential role of these two pathogenetic factors in the formation of foot 

a b c

  Fig. 12.16    Ischemic feet can present with ulcerations on areas of the foot that are exposed to 
pressure, even on the plantar aspect       

Stage

A 270 24

27

18

31

305

205

347

PAD –, infection –

PAD –, infection +

PAD +, infection –

PAD +, infection +

B

C

D

Definition Number of
patients

Percentage of
study population

51

49

   Table 12.2    The incidence of neuropathy, arteriopathy, and infection in patients with diabetic foot 
ulcers       
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ulcers in diabetic patients [ 15 ]. Further analysis of the study showed that arteriopa-
thy and infection, rather than neuropathy per se, were associated with poor healing 
[ 16 ] (Fig.  12.17 ).

    The 1988 San Antonio Conference on Diabetic Neuropathy defi ned diabetic neu-
ropathy as the presence of symptoms and/or signs of peripheral (somatic and/or 
autonomic) nerve dysfunction in people with diabetes mellitus that lack other causes 
for peripheral neuropathy. This defi nition is still widely accepted by the scientifi c 
and medical communities [ 17 ]. There are many types of diabetic neuropathies that 
have a variety of clinical manifestations, some of which are similar to those observed 
in nondiabetic neuropathies [ 18 ]. Diabetic neuropathy can be diffi cult to treat [ 19 ]. 
Neuropathy is most commonly classifi ed as symmetrical sensorimotor neuropathy 
and autonomic neuropathy, focal/multifocal varieties (e.g., cervical radiculo-plexus 
neuropathies, multiple mononeuropathy) [ 20 ]. Distal symmetrical mixed sensorim-
otor polyneuropathy, which typically shows a “stocking distribution,” is the most 
common type of neuropathy that contributes to the pathogenesis of diabetic foot 
ulcers (Fig.  12.18 ).

   Autonomic neuropathy also contributes to the pathogenesis of diabetic foot 
ulcers, although to a lesser extent [ 21 ]. Figure  12.19  shows a foot with typical signs 
of autonomic neuropathy, namely, dehydrated skin, ungual mycosis, and swelling. 
This chapter does not discuss the pathogenesis of diabetic neuropathy or other dia-
betes-related neuropathies. The interested reader can fi nd further details on this 
topic in reference Spallone and Morganti [ 22 ].

   Sensorimotor diabetic neuropathy cannot be diagnosed based on a single symptom 
or test. Rather, the diagnosis must be based on at least two neuropathic abnormalities 
in signs, symptoms, nerve conduction, or quantitative sensory test results [ 23 ]. 

 Diagnostic tests include:

•    Symptoms/signs (clinical scores in diabetic neuropathy)  
•   Quantitative sensory testing:

 –    Semmes-Weinstein monofi lament examination  
 –   Tuning fork/biothesiometer testing  
 –   Thermal threshold testing     

•   Instrument-based tests (cardiovascular tests and electromyography)    
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  Fig. 12.17    The risk of 
nonhealing of diabetic foot 
ulcers in the Eurodiale 
study population       
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  Fig. 12.18    The typical 
“stocking distribution” of 
sensorimotor changes in 
diabetes       

  Fig. 12.19    A neuropathic foot showing typical signs of autonomic neuropathy: dehydrated skin, 
ungual mycosis, and swelling       
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 A neuropathy severity grading system has been reported by the American 
Diabetes Association [ 11 ]. 

 Clinical signs of neuropathic foot usually include:

•    Claw/hammer toe deformity  
•   Valgus deformity of the great toe  
•   Overlapping toes  
•    Pes cavus  deformity  
•   Prominent metatarsal heads  
•   Plantar hyperkeratosis  
•   Venous turgidity  
•   Dry skin    

 Plantar hyperkeratosis and prominent metatarsal heads are the most common 
signs of motor neuropathy. Venous stiffness and dry skin are typical signs of dysau-
tonomia. Diabetic neuropathy may affect sensory nerves (sensory neuropathy), 
motor nerves (motor neuropathy), and the autonomic nervous system (autonomic 
neuropathy). Diabetic patients with neuropathic foot exhibit muscle imbalance, 
alterations in sensory perception, and disordered autonomic function. 

12.4.1     Sensory Neuropathy 

 In the foot, sensory neuropathy affects both proprioceptive sensory organs and 
afferent sensory nerve fi bers. The most serious consequence is the loss of pain sen-
sation. In the absence of pain, external nociceptive stimuli that are the result of 
excessive mechanical forces (e.g., tight-fi tting shoes) are ignored; therefore, patients 
are not alerted to address the cause of the excessive pressure. Consequently, ulcers 
may develop. Thus, any physical trauma as a consequence of sensory neuropathy 
may result in a lesion. Sensory neuropathy can be promptly diagnosed using simple, 
noninvasive tools. Guidelines for sensory examination that are still valid were pub-
lished in the 1990s [ 24 ] and include the following tests:

   Pain sensation (pinprick test using a sterile pin: patients may feel pain or a needle 
sensation) (Fig.  12.20 )

     Light touch sensation (using cotton balls) (Fig.  12.21 )
     Temperature sensation (using steel or tubes fi lled with warm or cold water)    

 These tests are rather subjective assessment methods. Other inexpensive, sim-
ple, and more objective methods are available. Semiquantitative sensory testing 
can be performed using the Semmes-Weinstein monofi lament [ 25 ,  26 ]. In this test, 
patients close their eyes while a nylon monofi lament is applied to specifi c sites on 
the foot; obviously, hyperkeratotic areas should be avoided. The reliability of a 
patient’s response should be verifi ed with a “false touch” [ 27 ]. The monofi lament 
is constructed so that it buckles when a force exceeding the level indicated on the 
fi lament is applied. The absence of a “pin and needle” sensation at one or more 
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anatomical sites on the plantar surface of the foot is a sign of impaired sensory 
nerve function, and the absence of sensation on 6 or more areas of the foot is a 
sign of sensory loss. Figure  12.22  illustrates the technique used for monofi lament 
testing.

  Fig. 12.20    The pinprick 
test for pain sensation       

  Fig. 12.21    The sensation 
test using a cotton ball       
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   Figure  12.23  shows some pictures of the monofi lament test being performed on 
a patient. For quantitative sensory testing, a tuning fork or biothesiometer that trans-
mits vibrations with variable frequencies is applied to the malleolus and on the 
dorsum of the fi rst metatarsal heads (Fig.  12.24 ) of the patient’s foot. Sensory loss 
occurs when no vibration is sensed or when only vibrations with frequencies greater 
than 25 V are perceived [ 28 ,  29 ]. Loss of the ability to sense touch and vibration is 
usually associated with loss of pain sensation, which puts a patient at high risk of 

  Fig. 12.22    The technique used for monofi lament testing       

  Fig. 12.23    The monofi lament test as performed on a patient.  Red circles  indicate the different 
areas to which the monofi lament is applied       
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foot ulceration. Patients that only perceive tuning fork vibrations with frequencies 
greater than 25 V may be at risk for foot ulcer development. A biothesiometer may 
also be used as a screening tool to evaluate the effi cacy of a treatment.

    Since small fi ber nerve function cannot be assessed with electromyography, 
either biopsy or thermal threshold testing may be performed [ 30 – 33 ]. Notably, stan-
dardized techniques for thermal threshold testing are still lacking. A cutaneous ther-
mometer (Molliter, Civitanova Marche Italy) or more complex instruments (case IV 
device, Medoc, NeuroQuick) can be used [ 34 – 36 ] (Figs.  12.25 ,  12.26 , and  12.27 ).

     An inability to feel pain is the major cause of foot ulcers in diabetic patients. 
Physical trauma due to tight shoes, a hot electric blanket, walking with bare feet, or 
foreign bodies in the shoes or socks, for example, may be ignored due to the loss of 
pain sensation. Such trauma can lead to the formation of nonhealing ulcers. 
Figure  12.28  shows an example of a foot lesion caused by the use of an electric heat-
ing blanket.

12.4.2        Motor Neuropathy 

 Motor neuropathy affects the large myelin fi bers that innervate the foot muscles and 
leads to progressive hardening of the fascial tissues and to weakening and atrophy 
of the lumbrical and interosseous muscles. Motor neuropathy leads to an imbalance 
in toe fl exor/extensor muscle strength, which leads to the typical claw-toe 

  Fig. 12.24    A tuning fork and biothesiometer are applied to the malleolus of a patient for quantita-
tive sensory testing       
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deformity. Claw toe involves protrusion of the metatarsal heads and high plantar 
arches ( pes cavus  deformity) (Fig.  12.29 ). Many studies note that diabetic neuropa-
thy is associated with muscle atrophy [ 37 ]. In terms of the signs of diabetic neuropa-
thy, the tendons of the dorsum of the foot become more prominent as a consequence 
of extensor muscle atrophy (Fig.  12.30 ).

    The muscle imbalance resulting from motor neuropathy also leads to alterations 
in the distribution of the protective fatty cushions that are underneath the heads of 
the metatarsal bones [ 38 ]. As a consequence of this dysmorphism, the weight- 
bearing area of the foot is reduced. This is a pathogenetic factor, since pressure on 

  Fig. 12.25    Thermoskin (see the text)       

  Fig. 12.26    An infrared 
thermometer is applied to 
the skin of a patient with 
diabetes       
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the weight-bearing surface increases as the surface area decreases. Time also plays 
an important role in the pathogenesis of the lesion [ 39 ]. Figure  12.31  illustrates the 
importance of the size of the weight-bearing surface. As a result of a decreased 
weight-bearing surface, some areas of the foot, such as metatarsal heads, the tips of 
the toes, and the calcaneus, are exposed to excessive load (Fig.  12.32 ).

    In the neuropathic foot, the  pes cavus  deformity results in increased weight- 
bearing pressure on the metatarsal heads, while the fl atfoot deformity results in 
increased weight-bearing pressure on the midfoot (Fig.  12.33 ). As a protective 
response to the excessive mechanical forces, hyperkeratosis develops on areas of the 
skin that are exposed to overload (Fig.  12.34 ). In general, neuropathy leads to bilat-
eral hyperkeratosis; however, the severity and progression of hyperkeratotic lesions 

  Fig. 12.27    Case device (see the text)       

  Fig. 12.28    Foot lesion caused by an electric heating blanket: the burn led to amputation of the 
fi rst ray and closure by autologous skin grafting       
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in neuropathic feet can vary depending on the location of the lesion (Fig.  12.35 ). 
Hyperkeratosis functions as a protective response only for a limited period of time. 
Indeed, persistence of overload can cause a hematoma that eventually evolves into 
nonhealing ulcers that are at high risk of becoming infected (Fig.  12.36 ).

      Along with bilateral hyperkeratosis, neuropathic patients often present with 
bilateral plantar foot ulcers (Fig.  12.37 ). However, any area of the foot can be 
exposed to excessive weight-bearing forces, depending on the type and the extent of 
the foot deformity. For example, in patients with claw toes, distal phalanges or the 

a b

  Fig. 12.29    ( a ) A foot showing a typical claw-toe deformity with dorsal hyperkeratosis ( arrows ) 
due to excessive pressure. ( b ) A foot with a pes cavus deformity       

  Fig. 12.30    A claw-toe 
deformity with prominent 
tendons of the extensor 
muscles in a patient with 
motor neuropathy       
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dorsum of the toe may be exposed to overload, and the plantar aspect of the midfoot 
may be affected in patients with fl atfoot (Fig.  12.38 ). In fact, toes are frequently 
affected by motor neuropathy, and a great variety of foot deformities can arise. 
Thus, foot deformity itself may be a sign of motor neuropathy (Fig.  12.39 ). Motor 
neuropathy can be diagnosed using the Achilles tendon and patellar (knee-jerk) 
refl ex tests; however, these methods can be diffi cult to perform on patients with 
mobility problems (Fig.  12.40 ).

      Progressive thickening of the plantar fascia and the Achilles tendon, which 
seems to be related to deposits of the glycosylation products of collagen fi bers, 
leads to retraction of the plantar fascia, Achilles tendon, and several foot joints [ 40 , 
 41 ]. Plantar fascia retraction leaves the metatarsal heads unprotected and, together 
with Achilles tendon retraction, can lead to foot deformity. Then, in turn, foot defor-
mity overloads the metatarsal heads. The hardening of joint capsules contributes to 
the development of a “rigid foot” that poorly absorbs shear and friction forces dur-
ing gait. 

 The use of electroneurography for assessing motor nerve conduction velocity is 
still a matter of debate [ 42 ,  43 ]. This is a useful diagnostic test for differentiating 
between radiculopathies and other painful neuropathies and for assessing the effec-
tiveness of different treatment approaches. However, it does not provide useful 
information about the risk of developing foot ulcers and does not help diagnose 
sensorimotor neuropathy in patients with foot ulceration.  

  Fig. 12.31    Different weight-bearing surfaces of the foot (see the text for the description)       
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12.4.3     Autonomic Neuropathy 

 The role of diabetic autonomic neuropathy in the pathogenesis of diabetic foot 
appears to be less important than the role of diabetic sensorimotor neuropathy; how-
ever, very little is actually known about its role. Autonomic neuropathy occurs in 
10–15 % of patients with diabetes and in 30–40 % of patients with sensory neuropa-
thy [ 21 ,  44 ]. Diagnosing autonomic neuropathy can be diffi cult, since many time-
consuming tests (at least 3 of the 5 typical cardiovascular refl ex tests) and at least 
one electrocardiographic evaluation should be. One commercially available diag-
nostic tool is the Neuropad test. This test is based on a simple visual indicator that 
uses color changes that refl ect the integrity of skin sympathetic cholinergic innerva-
tion [ 45 – 47 ] (Fig.  12.41 ).

  Fig. 12.32    Schematic representation of areas of the foot that can be exposed to hyperpressure       
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   One visible clinical sign of autonomic neuropathy is extremely dry skin on 
the foot due to alterations in the sudomotor fi bers that innervate the sweat glands 
(Fig.  12.42 ). Sudomotor dysfunction leading to dry skin on the foot is associated with 
foot ulceration [ 48 ] because dry skin breaks easily and can easily become infected 
(Fig.  12.43 ). Since sudomotor dysfunction and pH alterations predispose diabetes 

  Fig. 12.33    Feet showing typical cavus foot deformities ( left ) and fl atfoot deformities ( right )       

  Fig. 12.34    ( Left  to  right ): Examples of increasingly severe hyperkeratosis in neuropathic feet       
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patients to dermatophyte colonization and growth, autonomic neuropathy is often 
associated with ungual mycosis. Autonomic neuropathy may also result in altera-
tion of microvascular regulation [ 21 ,  45 – 49 ]. Arteriovenous anastomoses of micro-
vascular fl ow in the skin are associated with skin function and trophism [ 50 ]. The 
arteriovenous anastomotic shunt fl ow is regulated by sympathetic axons that mediate 
vasoconstrictor tone. By reducing this tone, autonomic neuropathy impairs the neu-
rogenic vascular response to external stimuli such as heating and strain. Figure  12.44  
shows a patient with autonomic neuropathy and typical turgidity of the veins.

     High oxygen levels have been observed in the venous blood of patients with 
diabetic foot. Others have reported the formation of arteriovenous communication 

  Fig. 12.35    Symmetrical bilateral hyperkeratosis in neuropathic feet       

  Fig. 12.36    Examples of neuropathic ulcers that developed in hyperpressure areas       
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that is probably related to arteriovenous shunting of vital blood in small vessels 
[ 51 ], but the implications of these fi ndings remain unclear. However, autonomic 
dysfunctions, including alterations in heart-rate variability, are associated with 
increased mortality in patients with diabetes [ 52 ,  53 ].   

  Fig. 12.37    Bilateral 
plantar foot ulcers       

  Fig. 12.38    Ulcer on the ( a ) dorsum and ( b ) tip of the second toe as a result of a claw-toe defor-
mity. ( c ) An ulcer on the plantar surface of the midfoot as a consequence of a fl atfoot deformity       
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  Fig. 12.39    Feet showing foot deformities related to motor neuropathy       

  Fig. 12.40    The Achilles 
tendon refl ex test       

  Fig. 12.41    Application of Neuropad plaster to the plantar surface of the foot of a patient with 
dysautonomia. The color changes refl ect sweat gland function       
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  Fig. 12.42    The foot of a patient with autonomic neuropathy shows severe dryness       

  Fig. 12.43    An example of a 
hyperkeratotic heel fi ssure       
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12.5     Management of Neuropathic Foot Ulcers 

 As noted above, neuropathic ulcers typically occur on the plantar surface of the foot, 
and for this reason, diabetic foot has also been termed “mal perforant plantar” [ 54 ]. 
The forefoot is the most common site of ulceration [ 55 ]. Treatment of plantar ulcers 
requires that the cause, namely, the overload, be removed. First, debridement is 
performed to completely remove necrotic tissue, exudate, and metabolic waste. 
Hyperkeratosis may affect the viability and growth of the underlying cells and, con-
sequently, may prevent healing. Accordingly, hyperkeratotic tissue should also be 
removed. However, debridement is only the fi rst step in ulcer management and must 
be followed by offl oading techniques (Fig.  12.45 ).

   As the healing times for ulcers can be rather long, restriction of patient 
mobility (e.g., bed rest, use of a wheelchair, etc.) is contraindicated as it can 
result in muscle hypertrophy, joint rigidity, or thromboembolic events. Thus, 
offl oading is key for ulcer treatment. The gold standard is based on the use of 
total contact cast (TCC) systems, which completely releases the foot from over-
load while allowing patient mobility [ 39 ,  56 ,  57 ]. The fi rst TCCs were rarely 

  Fig. 12.44    Venous 
turgidity is clearly evident in 
the feet of this patient with 
autonomic neuropathy       
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used in clinical practice because they were made of plaster, which often led to 
ulcer formation due to excessive friction [ 58 ,  59 ]. Subsequently, Italian clini-
cians developed offl oading systems using materials that were more adaptable to 
variations in foot and leg circumferences during walking [ 60 ] (Fig.  12.46 ). 

  Fig. 12.45    A patient with a 
neuropathic foot: after ulcer 
debridement and dressing, 
the patient can wear regular 
footwear rather than an 
offl oading device       

  Fig. 12.46    A total contact cast (TCC) customized using fi berglass bandages       
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Compared to therapeutic shoes, TCCs accelerate the healing of plantar ulcers; 
moreover, complete healing occurs more frequently (Fig.  12.47 ). The effective-
ness of these systems has been proven in many studies [ 61 – 63 ]. TCCs are usu-
ally changed every week and should be worn until the ulcer is completely 
healed. However, the use of TCCs can pose some problems and is contraindi-
cated in patients with arteriopathy or infected ulcers. Recent studies, performed 
in collaboration with Italian investigators, demonstrated that the effi cacy of 
some commercially available removable and nonremovable offl oading systems 
might be comparable to that of TCCs [ 64 ,  65 ] (Fig.  12.48 ). More studies are 
being performed to confi rm these fi ndings.

     Plantar ulcers can be surgically removed by a procedure called an ulcerectomy 
[ 66 ]. This procedure promotes faster healing (Fig.  12.49 ). Ulcerectomy may be per-
formed concomitantly with an unloading osteotomy to reduce or completely remove 
a bone protrusion that is causing the overload and thus causing the consequent ulcer 
(Fig.  12.50 ). Appropriate offl oading footwear must be worn until the surgical plan-
tar suture is completely healed. Patients who undergo surgical removal of ulcers 
located in areas other than the plantar surface should be given walkers to contain 

-2

0

2

4

6

8

10

12

14

Shoe

Cast

-.25 0 .25 .50 .75 1.00 quintiles

Mann-Whitney test for trend: z = 3.529, p = 0.004 

Number

of

patiens

Trend in ulcer’s area reduction 

  Fig. 12.47    Ulcer size is reduced after the use of therapeutic shoes or offl oading systems: see the 
text for the description       
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  Fig. 12.48     Left . Offl oading walker and insoles: Optima Diab (Salvatelli srl, Civitanova Marche 
Italy).  Right . An offl oading device for the heel when in bed (Heelift AFO, Darco Europe, Raisting, 
Germany)       

  Fig. 12.49    Plantar ulcerectomy with concomitant correction of the valgus toe       

and protect the foot with dressing. After healing, the use of proper footwear can 
prevent further ulcer formation [ 3 ].

12.6         Charcot Foot (Neuro-osteoarthropathy) 

 Charcot foot is a serious condition that is often overlooked, and its diagnosis and 
treatment can be challenging [ 67 ]. Little is known about its pathogenesis, and it is 
often referred to as “Charcot foot syndrome.” 
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12.6.1     Definition 

 According to a recent defi nition, Charcot foot syndrome is defi ned as “Charcot neu-
ropathic osteoarthropathy” and is commonly referred to as “Charcot foot” [ 68 ]. 
Charcot foot is an insidious, destructive, and progressive pathological condition that 
affects the foot bones and leads to deformity that may cause ulcer formation and 
subsequent disability. The development of Charcot foot is characterized by sublux-
ation and joint dislocation, osteolysis and bone fragmentation, and soft tissue edema.  

12.6.2     Epidemiology 

 The epidemiological data for Charcot foot vary greatly, with the reported incidence 
ranging from 0.08 to 13 % of the population. This variation may be due to different 
defi nitions, such as the presence or absence of neuropathy, to different descriptions 
of patient characteristics, or to differences in data collection procedures. Charcot 
foot most often affects the midfoot, with the forefoot less frequently affected 
(Fig.  12.51 ). Ankle deformity occurs in less than 1 % of Charcot foot cases [ 69 ]. 
Neuropathy is a major risk factor for Charcot foot, and other risk factors include 
diabetes duration, overweight, and osteoporosis. The disease typically develops in 
patients in their 40s; however, patients who have type 1 diabetes for a long time may 
develop Charcot foot at an earlier age [ 70 ].

12.6.3        Etiopathogenesis 

 Genetic factors seem to contribute to the etiopathogenesis of Charcot foot. In particu-
lar, some studies found an association between osteoprotegerin G1181C and T245G 
polymorphisms and diabetic Charcot neuroarthropathy [ 71 ,  72 ]. Infl ammation plays 

  Fig. 12.50    Ulcerectomy with concomitant osteotomy. These procedures completely removed the 
protrusion of the fi rst metatarsal head bone       
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an important role during the acute phase of Charcot foot. Specifi cally, increased 
levels of infl ammatory cytokines promote osteoblast differentiation, and increased 
levels of receptor activator of nuclear factor-κB (RANK) ligand (RANKL) increase 
osteoclast activity via the RANKL/RANK/ osteoprotegerin (OPG) signaling path-
way and overcome the protective effect of OPG-mediated attenuation of osteoblast 
differentiation [ 73 ,  74 ]. One can speculate that genetic predisposing factors and 
chronic infl ammation can shift the balance of bone remodeling toward osteolysis 
[ 75 – 77 ]. If not diagnosed promptly and treated effectively, Charcot foot may rap-
idly evolve and cause severe deformities that lead to the formation of nonhealing 
ulcers that eventually result in amputation (Fig.  12.52 ).

12.7         Diagnosis and Treatment of Charcot Foot 

12.7.1     Acute Charcot Foot 

 Acute Charcot foot is characterized by rapid onset and by signs and symptoms that 
are typical of infl ammation:  rubor  (redness),  tumor  (swelling),  calor  (heat),  and 

  Fig. 12.51    Areas of the 
foot that may be affected by 
Charcot foot arthropathy       
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functio laesa  (loss of function). Pain ( dolor ) is also a symptom of infl ammation; 
however, pain may be reduced or absent due to concomitant sensory neuropathy. 
Usually pain onset occurs after walking or high-impact weight-bearing activities 
such as hiking, running, and dancing. During this phase, prompt treatment can halt 
the progression of bone degeneration and prevent foot deformity. Unfortunately, 
incipient Charcot foot is seldom diagnosed. Patients should not bear weight on the 
foot; however, some patients are mistakenly encouraged to walk more. The persis-
tence of overpressure on the weight-bearing areas of foot increases bone resorp-
tion and, as a consequence, foot deterioration progresses. The bones fracture 
easily, and bone deposition becomes irregular, with alterations in the interosseous 
spaces and bone dislocations. Eventually, the bone architecture resembles a “bag 
of bones.” 

 X-ray imaging of the foot is the fi rst diagnostic approach for neuropathic patients 
presenting with suspected Charcot foot. However, X-ray imaging may not be per-
formed until later in the development of Charcot foot, delaying the diagnosis. 
Assessing the cutaneous temperature is essential for diagnosis, with the skin tem-
perature of the Charcot foot being increased by at least 2 °C compared to the non-
affected contralateral side [ 17 ]. Figure  12.53  shows an example of acute Charcot foot 
with edema and increased temperature relative to the contralateral side; an X-ray 
reveals osteolysis at the bottom of the fi rst metatarsal and the fi rst cuneiform bones. 
Cutaneous thermometry provides information on the stage of Charcot foot: high 
temperatures indicate onset, and normal temperatures indicate a quiescent phase.

   Magnetic resonance imaging (MRI) is a very sensitive technique that is useful in 
making a diagnosis of Charcot foot at its earliest stage, even before bone and joint 
changes become evident on X-rays [ 76 – 78 ]. Specifi cally, MRI can show alterations 
that are characteristic of Charcot foot, such as soft tissue swelling and bone and 
muscle edema [ 79 ]. Although MRI is not required for diagnosis when X-rays show 
signs of Charcot foot, it may be useful for surgery or to exclude the presence of 
osteomyelitis (in case of an evident or previous ulcer) [ 80 ]. 

 Some nuclear techniques can be useful as diagnostic tools [ 81 – 85 ] but, as stated 
by the American Diabetic Association [ 68 ], these methods have some problems, 

  Fig. 12.52    A Charcot foot. In this case, the severe deformity required amputation       
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including false negatives, low specifi city, and a poor ability to discriminate between 
bone and soft tissue. Figure  12.54  shows technetium-99 m scintigraphy that reveals 
an increased signal on the fi rst metatarsal head and metatarsocuneiform joint. This 
increased signal might be a sign of structural bone remodeling. Clearly, these diag-
nostic methods, and PET scans, are only used when a suspected acute Charcot 
osteoarthropathy cannot be diagnosed by traditional X-ray examination.

   The treatment of acute Charcot is based on complete offl oading plus the applica-
tion of a total contact healing plaster cast [ 86 ,  87 ]. In patients with plantar ulcers, 
total contact casts allow mobility; in contrast, these casts are used to prevent ambu-
lation in patients with Charcot foot. Plaster casts must be replaced as swelling 
decreases, typically every 7–10 days. With each change, the physician should assess 
cutaneous temperature and edema reduction as well as apply a new cast. These casts 
must be worn for prolonged periods (3–6 months). During this time, crutches or a 
wheelchair must be used to avoid any weight-bearing loads on the foot. Reduction 
of edema and a decrease in the cutaneous temperature are signs that strict immobi-
lization of the foot has been successful [ 88 ] (Fig.  12.55 ).

   Early recognition and treatment of acute Charcot foot can minimize the progres-
sion of foot deformity [ 89 ]. In contrast, delayed detection prevents prompt immobi-
lization of the foot and may allow irreversible damage to occur [ 90 ].  

12.7.2     Chronic Charcot Foot 

 Patients with chronic Charcot foot have characteristic foot deformities (Fig.  12.56 ). 
Progression to foot deformity occurs via the attenuation of infl ammation and con-
comitant joint instability and dislocation accompanied by edema of the spongious 
bone. This phase is followed by erosion of the cartilage and by bone resorption; 

  Fig. 12.53    X-ray imaging ( red circle : bone changes) and assessment of cutaneous temperature 
( arrow : infrared thermometer) are used to diagnose an acute Charcot foot       

 

12 Diabetic Foot Ulcers



216

  Fig. 12.54    A bone scan 
using technetium-99m shows 
a higher signal on the bottom 
of the fi rst metatarsal bone 
and metatarsocuneiform 
joint       

  Fig. 12.55    Resolution of edema and redness in a Charcot foot after 5 weeks of immobilization in 
a plaster cast       
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further bone fractures may occur, along with new bone resorption and deposition. 
Foot joint instability progresses and evolves into joint stiffness.

   In 1966, Eichenholtz proposed a chronology of the disease that was divided into 
three stages [ 91 ]:

•    Stage I (Development): patients present with acute infl ammation. X-ray imaging 
reveals bony erosion or resorption or the presence of bone fragments. The dura-
tion ranges between 3 and 6 months.  

•   Stage II (Coalescence): heat, swelling, and redness increase. The foot becomes 
stable.  

•   Stage III (Reconstruction): X-ray imaging reveals remodeling of the bone struc-
ture, with new bone consolidation (healing), sclerosis, and increased bone density.    

 This classifi cation system is useful for optimizing the timing of the surgical 
intervention. According to this classifi cation, stage III is a phase in which bone 
destruction and bone consolidation result in distortion of bone architecture, thus 
causing a deformity (Fig.  12.57 ).

   The hallmark deformity associated with chronic Charcot foot is midfoot collapse 
of the arch [ 92 ], described as a rocker-bottom deformity. As a consequence of this 
deformity, excessive weight-bearing forces are applied to bone protrusions, and per-
sistence of these forces will eventually lead to formation of a plantar ulcer. 
Figure  12.58  shows a typical midfoot collapse of the arch with plantar ulceration.

   Frykberg and Sanders later proposed a classifi cation system to stage Charcot 
arthropathy according to the localization of the bone lesion, namely, metatarsopha-
langeal joint, midfoot, ankle, or heel [ 67 ]. Charcot foot treatment and prognosis are 
related to the extent of the foot deformity and to whether there is a plantar ulcer that 
can lead to osteomyelitis. Charcot foot without plantar ulceration can be protected 
using proper footwear and a sole that helps prevent ulcer formation. Prognosis of 

  Fig. 12.56    Typical deformities of chronic Charcot foot       
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Charcot in the forefoot is usually favorable, even in the presence of osteomyelitis of 
the metatarsal bones. Unfortunately, Charcot of the ankle is more likely to result in 
an above-the-ankle amputation. 

 Treatment of chronic Charcot foot aims to correct the deformity in order to pre-
vent ulcer formation or to minimize the progression of foot deformity that may 
cause gait disturbances. If a custom foot orthosis cannot stop ulcers from forming, 
surgery may be needed to correct the deformity [ 93 ]. Surgical management of 

  Fig. 12.57    Typical deformities of chronic Charcot foot by X-ray imaging       

  Fig. 12.58    Typical appearance of a rocker-bottom deformity with plantar ulceration.       
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Charcot foot is based primarily on expert opinion, and data regarding the most effec-
tive surgical techniques are still lacking [ 68 ]. Surgery is only performed in patients 
with Eichenholtz stage III Charcot arthropathy [ 94 ]. However, surgical treatment 
can be diffi cult and is associated with high failure rates (30–70 %) due to the risk of 
infection or failure of fi xation [ 95 ,  96 ]. The presence of a long-lasting open ulcer is 
a major clinical challenge as the risk of concomitant osteomyelitis is extremely high. 

 The severity of Charcot foot depends on prompt recognition and localization of 
the deformity; deformities occurring near the tibiotarsal joint are associated with 
higher disease severity than Charcot foot deformities in more distal parts of the foot. 
Charcot of the heel represents an exception to this rule. Surgical treatment of these 
conditions must be performed in specialized diabetic foot centers by clinicians with 
expertise in Charcot foot management. 

 Finally, it is worth noting that patients with diabetes and Charcot syndrome have 
higher mortality compared to those with diabetes and neuropathy or with diabetes 
and neuropathic ulcer [ 97 – 99 ]. Treatment of Charcot foot with uncomplicated plan-
tar ulcers is based on the same approaches used for the management of neuropathic 
plantar ulcers.   

12.8     Ischemic Diabetic Foot Ulcers 

 For many years, it was thought that neuropathy was the major cause of foot ulcer-
ation in patients with diabetes. In fact, the diabetic foot was usually portrayed as 
having “mal perforans.” More recently, arteriopathy was suggested to play an 
important prognostic role in “diabetic foot syndrome.” This assumption was fi rst 
proposed at the beginning of the 1990s by Pecoraro, who evaluated the relevance of 
ischemia in the prognosis of amputation, and by LoGerfo, who studied the features 
of lower limb arteriopathy in diabetes as well as the prognostic relevance of surgical 
revascularization [ 100 ,  101 ]. 

 Both in diabetic and nondiabetic patients, peripheral artery disease (PAD) devel-
ops as a result of pathological deposition of atherosclerotic plaques that partially (ste-
nosis) or completely (occlusion) obstruct one or more lower limb arteries. For this 
reason, PAD is also referred to as a peripheral occlusive arteriopathy. Although his-
tologically similar to atherosclerosis in nondiabetics, atherosclerosis in patients with 
diabetes has some morphologically and clinically relevant differences. Compared 
with nondiabetic subjects, patients with diabetes usually present with more distal 
and bilateral atherosclerotic lesions; moreover, calcifi cation of the artery walls is 
more common in diabetes, and occlusions are more frequent than stenoses [ 102 ]. All 
of these features pose challenges when performing revascularization and account for 
the role of lower limb ischemia as a prognostic determinant for major amputation. 

12.8.1     Epidemiology 

 The incidence of PAD in the general population may be underestimated due to the 
lack of symptoms in its earliest phase. According to the National Health and 
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Nutrition Examination Survey (NHANES), more than half of adult PAD patients 
(>60 years of age) may be asymptomatic [ 103 ]. In patients with diabetes, the prev-
alence of PAD may be even more underestimated, since the perception of pain 
(both when moving and when at rest) may be attenuated or absent due to the pres-
ence of concomitant neuropathy [ 104 ]. Despite this confounding factor, the preva-
lence of PAD is higher in diabetic patients than in the nondiabetic population 
[ 105 – 109 ]. However, data on PAD prevalence varies according to the diagnostic 
criteria used [ 110 ]. 

 The ankle-brachial index (ABI) is the most accurate, noninvasive method for 
diagnosing PAD. Using this method, the estimated prevalence of PAD in diabetic 
patients is 20 %, with some age-related variations [ 111 ,  112 ]. Recently, an Italian 
study found that PAD was present in 8 % of patients with newly diagnosed diabetes 
[ 113 ]. PAD not only occurs more frequently in diabetics than in nondiabetic subjects, 
but it may also develop at an earlier age and may affect women during their reproduc-
tive years [ 114 ]. The rapid progression of PAD in diabetes is of particular impor-
tance, with obvious clinical implications for the timing of surveillance [ 115 ,  116 ].  

12.8.2     Diagnosis and Management of Ischemic Ulcer 
(Critical Limb Ischemia) 

 Assessment of lower extremity arterial occlusive disease is a very important step in 
managing diabetes [ 104 ]. Early detection and recognition may allow successful 
treatment [ 117 ]. Such an assessment should include objective foot assessment, pal-
pation of pulses, and ABI determination. 

 The accuracy of foot examination for diagnosing PAD is considered insuffi cient 
[ 118 ]. In this respect, we agree with Mayfi eld et al., who stated, “The clinical exam 
remains an inexact art” [ 119 ]. Palpation of pulses is fundamental for diagnosing 
PAD: the absence of palpable pulses is a sign of occlusive disease, though it does 
not provide information regarding PAD severity or localization of the lesion [ 120 ]. 
Investigator variability may be a confounder for accurate pulse detection. 

 ABI determination is considered the most sensitive method [ 121 ] for diagnosing 
PAD and also gives good information about the severity of PAD. However, ABI 
does not provide information about the localization, length, or morphology of steno- 
occlusions or about run-in and runoff. Segmental pressure determination may pro-
vide the approximate lesion localization. Useful information may also be obtained 
by pulse volume waveform analysis using continuous wave Doppler techniques, but 
interpretation of the data is quite subjective. 

 The American Diabetes Association (ADA) considers ABI a “reproducible and 
reasonable accurate, noninvasive measurement for the detection of PAD and the 
determination of disease severity” [ 104 ]. The ABI is calculated by dividing the 
systolic blood pressure at the posterior tibial artery or dorsalis pedis artery by the 
systolic pressure at the humeral artery or radial artery. The ADA states that ABI 
values <0.91 are suggestive of PAD, and ABI values >1.30 are suggestive of calci-
fi cation of the tunica media (Mönkeberg’s sclerosis). Other ABI values may provide 
information about the severity of PAD, as illustrated in Table  12.3 .
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   Notably, the incidence of Mönkeberg’s sclerosis is higher in diabetic patients than 
in nondiabetic patients [ 122 ,  123 ]. Calcifi cation of the tunica media is usually asso-
ciated with neuropathy [ 124 ]. In our experience, calcifi cation occurs in about 10 % 
of patients with early stage type 2 diabetes and in about 40 % of diabetic patients 
with critical limb ischemia (CLI) [ 125 ]. Recently, fi ndings from a Belgian study sup-
port our skepticism regarding the accuracy of ABI and ankle pressure measurement, 
with the authors concluding, “In the diabetic foot, where lesions tend to be situated 
in BTK arteries (which lie parallel to each other), the pressure measured in one distal 
artery is less representative of atherosclerotic disease in the lower extremity” [ 126 ]. 

 Calcifi cation of the tunica media is responsible for hardening of the vessel, which 
then becomes incompressible and gives false high-pressure readings; in essence, 
calcifi cation prevents accurate pressure measurement. An ABI value >1.3 is defi -
nitely not a reassuring one as it is suggestive of vascular calcifi cation and a high risk 
of cardiovascular events [ 127 ]. Palpation of pulses and ABI determination can be 
performed in outpatient settings. These techniques may have some limitations; 
however, these limitations should not prevent their use. 

 Researchers have proposed some classifi cation systems to stage PAD severity 
that may also help physicians select the most appropriate therapeutic approach. The 
Lèriche-Fontaine classifi cation system and the Rutherford classifi cation system, 
both of which are based on the presence of pain and ulceration, have been used for 
many years and are still used today by vascular surgeons. However, these systems 
should not be used to stage PAD in diabetic patients, as pain, both in motion and at 
rest, may be absent or attenuated by concomitant neuropathy. Moreover, gangrene 
can develop from a neuropathic ulcer irrespective of the presence of ischemia. 

 The Wagner wound classifi cation system, which is well established and widely 
used, is based on ulcer depth but does not take the presence of arteriopathy into 
account [ 128 ]. The University of Texas classifi cation system, proposed in 1988, 
includes assessments of wound depth, infection, and ischemia and provides infor-
mation about the risk of major lower extremity amputation [ 129 ]. So far, this clas-
sifi cation system is thought to provide the most accurate estimates of the risk of 
amputation in diabetic patients. 

 Afterward, the International Working Group on the Diabetic Foot developed the 
PEDIS classifi cation for research purposes. According to this classifi cation system, 
which is very similar to the Texas one, wounds are analyzed according to perfusion, 
depth, infection, and sensation (Table  12.4 ) [ 130 ]. However, none of these clas-
sifi cation systems can identify patients at high risk of lower leg amputation based 
on PAD severity. Epidemiological studies showed that lower limb systolic blood 
pressure and transcutaneous oximetry at the dorsum of the foot are prognostic dis-
criminants for amputation in subjects with peripheral arteriopathy. Therefore, these 

  Table 12.3    PAD severity based on ABI values 
according to the American Diabetes Association  

 ABI value  Severity of PAD 

 0.91–1.30  Normal 

 0.70–0.90  Mild 

 0.40–0.69  Moderate 

 <0.40  Severe 
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parameters are used to identify the severity level at which a limb is at high risk of 
amputation within 6–12 months. Such a severity grade is referred to as CLI, and 
systolic blood pressure of the ankle or fi rst toe and transcutaneous oximetry at the 
dorsum of the foot are used as diagnostic parameters.

   In 2007, the second edition of the TASC guidelines proposed an ischemia sever-
ity classifi cation system based on systolic blood pressure at the ankle or fi rst toe and 
on transcutaneous oximetry [ 131 ]. However, the presence of calcifi cation and the 
absence of tibial arteries may pose some problems. 

 Duplex scanning, which combines Doppler ultrasound with real-time ultrasound 
imaging of the arteries, is the gold standard noninvasive technique for assessing 
blood circulation [ 132 ,  133 ]. This is a highly sensitive method for diagnostic assess-
ment of the major arteries of the thigh; however, sensitivity decreases if the test is 
used to assess below the knee calcifi ed arteries. Unfortunately, as stated above, 
medial artery calcifi cation is quite common in diabetics. It is worth noting that ankle 
arteries and arteries of the plantar arch can only be assessed with highly sophisti-
cated instruments used by skilled professionals. Assessment of the peroneal artery 
can be diffi cult and, in our experience, is rarely reported in clinical records [ 9 ]. 

 CT angiography and MRI angiography are excellent vascular diagnostic meth-
ods that produce informative images [ 134 ,  135 ]. However, these techniques may not 
be accurate for assessing more distal arteries, and the presence of calcifi cation may 
be a confounder [ 136 ,  137 ]. The rapid development of new techniques is likely to 
allow the use of these methods to achieve excellent diagnostic results. However, the 
main issue is whether these diagnostic techniques are essential for determining the 
need for revascularization. Detection of CLI by transcutaneous oximetry and ankle 
pressure measurement, if feasible, provide a clear indication for the need for revas-
cularization in the presence of a foot ulcer. 

 Digital angiography is the gold standard diagnostic tool for foot ulcers and can 
be used in diabetic patients to detect arterial lesions and to determine their length, 
localization, and morphology. Arteriography is associated with the risk of serious 
complications, such as contrast medium-induced nephrotoxicity (CIN). The risk of 
complications seems to be higher in diabetic patients than in nondiabetic patients; 
however, the use of pre- and post-examination hydration protocols can reduce the 
risk of nephrotoxicity to a very low level, even in people with diabetes [ 138 – 142 ]. 
It is unknown whether the protective effect is due to the substances used in these 
protocols, such as cysteine, bicarbonate, or to the hydration  sic et simpliciter  [ 143 ]. 
It is clear that in the absence of indications for revascularization, there is no need for 
arteriography as a diagnostic tool. 

 Vascular procedures (endoluminal or surgical) can restore direct fl ow to stenotic 
and occluded arteries. The only treatment that can signifi cantly reduce the rate of 
major amputation is revascularization by peripheral transluminal angioplasty or 
peripheral bypass grafting [ 144 – 147 ]. Other therapeutic approaches, such as treat-
ment with prostanoids, hyperbaric oxygen therapy, epidural stimulation, and ozone 
therapy, should only be used as adjunct therapies with specifi c indications, rather 
than as alternatives to direct revascularization [ 148 – 151 ]. 

 We agree with the statement by Kenneth Ouriel in  The Lancet  that 
“Revascularization is  u nquestioned as appropriate therapy for patients with CLI 
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directed at the prevention of limb-loss and accompanying disability” [ 152 ]. Of 
particular importance is the emphasis that this is the optimal treatment for patients 
with CLI. This statement communicates a basic concept in the management of 
diabetic foot ulcers: revascularization is  necessary  for wound healing, but is not 
enough to  ensure  healing. Importantly, proper management of foot ulcers is 
required after revascularization for successful healing and to maximize the chances 
of limb salvage. Figure  12.59  shows an example of successful recanalization of the 
posterior tibial artery (a) and the use of the pedal-plantar loop technique (b); note 
that careful post- procedure care of the lesion (foot care) was required for limb 
salvage (c).

   These techniques are essential for treating patients with symptoms of critical 
limb ischemia, such as rest pain and/or foot lesion. They are also needed to increase 

a b c

  Fig. 12.59    Successful recanalization of ( a ) the posterior tibial artery and ( b ) pedal-plantar loop. 
( c ) Limb salvage after revascularization plus wound care and surgery       
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the chances of successful debridement of gangrenous tissue in the feet of patients 
with CLI. In our opinion, medical malpractice may arise when clinicians opt for 
minor amputation without previous assessment of CLI and concomitant revascular-
ization (if indicated).  

12.8.3     Treatment of Ischemic Foot Ulcer After Revascularization 

 Revascularization is a necessary approach for wound healing but is not enough to 
ensure healing. Indeed, appropriate foot ulcer management is required after revas-
cularization for successful healing and to maximize the chances of limb salvage. 
Revascularization may be enough to ensure the healing of superfi cial, noninfected 
ulcers (grade C1 according to the Texas wound classifi cation system or grade 1 
according to the Wagner classifi cation); in such ulcers, the restoration of blood fl ow 
can help spontaneous healing. It is worth noting that Texas grade C1 ulcers account 
for just 20 % of all lesions; nevertheless, this is a surprisingly high percentage of 
ulcers that can, theoretically, heal easily. 

 Deep and/or infected ulcers may not heal easily [ 153 ]. Figure  12.60  shows the 
rates of amputation in patients with foot sepsis alone or combined with CLI. Notably, 
the presence of infection in the ulcers of ischemic patients is associated with a very 
high risk of amputation. Thus, with the aim of minimizing the chance of limb loss, 
revascularization must be combined with appropriate ulcer care. Figure  12.61a–e  
shows an example of a foot lesion that required appropriate care combined with 
revascularization to heal.

34.0 %

29 Minor amputation
Mortality = 1/29 (3 %)

2 Surgical revascularisation

5 Major amputation

1 Revisional surgery

2 Major amputation

11 Major amputation
No mortality

11 Surgical revascularisation
No mortality

2 Endovascular revascularisation
No mortality

Primary Secondary

53

109 Minor amputation
Mortality = 3/109 (3 %)

12 Major amputation
Mortality = 1/12 (8 %)

121

12 Major amputation

Primary Secondary

19.8 %

Intervention for diabetic foot  Fig. 12.60    Amputation 
rates in patients with sepsis 
alone or with combined 
critical lower limb ischemia 
(CLI) and sepsis       
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  Fig. 12.61    ( a ) A patient presented with a deep abscess on the midfoot and fasciitis extending 
beyond the ankle. After surgical incision, collection of pus on the forefoot became evident. ( b ) The 
patient underwent Chopart-level amputation in an emergency room. The abscess was removed 
surgically, and extensive surgical debridement of the suprafacial tissue (up to the ankle) was per-
formed. ( c ) The day after surgery, percutaneous transluminal angioplasty revascularization was 
performed, with recanalization of the completely occluded posterior tibial artery and the stenotic 
anterior tibial artery. ( d ) The wound bed appearance on day 5 after revascularization. ( e ) Wound 
healing after dermo-epidermal skin grafting         

a

b

VALUTAZIONE E TRATTAMENTO DELLA LESIONE

AMPUTAZIONE URGENTE
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d e

DOPO RIVASCOLARIZZAZIONE TRAPIANTO DI CUTE

c
RIVASCLOARIZZAZIONE IL GIORNO DOPO

Fig. 12.61 (continued)

         Conclusions 

 Diabetic foot may be referred to as a “syndrome” rather than as a “disease,” and 
treatment strategies should be based on this concept of the condition as a group 
of different clinical fi ndings. Establishing a differential diagnosis between neu-
ropathic and neuroischemic foot is the fi rst step toward appropriate care. 
Offl oading is the gold standard treatment for noninfected neuropathic ulcers, and 
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revascularization is the cornerstone of treatment of neuroischemic ulcers, since it 
minimizes the chance of lower limb amputation. However, if not combined with 
proper wound care (conservative or surgical), revascularization alone is not 
enough to ensure wound healing and to prevent the development of gangrenous 
infection. Finally, treatment of Charcot foot can be diffi cult. Early detection and 
recognition can minimize its progression to severe deformity. Customized shoes 
and insoles may be indicated in less serious conditions, while severe deformities 
may require corrective surgery. Multidisciplinary approaches and multimodal 
treatment of diabetic foot ulcers are key strategies for successful outcomes, 
namely, minimizing amputation and maximizing patient survival.     
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13.1            Introduction 

 The most common cause of neuropathic ulceration to the lower limb is diabetes 
mellitus [ 1 ]. Primary neurological conditions (including multiple sclerosis and 
paraplegia), renal failure, chronic liver disease, alcohol excess, nutritional defi cien-
cies, HIV, trauma, and surgery can also lead to peripheral neuropathy and hence to 
ulceration. Less common conditions that can result in neuropathic ulcers include 
chronic leprosy, spina bifi da, syringomyelia, tabes dorsalis, poliomyelitis, and 
hereditary sensory and motor neuropathy (HSMN) commonly called Charcot-
Marie- Tooth (CMT) disease [ 2 ,  3 ].  

13.2     Epidemiology 

 Due to the heterogeneity of causes, it is diffi cult to provide an estimate of the preva-
lence of neuropathic ulcers in general; however, the prevalence of diabetic foot 
ulcers has been reported. The chance of an individual with diabetes developing a 
foot ulcer at sometime during their life has been estimated at 1 in 4 [ 4 ]. The preva-
lence of diabetes is increasing in every country, and it has been estimated that by 
2030 there will be more than 550 million people with diabetes globally. In 2013 
more than 3 million people in the UK had a diagnosis of diabetes [ 5 ], and it has been 
estimated that by 2030 over 550 million people globally will have diabetes. 

 Lower-limb ulcers are chronic, complex wounds which can be very debilitating 
and adversely affect patients’ quality of life, often leaving them unable to work 
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[ 6 ,  7 ]. Lower-limb ulcers also have massive economic effects on healthcare ser-
vices. A European study conducted between 2003 and 2004 found that the total 
cost of treatment of a diabetic foot ulcer ranged from £3500 for noninfected neu-
ropathic ulcers to £13,000 for infected ischemic ulcers [ 8 ]. In England, foot com-
plications account for 20 % of the total National Health Service spend on diabetes 
care, which is around £650 million per year [ 9 ]. Not uncommonly, foot ulcers can 
be complicated by infection and/or need for lower-limb amputation [ 10 ]. In fact, 
foot ulcers precede amputation in 85 % of all non-traumatic lower-limb amputa-
tions [ 11 ]. Individuals who develop a diabetic foot ulcer are at greater risk of 
premature death, myocardial infarction, and fatal stroke than those without a his-
tory of diabetic foot ulceration [ 12 ].  

13.3     Pathophysiology 

 Peripheral neuropathy may affect sensory and/or motor nerves. The sensory modali-
ties implicated in neuropathic ulceration include pain, pressure, proprioception, 
temperature, and heat/cold. These sensory modalities transmit stimuli to the brain 
resulting in sensory awareness that enables the individual to relate to their environ-
ment, identify nociceptive stimuli responsible for local tissue injury, and respond to 
these by taking appropriate protective actions. Therefore, in sensory nerve damage, 
there is loss of protective sensation (LOPS) leading to injuries [ 13 ]. 

 In the absence of pain sensation, foot injuries occur without the individual taking 
much notice [ 14 ]. Their weight exerts strain on the same foot site with relatively 
little discomfort resulting in repetitive mechanical forces and callous formation, 
followed by tissue breakdown, and eventually chronic ulceration [ 15 ]. It is not 
uncommon for a patient with a neuropathic ulcer to walk into the clinic without 
limping – they simply cannot feel pain to allow them adapt their gait/walking to 
prevent further injury. 

 Similarly, loss of pressure sensation results in individuals exerting a lot of pres-
sure at one spot under the foot when they walk, building up a callus at that site 
without causing much discomfort. The pressure can become so high that it eventu-
ally leads to breakdown of tissues and ulceration. Sensory neuropathy also allows 
mechanical and thermal trauma with small cuts or punctures going unnoticed. Over 
time these may progress to ulcers. There are anecdotal reports of “holiday ulcers” 
where people have walked barefoot on hot sandy beaches and developed blisters 
and ulcers due to lack of temperature sensation. 

 Peripheral neuropathy can also affect motor nerves, leading to wasting of the 
small intrinsic muscles of the foot. This results in an imbalance between the fl exor 
and extensor muscles [ 16 ], in turn leading to deformities and creating additional 
pressure points exposed to the risk of ulceration. The reduced muscle bulk also 
reduces the amount of soft tissue padding, therefore exposing the skin to high 
mechanical forces between the underlying bone and the walking surface. Autonomic 
neuropathy reduces sweating, consequently reducing hydration, causing the skin to 
be less elastic and so more vulnerable to mechanical stress [ 16 ].  
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13.4     Assessment of Patients with Neuropathic Ulcers 

 When assessing a patient with a foot ulcer, it is important to take a full history from 
the patient, considering both intrinsic and extrinsic factors. 

 Intrinsic factors include the presence of any underlying cause of neuropathy, 
predisposing medical conditions, diabetes, or symptoms to suggest diabetes if not 
yet diagnosed. A medication history [ 17 ], smoking history, and alcohol intake his-
tory are also important. Any previous history of ulcers should also be noted. A 
description of the ulcer itself including onset, chronicity, appearance, pain, and dis-
charge (exudates or slough) should be elicited. Extrinsic factors include any trauma 
that the patient is aware of, pressure points, and their footwear. The patient’s shoes 
should be inspected. Shoes that are too worn or too tight (too narrow or too short) 
for the patient are likely to lead to rubbing, blistering, and callous formation [ 18 ]. 
(Figs.  13.1 ,  13.2 , and  13.3 ).

     Neuropathic ulcers are usually painless unless an arterial component or infection 
is present. The wound margins tend to display callus buildup, a useful clue to the 
underlying high pressure load. Pedal pulses are usually present unless there is a 
vascular component. Foot temperature is usually normal. Despite even a large plan-
tar ulcer, the patient may walk normally, without a limp, highlighting their lack of 
sensation. 

 Other aspects of abnormal foot pressures and neuropathy including limited joint 
mobility (LJM), dry skin, and various deformities (pes cavus, fl attened plantar arch, 
hallux rigidus, hammer toes, claw toes, etc.) should also be elicited [ 18 ,  19 ].  

13.5     Multidisciplinary Foot Teams 

 In many Western centers, diabetic patients with foot ulcers are managed in specialist 
foot clinics run by a multidisciplinary foot team (MDFT). This may include a com-
bination of diabetes physicians, specialist nurses, podiatrists, vascular surgeons, 

  Fig. 13.1    Sausage-shaped 
right 4th toe with 
surrounding erythema; 
ulcer over the DIPJ probes 
to bone suggestive of 
osteomyelitis. Note the dry 
skin with toe deformity 
and callus buildup around 
the tip of the hallux and 
lateral border of the 5th 
toe – neuropathic 
ulceration from tight shoes       

 

13 Neuropathic Ulcers



240

a b

  Fig. 13.2    Neuropathic foot. Note the dry skin ( a ,  b ), dystrophic nails ( b ), raised plantar arch ( b ), 
and distended foot veins (from autonomic shunting)       

  Fig. 13.3    Neuropathic ulceration in a patient with previous right hallux and 5th toe ray amputa-
tion. Like underlying infection. Not the hypertrophic callus rim around the ulcer due to inadequate 
offl oading       
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orthopedic surgeons, orthotists, or psychologists. Patients with new ulcerations, 
swelling, or discoloration should be referred to these services promptly from pri-
mary care for urgent assessment and management. In the presence of severe infec-
tion, they may require prompt hospitalization for intravenous antibiotics. Evidence 
supports the role of the MDFT with one study fi nding that the total number of 
amputations fell by 70 % over 11 years following improvements in foot care ser-
vices and implementation of an MDFT. [ 20 ]. The National Institute for Healthcare 
and Care Excellence (NICE) recommends that hospitals should have a care pathway 
for patients with diabetic foot problems, which should be managed by an MDFT, 
consisting of healthcare professionals with specialist skills and competencies [ 21 ].  

13.6     Identification and Treatment of Infection 

 Diagnosis of infection in diabetic foot ulcers can be diffi cult as signs one would 
expect to fi nd locally (pain, erythema, swelling, and raised temperature) may not be 
present [ 8 ]. Systemic signs may only be present in severe infections such as osteo-
myelitis or septicemia. Infection in a diabetic foot wound can produce signs such as 
poor blood glucose control, increased slough/exudate, pus, foul smell or change in 
smell, pain, and warmth. Although diagnosing infection at an early stage can be 
challenging, it is crucial in preventing progression of the infection and thereby pre-
venting necrosis, gangrene, and amputation [ 22 ]. More than half of all diabetic foot 
ulcers will become infected at sometime so a high index of suspicion is vital [ 23 ]. 
The following factors increase the likelihood of an infection developing [ 24 ]: a 
positive probe-to-bone test, ulcer present for more than 30 days, a history of recur-
rent DFUs, a traumatic foot wound, the presence of peripheral arterial disease in the 
affected limb, a previous lower-extremity amputation, loss of protective sensation, 
the presence of renal insuffi ciency, and a history of walking barefoot. 

 Signs of severe infections include widespread infl ammation, crepitus, bullae, 
necrosis, or gangrene. If a wound appears infected, appropriate cultures should be 
sent (soft tissue, secretions, or bone if osteomyelitis is suspected). All open wounds 
will be colonized with pathogens so superfi cial swabs are unlikely to culture the 
specifi c pathogen responsible for the infection. Empirical antibiotics should be pre-
scribed in accordance with local microbiology advice while awaiting culture results 
and sensitivities. Other useful investigations include a full blood count, C reactive 
protein, renal function and liver function. Evidence does not support antibiotic ther-
apy for ulcers that do not appear infected. Topical antibiotics may be useful in cases 
where there is poor vascular supply leading to reduced antibiotic tissue penetration, 
but the evidence base supporting their use is thin. 

 Diabetic patients with signs of infected ulceration should have a radiograph of 
their foot to detect any evidence of osteomyelitis. Signs of osteomyelitis on a radio-
graph include focal destruction of cortical bone, periosteal new bone formation, soft 
tissue swelling secondary to infl ammation around the area, and focal osteoporosis 
caused by hyperemia. Conventional radiographs may not display any signs of osteo-
myelitis for up to 10 days so other types of imaging such as MRI should be used, 
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where available, if clinical suspicion remains despite a normal radiograph [ 25 ]. If 
MRI is contraindicated or unavailable, a labeled leukocyte imaging scan can be 
performed instead. Radiography can also be used to exclude a foreign body in tis-
sues which is common with plantar neuropathic ulcers.  

13.7     Identification of Deformities 

 As described previously, deformities of the feet can result from neuropathic changes, 
and these deformities create extra pressure points which are at high risk of ulcer-
ation. Feet should be inspected for common deformities including hammer toes (a 
fi xed fl exion deformity of the proximal interphalangeal joint), claw toes (fl exion at 
the distal and proximal interphalangeal joints with dorsifl exion at the metatarsopha-
langeal joint), prominent metatarsal heads, and pes cavus (high arch).  

13.8     Management of Neuropathic Ulcers 

 The basic aims of management are wound closure with prompt healing and preven-
tion of the development of further ulcers. 

 These management goals can be achieved through a variety of measures includ-
ing: local wound care (debridement), infection control, ensuring adequate blood 
supply, VAC therapy, adjunctive therapies, pressure offl oading, treating underlying 
factors (intrinsic and extrinsic), patient education, temperature self-assessment, fat 
pad augmentation, and specialist shoes. 

13.8.1     Debridement 

 This is the removal of devitalized, damaged, or infected tissue from an ulcer and hence 
exposure of healthy tissue. Exposure of the healthy tissue aids the healing process, and 
removal of devitalized tissue reduces the risk of infection. Debridement may be a sin-
gle procedure, or it may need to be ongoing for maintenance of a clean wound bed [ 26 ]. 

 Sharp debridement can be done in an outpatient setting by a podiatrist or foot 
specialist. A scalpel, scissors, or forceps are used to remove devitalized tissue. This 
procedure can be painful so adequate analgesia is essential. Assessment of the vas-
cular supply to the feet is important before undertaking extensive sharp debride-
ment. Patients requiring revascularization should not undergo sharp debridement 
due to the risk of trauma to tissues that are vascularly compromised. 

 Surgical debridement should be considered in cases of extensive necrotic tissue 
or localized fl uctuance indicating pus or gas in the surrounding soft tissue. This 
involves excision or wider resection of both nonviable and healthy tissue from 
wound margins until a healthy bleeding wound bed is achieved. 

 Autolytic debridement is a process by which the body attempts to shed devital-
ized tissue with the use of moisture. If tissue is kept moist, it will degrade naturally 
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and deslough from the underlying healthy tissues. The presence of matrix metallo-
proteinases (MMPs) enhances this process. These are enzymes produced by dam-
aged tissue, acting to disrupt the proteins that bind the dead tissue to the body. 
Autolytic debridement uses the body’s own enzymes and moisture to rehydrate, 
soften, and liquify hard dead tissue and slough using semiocclusive or occlusive 
dressings (e.g., hydrogels, hydrocolloids) to maintain a moist environment and 
enhance the body’s natural debridement process. This technique can be used when 
there is a small amount of nonviable tissue, if other methods of debridement are 
unsuitable, or for maintenance debridement. It is a slow process which increases the 
risk of infection and maceration. 

 Maggot debridement therapy involves applying sterile larvae of the green bottle 
fl y to a neuropathic ulcer. This technique can achieve rapid digestion of necrotic tis-
sue and pathogens and therefore promote granulation. Larval therapy is not recom-
mended to be used as the only method of debridement in neuropathic ulcers as 
calluses cannot be removed by the larvae [ 27 ]. It is also not recommended for use in 
ulcers with an ischemic component as the process can cause or aggravate severe pain. 

 Hydrosurgical debridement uses a high-energy saline beam as a cutting imple-
ment to remove devitalized tissue [ 28 ]. The benefi ts of this technique include a short 
treatment time and the ability to remove most, if not all, dead tissue from the wound 
bed. Disadvantages include the need for specialist and expensive equipment.  

13.8.2     Infection Control 

 Steps that can be taken to prevent infection developing in an ulcer include debride-
ment of devitalized tissue, tight diabetic control (hyperglycemia leads to an 
increased risk of infection and also impairs healing in an established wound infec-
tion), care with footwear (checking for objects inside socks and shoes), and not 
walking barefoot to avoid any pathogens entering any wounds.  

13.8.3     Ensuring Adequate Blood Supply 

 As previously described, neuropathic ulcers are commonly complicated by a degree of 
ischemia. Poor blood supply to the foot will impair its healing capacity. If the blood sup-
ply is good and recurrent insults are avoided, the ulcer should heal well. However, there 
may also be a vascular component that requires attention from surgical colleagues. It is 
important to recognize vascular defi cits and refer early to vascular surgeons.  

13.8.4     Vacuum-Assisted Closure (VAC) Therapy 

 VAC is an active wound therapy that applies subatmospheric or negative pressure 
(minus 125 mmHg) to the wound bed via a foam dressing. Applying negative pres-
sure via a VAC pump aims to remove excess exudate and provide a moist, 
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wound- healing environment. It also reduces edema in the surrounding tissues that 
may impede local blood fl ow and impair healing. It also promotes increased angio-
genesis and granulation tissue. VAC can be used on what is initially a complex 
wound to transform it into a simple wound that is then easier to close surgically. 
However, two Cochrane reviews of studies investigating the use of VAC in the man-
agement of diabetic foot wounds have concluded that the current evidence base is 
only supported by a limited number of underpowered, poorly designed studies.  

13.8.5     Adjunctive Therapies 

 Platelet-derived growth factor (PDGF) is a protein involved with regulating cell growth 
and division. It has a signifi cant role in angiogenesis. When a tissue injury occurs, 
platelets aggregate as part of the hemostatic mechanism, and they release PDGF which 
is powerfully chemotactic for infl ammatory cells including macrophages. These 
migrate to the wound and remove necrotic tissue and fi brin. In the epidermis PDGF 
promotes the progression of basal epithelial cells through the cell proliferation cycle. It 
acts to move cells from G0 (resting phase) to G1. In the dermis PDGF stimulates pro-
liferation of myofi broblasts. Studies have shown that treatment with PDGF signifi -
cantly increases the chance of complete wound healing compared to placebo. PDGF 
treatment also signifi cantly decreases the time to complete healing by 30 % [ 29 ]. 

 Granulocyte colony-stimulating factor (G-CSF) is a hematopoietic growth factor 
required for the proliferation and differentiation of hematopoietic precursors of neu-
trophil granulocytes. G-CSF also enhances the antimicrobial functions of mature neu-
trophils. A meta-analysis examining the impact on rates of infection, cure, and wound 
healing of G-CSF in addition to normal care in diabetic patients with foot infection 
found that G-CSF did not signifi cantly affect the chance of wound healing or resolu-
tion of infection. However, the addition of G-CSF was associated with fewer surgical 
interventions, including amputations. Addition of G-CSF was also found to reduce 
length of hospital stay, but it did not affect the length of systemic antibiotic therapy. 

 Honey has been used in the healing of leg ulcers for centuries. One theory is that 
honey may facilitate autolytic debridement; another theory proposes antimicrobial 
properties. However, there is a lack of data to support the routine use of honey in the 
management of neuropathic ulcers. 

 There is some evidence to suggest that systemic hyperbaric oxygen therapy 
(HBOT) may reduce the incidence of major amputations in patients with diabetic 
foot ulcers [ 30 ,  31 ].  

13.8.6     Pressure Offloading 

 Reducing and redistributing pressures from high-risk areas to an even share through-
out the foot is an important step in the management of neuropathic ulcers [ 32 ]. The 
gold standard method for pressure offl oading is a total contact cast. This is a mini-
mally padded cast which is molded to the foot and lower leg. It redistributes 
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pressure evenly across the whole of the plantar surface of the foot. It is not easy for 
the patient to remove so the total contact cast (TCC) has much higher compliance 
rates, and in turn higher success rates, compared to removable devices. In patients 
with a unilateral, uncomplicated plantar ulcer, using a TCC can reduce healing time 
by approximately 6 weeks [ 33 ]. TCCs are not suitable for patients with infected 
ulcers or osteomyelitis as wounds cannot be inspected regularly, allowing infection 
to spread without being noticed. They are also contraindicated in patients with isch-
emia due to the risk of inducing further ulcers. The application and removal of 
TCCs requires specially trained personnel [ 34 ]. If fi tted by unskilled staff, ulcers 
can develop inside the cast. Other devices used if a TCC is either contraindicated or 
not tolerated by the patient include removable cast walkers, Scotchcast boots, heal-
ing sandals, crutches, walkers, and wheelchairs.  

13.8.7     Treating Underlying Factors 

 The underlying cause of the peripheral neuropathy should be managed accordingly 
to prevent further deterioration. In cases of neuropathic ulcers secondary to diabe-
tes, tight glycemic control is imperative to improve healing, reduce the risk of infec-
tion, and reduce the risk of further ulceration. Blood pressure, cholesterol, and 
weight also need to be controlled. Smoking cessation advice and support should be 
offered to all current smokers. Malnutrition should be corrected when present. 

 Other comorbidities that have been shown to impair wound healing must be con-
sidered and addressed. These include renal dialysis or transplant in patients with 
end-stage renal disease [ 4 ]. Uremia can impair white cell function and hence 
increase the risk of infection and impede wound healing. These patients are also 
likely to have peripheral edema which can adversely affect microcirculation. 
Anemia should be corrected and adequate nutritional support should be provided, 
especially in patients with low albumin. 

 Extrinsic factors which cause trauma and hence ulceration should be addressed. 
Those patients at high risk of falling should be identifi ed. The patient’s footwear 
should be examined for fi t and presence of any foreign bodies, such as small stones, 
which may initiate skin damage. Those with inappropriate footwear should receive 
footwear education and referred to an orthotist or a shoemaker experienced in pro-
viding footwear to people with neuropathy.  

13.8.8     Patient Education 

 The patient must be educated about the origin of neuropathic ulcers. Pain serves a 
purpose; it warns the individual that something is wrong and therefore alerts them 
to remove the stimulus. One of the leading pioneers on the management of neuro-
pathic ulcers – Dr. Paul Brand – once said: “pain is God’s greatest gift to mankind!” 
With impaired sensation this protective pain mechanism is lost. Patients with neu-
ropathy should be educated and advised to check their feet regularly including 
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before going to bed at night. Attention to socks and shoes is important. Patients may 
not notice small stones or objects in their shoes because of neuropathy. Patients 
should be advised to check the temperature of bath water with their elbow before 
stepping in to avoid thermal trauma to their feet. They should also avoid electric 
blankets, hot water bottles, and sitting too close to a fi re or heater. Patients should 
also be warned not to walk around the house with bare feet. Well-fi tting comfortable 
footwear is important, as is good nail care. 

 Patients should be educated regarding the importance of prompt detection and 
treatment of ulcers. They should be advised to report any changes in current ulcers, 
or the surrounding skin, such as swelling, change in color, or discharge to a health-
care professional. 

 In patients with diabetes, the importance of glycemic control needs to be high-
lighted. Patients should also be informed of the benefi ts of blood pressure, choles-
terol, and weight control as well as smoking cessation.  

13.8.9     Temperature Self-Assessment 

 High-temperature gradients between feet have been shown to precede the onset of 
neuropathic ulceration. The incidence of ulceration can be signifi cantly reduced by 
daily at-home patient self-monitoring of foot temperatures [ 29 ].  

13.8.10     Fat Pad Augmentation 

 Injectable silicone oil has been used in attempts to increase the thickness of tissue 
on the plantar surface of the foot and reduce peak foot pressures [ 29 ]. There is cur-
rently no evidence to prove that fat pad augmentation improves outcomes such as 
ulceration or amputation.  

13.8.11     Specialist Shoes 

 An orthotist or specialist shoemaker should be available to assess and/or provide 
suitable footwear for patients with neuropathic foot ulcers. The footwear should 
protect the foot from trauma while ensuring that blood fl ow to the foot is not 
compromised.  

13.8.12     Amputation 

 Surgical amputation may become necessary if there is overwhelming infection of 
the limb or the limb is deemed unsalvageable. 

 Other indications for amputation include uncontrollable neuropathic pain; a 
debilitating, non-healing, long-term ulcer; or a useless or disabling infected foot. 
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Approximately 50 % of patients who have an amputation will develop an ulcer on 
the contralateral foot within 18 months of the amputation [ 22 ].   

    Conclusion 

 The presence of peripheral neuropathy reduces the body’s sensation of painful 
stimuli, while autonomic neuropathy erodes some of the natural defenses, further 
contributing to the insult on the integrity of the skin. The result is slow ulcer-
ation, most commonly over pressure points, where these stresses are accentu-
ated. Diabetes mellitus is the most commonly implicated disease in the 
development of neuropathic foot ulcers. Of those with the condition, 25 % will 
go on to develop an ulcer. This has huge implications for both the patient and the 
fi nancial pressures on a resource- constrained health system especially with the 
rising prevalence of diabetes worldwide. 

 An appreciation of both intrinsic and extrinsic factors is essential in the 
assessment of any ulcer in a diabetic patient and allows differentiation between 
neuropathic, arterial, or venous ulcers. Further attention to signs of infection is 
important in determining their severity and any complications that may be con-
tributing to their presentation, such as osteomyelitis. 

 Optimal management is achieved by a multifaceted multidisciplinary 
approach including education, debridement, infection control, improving dia-
betic control, and reducing risk factors. Severe cases may require amputation. 
Adjunctive therapies are relatively new developments, and evidence for their 
effi cacy will become clearer with their increasing use.     
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 14       Vasculitis and Ulceration                     

       Pinjala     Ramakrishna    

14.1            Introduction 

 Leg ulcers refer to full-thickness skin loss on the leg or foot due to any cause. Leg 
ulcers may be acute or chronic. Acute ulcers are sometimes defi ned as those that 
follow the normal phases of healing and show signs of healing in less than 4 weeks. 
Chronic ulcers are those that persist for more than 4 weeks and are often of complex 
poorly understood origin [ 1 ] (Fig.  14.1 ).

   The etiology of leg ulcers may be venous, arterial, or neuropathic. In some 
patients different types of infl ammatory vascular disorders (vasculitides) are also 
known to be associated with painful non-healing ulcers in the foot and leg. It is very 
important to determine the etiology of the ulcers as this has crucial implications for 
management to heal them and prevent recurrence. However, it is not uncommon to 
have a venous ulcer in the presence of vasculitis or arterial, and this complicates 
matters. Rheumatoid arthritis can produce a vasculitis ulcer. It is typically deep, 
well demarcated, and punched out on the dorsum of the foot or calf. The patients of 
rheumatoid arthritis may also have venous disease due to poor mobility, neuropathy, 
and possibly impaired healing due to use of steroids [ 2 ].  

14.2     Pathophysiology 

 Vasculitis is defi ned as an infl ammation that compromises or destroys the vessel 
wall leading to local hemorrhagic or ischemic events. Vasculitis accounts for the 
presence of lower-extremity ulcers in fewer than 20 % of patients. Lower-extremity 
ulcers are associated with antiphospholipid antibodies, either as a manifestation of 
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the primary antiphospholipid syndrome or secondary to the underlying connective 
tissue disease. Skin biopsies are gold standard for the diagnosis of cutaneous vascu-
litis. Cutaneous vasculitis can manifest as urticaria, infi ltrative erythema, petechiae, 
purpura, purpuric papules, hemorrhagic vesicles and bullae, nodules, livedo race-
mosa, punched-out ulcers, and digital gangrene. The morphology depends on the 
size of the vessels and extent of the vascular bed affected. The involvement can 
range from a vasculitis affecting few superfi cial, small vessels in petechial eruptions 
to extensive pan-dermal small-vessel vasculitis in hemorrhagic bullae to muscular 
vessel vasculitis in lower-extremity nodules with livedo racemosa. Skin biopsy, 
with subcuticular tissue taken from the earliest, most symptomatic, reddish, or pur-
puric lesion, is crucial for obtaining accurate and representative diagnostic sample. 
Vasculitis can be classifi ed based on the size of vessels affected and the dominant 
immune cell mediating the infl ammation (e.g., neutrophilic, granulomatous, lym-
phocytic, or eosinophilic). The infl ammatory process results in the disruption of 
small-vessel infl ammatory cells with deposition of fi brin within the lumen, vessel 
wall coupled with nuclear debris. This picture allows the confi dent recognition of 
neutrophilic vasculitis (also known as leukocytoclastic vasculitis) involving mostly 
small vessels. If muscular vessels are affected by vasculitis, then one can see infi l-
tration of its wall by infl ammatory cells abundantly. Extravasation of red blood cells 
resulting in formation of the purpura and necrosis is usually considered to be 

  Fig. 14.1    Cutaneous 
vasculitis ulcerations       
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supportive, but not diagnostic of vasculitis as they can also be seen in hemorrhagic, 
vaso-occlusive disorders (pseudovasculitis). Vasculitic foci associated with extra-
vascular granulomas, tissue eosinophilia, or tissue neutrophilia signal the risk of 
coexistence of systemic disease. The histological information coupled with special 
studies (direct immunofl uorescence and antineutrophil cytoplasmic data) and clini-
cal fi ndings prompts us more precise and accurate diagnosis of localized and sys-
temic vasculitis syndromes (Fig.  14.2 ).

   In patients with different types of systemic vasculitis, there can be multiple leg 
ulcers which are necrotic and deep. There can be atypical distribution of the vascu-
litis ulcerative lesions such as nail fold infarcts and splinter hemorrhages. 

 Patients with rheumatoid arthritis (RA) are predisposed to developing chronic 
leg ulcers. In one study 9 % of patients with RA had a leg ulcer at some time, and 
0.6–8 % of inpatients with RA had an active leg ulcer. This compared to 1 % preva-
lence in the general adult population [ 3 – 5 ]. 

 Clinical manifestations arise because of the systemic infl ammatory response 
resulting from release of chemical mediators from the infl amed blood vessels. The 
chemical mediators give rise to nonspecifi c systemic manifestations. They include 
fever, night sweats, malaise, weight loss, arthralgia, myalgia, and laboratory features 
such as normocytic and normochromic anemia, leukocytosis, thrombocytosis, and 
raised erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP). Some 
patients, especially early in the course of their illness, present with isolated systemic 
manifestations and pose a diagnostic challenge. Conversely, systemic infl amma-
tory response is not seen in most patients with localized forms of vasculitis. More 

CLA, HSP

Shave Bx

Punch Bx

Incisional Bx

ANCA+, Cryo, CTD PAN, GCA, Nod Vas

  Fig. 14.2    Cutaneous vasculitis can be classifi ed based on the size of vessel affected and extent of 
skin and subcutaneous tissue involvement. Superfi cial, intermediary, and deep layers involved in 
different types of vasculitis (CLA, HS/ANCA, Cryo, CTD/PAN, GCA, Nod Vas)       
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specifi c manifestations from involvement of various organ systems arise from one 
or both of the following mechanisms. Thinning of the vessel wall is seen secondary 
to infl ammatory cell infi ltration. This leads to increased vascular permeability or 
vessel wall rupture. Hemorrhage occurs into the affected organ.  

14.3     Types of Vasculitis 

 Generally vasculitis is divided in to three groups depending on the types of vessels 
involved, that is: (1) large-vessel vasculitis, (2) medium-vessel vasculitis, and (3) 
small-vessel vasculitis (Table  14.1 ) [ 6 ]. Histological fi ndings of vasculitis in differ-
ent stages are dependent on the timing of biopsy. Early lesions of LCV and those of 
urticarial vasculitis (UV) show a sparse infi ltrate of neutrophils and nuclear debris 
around a postcapillary venule. Mature lesions of LCV show variable amounts of 
fi brin and nuclear debris around a disrupted small-vessel wall. Old, waning lesions 
of LCV will have scant nuclear debris and fi brin deposits in and around vessels, 
more numerous mononuclear infi ltrates, and abundant extravasated red blood cells.

   There are several classifi cation systems for vasculitis, and they include the 
American College of Rheumatology classifi cation, which comprises two subcatego-
ries: (1) cutaneous small-vessel vasculitis and (2) large-vessel necrotizing vasculitis 
criteria. The Chapel Hill Consensus Criteria (CHCC) proposes three subcategories: 
(1) large-vessel vasculitis, which includes giant cell arteritis and Takayasu’s arteritis 
(skin lesions are uncommon); (2) medium-sized vessel vasculitis, which includes 
classic polyarteritis nodosa and Kawasaki’s disease (associated with mucocutane-
ous lymph node syndrome); and (3) small-vessel vasculitis, which encompasses 
Wegener’s granulomatosis, Churg-Strauss syndrome, microscopic polyangiitis 
(polyarteritis), Henoch-Schönlein purpura, essential cryoglobulinemic vasculitis, 
and cutaneous leukocytoclastic vasculitis. Unfortunately, current vasculitis clas-
sifi cation systems do not provide consensus for research, clinical diagnosis, and 
management of cutaneous vasculitis. While most practitioners appear to favor the 
CHCC for classifying vasculitis, there is an apparent lack of agreement of specifi c 
disorders and an overlap among primary vasculitides when the various classifi cation 
systems are adopted [ 7 ].  

   Table 14.1    Vasculitis   

  Large-vessel vasculitis  

 Giant cell arteritis/Takayasu’s arteritis 

  Medium-vessel vasculitis  

 Polyarteritis nodosa/Kawasaki’s disease 

  Small-vessel vasculitis  

 ANCA-associated vasculitis (Wegener’s granulomatosis, Churg-Strauss syndrome, 
microscopic polyangiitis) 

 Henoch-Schonlein purpura 

 Cutaneous leukocytoclastic angiitis 

 Cryoglobulinemic vasculitis 
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14.4     Predisposing Factors 

 Predisposing factors for vasculitis include infection, certain medications, and con-
tact with allergens. A wide variety of bacterial, viral, fungal, protozoan, and hel-
minthic organisms have been implicated in the development of vasculitis. Similarly, 
a wide range of medications have been implicated in causing vasculitis in some 
individuals, and these include insulin, penicillin, hydantoins, streptomycin, aspirin, 
sulfonamides, thiazides, phenothiazines, vitamins, phenylbutazone, quinine, strep-
tokinase, tamoxifen, anti-infl uenza vaccine, and serum oral contraceptives. Contact 
with chemical agents such as insecticides, petroleum products, and food allergens 
(milk proteins and gluten) can also predispose susceptible individuals to vasculitis. 
Individuals with non-healing leg ulcers need to be referred to a specialist for appro-
priate diagnoses and management as vasculitis can “mimic” other disorders.  

14.5     Clinical Presentation 

 These ulcers pose a therapeutic challenge and are often resistant to treatment. 
Generally the ulcer wounds are taken care by adequate wound cleaning and non- 
sticky dressings, along with pain relief and anti-infective measures. These patients’ 
vasculitis ulcers usually require more attention for the pain relief. 

 There are fi ve important questions to be asked when faced with a patient with 
possible vasculitis ulcerations depending on clinical presentation:

    1.    Is this a condition that could mimic the presentation of vasculitis?   
   2.    Is there a secondary underlying cause?   
   3.    What is the extent of vasculitis?   
   4.    How do I confi rm the diagnosis of vasculitis?   
   5.    What specifi c type of vasculitis is this?     

 Clinical presentation depends on site of involvement. If only cutaneous venules 
are involved, red cell transudation or hemorrhage occurs within the skin present-
ing with palpable purpura. If pulmonary capillaries are involved, presentation 
could be more dramatic with hemorrhage occurring into alveoli presenting with 
breathlessness and hemoptysis and narrowing or complete occlusion of affected 
vessel because of vascular intimal proliferation and intraluminal thrombus forma-
tion. This leads to ischemia or infarction of affected organs. Examples of presenting 
manifestations are necrotic skin ulcers, mononeuritis multiplex, or infarction of a 
major organ depending on site of involvement. Thus, vasculitis should be suspected 
in patients with unexplained ischemia (which occurs in the absence of risk fac-
tors for atherosclerotic vascular disease) or multisystem disease especially in the 
presence of systemic infl ammatory response or features such as palpable purpura, 
mononeuritis multiplex, or glomerulonephritis. Depending on type of blood vessel 
affected and extent of involvement, clinical presentation could range from isolated 
benign and self-limiting cutaneous vasculitis to life-threatening widespread internal 
organ involvement [ 8 ]. Common signs and symptoms associated with small- and 
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medium- vessel cutaneous vasculitis include palpable purpura, necrosis, livedo 
reticularis, and microlivedo. Small-vessel disease results in smaller and more regu-
lar lesions, whereas medium-vessel disease results in irregular lesions due to vas-
cular anastomosis.  

14.6     Differential Diagnosis 

 The different types of vasculitic disorders include systemic lupus erythematosus 
(SLE), scleroderma, polyarteritis nodosa, or Wegener’s granulomatosis. In the dia-
betic patients, the ulcer is typically on the foot over a bony prominence. The neuro-
pathic, arterial, and venous components can contribute to the formation of ulcers in 
diabetes. Hypertensive ulcer, due to arteriolar occlusion, is a very painful ulcer with 
necrotic edges. The hypertension-associated ulcers are usually on the lateral aspect 
of the lower leg over the lateral malleolus. Sometimes vasculitic ulcers may mimic 
the malignant ulcers such as basal cell carcinoma, squamous cell carcinoma, malig-
nant melanoma, or Bowen’s disease. They are rare but must be considered if ulcer-
ation does not respond to treatment. Similarly metabolic and hematological disease 
can also give rise to ulcers which should be excluded from the differential diagnosis 
before confi rming the diagnosis of vasculitis ulceration (Table  14.2 ).

14.7        Laboratory Studies 

 Investigations aimed at eliminating other etiologies and obtaining a defi nitive diag-
nosis of vasculitis include complete blood profi le, hepatitis profi le due to the strong 
association with hepatitis C, serological testing for streptococcal infection, serum 
protein electrophoresis, HIV testing for high-risk patients, chest x-ray, symptom- 
directed workup for autoimmune disease, and underlying malignance with age- 
appropriate screening and multiple tissue biopsies. 

 Whenever we suspect the vasculitis as the cause for the ulceration in the initial 
clinical examination, the following tests should be considered before the special 
tests can be performed to confi rm the diagnosis. Hemoglobin, ESR, platelets, white 
cell count, C-reactive protein, and serum proteins abnormalities may be associated 
with vasculitis. Tests such as rheumatoid factor, antinuclear antibody, complement, 
and anti-neutrophil cytoplasmic antibodies (ANCA) will be considered as specifi c 
immunological studies to differentiate the types of vasculitis underlying the ulcer-
ations (Table  14.3 ).

    Cutaneous polyarteritis nodosa (CPAN)     is a rare form of cutaneous vasculitis 
that involves small- and medium-sized arteries of the dermis and subcutaneous tis-
sue without systemic vessel involvement. It presents with tender subcutaneous nod-
ules, digital gangrene, livedo reticularis, and ulcerations extending up to the 
subcutaneous tissues. The diagnosis is confi rmed by the skin biopsy. The character-
istic pathological feature is a leukocytoclastic vasculitis in the small- to  medium- sized 
arterioles of the dermis. Generally after treatment with steroids, the lesions resolve 
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   Table 14.2    Conditions which can mimic cutaneous vasculitis (differential diagnosis)   

 Mechanism  Disorder  Frequency 

 Haemorrhage (blood 
vessel incompetence, 
coagulation- 
fi brinolytic disorders) 

 Pigmented purpuric dermatitis  Common 

 Solar/senile purpura  Common 

 Scurvy  Less frequent than 
vasculitis 

 Idiopathic thrombocytopenic purpura  Rare 

 Some viral, drug, and arthropod- induced 
eruptions 

 Less frequent than 
vasculitis 

 Infection  Infective endocarditis  Common 

 Septic vasculitis (septic vasculopathy)  Less frequent than 
vasculitis 

 Lucio’s phenomenon (endothelial swelling 
due to mycobacteria leprae) 

 Rare 

 Embolism  Atrial myxoma  Rare 

 Cholesterol embolus  Common 

 Thrombosis  Antiphospholipid antibody syndrome (APS)  Common 

 Thrombotic thrombocytopenic purpura  Less frequent than 
vasculitis 

 Livedo vasculopathy  Common 

 Warfarin (coumarin)-induced skin necrosis  Common 

 Purpura fulminans  Common 

 Disseminated intravascular coagulation  Common 

 Monoclonal gammopathy (1° cryoglobulins)  Less frequent than 
vasculitis 

 Sickle cell disease  Rare 

 Vasospasm (drug 
induced) 

 Ergot derivatives  Rare 

 Methysergide  Rare 

 Cocaine  Rare 

 Vascular trauma  Hypothenar hammer syndrome  Less frequent than 
vasculitis 

 Vessel wall pathology  Calciphylaxis  Rare 

 Amyloidosis  Rare 

 Radiation arteriopathy  Rare 

 Primary hyperoxaluria  Rare 

  Table 14.3    Laboratory tests 
for vasculitis  

 Hemoglobin 

 ESR 

 C-reactive protein 

 Platelets 

 White cell count 

 Serum proteins 

 Rheumatoid factor 

 Antinuclear antibody 

 Complement 

 Antineutrophil cytoplasmic antibody 
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completely over a period of 1 month. The etiopathogenesis of cutaneous polyarteri-
tis nodosa remains unclear. The diagnosis is based on skin biopsy, as there are no 
specifi c serological tests. The treatment with steroids, cyclophosphamide, or other 
immunomodulators helps in healing of these ulcers in addition to the wound care as 
there are no other effective defi nitive therapies available [ 9 ].  

  Familial atrophie blanche:     This is an uncommon condition. It is characterized by 
white atrophic patches of skin on the lower extremities as a result of fi brinoid vas-
culitis of superfi cial and mid-dermal vessels. This progresses to end up in necrosis 
and ulceration of the epidermis. There seems to be familial or genetic predisposition 
of underlying the development of this disease and some called it Georgian ulcers 
due to that reason. This term was fi rst used in Milan in 1929 to painful ulcers in the 
atrophic skin of legs in women. Initially it was mistaken for tuberculosis and syphi-
lis. But later it was considered as a variant of stasis dermatitis. In 1966 Gray et al. 
showed that it was clearly unrelated to stasis dermatitis and he established this as a 
distinct clinical entity [ 10 ,  11 ].  

  Mixed connective tissue disease (MCTD) and polyarteritis nodos a (PAN)     are 
characterized by microvascular impairments of small- and medium-sized vessels 
presented as intimal proliferation, medial hypertrophy, intravascular thrombus for-
mation, and occlusion accompanied by hypercoagulation tendency (high titers of 
D-dimers, high factor VIII, elevated fi brinogen level, high titers of anticardiolipin 
antibodies). Reported high prevalence of medium-sized vessel occlusions in patients 
with MCTD may need angiographic studies. Prominent vascular changes justify 
aggressive therapy with anticoagulants, aspirin, and iloprost. The anticoagulation 
therapy has been reported to be benefi cial in MCTD associated with leg ulcer, arte-
rial thrombosis, pulmonary hypertension, Budd-Chiari syndrome, and pulmonary 
thromboembolism. A number of double-blind placebo-controlled studies of IV 
Iloprost infusion have shown benefi t in Raynaud’s syndrome and digital ulcers heal-
ing. In addition to its vasodilatory and antiplatelet effects, prostaglandin therapy has 
been shown to downregulate lymphocyte adhesion to the endothelium. Iloprost was 
shown to restore the innate antioxidant system in patients with Raynaud’s phenom-
enon secondary to systemic sclerosis. Iloprost is the fi rst choice for patients with 
critical digital ischemia or ulceration. It can produce benefi t lasting for between 6 
weeks and 6 months in most patients [ 12 ].   

14.8     Treatment 

 Treatment will depend on the type, nature, and severity of the vasculitis. The goal 
of initial treatment is to induce remission of the disease. Once this has been accom-
plished, the drug dose is lowered to reduce side effects; in proven serious vasculitis 
conditions, aggressive therapy is indicated. In initial stages, high-dose oral steroid 
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is generally initiated and may be accompanied by 2–6 weekly pulses of intrave-
nous cyclophosphamide, an immunosuppressant drug. It is important not to ignore 
the potential side effects of these agents [ 13 ]. Complications of steroid therapy 
are well documented. Careful monitoring of opportunistic infection, bone marrow 
suppression, and hemorrhagic cystitis is necessary. There needs to be awareness 
of the potential for the subsequent development of bladder tumor and increased 
risk of other neoplasia. Mortality data suggests that while early deaths in vasculitis 
are the result of the active disease, late deaths may be caused by the complica-
tions of therapy. Low-dose oral steroid, azathioprine, and methotrexate have been 
used in less severe forms of vasculitis and as maintenance therapy after remis-
sion has been induced [ 14 ]. The necessary constituent of successful treatment was 
aggressive immune-suppressive therapy for vasculitis with cyclophosphamide and 
methyl prednisolone pulse therapy, followed by high PR doses, and addition of 
cyclosporin A. 

 It is obvious that there is a need to treat local infection with effective local anti-
biotic long-term therapy according to microbial susceptibility up to complete wound 
healing. Wound infections often are responsible for the unhealed ulcers and be an 
origin for microbial dissemination [ 15 ]. Besides its antibiotic properties, ciprofl oxa-
cin has been reported as an activator of interleukin-3 production, granulocyte- 
macrophage colony-stimulating factor, and hematopoiesis, which are important for 
wound healing (tissue regenerator). It is also considered as an inhibitor of antiphos-
pholipid antibodies. A high dose of ciprofl oxacin has been reported to inhibit TNF-a 
production, lymphocyte blast transformation, and synthesis of immunoglobulins. 
There is three-phasic regeneration in wound healing. The fi rst initial phase is very 
slow (fi rst month) as is associated with treatment of the affecting factors interfering 
with normal regeneration: infection, infl ammation, vascular damage, and thrombo-
sis. The second period (1–2 months) was associated with rapid wound regeneration, 
which was followed by the third period (after 2 months) of slower healing due to 
phenomenon of contact cell inhibition. These periods may be much longer due to 
active, not neutralized, affecting factors.  

    Conclusion 

 In conclusion, ulcerations due to vasculitis and connective tissue disorders are 
extremely resistant to accepted conventional treatments. They often are compli-
cated with severe local (osteomyelitis, abscess) or general (sepsis) infections that 
should be treated aggressively with broad-spectrum antibiotics for a long time. 
The multimodal approach leads to early diagnosis and appropriate treatment 
with the effective use of immunosuppression, vasodilators, anticoagulants, anti-
aggregants, wound debridement (surgical or biological), hyperbaric oxygen-
ation, the use of regeneration activators (ciprofl oxacin), and skin grafting. 
Patients and medical team patience will be appreciated when these hopeless and 
debilitating conditions will be cared by combined and persistent efforts of the 
multidisciplinary team.     
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 15       Lymphatic Ulcer of Lower Limb                     

       Waldemar     L.     Olszewski    

15.1            Introduction 

 Lymphedema of the limbs is characterized by obstruction of limb collecting lym-
phatics by infl ammation or mechanical obstruction after trauma or oncological sur-
gery and irradiation. Lack of natural tissue fl uid drainage pathways is followed by 
its accumulation in the interstitial space leading to expansion of tissues called clini-
cal edema. The stagnant tissue edema fl uid contains proteins, recirculating immune 
cells, and cellular debris. Moreover, bacteria penetrating the sole of the skin cannot 
be evacuated due to lack of outfl ow pathways to the regional lymph nodes. Among 
the complications of lymphedema, the most frequent are dermatolymphangioadeni-
tis (DLA), skin fi brosis, deposition of fat tissue in the subcutis, and skin ulcers.  

15.2     Pathology 

 Ulcer development is one of the late complications of chronic lymphedema. 
Although not frequent, it is a very serious condition of advanced stages [ 1 ] 
(Figs.  15.1  and  15.2 ). Ulcers are usually formed in the lower parts of the calf or on 
the dorsum of the foot. Their location is not limited to the internal aspect of the calf 
as it is the case with venous ulcers. Various locations are dependent on where skin 
injuries mostly take place. Shoe abrasions are common. Moreover, the large hang-
ing dependent swollen skin fragments often touch the surface, and the epidermis is 
damaged followed by lymph leakage. Subsequently, the denuded skin surface is 
colonized by skin fl ora. Oozing of lymph precludes covering of the surface by edge 
keratinocytes. In addition, microbes present in the lymphedematous tissues and 
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lymph enhance the local host immune reaction [ 2 ,  3 ]. Infi ltrating granulocytes 
phagocytize bacteria and granulation tissue debris and release enzymes preventing 
the covering of the ulcer surface by keratinocytes. Lymphedema skin ulcers are 
shallow with smooth edges in contrast to venous ulcers. However, in advanced stage 
of lymphedema and elephantiasis, necrosis of tissue may occur and tendons and 
fascia can be seen in the ulcer bottom.

    What is specifi c for obstructive lymphedema is presence of large accumulated 
mass of bacteria in the swollen tissues deprived of lymphatic outfl ow [ 3 ]. This is 
predisposed to local infl ammation and subsequently ulcer formation. Moreover, 
patients with obstructive lymphedema suffer from recurrent attacks of dermato-
lymphangioadenitis (DLA) caused by bacteria present in a dormant state in the 
stagnant tissue fl uid and lymph [ 2 ,  4 ,  5 ]. This microfl ora is, together with microbes 
colonizing from the environment, responsible for non-healing of ulcers and poor 
healing after the debulking surgery. Interestingly, the detected bacteria are in vitro 
sensitive to most antibiotics but not penicillin; however, penicillin is clinically most 
effective [ 2 ]. This means that there are other non-defi ned non-culturable bacterial 
strains responding to penicillin, which may be responsible for non-healing.  

  Fig. 15.1    Large foot ulcer 
in lymphedema of the 
lower limb stage IV. This 
ulcer requires debridement 
and long-term topical 
therapy concurrently with 
procedures for decrease of 
edema of the whole limb       

  Fig. 15.2    Lymphedema 
with ulcer       
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15.3     Role of the Lymphatic System in Ulcer Healing 

 Wound healing should not be considered as a process limited to the damaged tis-
sues. It is always accompanied by an intensive response of the regional and, in 
advanced stages, the systemic lymphatic (immune) system (Fig.  15.3 ). Penetration 
of microorganisms through the epidermis and cellular changes caused by tissue 
injury are almost immediately recognized in the local lymphatic system irrespective 
of the topography of tissue. Blood immune cells and plasma humoral factors extrav-
asate by the process of chemotaxis and increased capillary permeability. The migrat-
ing immune cells incorporate the microbial antigens as well as self-antigens from 
the apoptotic disintegrated tissue parenchymal cells and migrate via initial and col-
lecting lymphatics to the regional lymph nodes. There, the elimination of antigens 
and raising of antigen-specifi c lymphocytes take place.

   Intensive transport of microbial and self-antigens along lymphatic to lymph 
nodes and cellular reaction in the lymphoid tissue result in the formation of antigen- 
specifi c cohorts of cytotoxic lymphocytes. It remains so far unknown whether these 
cells migrate back from the bloodstream to the ulcer and, if so, whether they partici-
pate in the healing process. The effect of homing lymphocytes may be pro- and 
anti-infl ammatory as well as lymphatic pro- and antiangiogenic. Lymph nodes are 
sites for quick reaction to bacteria resulting in their elimination. They may also be 
sites for raising tolerance to own antigens from wound cellular debris. Maybe in 
delayed wound healing, the low level tolerance is not suffi cient to overcome an 
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  Fig. 15.3    Schematic 
presentation of how 
pathological events in the 
limb evoke reaction of the 
lymphatic system: 
lymphatics and nodes       
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excessive mass of self-antigens. It may then be suggested that in the non-healing 
ulcers, the aggressive lymph node-derived cells may prevent healing by attacking 
own granulation cells. Around 20 % of long-lasting venous ulcers are complicated 
by systemic allergic reactions. An open question remains whether there is a closed 
functional loop “wound-regional lymph node-blood circulation-wound” and what 
may be the tasks of the lymphocytes and precursors of dendritic cells circulating in 
this loop. The hypothetical loop is “wound-afferent lymphatics-lymph node- efferent 
lymphatics-blood-wound”: antigens are transported from the wound via afferent 
lymphatics to the lymph node; once there, a processing of the antigen takes place 
followed by proliferation of antigen-specifi c lymphocytes; these cells are released 
and transported along efferent lymphatic via the thoracic duct to the blood circula-
tion; some of them are trapped in the liver, gut, bone marrow, and spleen and inform 
local lymphoid tissue about penetration of the body by microbes and release of own 
cellular debris; these antigen-specifi c cells are further extracted from blood at the 
wound site; there, they participate in the healing and reconstruction processes and, 
however, may also attack own granulation cells in the autoimmune process. Debris 
help additional colonization by bacteria. This may explain delayed wound healing 
and systemic allergic reaction seen in some 20 % patients with long-lasting ulcers. 
Scintigraphy may help in the localization of the pathology (Fig.  15.4 ).

15.4        Treatment of Lymphatic Ulcers 

 Treatment is directed at (a) decrease of lymphedematous limb volume and (b) local 
procedures for healing. 

15.4.1     Conservative Procedures in Lymphedema 

 Conservative therapy includes intermittent pneumatic compression, bandaging or 
stocking, and penicillin prophylaxis against recurrent attacks of DLA.  

15.4.2     Surgical Procedures in Lymphedema (Figs.  15.5  and  15.6 ) 

     Surgical revision of the groin and inguinal lymph nodes is the fi rst pre-debulking 
step. Enlarged lymph node may be anastomosed to the great saphenous vein accord-
ing to the technique described by the author [ 6 ,  7 ]. In case the lymph nodes were 
found fi brotic but afferent lymphatic still patent, the latter should be implanted into 
the saphenous vein. In case of total fi brosis of nodes and afferent vessels, the ingui-
nal fossa should be cleansed without ligation of any afferent vessels to allow fl uid 
to leak to the wound [ 8 ]. Leakage stops within days.  
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15.4.3     Treatment of Ulcer 

 The ulcer should be treated as any other ulcer by debridement, topical antiseptics, 
and nanosilver dressings. Results are often not satisfactory. Then debulking of the 
fragment of ulcerated tissue should be done. Systemic antibiotics should be given 
perioperatively and for as along as wound healing is not completed. Thereafter, 
long-term penicillin (Penidure) should be given in a dose of 1,200,000 u., i.m., 

  Fig. 15.4    Lymphoscintigram 
of the left lower limb with calf 
ulcer. Dissemination of tracer at 
and around the ulcer, dilated 
afferent lymphatic collectors, 
and enlarged lymph nodes       
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every 3 weeks for 1 year or longer, to prevent recurrence of ulceration and DLA 
attacks. Postoperative compression with elastic bandages and stockings is manda-
tory. When operative wounds are healed up, intermittent pneumatic compression is 
highly recommended every day for 1 h at 80–120 mmHg pressures, followed by 
immediate wrapping of the limb to prevent edema fl uid reaccumulation [ 9 ,  10 ].      
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16.1            Introduction 

 In the UK alone which has a population of 50 million, there are about 400,000 
patients with leg ulcer disease of which at any given time 100,000 have open leg 
ulcers requiring treatment [ 1 ]. By simple extrapolation, India with a population of 
1200 million should have a leg ulcer burden of approximately 10,000,000. It is a 
leading cause of morbidity especially in the elderly population. Treatment of the 
underlying cause is the mainstay of therapy, but the role of good nursing care espe-
cially at the community level is of paramount importance. 

 Leg ulcers are almost always secondary to a preexisting medical disease 
(Table  16.1 ). Although the list of causes is long, the most common etiological fac-
tors for leg ulcers in the West and now in urban India are venous ulcers (70 %), 
arterial (5 %), and mixed venous and arterial (20 %). However, this is not represen-
tative of the entire Indian subcontinent, and infective ulcers constitute a major share 
in tropical Asia and Africa.

   Several studies have implicated infectious causes for lower-limb ulceration. 
However, there is no large cumulative experience, and the literature on infectious 
ulcers is composed of mostly of small series or case reports. Most infectious ulcers 
are bacterial although viruses, parasites, and fungi have been reported as causative 
agents mainly in the immunocompromised patients. A list of likely pathogens is 
included in Table  16.2 .

mailto:dr_rahul_khanna@rediffmail.com


268

16.1.1       Mixed Etiology 

 Most ulcers have more than one etiology. Ulcers of any primary origin such as isch-
emic, venous, or neurotropic ultimately get infected as well. Though the dominant 
disease process must be treated fi rst, the superimposed infections require treatment 
also.  

  Table 16.1    Causes of leg ulcers   1. Vascular 

   (a) Venous 

   (b) Arterial 

   (c) Mixed 

 2. Neuropathic 

   (a) Diabetes 

   (b) Tabes 

   (c) Syringomyelia 

   (d) Spinal injury 

   (e) Leprosy 

 3. Metabolic 

   (a) Diabetes 

   (b) Gout 

 4. Hematological 

   (a) Sickle cell disease 

   (b) Cryoglobulinemia 

 5. Trauma 

   (a) Injury 

   (b) Pressure 

   (c) Burns 

 6. Tumors 

   (a) Basal cell carcinoma 

   (b) Squamous cell carcinoma 

   (c) Sarcoma 

 7. Infection 

   (a) Bacterial 

   (b) Fungal 

   (c) Protozoal 

 8. Panniculitis 

   (a) Necrobiosis lipoidica 

   (b) Fat necrosis 

 9. Pyoderma gangrenosum 

 10. Autoimmune ulcers 

 11. Hypertensive ulcers 
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16.1.2     Pyoderma Gangrenosum 

 This is a misnomer because these ulcers are noninfected and are an important cause 
of non-healing ulcers of the leg. Ulcers of pyoderma gangrenosum may be associ-
ated with infl ammatory bowel disease, infl ammatory arthropathy, or myeloprolif-
erative disorders [ 3 ]. Half of these ulcers are associated with chronic disease and the 
remainder are idiopathic. Lesions of the lower limb start as painful pustules which 
progress to necrosis and ulceration. These ulcers may be single or multiple with 
raised purple serpiginous undermined borders. Besides antibiotics, immunosup-
pressive therapy forms the mainstay of treatment.  

16.1.3     Mycobacteria-Associated Leg Ulcers 

 Chronic ulceration due to atypical mycobacteria is a rare but important cause of 
non-healing leg ulcers. The organisms implicated are  Mycobacterium ulcerans , 
 Mycobacterium marinum , and  Mycobacterium chelonae . The ulcers may start as a 
subcutaneous nodule and later transform into an undermined ulcer with an areola. 
The diagnosis is established by polymerase chain reaction-based identifi cation of 

   Table 16.2    Infectious causes of limb ulcers   

 Disease  Pathogen 

 Erysipelas (bullosa)   Streptococcus pyogenes  

  Fasciitis necroticans    Streptococcus hemolyticus  

 Ulcerating pyoderma   Staphylococcus aureus  

 Gas gangrene  Clostridium 

 Ecthyma gangrenosum  Pseudomonas 

 Septic embolism  Meningococcus and others 

 Anthrax  Bacillus anthracis 

 Diphtheria  Corynebacterium diphtheria 

 Osteomyelitis  Several microorganisms 

 Herpes, CMV, Lues maligna  HSV, CMV,  Treponema pallidum  

 Tularemia   Francisella tularensis  

 Tropical ulcer  Bacteroides,  Borrelia vincenti  

 Maduramycosis (eumycetoma/mycetoma),  Exophiala 
jeanselmei  

  Nocardia brasiliensis  

 Chondroblastomycosis, coccidioidomycosis  Several bacteria 

 Histoplasmosis   Histoplasma capsulatum  

 Bacillary angiomatosis   Bartonella henselae  

 Ulcerating cutaneous tuberculosis  Mycobacterium tuberculosis 

 Amebiasis   Entamoeba histolytica  

 Leishmaniasis   Leishmania donovani  complex 

 Leprosy   Mycobacterium leprae  

  Taken from Spentzouris and Labropoulos [ 2 ]  
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the organism. Treatment is with oral clarithromycin and topical silver sulfadiazine 
with hyperthermia [ 4 ]. The therapy needs to be continued for several months, and 
additional antibiotics may be required for secondary bacterial infection. 

 Tubercular vasculitis secondary to mycobacterium tuberculosis infection has 
been reported as a cause of leg ulcers with distal ischemia and occasionally periph-
eral gangrene [ 5 ]. The patients typically present with fever, lymphadenitis, and foot 
or leg ulceration. Diagnosis is confi rmed by lymph node biopsy and CT angiogra-
phy will demonstrate vasculitis. Conventional antitubercular therapy for 6–9 months 
is curative.   

16.2     Leprosy Ulcer 

 In an epidemiological study of ulcers in India, leprosy was the most common cause 
of leg ulceration [ 6 ]. The predisposing cause of plantar ulcers in leprosy is nerve 
damage. This nerve damage results in loss of sensation, motor paralysis, and loss of 
autonomic nerve function which could lead to the loss of the ability to sweat. The 
weight-bearing points on the plantar aspect of the foot chiefl y over the metatarsal 
heads and the heel tend to be subjected to excessive pressure because of the body 
weight. This in turn leads to the plantar skin and subcutaneous fat to be squeezed 
and temporarily deprived of blood supply. The tissues can stand this ischemia for 
about half an hour. If this continues for longer, reversible metabolic changes leading 
to blister formation or hematoma can occur, and if this continues for even longer, 
after 2 h, irreversible metabolic changes occur in this tissue, leading to infarction 
and gangrene of these compressed tissues. Blisters and hematoma can break down 
to form ulcers or lead to abscess formation and then ulcers and raw areas or spread-
ing cellulitis. Patchy areas of infarcted and necrotic tissue separate out leaving 
behind ulcers. Corns and calluses act to increase pressure in a concentrated area and 
thus can cause hematoma and abscesses under them in anesthetic feet. These break 
down to form ulcers. They act like a stone within a shoe in a person with normal 
sensation, except that the person with normal sensation will remove the shoe, 
remove the stone, and move on. A corn, in such a person, will cause the person to 
either have the corn removed or limp, to avoid pressure and pain over the area. A 
person with loss of sensation continues to walk on the corn or callous and develops 
a blister or hematoma and maybe an abscess. Blisters and hematoma could also 
occur because of shearing stresses and later lead to abscess formation. Fissures or 
cracks occur because of dry skin, which in turn is because of loss of sweating. This 
leads to open wounds and infections. Prevention of plantar ulcers in leprosy there-
fore involves minimizing pressure, reducing force, reducing shearing stresses, look-
ing for and taking care of direct trauma as soon as it occurs, looking for and treating 
pre-ulcerative conditions, and compensating the skin for loss of moisture. To heal 
such an ulcer requires rest. Absence of irritating pressure and shearing stresses will 
permit healing to take place. To rest a plantar ulcer requires that a person should not 
bear weight on the affected limb. Needless to say that in the Indian context, where 
most of our patients are from the unorganized labor sector, they cannot afford rest 
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as it interferes with their livelihood. They need to be provided with a method of 
“healing, while walking.” 

 The patient has to be kept on medical treatment of leprosy. Various types of fl ap 
procedures may be required to heal the ulcer [ 7 ,  8 ]. 

16.2.1     Buruli Ulcer 

 This is a necrotizing cutaneous infection caused by mycobacterium ulcerans. It is 
the second most frequent mycobacterial disease in humans after tuberculosis [ 9 ]. It 
has been reported in parts of Africa, Australia, South East Asia, China, Central 
America, and South America. There are large lesions which progress to scarring, 
contractual deformity, disabilities, and sometimes amputation. The environmental 
mycobacterium is found in rivers, swamps, wetlands, areas of deforestation, dam 
construction, and agriculture. Buruli ulcer is also referred to as mysterious disease 
because the mode of transmission remains uncertain.   

16.3     Leg Ulcer Infection 

 When the virulence factors of the microorganisms outweigh the natural host immune 
defense, infection with invasion of microorganisms into surrounding tissues will 
occur. The progression of an ulcer to an infected state involves multiple factors such 
as type, site, size, and depth of ulcer; presence of nonviable contaminants; level of 
blood perfusion; the immune status of the host; the microbial load; and the com-
bined level of virulence of various microorganisms. Most leg ulcers harbor mixed 
population of aerobic and anaerobic organisms. The frequency of anaerobic bacteria 
in noninfected and infected leg ulcers is 36 % and 49 %, respectively [ 10 ].  

16.4     Acute Soft Tissue Infections of the Leg 

 These include cutaneous abscesses, traumatic wounds, and necrotizing infections. 
The single most common organism found is  Staphylococcus aureus  which is pres-
ent in 30 % of cutaneous abscesses and traumatic injuries and 47 % of necrotizing 
soft tissue infection of the leg have polymicrobial aerobic-anaerobic microfl ora 
[ 11 ]. 

 Necrotizing soft tissue infections involve skin, subcutaneous tissue, and some-
times muscle tissue. It can vary in degree of severity and speed of progression. 
Although  S. aureus  remains the single most common pathogen, other organisms 
isolated include  Clostridium perfringens  and  Streptococcus pyogenes  predomi-
nantly. Associated organisms present could be  Peptostreptococcus  sp.,  B. fragilis ,  E. 
coli , and  Prevotella  sp. Potentiation of infection by microbial synergistic partner-
ship between aerobes such as  S. aureus  and  S. pyogenes  and nonsporing anaerobes 
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has been reported in various types of non-clostridial cellulitis and necrotizing 
 fascitis [ 12 ]. 

 The treatment of necrotizing soft tissue infections requires early diagnosis, 
aggressive and repeated debridement, and appropriate antibiotic therapy. From a 
therapeutic view point, it is necessary to differentiate between pure clostridial myo-
necrosis which involves muscle invasion and is associated with a higher mortality 
rate from other non-muscle-associated soft tissue infections. The use of hyperbaric 
oxygen is controversial although it is believed to facilitate wound healing [ 13 ].  

16.5     Diabetic Foot Infections 

 Mixed microfl ora infects plantar ulcers which are common in diabetic patients. The 
common organisms isolated are  S. aureus ,  S. epidermidis ,  Streptococcus  spp.,  P. 
aeruginosa ,  Enterococcus  spp., and coliform bacteria. Anaerobes such as pepto-
streptococcus, Bacteroides, and Prevotella spp. can be isolated in 95 % of diabetic 
wounds [ 14 ]. Because of the polymicrobial infection, repetitive culture is not 
required, and treatment of infection should be based on an understanding of the 
general microbiology of these wounds.  

16.6     Venous and Pressure Ulcer Infections 

 Both venous and pressure ulcers of the leg harbor polymicrobial microfl ora and 
anaerobes in 30 % as well. Aerobic-anaerobic synergistic interactions are more cru-
cial than specifi c microorganisms in such infections. About 25 % of decubitus 
ulcers have underlying osteomyelitis, and bacteremia is common in such patients 
[ 15 ]. Management of infections in both these ulcers requires aggressive debride-
ment and broad-spectrum antimicrobial agents.  

16.7     Targeted Antibiotic Therapy 

 Accurate identifi cation of pathogens rather than colonizing bacteria is a prerequisite 
for targeted antibiotic therapy for infective leg ulcers [ 16 ]. Although wound swab is 
the easiest and most commonly used sampling technique, a better technique is pro-
curement of a tissue biopsy specimen from the wound bed. Mere presence of bacte-
ria within a wound is not suffi cient to diagnose infection because normal skin fl ora 
and sometimes opportunistic colonizing bacteria are present in all chronic wounds 
and skin surface. Infection is a clinical diagnosis made on the presence of fever, pus, 
pain or tenderness, erythema, warmth, and induration. These fi ndings represent a 
signifi cant shift in balance in favor of the bacteria over the host’s defense with con-
sequent destruction of host tissue. 

 Antibiotic therapy for infected ulcers is usually started empirically leading to 
overuse of broad-spectrum antimicrobials and increasing antibiotic resistance. 
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Culture and sensitivity results may take several days during which the patients usu-
ally receive broad-spectrum antibiotics. This may result in signifi cant changes in the 
wound fl ora between the time of procurement of the sample and availability of the 
culture report. Quicker techniques for microbiological analyses such as DNA fi n-
gerprinting and PCR assay have been shown to be effective in rapid detection of 
causative organism and reduce the delay in institution of appropriate antimicrobial 
therapy. 

 The accuracy of culture information depends on an appropriate specimen. It 
should not be contaminated by the adjacent normal fl ora. Delay in transportation of 
the specimen and inoculation on culture plates can lead to loss of the pathogen as 
proliferation of contaminating organisms occur. Poor sensitivity (failure to identify 
a pathogen) and poor specifi city (identifying a colonizer as a pathogen) can result in 
wrong antibiotic selection. As compared to a tissue specimen, the sensitivity of a 
superfi cial swab has been reported to be 79 % for detection of infection. Thus, swab 
is likely to miss one in fi ve wound infections diagnosed by punch biopsy.  

16.8     Factors Promoting Microbial Proliferation in Leg Ulcers 

 Wounds with good blood perfusion, oxygen, and nutrient delivery and good immune 
status are resistant to microbiological colonization. If the tissue oxygen tension is 
greater than 40 mmHg, ulcer infection is unlikely, while in tissues with an oxygen 
tension less than 20 mmHg, ulcers are invariably going to be infected [ 17 ]. The 
redox (oxidation-reduction) potential of tissues around ulcers is also important. A 
low redox potential (Eh) favors the proliferation of anaerobic bacteria. Ulcers with 
low oxygen tension and a low redox potential promote development of polymicro-
bial aerobic-anaerobic organisms.  

    Conclusion 

 Infective ulcers are relatively rare. Usually infection occurs secondary to some 
primary pathology, but sometimes primary cause may be the infection and in 
such cases specifi c treatment has to be offered like antitubercular treatment in 
tuberculous ulcers.     
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 17       Necrotizing Soft Tissue Infection                     

       Ajay     Kumar     Khanna     ,     Parameswaran     Sundaran    , 
and     Soumya     Khanna   

17.1           Introduction 

 Necrotizing fasciitis (NF) better called as necrotizing soft tissue infection (NSTI) is 
infrequent but highly lethal infections. Necrotizing soft tissue infections (NSTIs) 
are fulminant infections of any layer of the soft tissue compartment associated with 
widespread necrosis and systemic toxicity. Delay in diagnosing and treating these 
infections increases the risk of mortality. Early and aggressive surgical debridement 
with support for the failing organs signifi cantly improves the survival. These infec-
tions were fi rst described by Jones in 1871, and at that time they were termed “hos-
pital gangrene” [ 1 ]. According to Martin et al., necrotizing fasciitis (NF) is 
essentially a “severe infl ammation of the muscle sheath that leads to necrosis of the 
subcutaneous tissue and adjacent fascia” that is diffi cult to diagnose early and even 
more diffi cult to manage effectively. Early clinical suspicion, appropriate antimicro-
bials, and surgery are key to improving survival. The problem is that it is diffi cult to 
diagnose as in one survey, the correct diagnosis was initially suspected in only 2 % 
of admissions [ 2 ,  3 ].  

mailto:akhannabhu@gmail.com


276

17.2     History 

 The description of NF by Hippocrates in the fi fth century  bc , and that of a 
Confederate physician in the American civil war, is no different from the presenta-
tion of today: “A purple or blue spot is fi rst perceived … the skin in the affected spot 
melts away in 24 hr whilst a deep blue and purple, almost black, areola surrounding 
the dead mass, spreads rapidly in ever increasing circles.” In Peking, a missionary 
surgeon reported similar presentations among opium addicts in 1924: “A chill may 
usher in the general symptoms. Irregular patches, dusky hue, blisters or large bullae 
develop, may break and discharge a dark serous fl uid.” In the days before the advent 
of antimicrobials, NF was treated successfully with ‘bear-claw scratch debridement’ 
and Carrel’s tubes irrigating the tissues with Dakin’s solution of chlorinated soda 
[ 4 – 6 ]. 

17.2.1     Types 

 Four types of NF have been described (Table  17.1 ).

17.2.1.1       Type I NF (Polymicrobial/Synergistic) 
 Type I is found in 80 % of cases where it results from synergistic mixture of anaero-
bic, aerobic, and facultatively anaerobic bacteria (e.g.,  E. coli ,  Pseudomonas  spp., 
and  Bacteroides  spp.). Type I NF particularly affects the immunocompromised or 
those with underlying abdominal pathology. The common aerobic species isolated 
from these infections are  Streptococci, Staphylococci, Enterococci , and the family 
of Gram-negative rods.  Bacteroides  species are the most common anaerobes 
involved [ 7 – 9 ].  

17.2.1.2     Type II NF 
 Type II is found in about 20 % of cases, which is usually monomicrobial and due to 
Gram-positive organisms, and the commonest type II NF is caused most frequently 
by group A  β-hemolytic streptococcal  alone or occasionally with  Staphylococcus 
aureus . It carries a very high mortality of 43–58 %. Historically, monomicrobial  S. 
aureus  NF is uncommon, but occurs in neonates.  

17.2.1.3     Type III NF 
 The commonest Gram-negative causes of NF remain  Vibrio  spp., such as  V. dam-
selae  and  V. vulnifi cus , which were responsible for 0.53 cases per 100,000 in 
Hong Kong in the late 1990s.  V. vulnifi cus , associated with raw oyster ingestion, 
is the commonest cause of seafood-related deaths in the USA, particularly affect-
ing patients with liver disease and iron overload. Wound contamination with sea-
water accounts for 25 % of cases. Virulence factors and digestive enzymes 
contribute to the high mortality of 30–40 % despite prompt diagnosis and aggres-
sive therapy [ 10 ].  
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17.2.1.4    Type IV NF: Fungal 
 Rarely NF can be caused by  Candida , especially in immunocompromised patients. 
In contrast, zygomycotic necrotizing infections ( Mucor  and  Rhizopus  spp.) affect 
immunocompetent patients after severe trauma and are responsible for nearly 32 % 
of NF cases in some countries. Fungal invasion most commonly follows traumatic 
wounds or burns, and aspergillus or zygomycetes may be isolated [ 11 ].    

17.3     Pathophysiology 

 NSTI is the condition where the microbial virulence overweighs the host defense 
system. Impaired host immunity or local tissue hypoxia as in atherosclerosis, burns, 
cancer or other immunocompromised states, chronic alcoholism, corticosteroid use, 
diabetes mellitus, hypoalbuminemia, intravenous drug abuse, malnutrition, obesity, 
occult diverticulitis, peripheral vascular disease, postoperative infection, and trauma 
predispose to NSTI. The pathogenesis of the development of NF depends on the 
causative organism(s). Synergistic NF is a comparatively slow process, evolving over 
days. Often, following complicated abdominal surgery and ischiorectal or perineal 
abscesses, synergistic NF develops particularly where gut fl ora breaches the mucosa, 
entering tissue planes. A slowly evolving bruise on the abdominal wall or perineal 
infection may refl ect underlying malignancy. Gas-forming organisms and anaerobic 
infection may produce crepitus. Surgically, classical “dishwater fl uid” due to lysis of 
polymorphs and serous discharge, together with macroscopic fascial necrosis, myo-
sitis, or myonecrosis, may be demonstrated. “Crescendo” pain, necessitating pro-
gressively stronger analgesia, is typical as occlusion of perforating nutrient vessels, 
and infarction of the nerves produces progressive skin ischemia and pain. Muscle 
hypoxia and swelling alter oxygen tension, increasing intracompartmental pressures, 
sometimes resulting in compartment syndrome [ 12 ]. Type II is initially more insidi-
ous than type I, but progresses far more rapidly. The disease may appear to have 
arisen spontaneously with no obvious focus. In such cases, hematogenous infection 
from many foci, including the throat, ascending vaginitis, primary peritonitis, or nec-
rotizing proctitis, reaches the fascial layer. Hence, initial symptoms are ascribed to 
infl uenza, gastroenteritis, or muscle strain. This mechanism may explain the associa-
tion of streptococcal infection with seemingly minor sporting injuries in athletes. 
The streptococcal capsule and protein M, protein F, streptolysin O, hyaluronidase, 
streptokinase, and pyrogenic exotoxins have their specifi c roles to play in the patho-
genesis of streptococcal infections. Direct inoculation of GAS though wounds or 
associated with surgery is less common: examples include injection sites, caesarean 
section, plastic surgery, and even minor cosmetic procedures [ 13 ]. Hence the earliest 
clinical feature common to all types of NF is exquisite, agonizing pain, quite out of 
proportion to any external signs. The degree of pain may be lessened in diabetic 
neuropathy or following powerful analgesia. It is common to fi nd patients prescribed 
with narcotic analgesics for “severe cellulitis” before the true diagnosis is suspected. 
As nerves supplying the necrotizing areas of skin die, the central areas become anes-
thetic, while laterally, the tissues overlying the deep spreading fascial infection 
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remain tender. Infection in the deeper layers fi nally ascends, producing edema of the 
epidermal and dermal layers (peau d’orange) and a “woody” fi rmness of the tissues. 
Hemorrhagic bullae progress to cutaneous gangrene, with sensory and motor defi cits 
resulting from fascial and nerve destruction [ 14 ]. Fifty percent of type II NF cases are 
associated with toxic shock syndrome leading to a mortality of 40–67 % with up to 
half of patients needing amputation [ 15 ].  

17.4     Clinical Features 

 Perhaps the biggest hurdle in early diagnosis and management of an NSTI is 
how to make the diagnosis. The commonly involved sites are the extremities 
(36–55 %), trunk (18–64 %), and perineum (up to 36 %). Events commonly 
predisposing patients to NSTIs include mild trauma, insect bites, drug reactions, 
illicit drug injections, perirectal abscesses, major traumas, and surgical proce-
dures. Although patients may have an underlying risk factor, 30 % of the NSTIs 
do occur in healthy individuals [ 16 ]. The initial nonspecifi c signs such as ten-
derness, swelling, erythema, and pain at the affected site mimic nonsevere soft 
tissue infections such as cellulitis and erysipelas. The initial nonspecifi c signs 
are tenderness. Symptoms are much more than signs in initial phase, but by the 
time patients present, appearances are usually those of late NF, with visible 
bruising, bullae, and cutaneous necrosis due to progress of the necrotizing pro-
cess. A thorough history should suggest the causative organisms in most cases. 
Goh et al. analyzed nine case series with a total of 1463 patients [ 17 ]. Diabetes 
mellitus was a comorbidity in 44.5 % of patients. Contact with marine life or 
ingestion of seafood in patients with liver disease was risk factors in some parts 
of Asia. The top three early presenting clinical features were swelling (80.8 %), 
pain (790.0 %), and erythema (70.7 %). These being nonspecifi c features, initial 
misdiagnosis was common and occurred in almost three- quarters of patients. 
Clinical features that helped early diagnosis were pain out of proportion to the 
physical fi ndings, failure to improve despite broad-spectrum antibiotics, pres-
ence of bullae in the skin, and gas in the soft tissue on plain X-ray. Specifi c 
enquiries should be made about minor trauma; soft tissue injury penetrating 
lesions including insect or human bites, recent surgery, skin infection, or ulcers; 
injection sites; and illicit intravenous drug usage. Many cases, however, remain 
idiopathic [ 18 ]. Fever (>38 °C) is found in around 44 % of the cases, and tachy-
cardia (>100 beats/min) is usually found in 59 % cases. Infected sites have 
erythema (80 %), induration (66 %), tenderness (54 %), fl uctuance (35 %), skin 
necrosis (23 %), and bullae (11 %) [ 19 ]. 

 We analyzed our patients of necrotizing fasciitis of the lower limb. The study 
reviewed 118 cases (78 males and 40 females) with mean age of 45 + 16.5 years 
(range 12–95 years) of lower limb necrotizing fasciitis admitted to the Department 
of Surgery, BHU in India between 1995 and 2007. Most patients ( n  = 97) presented 
with fever. Other presenting symptoms included painful swelling, bullae, erythema, 
ulcer, and necrosis. Comorbid conditions such as diabetes, tuberculosis, 

17 Necrotizing Soft Tissue Infection



280

malignancy, and immunosuppressive therapy were associated in 72 (61 %) cases. 
Amputations were done in 24 patients. Thirty-one patients developed septic shock. 
Renal dialysis was done in 16 patients, and ventilatory support was needed in 12 
patients. The most common organism identifi ed was beta-hemolytic streptococci 
( n  = 42). Eighteen patients died, a mortality of 15 %. The authors consider early 
diagnosis and aggressive surgical intervention to be crucial for the successful treat-
ment of the disease [ 20 ] (Figs.   17.1  ,   17.2  , and   17.3  ).

     Type III may be associated with raw seafood ingestion or wound exposure to 
seawater justifi es culture for  Vibrio  spp. A history of tonsillitis, close contacts 
with impetigo, or recent nonsteroidal anti-infl ammatory drug (NSAID) usage sug-
gests streptococcal infection. Patients present with fever and myalgia, severe pain, 
nausea, vomiting, and diarrhea. Diagnosis in initial phases is particularly diffi cult, 
since patients seen earlier in the infection were more easily misdiagnosed with 
muscle strains or viral illnesses. Other common misdiagnoses include gastroen-
teritis, sunburn, or an “allergic rash.” A widespread macular “toxic erythema” 
may be present in a minority of patients. Misdiagnosis of NF is particularly com-
mon in children as it is rare and then usually associated with recent varicella 
zoster. Despite severe pain and appearing quite unwell, some patients initially 
have only a mild erythema, cellulitis, or swelling overlying the affected area. 
Since lymphatic channels are obstructed early, lymphangitis and lymphadenitis 
are rare. Overall, an exquisitely tender area evolves into a smooth, swollen area of 
skin with distinct margins progressing to dusky blue/purple, “bruising” viola-
ceous plaques and fi nally full- thickness necrosis with hemorrhagic bullae [ 21 ]. 
Later on patients present with gangrenous patches, and the patients are very toxic 
and may involve various organs with hypotension, tachycardia, renal shutdown, 
respiratory problems, etc. 

  Fig. 17.1    Necrotizing 
fasciitis after thorn prick       
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17.4.1     Investigations 

17.4.1.1    Hematology 
 Disseminated intravascular coagulation and thrombocytopenia are common in any severe 
sepsis. A rapidly falling hemoglobin in the presence of a stable hematocrit may suggest 
intravascular hemolysis. The leukocyte count is less helpful for diagnosis. Although leu-
kocytosis is common in type II, leukopenia is commoner in association with toxic syn-
drome. Infection with leukotoxin-producing organisms, e.g., Panton–Valentine leukocidin 
(PVL)-producing  S. aureus  or GAS, often leads to lymphopenia [ 22 ].  

17.4.1.2    Biochemistry 
 Acute renal failure is quite common in severe sepsis, and dosing of renally excreted 
antimicrobials should be adjusted accordingly. Bacterial infection, infl ammation, 
thrombosis, and necrosis all increase serum C-reactive protein (CRP). A very high 
CRP level is common. CRP levels of >16 mg/dL, with a sensitivity of 89 % and 
specifi city of 90 %, have been reported in type II [ 23 ]. Raised serum creatinine 
kinase (CK) indicates myositis or myonecrosis, as well as the effects of circulating 
toxins or ischemia. Involvement of adjacent muscle raises CK and is not present in 
all cases of NF, but CK levels of 600 U/L gave a sensitivity of 58 % and a specifi city 
of 95 % for cases of NF. One-third of patients with type II are hypocalcemic on 

  Fig. 17.2    Necrotizing 
fasciitis of the leg       

  Fig. 17.3    Initial 
presentation with bullae       
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admission, due to calcium precipitation with fat necrosis [ 24 ]. Hypocalcaemia may 
also be a sign of severity in synergistic NF. Hypoalbuminemia and hyponatremia are 
common: in a series of 21 matched, consecutive cases, a serum sodium level of 
<135 mmol/L was found to be signifi cantly associated with NF [ 25 ]. Severe meta-
bolic acidosis may be found in NF. A high serum lactate combined with low sodium 
levels may be predictive of mortality. With serum lactate levels ≥6 mmol/L, the 
mortality was 32 %, whereas a lactate of <6 mmol/L and a serum sodium of <135 
mg/L were associated with a mortality of 19 % [ 26 ].  

17.4.1.3    Culture 
 Blood cultures are positive in 11–60 % of patients in type II, but the yield in type I syn-
ergistic fasciitis is lower. Routine culture of throat and vaginal swabs may be useful to 
establish a primary focus. Blister fl uid is often sterile. Percutaneous needle aspiration of 
the advancing edge is painful. A tissue biopsy is the investigation of choice. Fungal 
cultures, especially in immunosuppressed or trauma patients, and enrichment cultures 
are useful, especially where patients have had recent antibiotic treatment [ 27 ].  

17.4.1.4    Radiological 
 Plain X-ray of the area may show gas. Ultrasound may also show gas, but it mainly 
shows the edema and collection. The computed tomography scan fi ndings sugges-
tive of NSTI include the extent of abnormal soft tissue gas dissecting along the 
fascial planes, fascial stranding, and asymmetric thickening of fascial planes. The 
sensitivity of CT to identify NSTI is 100 %, specifi city is 81 %, positive predictive 
value is 76 %, and negative predictive value is 100 % [ 28 ]. Magnetic resonance 
imaging (MRI) with gadolinium can differentiate necrotic and infl amed or edema-
tous tissue. T2-weighted images on MRI are probably the best radiological adjunc-
tive investigation, but are more sensitive than specifi c [ 29 ]. Chest X-ray may reveal 
early changes of fl uid overload or changes of adult respiratory distress syndrome. 
Radiology of the affected areas is generally unhelpful, although occasionally MRI 
of the suspected area of fasciitis may be helpful, but should not delay surgery.  

17.4.1.5    Histology 
 The characteristic fi ndings include subcutaneous necrosis, polymorphonuclear cell 
infi ltration, fi brinous vascular thrombosis with necrosis, and microorganisms within 
the destroyed fascia and dermis. Gram staining may also reveal Gram-positive clos-
tridial bacilli. Histopathology can also identify fungal infection and invasive fungal 
infection with vascular thrombosis. Fine-needle or large-bore needle aspiration is 
another method to establish the diagnosis [ 30 ].    

17.5     Scoring Systems for Prediction of NF 

 The LRINEC (Laboratory Risk Indicator for Necrotizing Fasciitis) scoring system 
has been useful in the diagnosis of NF when severe soft tissue infection was already 
suspected. It has 13 variables (including age, sex, serum potassium, and platelet 
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count); the most reliable indicators of underlying NF were found to be CRP, creati-
nine, hemoglobin, leukocyte count, sodium, and serum glucose. A score of 6 using 
the LRINEC system “raises the suspicion,” with a score ≥8 being “strongly predic-
tive” of NF. For patients scoring >6, the positive predictive value for NF was 92 % 
and the negative predictive value was 96 %. The LRINEC score may also indicate 
outcome: mortality of those patients with LRINEC score of <6 was 11 %, compared 
with 21 % for those scoring >6 [ 26 ,  31 ].  

17.6     Treatment of NF 

 It is a dire emergency, and urgent surgical referral improves survival and needs a 
team approach with expertise from critical care, surgery, reconstructive surgery, and 
rehabilitation specialists [ 32 ]. The principles of treatment are fl uid resuscitation and 
correction of electrolyte and acid–base imbalance, early initiation of antibiotics, 
surgical debridement of the affected area, and supportive measures for organ failure. 
In addition to antimicrobial therapy, complete debridement of infected tissue is key 
to successful treatment. Resuscitation with intravenous fl uids and colloids, and ino-
tropic agents, is usually necessary. Blood cultures, baseline full blood count, urea 
and electrolytes, liver function tests, clotting studies, and CRP and CK levels should 
be performed. Serum lactate and CRP are markers of severity of the infection and 
help guide therapy [ 33 ]. 

17.6.1     Antibiotic Therapy 

 As the condition is sporadic, it is not possible to have randomized double-blind 
controlled trials. Whereas antibiotic therapy may be guided by the Gram stain of 
aspirates or biopsies, the poor sensitivity and the fulminant nature of the infection 
make broad-spectrum empirical therapy covering most types of NF seem sensible. 
Subsequent antibiotic prescribing may be based on culture data [ 34 ]. Intravenous 
benzyl penicillin and clindamycin, imipenem, vancomycin, linezolid, and daptomy-
cin are the drugs of choice in NF. Early initiation of antimicrobial therapy is essen-
tial and adjunctive to debridement. The current empirical antimicrobial regimes are 
piperacillin–tazobactam at 3.375 g every six hours with clindamycin 400–600 mg 
every 4–6 h with ciprofl oxacin 400 mg every 12 h in type I infections. For type II 
infections, penicillin (2–4 million units very 4–6 h) with clindamycin is recom-
mended. Injection linezolid (600 mg every 12 h) or vancomycin (30 mg/kg/day in 
two divided doses) may be considered in those allergic to penicillin. For type III 
clostridial infections, combination of penicillin with clindamycin is effective. In 
case of  Vibrio  or  Aeromonas  infection, doxycycline in a dose of 1 g every 12 h is 
effective. Clindamycin suppresses the toxin production by  S. aureus , hemolytic 
 streptococci , and clostridia and should be included when these organisms are pres-
ent or suspected [ 35 ]. For suspected  Vibrio  spp. NF, therapy with doxycycline 
100 mg twice daily plus intravenous ceftazidime 2 g eight hourly is recommended 
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[ 36 ]. Drotrecogin α (activated protein C) has not been used effectively in NF, and its 
use is limited to those patients not actively bleeding or within 24 h of surgery. After 
resuscitation, potent antibiotics, and surgical debridement, some patients still do not 
respond, and in these cases intravenous immunoglobulins may be tried.   

17.7     Surgical Treatment of NF (Figs.  17.4 ,  17.5 , and  17.6 ) 

      Surgery is vital in reducing the mortality of NF. In cases of doubt about the viability 
of tissues, the tissue oxygen tension can be measured with a probe using transcuta-
neous soft tissue oximetry. The oxygen tension is signifi cantly lower in NF than 
cellulitis (52 % in NF, cf. 84 % in patients with simple cellulitis) with a sensitivity 
of 100 % and a specifi city of 97 % [ 12 ]. Aggressive surgery removes the source of 
infection and toxins, and removal of infarcted tissue improves the penetration of 
antibiotics. The area of necrosis often extends beyond what is anticipated based on 
external appearance of the skin due to thrombosis of the dermal capillary beds that 
precedes skin necrosis. All obviously necrotic skin, subcutaneous tissue, fascia, and 
muscle must be excised. When there is crepitance present over an area of normal- 
appearing skin, an exploratory incision should be made through the involved area to 
determine whether the underlying tissues are viable. The presence of soft tissue gas 
does not mandate excision as long as the underlying tissues are viable. This crepi-
tance often resolves after the necrotic tissue is removed. Amputation is done in 
25–50 % of the cases where the affected extremity is either nonviable or would not 
be functional following debridement [ 37 ]. Early thorough and repeated 

  Fig. 17.4    Debridement of 
wound       
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debridement is essential. Inadequate or delayed surgery is associated with a mortal-
ity of 38 % (8/21), compared with a mortality of only 4.2 % (2/48) in those who 
underwent aggressive surgery at recognition. Delaying surgery by 24 h increased 
the mortality associated with  Vibrio  spp. NF from 35 to 53 %, with 100 % mortality 
if surgery was not performed within 3 days [ 38 – 40 ]. 

 Anesthesia for patients with NF is often diffi cult. The incision is often larger than 
expected, and the patient is cardiovascularly unstable with multiorgan failure, coag-
ulopathy, and blood loss. Massive third-space fl uid loss necessitates aggressive fl uid 
replacement which may have a dilutional effect on the doses of antimicrobials 
administered. The rate of spread of NF may be very fast. Most patients need inten-
sive care initially. Some surgeons believe that all infected material should be 
removed in one operation, but usually a “second-look” procedure is usually advis-
able. Repeat debridements are often necessary with a mean of 3–4 such procedures 
during admission. Extensive debridement produces large areas that need covering. 
Negative-pressure therapy [vacuum-assisted closure or (VAC) dressing] with a con-
tinuous pressure of 40–100 mmHg is useful for wound coverage and encourages 
granulation before and after skin grafting [ 41 ].  

17.8     Hyperbaric Oxygen 

 Hyperbaric oxygen switches off α-toxin production, so it is believed to increase the 
bactericidal action of neutrophils since at low oxygen tensions peroxide-dependent 
killing mechanisms are less effi cient. However, the overall evidence of benefi t in 
non-clostridial NF is weak. Despite reports of rapid amelioration of clinical and 
mental status after only one hyperbaric oxygen session, there are few published data 
to support the use of hyperbaric oxygen in NF. Hyperbaric oxygen chambers are 
usually not available, but if facilities exist, it may be used [ 42 ].  

  Fig. 17.5    Healthy 
granulation tissue after 
debridement       

  Fig. 17.6    Skin grafting 
after proper bed 
preparation       
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17.9     Outcome 

 Generally, synergistic NF has a better immediate prognosis, although underlying 
malignancy or other comorbidities account for later demise. The absence of myone-
crosis or myositis in beta-streptococcal infection is associated with a better progno-
sis as myositis and organ failure increase mortality from 9 to 63 %. In the past, the 
mortality rate in NSTI was as high as 46 %. A decade ago, pooled analysis deter-
mined it to be nearly 34 %. Anaya et al. looked into clinical predictive markers for 
mortality looking into heart rate, temperature, serum creatinine, hematocrit, age, 
and WBC count and calculated the mortality [ 37 ] (Table  17.2 ). Kalaivani et al. ana-
lyzed their patients and found increasing age, raised creatinine, and delay in the fi rst 
debridement were mainly associated with increasing mortality [ 43 ].

       Conclusion 

 NF is an aggressive disease and delay in recognition and effective treatment 
increases the mortality of NF; thus, early diagnosis and management of NF is 
essential. In cases where the diagnosis is uncertain, repeated clinical assessment 
and a multiparametric approach integrating a range of diagnostic modalities and 
multidisciplinary involvement will optimize the diagnosis. Antimicrobial man-
agement should be tailored to the nature of the infecting organism and infection 
control aspects considered as soon as the diagnosis is entertained. Early surgical 
referral is essential, both for diagnostic confi rmation and therapeutic removal of 
as much infected tissue as possible, although a “second look” is advisable.     
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 18       Pyoderma Gangrenosum                     

       Jyoti     Yadav     and     Sanjay     Singh    

18.1            Introduction 

 Pyoderma gangrenosum (PG) is a rare, non-infectious, infl ammatory disease of 
unknown etiology, characterized by sterile neutrophilic infi ltration of the skin. It is 
commonly associated with underlying systemic disease [ 1 – 4 ].  

18.2     History and Nomenclature 

 Pyoderma gangrenosum was fi rst described by Brocq in 1916 [ 5 ] and later in 1930 
by Brunsting et al. [ 1 ]. Brunsting, Goeckerman, and O’Leary coined the term “pyo-
derma gangrenosum” in 1930. The prevalence of PG in infl ammatory bowel disease 
was discussed by Greenstein et al. in 1976 [ 6 ]. Several clinical variants of PG have 
been described, and PG at unusual sites or with specifi c triggers, such as pathergy, 
has been reviewed [ 7 ]. There is some evidence that the pustular type of PG may be 
mainly associated with infl ammatory bowel disease (IBD) and the bullous type with 
hematological malignancies (Table  18.1 ). Peristomal pattern is mainly, but not 
exclusively, associated with IBD, and the vegetative type of PG is not associated 
with underlying disease [ 2 ,  8 ]. Although the above-mentioned associations have 
been described, none of the morphologies is consistently or exclusively associated 
with any specifi c cause. Although the vegetative pattern of PG is not accompanied 
by other lesions. Different morphologies may coexist with each other or with other 
neutrophilic dermatosis or pustular vasculitis or may evolve from one form to 
another [ 9 ]. 50–70 % of patients with PG will have an underlying disease, equally 
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divided between infl ammatory bowel disease, arthritides and hematological disor-
ders (IgA monoclonal gammopathy, acute myelogenous leukemia, myelodyspla-
sia); but clinical course of PG is usually unrelated to their severity or activity [ 10 ].

18.3        Epidemiology 

 Pyoderma gangrenosum occurs worldwide. Accurate epidemiological data on PG are 
missing. The peak of incidence occurs between the ages of 20 and 50 years with women 
being more often affected than men [ 11 ]. Cases in infants and adolescents account for 
only 4 % of PG. PG in elderly people has occasionally been reported [ 12 ]. The general 
incidence has been estimated to be between 3 and 10 per million per year [ 10 ].  

18.4     Etiology and Pathogenesis 

 The etiology of PG is unknown and its pathogenesis is poorly understood. Currently 
an immune-mediated process is thought to play an important role. Both humoral 
and cell-mediated abnormalities have been reported with PG, but none of these fi nd-
ings have been demonstrated consistently and it is not clear whether they are of 
primary importance or represent an epiphenomenon [ 2 ]. 

 Pathergy phenomenon is reported to occur in 20–30 % of patients with PG. This 
refers to heavy neutrophilic infi ltrates or pustular reaction that develops at the site 
of nonspecifi c trauma [ 13 ]. Pathergy phenomenon is elicited by injecting 0.1 ml of 
normal saline obliquely to the depth of 5 mm with a 20–22-gauge needle [ 13 ]. An 
erythematous papule of more than 2 mm at the prick site develops within 48 h. 

   Table 18.1    Different associated diseases reported with pyoderma gangrenosum   

 Category of disorders  Examples 

 Gastrointestinal  Ulcerative colitis, Crohn’s disease, collagenous colitis, gastritis, 
gastroduodenal ulcers, intestinal polyps 

 Hematological  Leukemia (myelogenous, hairy cell), myelofi brosis, myelodysplastic 
syndromes, paraproteinemia, Waldenstrom macroglobulinemia, 
paroxysmal nocturnal hemoglobinuria 

 Hepatic  Chronic active hepatitis, primary biliary cirrhosis, sclerosing 
cholangitis 

 Collagen vascular 
disorders 

 Wegener’s granulomatosis, Takayasu’s arteritis, Behcet’s disease, 
systemic lupus erythematosus, systemic sclerosis 

 Acne and related 
disorders 

 Acne conglobata, acne fulminans, hidradenitis suppurativa, PAPA 

 Autoimmune  Thyroid disease, diabetes mellitus 

 Drugs  Colony-stimulating factors, gefi tinib, interferon, propylthiouracil, 
isotretinoin 

 Solid organ tumors  Colon, pancreas, breast, bronchus, carcinoid 

 Miscellaneous  Sarcoidosis, HIV infection 
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 Humoral defects described in PG include autoantibodies against skin and bowel, 
a dermo-necrotic factor and a serum factor [ 14 ,  15 ]. Some studies have suggested 
the mechanism to be consistent with Arthus and Shwartzman reaction [ 14 – 17 ], in 
which circulating immune complexes are deposited in blood vessels leading to acti-
vation of complement pathways. 

 Cross-reactivity between cutaneous and bacterial antigens, especially  Escherichia 
coli , has been suspected. A recent support for this possibility was documented in a 
study [ 18 ]. Appearance of PG-like lesions in these patients represents an abnormal 
reaction to bacteria rather than a form of pathergy and suggests a local failure to 
terminate IL8 production resulting in marked neutrophilic infi ltration. However, the 
role of bacterial antigens warrants further study. Cell-mediated defects described in 
PG include cutaneous anergy to candida, streptokinase and purifi ed protein deriva-
tive, as well as altered production of macrophage inhibition factor by lymphocytes 
[ 19 ]. Oligoclonal T-cell response due to antigenic stimulus and traffi cking between 
the skin and other organs occurs in PG [ 20 ]. Decreased neutrophil chemotaxis and 
impaired monocyte phagocytosis have been reported in association with PG [ 21 ]. 
The leukocyte abnormalities may contribute to the pathergy phenomenon [ 11 ,  22 , 
 23 ]. Elevated levels of IL8 in the blood have been documented in PG [ 24 ], and high 
IL8 levels have been demonstrated in fi broblasts from PG lesions [ 25 ]. Cytokines 
like IL1 or TNF-α stimulate production of IL8. 

 Although ulcerative colitis is more commonly associated with PG than Crohn’s 
disease, the latter became increasingly recognized as having association with PG; 
both classic and peristomal PG have been reported with ulcerative colitis, Crohn’s 
disease, and collagenous colitis. Smoking is a signifi cant factor favoring the devel-
opment of extraintestinal manifestations of ulcerative colitis including PG and ery-
thema nodosum [ 26 ]. 

 PG is not associated with vasculitis, but cases with positive tests for c-ANCA or 
p-ANCA have been reported specially drug-induced PG (thiouracil). Recently a 
patient with PG and c-ANCA specifi c for h-lamp-2 has been reported [ 27 ]. Several 
families with inherited PG have been described [ 28 ,  29 ]. There is predisposition to 
PG in patients with mutation in caspase recruitment domain 15 leading to autoso-
mal dominant autoinfl ammatory syndrome of pyogenic arthritis, pyoderma gan-
grenosum, and acne; the mutations affect CD2-binding protein 1 [ 30 ,  31 ].  

18.5     Clinical Features (Figs.  18.1  and  18.2 ) 

     Pyoderma gangrenosum can have a variety of clinical presentations. The lesions can 
be classifi ed morphologically as (a) classic ulcerative, (b) bullous, (c) pustular, (d) 
vegetative (superfi cial granulomatous), and (e) pyostomatitis vegetans. These clini-
cal variants of PG differ in their clinical presentation, location, and associated 
diseases. 

 Patients with PG complain of severe pain that is out of proportion to the clinical 
appearance of lesions. Pathergy occurs in 20–30 % of patients; it is defi ned as the 
development of lesions at sites of cutaneous trauma (needle stick, venesection, 
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insect bite, scalds, varicella, or surgical procedures, especially breast surgery, may 
act as trigger). 

 Cutaneous lesions most frequently develop on lower extremities especially on 
pretibial areas but can occur anywhere including mucous membranes. Sterile neu-
trophilic abscesses of internal organs (lungs, bones, joints, central nervous system, 
cardiovascular system, eye, intra-abdominal viscera) can occur with or precede 
cutaneous PG. 

 Skin lesions begin as tender papulopustule with surrounding erythematous or 
violaceous induration, or erythematous nodule or bulla on violaceous base. Necrosis 
occurs forming a central ulcer; a fully developed ulcer has purulent base with irreg-
ular undermined and overhanging, gunmetal color border which extends centrifu-
gally. Re-epithelialization from margins occurs and lesions heal with atrophic 
cribriform pigmented scarring. Ulcers may be single or multiple and are rapidly 
progressive, but some may be less infl ammatory and expand slowly. 

 PG-associated hematological disorders or drug-induced PG presents with acute 
onset hemorrhagic or purulent bullous lesions with widespread distribution and 

  Fig. 18.1    An ulcer of 
pyoderma gangrenosum on 
the leg       

  Fig. 18.2    Close-up view 
of a lesion of pyoderma 
gangrenosum on the leg 
showing a well-defi ned 
ulcer with violaceous 
undermined edges, 
granulation tissue, and 
purulent exudate at the 
base       
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rapid progression. Fever and signs of toxicity are present. PG associated with 
infl ammatory disorders is usually a chronic slowly enlarging ulcer with increased 
granulation tissue at base, and it sometimes regresses spontaneously. PG in children 
is clinically similar to adults, but the lesions occur more frequently on head and 
anogenital areas.  

18.6     Clinical Variants 

18.6.1     Classic or Ulcerative PG 

 It is the commonest clinical variant. It presents with small tender red-blue papule, 
pustule, or plaque that erodes into painful ulcers with violaceous undermined edges, 
and the base shows granulation tissue, necrosis, or purulent exudate (Figs.  18.1  and 
 18.2 ). Most common site is lower extremities (70 %) but it may occur at other sites. 
Healing occurs with atrophic cribriform scar. Constitutional symptoms are present. 
Genital and mucosal involvement can occur. Seventy percent of the patients have 
associated disorders. Peristomal and postoperative PG present as ulcerative PG.  

18.6.2     Pustular PG 

 It usually occurs during acute exacerbation of infl ammatory bowel disease and pres-
ents as discrete painful sterile pustules with surrounding erythema on normal skin 
usually on extensor aspects of limbs. Lesions often resolve with control of infl am-
matory bowel disease (in some cases using treatment appropriate for both PG and 
IBD), but some may evolve into ulcerated classic PG [ 31 ].  

18.6.3     Bullous PG 

 Superfi cial hemorrhagic bullae are present on the face, dorsum of hands, and upper 
extremities. Clinical and histopathological fi ndings may be similar to superfi cial 
bullous variant of Sweet’s syndrome, but bullous PG typically ulcerates and heals 
with scarring [ 31 ]. It is commonly associated with myeloproliferative disorders and 
can also occur with acute fl are of infl ammatory bowel disease.  

18.6.4     Superficial Vegetative PG or Superficial Granulomatous 
Pyoderma 

 It presents as furunculoid nodule, abscess, plaque, or superfi cial ulcer most com-
monly on the trunk. It has non-purulent base and lacks the violaceous, undermined 
border [ 2 ,  32 ,  33 ]. Lesion is usually solitary, slowly progressing, and relatively 
painless. It is not associated with any systemic disease and resolves with less aggres-
sive treatment [ 34 ,  35 ].  
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18.6.5     Peristomal PG 

 It is an ulcerative PG, accounting for about 15 % of cases. It may coexist with pus-
tular vasculitis or PG at other sites. It is almost always associated with infl ammatory 
bowel disease. Other associations include diverticular disease, bowel carcinoma, 
perforated bowel, neurogenic bladder, collagenous colitis, and systemic sclerosis.  

18.6.6     Pyostomatitis Vegetans 

 It is characterized by oral mucosal thickening with multiple pustules and snail track 
ulcers on an erythematous base. It is strongly linked with infl ammatory bowel disease 
(active ulcerative colitis). Skin lesions (pyodermatitis vegetans) have fl exural distribu-
tion and are clinically similar to pemphigus vegetans. Based on evidence it is best to 
view it as infl ammatory bowel disease-associated eruption and not a form of PG [ 31 ].   

18.7     Histopathology 

 The histopathological fi ndings of PG are variable and nonspecifi c but are useful in 
excluding other possible etiologies. The fi ndings depend on clinical variant, type of 
lesion, site of lesion, site within the lesion, stage of evolution of lesion, and the treat-
ment taken by the patient [ 2 ]. Site of biopsy is important because biopsy taken from the 
center of established ulcerative, bullous, or pustular PG lesions usually shows marked 
neutrophilic infi ltration with abscess formation in mid and deep dermis extending to 
the panniculus, whereas those taken from peripheral areas (ulcer edge or infl ammatory 
zone of erythema) show mixed or predominantly lymphocytic infl ammatory infi ltrate. 

 Typical fi ndings are central necrosis and ulceration of the epidermis and dermis, 
surrounded by acute infl ammatory cell infi ltrate with peripheral mixed or chronic 
infl ammatory cells. 

 Each clinical variant has additional more specifi c features which are as follows:

    (a)    Ulcerative: dermal-epidermal neutrophilic infi ltrate extending to panniculitis 
with abscess formation.   

   (b)    Pustular: perifollicular neutrophilic dense dermal infi ltrate with intraepidermal 
vesicle.   

   (c)    Vegetative: granulomatous reaction with palisading histiocytes and giant cells 
in the setting of focal dermal neutrophilic abscess and pseudoepitheliomatous 
hyperplasia is seen.   

   (d)    Bullous: subepidermal or intraepidermal necrosis and marked upper dermal 
edema with prominence of neutrophils.     

 In most patients with typical PG, chronic ulcers have infl ammation at the edge of 
ulcer bed. Presence of vasculitis in PG is debatable. True vasculitides and infective 
causes should be excluded if vasculitis is evident. Lymphocytes may be seen to 
infi ltrate vessel wall with intramural or intravascular fi brin deposition (lymphocytic 
vasculitis). Culture and staining of biopsy tissue for bacteria, fungi, and 
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mycobacteria should be done if granuloma is present in absence of infl ammatory 
bowel disease.  

18.8     Evaluation of a Patient with PG 

 Clinical presentation of PG may be diverse, and there is neither a diagnostic labora-
tory test nor pathognomic histopathological fi ndings; therefore, it is a diagnosis of 
exclusion. Most important considerations are exclusion of infection, vascular dis-
ease (stasis, occlusion, and vasculitis), and malignancy. Thorough history should be 
taken to rule out systemic involvement due to associated disorders, malignancy- 
related symptoms, and exposure to drugs (iodides, bromides, hydroxyurea), and 
physical examination should be done. 

 Skin biopsy and tissue culture should be done to rule out other causes. The best site 
for skin biopsy (incisional) is from the edge of the lesion (reducing potentially mis-
leading features that may occur in any chronic ulcer) [ 2 ]. The patient should be inves-
tigated to rule out associated disorders (arthritis, infl ammatory bowel disease, and 
hematological malignancies). Serological evaluation may also be performed (antinu-
clear antibodies, antiphospholipid antibodies, serum protein electrophoresis, ANCA).  

18.9     Diagnosis 

 There is no confi rmatory diagnostic test for pyoderma gangrenosum. The following 
diagnostic criteria have been proposed for cutaneous lesions of classic ulcerative 
PG [ 36 ]. Diagnosis requires both of the major criteria and at least two minor criteria 
(Table  18.2 ).

   Table 18.2    Proposed diagnostic criteria for classic ulcerative pyoderma gangrenosum [ 36 ]   

  Major criteria  

 1. Rapid a  progression of a painful b , necrolytic cutaneous ulcer c  with an irregular, violaceous 
and undermined border 

 2. Other causes of cutaneous ulceration have been excluded d  

  Minor criteria  

 1. History suggestive of pathergy e  or clinical fi nding of cribriform scarring 

 2. Systemic diseases associated with pyoderma gangrenosum f  

 3. Histopathologic fi ndings (sterile dermal neutrophilia,+/−mixed infl ammation,+/−
lymphocytic vasculitis) 

 4. Treatment response (rapid response to systemic corticosteroids) g  

   a Characteristic margin expansion of 1–2 cm per day or a 50 % increase in ulcer size within 1 month 
  b Pain is usually out of proportion to the size of ulceration 
  c Typically preceded by a papule, pustule or bulla 
  d Usually necessitates skin biopsy and additional evaluation to exclude other causes 
  e Ulcer development at sites of minor cutaneous trauma 
  f Infl ammatory bowel disease, arthritis, IgA gammopathy, or underlying malignancy 
  g Generally responds to prednisone (1–2 mg/kg/day) or another corticosteroid at an equivalent dos-
age, with 50 % decrease in size within 1 month  
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18.10        Differential Diagnosis 

18.10.1     Early Inflammatory Non-ulcerative Stage (Papules, 
Pustules, Plaques, or Nodules) 

•     Follicular infections (folliculitis, furuncle, carbuncle of bacterial, fungal, or viral 
origin)  

•   Cellulitis or cellulitis-like lesion (bacterial, mycobacterial, or fungal origin)  
•   Insect bite reaction  
•   Cutaneous T- and B-cell lymphomas  
•   Halogenoderma (iododerma or bromoderma)  
•   Panniculitides (infl ammatory, infectious, metabolic, neoplastic)  
•   Cutaneous polyarteritis nodosa  
•   Sweet’s syndrome  
•   Behçet’s disease  
•   Bowel-associated dermatosis–arthritis syndrome     

18.10.2     Later Ulcerative or Vegetative Stage 

•     Infections – streptococcal synergistic gangrene, botryomycosis, ecthyma gan-
grenosum, gummatous treponemal ulcers, cutaneous lesions of the deep mycoses 
(e.g. blastomycosis, coccidioidomycosis, paracoccidioidomycosis, chromomy-
cosis), and atypical and typical mycobacterial infections  

•   Parasitic infections – leishmaniasis, amebiasis, and schistosomiasis  
•   Vascular diseases – ulcerations due to venous hypertension, arterial insuffi ciency, 

non-septic emboli, hemoglobinopathies, and thrombosis (secondary to 
hypercoagulability)  

•   Vasculitis – cutaneous polyarteritis nodosa, microscopic polyangiitis, granulo-
matous vasculitides (Wegener’s granulomatosis, Churg–Strauss syndrome, tem-
poral arteritis), autoimmune connective tissue disease (systemic lupus 
erythematosus, rheumatoid arthritis), and Behçet’s disease  

•   Malignancy – squamous cell carcinoma, basal cell carcinoma, and cutaneous T- 
and B-cell lymphomas  

•   Miscellaneous – brown recluse spider bite, ulcerative necrobiosis lipoidica, pem-
phigus vegetans of the Hallopeau or Neumann type, blastomycosis-like pyo-
derma, nonhealing surgical wound, factitious ulcers, ulcers in patients with 
Chédiak–Higashi syndrome, and leukocyte adhesion defi ciency      

18.11     Treatment 

 There is neither specifi c nor uniformly effective therapy for PG. The nature and 
intensity of the therapeutic approach depend on the number, size and depth of the 
lesions, the rate of expansion and appearance of new lesions, the associated 
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disorder, the medical status of the patient, and the risk and patient tolerance of pro-
longed therapy. The therapeutic thrust is to reduce the infl ammatory process of the 
wound in order to promote healing and reduce pain and to control the contributing 
underlying disease (especially leukemias and infl ammatory bowel disease) with 
least adverse effects. The treatment of PG consists of (a) general measures, (b) 
wound care, and (c) specifi c therapy (topical, intralesional, systemic). The specifi c 
treatment of PG is local or combined local and systemic corticosteroid therapy with 
or without adjunctive systemic therapy. 

18.11.1     General Measures 

 Adequate bed rest, effi cient pain relief, correction of anemia, and appropriate ther-
apy of associated disease should be started. If surgery is anticipated, appropriate 
measures (use of subcuticular sutures and systemic steroid cover) should be adopted 
to avoid precipitating new postoperative PG lesions. Patient should be given realis-
tic expectations of the speed of recovery in the disease.  

18.11.2     Wound Care 

 The cutaneous lesions of PG are usually extremely tender so cleansing should be 
carried out with tepid sterile saline or a mild antiseptic solution. Potassium perman-
ganate solution diluted 1:2,000 is helpful if there is marked exudation; it also inhib-
its bacterial growth. Nonadhesive dressing should be applied over lesion with a 
crepe elasticized bandage. Hydrocolloid dressings can be used for superfi cial 
lesions. Patient should be instructed to avoid use of irritants such as chemical des-
loughing agents, caustics, gauze impregnated with soft paraffi n or antibacterial 
agents, or pressure dressings. 

 A variety of bacteria may be cultured from the wound, but they usually represent 
contaminants and antibiotics are not required unless there are signs of incipient cel-
lulitis around the wound.  

18.11.3     Specific Therapy (Table  18.3 ) 

    Key to evidence-based support: (1) prospective controlled trial, (2) retrospective 
study or large case series and (3) small case series or individual case reports. 

 Systemic corticosteroids have generally been the most predictable and effective 
medication when delivered in adequate dosage. Unfortunately, more resistant 
lesions require more protracted therapy (>3 months) at a higher than desirable dos-
age, thus inviting adverse side effects. Such patients should be closely monitored 
and should receive supplemental calcium (1500 mg/day) and vitamin D (800 IU/
day). Bisphosphonates may be used when required. Cyclosporine is an alternative 
fi rst-line therapy of PG [ 38 ,  39 ] or may be used in combination with systemic 
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   Table 18.3    Therapeutic ladder for the treatment of pyoderma gangrenosum [ 37 ]   

 Drugs  Dosage 
 Level of 
evidence 

 Infl ammatory disease 

   (a) Mild disease 

    Intralesional corticosteroids  2 

    Topical tacrolimus  2 

    Clofazimine  100–400 mg PO daily  2 

    Superpotent topical corticosteroids  3 

    Oral antibiotics (sulfonamides, minocycline)  3 

    Colchicine  0.6 mg PO thrice daily  3 

    Dapsone  50–150 mg PO daily  3 

    Combination colchicine/dapsone  3 

    Others (oral potassium iodide, intralesional 
cyclosporine, topical cromolyn sodium, 
nicotine patch or cream) 

 3 

   (b) More severe disease 

    TNF-α inhibitors a : infl iximab  5 mg/kg IV at weeks 0, 2, 6  1 

    Adalimumab  80 mg sc as initial dose then 
40 mg sc weekly or every 
other week 

 3 

    Etanercept  50–100 mg sc weekly  3 

    Prednisone  60–120 mg PO daily  2 

    Cyclosporine  2.5–5 mg/kg PO daily  2 

    Thalidomide b   50–150 mg PO nightly  2 

    Methotrexate c   2.5–25 mg PO or IM 
weekly 

    Azathioprine c   50–100 mg PO twice daily  3 

    Mycophenolate mofetil c   1–1.5 g PO twice daily  3 

    Methylprednisolone d   1 g daily for 3–5 days (IV 
pulse) 

 3 

    Tacrolimus  0.1–0.2 mg/kg PO daily  3 

    Cyclophosphamide  50–100 g daily  3 

    Chlorambucil  4–6 mg PO daily  3 

    IV Ig  2–3 g/kg IV monthly (given 
over 2–5 consecutive days) 

 3 

    Granulocyte apheresis, plasmapheresis  3 

    Total colectomy (severe chronic ulcerative 
colitis) 

 3 

 Non-infl ammatory disease 

   Bio-occlusive dressings compression, limb elevation 

   a Especially in patients with infl ammatory bowel disease 
  b Especially in patients with Behcet’s disease 
  c Often used in combination with other agents or maintenance therapy 
  d Followed by daily oral prednisone  
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corticosteroids to achieve rapid control of disease. Tacrolimus [ 39 – 42 ] and myco-
phenolate mofetil have been used successfully in the treatment of PG either as 
monotherapies or in combination with systemic corticosteroids or cyclosporine 
[ 43 ]. Pulsed intravenous corticosteroid therapy has been reported to be effective in 
some cases refractory to oral corticosteroids, and it has been recommended in PG 
refractory to other forms of treatment. Methotrexate and TNF-α inhibitors like inf-
liximab, adalimumab, and etanercept are being used especially where there is asso-
ciated infl ammatory bowel disease or infl ammatory arthritis. Thalidomide has been 
effective as well, especially in those who have Behçet’s disease. For treating PG of 
PAPA syndrome, anakinra (IL1 receptor antagonist) and infl iximab have found to 
be effective [ 44 – 51 ]. 

 Other treatment modalities found to be effective in small studies include plasma-
pheresis, leukocytapheresis or granulocytapheresis IVIG, and low-dose colchicines 
[ 52 – 57 ]. Evidence for benefi t from minocycline, dapsone, and clofazimine is anec-
dotal. Surgical procedures, if required, should be carefully performed in patients 
with PG because pathergy phenomenon can take place [ 56 – 58 ]. Aggressive surgical 
debridement is contraindicated, but split-skin grafts and cultured keratinocyte auto-
grafting have been successfully performed while using prolonged courses of immu-
nosuppressants to minimize the pathergy phenomenon [ 59 – 61 ].      
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19.1           Introduction 

 The skin is an important organ of communication and plays an important role in 
socialization throughout life. The skin is the interface between the individual and 
the physical and social environment and an important medium for communication. 
The self-infl icted ulcerations are the type of ulcerations which are caused by 
repeated injuries by patients themselves knowingly or unknowingly. It may mas-
querade as numerous dermatological disorders and should be considered after 
exclusion of other skin diseases. The self-infl icted dermatoses are a chronic hetero-
geneous group of disorders, reported to be more common among females and are 
generally associated with different classes of psychopathology. Knowledge of these 
disorders is important in the evaluation of any psychiatric patient as these disorders 
are essentially a cutaneous sign of psychopathology. Psychocutaneous conditions 
are diffi cult to diagnose and a challenge to treat. A study conducted in community 
setup in Ireland showed that 4 % wounds were pressure ulcers, 2.9 % as leg ulcers, 
2.2 % as self-infl icted ulcerations, and 1.7 % as surgical wounds [ 1 ]. 

 There are three major self-inflicted dermatoses, namely, dermatitis arte-
facta, neurotic excoriations, and trichotillomania or traumatic alopecia. 
Psychiatric intervention is often the most crucial element in the treatment of 
these patients [ 2 ].  
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19.2     Dermatitis Artefacta 

 Dermatitis artefacta is a factitious disorder and represents an obsessive compulsive 
spectrum disorder. Dermatitis artefacta has a much more wide ranging age of onset 
and is associated with a more heterogeneous group of psychiatric disorders, but it is 
most frequently encountered among individuals with immature personalities in the 
face of a stressful life situation. The patient creates skin lesions to satisfy an internal 
psychological need. There are cutaneous lesions that are wholly self-infl icted. The 
patients typically deny the self-infl icted nature of these lesions. It is more common 
among females, with a male-to-female ratio of at least 1–4 in the various studies. 
The age at onset of symptoms spans a broad range from 9 to 73 years. Typically, 
bizarre-looking necrotic lesions appear rather suddenly in areas that are easily 
accessible to the patient. In the right-handed person, the left side is usually involved. 
The lesions have wide-ranging morphologic features and are often bizarre looking 
with sharp geometric borders surrounded by normal-looking skin. They may occur 
at any site but are mainly confi ned to the patients hand, periocular skin, arms, legs, 
and breast. They may present as blisters, purpura, ulcers, erythema, edema, sinuses, 
or nodules, depending upon the means employed by the patient to create the lesions 
such as deep excoriation by fi ngernails or other sharp object and chemical and ther-
mal burns. The lesions are usually asymmetric and may appear singly or in crops, 
with no history of a primary papule or vesicle. The patients are typically not able to 
describe how the lesions evolved. Self-infl icted dermatologic lesions have been 
associated with mental retardation, psychosis, Münchausen syndrome, and malin-
gering. Loss or threatened loss, marital diffi culties, and increased social isolation, 
especially among the elderly, may precede dermatitis artefacta [ 3 ,  4 ]. 

 Early diagnosis is important as this may prevent unnecessary surgery and chronic 
morbidity. Diagnosis is usually confi rmed by biopsy which indicates lack of a pri-
mary disease process. Treatment is a supportive and empathic approach. In some 
instances, recovery occurs after the initial psychiatric contact, whereas in other 
cases, the disorder may persist for decades. The prognosis is reported to be better in 
the younger age group where symptoms arise primarily in the context of a disturbed 
home situation.  

19.3     Neurotic Excoriations 

 Neurotic excoriations are lesions produced by the patient as a result of repetitive 
self-excoriation which may be initiated by an itch, “a disturbing sensation” in the 
skin distinct from pruritus, or because of an urge to excoriate a benign irregularity 
on the skin. This initiates and perpetuates the “itch-scratch” cycle, which in some 
patients becomes a true compulsive ritual. Neurotic excoriation is the most common 
self-infl icted dermatosis and has been associated with suicide. Unlike dermatitis 
artefacta, the patients typically acknowledge the self-infl ictive nature of their 
lesions. It is mainly among females, ranging from 52 to 92 % in the various studies 
with a mean age between 30 and 45 years. Unlike the frequently bizarre-looking 
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lesions of dermatitis artefacta, the lesions in neurotic excoriations do not stand out 
as being unusual and do not have the potential to mimic other dermatologic disor-
ders. They are typically a few millimeters in diameter, weeping, crusted, or scarred, 
with postinfl ammatory hypopigmentation or hyperpigmentation. The lesions may 
range in number from a few to several hundred, and in chronic cases, scarring may 
be the only sign. The lesions are distributed in areas that the patient can reach, typi-
cally affected regions being the upper and lower extremities, face, and upper back. 
The repetitive self-excoriation can also exacerbate a preexisting dermatosis [ 5 ,  6 ]. 

 The most consistent psychiatric disorders reported in association with neurotic 
excoriations are a personality with perfectionist and compulsive traits and depres-
sion. Unlike dermatitis artefacta, suicide has been reported to be more frequent in 
neurotic excoriations. Other psychopathologies include psychosis “conversion reac-
tions,” “hysteria”, hypochondriasis, and anxiety states. Up to one third of these 
patients also have tension or migraine headaches and gynecologic symptoms related 
to menstruation. 

 Diagnosis must include investigations for other systemic and local causes of pru-
ritus. The patients acknowledge that their scratching perpetuates the disorder. The 
histopathology of these lesions is consistent with repetitive localized trauma to the 
skin. 

 Although currently there are no controlled studies evaluating the effi cacy of psy-
chiatric intervention in these patients, the literature suggests that management of the 
underlying psychiatric disorder is the most important feature in the treatment of the 
dermatologic lesions and in preventing possible serious sequelae such as suicide 
and repeated major surgical procedures in some of these patients. Treatment 
improvement in the mental state has been associated with improvement in the cuta-
neous lesions. Benzodiazepines, amitriptyline 50–75 mg/day, and pimozide 4–6 mg/
day have been used to treat neurotic excoriations. Prognosis is better when the 
lesions have been present for less than 1 year and worse when other physical com-
plaints such as muscle tension headaches are also present. 

  Trichotillomania or traumatic alopecia  mainly affects the scalp and so not 
described here.  

19.4     Münchausen Syndrome 

 Münchausen syndrome is a psychiatric factitious disorder wherein those affected 
feign disease, illness, or psychological trauma to draw attention, sympathy, or reas-
surance to themselves. It is also sometimes known as hospital addiction syndrome, 
thick chart syndrome, or hospital hopper syndrome. True Münchausen syndrome 
fi ts within the subclass of factitious disorder with predominantly physical signs and 
symptoms, but they also have a history of recurrent hospitalization, travelling, and 
dramatic, untrue, and extremely improbable tales of their past experiences. 

 The syndrome name derives from Baron Munchhausen (Karl Friedrich 
Hieronymus Freiherr von Münchausen, 1720–1797), a German nobleman working 
in the Russian army, who purportedly told many fantastic and impossible stories 
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about himself, which Rudolf Raspe later published as  The Surprising Adventures of 
Baron Münchausen . In 1951, Richard Asher was the fi rst to describe a pattern of 
self-harm, wherein individuals fabricated histories, signs, and symptoms of illness. 
Remembering Baron Munchhausen, Asher named this condition Münchausen syn-
drome in his article in The Lancet in February 1951 [ 7 ]. 

 Patients may have multiple scars on abdomen due to repeated “emergency” oper-
ations. There are several ways in which the patients fake their symptoms. Other than 
making up past medical histories and faking illnesses, patients might infl ict harm on 
themselves such as taking laxatives or blood thinners, ingesting or injecting them-
selves with bacteria, cutting or burning themselves, and disrupting their healing 
process such as reopening wounds. Many of these conditions do not have clearly 
observable or diagnostic symptoms, and sometimes the syndrome will go unde-
tected because patients will fabricate identities when visiting the hospital several 
times. Münchausen syndrome has several complications as these patients will go to 
great lengths to fake their illness. Severe health problems, serious injuries, loss of 
limbs or organs, and even death are possible complications. 

 Therapeutic and medical treatment should center on the underlying psychiatric 
disorder: a mood disorder in Münchausen syndrome, the affected person exagger-
ates or creates symptoms of illnesses in themselves to gain investigation, treatment, 
attention, sympathy, and comfort from the medical personnel. In some extreme 
cases, people suffering from Münchausen syndrome are highly knowledgeable 
about the practice of medicine and are able to produce symptoms that result in 
lengthy and costly medical analysis, prolonged hospital stay, and unnecessary oper-
ations. The role of “patient” is a familiar and comforting one, and it fi lls a psycho-
logical need in people with this syndrome. Risk factors for developing Münchausen 
syndrome include childhood traumas, growing up with parents/caretakers who were 
emotionally unavailable due to illness or emotional problems, a serious illness in 
childhood, failed aspirations to work in the medical fi eld, personality disorders, and 
a low self-esteem. Münchausen syndrome is more common in men and seen in 
young or middle-aged adults. Those with a history of working in health care are also 
at greater risk of developing it. 

 A similar behavior called  Münchausen syndrome by proxy  (MSP) has been docu-
mented in the parent or guardian of a child. In 1977, Münchausen syndrome by 
proxy—also known as factitious disorder by proxy—was fi rst described by Meadow 
[ 7 – 9 ]. One mother had poisoned her toddler with excessive quantities of salt, and 
another mother had introduced her own blood into her baby’s urine sample. MSP 
refers to a parent or other adult caretaker who repeatedly seeks medical attention for 
their children, whose symptoms they have faked or induced, sometimes causing real 
harm to the child and/or subjecting them to unnecessary investigations and interven-
tions. Many hypotheses have been proposed to explain MSP. Some have noted that 
patients with the condition often present traumatic events—particularly abuse and 
deprivation and numerous hospitalizations in childhood—and as adults may have 
lacked support from family and friends. The adult ensures that his or her child will 
experience some medical affl iction, therefore compelling the child to suffer treat-
ment for a signifi cant portion of their youth in hospitals. Furthermore, a disease may 
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actually be initiated in the child by the parent or guardian. This condition is consid-
ered distinct from Münchausen syndrome. In fact, there is a growing consensus in 
the pediatric community that this disorder should be renamed “medical abuse” to 
highlight the real harm caused by the deception and to make it less likely that a 
perpetrator can use a psychiatric defense when real harm is done. 

 The patient’s prognosis depends upon the category under which the underlying 
disorder falls; depression and anxiety, for example, generally respond well to medi-
cation and/or cognitive behavioral therapy, whereas borderline personality disorder, 
like all personality disorders, is presumed to be pervasive and more stable over time. 

  Malingering  is defi ned as a deliberate behavior for a known external purpose. 
There are three types of malingering: (1)  pure malingering  in which the individual 
falsifi es all symptoms, (2)  partial malingering  in which an individual has symptoms 
but exaggerates the impact they have on daily life, and (3)  false imputation  in which 
the individual has valid symptoms but is dishonest as to the source of the problems. 
Other forms of malingering are  simulation  in which a person emulates symptoms of 
a specifi c disability and  dissimulation  in which the patient denies the existence of 
problems that would account for the symptoms (e.g., drug abuse). Patients were 
identifi ed as (1) needing medical care, (2) thinking they needed medical care, (3) 
faking, or (4) making direct pleas for medical dispensation [ 10 ,  11 ].  

    Conclusion 

 Neurotic excoriation is the most common self-infl icted dermatosis and has been 
associated with suicide. Dermatitis artefacta has a much more wide ranging age 
of onset and is associated with a more heterogeneous group of psychiatric disor-
ders, but it is most frequently encountered among individuals with immature 
personalities in the face of a stressful life situation. Although currently there are 
no controlled studies evaluating the effi cacy of psychiatric intervention in these 
patients, the literature suggests that management of the underlying psychiatric 
disorder is the most important feature in the treatment of the dermatologic lesions 
and in preventing possible serious sequelae such as suicide, self-infl icted ulcer-
ations, and repeated major surgical procedures in some of these patients and 
self-infl icted ulcerations.     
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 20       Pressure Ulcers of the Lower Limb                     

       Raj     Kumar     Mishra     and     S.     Bhattacharya    

20.1            Introduction 

 Pressure ulcers are a type of injury that breaks down the skin and underlying tissue 
when an area of skin is placed under constant pressure for certain period of time 
causing tissue ischemia, cessation of nutrition and oxygen supply to the tissues, and 
eventually tissue necrosis. Constant pressure resulting in “distortion or deformation 
damage” is probably the most accurate description of a pressure ulcer [ 1 ]. Pressure 
ulcers can range in severity from patches of discolored skin to open wounds that 
expose the underlying muscles, bones, and joints. 

 A pressure ulcer can be described as localized, acute ischemic damage to any 
tissue caused by the application of external force (either shear, compression, or a 
combination of the two). Pressure ulcers are also known as “bedsores,” “decubitus 
ulcers,” and “decubiti” although these names are now rarely used as it is recognized 
that the ulcers are not caused by lying or being in bed. The areas that are particularly 
prone to pressure sores are those that cover the bony areas such as trochanters, 
sacrum, malleoli, and heel. In the leg the pressure ulcers in a bedridden patient are 
usually on the posterior aspect of the heel and at times over the lateral malleoli, but 
in an ambulatory patient can occur over other pressure points like prominent heads 
and bases of metatarsals, weightbearing areas of deformed limb, and pressure points 
of ill-fi tting prosthesis (Fig.  20.1a–g ).
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  Fig. 20.1    Common locations of pressure or trophic ulcers of lower limb. Heel is the most com-
mon site of pressure or trophic ulcer ( a – c ), as this portion is the most pressure bearing area of limb. 
It can be acute or chronic. The acute variety of heel ulcer is most commonly found in ICUs and any 
acute illness need to be bedridden, and commonly located in the posterior portion of heel ( a ) along 
with lower portion of tendo-achilis ( b ). If not protected well & early, they can turn very deep and 
leads to damage of deeper structures including tendo-achilis. The chronic variety is found in un-
protected insensate heel ( c ). The other area may be any pressure points like lateral and medial 
malleoli ( d ) (especially by ill fi tting shoes & prosthesis), base of 5th metatarsal ( e ), head of meta-
tarsal ( f ), and dorsum of foot ( g )       
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   “Pressure sores” is the term used commonly in the United Kingdom, but again 
pressure injuries that are not open wounds (such as blisters and non-blanching ery-
thema) are not true sores, but only “pressure damage,” and still belong to this family 
of pressure ulcers. “Pressure ulcers” is a term used widely in the United States and 
other countries and has been accepted as the Europe-wide term by the European 
Pressure Ulcer Advisory Panel (EPUAP).  

20.2     Etiology (Mechanism of Ulcer Formation) 

 There are many factors that can contribute to the development of pressure ulcers, 
but the fi nal common pathway to ulceration is tissue ischemia. The tissues are capa-
ble of sustaining pressure on the arterial side of around 30–32 mm Hg for only a 
small duration of time. But when pressure increases even slightly above capillary 
fi lling pressure, it causes microcirculatory occlusion, and this in turn initiates a 
downward spiral toward tissue ischemia and ulceration [ 2 ,  3 ]. 

 Pressure ulcers can develop when a large amount of pressure is applied to an area 
of skin over a short period of time. They can also occur when less pressure is applied 
over a longer period of time. The extra pressure disrupts the fl ow of blood through 
the skin. Without a blood supply, the affected skin becomes starved of oxygen and 
nutrients and begins to break down, leading to ulcer formation. 

 The majority of people affected with pressure sores are those having health con-
ditions (mental or physical) that encourage immobility, especially those who are 
confi ned to bed or chair for prolonged periods of time. Several other health condi-
tions that infl uence blood supply and capillary perfusion, such as type 2 diabetes, 
can make a person more vulnerable to pressure ulcers. Age is also a factor that 
majority (approx two thirds) of pressure ulcers occur in old age people (60–80 
years) [ 4 ]. To put it more simply, any individual, with or without a medical condi-
tion, who is incapable of avoiding prolonged periods of uninterrupted compression, 
is at a risk of pressure ulcers. Majority of patients affected with pressure ulcers 
frequently develop it over a bony prominence. Approximately 67 % of cases 
reported are affected over the area where skin covers the bones such as sacral, 
ischial, and trochanteric pressure ulcers [ 5 ], and in the lower extremities, these are 
seen in the malleolar, heel, patellar, and pretibial locations – account for approxi-
mately 25 % of all pressure sores [ 6 ]. Leg and foot ulcers have many causes that 
may further defi ne their character (Fig.  20.2a–g ). Table  20.1  describes the various 
direct and indirect causes of pressure ulcers of the lower extremity.

20.2.1        Direct Causes 

 Pressure ulcers develop when the soft tissues of the body are distorted and contorted 
in a fi xed manner by the prolonged external force or pressure. This distortion occurs 
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  Fig. 20.2    Various etiologic factors of pressure ulcer specifi c to lower extremity. 
Deformity of limb or foot that can change the pressure distribution (location or 
surface area) of limb may lead to pressure ulcer of limb/foot. The common causes 
are: Neurologically deformed limb ( a1 – a3 ), Charcot’s foot ( b ), Post burn contrac-
ture and deformities ( c ), walking over the grafted or reconstructed heel or sole ( d ), 
pressure due to ill-fi tting prosthesis ( e ), Diabetic foot associated trophic ulcer ( f ), 
and ulcers due to continuous pressure and friction by footwear over prominent 
metatarsal head ( g )         

a1

a3

a2

c1

c2

b

either because the soft tissues are compressed and/or sheared between the skeleton 
and a support, such as a bed or chair when the person is sitting or lying, or because 
something is pressing into the body, such as a shoe, a prosthesis, a surgical appli-
ance, or clothing elastic. Blood vessels within the distorted tissue are compressed, 
angulated, or stretched out of their usual shape, and blood is unable to pass through 
them [ 7 ]. The tissues supplied by these blood vessels become ischemic. Besides 
occluding the blood fl ow, tissue distortion also obstructs lymphatic fl ow, which in 
turn leads to accumulation of metabolic waste products, proteins, and enzymes in 
the affected tissue. This too can compound the tissue damage. 

 As the living tissues are not static, the way they are distorted changes over time. 
When constant pressure is maintained, soft tissues mold themselves to accommodate 
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Causes of pressure ulcers

Direct causes Indirect causes

Pressure
Shear
Friction
Immobility
Loss of sensation
Combined pathology

Mobility problems
Poor nutrition
Health conditions (diabetes,
heart failure, renal failure, COPD)

ageing skin
Incontinence
Mental health conditions

   Table 20.1    Causes of pressure ulcers of the lower extremities       

d

f

e

g

Fig. 20.2 (continued)
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the external shape. This is known as tissue creep [ 8 ]. This may reduce the external 
pressures but may also exaggerate internal distortions. The chances of atrophy of the 
skin with thinning of this protective barrier, making the skin more susceptible to 
minor compression, and internal conjugation of soft tissues are signifi cantly high in 
paraplegic patients [ 9 ], and particularly in these susceptible patients, pressure ulcers 
can occur within 1 to 2 hours [ 10 ]. If ischemia persists for a suffi cient length of time, 
necrosis takes place. This is usually the beginning of a pressure ulcer. 

20.2.1.1     Pressure 
 Although pressure is the main cause of promoting ulcers, it is important to under-
stand that the application of pressure in itself does not cause damage. Divers and 
soft-bodied sea organisms can operate at great depths of water with no risk of pres-
sure damage. Although the external pressures can be extremely high, they do not 
cause tissue distortion because the pressure is uniformly spread. It is only when 
pressure becomes nonuniform and pressure gradients occur between adjacent areas 
of tissue that distortion occurs and the potential for pressure damage arises. The 
damage only occurs when the pressure becomes nonidentically scaled and evokes 
the pressure distortion. 

 Areas particularly susceptible to pressure damage include bony prominences [ 5 ] 
which have a thin covering of soft tissue, such as the posterior heel, malleoli, tro-
chanters, and elbows. When the body is supported on these pressure points, large 
compressive force is accumulated on to a small surface area, and there is little pad-
ding to disperse this pressure. The height of the available tissue cover over the bony 
prominence is not the only determining factor for developing pressure sores. 
Although the soles of the feet have a thin covering of soft tissue, they have a vascu-
lature that is particularly well adapted to withstand considerable distorting forces. 
On the sacrum and ischial tuberosity on the other hand, although there is a relatively 
thick covering of soft tissue and a wide supporting surface, the blood vessels are not 
adapted for weight bearing, which means that even with fairly light compression, 
pressure ischemia can develop rapidly. Hence, soles of feet do not develop pressure 
sores even after prolong weight bearing in ambulatory patients unless there are 
underlying causes, making them insensate and more prone to pressure damage. 

 When compression occurs, pressure is applied from at least two sides – the boney 
prominence inside and the unyielding support outside (Fig.  20.3a ). This is the rea-
son why pressure damage can present in two distinct clinical patterns. Tissue distor-
tion and superfi cial damage occur with pressure on the skin surface, particularly if 
the supporting surface is uneven. If this is maintained for a prolonged period, it may 
still result in extensive damage as successive layers of tissues are destroyed. 
Superfi cial pressure ulcers caused by compression with minimal shearing tend to 
have a characteristic regular outline and can often be matched easily to the shape of 
the underlying bony prominence (Fig.  20.3b ) or the object that caused the ulcer.

   The most serious pressure damage usually occurs as a result of the deformation in the 
deep tissues much closer to the underlying bony prominences. Because the pressures 
can be much higher than at the skin/support interface and because larger blood vessels 
are more likely to be affected, necrosis of a large volume of tissue often takes place. 
When the supporting structures of the skin have been destroyed, more extensive parts 
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of the skin become nonviable and die subsequent to the primary deep tissue destruction. 
As the nonviable skin breaks down, a cavity fi lled with necrotic tissue is revealed or 
large areas of undermining under viable skin are encountered (Fig  20.3c, d ).  

20.2.1.2     Shear 
 When external forces that move in different directions are applied to the same tissue 
mass, shearing occurs. The bony structure of the body tends to move toward the feet 
if someone is sitting up in bed, because the gravitational force drags the upper part 
of the body downward. However, at the skin/support interface, frictional forces 
resist the movement of the body. The tissues between the skin and the skeleton are 
therefore distorted, and any blood vessels running through the area become sheared 
along with the rest of the tissue. Shearing occludes fl ow more easily than compres-
sion (e.g., it is easier to cut off fl ow in a water hose by bending than by pinching it), 
so shear can be considered to be even more signifi cant than pressure in the causation 
of pressure ulcers [ 11 ]. Areas of the body particularly susceptible to shearing 
include ischial tuberosities, heels, shoulder blades, and elbows. These are areas on 
which the body is frequently supported when in a position (such as sitting or lying 
semi-recumbent) which allows forward slide. Superfi cial pressure ulcers caused by 
shearing tend to have uneven appearance.  

a

c d

b

  Fig. 20.3    ( a – d ) Severity or grading of pressure ulcers       
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20.2.1.3     Friction 
 Friction, along with pressure and shear, is also frequently cited as a cause of pres-
sure ulcers [ 12 ]. Friction can cause pressure ulcers both indirectly and directly. In 
the indirect sense friction is necessary to generate the shearing forces. However, it 
is often directly responsible for tissue damage, as when blisters are caused by a 
patient being dragged up a bed with a rough sheet, or ill-fi tting footwear causing 
blister formation. However, this type of injury is an acute mechanical and heat 
trauma, and the etiology is quite different to that of pressure ulcers. Friction is not, 
therefore, a direct cause of pressure ulcers, although it is clearly possible that skin 
weakened by pressure ischemia may be more susceptible to friction, and the two 
will act together to hasten skin breakdown.  

20.2.1.4     Immobility 
 Immobility is not a primary cause of pressure ulcers, but in the presence of addi-
tional factors, it can initiate them. Even small bodily movements such as leaning 
forward or readjusting are usually suffi cient to give adequate pressure relief. Patients 
with ill-fi tting plaster casts do not have this choice as they cannot move away from 
the pressure which is causing distortion of their tissues. Patients with profound 
immobility but intact sensation rarely develop pressure ulcers when they can still 
communicate. The pain of tissue ischemia ensures that these patients frequently ask 
for their position to be changed. Patients with orthopedic casts should be encour-
aged to report any discomfort and pain in order to prevent iatrogenic pressure ulcers.  

20.2.1.5     Loss of Sensation 
 This is probably the most common cause of pressure ulceration. The person affected 
cannot feel the discomfort and pain normally caused by prolonged tissue distortion, 
does not have refl ex protective responses to this type of stimulation, and is not 
stimulated to make protective movements by discomfort or pain. 

 The problem may arise in one of two ways:

    1.    Damage or severance of the nervous system. This damage may be:
    (i)    Congenital (e.g., spina bifi da)   
   (ii)    Traumatic (e.g., spinal injury)   
   (iii)    A disease process (e.g., ischemic damage to the spine following rupture of 

an aortic aneurysm, metastatic disease, peripheral neuropathy secondary to 
diabetes or leprosy, and neurological diseases)   

   (iv)    Iatrogenic causes (e.g., spinal anesthesia and local nerve block)       
   2.    Causes in central nervous system: This may be due to unconsciousness or brain 

damage as in head injuries or brain diseases such as Alzheimer’s disease or long- 
term treatment for psychiatric conditions such as depression or schizophrenia. 
Although there is apparently adequate sensation, circulation, and mobility to 
prevent pressure ulcers, the brain seems to suppress protective refl exes and dis-
regards sensory warnings of tissue ischemia. These patients may or may not feel 
ischemic pain, but even if they do, they do not make appropriate movements to 
relieve pressure.     
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 With neuropathy being the underlying cause of ulceration (neurotrophic ulcers), 
many patients complain of burning, tingling, or numbness of the feet on presenta-
tion. The ulcer is usually on the plantar aspect of the foot, most commonly heel, 
under the great toe, or fi rst metatarsal head (Fig.  20.1c, f ). Because of pressure, it 
is often surrounded by a rim of hyperkeratotic tissue, which may even cover the 
ulcer and give the illusion that the ulcer has healed, when it in fact has not. Infected 
ulcers may be associated with cellulitis, lymphangitis, adenopathy, calor, edema, 
foul odor, and purulent drainage. Systemic signs such as fever and chills may be 
related, but are often absent, even in the presence of severe infection. There may be 
foot deformity or prominent areas of pressure associated with the ulcer (Fig.  20.2a–c ). 
Neuropathy is the gateway to the development of foot ulceration in diabetic 
patients.  

20.2.1.6     Combined Pathology 
 When the reactive hyperemia cycle ceases to function adequately, a pressure ulcer 
will almost certainly develop unless preventive action is taken. There are three 
potential causes of pressure ulcers:

•    Loss of movement  
•   Failure of reactive hyperemia  
•   Loss of sensation    

 The creation of a pressure ulcer can involve one or a combination of these fac-
tors. The diabetic patient with neuropathy of the feet is likely to have abnormal 
circulatory function in the involved area. On the other hand, the paralyzed patient 
with a spinal injury looses sensation and the ability to move the affected areas, 
and the ventilated patient doesn’t feel able or move due to anesthesia while the 
peripheral circulation may be compromised by the administration of inotropes 
(Fig.  20.1a ).  

20.2.1.7     Failure of Reactive Hyperemia Cycle 
 It is a known fact that tissue distortion causes ischemia that in turn stimulates pro-
tective movements to relieve pressure and circulatory activity to restore normal 
blood fl ow in the affected areas. These protective movements are often refl exes as 
the person is unaware of making them. However, if these prompt actions prove 
insuffi cient to relieve ischemia, the central nervous system is stimulated by constant 
signals of discomfort and pain to make sure that pressure is relieved before any 
permanent damage occurs. Once the pressure is relieved and the circulation restored, 
local capillaries begin to dilate and increased blood fl ow takes place, referred to as 
reactive hyperemia. As a result, a bright pink transitory patch appears on the skin, 
often called blanching erythema because it blanches on pressure unlike the dull red 
non-blanching erythema that indicates tissue damage (Fig.  20.1a ) [ 13 ]. Reactive 
hyperemia ensures a rapid restoration of oxygen and carbon dioxide balance; it also 
fl ushes out waste products. Erythema subsides as soon as tissues are restored to 
their resting state. 
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 Patients who fail to produce reactive hyperemia cannot recover from the pressure- 
induced ischemic episodes resulting in permanent damage to the tissues. Failure of 
reactive hyperemia can occur in very sick and dying patients in whom there is insuf-
fi cient peripheral blood pressure to refi ll capillary beds emptied by compression. 
Clinically, this presents as white patches in pressure areas which do not change 
color rapidly to the red of reactive hyperemia, as they would in a healthy person. 
Rather, the white patches remain for many minutes before slowly returning directly 
to a more normal skin color with little or no reactive hyperemia being observable. 
Similar effects can be seen in critical care patients who are on high doses of inotro-
pes, such as adrenaline.   

20.2.2     Indirect Causes (Associated Factors) 

     1.    Age-related physiological alterations can lower the threshold for pressure- 
induced injury in elderly patients. For example, an increase in the fragility of 
blood vessels and connective tissue and a loss of fat and muscle leading to a 
reduced capacity to dissipate pressure.   

   2.    Any condition that is associated with prolonged, impaired wound healing 
such as diabetes mellitus, which affects 11 % of adults over the age of 70 
years.   

   3.    Oxygen is required for all stages of wound healing; thus, any condition that is 
associated with a low tissue oxygen tension is a major cause of pressure ulcers. 
These include heart failure, atrial fi brillation, myocardial infarction, and chronic 
obstructive pulmonary disease.   

   4.    Peripheral vascular disease, which affects 20 % of older adults, has a negative 
impact on wound healing.   

   5.    Contractures and spasticity can contribute by repeatedly exposing tissues to 
pressure through fl exion of a joint.   

   6.    Loss of sensations – the pain signal that would normally cause an immobile 
individual to change position – is lost.   

   7.    Paralysis and insensibility may produce atrophy of the skin leading to a thinning. 
This renders the skin more susceptible to the friction and shear forces a patient 
experiences when being moved.   

   8.    Nutritional insuffi ciency conditions such as malnutrition [ 14 ], hypoproteinemia 
[ 15 ], and anemia [ 16 ] can cause signifi cant delays in wound healing and hasten 
the formation of pressure ulcers [ 17 ].   

   9.    Moisture causes maceration which predisposes the skin to injury. De- 
epithelialization caused by trauma leads to transdermal water loss that creates 
maceration and adherence of the skin to clothing and any other supports in con-
tact, resulting into further injury [ 8 ].     

 These associated factors that (independently or combined) can cause pressure 
ulceration such as being elderly and unable to move the body or specifi c parts with-
out help or any condition that is associated with weakened wound healing (such as 
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chronic diseases as diabetes mellitus or vascular disease), incontinence, and/or 
mental disability (often after brain or spinal injury) [ 18 ,  19 ] are explained below in 
some details: 

20.2.2.1     Mobility Problems 
 Person with mobility problem is unable take preventive actions to pain signal; pos-
sible reasons for having a mobility problem are the following:

    1.    Spinal cord injury that causes some or all limbs to be paralyzed   
   2.    Brain damage caused by an event such as a stroke or severe head injury, which 

results in paralysis   
   3.    Progressive damage to the nerves used to move parts of the body, such as 

Alzheimer’s disease, multiple sclerosis, or Parkinson’s disease   
   4.    Severe pain that makes it diffi cult to move some or all body parts as seen in skel-

etal secondaries of malignant diseases   
   5.    Fractures in limbs causing immobility and abnormal limb posture   
   6.    In postoperative phase – particularly if left on a ventilator or with an epidural 

catheter   
   7.    Coma   
   8.    Extremely painful joint movements such as rheumatoid arthritis      

20.2.2.2     Poor Nutrition 
 Reasons that the patient’s diet may lack nutrition include the following:

    1.    Anorexia nervosa – a mental health condition where a person has an unhealthy 
obsession with maintaining a low body weight   

   2.    Dehydration   
   3.    Dysphagia – esophageal cancer, oropharyngeal cancer, and severe stomatitis   
   4.    Loss of appetite – stomach cancer      

20.2.2.3    Health Conditions 
     1.     Type 1 diabetes and type 2 diabetes  – the high levels of blood sugar associated 

with diabetes can cause accelerated atherosclerosis and progressive ischemia.   
   2.     Peripheral arterial disease  – the blood supply in the legs becomes restricted due 

to the gradual narrowing of the lumen of the arteries of the legs – by spasm, 
angiitis, thrombus deposition, and luminal obliteration.   

   3.     Heart failure  – previous damage to the heart means it is no longer able to pump 
enough blood around the body.   

   4.     Kidney failure  – which can lead to a buildup of dangerous toxins and products of 
metabolism in the blood that can cause tissue damage.   

   5.     Chronic obstructive pulmonary disease  ( COPD ) – the low levels of oxygen in 
the blood associated with COPD can make the skin more vulnerable to anoxia 
and ischemic damage.      
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20.2.2.4    Aging Skin 
 With age, the skin loses some of its elasticity (stretchiness), which makes it more 
vulnerable to damage by minimal shearing force. Aging also results in reduced 
blood fl ow to the skin and a reduction in the height of the subcutaneous fat.  

20.2.2.5    Incontinence 
 Both urinary incontinence (inability to control your bladder) and bowel inconti-
nence (inability to control your bowels) can cause certain areas of the skin to become 
moist and prone to infection. This can trigger pressure ulcers to develop.  

20.2.2.6    Mental Health Conditions 
 People with severe mental health conditions such as schizophrenia or severe depres-
sion have an increased risk of pressure ulcers for a number of reasons:

•    Their diet tends to be poor, resulting in hypoproteinemia.  
•   They often have other physical health conditions, such as diabetes or 

incontinence.  
•   They may neglect their personal hygiene, making their skin more vulnerable to 

injury and infection that help an ulcer to form.       

20.3     Diagnosis 

 The foundation of proper ulcer care is accurate diagnosis because treatment of any 
disease depends upon the diagnosis as misdiagnosis may result in mismanagement 
of the wound with a failure to heal leading to devastating consequences. The pri-
mary means of obtaining the correct diagnosis include history and physical exami-
nation. The early signs and symptoms of the ulcers allow clinicians to make the 
correct diagnosis for the most common types of leg and foot ulcers. Patients with an 
atypical appearance may require further pathological investigation or referral to a 
specialist, while longstanding ulcers may require biopsy to rule out malignancy. 

  Neurological examination:     Diabetic patients should be tested for neuropathy because 
its presence completes the causal pathway to foot ulceration [ 20 ]. Vibratory testing 
may be performed with a 128-Hz tuning fork on the dorsum of the great toe. Achilles 
tendon refl ex, patellar tendon refl exes and sense of vibration should also be examined 
[ 21 ]. The most effective means of detecting neuropathy is examination with a 10-g 
monofi lament for sensory defi cit under metatarsal heads. A patient with a history of 
neuropathy who complains of new-onset pain in the extremity should raise concern for 
a pathological process, such as infection or Charcot’s neuropathic arthropathy [ 22 ].  

  Examination of vascular system:     A proper vascular assessment is critical to 
the evaluation of the pressure ulcer. Vascular examination, including palpation of 
the dorsalis pedis and posterior tibial pulses, as well as general inspection of the 
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extremities, should be performed. Patients with evidence of ischemia should be further 
investigated with Doppler and angiography and DSA. An excellent tool is the ankle- 
brachial index (ABI), which is determined by dividing the highest systolic pressure of 
the anterior tibial or posterior tibial vessels by the highest systolic brachial pressure 
[ 23 ]. Ankle pressure is determined with the assistance of a Doppler probe; a result of 
1.0–1.1 is normal. Values less than 1.0 are abnormal and refl ect decreased perfusion to 
the lower extremity. Other vascular studies that may assess perfusion are segmental 
pressure determination, pulse volume recordings, duplex scanning, transcutaneous 
oxygen diffusion, contrast angiography, and magnetic resonance angiography.  

 Any  infection  must be ruled out as infected ulcers may lead to limb amputation and 
even be life threatening. The base of ulcers should be inspected carefully. Foot ulcers 
should be probed, because they often reveal a tract under the skin that may harbor an 
abscess. In addition, probing may assess the depth of the ulcer [ 24 ]. Deep culture of tis-
sue or purulence is helpful in establishing the microbiology of the infection. Superfi cial 
swabbing of the ulcer is unreliable. Bone culture is the defi nitive method to diagnose 
osteomyelitis. It is best to go for biopsy when it becomes diffi cult to differentiate between 
a bacterial infection and simple contamination. The radiographs should be obtained if 
the bone infection is suspected. Films should be inspected for gas in the tissues. Signs of 
osteomyelitis include periosteal reaction, osteopenia, and cortical erosion, but appear-
ance of these signs is quite delayed. Bone scanning and magnetic resonance imaging 
(MRI) are other useful means for establishing the early diagnosis of bone infection. 

20.3.1     Severity of Pressure Ulcers 

 Healthcare professionals use several grading systems to describe the severity of 
pressure ulcers; most common is the European Pressure Ulcer Advisory Panel 
(EPUAP) grading system. Pressure sores are categorized into four stages (Table  20.2 ) 
corresponding to the depth of damage [ 25 – 27 ]. It must however be emphasized that 
when an eschar is present, accurate staging is not possible.

Severity (grading) of pressure

Grade-I Grade-II Grade-III Grade-IV

Edema, indurations
Warmth over a bony
prominence
Nonblanchable erythema
of intact skin

Partial thickness skin
loss involving
epidermis, dermis or
both, for example-
Abrasion, Blister or
Shallow Crater

Full thickness skin loss
involving damage to, or
necrosis of,
substaneous tissue
that may extend down
to, but not through,
underlying fascia. Deep
crater with or without
undermining.

Full thickness skin loss
with extensive
destruction, tissue
necrosis, or damage to
muscle, bone, or
supporting structures,
for example, tendon or
joint capsule

   Table 20.2    Grades of pressure ulcers (also see Fig.  20.3 )       
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20.3.1.1      Grade 1 
 A grade one pressure ulcer is the most superfi cial type of ulcer. The skin of the 
affected area appears discolored and is red in white people and purple or blue in 
darker colored people (Fig.  20.3a ). One important thing to remember is that grade 
one pressure ulcers do not turn white when pressure is placed on them. The skin 
remains intact but it may hurt or itch. It may also feel either warm and spongy or hard. 

 The characteristics are as follows:

•    Non-blanchable erythema of intact skin can be diffi cult to assess in patients with 
darkly pigmented skin.  

•   Edema and induration.  
•   Warmth over a bony prominence.  
•   When an eschar is present, accurate staging is not possible.     

20.3.1.2    Grade 2 
 In grade two pressure ulcers, some of the outer surface of the skin (the epidermis) 
or the deeper layer of skin (the dermis) is damaged, leading to skin loss (Fig.  20.3b ). 
The ulcer looks like an open wound or a blister. The characteristics are as follows:

•    Partial-thickness skin loss involving epidermis, dermis, or both, for example, 
abrasion, blister, or shallow crater     

20.3.1.3    Grade 3 
 In grade three pressure ulcers, skin loss occurs throughout the entire thickness of the 
skin. The underlying tissue is also damaged, but the underlying muscle and bone are 
not damaged. The ulcer appears as a deep cavity-like wound (Fig.  20.3c ). The char-
acteristics are as follows:

•    Full-thickness skin involving damage to, or necrosis of, subcutaneous tissue that 
may extend down to, but not through, the underlying fascia  

•   Presents clinically as a deep crater with or without undermining     

20.3.1.4    Grade 4 
 A grade four pressure ulcer is the most severe type of pressure ulcer. The skin is 
severely damaged, and the surrounding tissue begins to die (tissue necrosis). The 
underlying muscles or bone may also be damaged (Fig.  20.3d ). People with grade 
four pressure ulcers have a high risk of developing a life-threatening infection. The 
characteristics are as follows:

•    Full-thickness skin loss with extensive destruction, tissue necrosis, or damage to mus-
cle, bone, or supporting structures, for example, tendon or joint capsule. Undermining 
and sinus tracts may be associated with this stage of wound progression.  

•   Similar to grading a burn with the addition of a stage 4 that is deeper than a stage 
3 ulcer or 3rd-degree burn.       
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20.4     Treatment 

 Where possible, treatment of ulcers is planned with an aim to reverse the factors that 
have originally caused the ulcer. Ulcers are often the result of combined pathology 
(like diabetes, pressure, loss of sensation). Careful assessment is needed before 
planning for treatment. In general the possible causative factor should be removed 
(pressure, shear, friction), and the associated general condition should be controled 
(like treatment of associated comorbid illness and improvement in the nutrition). 
The affected area requires thorough cleaning and dressing. The limb must be ele-
vated to improve the venous and lymphatic drainage, and the part must be given 
some rest from the weight bearing, pressure, and friction. However, as full range of 
motion and active physiotherapy of joints improve circulation, non-weightbearing 
physiotherapy is desirable. 

 The rest of the management of ulcer depends on many factors, and Table  20.3  
illustrates an algorithm to help formulate a treatment plan.

   Wound healing requires adequate protein, iron, vitamin C, and zinc. Supplements 
may be prescribed if they are defi cient in the diet. Various treatment options are 
available to treat pressure ulcers; they include the following: 

Pressure ulcers (Protect-treat-protect)

1. Remove the possible cause (Pressure, Shear, Friction
 ect) [Protect]
2. Improve nutrition (Protein, Iron, Vitamin C, Zinc etc)
3. Treat/Control co-morbid diseases (Diabetes,
 Cardiac/Renal failure, COPD)
4.  Wound therapy-elevation, cleaning & dressing

•  Slough absent
•  Epithelising superficial ulcers

•  Superficial healthy ulcer
•  No exposed vital tissue

Continue prevention [Disciplined limb care]
• Avoid ill fitting foot wears/prosthesis
• Mattresses and cushions
• Protective devices (toe separator, Silicone
 pads & caps, digital caps etc)
• Improve nutrition
• Control co-morbid illness

• Local flap (Transposition,
 rotation, limberg)
• Regional flaps (Reverse
 sural flap, fascio-cutaneous
 flap, lateral or medial
 calcaneal flap)
• Distant or free flaps

•  Deep ulcer
•  Exposed bone,
   muscle, tendon

•  Slough present, discharging ulcer
•  Deep & dead tissue

Sign of tissue or systematic
infection

Dressing (wet to wet or moisturising dressing) Antibiotic

Healing

Healing

Not healing

Heavy slough

NPWT

Skin grafting Flap cover

Debridement & wet to dry dressing

Effective
Not
effective

    Table 20.3    Algorithm for treating pressure ulcers       
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20.4.1     Cleaning and Debridement 

 Cleaning of the wound and meticulous skin care are the most essential parts of the 
treatment. The process involves removal of surface contamination and meticulous 
excision of all dead tissue. This is debridement. Besides the conventional surgical 
debridement, other types of debridement include mechanical debridement or medi-
cal debridement using repeated wet and dry dressings, enzymatic debridement using 
enzymes to liquefy dead tissue in the wound and remove them with the dressings, 
and biological debridement or maggots and larval therapy [ 28 ,  29 ] in which the 
larvae eat all the dead tissue and make the wound clean without harming the living 
tissues. They also help to fi ght infection by releasing substances that kill bacteria 
and stimulate the healing process. Sharp surgical debridement using blade or scis-
sors is the most commonly used and most effective method of debridement in able 
surgical hands. Dead tissue may be removed using mechanical means. Some 
mechanical debridement techniques include the following:

    Cleansing and pressure irrigation  – where dead tissue is removed using high- 
pressure water jets. There is no evidence available to support any specifi c and 
effective cleansing techniques or solution, in particular [ 30 ].  

   Ultrasound  – dead tissue is removed using low-frequency energy waves.  
   Laser  – dead tissue is removed using focused beams of light.    

 Basically, debridement is done for converting the chronic wound into an acute 
wound so that it can progress through the normal stages of healing.  

20.4.2     Wound Dressings 

 The dressing used for various stages of wound healing is specialized for every stage; 
in fact there is a whole range of dressings available to assist with the different stages 
of wound healing. These are classifi ed as nonabsorbent, absorbent, debriding, self- 
adhering, and many others. It is vital to determine the most appropriate dressing as 
it ultimately depends on the site/type of ulcer, for hospital care or domiciliary man-
agement, personal preference, and cost to the patient. 

 Dressings are usually occlusive so the ulcers heal better in a moist environment. 
If the ulcer is clean and dry, occlusive dressings are usually changed weekly, and 
more frequent changes are avoided as dressing changes remove healthy cells along 
with debris. Contaminated or weeping wounds may require more frequent dressing 
changes, sometimes every few hours. Heavily contaminated ulcers are treated with 
negative pressure wound therapy (NPWT). 

 Specialized dressings and bandages are used to protect and speed up the healing 
process of the pressure ulcers. These dressings include the following:

    Hydrocolloid dressings  – these contain a special gel that encourages the growth of 
new skin cells in the ulcer and keeps the nearby healthy area of the skin dry.  
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   Alginate dressings  – these are made from seaweed that contains sodium and cal-
cium known to speed up the healing process. Honey-impregnated alginate dress-
ings are known to accomplish total wound healing to pressure ulcers [ 31 ].  

   Nano silver dressings  – these use the antibacterial property of silver to clean the 
ulcer.  

   Creams and ointments  – To prevent further tissue damage and help speed up the 
healing process, topical preparations, such as cream and ointments, are fre-
quently used.     

20.4.3     Antibiotics 

 All pressure sores do not require antibiotics [ 7 ]. Antibiotics are usually only pre-
scribed to treat an infected pressure ulcer and prevent the infection from spreading. 
If tissue infection exists, antibiotics are necessary to treat the infection, but effort 
must be made to debride the ulcer thoroughly and leave all viable tissues only; oth-
erwise, antibiotics alone will not clean up the ulcer. Antibiotics are adjunct to surgi-
cal debridement and not an alternative to it. 

 The symptoms of infected pressure ulcer are pain, cellulitis in adjoining areas, 
and exudates. Pyrexia and toxemia may quickly appear in old, infi rm, and immune- 
compromised patients. Infection should be treated with surgical debridement and 
antibiotics chosen according to wound culture studies. Topical antibiotics should be 
avoided because their use may increase antibiotic resistance and allergy. Antiseptic 
cream may also be applied topically to pressure ulcers to clear out any bacteria that 
may be present. 

 It has been noticed that the longstanding leg ulcers are frequently colonized by 
microorganisms in a biofi lm. The biofi lm may be composed of bacteria, fungi, or 
other organisms, which are embedded in and adherent to the underlying wound. 
Such conditions often contribute to the failure of the ulcer to heal, but at this time 
the best way to diagnose and control biofi lm is unknown. The organisms are pro-
tected from the effect of conventional antibiotics; unnecessary prescription of anti-
biotics may in fact select more resistant organisms. We address the problem of 
biofi lm by changing the pH of the wound – dressing with dilute ascetic acid if it is 
alkaline, which usually is and curetting out all the undermining, cracks, and crev-
ices of the ulcer. 

  Negative pressure wound therapy (NPWT):     This is an invaluable tool in the 
management of pressure sores and involves the application of subatmospheric pres-
sure to a wound using a computerized unit to intermittently or continuously convey 
negative pressure to promote wound healing. Negative pressure treatment, called 
negative pressure wound therapy (NPWT), is effective for deep, cavitating, infected, 
and copiously discharging pressure ulcers, particularly with exposed bone [ 32 ]. 
With growing clinical experience, it can be said with certainty that it assists wound 
healing and its benefi ts can be summarized thus:  
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•     Assists granulation  
•   Applies controlled, localized negative pressure to help uniformly draw wounds 

closed  
•   Helps remove interstitial fl uid allowing tissue decompression  
•   Helps remove infectious materials and quantifi es exudates loss  
•   Provides a closed, moist wound healing environment  
•   Promotes fl ap and graft survival  
•   Both hospital and domiciliary use  
•   Reduces hospital/dressings/nursing cost     

20.4.4     Newer Research 

 There are many supportive therapies to promote healing of pressure ulcers. While 
some are in clinical use, others are in the realm of research. Many products are 
available to aid wound but should be prescribed only under strict medical advice, as 
they still require further research to determine their effectiveness. These include the 
following:

    1.    Growth factors and cytokines [ 33 ].   
   2.    Hyperbaric oxygen to increase tissue oxygen tension [ 34 ]   
   3.    Skin graft substitutes (bioengineered skin) [ 35 ]

    (a)    Connective tissue matrix   
   (b)    Expanded epidermis   
   (c)    Epidermal stem cells [ 36 ]    

      4.    Bone marrow or adipose-derived stem cell therapy [ 37 ]    

    1.     Cytokines and growth factors : Chronic pressure ulcers displayed high levels 
of infl ammation and disruption of the collagen matrix, along with increased 
indications of apoptosis and decreased levels of growth factors and their 
receptors. These characteristics can be used to comprehensively evaluate the 
etiology and treatment of these ulcers [ 38 ]. Robson et al. compared the heal-
ing response of sequential topically applied cytokines to that of each cytokine 
alone and to a placebo in pressure ulcers and to evaluate the molecular and 
cellular responses [ 39 ]. Ulcers treated with cytokines had greater closure than 
those in placebo- treated patients. Patients treated with bFGF alone did the 
best, followed by the GM-CSF/bFGF group. Patients treated with GM-CSF or 
bFGF had higher levels of their respective cytokine after treatment. Patients 
with the greatest amount of healing showed higher levels of platelet-derived 
growth factor (PDGF) on day 10 and transforming growth factor beta (TGF β1 ) 
on day 36. Message for the bFGF gene was upregulated after treatment with 
exogenous bFGF, suggesting auto- induction of the cytokine. Both cytokines 
and growth factors will have a big role to play in the treatment of pressure 
ulcers in future.   
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   2.     Hyperbaric oxygen therapy : Hyperbaric oxygen (HBO) therapy is being used for 
the treatment of pressure sores. Specially constructed devices equipped with 
controlled pressure sealing and automatic relief valves are fi tted in HBO cham-
bers. A constant pressure of 22 mm Hg (1.03 atm absolute) is maintained inside 
the chamber using pure oxygen at a fl ow rate of 2–8 l per minute with direct 
discharge to atmosphere [ 38 ]. It has proven to be very successful and safe as 
adjunctive treatment to daily wound dressing, administration of antibiotics, and 
surgical debridement because of the following:
    (a)    It increases oxygen transport to wound area stopping further tissue 

damage.   
   (b)    It facilitates growth of new capillaries (angiogenesis) improving the 

microcirculation.   
   (c)    It speeds up wound healing by reducing infl ammation and swelling.   
   (d)    It relieves pain.   
   (e)    It reduces infection by eliminating bacteria directly and increasing capacity 

of white blood cell to fi ght infection.   
   (f)    It improves microcirculation and elimination of toxins in the blood.   
   (g)    It enhances the effect of some antibiotics.   
   (h)    It stimulates release of stem cells from the bone marrow.   
   (i)    It decreases blood viscosity and risk of thrombosis and stroke.   
   (j)    It improves lymphatic circulation.   
   (k)    It improves bone density and mineralization and speeds up bone healing.   
   (l)    It enhances peripheral nerve regeneration for improved sensitivity.   
   (m)    It prepares tissue and bone for grafting before surgery.   
   (n)    It speeds up healing after surgery and improves chances of graft survival.    

      3.     Skin substitutes  ( bioengineered skin ): Cultured keratinocytes have been used for 
the treatment of various types of wounds for more than a decade [ 40 ]. Researches 
explain that in patients with partial-/full-thickness skin defects, the most effec-
tive therapy is cultured dermal substitute (CDS), while cultured epidermal sub-
stitute (CES) and cultured skin substitute (CSS) have also been used as biological 
wound dressings [ 41 ]. The artifi cial dermis induces angiogenesis and fi broplasia 
in deep, poorly vascularized tissue defects with fewer vascular invasions. 
However, it is diffi cult to apply collagen matrix to pressure ulcers, because they 
are usually accompanied by infection with discharge of excessive amounts of 
exudate or pus and generally exposed to external forces that prevent graft fi xa-
tion [ 42 ]. The allogeneic cultured dermal substitute effectively treats intractable 
ulcers while bone marrow cell implantation combined with allogeneic cultured 
dermal substitute in treating severely ischemic ulcers [ 43 ].   

   4.     Bone marrow / adipogenic stem cells : “Cell therapy” can be defi ned as a set of 
strategies which use live cells for therapeutic purposes. The aim of such therapy 
is to repair, replace, or restore the biological function of a damaged tissue or 
organ. Bone marrow mononuclear cells (BM-MNCs) can be easily obtained in 
large numbers by aspiration without extensive manipulation or cultivation before 
transplant, and cells can be transplanted directly without  in vitro  expansion. 
Using the entire mononuclear fraction, no potentially benefi cial cell type is 
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 omitted and MNCs from a patient’s own bone marrow promote angiogenesis 
[ 37 ], and this seems to be a key factor for optimal healing of skin wounds. 
Marrow stem cells (MSCs) which make up a small proportion of BM-MNCs 
secrete paracrine factors that could recruit macrophages and endothelial cells to 
enhance wound healing [ 44 ]. The repair functions of MSC are thought to involve 
the secretion of factors such as VEGF [ 45 ] or FGF [ 46 ], which could help pre-
vent apoptosis, promote angiogenesis, assist in matrix reorganization, and 
increase the recruitment of circulating MSCs [ 47 ]. Bone marrow harvesting is 
rather invasive and painful. In 2001, Zuk et al. [ 48 ] identifi ed and characterized 
adipose tissue-derived MSCs (ASCs) from lipo-aspirates and even a section of 
whole fat (biopsy). A very small percentage of the nucleated cells which com-
pose the BM are actually MSCs, whereas the amount of ASCs is approximately 
500-fold greater when isolated from an equivalent amount of adipose tissue [ 49 ]. 
Even though cell therapy is a relatively new tool, several studies prove these 
types of cells may be used safely, and they have demonstrated their effi cacy in 
healing wounds.    

20.4.5       Surgical Management of the Pressure Ulcer 

 Surgery may be considered for very large and painful ulcers, particularly if the ulcer 
fails to heal with conservative management and for longstanding ulcers. First, the 
state of the venous and arterial systems should be assessed, infection eliminated, 
and underlying associated diseases such as diabetes, thrombophilia (tendency to 
blood clots) or malnutrition controlled. Surgery involves debriding the ulcer and 
then reconstructing the defect. 

20.4.5.1    Reconstructive Surgery 
 Sometimes the deeper pressure ulcer (grade III or IV) fails to heal; in such cases, 
surgery is required to fi ll the wound and prevent any further tissue damage. This is 
usually done by cleaning the wound and closing it by bringing together the edges of 
the wound (direct closure), by applying various types of skin grafts, or by using 
local and regional fl aps and free tissue transfer. It is prudent to remember and use 
reconstructive ladder during planning of reconstructive surgery for pressure ulcers 
of the lower limb (Table  20.3 ). 

 There are many risks and complications that can occur after surgery, including 
infection, necrosis of fl ap, muscle weakness, blisters, recurrence of the pressure 
ulcers, septicemia, infection of the bone (osteomyelitis), bleeding, abscesses, and 
deep vein thrombosis. Despite the risks, surgery is often a necessity and the only 
option to prevent limb and life-threatening complications. 

  The available reconstructive options are the following :

    1.     Split - thickness skin grafting : When the ulcer is superfi cial and vital tissues like 
bone, vessels, nerves, or tendons are not exposed, and the ulcer is not copiously 
discharging, skin grafting is the fi rst option for surgical treatment. The slimy 
layer over the surface of ulcer is sharply debrided to get a healthy vascular bed 
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for skin grafting. The graft may be harvested from any part of the body, but to 
replace any weightbearing area of the skin, the glabrous thick skin of 
 non- weightbearing medial planter skin can be a good option for reconstruction 
of small and superfi cial sole defects (Fig.  20.4 ).

       2.     Local fl aps : Varity of local fl aps can be used to reconstruct the defect created by 
the excision of lower extremity pressure ulcer. Local transposition (Figs.  20.5  and 
 20.6 ), rotation, and Limberg fl ap (Fig.  20.7 ) are the available options. Limberg 
fl ap is a very versatile fl ap and can be used at many places safely and effectively.

a b

  Fig. 20.4    ( a ,  b ) Split skin grafting       

a b

c

  Fig. 20.5    ( a – c ) Transposition fl ap from adjacent toe       
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a b

c

d2

d1

  Fig. 20.6    ( a – d ) Transposition fl ap. A friction and pressure ulcer over the previously grafted dor-
sum of foot ( a ). A proximally based random pattern fl ap is delayed on the medial surface of foot 
( b ). After a delay of 5 days the fl ap is elevated and used to cover the excised ulcer ( c ). The donor 
site is  covered by split thickness skin graft. The delayed result shows excellent and stable coverage 
of ulcer area and nicely healed donor site ( d1  and  d2 )       

         3.     Regional fl aps : Sometimes the local or Limberg fl ap cannot close the larger 
defects due to their size or location resulting in need for regional fl aps. 
Islanded medial planter fl ap (Fig.  20.8 ), reverse sural fl ap (Fig.  20.9 ), varieties 
of fasciocutaneous fl aps from the same leg or cross-leg fl aps (Fig.  20.10 ), and 
lateral or medial calcaneal fl aps (Fig.  20.11 ) may provides a huge reconstruc-
tive option for lower extremity pressure ulcer reconstruction. Perforator-based 
V-Y advancement (Fig.  20.12 ) or rotational fl ap is another good option if the 
anatomy permits.
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  Fig. 20.7    ( a – c ) Limberg fl ap for heel ulcer – trophic ulcer of heel in a paraplegic patient with 
deep invasion and underlying destruction upto bone ( a ). The ulcer was sharply excised till healthy 
margin ( b1 ). The excised specimen ( b2  and  b3 ). A posteriorly based lateral Limberg fl ap was 
selected to close the resultant defect ( b4 ). At three-week follow upprior to suture removal showing 
a viable and well settled fl ap ( c1  and  c2 ).         

a

b2

b4 c1

b3

b1

c2
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           4.     Microvascular free fl aps : Microvascular free fl aps are usually reserved for 
some selected cases where the local and regional fl ap options are either not 
available or have failed and the depth of the pressure ulcer demands adequate 
volume restoration for proper weight bearing. In fact the latter reason is so vital 
that many large pressure ulcers on weightbearing soles or on tip of amputation 
stumps are today being primarily treated with microvascular free tissue trans-
fer (Fig.  20.13 ).

a

b2

c

b1

b3

d

  Fig. 20.8    ( a – d ) Medial planter fl ap for heel ulcer. A long-standing deep trophic ulcer of heel ( a ). 
The ulcer was sharply excised with healthy margin all around. Almost all the heel pad was removed 
by this debridement ( b1 ). The islanded medial planter fl ap was planned to cover this defect ( b2 ). 
The fl ap is elevated on branches of medial planter vessels, islanded and transposed to the defect 
and the resultant donor site was covered by split thickness skin graft ( b3 ). The 1-week ( c ) and three 
months ( d ) post op pictures showing stable coverage. Patient allowed full weight bearing from 6th 
week along with silicone footpad protection       
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20.4.6             Prevention: Mattresses and Cushions 

 Protection is the best way to prevent ulcers. This can be done by frequent change of 
posture, and with the help of special mattresses, cushions and by many protective 
devices for lower limbs are available that can relieve the external pressure on 

a b

c d

e

g

f

  Fig. 20.9    ( a – g ) Reverse sural fl ap for posterior heel ulcer. A full thickness (grade-4) acute pres-
sure ulcer of posterior heel ( a ). Under lying ligaments and tendons were involved and exposed. The 
ulcer was sharply excised and covered with the reverse sural fl ap ( b ). The donor site and distal half 
of the island pedicle was covered with split skin graft in this one stage repair. The 3-weeks follow 
up shows settled graft and fl ap ( c ). Yet another example of the same fl ap – fl ap planning ( d ), fl ap 
 elevation ( e ), fl ap cover ( f ) and a 36-months post operative follow up ( g )       
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a b

  Fig. 20.10    ( a ,  b ) Cross leg fl ap for posterior heel ulcer       

a1 a2

b2

b3

b1

  Fig. 20.11    Lateral calcaneal fl ap ( a1  and  a2 ) and Medial calcaneal fl ap ( b1 – b3 ) to cover poste-
rior heel pressure ulcer       
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a b

c d

  Fig. 20.12    ( a – d ) Perforator-based V-Y advancement fl ap for posterior heel ulcer. The tentative 
fl ap marked and perforator was identifi ed by Doppler and marked with X ( a ). The fl ap was elevated 
from lateral side and perforator was identifi ed and preserved ( b ). Now the whole fl ap was elevated 
and the fl ap mobility was checked ( c ). The V-Y closure was done ( d )       

vulnerable areas of body or lower limb. These specially designed protective devices 
can be very helpful in patients who thought to be at risk of developing pressure 
ulcers or who have preexisting grade one or two pressure ulcers. We are using 
water-fi lled tied surgical hand gloves (Fig.  20.14a ) as pressure-relieving devices at 
hospital setups as well as advise the patients to use these at their home as a very easy 
to make, very low cost pressure-relieving device.

   Many soft silicone elastomer-based commercially available devices may be 
effectively used to avoid the pressure from the affected or at-risk area of the limb. 
The commonly used are partial or full silicone sole, silicone pads and digital caps, 
toes separators, etc. (Fig.  20.14 ).   

20.5     Summary 

 Pressure ulcers are breakdown of the skin and underlying tissue when an area of 
the skin is placed under constant pressure between the weightbearing skeleton and 
a hard surface for certain period of time causing tissue ischemia, cessation of 
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a

d e

b

c

f

  Fig. 20.13    ( a – f ) Microvascular free fl ap for posterior heel ulcer. Pressure Ulcer on the heel of 
Lt. foot ( a ), after debridement ( b ), Parascapular fl ap being harvested ( c ), 3 years post operative 
 photographs ( d – f )       

 

R.K. Mishra and S. Bhattacharya



337

  Fig. 20.14    ( a – g ) Variety of foot protective devices. Indigenous made (water fi lled and tied 
gloves) placed below the area needs pressure protection ( a ). Inexpensive, easy to fabricate, ideal 
for domiciliary care. Varieties of foot protective devices are commercially available, which are 
made up of soft silicone elastomer to protect respective areas to protect from pressure like – 
Adhesive pads ( b ), Digital caps ( c ), foot cover ( d ), silicone sole: partial or full ( e1  and  e2 ), meta-
tarsal pads ( f ), toe separator ( g1  and  g2 )         

a b

dc

e2

e1

nutrition and oxygen supply to the tissues, and eventually necrosis of the tissues 
caught in between two hard and unyielding surfaces. Pressure and loss of sensa-
tion are two major causes in the development of pressure ulcers, though their eti-
ology is usually multifactorial. Pressure ulcers are progressive in nature and can 
be limb threatening or even life threatening if preventive actions are not taken 
timely. It is vital to trace the entire causative and contributing factors while mak-
ing a diagnosis as reversal of these very factors is of vital importance to prevent 
recurrences. The treatment for each type and stage of pressure ulcer differs 
according to its severity, type, and location of these ulcers. Treatment should be 
planned according to treatment algorithm offered, but even more vital is to 
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prevent these ulcers from occurring by addressing their causative factors and 
using special mattresses, cushions, and other ulcer-preventing protective devices. 
Ambulation and getting the pressure off the pressure points remain the most per-
manent prevention of these ulcers.     
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21.1           Introduction 

 Skin ulceration of the lower extremity poses a diffi cult clinical problem. Chronic 
ulceration of the lower legs is a relatively common condition among adults, one that 
causes pain and social distress and results in considerable healthcare and personal 
costs. Since numerous factors lead to lower leg ulceration, it is essential that health 
professionals adopt an interdisciplinary approach to the systematic assessment of the 
individual in order to ascertain the pathogenesis, a defi nitive diagnosis, and optimal 
treatment required. A correct diagnosis is essential to avoid inappropriate treatment 
that may delay wound healing, cause deterioration of the wound, or harm the patient 
[ 1 ]. Though a majority of the ulcers are venous, arterial, or diabetic ulceration, there 
are many unusual causes of the ulcers of the lower extremity. It has been reported 
that ulcers related to venous insuffi ciency constitute 70 %, arterial disease 10 %, and 
ulcers of mixed etiology 15 % of leg ulcer presentations. The remaining 5 % of leg 
ulcers result from less common pathophysiological causes, and this latter group 
comprise considerable challenges in diagnosis, assessment, and management. 
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21.2      Unusual Causes of Leg Ulceration 

21.2.1     Microcirculatory Disorders 

 Raynaud’s phenomenon, scleroderma, hypertension: ulcus hypertensivum 
(Martorell ulcer), Increased blood viscosity (increased fi brinogen level, paraneo-
plastic, paraproteinemia, leukemia), Blood transfusion reactions.  

21.2.2     Physical or Chemical Injury 

 Pressure (decubitus), pressure by shoes, plaster of Paris, orthopedic appliances, 
compression bandages, trauma, burn wounds, freezing, electricity, Roentgen dam-
age, intra-articular injection of yttrium-90, chemical (corrosive agents), sclerother-
apy, artifi cial (automutilation).  

21.2.3     Infectious Diseases 

 Erysipelas (bullosa), ecthyma, fasciitis necroticans ( Streptococcus hemolyticus ), 
ulcerating pyoderma ( S. aureus ), gas gangrene ( Clostridium ), ecthyma gangreno-
sum ( Pseudomonas ), septic embolism ( Meningococcus  and others), bacterial 
endocarditis, anthrax ( Bacillus anthracis ), diphtheria ( Corynebacterium diph-
teriae ), osteomyelitis (several microorganisms), complications by secondary 
wound infections, toe web infection, herpes, cytomegalovirus, lues maligna (lues 
III, gummata), leprosy, frambesia (yaws), ulcerating cutaneous tuberculosis, lupus 
vulgaris, atypical mycobacteria, Buruli ulcer ( Mycobacterium ulcerans ), papu-
lonecrotic tuberculid tularemia ( Francisella tularensis ), leishmaniasis, tropical 
ulcer ( Bacteroides ,  Borrelia vincenti,  and other bacteria) Madura foot, madura-
mycosis (eumycetoma⁄mycetoma), chromoblastomycosis, coccidioidomycosis, 
sporotrichosis, granuloma trichophyticum, amoebiasis, histoplasmosis, bacillary 
angiomatosis.  

21.2.4     Neuropathic Diseases 

 Diabetes, leprosy, alcohol neuropathy, tabes dorsalis, syringomyelia, spina bifi da, 
paraplegia, paresis, multiple sclerosis, poliomyelitis.  

21.2.5     Vasculitis 

  Small vessel : small-vessel leukocytoclastic vasculitis, microscopic polyangiitis, Wegener 
granulomatosis, allergic granulomatosis (Churg–Strauss), Henoch–Schönlein purpura, 
essential cryoglobulinemic vasculitis, erythema induratum of Bazin, livedo reticularis, 
livedo vasculitis, and Sneddon syndrome. 

  Medium sized : polyarteritis nodosa, Kawasaki disease. 
  Large vessel : giant cell arteritis (polymyalgia rheumatica, Takayasu arteritis).  
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21.2.6     Hematological Disorders 

 Sickle cell anemia, other forms of anemia, thalassemia, hereditary spherocytosis, 
glucose-6-phosphate dehydrogenase defi ciency, essential thrombocythemia, throm-
botic thrombocytopenic purpura, granulocytopenia, polycythemia, leukemia, mono-
clonal dysproteinemia (Waldenström disease, myeloma), polyclonal dysproteinemia 
(cryofi brinogenemia, purpura, hyperglobulinemia, cold agglutinins).  

21.2.7     Clotting Disorders 

 Factor V Leiden, lupus anticoagulant, anticardiolipin (antiphospholipid syndrome), 
disturbed fi brinolysis, factor XIII defi ciency (may be associated with colitis 
ulcerosa), antithrombin III defi ciency, protein C or S defi ciency, Marcoumar necro-
sis, large hematoma, purpura fulminans, diffuse intravasal coagulation.  

21.2.8     Metabolic Diseases 

 Diabetes mellitus, necrobiosis lipoidica, porphyria cutanea tarda, gout, calciphy-
laxis, calcinosis cutis, homocystinuria, prolidase defi ciency, hyperoxaluria.  

21.2.9     Ulcerating Tumors 

 Basal cell carcinoma, squamous cell carcinoma, malignant melanoma, metastasis, 
pseudoepitheliomatous hyperplasia, epithelioma (Marjolin ulcer), lymphoma, leu-
kemia, cutaneous T-cell and B-cell lymphoma, Hodgkin disease, sarcoma, lympho-
sarcoma, rhabdomyosarcoma, hemangiosarcoma, lymphangiosarcoma, Kaposi and 
pseudo-Kaposi sarcoma.  

21.2.10     Ulcerating Skin Diseases 

 Pyoderma gangrenosum, pemphigoid and other bullous diseases, panniculitis, peri-
arteritis nodosa, erythema induratum (Bazin), malignant atrophic papulosis (Degos), 
erythema exudativum multiforme, sarcoidosis, erythema elevatum diutinum, Behçet 
disease, cutaneous discoid and systemic lupus erythematosus, scleroderma, lichen pla-
nus, keratosis actinica, contact dermatitis, fat necrosis⁄pancreatic fat necrosis, trench foot, 
insect bites, lymphoedema, lipoedema, myxoedema, erythermalgia⁄erythromelalgia, 
perniosis (chilblains), hemangioma, Stewart–Bluefarb syndrome.  

21.2.11     Drug Reactions 

 Steroid ulcus (intralesional injection), vaccination ulcer (BCG), halogens, ergota-
mine, methotrexate, hydroxyureum, paravasal injection of cytostatic and other 
drugs, granulocyte-colony-stimulating factor.  
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21.2.12     Miscellaneous 

 Corpus alienum, orthopedic fi xation materials. Klinefelter syndrome, rheumatoid 
arthritis, Felty syndrome, ulcus phagedenicum, acro-osteopathia ulceromutilans 
(Bureau–Barrière), complement C3 defi ciency. Langerhans cell histiocytosis, TAP 
1 mutation.   

21.3     Microcirculatory or Vascular Disorders 

 Microcirculatory and vascular disorders that can result in atypical leg ulceration 
include: Raynaud’s phenomenon, Martorell ulcers, and cutaneous vasculitis. 

21.3.1     Raynaud’s Phenomenon 

 Raynaud’s phenomenon is an episodic circulatory disorder where the periph-
eral microvasculature is overly sensitive to changes in external temperature. It 
typically causes color changes (white and/or blue and red) of the extremities on 
exposure to the cold (even mild temperature changes if they occur suddenly) or 
stress. These changes cause pain, numbness, or tingling sensations. The condi-
tion is commonly found in females and affects between 3 and 5 % of the general 
population. While the pathogenesis of Raynaud’s phenomenon is unclear, recent 
research concludes that a combination of abnormalities of vascular, intravas-
cular, and neural function may be contributory factors [ 2 – 4 ]. The patient may 
present with minor ulcerations of the tip of digits especially in the upper limb 
but may occur in the lower limb also. It may be primary without any cause or 
may be secondary to some cause. There is no current cure for Raynaud’s phe-
nomenon. Care is aimed at minimizing the incidence, extent, and severity of 
attacks. Specifi c medications that have been identifi ed as triggers for Raynaud’s 
phenomenon include: β-blockers, adrenergic receptor agonists, ergotamine 
drugs, oestrogens, immunosuppressants, interferons, cocaine, amphetamines, 
nicotine, etc.  

21.3.2     Martorell Ulcer 

 Hypertension is a known risk factor for atherosclerotic occlusion. In addition, anti-
hypertensive drugs (beta-blockers) may interfere with wound healing due to periph-
eral vasoconstriction. A rare condition exists called Martorell ulcer, seen in patients 
with prolonged, severe, or suboptimally controlled hypertension. The ulceration is 
secondary to tissue ischemia caused by increased vascular resistance. The ulcers are 
usually located at the lower limb and above the ankle region, contain black necrosis, 
and are extremely painful. By defi nition, the distal arterial pulsations are normal, 
and the diagnosis is made by histological examination, which shows concentric 
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intima thickening and marked hypertrophy of the media of small-sized and medium- 
sized arteries, and by exclusion of other conditions. Martorell ulcers are rare condi-
tions that are occasionally seen in patients with prolonged, severe, or suboptimally 
controlled hypertension [ 5 ]. Ulcers tend to be necrotic and extremely painful, with 
the degree of pain disproportional to the size of the wound. Martorell ulcers are 
more common in females between 55 and 65 years. The diagnosis is generally made 
by eliminating other etiologies and histological examination, which demonstrate 
concentric intima thickening and hypertrophy of the media of small- and medium- 
sized arteries. Treatment consists of reducing hypertension, avoiding beta-blockers, 
adequate control of pain, and local wound care [ 6 ].  

21.3.3     Cutaneous Vasculitis 

 Cutaneous vasculitis represents a heterogeneous group of disease types character-
ized by infl ammatory vessel damage presenting with various clinical manifestations. 
Vasculitis of the skin usually results from the infl ammation and ischemia of small- to 
medium-sized blood vessels. Although vasculitis is activated by many factors, cur-
rent research suggests that the deposition of circulating immune complex is pivotal 
to the pathogenesis of most types of cutaneous vasculitis [ 7 ]. Several subdivisions 
can be made, based on vessel size (large vessel, medium sized, small vessel), infi l-
trate type (polymorphonuclear, mononuclear, granulomatous), or clinical presenta-
tion. Cutaneous vasculitis may present as purpura, erythema, urticaria, noduli, 
bullae, or skin infarction leading to ulceration. Cutaneous ulceration is usually 
caused by medium-sized to small-vessel leukocytoclastic vasculitis. Persistent or 
progressive ulceration due to histologically confi rmed vasculitis is an indication for 
immunosuppressive therapy. Ulcerating vasculitis may be caused by antineutrophil 
cytoplasmic antibodies (ANCA), autoantibodies against antigens in neutrophils, 
such as myeloperoxidase and proteinase 3 (PR3). Using indirect immunofl uores-
cence techniques, ANCA can be detected in a perinuclear pattern (often antimyelo-
peroxidase) or a cytoplasmic pattern (often anti-PR3). They were fi rst identifi ed in 
Wegener granulomatosis, later also in other types of small-vessel vasculitis, now 
classifi ed as ANCA-associated vasculitides (Wegener disease, microscopic polyar-
teritis, idiopathic glomerulonephritis, and Churg–Strauss syndrome) [ 8 ].   

21.4     Hematological Disorders 

 Various hematological disorders may be associated with ulcerations in lower leg as 
essential thrombocythemia, primary polycythemia, thalassemia, hemolytic anemia, 
clotting disorders, leukemia, hereditary spherocytosis, primary thrombocythemia, 
thrombotic thrombocytopenic purpura, granulocytopenia, polycythemia and poly-
clonal dysproteinemia, antiphospholipid syndrome, protein C and protein S defi -
ciencies, factor V Leiden, lupus anticoagulant, factor XIII defi ciency, and 
antithrombin III defi ciency [ 9 ]. 
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21.4.1     Sickle Cell Anemia 

 Sickle cell anemia ,  a genetic disorder, commonly results in the formation of small, 
painful leg ulcers that arise when sickle-shaped infl exible red blood cells obstruct 
capillaries and restrict blood fl ow to an organ or the skin. In sickle cell anemia, an 
increased number of activated endothelial cells has been found in the circulation, 
and it is hypothesized that an interaction between sickle cells and endothelial cells 
causes increased expression of endothelial cell adhesion molecules, which promotes 
thrombotic vasoocclusion. African and Caribbean populations have a higher dispo-
sition for sickle cell disease. Sickle cell anemia has a leg ulcer incidence rate 
between 25.7 and 75 % [ 10 ].  

21.4.2     Antiphospholipid Syndrome 

 This rare syndrome is characterized by the presence of circulating autoantibodies 
against phospholipid compounds. It is associated with an increased risk for venous 
or arterial thrombosis, thrombocytopenia, and habitual abortus. The cutaneous 
symptoms (ulceration, livedo reticularis, acrocyanosis, Raynaud’s phenomenon, 
capillaritis and thrombophlebitis) can all be explained by vascular thrombosis. The 
two most frequently found antibodies are lupus anticoagulant and anticardiolipin. In 
up to 40 % of patients with the antiphospholipid antibody syndrome (APAS), der-
matologic abnormalities can be the primary or presenting manifestation. Painful 
ischemic leg ulcerations of varying sizes can occur. A devastating, widespread, full- 
thickness, cutaneous necrosis involving not only the legs but the arms, fl anks, and 
breasts has also been described. Coexistent cutaneous fi ndings may include pur-
pura, ecchymosis, subcutaneous nodules, splinter hemorrhages, fi xed digital cyano-
sis (with or without ulcerations and/or gangrene), Raynaud’s phenomenon, 
acrocyanosis, and superfi cial thrombophlebitis. Therapy for antiphospholipid anti-
body syndrome-associated ischemic ulcerations is not well defi ned, although when 
widespread cutaneous necrosis and/or digital gangrene are present, full-dose antico-
agulation appears prudent [ 11 ].  

21.4.3     Symmetrical Peripheral Gangrene 

 Symmetrical peripheral gangrene (SPG) (Figs.  21.1  and  21.2 ) is a rare but devas-
tating syndrome involving distal portions of two or more extremities simultane-
ously. Disseminated intravascular thrombosis and hemorrhagic infarction of skin 
with uninvolved proximal arteries are hallmark of this condition. Gangrene of the 
tip of the nose, ear lobules, lips, or genitalia may be accompanied in severe cases. 
Low- fl ow circulation and septicemia play a pivotal role in the development of 
symmetrical peripheral gangrene. Septicemia is rarely associated with peripheral 
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  Fig. 21.1    Peripheral 
symmetrical gangrene 
involving all four limbs       

  Fig. 21.2    Peripheral 
symmetrical gangrene 
involving both lower limbs       
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vascular disease, but a predominant role of infective etiology is present in sym-
metrical peripheral gangrene. Common organisms involved are pneumococcus, 
staphylococcus, and streptococcus, but gram-negative organisms have also been 
implicated. SPG can also occur as complication of measles, chickenpox, malig-
nancy, ergotism, protein C or S, or antithrombin III defi ciency. Aggravating 
 factors are diabetes mellitus, increased sympathetic tone, asplenia, immunosup-
pression, cold injury to extremities, renal failure, and use of vasopressors. Cause 
of vascular occlusion is not exactly defi ned, but disseminated intravascular coagu-
lation is present in up to 85 % patients with SPG. Low-fl ow state and septicemic 
conditions are almost invariably present. Fever followed by marked coldness, pal-
lor, cyanosis, pain, and restricted mobility of extremity should always raise suspi-
cion of SPG. If aggressive and prompt intervention is delayed, frank gangrene 
may develop. Ischemia starts and manifests from distal extremity, and proximal 
part is unaffected invariably. Vascular compromise in SPG results in erythematous 
cold extremities and dusky discoloration of the skin. Acral cynosis and hemor-
rhagic bulla are followed by development of dry gangrene within 24 h. Despite 
therapeutic interventions, different studies report mortality up to 40 % and ampu-
tation rate of 30–50 % [ 12 ].

21.5          Metabolic Disorders 

21.5.1     Necrobiosis Lipoidica 

 Necrobiosis lipoidica is a rare chronic condition that primarily affects individuals 
with diabetes and results in collagen degeneration, reduced collagen synthesis, atro-
phy, and lipid deposits. Necrobiosis lipoidica occurs in about 0.7 % of diabetic 
patients with ulcers developing in 13–35 % of cases. Of ulcerated necrobiosis 
lipoidica, 70 % of the patients had diabetes mellitus of which 30 % had type I dia-
betes and 40 % had type II diabetes; 60 % of the patients suffered from arterial 
hypertension, obesity, and hypercholesterolemia; and 40 % of the patients suffered 
from psychiatric disorders such as depression and borderline disorder. Ulcerating 
necrobiosis lipoidica can be seen as part of a generalized infl ammatory reaction 
similar to the infl ammatory reaction already known in the pathophysiology of rheu-
matoid diseases or psoriasis. In patients with clinical atypical painful ulcerations, 
necrobiosis lipoidica should be considered as a possible differential diagnosis. 
Therapists should be aware of associated aspects in patients with ulcerated necro-
biosis lipoidica who besides diabetes often suffer from other aspects of a metabolic 
syndrome with increased cardiovascular risk factors. Therefore, these related 
comorbidities should also be diagnosed and treated [ 13 ]. Lesions generally develop 
on the pretibial area as small red-brown erythematous markings that gradually 
enlarge. Lesions may present as single or multiple, clearly demarcated, waxy, 
yellow- brown plaques with depressed centers, which are associated with granulo-
matous infl ammation and collagen degeneration [ 14 ].  
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21.5.2     Porphyria Cutanea Tarda 

 Porphyria cutanea tarda (PCT) refers to a group of disorders that can be familial or 
acquired and which result in a defi ciency in the function of the heme synthetic 
enzyme uroporphyrinogen decarboxylase (UROD) [ 15 ]. PCT is essentially an 
acquired disease, but some individuals have a genetic (autosomal dominant) defi -
ciency of UROD that contributes to the development of PCT. These individuals are 
referred to as having “familial PCT.” Most individuals with the inherited enzyme 
defi ciency remain latent and never have symptoms. The symptoms of PCT are con-
fi ned mostly to the skin. Blisters develop on sun-exposed areas of the skin, such as 
the hands, legs, and face. The skin in these areas may blister or peel after minor 
trauma. Increased hair growth, as well as darkening and thickening of the skin, may 
also occur. Liver function abnormalities are common but are usually mild, although 
they sometimes progress to cirrhosis and even liver cancer. PCT is often associated 
with hepatitis C infection, which can also cause these liver complications. However, 
liver tests are generally abnormal even in PCT patients without hepatitis C 
infection.  

21.5.3     Gout 

 Gout is an infl ammatory disorder of monosodium urate metabolism, which is char-
acterized by the deposition of urate crystals in the joints and soft tissues. Gout usu-
ally presents as an acute attack of synovitis which clears completely in a week or so. 
As far as the tophaceous deposits are concerned, these are commonly present on the 
ears, in the tendons, and in the joints specially the knee and elbow. Regarding the 
local skin affections, gouty tophi mainly cause signs of local skin irritation in the 
form of pain, swelling, and skin erythema [ 16 ].  

21.5.4     Calciphylaxis 

 Calciphylaxis is a rare and potentially grave vasculopathy of the skin and subcuta-
neous tissue that has a female-to-male ratio of 3:1. This condition occurs as a com-
plication of chronic kidney disease, particularly in diabetics and in secondary 
hyperparathyroidism associated with abnormal calcium metabolism. Calciphylaxis 
occurs in 1 % of patients with chronic kidney disease and in 4 % of individuals on 
dialysis [ 17 ]. Calciphylaxis initially manifests as irregular livedo reticularis with 
subcutaneous nodules and plaques. Ultimately, markedly painful, large, necrotic 
ulcerations ensue. The lower extremities are most commonly involved, although the 
upper extremities, abdomen, and buttocks can also be affected. Unusual sites of 
calciphylaxis include the penis, breasts, and neck. The distal pulses may be palpable 
in the absence of severe peripheral artery disease. Elevated parathyroid hormone 
and hyperphosphatemia are the most common laboratory abnormalities. Therapy is 

21 Atypical Leg Ulceration



350

often ineffective yet controlling hypercalcemia, hyperphosphatemia, and hyper-
parathyroidism is recommended. Methods for controlling the calcium × phosphate 
product include eliminating vitamin D analogs, reducing calcium in the dialysis 
bath, decreasing dietary phosphate and calcium, and substituting sevelamer hydro-
chloride for calcium-based phosphate binders. Although parathyroidectomy is often 
recommended, its value remains controversial [ 18 ].  

21.5.5     Calcinosis Cutis 

 Calcinosis cutis is a disorder whereby calcium and phosphorous salts are deposited 
in the dermis. Leg ulcers are generally asymptomatic but may be tender and present 
with numerous, dense, pale dermal papules, plaques, nodules, or subcutaneous nod-
ules. The lesions may also be enclosed by a yellowish/whitish gritty substance that 
ulcerates. Lesions over joints can restrict mobility, while vascular calcifi cation may 
cause diminished pulses and, in severe cases, cutaneous gangrene [ 19 ].   

21.6     Neuropathic Disorders 

21.6.1     Hansen’s Disease (Leprosy) 

 Hansen’s disease (leprosy) is caused by the  Mycobacterium leprae  organism that 
predominantly affects the skin and peripheral nerves. Approximately 30 % of peo-
ple with Hansen’s disease will develop nerve damage that results in peripheral nerve 
sensory loss, usually in the hands, feet, and eyes. Skin damage can present as thick-
ened, cracked skin that becomes infected and ulcerates. Additional skin changes 
may include erythematous changes (papules and nodules) or hypopigmented 
plaques and alopecia [ 20 ]. Ulcers in patients with leprosy sequelae remain a major 
source of economic and social losses, even many years after they have been cured 
of M. leprae infection. Management of chronic ulcers in patients with leprosy 
includes different types of dressings, orthopedic and plastic surgeries, plaster casts, 
special footwear, splints, crutches, wheelchair use, and absolute rest. Despite this, 
clinical experience shows that patient compliance to the therapeutic procedures is a 
key consideration in treatment choice and that without patient collaboration the 
result of the treatment can be frustrating. Low patient adherence to rehabilitation 
and prevention of disabilities programs (e.g., usage of appropriate footwear) indi-
cates that more research and educational measures are necessary to improve the 
adoption of such strategies. Ulcers in patients with leprosy can remain for several 
years after the initial infection is resolved and can result in large economic and 
social losses. Such losses were observed in this study, which was primarily com-
posed of former patients that have lived with their ulcers for many years. The most 
important causal factor for neuropathic foot ulcers is the presence of a dynamic or 
static deformity leading to local areas of peak pressure on insensitive skin, which 
has been well illustrated by pressure studies. This repetitive overload on specifi c 
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areas of the sole could partially explain why plantar ulcers are deeper and smaller 
than leg and ankle ulcers. The free distribution of special footwear does not ensure 
its adequate utilization. Healthcare workers need to be constantly pushed to estab-
lish a patient continuum education process about self-care routines and to improve 
the techniques currently employed to encourage the use of preventive tools. Low 
adherence to such programs and self-care procedures is a concern of countries that 
still bear a signifi cant leprosy burden [ 21 ]. The involvement of the peripheral nerves 
can lead to loss of sensation particularly affecting the hands and lower limbs. As in 
diabetes, the loss of sensation results in people not being aware of any cuts or burns 
that they may sustain. For this reason, people with leprosy are more prone to devel-
oping hand and lower limb injuries, which may develop into nonhealing ulcers. 
Leprosy always needs to be considered in the presentation of a nonhealing ulcer, 
especially in the indigenous population or those from countries where leprosy is 
noted by the World Health Organization to still occur at higher levels.  

21.6.2     Pyoderma Gangrenosum (PG) 

 Pyoderma gangrenosum (PG) is a condition that causes tissue to become necrotic, 
causing deep ulcers that usually occur on the legs. When they occur, they can lead 
to chronic wounds. Ulcers usually initially look like small bug bites or papules, and 
they progress to larger ulcers. Though the wounds rarely lead to death, they can 
cause pain and scarring. There are two main types of pyoderma gangrenosum: the 
“typical” ulcerative form, which occurs in the legs, and “atypical” form that is more 
superfi cial and occurs in the hands and other parts of the body. Extracutaneous 
involvement of PG has been reported as cavitary lung lesions, pulmonary infi ltrates, 
episcleritis, psoas abscess, splenic abscess, etc. The diagnosis of PG is by exclusion. 
Though the etiology is not well understood, the disease is thought to be due to 
immune system dysfunction and particularly improper functioning of neutrophils. 
At least half of all pyoderma gangrenosum patients also suffer from illnesses that 
affect their systemic function. The common conditions associated with pyoderma 
gangrenosum are: ulcerative colitis, Crohn’s disease, rheumatoid arthritis, Behçet 
disease, seronegative arthritis, myelocytic leukemia, hairy cell leukemia, myelofi -
brosis, myeloid metaplasia, monoclonal gammopathy, etc. Systemic malignancy 
can occur in about 7 % of cases of PG and leukemia is the commonest neoplasm. 
First-line therapy for disseminated or localized instances of pyoderma gangrenosum 
is systemic treatment by corticosteroids and cyclosporine. Topical application of 
clobetasol, mupirocin, and gentamicin alternated with tacrolimus can be effective. 
Papules that begin as small “spouts” can be treated with Dakin’s solution to prevent 
infection, and entire wounds that cluster also benefi t from this disinfectant. Wet-to- 
dry applications of Dakin’s solution can defeat spread of interior infection. Heavy 
drainage can be offset with Coban dressings. Grafting is not recommended due to 
tissue necrosis. If ineffective, alternative therapeutic procedures include systemic 
treatment with corticosteroids and mycophenolate mofetil, mycophenolate mofetil 
and cyclosporine, tacrolimus, thalidomide, infl iximab, or plasmapheresis [ 22 ].  
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21.6.3     Kaposi’s Sarcoma 

 Kaposi’s sarcoma is an angio-proliferative, soft tissue disease that generally affects 
the skin. It may involve the lymphatic system, the lungs, and the gastrointestinal 
tract; bone, however, is rarely involved. Kaposi’s sarcoma initially presents as pink-
ish, red, or brown-black, well-circumscribed, asymptomatic plaques on the skin. In 
individuals not infected with HIV, Kaposi’s sarcoma is generally limited to the 
lower extremities. However, in the advanced stage of Kaposi’s sarcoma, the lym-
phatic system is compromised, which causes edema with disseminated skin involve-
ment [ 23 ].   

21.7     Allergic Ulceration 

 Numerous local and systemic allergic responses are manifested on the skin. An 
allergy is a hypersensitivity reaction initiated by specifi c immunologic mechanisms 
as a result of contact with or ingestion of an animal, vegetable, mineral, or chemical 
agent. Dermatitis is the term that encompasses local skin infl ammation. The terms 
dermatitis and eczema are frequently used synonymously.  

21.8     Factitious Ulceration 

 Factitious wounding refers to those wounds that are created by a deliberate act of 
force by an individual, aimed at causing damage to their own body.  

21.9     Necrotizing Fasciitis 

 Necrotizing fasciitis (NF) (Figs.  21.3  and  21.4 ), now better called as necrotizing 
soft tissue infection (NSTI), also called as fl esh-eating disease, fl esh-eating bacte-
ria, and fl esh-eating bacteria syndrome, is a rare infection of the deeper layers of the 
skin and subcutaneous tissues, easily spreading across the fascial plane within the 
subcutaneous tissue. Many types of bacteria can cause necrotizing fasciitis (e.g., 
group A streptococcus ( Streptococcus pyogenes ),  Staphylococcus aureus , 
 Clostridium perfringens ,  Bacteroides fragilis ,  Vibrio vulnifi cus ,  Aeromonas 
hydrophila ). The disease is classifi ed as type I (polymicrobial, due to a number of 
different organisms) or type II (monomicrobial, due to a single infecting organism). 
The majority of cases of necrotizing fasciitis are polymicrobial, with 25–45 % of 
cases being type II. Such infections are more likely to occur in people with compro-
mised immune systems secondary to chronic disease [ 24 ,  25 ].
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21.10         Chemotherapy Extravasation Ulceration (Fig.  21.5 ) 

    Normally the chemotherapeutic drugs for malignancy are injected in the upper 
extremity, but in the absence of veins in the upper limb, the drug has been injected 
in the lower extremity veins. If there is extravasation of drugs like mitomycin, 
Adriamycin may lead to extravasation ulcers which are indolent and refuse to heal. 
If patient complains of pain at the site of injection, then drug administration should 

  Fig. 21.3    Necrotizing 
fasciitis of leg and gluteal 
region       

  Fig. 21.4    Necrotizing 
fasciitis of thigh and 
gluteal region       
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be stopped immediately and the rest of the drug has to be given in the other limb to 
avoid cumulative action. The area may be injected with steroids and if possible drug 
should be extruded through the site to avoid ulceration [ 26 ]. 

 Other atypical ulcers like necrotizing fasciitis, neoplastic ulceration, and pyo-
derma gangrenosum have been described in other chapters of this book.  

    Conclusion 
 A large variety of causes may lead to ulcerations in the lower extremity. Only 
after the common causes of ulceration like venous, arterial, and diabetic have 
been ruled out should one search for atypical causes of leg ulceration.     
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 22       Squamous Cell Carcinoma                     

       Jonathan     G.     Sham    ,     Vlad     V.     Simianu    ,     Zhao     Ming     Dong    , 
    Nicholas     L.     Compton    , and     Peter     C.     Wu    

22.1            Introduction 

 Cutaneous squamous cell carcinoma (SCC) is a common cancer arising from malig-
nant proliferation of epidermal keratinocytes. SCC represents a broad range of dis-
ease, from superfi cially invasive to aggressive, highly lethal tumors. 

 The fi rst reports of malignant SCC came from Percivall Pott in 1775, who 
described tumors secondary to occupational carcinogens in British chimney sweeps 
[ 1 ]. Jean-Nicholas Marjolin subsequently described SCC associated with burn scars 
in 1828, immortalizing the term Marjolin’s ulcer [ 2 ]. Since then, arsenic [ 3 ], radia-
tion [ 4 – 6 ], and multiple other etiologic causes have been identifi ed. Accordingly, 
the clinical presentation of SCC is quite variable and is dependent on unique differ-
ences including exposures and patient-specifi c characteristics like age, ethnicity, 
and anatomic location. In the lower extremity, SCC has a spectrum or presentations 
with various degrees of morbidity and mortality [ 7 ]. It is therefore crucial for clini-
cians to be familiar with distinguishing features and risk factors and deliver appro-
priate care. 
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 This chapter will review the epidemiology, risk factors, pathogenesis, diagnosis, 
and treatment of cutaneous SCC, with a particular focus on disease in the lower 
extremity.  

22.2     Epidemiology 

 The descriptive epidemiology of SCC must be interpreted in light of the fact that 
SCCs are not consistently reported in most cancer registries [ 8 ]. As a result, many 
epidemiologic studies combine data on SCC with basal cell carcinoma (BCC) and 
other nonmelanocytic skin tumors [ 9 ,  10 ] further concealing the true natural history 
of the disease. Despite these limitations, several key features of SCC can help to 
guide the clinician’s evaluation and case-specifi c management. 

 SCC is one of the most common human malignancies. It is the second most com-
mon cutaneous neoplasm in Caucasians, Chinese, and Japanese, accounting for 
20–30 % of skin cancers (Table  22.1 ) [ 4 ,  9 ,  11 – 15 ]. Conversely, SCC accounts for 
30–65 % of skin cancers in Blacks and Asian-Indians, making it the most common 
cutaneous malignancy in both races, respectively [ 16 ,  7 ,  17 ]. These statistics should 
be interpreted cautiously as rates of SCC vary by race, sex, environmental expo-
sures, and region [ 18 – 21 ].

   Several studies suggest that the incidence of SCC has been steadily rising world-
wide over the past several decades [ 20 ,  22 ]. This increase may be related to higher 
levels of sun exposure, tanning bed use, aging population, and/or improved skin 
cancer detection [ 23 ,  24 ]. Accordingly, mortality from SCC has also decreased by 
20–30 % over this time period [ 8 ]. Certain subgroups including Blacks and 
Hispanics have seen relative stability in SCC incidence; however mortality in these 
subgroups remains disproportionally larger [ 7 ,  21 ]. 

 In absolute terms, the risk of developing SCC in the setting of lower extremity 
ulcers is low, approaching 0.4 %. However, as described in one of the largest epide-
miological studies of leg ulcers and SCC performed by Baldurrson et al., this repre-
sents a greater than 5-fold increase over the general population (RR = 5.69, 95 % CI 
1.6–15.08) [ 25 ]. 

  Table 22.1    Cancer 
incidence rates  

 Race  Incidence 

 Caucasian [ 20 ]  30–360 per 100,000 

 Hispanic [ 21 ]  ~20 per 100,000 

 Black [ 7 ]  ~3 per 100,000 

 Japanese [ 18 ]  ~20 per 100,000 

 Chinese [ 14 ]  6–9 per 100,000 

 Asian, Indian 
[ 17 ] 

 Unknown 
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22.2.1     Risk Factors 

 Lower extremity (LE) SCCs arise in the context of multiple etiologies. While there 
is no single pathologic event that leads to SCC, particularly in the setting of LE 
ulcers, de novo disease is likely the cumulative effect of multiple risk factors. The 
incidence of SCC increases with age [ 26 ,  27 ]. Rates of disease are at least 5–10 
times higher in patients over 75 and some studies estimate a 50–300 times higher 
prevalence compared to those under the age of 45 [ 20 ,  28 ,  29 ]. Gender differences 
are fairly consistent worldwide, with higher SCC rates in men than in women. LE 
SCCs occur much more commonly in women [ 30 – 32 ], a fi nding which may be 
partially explained by clothing and lifestyle [ 33 ]. 

 Although less common in darker-skinned ethnic groups, SCC in these popu-
lations is associated with greater morbidity and mortality. In Africans, East 
Asians, and South Asians, SCC frequently occurs in areas of chronic injury or 
infl ammation, including chronic leg ulcers, burn scars, skin infections, or sites 
of irritation from tight clothing [ 34 – 37 ]. There is a propensity for SCC to occur 
on the lower extremities in these populations, a site that also tends to be the 
most common location of repeated cutaneous injury. In particular, the anterior 
surface of the LE is more prone to trauma, and SCCs tend to occur on the front 
of the leg [ 38 ]. 

 Because of the stark difference of SCC presentation in darker-pigmented per-
sons, ultraviolet radiation is not believed to play an equally important etiologic role 
[ 7 ]. Darker-skinned groups are believed to receive photoprotection from increased 
melanocyte activity and larger, more dispersed melanosomes [ 39 ,  40 ]. Compared to 
light-skinned individuals, it is estimated that a 30-fold higher dose of ultraviolet 
radiation (UVR) is required to produce even minimally perceptible erythema and 
skin damage [ 41 ]. 

 However it remains evident that LE SCCs, like SCCs in general, are in part 
related to sunlight exposure [ 41 ,  33 ]. UVR from the sun is thought to be the most 
important environmental exposure responsible for SCC [ 8 ,  31 ]. Both lifetime and 
occupational sun exposure have been linked to SCC [ 30 ,  42 ]. Additionally, the ante-
rior surface of the leg may receive more sun exposure than the rest of the leg, result-
ing in 10–17 % higher rates in this area [ 43 ]. This causal etiology of UVR is further 
substantiated by evidence supporting the effi cacy of daily sunscreen use in reducing 
the incidence of SCC [ 44 ]. 

 Other forms of radiation have also been linked to SCC. Psoralen followed by 
exposure to UVA radiation, a combination known as PUVA used to treat a variety of 
dermatoses, increases the risk for developing squamous cell carcinoma as much as 
35-fold [ 45 – 48 ]. Tanning beds, which primarily emit UVA radiation, have been 
implicated by multiple studies including a recent meta-analysis [ 49 – 52 ]. Therapeutic 
ionizing radiation, grenz rays, and gamma rays are all associated with the develop-
ment of SCC [ 53 ]. 

 SCC occurs more frequently in patients who are immunosuppressed after solid 
organ transplants [ 54 – 58 ] and disease tends to be more aggressive than in the immu-
nocompetent [ 59 ,  60 ]. Immunosuppressive agents are believed to augment 

22 Squamous Cell Carcinoma



360

UVR-related damage both directly [ 61 ] and through decreased immune surveil-
lance [ 57 ], leading to an increased risk of multiple and recurrent lesions [ 62 ]. 

 As previously mentioned, there is an increased risk of cutaneous SCC in chroni-
cally infl amed skin resulting from scars, burns, chronic ulcers, sinus tracts, or 
infl ammation. It is estimated that 2 % of all SCCs arise within chronic scars and a 
staggering 95 % of all skin cancers arising in chronically infl amed skin are SCCs 
[ 63 ,  64 ]. Chronic infl ammation is a particularly important risk factor in patients 
with dark-pigmented skin and thought to be responsible for almost half of SCC in 
this population [ 7 ]. 

 SCCs arising in ulcers, also known as Marjolin’s ulcers, occur more often in 
men. There is wide variation between the initial skin injury and appearance of 
malignancy, with reports of SCC appearing as early as 6 weeks or as late as 50 years 
after the traumatic event [ 65 – 67 ]. Mortality rate rises with increasing latency, and 
LE SCCs have a worse prognosis [ 63 ]. The healed burn injury, especially if healed 
by secondary intention, has compromised immune, lymphatic, and barrier function 
and is more at risk for continued injury. Like other forms of chronic scarring, most 
have latency periods of many years [ 68 ,  69 ]. 

 Individuals with a family history of SCC may have an increased risk for develop-
ing the condition [ 70 – 72 ]. This may be due to genetic traits and inherited disorders 
similar to risk factors like sunlight [ 73 ,  74 ]. In general, SCC is thought to be more 
common in lower socioeconomic strata, primarily through occupational exposure to 
sunlight [ 75 ]. Multiple other toxins have been linked to SCC, including chronic 
exposure to arsenic, aromatic hydrocarbons, coal tar, petroleum-based oil, soot, and 
tobacco smoke [ 76 – 79 ].  

22.2.2     Pathogenesis 

 Like many malignancies, SCC is not a solitary pathology defi ned by a single event 
that leads a cell toward carcinogenesis. Rather, SCC is the result of a collection of 
disparate acquired and genetic conditions which spawn the malignant transforma-
tion of suprabasal epidermal keratinocytes into a disease that ranges from easily 
managed, superfi cial tumors to metastatic, highly invasive lethal disease. This sec-
tion reviews the etiology and pathogenesis of SCC, which shares many similarities 
with other non-melanoma skin cancers (NMSC).  

22.2.3     Genetics of SCC 

 The genetic origins of SCC lie in three principal categories, regardless of primary 
etiology of the genetic alteration:  oncogenes ,  tumor - suppressor genes , and  DNA- 
repair   genes . Oncogenes are a group of growth-promoting genes derived from nor-
mal genomic sequences (so-called proto-oncogenes) involved in the regulatory 
control of cell growth and proliferation [ 80 ]. These are normally tightly controlled; 
however if mutated, proto-oncogenes can become oncogenes, leading to unchecked 
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growth and malignant transformation. Mutations in the epidermal growth factor 
receptor (EGFR) proto-oncogene have been associated with SCC and are often 
linked to viral infection [ 81 ]. Human papillomavirus (HPV) is the most well-known 
cancer-inducing virus, linked to approximately 99.7 % of cervical SCC [ 82 ]. Despite 
this stalwart relationship, HPV’s role in SCC arising from venous stasis ulcers is 
less clear. Baldursson et al. demonstrated that while ~30 % of patients harbored 
HPV in their venous stasis ulcer, none of the ulcers that ultimately developed SCC 
contained the virus [ 83 ], suggesting either HPV is not involved in ulcer-derived 
SCC pathogenesis or the ulcer is subject to “hit and run” HPV infections [ 84 ]. 

 Tumor-suppressor genes comprise a class of regulatory sequences that inhibit 
cell division, downregulate growth, or induce apoptosis. When mutated, cell growth 
and division can go unchecked, leading to malignant transformation and tumor 
development. The tumor-suppressor gene TP53, which encodes the commonly 
known tumor protein p53, plays a central role in SCC pathogenesis and is mutated 
in over 90 % of patients [ 85 ]. While UV irradiation and subsequent CC→TT substi-
tution is the most common cause of p53 mutations, studies suggest that the chronic 
infl ammation and proliferative derangement in lower extremity ulcers may also play 
a role. In one report, 50 % of patients with chronic venous stasis ulcers who ulti-
mately developed SCC demonstrated overexpression of nonfunctional mutated p53, 
a rate similar to that found in chronic scars [ 86 ,  87 ]. 

 Finally, DNA-repair genes maintain the integrity of the genome by correcting 
missense or nonsense mutations that occur normally during the cell division pro-
cess. Some inherited disorders such as xeroderma pigmentosum arise from muta-
tions in DNA-repair genes, ultimately leading to widespread SCC, BCC, and 
melanoma. However, there is no direct link between DNA-repair gene mutations 
and ulcers of the lower extremity; therefore this text will defer discussion of this 
topic.  

22.2.4     Chemical Carcinogenesis 

 The earliest association of chemical exposure and SCC was by Pott in 1775 in his 
report on the unusually high incidence of scrotal SCC among London’s young 
chimney sweeps [ 1 ]. While fi rst attributed simply to “soot,” later studies confi rmed 
that a chemical agent in soot, called benzo[a]pyrene, was responsible for the cancers 
[ 88 ]. Since then, dozens of chemicals have been associated with the development of 
SCC, many of which can cause ulceration of the extremities with topical exposure. 
Table  22.2  features carcinogenic agents linked to the development of SCC.

22.2.5        Photocarcinogenesis 

 UVR remains the primary etiologic agent for SCC (and all skin cancer) carcinogen-
esis. Both UVA and UVB play a role in the development of SCC, specifi cally 
through damage of genomic DNA [ 89 ,  90 ]. It is estimated that patients with greater 
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than 30,000 h of cumulative lifetime sun exposure are at higher risk for SCC devel-
opment [ 42 ]. Given the protective nature of normal skin anatomy and its associated 
chromophores (most notably, melanin), it is reasonable to conclude that disruption 
of the normal protective layers of the skin through chronic wounds or ulceration 
would lead to higher susceptibility to UVR damage, though this specifi c question 
has not been studied. It is, however, important to understand the effect of UVR 
exposure on the development of chronic wounds, as the microvascular ablation and 
chronic infl ammation in sun-damaged skin are signifi cantly more prone to ulcero-
genesis, regardless of the etiology [ 91 ].  

22.2.6     Precancerous Lesions: Actinic Keratosis 

 While the concept of pre-SCC lesions has been intensely debated [ 92 – 94 ], it is now 
accepted that certain benign lesions are anatomic and genetic precursors to SCC 
[ 95 ,  96 ]. Chief among these is actinic keratosis (AK), which is thought to represent 
an early stage on the biologic continuum of SCC. After acne vulgaris, AK is the 
second leading cause for people to visit a dermatologist [ 38 ]. AK tends to appear on 
sun-exposed areas as the result of UVR exposure and appear as erythematous, 
rough, and scaly papules. Concerning physical fi ndings that may indicate transition 
of AK to SCC include induration, pain, and ulceration. If a lower extremity cutane-
ous ulcer is biopsied and histopathology reveals AK, it is prudent to obtain addi-
tional sections of the biopsy sample as missed malignancies are common. Data from 
Carag et al. suggest that 33 % of tissue blocks initially revealing AK will yield 
further diagnoses if sectioned deeper, 3 % of which will demonstrate SCC [ 97 ].  

22.2.7     Bowen’s Disease 

 In situ SCC, also called Bowen’s disease (BD), was one of the earliest described in 
situ precursors to invasive malignancy [ 98 ]. It can appear anywhere on the body, 

   Table 22.2    Etiologic agents associated with SCC   

 Agent  At-risk population  Route of exposure 

 Ultraviolet radiation  General population  Topical 

 Cigarette smoke  Smokers  Topical/systemic 

 Soot  Chimney sweep  Topical 

 Coal tar, pitch  Coal/steelworker  Topical 

 Petroleum oils  Machinist, textile worker  Topical/systemic 

 Arsenic  Agricultural worker  Topical/systemic 

 4,4′-Bipridyl  Pesticide manufacturer  Topical 

 Psoralen (PUVA)  Psoriasis patient  Topical/systemic 

 Nitrogen mustard  T-cell lymphoma patient  Topical 

 Immunosuppressants  Transplant patients  Systemic 
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including both sun-exposed and non-sun-exposed areas, notably on women’s lower 
legs. Lesions may range from sub-centimeter to several centimeters in size and 
often present as oozing erythematous patches or plaques on the lower extremities. 
Histopathology typically demonstrates full-thickness atypia, which can reach from 
the stratum corneum to the basal cell layer, while preserving an intact basement 
membrane which distinguishes it from invasive SCC (Fig.  22.1 ). The likelihood that 
an untreated lesion will progress to SCC has been estimated at 3–5 % [ 99 ]. More 
importantly, the presence of BD indicates a patient’s increased susceptibility in 
developing other NMSC. Kao reported that in patients with BD, the incidence of 
either previous or subsequent NMSC was between 30 and 50 % [ 100 ], indicating 
the need for heightened screening in these patients, particularly if lower extremity 
ulceration is present.

22.3         Clinical Presentation and Diagnosis 

 The primary role of the clinician is to evaluate whether a lesion is suspicious for 
SCC, as early detection decreases morbidity, mortality, and associated costs. This 
should be followed by evaluation for tumors that are at highest risk for aggressive 
behavior. Therefore a detailed history and thorough physical examination is directed 
at identifying the variety of clinical manifestations. Skin biopsies are required to 
confi rm the diagnosis and are useful for staging. 

22.3.1     Clinical Presentation 

 A thorough medical history can help determine the individual’s demographics, 
occupational, and recreational exposure including trauma, personal and family 
history of SCCs, and contact with carcinogens. The physical examination pro-
vides clues to an individual’s risk for skin cancer by revealing skin type, coex-
istence of photodamage, or chronic infl ammation and may help determine the 
need for additional staging. Although sun exposure has been determined to be 
the primary signifi cant environmental factor contributing to skin cancer, it is 
often diffi cult to obtain histories that accurately measure the amount of ultravio-
let exposure. 

 Characteristics of fair complexion, light eyes, and light hair are associated 
with increased risk of SCC [ 101 – 103 ]. Light hair (blond or red) carries a relative 
risk of 12.5 for malignant disease and an individual’s Fitzpatrick skin type also 
plays a signifi cant role, as SCC arises disproportionately in individuals with skin 
types I and II [ 104 ]. Evidence of additional photodamage or known precursor 
lesions [ 26 ,  47 ,  105 – 107 ] may be helpful in sun-exposed areas, but may be less 
predictive in darker-pigmented individuals or in cases of LE SCC caused by 
chronic scarring. 

 The clinical appearance of cutaneous SCC is infl uenced by the lesion type and 
site. SCC in situ (BD) typically presents as a well-demarcated, scaly patch or plaque 
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a

b

c

  Fig. 22.1    Comparison of normal skin epithelium, squamous cell carcinoma (SCC) in situ, and 
invasive SCC. ( a ) Shows normal keratinizing stratifi ed squamous epithelium of skin. ( b ) Shows 
SCC in situ: full-thickness keratinocytic atypia with a high degree of cellular and nuclear variation. 
( c ) Shows invasive SCC: the invasive tumor islands in the dermis are surrounded by connective 
tissue with a brisk infl ammatory cell infi ltrate (H&E, ×100)       
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(Fig.  22.2 ). Though typically erythematous, lesions can also be skin colored or pig-
mented. SCC in situ lesions tend to grow slowly, enlarging over the course of years. 
They are typically asymptomatic, which distinguishes them from the infl ammatory 
disorders that may resemble SCC in situ. Frequently, there is associated thickening 
of the epidermis (acanthosis), as well as hyperkeratosis and parakeratosis of the 
stratum corneum. BD is uncommon in dark-pigmented individuals. When present in 
these individuals, it tends to present as a scaly, sharply demarcated plaque that is 
often pigmented and may be velvety, fl at, or verrucous. As with invasive tumors, BD 
in dark-pigmented individuals occurs predominantly on non-sun-exposed skin, par-
ticularly the LE [ 7 ].

   The appearance of invasive SCC often correlates with degree of tumor differen-
tiation. Well-differentiated SCCs tend to present as indurated or fi rm, hyperkeratotic 
papules, plaques, or nodules (Fig.  22.3 ). These lesions are typically smaller than 
2 cm. In contrast, poorly differentiated SCC presents as fl eshy, granulomatous 

a

b

  Fig. 22.2    Squamous cell carcinoma in situ. ( a ) Shows a pigmented sessile eroded well-demar-
cated plaque. ( b ) Shows a large erythematous thin plaque with hypertrophic scale and crusting       
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papules or nodules that lack the hyperkeratosis that is often seen in well-differenti-
ated lesions. Poorly differentiated tumors are more likely to have ulceration, hemor-
rhage, or areas of necrosis. Lesions of invasive SCC are often asymptomatic, with 
neurologic symptoms (numbness, burning, paresthesias, or paralysis) occurring in 
approximately one-third of patients, suggesting potential perineural invasion and 
worse prognosis [ 108 ,  109 ].

   SCC in setting of chronic wounds, scars, or other forms of infl ammation may 
initially present as ulcerations that fail to heal, with nodularity developing as lesions 
progress (Fig.  22.4 ). Therefore, SCC should be suspected whenever chronic wounds 
fail with appropriate therapy. Because of the aforementioned predisposing factors 
for the development of SCC in dark-pigmented individuals, non-healing ulcers or 
nodules adjacent to an area of chronic scarring, infl ammation, or abnormal pigmen-
tation should undergo to biopsy to exclude malignancy [ 7 ]. The differential diagno-
sis for SCC manifesting as non-healing ulcers includes basal cell carcinoma, 
pyoderma gangrenosum, and venous stasis or traumatic ulcers.

a

b

  Fig. 22.3    Invasive squamous cell carcinoma. ( a ) Shows a nodule with erosion, scale, surrounding 
erythema, and induration. ( b ) Shows an erythematous nodule with central scale and crust       
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22.3.2        Staging 

 Lesions suspicious for SCC should be sampled by shave, punch, or excisional biop-
sies. Biopsies should extend into the mid-reticular dermis to allow for adequate 
evaluation of invasive disease. In addition to tumor depth and differentiation, histo-
pathologic examination is also useful for assessment for perineural invasion and 
other factors that are important for tumor staging and prognosis. 

 Patients diagnosed with SCC should be given a full-body skin examination (to 
evaluate for additional cutaneous malignancy) and palpation of regional lymph 
nodes for signs of metastatic disease. In addition to tumor size and lymph node 
status, other factors that affect prognosis, including lesion thickness, location, and 

a

b

  Fig. 22.4    SCC arising from abnormal tissue. Invasive squamous cell carcinoma developing in a 
background of ulcer with absence of surface epithelium and dense infl ammatory cell infi ltrate ( a ) 
and of wound with granulation tissue and fi brosis ( b ) (H&E, ×100)       
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level of histopathologic differentiation, are included in the staging criteria. The 
updated TNM staging system of the seventh edition of the American Joint Committee 
on Cancer (AJCC) Cancer Staging Manual is provided in (Table  22.3 ) [ 109 ,  110 ].

   Untreated SCC can progress at variable rates, depending on a variety of factors 
including differentiation, continued exposure, and the patient immunologic status. 
SCCs not associated with UVR are considered high-risk tumors with a 20–40 % risk 
of metastasis in dark-pigmented individuals, compared with the 1–4 % metastatic 
rate of sun-induced SCC in whites [ 111 – 113 ,  7 ]. It is unclear if this disparity in 
metastatic rates can be explained by delayed presentation or inherently more aggres-
sive tumors [ 68 ,  7 ]. The initial site of metastasis for cutaneous SCC is most fre-
quently regional lymph node basins followed by distant sites including the lungs, 
liver, brain, skin, or bone. 

 Several variables are associated with the risk of local recurrence and metastasis, 
including location, size, depth, histologic differentiation, perineural involvement, 
immunosuppression status, and prior treatment [ 114 – 116 ]. SCCs with a diameter 
over 2 cm have three times the rate of metastasis of smaller tumors. Depth greater 
than 4 mm is considered higher risk. Poorly differentiated SCCs are associated with 
a twofold rate of local recurrence and threefold increase in metastatic rate. Local 
recurrence itself carries a metastatic rate of 25 %. Perineural invasion is a histologic 
indicator of a biologically aggressive tumor, with metastatic rates as high as 80 %. 
Immunosuppressed patients have a metastatic rate of almost 13 % [ 117 ]. Once SCC 
metastasizes, 5-year survival falls to 26.8 % [ 111 – 113 ]. Rates of recurrence and 
metastasis are also listed in Table  22.4 .

   SCCs developing in chronic wounds or scars are more likely to behave aggres-
sively, with a metastatic rate as high as 38 % [ 63 ,  99 ]. Similarly, SCCs in the setting 
of prior radiation therapy are also considered high risk [ 118 ]. 

 In patients with high-risk SCC, radiologic imaging should be used to assess 
advanced T staging for T3 or T4 staging (bone invasion) and determination of nodal 
and distant metastatic spread. Computed tomography (CT), magnetic resonance 
imaging (MRI), positron emission tomography (PET), and ultrasound have all been 
utilized for disease staging. CT appears to be most useful in the detection of bone 
and cartilage invasion, while MRI is better suited to assess extension into soft tissue 
and large nerves. Fine-needle aspiration or surgical excisional biopsy is recom-
mended for clinically enlarged lymph nodes. 

 The optimal management of clinically node-negative patients with high-risk 
SCC remains unclear [ 119 ]. Various reports of sentinel lymph node (SLN) biopsy 
exist in the literature, but high-quality studies evaluating the effect of this procedure 
on survival are lacking. SLN positivity rate (14.1 %) [ 120 ] and failure rate, false- 
negative rate, and negative predictive value for SCC are similar to rates described in 
melanoma literature, where SLN biopsy is well established. However, the role of 
routine immunostaining with cytokeratin markers for SCC patients has not been 
established and the optimal treatment for microscopic lymph node metastases 
remains unclear with options including regional lymph node dissection, external 
radiation, or systemic chemotherapy. Presently, SLN biopsy is considered an inves-
tigational staging tool in the treatment of high-risk cutaneous SCC.   
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   Table 22.3    AJCC TNM staging system for cutaneous squamous cell carcinoma   

  Primary tumor  ( Tx ) a  

 TX  Primary tumor cannot be assessed 

 T0  No evidence of primary tumor 

 Tis  Carcinoma in situ 

 T1  Tumor 2 cm or less in greatest dimension with less than two high-risk 
features (see list of high-risk features below) 

 T2  Tumor greater than 2 cm in greatest dimension  or  

 Tumor any size with two or more high-risk features 

 T3  Tumor with invasion of maxilla, mandible, orbit, or temporal bone 

 T4  Tumor with invasion of skeleton (axial or appendicular) or perineural 
invasion of skull base 

  High - risk features for the primary tumor  ( T )  staging  

 Depth/invasion  >2 mm thickness 

 Clark level ≥IV 

 Perineural invasion 

 Anatomic location  Primary site ear 

 Primary site hair-bearing lip 

 Differentiation  Poorly differentiated or undifferentiated 

  Regional lymph nodes  ( N ) 

 NX  Regional lymph nodes cannot be assessed 

 N0  No regional lymph node metastases 

 N1  Metastasis in a single ipsilateral lymph node, 3 cm or less in greatest 
dimension 

 N2  Metastasis in a single ipsilateral lymph node, more than 3 cm but not 
more than 6 cm in greatest dimension; or in multiple ipsilateral lymph 
nodes, none more than 6 cm in greatest dimension; or in bilateral or 
contralateral lymph nodes, none more than 6 cm in greatest dimension 

 N2a  Metastasis in a single ipsilateral lymph node, more than 3 cm but not 
more than 6 cm in greatest dimension 

 N2b  Metastasis in multiple ipsilateral lymph nodes, none more than 6 cm in 
greatest dimension 

 N2c  Metastasis in bilateral or contralateral lymph nodes, none more than 
6 cm in greatest dimension 

 N3  Metastasis in a lymph node, more than 6 cm in greatest dimension 

  Distant metastasis  ( M ) 

 M0  No distant metastases 

 MI  Distant metastases 

 Anatomic stage/prognostic groups b  

 Stage 0  Tis  N0  M0 

 Stage I  T1  N0  M0 

 Stage II  T2  N0  M0 

(continued)
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22.4     Treatment 

 Once a premalignant or malignant lesion has been discovered, a variety of treatment 
options exist to effectively address the corresponding pathology. The specifi c level 
of screening, therapeutic modality, scope of treatment, and degree of posttreatment 
follow-up will depend on the extent and severity of disease. 

22.4.1     Treatment of Premalignant Lesions 

 As reviewed earlier, AK is recognized as a precursor to SCC, though the vast major-
ity of lesions will not become malignant. Because of the relatively low risk, some 
specialists regard the treatment of AK as unnecessary, though most dermatologists 
advocate treating AK because these therapies are relatively easy to perform, have low 
morbidity, and eliminate the risk of malignant transformation [ 121 ,  122 ]. Treatment 
for AK can be grouped into two main categories:  lesion - targeted  and  fi eld  therapies. 

Table 22.3 (continued)

 Anatomic stage/prognostic groups b  

 Stage III  T3  N0  M0 

 T1  N1  M0 

 T2  N1  M0 

 T3  N1  M0 

 Stage IV  T1  N2  M0 

 T2  N2  M0 

 T3  N2  M0 

 Any T  N3  M0 

 T4  Any N  M0 

 Any T  Any N  M1 

  Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. 
The original source for this material is the  AJCC Cancer Staging Manual , Seventh Edition (2010) 
published by Springer New York, Inc 
 Note:  cTNM  is the clinical classifi cation,  pTNM  is the pathologic classifi cation 
  a Excludes cSCC of the eyelid 
  b Patients with primary cSCC or other cutaneous carcinomas with no evidence (clinical, radiologic, 
or pathologic) of regional or distant metastases are divided into two stages: stage I for tumors 
measuring ≤2 cm in size and stage II for those that are greater than 2 cm in size. In instances where 
there is clinical concern for extension of tumor into bone and radiologic evaluation has been per-
formed (and is negative), these data may be included to support the stage I vs. II designation. 
Tumors that are ≤2 cm in size can be upstaged to stage II if they contain two or more high-risk 
features. Stage III patients are those with (1) clinical, histologic, or radiologic evidence of one soli-
tary node measuring ≤3 cm in size or (2) tumor extension into bone: maxilla, mandible, orbit, or 
temporal bone. Stage IV patients are those with (1) tumor with direct or perineural invasion of 
skull base or axial skeleton, (2) ≥2 lymph nodes, or (3) single or multiple lymph nodes measuring 

>3 cm in size or (4) distant metastasis  
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 Lesion-targeted therapies involve the physical destruction of the premalignant 
lesions and are the most common methods used to address AK [ 123 ]. The most 
ubiquitous of these destructive therapies is  liquid - nitrogen cryosurgery , in which 
liquid nitrogen is directly applied to the lesion via a spray device or cotton applica-
tor in order to destroy the lesion. Clearance rates are proportional to freeze times, 
with lesions treated for longer than 20 s demonstrating greater than 80 % complete 
response [ 124 ].  Curettage , with or without electrocautery, is the next most common 
lesion-targeted therapy and together with liquid-nitrogen cryosurgery comprises 
greater than 80 % of all treatments for AK [ 123 ]. In this modality abnormal cells are 
mechanically scraped away, with the judicious use of electrocautery to provide 
hemostasis as well as destroy an additional layer of underlying cells. If liquid nitro-
gen is not available, this is a relatively fast and effective method of treating AK, 
with the downside of additional patient discomfort and potential scarring. 

 In contrast, fi eld therapies utilize medications to target larger areas of skin with 
either widespread or multiple AK to abrogate the need for isolated treatment of 
individual lesions. For decades, topical  5 - fl urouracil  (5-FU) has been the standard 
therapy for AK, selectively destroying damaged cells while preserving normal skin 
and completely eliminating AK in 75 % of lesions. More recently, the immuno-
modulator  imiquimod  has emerged as another viable topical AK agent. Imiquimod 
acts by stimulating interferon-α (IFN-α) and tumor necrosis factor-α (TNF-α) [ 125 ] 
in order to destroy abnormal cells, though effi cacy appears to be inferior to 5-FU 
[ 126 ]. Another topical fi eld therapy for AK is the nonsteroidal anti-infl ammatory 
 diclofenac . While the mechanism of action is not completely understood, treatment 

   Table 22.4    Factors associated with increased risk for local recurrence and metastasis of cutane-
ous squamous cell carcinoma   

 Rate of recurrence 
(percent) 

 Rate of metastasis 
(percent) 

  Tumor factors  [ 111 ,  148 – 150 ] 

 Chronic wound or scar  N/A  26.2–37.9 

 Irradiated skin  N/A  20–26 

  Size  [ 111 ,  151 ] 

 ≥2 cm  15.2  5.8–42.5 

  Depth  [ 111 ,  151 ,  152 ] 

 >4 mm/Clark IV, V  17.2  30.4–51 

 >6 mm  N/A  15.6 

 Recurrent tumor [ 111 ,  153 ]  10–27.5  16.3–30.3 

 Poorly differentiated histology [ 111 ,  151 ]  28.6  32.8–57.9 

 Perineural invasion [ 111 ,  154 ,  155 ]  16–47.2  10–50 

  Host factors  

 CLL and SLL [ 156 – 158 ]  25–100  18–100 

 Organ transplantation [ 159 ,  160 ]  10–54  6–31 

  Original table modifi ed for this publication. Copyright © 2006 by the American Society for 
Dermatologic Surgery, Inc. Published by Blackwell Publishing. Ross and Schmults [ 161 ]  
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is likely related to cyclooxygenase 2 (COX-2) inhibition reducing prostaglandins, 
which have been implicated in exacerbating UVR damage [ 127 ]. Diclofenac is at 
least as effi cacious as imiquimod, with fewer local cutaneous side effects [ 128 ].  

22.4.2     Treatment of Malignant Lesions 

 Treatments like curettage, liquid-nitrogen cryotherapy, and medical fi eld thera-
pies are often used because they are quick and less invasive and can be performed 
in the outpatient setting. However, these therapies are superfi cial and do not allow 
for histological margin assessment and are therefore inadequate for the treatment 
of BD or invasive carcinoma. These require more invasive therapies including 
 Mohs microscopically controlled surgery  ( MMCS ),  surgical excision , and 
 chemoradiotherapy .  

22.4.3     Mohs Microscopically Controlled Surgery (MMCS) 

 In the 1930s at the University of Wisconsin, Dr. Frederic Mohs developed a method 
of preserving tumor tissue in situ prior to excision, thus allowing him to evaluate the 
surgical margin in real time and enabling him to take more tissue if necessary [ 129 ]. 
Because the technique was labor intensive and the tissue preservation process 
required the patient to leave and return every time a new margin required excision, 
Dr. Mohs’ approach was not readily adopted. It was not until the 1970s when Dr. 
Theodore Tromovich at the University of California San Francisco utilized frozen 
sectioning in place of the original in situ fi xation process that “Mohs Surgery” or 
MMCS became widely adopted by the dermatological community [ 130 ]. 

 The basic technical principles of MMCS involve initial excision of the tumor 
with minimum required margins as evaluated by the performing clinician. At this 
stage the excised tissue is inked and oriented, and in real time the tissue margins 
are evaluated for residual malignant cells. If tumor is found at one of the margins, 
the specifi ed marking and orientation of the specimen allow the clinician to fur-
ther resect tissue only at the affected margin, not blindly across the entire wound 
bed. This allows for the minimum amount of tissue to be removed in order to 
achieve an oncologic resection. Across the board, MMCS has been shown to pro-
vide superior cure rates for both primary and recurrent disease over traditional 
treatment modalities [ 111 ]. In general, MMCS is used in areas where tissue pres-
ervation is paramount (e.g., face, genitals), in lesions with a high risk of local 
recurrence or with a high risk of metastasis [ 131 ]. It is not typically used in the 
lower extremities where larger and deeper simple excisions are more easily per-
formed. Additionally, the presence of chronic infl ammation in and around lower 
extremity ulcers can obscure intraoperative microscopic margin evaluation; there-
fore wide excision with or without fl ap reconstruction is recommended over 
MMCS in this setting.  
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22.4.4     Surgical Excision 

 Surgical excision has long been the mainstay of therapy and is still the standard 
of care for most SCCs of the lower extremity. The general recommendation for 
surgical margins for low-risk lesions less than 2 mm in depth is 4 mm. For 
lesions with higher-risk features or that are deeper than 6 mm, MMCS may be 
considered to enable intraoperative margin assessment, although surgical exci-
sion with wider margins and delayed pathologic evaluation is also appropriate, 
with the understanding that a return to the operating room for repeat excision 
may be necessary [ 132 ,  133 ]. On the lower extremity, the skin and subcutaneous 
tissue are incised to the level of the muscular fascia and removed en bloc for 
histologic analysis. The wound is typically closed primarily or through second-
ary intention; however in the setting of infl ammation, scaring, or ulceration of 
the affected area, fl ap closure or skin grafting may be necessary. Tumors with 
concerning clinical characteristics (high mitotic rate, ulceration, etc.) and 
deeply invading tumors with involvement of nerve, bone, or muscle or occur-
rence in a previously irradiated fi eld should all raise concern for the appropri-
ateness of simple surgical excision, and therefore referral to MMCS is 
recommended. 

 Unlike in the case of melanoma, the role of sentinel lymph node biopsy for clini-
cally N0 SCC is unclear [ 119 ]. If palpable regional nodes are present in the setting 
of SCC, fi ne-needle aspiration or core biopsy is recommended, followed by imag-
ing and consideration of regional lymph node dissection [ 133 ]. If lymphadenec-
tomy is performed and demonstrates nodal involvement, subsequent adjuvant 
chemoradiotherapy may be offered, as these patients are at highest risk of disease 
progression.  

22.4.5     Chemoradiation 

 External-beam radiation is an important adjuvant therapy in patients with high-risk 
or refractory disease. In certain patient populations, it has been shown to improve 
5-year disease-free and overall survival [ 134 ,  135 ]. For certain disease sites such as 
SCC of the auditory canal, it has shown particular utility [ 136 ], and while providing 
theoretical benefi t in patients with high-risk lesions like a Marjolin’s ulcer, this 
application has not been specifi cally studied. 

 Chemotherapy for SCC is typically reserved for recurrent or metastatic disease 
and its effi cacy is highly variable. Cisplatin with or without 5-FU has been studied 
in a phase II setting, with a small minority of patients showing benefi t [ 133 ,  137 ]. 
Cetuximab (Erbitux), an epidermal growth factor receptor (EGFR) inhibitor, has 
shown promise in a handful of case reports and possesses a far more attractive toxic-
ity profi le than cisplatin-based regimens [ 138 – 143 ]. Gefi tinib (Iressa), an EGFR 
tyrosine kinase inhibitor, has also shown promise in clinical trials but is still consid-
ered investigative therapy at this time [ 144 ].   
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22.5     Follow-Up 

 The intensity of follow-up after treatment of premalignant or malignant lesions 
should be based on risk. Current National Comprehensive Cancer Network (NCCN) 
recommendations include a history and physical examination every 3–12 months 
for 2 years, every 6–12 months for 3 years, and then annually for life [ 133 ]. This is 
in addition to patient education regarding sun protection and skin self-examination. 
Patients with an elevated risk of metastases or local recurrence should be evaluated 
more frequently. Recommendations are based on two key factors in the natural his-
tory of SCC. First, once treated for SCC patients have a 30–50 % chance of develop-
ing another NMSC within 5 years [ 145 ], representing a 10-fold increase over the 
general population [ 146 ]. Second, 70–80 % of SCC recurrences occur within the 
fi rst 2 years after treatment [ 147 ], emphasizing the need for increased surveillance 
during this time.  

    Conclusion 
 Squamous cell carcinoma represents a wide spectrum of disease with diverse 
etiologies and an oftentimes unpredictable clinical course. Despite its relatively 
low incidence, clinicians caring for patients with lower extremity ulcers should 
be aware of this often insidious malignancy, as early detection and treatment are 
crucial in the care of patients with this disease.     
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23.1            Introduction 

 Ulcers of the foot have evolved as a subspecialty in itself. Though benign conditions 
comprise of the major causes, malignant ulcers are not at all a rare entity. Melanomas 
are defi ned as malignant neoplasms arising from the melanin-producing melano-
cytes of the skin (originally developed from the neural crests). Malignant melanoma 
is one of the most common malignant ulcers affecting the extremities in all age 
groups. Statistics from the Indian subcontinent is a scarcity, but in the United States, 
the annual incidence is close to 75,000 new cases per year with approximately 9000 
deaths per year [ 1 ]. A surprising fact remains that females are mostly predisposed 
to melanomas of the extremities.  

23.2     Cellular Classification of Melanoma 

 It is of historic importance and does not carry any major prognostic signifi cance. It 
includes:

    1.    Superfi cial spreading   
   2.    Nodular   
   3.    Lentigo maligna   
   4.    Acral lentiginous   
   5.    Miscellaneous: mucosal lentiginous, verrucous, and desmoplastic [ 2 ]      
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23.3     Molecular Classification of Melanoma 

 This classifi cation is based on the identifi cation of activating mutations which 
affects mutation in MAP kinase pathways. The role of this classifi cation is not only 
to identify the mutagenic protein but also develop molecular targeted therapies 
against the subset. This includes:

    1.    BRAF (40–60 %)   
   2.    NRAS (15–20 %)   
   3.    C-KIT (6–7 %)   
   4.    CDK-4 (4 %)     

 Other rare types: P13K, AKT, P53, PTEN, mTOR, Bcl-2, and MITF [ 3 ] 
 In addition, gene expression profi ling of stage IV melanomas reveal four differ-

ent molecular subtypes (each with BRAF/NRAS mutations) characterized by the 
expression of:

    1.    Immune response genes   
   2.    Pigmentation differentiation gene subset   
   3.    Proliferation genes   
   4.    Stromal composition genes     

 The tumor with overexpression of proliferative genes has a particularly poor out-
come compared with other subtypes. In addition, the cohort with underexpression 
of the immune response subsets also fare poorer compared with other subsets. This 
biological taxonomy is particularly helpful in prognosticating advanced disease 
(stage III and IV) and selecting candidates for targeted immune therapy [ 4 ].  

23.4     Growth Pattern in Melanoma 

 Most melanomas except nodular variety are characterized by a preceding in situ 
phase where the growth pattern is radial. Subsequently, there is dermal invasion and 
the melanoma develops the potential to spread. Once the growth pattern changes 
from radial to horizontal phase, there is metastasis to lymph nodes and system [ 5 ].  

23.5     Diagnostic Hallmark 

 A melanoma may be de novo or may arise from a preexisting mole. Early melanoma 
and dysplastic lesions can be suspected by the characteristic “ABCD” features. 
These are:

    A.    Asymmetry of a mole   
   B.    Border irregularity of a mole   
   C.    Color variability in a mole   
   D.    Diameter increasing to more than 6 mm  [  6 ]      
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23.6     Characteristic Clinical Presentations [ 7 ] 

     1.     Superfi cial spreading type (70 %) : It is the most common variety accounting for 
70 % of cutaneous melanomas. Though it can occur in the trunk, a majority of 
the females develop ulcer in the extremities. They present as a fl at or slightly 
elevated lesion with or without ulceration. It demonstrates the classical ABCD 
signs of melanoma.   

   2.     Nodular type (15–20 %) : It can occur in the extremities and is characterized by 
the lack of radial growth phase, and therefore, the classical ABCD signs are usu-
ally missing. They present as thick lesions and therefore ulcerate very fast and 
tend to bleed upon touching. A large subset of such melanomas may be amela-
notic (i.e., nonpigmented). The lack of radial growth phase, thicker lesions, and 
a nonpigmented appearance are responsible for late presentation and poorer 
prognosis.   

   3.     Lentigo maligna (5–15 %) : Rarely occurs in the extremities. They occur in the 
elderly age group and are mostly distributed in the head and neck and back of the 
arm. They are mostly associated with solar degeneration.   

   4.     Acral Lentiginous : Most common melanoma among dark-skinned persons 
accounting for 29–72 % of melanomas. They are rare in whites (2–4 %). They 
present in the palm, sole, and subungual region. Subungual lesions typically 
present as a blue-black discoloration of the posterior nail fold. The presence of 
pigmentation in the proximal or lateral nail folds is diagnostic of subungual mel-
anoma (Hutchinson sign) (Figs.  23.1 ,  23.2 , and  23.3 ).

  Fig. 23.1    Melanoma, 
back of thigh       

  Fig. 23.2    Superfi cial 
spreading type       
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23.7              Staging of Melanoma 

 The clinical staging of melanoma is extremely important so as to describe the pre-
sentation stage. It involves:

    (a)    Melanoma confi ned to the primary site. Any satellite nodule within 2 cm from 
the primary is designated as part of the primary.   

   (b)    Melanoma with metastasis to regional lymph nodes.   
   (c)    Melanoma with systemic metastasis.     

 However, microscopic staging of melanoma is important particularly for mela-
nomas apparently restricted to the primary site. The more is the depth of involve-
ment, the higher is the chance of metastasis to regional nodes. The Breslow and the 
Clark staging are the two most commonly used types. Of these, Breslow is more 
reproducible as it involves absolute depth of invasion.

  Fig. 23.3    Nodular 
melanoma with ulcer fi xed 
to the bone       

  Breslow staging and its significance (vertical 
thickness of melanoma in millimeters)  

 Stage  Depth 

 I  Less than or equal to 0.75 mm 

 II  0.76–1.50 mm 

 III  1.51–2.25 mm 

 IV  2.26–3.0 mm 

 V  Greater than 3 mm 

   Clark staging (anatomical level of invasion)           

 Level of 
invasion  Description 

 Level I  Lesions involving only the epidermis (in situ melanoma); not an invasive lesion 

 Level II  Invasion of the papillary dermis; does not reach the papillary-reticular dermal 
interface 

 Level III  Invasion fi lls and expands the papillary dermis but does not penetrate the reticular 
dermis 

 Level IV  Invasion into the reticular dermis but not into the subcutaneous tissue 

 Level V  Invasion through the reticular dermis into the subcutaneous tissue 
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23.8          Prognostic Factors 

     1.    Depth of invasion   
   2.    Lymph node metastasis   
   3.    Anatomic location: Extremity melanomas have better prognosis than head and 

neck lesions (82 % versus 68 %).   
   4.    Presence of ulceration: Carries poorer prognosis than nonulcerated form.   
   5.    Sex: Females have better prognosis than males.   
   6.    Histopathology types: Nodular and superfi cial spreading types have the same 

outcome when they are depth matched. But nodular lesions having more vertical 
progression tend to spread early. Lentigo maligna carries best prognosis, whereas 
acral lentiginous is the worst type.      

   TNM staging   

 T (tumor size)  Depth  Subtypes 

 Tis  Melanoma in situ 

 T1  <1.0 mm  (a) Without ulceration and mitosis <1/mm 2  
 (b) Without ulceration or mitosis >/=1/mm 2  

 T2  1.0–2.0 mm  (a) Without ulceration 
 (b) With ulceration 

 T3  2.1–4.0 mm  (a) Without ulceration 
 (b) With ulceration 

 T4  >4 mm  (a) Without ulceration 
 (b) With ulceration 

 N (regional lymph 
nodes) 

 N1  One lymph  (a) Micrometastasis 
 (b) Macrometastasis 

 N2  2–3 nodes  (a) Micrometastasis 
 (b) Macrometastasis 
 (c) In-transit metastasis/satellite without 
metastatic nodes 

 N3  >/= 4 nodes  Matted LN/in-transit nodules with nodal 
metastasis 

 M (distant 
metastasis) 

 M1a  Distant skin/subcutaneous/
LN 

 LDH normal 

 M1b  Lung metastasis  LDH normal 

 M1c  All other visceral 
metastasis 
 Any distant metastasis 

 LDH normal 
 LDH elevated 
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23.9     Management 

23.9.1     Diagnosis 

     1.     Biopsy : All suspicious lesions must undergo full-thickness excision biopsy with 
1–3 cm margin, provided the skin can be closed primarily. In large lesions, full- 
thickness incisional biopsy is taken from the margin. However, all biopsy incisions 
should be planned in a way that they can be encompassed during defi nitive surgery.   

   2.      Sentinel lymph node biopsy : Detection and evaluation of draining lymph node.   
   3.     Metastatic workup : USG of the regional lymph node to exclude regional metas-

tasis. The change in the shape of nodes from a bean shape to a globular form with 
loss of fatty hilum on ultrasound is the hallmark of metastatic nodes.   

   4.     Systemic metastasis : CT scan of abdomen and thorax is done to exclude 
metastasis.       

23.10     Treatment 

 Stage 0 (melanoma in situ without lymph node or systemic metastasis): Excision 
only with minimum margin, but resection margin needs to be free microscopically 
(Figs.  23.4  and  23.5 ).

  Fig. 23.5    Excision biopsy       

  Fig. 23.4    Melanoma with 
wide local excision       
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   Stage I             

 T1A: melanoma without 
ulceration 
 Depth of invasion less than 1 mm 
 Mitotic fi gures <1/mm 2  

 N0 
 M0 

 Excision with 1 cm radial margin is adequate. Wider 
margin is not associated with better OS or DFS 
 The need for skin grafting is also reduced with 1 cm 
margin 
 (Level 1 evidence) 
 Lymph node 
 Elective lymph node dissection or SLNB does not 
carry any survival advantage over observation only 
in intermediate-thickness lesions (Level 1 evidence) 

 T1B: melanomas ≤1.0 mm in 
thickness with ulceration or 
mitoses ≥1/mm 2  

 N0 
 M0 

 T2A: melanomas 1.01–2.0 mm in 
thickness without ulceration 

 N0 
 M0 

   Stage 2             

 T 2B: melanomas 1.01–2.0 mm 
in thickness with ulceration 

 N0 
 M0 

 Wide local excision is recommended with a radial 
margin of 2–3 cm for intermediate-thickness lesions 
(2–4 mm) 
 For lesions more than 4 mm, a 3 cm radial margin is 
mandatory 
 Lymph node 
 SLNB is the standard of care for these patients. 
Immediate nodal dissection for SLNB positive cases is 
done in most cases 
 Elective nodal dissection does not improve survival 
 Nodal dissection for microscopic disease does not 
improve survival 

 T 3A: melanomas 2.01–4.0 mm 
in thickness without ulceration 

 N0 
 M0 

 T 3B: melanomas 2.01–4.0 mm 
in thickness with ulceration 

 N0 
 M0 

 T 4A: melanomas >4.0 mm in 
thickness without ulceration 

 N0 
 M0 

 T4B: melanomas >4.0 mm in 
thickness with ulceration 

 N0 
 M0 

   Stage 3a or 3b (clinical or pathological which considers SLNB or CLD)             

 Any 
T 

 N > or = 1  Wide local excision using 3 cm margin 
with skin grafting is the standard of 
care 
 Clinicoradiologically negative nodes 
should undergo SLNB 
 Microscopically and macroscopically 
positive nodes need CLD 
 Unresectable tumors need systemic 
treatment followed by palliative 
surgery 

 N1 = 1 regional lymph node metastasis 
 M0 

 N2 = 2–3 regional lymph node metastases 
 M0 

 N3 = ≥4 regional lymph node metastases; or 
matted nodes; or in-transit metastasis/
satellite(s) with metastatic lymph node(s) 
 M0 

   Stage 4             

 Any T 
 Any N 

 M1  Systemic treatment followed by palliative surgery 
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23.11             Systemic Therapy in Melanoma 

 No role in adjuvant setting. These are agents which are used in unresectable and 
metastatic diseases. 

23.11.1     Immunotherapy 

     1.    Check point inhibitors: This includes anti-cytotoxic antigen-4 (CTLA-4) and 
anti-programmed cell death (anti-PD-1) and anti-programmed cell death ligand 
(anti-PDL). Ipilimumab, an anti-CTLA-4 monoclonal antibody, stimulates T-cell 
activation, proliferation, and effector cell function. 
 Pembrolizumab, an anti-BRAF inhibitor, is effective in BRAF-positive mela-
noma. It blocks PD-1 receptor site and is expected to improve OS and DFS.   

   2.    High-dose interleukin-2 (IL-2): High-dose IL-2 demonstrated a 6–7 % CR rate. 
With a median follow-up time for surviving patients of at least 7 years, the 
median duration of CRs was not reached but was at least 59 months.   

   3.    Dual immunomodulation: Combined blockade using anti-CTLA-4 and anti-PD 
agents is possibly more effective than single-agent therapy.   

   4.    Interferon therapy: Though there was initial enthusiasm with this drug, long- 
term studies fail to demonstrate any major benefi t [ 8 ,  9 ].      

23.11.2     Signal Transduction Inhibitors 

     1.    BRAF (V-raf murine sarcoma viral oncogene homolog B1) inhibitors (for 
patients who test positive for BRAF V600 mutation)
   Vemurafenib  
  Dabrafenib      

   2.    MEK inhibitors
   Trametinib      

   3.    Combination therapy with signal transduction inhibitors
   Dabrafenib plus trametinib  
  Multikinase inhibitors      

   4.    KIT inhibitors      

23.11.3     Chemotherapy 

 DTIC was approved based on OS in the 1970s, but RCT [ 8 ] demonstrates no sur-
vival advantage using DTIC therapy. The immunotherapeutic agents were found 
superior to chemotherapy in most of the trials.  
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23.11.4     Radiotherapy 

 No role except in cases of bone metastasis palliation.  

23.11.5     Isolated Limb Perfusion 

 It is used in recurrent locally advanced inoperable melanomas. 
 It delivers high-dose regional chemotherapy and establishes a hyperthermic envi-

ronment to the extremity. The circulation is isolated from the rest of the body. 
Retrospective meta-analysis has shown that single-agent therapy (melphalan) with 
mild hyperthermia induces complete response between 40 and 82 %. Adding TNF-
alpha to melphalan has been suggested to improve CPR, but RCT fails to demon-
strate any benefi t (Figs.  23.6 ,  23.7 , and  23.8 ) [ 9 ,  10 ].

  Fig. 23.7    Melanoma of 
the great toe, plantar aspect       

  Fig. 23.6    Amelanotic 
melanoma, improper 
surgery       
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 24       Basal Cell Carcinoma                     

         Chintamani      and     Megha     Tandon   

24.1            Introduction 

 Cutaneous carcinomas are classifi ed into melanotic and non-melanotic cancers. Non-
melanotic cutaneous carcinomas (NMCC) are the most common skin cancers world-
wide and include squamous cell carcinoma (SCC) and basal cell carcinoma (BCC). 
BCC is the most common human cancer, accounting for approximately 75 % of all 
NMCCs, followed by squamous cell carcinoma (SCC), which represents 20 % of all 
cutaneous malignancies. BCC consists of plugs and clusters of basal cells, with vari-
ous clinical manifestations in accordance with various morphological features, which 
to a certain extent correspond with the various histological types [ 1 ]. 

24.1.1     BCC: Presentation as a Chronic Leg Ulcer (CLU) 

 Chronic ulceration of the lower limb is a frequent condition with the prevalence of 
3–5 % in the population over 65 years of age, and this is despite the advancement in 
wound care. The association between malignancies and chronic ulcers is well 
known and includes two distinct entities,  primary ulcerating skin carcinomas  (often 
misdiagnosed as chronic ulcers) and the  secondary skin carcinomas  (those due to 
malignant transformation in long lasting ulcers [ 2 ]. The difference between these 
two entities is however not very clear in the literature [ 3 ,  4 ].   
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24.2     Primary BCC 

 Skin cancers arising de novo and mimicking chronic limb ulcers in appearance are 
included in this category. Many cancers, including cutaneous metastases, can produce 
skin ulceration as their presenting feature like melanomas, Kaposi’s sarcomas, and 
primary cutaneous B-cell or T-cell lymphomas. The two most frequently encountered 
malignancies causing ulcerations, i.e., squamous cell carcinoma [SCC] and basal cell 
carcinoma [BCC], can affect any part of the body with a preference for sun-exposed 
area. To confuse the picture further, BCC and SCC share their predilection in individu-
als above 60 years, i.e., the age when venous insuffi ciency as well as peripheral arterial 
diseases are also frequent. Furthermore, the indolent clinical course makes it a chal-
lenge to differentiate primary skin malignancies causing ulceration from CLU [ 3 ,  4 ]. 

 Basal cell carcinoma is a slow-growing and locally destructive tumor arising 
from a subset of the basal cells in the epidermis. Initially it presents as a reddish, 
dome-shaped nodule that later expands to develop a central area of ulceration. This 
leaves a raised, rolled border, often mistaken for over-granulation, and this rarely 
involves deeper tissue, except at sites of chronic infl ammation. It is characterized by 
a translucent pearly appearance, and the lesions tend not to be scaly as they do not 
produce keratin; however, occasionally there may be mild crusting and oozing. 
Variants of basal cell carcinoma include nodular carcinoma, cystic carcinoma, pig-
mented basal cell carcinoma, rodent ulcers, and sclerosing carcinoma, which have 
different appearances. 

24.2.1     Pathogenesis of Primary BCC 

 The pathogenesis of primary BCC is multifactorial, and interaction between genes 
and the environment plays prominent role, but it is primarily attributed to ultraviolet 
light (UVL) exposure [ 5 ,  6 ]. BCC can arise sporadically, or it could be a part of 
multiple inherited syndromes like the following:

•    Nevoid BCC syndrome (NBCCS)  
•   Bazex syndrome  
•   Rombo syndrome  
•   Unilateral basal cell nevus syndrome    

  High-risk individuals  typically include light-colored (white) persons with light 
hair and eyes with the history of intermittent intense exposure to the sun resulting in 
sunburns rather than tanning [ 6 ]. UV-induced mutations in the p53 gene have been 
reported in up to 60 % of BCC [ 7 ]. Other important gene that plays a role in spo-
radic and probably inherited BCC is tumor suppressor gene known as the patched 
gene (PTCH) [ 6 – 8 ]. 

 Pathogenesis of BCC fi ts in the “Knudson’s two-hit theory.” The fi rst alteration 
or hit is inheritance of a mutation in a tumor suppressor gene, and the  second  one is 
inactivation of the normal homologue by environmental mutagenesis or random 
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genetic rearrangement. Inactivation of the PTCH gene is probably a necessary, if 
not suffi cient step for BCC formation [ 9 – 13 ]. 

 The fi rst molecular step especially in sun-induced carcinogenesis is UVB- 
induced DNA photoproducts, most frequently involving adjacent pyrimidines. 
Absorption of UV photons at the double bond of pyrimidines damages the bond, 
allowing it to open up. This results in the formation of either the cyclobutane 
dimer or a pyrimidine-pyrimidone photoproduct, which further leads to abnor-
mal DNA structures. During subsequent DNA replication, the DNA polymerase 
incorrectly inserts an adenine opposite a damaged cytosine. At the next replica-
tion, the adenine correctly codes for thymine opposite it. After UV exposure, 
these C®T mutations occur only where a cytosine lies next to a thymine or 
another cytosine, refl ecting the specifi city of the sites at which UV  photoproducts 
occur [ 6 – 9 ].

24.3        Genetic Events 

 Two tumor suppressor gene mutations are mainly involved in the pathogenesis of 
BCC.  PTCH , a component of a cellular signaling pathway, is mutated in perhaps 
90 % of BCCs, and  p53 , which encodes a regulator of the cell cycle and cell death, 
is mutated in half of BCCs. 

24.3.1     PTCH 

  PTCH  was discovered as the gene mutated in nevoid basal cell carcinoma syndrome, 
an autosomal dominant disorder characterized by multiple BCCs, jaw cysts, and pits 
of the palms and soles. Most sporadic BCCs have inactivating  PTCH  mutations, and 
almost all tumors without  PTCH (patched)  mutations have activating mutations in 
its partner smoothened. Patched encodes a large transmembrane protein that along 
with smoothened (another transmembrane molecule) serves as the receptor for the 
secreted molecule hedgehog. When hedgehog binds, smoothened is released from 
inhibitory effects of patched and transduces a signal, while in hedgehog’s absence, 
smoothened and patched form an inactive complex. However, mutations inactivat-
ing the patched switch on the hedgehog pathway without hedgehog, which is the 
early step in tumor development. No tumor may have loss on other chromosomes 
without involvement of the PTCH locusso PTCH functions as a “gatekeeper gene” 
in basal cell carcinogenesis. Inactivating this function is necessary before clonal 
expansion, and accumulation of other genetic hits can lead to BCC formation. 

 Nearly all hereditary BCCs have allelic loss as their second, somatic hit. Sun 
damage is usually the culprit for this allelic loss, since nevoid BCC syndrome 
tumors are most frequent on sun-exposed skin and are rare in Africans and African 
Americans. Mostly sporadic BCCs contain PTCH mutations that are UVB-like, 
with CC®TT mutations predominating. However, in approximately one-third of 
BCCs, mutations are clearly not UVB induced. These may include factors such as 

24 Basal Cell Carcinoma



396

UVA, oxidative damage, or arsenicals. Sunscreens may need to block both UVB 
and UVA to be completely protective against BCC [ 11 – 13 ].

  Patched represses transcription of hedgehog target genes by inactivating smooth-
ened. Hedgehog binds to patched, thereby activating smoothened and causing 
increased transcription of GLI, itself a transcription factor, and its downstream tar-
gets, such as WNT and transforming growth factor-b (TGF-b). In the absence of 
patched, smoothened may be constitutively activated, resulting in the overexpres-
sion of these genes.  

24.3.2     p53 

 The distinctive mutations caused by UVB radiation identify a tumor suppressor 
gene critical for both BCC and SCC: p53. More than 90 % of SCC of the skin and 
50 % BCC have this mutation. These are predominantly C®T and CC®TT base 
substitutions at sites of adjacent pyrimidines, directly implicating cytosine- 
containing cyclobutane dimers or (6–4) photoproducts and sunlight UVB as the 
mutagen. Each p53 mutation changes the amino acid, indicating that the mutation 
was selected for and contributed to tumor development, rather than being solely an 
indicator of sun exposure. p53 is a transcription factor that turns on or off the expres-
sion of other genes involved in the cell cycle, programmed cell death, and DNA 
repair. Most mutations inactivate p53’s transcriptional activator function [ 11 – 13 ]. 
BCCs, though usually diploid and nonmetastasizing, also contain UV-induced p53 
mutations. Approximately one-third of BCCs occur on body sites that are relatively 
sun shielded; p53 mutations from these tumors resemble those seen with UVA, ion-
izing radiation, or oxidative damage, rather than UVB. UVB-induced p53 mutations 
are frequent in skin cancers from XP patients and in carcinoma in situ. Non UV p53 
mutations are common in keloids, as a result of dysregulated wound healing.   

24.4     Cellular Events 

 Sunlight can act several times in skin carcinogenesis: fi rst to mutate the p53 or 
PTCH gene and then afterward to select for clonal expansion of a p53-mutated cell. 
These two actions correspond to tumor initiation and tumor promotion. UVB is 
known to have tumor-promoting activity in mouse skin. 

24.4.1     Clinical Behavior of Basal Cell Cancer 

 BCC is associated with extremely low metastatic potential, but it does invade/bur-
row locally, thus earning the name “rodent’s ulcer.” This biological behavior is 
based on angiogenic factors, stromal conditions, and the propensity for the cancer 
to follow anatomic paths of least resistance. The clinical behavior of larger BCCs is 
however different, and the recurrence rates in these cancers are higher.  
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24.4.2     Factors Responsible for the Biological Behavior of BCC 

  Angiogenic factors:     These can be expressed by the tumor and lead to telangiecta-
sis in vessels that are characteristically seen on the tumor surface. These factors also 
serve as prognostic markers that indicate the aggressive behavior. For these reasons, 
antiangiogenic factors are being tried in therapy and may have potential therapeutic 
role [ 14 – 16 ].  
  Stromal conditions:     Tumor stroma is critical for both initiating and maintaining 
the development of BCC, and this concept of stromal dependence is supported by 
the low incidence of metastatic BCC (rates of metastatic BCC being 0.0028–0.1 %). 
Metastases, when reported, usually involve the lung, lymph nodes, esophagus, oral 
cavity, and skin and carry a poor prognosis [ 14 – 16 ].  

  Propensity for path of least resistance:     BCC has a tendency to grow along the 
path of least resistance, and embryonic fusion planes are likely to offer little resis-
tance. This can lead to deep invasion, tumor spread, and high rates of recurrence. 
The most susceptible areas for these cancers, therefore, include the inner canthus, 
philtrum, middle to lower chin, nasolabial groove, preauricular area, and the retro-
auricular sulcus [ 13 – 16 ]. Perineural spread is not common and occurs most often in 
recurrent, aggressive lesions. In a series, Niazi and Lamberty noted perineural inva-
sion in 0.178 % of BCC. Perineural invasion may present with paresthesia, pain, and 
weakness or, in some cases,  paralysis [ 17 ].    

24.5     Clinical Subtypes of Basal Cell Carcinoma 

 Clinical variants of BCC include nodular, superfi cial, morpheaform (also termed 
aggressive-growth BCC or infi ltrative BCC), pigmented, cystic BCC, and fi broepi-
thelioma of Pinkus (FEP). The presentation of these forms can vary [ 17 – 21 ]. 

  Nodular BCC:     As the name suggests, it presents as a raised pearly nodule or a 
papule with visible vessels on the surface (Fig.  24.1 ).

     Superfi cial BCC:     Commonly presents as an erythematous scaly or eroded macule 
on the trunk and may be diffi cult to differentiate clinically from in situ cancer or a 
benign infl ammatory lesion like eczema or psoriasis.  

  Morpheaform BCC:     Presents as a fl at, slightly fi rm lesion, without well- 
demarcated borders, and poses a challenge as it might be diffi cult to differentiate it 
from a scar. Symptoms of bleeding, crusting, and ulceration are often not present in 
these tumor subtypes, and this can lead to a delay in diagnosis.  

  Pigmented BCC:     Is a variant of nodular BCC and may be diffi cult to differentiate 
from nodular melanoma. The pigment may help in determining adequate margins 
for excision (Fig.  24.2 ).
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     Fibroepithelioma of Pinkus:     It usually presents as a pink papule on the lower 
back. It may be diffi cult to distinguish clinically from amelanotic melanoma.   

24.6     Histologic Subtypes of BCC 

 Histologic variants of BCC include  superfi cial, nodular, and infi ltrative BCC,  and 
all of them share certain histologic characteristics, i.e., peripheral palisading of 
large basophilic cells, nuclear atypia, and retraction from surrounding stroma. 

  Superfi cial multifocal BCC  accounts for approximately15% of BCCs and is 
characterized by basophilic buds extending from the epidermis. Retraction artifact 
is present, as is peripheral palisading within the buds. 

  Fig. 24.1    Basal cell 
carcinoma of knee region       

  Fig. 24.2    Basal cell 
carcinoma (pigmented 
in sole)       
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  Nodular BCC  accounts for approximately 50 % of BCCs and is characterized by 
the presence of tumor cells in circular masses within the dermis. Peripheral palisad-
ing of nuclei is prominent, and surrounding retraction artifact may be present. Groups 
of cells may be solid or may have dermal necrosis or degradation, with formation of 
cysts or microcysts. The stroma is characteristically coarse and myxoid. If nodules 
measure less than 15 μm, the tumor may be called micronodular. 

  Infi ltrative  histology is seen in 15–20 % of BCCs and represents that subclass of 
BCCs referred to as aggressive-growth tumors. Tumor cells have irregular outlines 
with a spiky appearance. Palisading is characteristically absent. The stroma is less 
myxoid than in nodular form. 

 In the  morpheaform  variant, compromising approximately 5 % of BCCs, small 
groups or cords of tumor cells infi ltrate a dense, collagenous stroma parallel to the 
skin surface. 

  FEP , which accounts for 1 % of BCCs, is characterized by a polypoid lesion in 
which basaloid cells grow downward from the surface in a network of anastomoses 
of cords of cells in loose connective tissue. 

  Mixed  histology is apparent in approximately 15 % of BCCs. 
  The signifi cance of histologic subtype  lies in its correlation with biologic aggressive-

ness. The infi ltrative and micronodular types are the most likely to be incompletely 
removed by conventional excision. Rates of incomplete excision vary from 5 to 17 % 
with a recurrence rates of 33–39 %. Recurrences after radiotherapy (RT) show a ten-
dency toward infi ltrative histology and evidence of squamous transformation, and even 
recurrent BCC after excision may become metatypical. In general, recurrences are more 
frequent in BCCs with infi ltrative and micronodular histology, when clear margins are 
less than 0.38 mm, and in the presence of squamous differentiation. Incompletely 
excised BCCs should be removed completely, preferably by Mohs micrographic sur-
gery (MMS), especially if they occur in anatomically critical areas [ 16 ]. 

 Adequate treatment of BCC requires appreciation of the histopathologic pattern 
of the neoplasm. Though some BCCs are small and superfi cial and behave in essen-
tially a “biologically benign” manner as long as they are conservatively removed, 
others behave more aggressively and thus require more aggressive treatment. 
Examples of the latter include clinical BCCs that ulcerate and those located in the 
central face or on the ear. Furthermore, BCCs that show an aggressive-growth pat-
tern histologically require defi nitive treatment with confi rmation of histologically 
negative margins. Occasionally, it may appear that a BCC has been adequately 
removed by biopsy alone, leading to the question of whether to render further treat-
ment. In one study, 41 consecutive patients with 42 BCCs apparently removed by 
biopsy were treated by MMS, and blocks of tissue, sectioned consecutively until 
exhausted, were examined for the presence of residual tumor. In 28 of 42 cases 
(66 %), residual cancer was identifi ed. The presence of residual cancer was not 
related to age, site, histologic subtype, or extent of surrounding infl ammation. The 
results indicate that patients with small BCCs that appear to be completely removed 
by initial biopsy may be at risk for recurrence if not treated further [ 22 ].  
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24.7     Characteristics Related to Anatomic Site 

 BCCs may demonstrate unique characteristics based on anatomic site. The nose is 
the most common site for cutaneous malignancies (30 %), and BCCs involving the 
nose may be aggressive. A study of 193 cases of infi ltrative BCC involving the nose 
confi rmed that the majority of infi ltrating and recurrent BCCs affect the ala. Analysis 
of the recurrences’ aggressive local behavior indicated that recurrent lesions were 
subjected to inadequate therapy initially 23. In one study, 26 recurrences were identi-
fi ed in 71 nasal skin cancers at an average of 36 months after non-MMS excision. 
This suggests that MMS may be the treatment of choice for all BCCs involving the 
nose, especially those exhibiting aggressive-growth characteristics. Periocular BCC 
represents a signifi cant therapeutic challenge. In one study, periocular BCC accounted 
for 7.3 % of 3192 BCCs treated over a 10-year period. Of these, 48.5 % involved the 
medial canthus, 22.35 % involved the lower eyelid, 10.7 % involved the upper eyelid, 
and 5.6 % involved the lateral canthus. BCC is the most common tumor affecting the 
eyelid. In a series of 97 cases of BCC involving the eyelid, 69 % were nodular, 13 % 
were infi ltrative, 1 % were ulcerated, and 12 % were mixed (defi ned as having a 
signifi cant nodular or ulcerative component in addition to an infi ltrative component). 
Follow-up of 8 of 12 patients with mixed tumors revealed 3 recurrences. In one 
patient, orbital exenteration was required. This suggests that mixed tumors of the 
eyelid with aggressive-growth histology warrant thorough treatment with complete 
margin control. In a review of 24 eyelid tumors treated by MMS, high clearance rates 
were shown (100 %), although follow-up was short (14.6 months) [ 23 ,  24 ]. 

 In addition, 50 % of patients were left with intact posterior lamellae, highlighting 
conservation of normal tissue. The results suggest that MMS followed by oculo-
plastic reconstruction, if necessary, is the preferred strategy in the management of 
periocular BCC. 

 Approximately 6 % of BCCs involve the ear, a site notable for high rates of recur-
rence. In a recent study, nine patients with BCC involving the conchal bowl were 
treated by an interdisciplinary approach. In each case, tumor extirpation was accom-
plished by MMS, and an otolaryngologist was available in the event of temporal bone 
involvement. There were no cases of recurrence at mean follow-up of 1 year. It must 
be stressed that BCC can occur anywhere, even in non-sun-exposed areas, and has 
been reported to occur on the vulva, penis, scrotum, and perianal area. In one series 
of vulvar BCC, mean age at presentation was 74 years. Patients have been seen with 
a history of local irritation that had been present for a few months to several years.  

24.8     Basal Cell Carcinoma Developing in a Chronic Leg 
Ulcer (Secondary BCC) 

 In order to make a diagnosis of malignant transformation from a CLU (especially in 
the absence of a previous positive histology) and to differentiate it from a primary 
cutaneous carcinoma, the CLU should be present for at least 3 years. However, the 
defi nite guidelines are lacking and the subject is still debatable. Abnormal excessive 
granulation tissue at the wound edges has been appreciated as a sensitive parameter 
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for the diagnosis of CLU-associated malignancies in a recently published prospec-
tive study (done on CLUs that failed to improve even after 3 months of optimum 
treatment). Other specifi c parameters included abnormal bleeding and a high clini-
cal suspicion of ulcerated skin malignancy or malignant transformation. 

 Basal cell carcinoma like many other malignancies may also develop secondary 
to the long- standing ulcers particularly squamous cell carcinomas developing in 
chronic venous ulcer or even a scar tissue (a burn scar). This can be explained by 
increased proliferative activity around the ulcer [ 2 ]. Carcinomas may arise in open 
wounds, but also at the site of remitting/relapsing ulcers. Ninety percent of the 
ulcers were found to be of venous origin or from mixed origin with a venous pre-
dominance in a published study. Exophytic irregular growth of the wound edges 
and/or bed, excess tissue granulation extending beyond the margins, increase in pain 
or bleeding, absence of healing despite adequate treatment, and unusual extension 
have also been reported as clinical features of malignant transformation [ 14 ,  15 ] .  

24.9     Diagnosis 

 Although many NMSCs present with classic clinical fi ndings such as nodularity and 
erythema, defi nitive diagnosis can only be made by biopsy. Adequate tissue obtained 
in a nontraumatic fashion is critical to histopathologic diagnosis. Skin biopsies may 
be performed by shave, punch, or fusiform excision. The type of biopsy performed 
should be based on the morphology of the primary lesion. A shave biopsy usually is 
adequate for raised lesions such as nodular BCC, SCC, or tumors of follicular ori-
gin. Punch biopsy is effective for sampling fl at, broad lesions for which shave or 
fusiform excision would be technically inappropriate. An excisional biopsy may be 
used to sample deep dermal and subcutaneous tissue. Excision is appropriate when 
it is necessary to distinguish between a benign lesion such as a dermatofi broma and 
a malignant tumor such as a dermatofi brosarcoma protuberans. 

24.9.1     Shave Biopsy 

 A shave biopsy is performed under clean conditions. Local anesthetic (lidocaine 
1 % with epinephrine 1:100,000, unless contraindicated) is injected with a 30-gauge 
needle. The use of a sterilized razor blade, which can be precisely manipulated by 
the operator to adjust the depth of the biopsy, often is superior to the use of a No. 15 
scalpel. After the procedure, adequate hemostasis is achieved with topical applica-
tion of aqueous aluminum chloride (20 %) or electrocautery.  

24.9.2     Punch Biopsy 

 A punch biopsy is performed under local anesthesia, using a trephine or biopsy 
punch. The operator makes a circular incision to the level of the superfi cial fat, 
using a rotating motion of the trephine. Traction applied perpendicularly to the 
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relaxed skin tension lines minimizes redundancy at closure. Hemostasis is 
achieved by placement of simple, nonabsorbable sutures that can be removed in 
7–14 days depending on the anatomic site. If the punch biopsy is small and not in 
a cosmetically important area, the wound is likely to heal very well by secondary 
intention.  

24.9.3     Excisional Biopsy 

 After local anesthesia has been achieved under sterile conditions, a scalpel is used 
to incise a fusiform ellipse to the level of deep fat. Hemostasis is obtained with 
cautery as needed, and the wound is closed in a layered fashion using absorbable 
and nonabsorbable sutures. In most cases, postoperative care involves daily cleans-
ing with mild soap and water followed by application of antibiotic ointment and a 
nonstick dressing. Though popular in the past, it is now known that hydrogen per-
oxide may not have a favorable effect on wound healing. 

 Several biopsies from both the margins and the wound bed may be required to 
obtain a defi nitive diagnosis and may be repeated if clinical suspicion is high. 
The poor prognosis of malignant transformation of CLU is, at least, partly related 
to the delay in diagnosis, which is made at the metastatic stage in 30–34 % of 
cases.   

24.10     Treatment 

 Surgery and radiotherapy appear to be the most effective treatment modalities, with 
surgery showing the lowest failure rates. Recurrent BCC is more diffi cult to cure 
than primary lesions, and surgical excision is the fi rst line of treatment. 

24.10.1     Surgical 

 Excision with primary closure, fl aps and grafts: an excision margin of 4 mm around 
the tumor is recommended where possible, especially for all high-risk BCCs [ 25 ]. 

  Mohs micrographic surgery (MMS)  is a surgical technique that combines tumor 
extirpation and microscopic examination of tissue margins by the same surgeon. 
Beveled excision and careful mapping of the peripheral and deep margins of hori-
zontal frozen sections permits a comprehensive examination of all the borders of the 
excised tissue and ensures excellent cure rates, exceeding 98 % for most skin can-
cers. In addition to the high cure rates, Mohs surgery is a tissue-sparing procedure. 
The need for wide, extensive excision is reduced because of the precise control of 
tumor margins. This has an important advantage in cosmetically and functionally 
sensitive areas [ 26 ].  
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24.10.2     History and Evolution of Technique 

 The Mohs technique is named after Dr. Frederic Edward Mohs, the inventor of the 
procedure. First introduced in 1936 at the University of Wisconsin, the procedure 
was initially met with much skepticism and resistance. Most of the early patients 
treated with Mohs surgery were patients with recurrent tumors who failed other 
treatments. In 1941, a physician with a mucoepidermoid carcinoma of the parotid 
gland was originally told that his tumor involved the facial nerve and it would have 
to be sacrifi ced. The patient was treated with the Mohs technique in an effort to 
surgically remove the tumor without losing the nerve. Preservation of the facial 
nerve was successful, and there was no recurrence of the carcinoma after a 17-year 
follow-up. The success of this case proved to be a landmark in establishing the 
legitimacy and usefulness of the Mohs technique. 

 The original technique involved the topical application of 20 % zinc chloride 
paste to malignant tissue for 12–24 h, enabling tissue fixation in situ. This was 
followed by excision of the tumor and histologic examination of frozen hori-
zontal sections. If a margin was positive, the tissue was fixed with zinc chloride 
paste for an additional 12–24 h, and the tissue was removed for microscopic 
examination. Hence, the term Mohs chemosurgery was invoked to convey in 
situ tissue preservation with zinc chloride. Tissue fixation with zinc chloride 
had its limitations, however: It was time-consuming, laborious, and very pain-
ful for the patients. Dense inflammation from in situ fixation obscured tumor 
cells and made pathologic review of the tissue difficult. The intense inflamma-
tory response caused by the chemical paste also prohibited immediate repair of 
the defect, and repairs were either delayed or left to heal by secondary inten-
tion. In 1953, the technique was changed to incorporate fresh tissue rather than 
tissue fixed with zinc chloride, which eliminated these problems and reduced 
the total treatment time to 1 day. There was also significantly less inflammation 
in the surrounding tissue, which reduced the overall surgical defect size and 
enabled immediate repair. Patients no longer required hospitalization between 
the stages of Mohs surgery, and local anesthesia could be used, making this an 
ambulatory procedure. The Mohs procedure became a more practical and com-
fortable procedure. This “fresh tissue technique” was later popularized by Drs. 
Theodore Tromovitch and Samuel Stegman in the early 1970s and is the stan-
dard practice today. Mohs micrographic surgery encompasses the key features 
of the procedure [ 27 ]:

•    Microscopic control of 100 % of the tissue margin and meticulous cancer map-
ping of the excised specimen.  

•   Horizontal sectioning of the extirpated tumor in one plane (as opposed to vertical 
sections of paraffi n-embedded tissue after standard excision).  

•   Detailed mapping enables the surgeon to have control of the entire tissue margin 
and re-excision of microscopic tumor extension.     
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24.10.3     Indications for Mohs Micrographic Surgery 

 Mohs micrographic surgery is an excellent technique for most cutaneous tumors 
of the face and body. It is the treatment of choice for primary skin malignancies 
such as basal cell carcinomas and squamous cell carcinomas that are recurrent, 
have aggressive features, or with ill-defi ned margins. Skin tumors in areas that 
are at high risk for recurrence and deep extension, often called the H-zone of the 
face, should be treated with Mohs surgery. These areas correlate with embryonic 
fusion plates and include sites such as the inner canthus, nasolabial fold, nose, 
periorbital, temple, upper lip and periauricular regions, retroauricular, and chin. 
The ear also has a high rate of recurrence and is suitable for treatment with Mohs 
surgery. 

 Tumors measuring >2 cm in diameter have higher rates of recurrence. Mohs 
surgery is the treatment of choice for these tumors. Recurrent tumors often have ill- 
defi ned margins given the presence of fi brosis from previous interventions. Tumors 
previously treated with other modalities, including radiation therapy, electrodesic-
cation and curettage, surgical excision, and cryotherapy, may have subclinical 
extension when they recur. 

 Recurrence rates of previously treated tumors are 18 % with excision, 10 % with 
radiation therapy, 40 % with electrodesiccation and curettage, and 12 % with cryo-
therapy. Mohs surgery yields the most favorable recurrence rates of 3.4–7.9 %, 
establishing it as the treatment of choice for recurrent skin tumors. For lesions in 
cosmetically or functionally important areas such as the nose, eyes, and lips, Mohs 
surgery is an excellent treatment choice because of the tissue-sparing advantage. 
The genitalia, digits, and the nipple area are locations with very little tissue laxity. 
Given the need for tissue preservation, Mohs surgery is the optimal treatment. 
Cutaneous tumors occurring in immunosuppressed patients should also be treated 
with Mohs surgery, as these tumors [ 25 – 27 ].  

24.10.4     Curettage and Electrodessication 

 Common methods of skin cancer destruction include curettage and electrodesicca-
tion (C&D) and cryotherapy using liquid nitrogen. C&D is performed under clean 
conditions with local anesthesia. Visible tumor is fi rst removed by curettage. 
Curettage is extended for a margin of 2–4 mm beyond the clinical borders of the 
cancer. Electrodesiccation then is performed to destroy another 1 mm of tissue at 
the lateral and deep margins. Salasche recommended that C&D be performed for 
three cycles. Others report satisfactory results after a single cycle of C&D for 
tumors smaller than 1 cm. Although this leads to decreased scarring, it may lead to 
higher rates of recurrence, as suggested by Robins and Albom, who attributed to 
insuffi ciently aggressive treatment the higher rates of recurrence observed in 
young women with BCC. Tangential shave excision followed by gentle curettage 
and cauterization is an effective treatment approach for destruction of superfi cial 
BCCs [ 28 ].   
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24.11     Cryosurgery 

 Cryosurgery exposes skin cancers to subzero temperatures, which causes tissue 
destruction. Heat transfer occurs from the skin, which acts as a heat sink. Tissue 
damage is caused by direct effects initially and, subsequently, by vascular stasis, ice 
crystal formation, cell membrane disruption, pH changes, and thermal shock. 
Successful cryosurgery requires that temperatures reach −50 to −60 °C, including 
deep and lateral margins. The subsequent thaw leads to vascular stasis and failure of 
local microcirculation. The open-spray technique is used most often and requires 
liquid nitrogen spray delivery from a distance of 1 to 3 cm. With the confi ned-spray 
technique, liquid nitrogen is delivered through a cone that is open at both ends. With 
the closed-cone technique, one end of the cone is closed and a shorter delivery time 
is required. With the cryoprobe technique, a prechilled metal probe is applied to the 
tumor. Delivery time is determined via a depth dose estimation, which takes into 
account freeze time, lateral spread, and halo thaw time. Immediately after cryosur-
gery, local erythema and edema are apparent. An exudative phase ensues in 24–72 h, 
which is followed by sloughing at approximately day −7. Complete healing usually 
is seen with facial lesions at 4–6 weeks and in nearly 12–14 weeks in lesions on the 
trunk and extremities [ 29 ]. 

 Cryosurgery and C&D both are limited by the inability to evaluate thoroughness of 
tumor eradication. The absence of margin control and the development of dense scar, 
which might obscure recurrence, make these methods valuable primarily in the care 
of histologically superfi cial NMSC. Close follow-up of the patient is necessary.  

24.12     Nonsurgical 

24.12.1     Topical Treatment 

  Imiquimod 5 % cream:     It is an immune response-modifying agent that has 
recently been licensed for the treatment of small superfi cial BCCs. Imiquimod has 
been shown to achieve clearance rates ranging from 70 to 100 %, but relapse rates 
appear higher than with other conventional treatments, and there are some diffi cul-
ties with side effects (e.g., pruritus). It is more effective for superfi cial than nodular 
tumors. Topical fl uorouracil 5 % cream is useful in the management of multiple 
superfi cial BCC on the trunk and limbs with cure rates in the region of 80 %.  

  Photodynamic therapy (PDT):     Involves the use of light therapy in combination 
with a topical photosensitizing agent to destroy cancer cells. Its use has been well 
described in the treatment of superfi cial BCC, and evidence of effi cacy is adequate 
to support its use. The average clearance rate for superfi cial BCC is about 85 % but 
is lower in nodular BCC. Advantages of PDT include a low rate of adverse effects 
and good cosmetic outcome. The disadvantages are that the patient has to be avail-
able for a period of at least 3–4 h for treatment and that the photosensitizer and 
equipment are relatively expensive.    
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24.13     Radiation Therapy 

 Radiation therapy (RT) is a treatment option for NMSC but is also limited by the 
inability to confi rm the tumor margins defi nitively. In addition, treatment of an exces-
sively large area around the tumor carries risk. RT, in properly fractionated doses, 
generally is indicated when the patient’s health or size or extent of the tumor precludes 
surgical extirpation. Consideration of the permanent tissue effects of RT must include 
anticipation and management of recurrence. After treatment for BCC or SCC, patients 
should be evaluated on an annual basis for the presence of skin cancers. In the case of 
a more aggressive tumor, evaluation should be more frequent and, in the case of squa-
mous cell cancer, should include examination of draining lymph nodes. Laboratory 
evaluation, generally not indicated in uncomplicated cases of BCC and SCC, may be 
necessary for other types of particularly aggressive tumors. Imaging studies may be 
necessary in the case of aggressive tumors or in cases of long-neglected tumors 
impinging on vital structures. Magnetic resonance imaging allows visualization of the 
soft tissues, while computed tomography (CT) scan may be used to evaluate involve-
ment of bone. In general, imaging studies have not proven helpful in defi nitive evalu-
ation of the presence of perineural invasion by NMSCs [ 30 ].     
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25.1            Introduction 

 Sarcomas are relative rare malignant tumors arising from the mesenchymal tissue, 
which encompasses muscles, fat, bone, blood vessels, and fi brous or other support-
ing tissue [ 1 ]. An ulcer is a local defect or excavation of the surface of an organ or 
tissue characterized by a “full-thickness depth,” which implies that there are no 
sources for reepithelialization left in the center of the ulcer, and a “slow healing 
tendency” [ 2 ].  

25.2     Epidemiology 

 Soft tissue and bone sarcomas are a rare and heterogeneous group of tumors. 
Sarcomas display a wide variety of histological subtypes and frequently involve the 
limbs (55 % of cases), especially the lower extremities [ 3 – 5 ]. 

 Although soft tissues and bone comprise 75 % of the average body weight, these 
neoplasms represent less than 1 % of all adult and 15–20 % of pediatric malignan-
cies. The vast majority of diagnosed sarcomas will be soft tissue sarcomas, while 
malignant bone tumors make up just over 10 % of sarcomas [ 6 ,  7 ]. 

 The annual incidence in the United States, which remains relatively constant, is 
approximately 6000–7000 soft tissue and 2500 bone sarcomas. In 2010, the National 
Center for Health Statistics (NCHS) projected that 10,520 and 2650 Americans, 
including all ages, will have been diagnosed with soft tissue and malignant bone 
tumors, respectively. Furthermore, it is also projected that 3920 and 1460 Americans 
will die in 2010 from soft tissue and malignant bone tumors, respectively [ 8 ]. 
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 In SEER data (1973–2008), we observed that soft tissue sarcomas currently 
occur much more frequently than malignant bone tumors. In 2008, soft tissue sarco-
mas accounted for nearly 87 % of all sarcomas diagnosed, while the remaining 
13 % of the diagnoses were malignant bone tumors. Osteosarcomas and chondro-
sarcomas were the most commonly diagnosed malignant bone tumors, accounting 
for over half of all the malignant bone tumor diagnoses. According to SEER, “other 
specifi ed soft tissue sarcomas” accounted for roughly 51 % of all sarcomas diag-
nosed in 2008 and clearly lead soft tissue sarcoma occurrence. Fibrosarcomas and 
Kaposi sarcomas were the two distinct and individual soft tissue subtypes identifi ed 
and predominantly diagnosed in 2008, accounting for roughly 7 and 9 % of all sar-
coma diagnoses respectively. Although soft tissue sarcomas can arise anywhere in 
the body, the lower extremities are the most common site. Incidence is as follows: 
lower extremities, 46 %; trunk, 19 %; upper extremities, 13 %; retroperitoneum, 
12 %; head and neck, 9 %; other locations, 1 % [ 9 ]. 

 Lookingbill et al. retrospectively reviewed data accumulated over a 10-year 
period from the tumor registry at Hershey Medical Center of 7316 patients; 367 
(5.0 %) had cutaneous malignancies. Of these, 38 patients had lesions as a result of 
direct local invasion, 337 had metastatic lesions, and 8 had both, and the histotype 
more common were breast, melanoma, lung, and colorectal while sarcomas were 
rare [ 10 ]. 

 Instead a chronic ulceration of the extremities, especially of the lower limb, is a 
frequent condition, causing pain and social discomfort and generating considerable 
costs. Prevalence numbers (all ulcers) range from 1 % in the adult population to 
3–5 % in the population over 65 years of age [ 11 ]. 

 The prevalence of cancer wounds in patients treated for cancers in any anatomical 
location remain rarely documented [ 12 ]. In 2002, Clark estimated the prevalence to be 
between 5 and 10 % [ 13 ]. In one of the most recent studies conducted in Switzerland, 
the prevalence of metastatic cancers having skin expression was 6.6 % [ 14 ]. 

 The presence of a chronic wound can be a signifi cant burden to any person, but 
when it is related to cancerous infi ltration of the skin, it can be a constant reminder 
of disease progression. It could be the result of a primary cancer or a metastasis to 
the skin from a local tumor or from a tumor in a distant site, and it most commonly 
arises from cancer of the breast or head and neck, melanoma, soft tissue sarcoma, 
and some cancers of the genitourinary system. As the tumor infi ltrates the skin, 
ulcerating and fungating wounds develop. It may take the form of a cavity, an open 
area on the surface of the skin, skin nodules, or a nodular growth extending from the 
surface of the skin [ 15 ].  

25.3     Etiology 

 Rarely many tumor types, including metastases, may present with skin ulceration as 
the fi rst symptom. Inside this little group, the sarcomas of extremities presenting as 
ulceration are very few. Literature analysis does not show article about this topic 
except case series and cases related to Kaposi sarcoma [ 16 ]. 
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 The main causes are:

•    Fibrosarcoma, primarily or that can also develop secondarily in chronic leg 
ulcers, especially in ulcers of longer duration, probably as a consequence of the 
continuously increased cell division in and around the ulcer  

•   Epithelioid sarcoma  
•   Lymphosarcoma  
•   Rhabdomyosarcoma  
•   Hemangiosarcoma  
•   MFH  
•   Synovial cell sarcoma  
•   Extraskeletal osteosarcoma  
•   Kaposi and pseudo-Kaposi sarcoma  
•   Dermatofi brosarcoma protuberans  
•   Cutaneous ewing sarcoma [ 16 ]     

25.4     Differential Diagnosis 

 It’s essential to underline that these are very rare causes, therefore the right approach 
toward patients with extremity ulcers is at the beginning to do a large differential 
diagnosis to choose the correct treatment because the most leg ulcers are caused by 
venous insuffi ciency (approximately 45–60 %), arterial insuffi ciency (10–20 %), 
diabetes (15–25 %), or combinations of these well-known etiological factors 
(10–15 %); decubitus, infection, vasculitis, and other rare underlying causes may 
exist as a venous insuffi ciency and dependency,an arterial occlusion,a microcircula-
tory disorders,a physical or chemical injury,an infectious diseases,a neuropathic 
diseases,an hematological disorders,a clotting disorders,a metabolic diseases,an 
ulcerating tumors,an ulcerating skin diseases and a drug reactions [ 2 ,  16 ,  17 ]. 

 About tumor types that may present with skin ulceration as the fi rst symptom, the 
two most frequent ulcerating tumors are basal cell carcinoma (ulcus rodens) and 
squamous cell carcinoma, which may occur anywhere on the body, with a prefer-
ence for sun-exposed skin, followed by malignant melanoma, metastasis, pseudo-
epitheliomatous hyperplasia, epithelioma (Marjolin ulcer), lymphoma, leukemia, 
sarcomatoid renal cell carcinoma, and less frequently by sarcomas [ 16 ].  

25.5     Pathophysiology and Methods of Dissemination 

 Unlike carcinomas, bone and soft tissue sarcomas disseminate almost exclusively 
through the blood. Hematogenous spread of extremity sarcomas is manifested by 
pulmonary involvement in the early stages and by bony involvement in later 
stages. Low-grade soft tissue sarcomas have a low (<15 %) rate of subsequent 
metastasis while high-grade lesions have a signifi cantly higher (>15 %) rate of 
metastasis [ 18 ]. 
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 Metastases from sarcomas to regional lymph nodes are infrequent; the condition 
is observed in only 13 % of patients with soft tissue sarcomas and 7 % of bone sar-
comas at initial presentation. 

 Most high-grade bone and soft tissue sarcomas are bicompartmental at the time 
of presentation (i.e., they involve the bone of origin as well as the adjacent soft tis-
sues) [ 18 ]. 

 The ulcerative extremity sarcomas are caused by infi ltration of the epidermis by 
primary or metastatic tumor; cutaneous infi ltration occurs via the lymphatics or 
bloodstream or as a result of direct invasion from a primary lesion [ 19 ]. 

 Sarcomas respect anatomical borders. Local anatomy infl uences tumor growth 
by setting natural barriers to extension. In general, sarcomas take the path of least 
resistance and initially grow within the anatomical compartment in which they 
arose. In a later stage the walls of that compartment are violated (either the cortex 
of a bone or aponeurosis of a muscle), and the tumor breaks into a surrounding 
compartment. Most bone sarcomas are bicompartmental at the time of presentation; 
they destroy the overlying cortex and extend directly into the adjacent soft tissues. 
Soft tissue sarcomas may arise between compartments (extracompartmental) or in 
an anatomical site that is not walled off by anatomical barriers such as the intermus-
cular or subcutaneous planes. In the latter case, they remain extracompartmental 
and only in a later stage break into the adjacent compartment until they reach the 
skin and cause ulceration [ 20 – 22 ]. 

 Local invasion may initially manifest as infl ammation with induration, redness, 
heat, and/or tenderness. The skin may have a peau d’orange appearance and can be 
fi xed to underlying tissue. As the tumor spreads and more tissue destruction occurs, 
the skin eventually ulcerates. These lesions may initially present as well- demarcated 
nodules ranging in size from a few millimeters to several centimeters with a chang-
ing in pigmentation or can appear are erythematous patches or plaques, violaceous 
papules and vesicles, or areas of alopecia [ 19 ]. 

 Once the fungating or ulcerating wound develops, perfusion of tissues is altered 
and the mass expands; the center of the tumor becomes hypoxic and leads to tumor 
necrosis [ 20 ] that is an ideal environment for the overgrowth of anaerobic microor-
ganisms, which may result in signifi cant malodor, the vascular and lymphatic fl ow 
changing with edema and exudate. Additionally tumor cells secrete growth factors 
that support the growth of the tumor. The tumor may extend down into deeper struc-
tures with development of sinus or fi stula formation, common in abdominal and 
peritoneal wounds [ 21 ]. The surrounding skin may be erythematous, fragile, and 
macerated in the presence of excessive wound exudate [ 20 – 22 ]. The degree of pain 
experienced by the patient will depend on wound location, depth of tissue invasion 
and damage, nerve involvement, presence of viable tissue with exposed nerve end-
ings, and the patient’s previous experience with pain and analgesia [ 20 – 22 ].  

25.6     Symptoms and Signs 

 They symptoms and signs of sarcomas are nonspecifi c; they commonly present as a 
painless, slow-growing mass. These tumors may progress for long periods without 
causing overt symptoms. Their location deep within the body precludes palpation of 
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the tumor mass early in the course of the disease; consequently, these tumors often 
reach tremendous size prior to diagnosis [ 22 ]. 

 Ulcerative sarcomas usually present as an ulcerated large solid mass associated 
with malodor, pruritis, exudate, bleeding, pain, functional limitation, and poor qual-
ity of life. Complications such as infection or massive hemorrhage may become life 
threatening, while fi stulas or deep organ exposure may also be observed. Tumor 
wounds may present with different clinical characteristics, such as cavity wounds 
and caulifl ower-like hypergranulating wounds [ 3 ,  22 ,  23 ].  

25.7     Diagnosis 

25.7.1     History and Clinical Examination 

 To make a correct diagnosis it is essential to know the complete history, underlying 
etiology-cancer type, past and current treatment of cancer and wounds, the physical 
status, the psychosocial and quality of life concern, and the nutritional assessment 
because a poor nutritional status (a common fi nding in patients with cancer) impairs 
the ability to maintain skin integrity and to heal wounds. Adequate nutrition with 
energy, protein, micronutrient, and fl uid requirements is essential for healing and 
plays a pivotal role in the success or failure of the treatment plan [ 3 ,  22 ,  23 ]. 

 The clinical exam is typical showing the ulcerative lesion especially the neuro-
vascular bundle to avoid the risk of bleeding and compression, the presence of 
bleeding, infection, malodor, and dimension [ 3 ,  22 ,  23 ].  

25.7.2     Imaging 

 Advances in imaging technology have signifi cantly changed the way to do diagno-
sis of bone and soft tissue sarcomas, and some techniques such as X-ray or ultraso-
nography to study the ulcerated extremity sarcomas have a marginal role [ 3 ,  23 ].  

25.7.3     Radiographs 

 Radiographs have lost the key role that have in the past but it is important for the 
evaluation of bone tumors and it lets an accurate diagnosis of bone tumors in more 
than 80 % of cases but as such do not have any value in the evaluation of soft tissue 
sarcoma [ 3 ,  23 ].  

25.7.4     Computerized Tomography (CT) 

 CT is the imaging modality of choice to evaluate the extent of bone destruction and 
reaction. In ulcerated sarcomas it has a role to defi ne bone sarcoma and its exten-
sion, the extent of bone resection. It is essential to look up pulmonary nodules, 
masses, and lymphadenopathy or other signs of metastatic disease [ 24 ].  
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25.7.5     Magnetic Resonance Imaging (MRI) 

 Magnetic Resonance Imaging is the best tool in the evaluation of soft tissue tumors, 
of the medullary and soft tissue components of bone tumors, of the margins and to 
stage and characterize the lesion. The signal intensity of a tumor is assessed by com-
paring it with that of the adjacent soft tissues, specifi cally skeletal muscle and subcu-
taneous fat. MRI is useful in evaluating the relationship of a tumor to the adjacent 
blood vessels and nerve. The presence of orthopedic hardware or surgical clips is not 
a contraindication to MRI; however, if a lesion is immediately adjacent to the location 
of the hardware, the local fi eld may be distorted [ 25 ]. MRI has been proven to be 
superior to CT to detect size, extent of a tumor, muscle involvement, and recurrent soft 
tissue sarcomas [ 26 ].  

25.7.6     Positron Emission Tomography (PET) 

 Positron emission tomography (PET) offers a combination of concurrent anatomi-
cal and functional imaging fi ndings and in sarcomas have a role for detection of 
local recurrence and metastatic disease as well as for evaluation of response to neo-
adjuvant chemotherapy [ 27 ].  

25.7.7     Radionuclide Bone Scans 

 Bone scan is currently used to determine the presence of metastatic bone disease and 
skin metastasis and the involvement of a bone by an adjacent soft tissue sarcoma. In 
addition, the appearance of a bone lesion in the fl ow and pool phases of a three-phase 
bone scan refl ects its biological activity and may be helpful in its diagnosis [ 3 ,  23 ].  

25.7.8     Angiography 

 Angiography is useful in these lesions prior to surgery because usually these are 
high-grade sarcomas with a large involvement of surrounding tissues and extraosse-
ous component, so the vascular displacement or involvement is common. It helps 
the surgeon to plan the anatomical approach and to avoid excessive bleeding during 
surgery [ 18 ].  

25.7.9     Biopsy 

 An incisional biopsy is gold standard for diagnosis and must be always done before 
any treatment. In ulcerated sarcoma, it can be very simple to do it. It is useful to repeat 
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in case of suspected recurrence [ 3 ,  23 ]. All recent skin lesions occurring on a scar or 
leg ulcer should be biopsied in a repetitive manner when clinical doubt is raised [ 3 ].   

25.8     Treatment 

 An ulcerated sarcoma can be an emotional and physical challenge for patients, fam-
ilies, and physician. An interdisciplinary team is required. The treatment usually 
consists of chemotherapy, radiotherapy, and surgery, with need to do an amputation 
when not possible to do large excision and reconstruction. Node excision is often 
deliberated, depending on the histological form and the presence of an invaded sen-
tinel node [ 28 – 30 ]. 

 The treatment of the ulcerated sarcomas consists to treat the primary causes, 
the patient and family concern and the wound when an excision is not possible; 
therefore the aim of treatment can be curative or palliative [ 28 ]. In this palliative 
context, wound care should be personalized and reevaluated depending on the 
needs and the consequences of the wound and the general condition of the 
patient [ 29 ,  30 ]. Palliative care should be realized by a multidisciplinary 
approach, combining wound-healing expert nurses, physicians specialized in 
cancer, pain specialists, and surgeons. Surgeons may adapt the local strategy 
and propose an adapted closure technique, such as skin grafting for temporary 
coverage when the wound bed may allow it; or the surgeon can propose a sec-
ondary cosmetic surgery for social exigence. Also a palliative intralesional pro-
cedure surgery may be performed [ 31 ]. 

25.8.1     Treat the Primary Causes: Medical Options 

 Radiation, chemotherapy, and hormonal therapy may help to reduce the symptoms 
associated with malignant wounds and need to be considered. Chemotherapy can 
relieve tumor symptoms and decrease mass, but the effectiveness depends on the 
tumor’s responsiveness to chemotherapy. Radiotherapy should destroy malignant 
tumor cells, thereby reducing the size of the wound and alleviating symptoms such 
as exudates, bleeding, and pain. With radiation treatment wound may initially dete-
riorate as malignant cells die and skin reactions occur. Hormonal blocking agents 
are used for hormone-sensitive tumors. The response to these treatments are slow 
and may take 4–6 weeks before decrease in progression and size of wound is noted 
[ 15 ,  18 ,  20 ,  22 ].  

25.8.2     Treat the Primary Causes: Surgery 

 Surgery can be used occasionally to reduce tumor mass, to debride wound, to 
extend symptom-free period, and to improve cosmetic appearance. Usually all 
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ulcerated sarcoma would need to be amenable to complete excision and defect 
repair, but anytime this may not be possible due to the extent of the disease, health 
status, healing ability, hemorrhage, and/or involvement of surrounding structures 
and organs [ 32 ]. 

 The improvement in chemotherapy, radiotherapy, imaging, and surgical option in 
the recent years has led to earlier diagnosis and better preoperative staging and treat-
ment of these patients; these have made limb salvage the procedure of choice than 
amputation in 85–90 % of patients with limb sarcoma without affecting the survival 
[ 32 ] (Fig.  25.1 ). Limb salvage surgery is also recommended after a previous surgical 
procedure although it is associated with a higher rate of inadequate marginal and, con-
sequently, higher local recurrence rates than amputation but should still be attempted 
whenever possible, as local control is not the primary determinant of survival [ 33 ].

   Therefore primary amputations as the treatment choice in lower extremity sarco-
mas are now reduced to <5 % of all patients and <15 % among recurrences while 
demonstrating a comparable long-term survival. Primary amputation is however 
investable in extensive circumferential limb sarcoma, multicomponent proximal 
thigh tumors, extensive skeletal involvement, compromised general condition for a 
longer procedure, local unfavorable conditions like PVD, or technically diffi cult 
reconstructions [ 34 ,  35 ]. 

a b
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  Fig. 25.1    The fi gure showing the ulcerative pleomorphic sarcoma of the knee ( a ) with its MRI 
imaging ( b ). The patient underwent an intra-articular resection ( c ) and reconstruction with tibial 
and femoral mega-prosthesis and gemellus muscle fl ap with skin graft ( d – f ). Anteroposterior and 
latero-lateral postoperative X-ray of the leg ( g ,  h )       
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 The surgical management of bone sarcomas is a real challenge to the orthopedic 
surgeon, owing to the diversity of sites in which tumors arise, combined with the 
extension of the tumor into adjacent soft tissues and their proximity, in many cases, 
to major neurovascular structures. The aim of treatment is local control and if pos-
sible the salvage of the limb and its function [ 32 – 35 ]. 

 A wide (en bloc) resection entails removal of the tumor and its pseudocapsule, 
and a cuff of normal tissue peripheral to the tumor in all directions should be the 
objective. The adequate thickness of the normal tissue cuff is a controversy and it is 
generally believed to be a few centimeters, while an amputation is required when a 
wide resection is not possible [ 36 ]. 

 The choice of the method of reconstruction should be individualized based 
upon many factors including the patient’s age, the extent and location of the 
tumor, the wishes of the patient, and the availability of surgical facilities and 
expertise, as well as the cost of the procedure. There’s a lot of choice including 
expandable and nonexpandable tumor prostheses, vascularized fi bula, autograft, 
and allograft [ 37 – 40 ]. 

 In the ulcerative sarcoma, performing a wide resection is needed lose skin and 
soft tissue, but an adequate soft tissue cover is cardinal in restoring function and 
should obliterate the dead space, tension-free skin closure, supporting the preserved 
skin with underneath muscle fl aps and provide adequate cushion for exposed bony 
prominences or amputation stumps [ 41 ] (Fig.  25.2 ).

a

c d e

b

  Fig. 25.2    Figure showing a huge ulcerative synovial sarcoma of the pelvis with its MRI imaging 
( a ,  b ) treated with an en bloc resection ( c ,  d ) VAC therapy and skin graft ( e )       
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   Standard procedures that are available include skin grafting for superfi cial defect 
closure, whereas vacuum-assisted closure therapy poses an option for temporary 
defect closure. Immediate coverage is the preferred choice, but it is not a must [ 41 ]. 

 A wide variety of pedicled or free vascularized fl aps are available for reconstruc-
tion in the whole musculoskeletal system. These include the lateral arm fl ap, scap-
ula/parascapular fl ap, radial forearm fl ap, anterolateral thigh fl ap, free fi bula fl ap, 
latissimus dorsi fl ap, rectus abdominis fl ap, gracilis fl ap, free fi let fl ap, the medial 
femoral condyle periosteal bone fl ap, or various perforator fl aps [ 42 ,  43 ]. Perforator 
or fasciocutaneous fl aps are superior to skin grafts but inadequate to cover large 
defects, and donor site skin graft in the immediate vicinity is a disadvantage [ 41 ]. 

 Unfortunately a patient with ulcerated sarcoma needs neoadjuvant and adjuvant 
chemotherapy and radiotherapy that can higher the rate of failure of the skin graft 
and fl ap because it reduces the vascularization and increases the fi brosis and inelas-
ticity of the surrounding skin [ 21 ].  

25.8.3     Treat Patient/Family Concerns 

 It is important for a right management of the pain, to value the impact on the patient 
and on his family of the pathology and to address psychological issues and coping 
strategies.  

25.8.4     Treat the Wound 

 The aim of this treatment is to manage with primary dressing symptoms such as 
odor, bleeding, and pain and with secondary dressings to contain exudate. It is 
important for the right management of the ulcer that these medications are accessi-
ble and easy to use with a few dressing changes and an appropriate social support to 
decrease stress and anxiety at home [ 44 – 46 ].  

25.8.5     Cleansing 

 Cleansing may be proposed in cancer wounds, as in any wound type, using water or 
physiological saline solution. Showering under tap water is also encouraged for the 
comfort of the patient and to decontaminate the wound and the surrounding skin. 
Low-pressure hydrojets may provide a more effi cient cleansing, without causing 
pain or discomfort [ 47 ,  48 ].  

25.8.6     Exudate Management 

 When exudates are moderate and the skin lesion is fresh (ulcerated nodules), the med-
ication have the aim to prevent dressing adherence, bleeding, and crust formation or 
to hydrate skin which is fragile by the underlying tumor; nonadherent contact layers, 
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amorphous hydrogels, sheet hydrogels, hydrocolloids, and semipermeable fi lms may 
be useful [ 49 ]. When exudates are more excessive, we must absorb and contain exu-
dates to prevent dressing adherence; this can be obtained using hydrofi ber or alginate 
dressings, foams, starch copolymers, gauze, soft cotton pads, or multilayer dressings 
to increase the absorption capacity [ 49 ]. In the terminal phase, negative pressure ther-
apy may be of interest, with a minimal pressure of 40–50 mmHg, in order to increase 
the drainage capacities and limit the number of dressing changes. Apart from this 
exceptional situation, negative-pressure therapy is contraindicated in tumor wounds 
as it has been reported to promote proliferation of tumor cells [ 50 ].  

25.8.7     Bleeding Control 

 A slow capillary bleeding can be treated with alginates, silver nitrate, topical 
thrombin, gel foam, oxidized cellulose, collagen materials, tranexamic acid, sul-
fracrate paste, fi brinolytic inhibitors, or adrenalin diluted in saline (1:10) applied 
over the surface of the wound. When bleeding is provoked by dressing removal 
in spite of the gel formed by hydrofi bers or alginate, Vaseline interface dressings 
or non- Vaseline interfaces, such as Mylar fi lm, may be applied. If the lesion is 
associated to a major bleeding, then hemostatic radiotherapy, surgery cauteriza-
tion or ligation, and embolization may be used. It is important to monitor hemo-
globin to ensure anemia has not developed with persistent moderate to heavy 
bleeding [ 51 ,  52 ].  

25.8.8     Infection and Odor Control 

 Infection and odor control is achieved by managing local bacterial colonization with 
an accurate wound cleansing and debridement, use of topical (effi cacy only for 
superfi cial bacteria) and oral metronidazole or other antimicrobial agents, charcoal 
dressings placed above the primary dressing to adsorb the offensive volatile com-
pounds, and Iodosorb gel [ 53 ]. Topical preparations may be most effective due to 
the decreased perfusion and vasculature throughout malignant wounds which 
decreases the effectiveness of systemic therapy. The silver sulfadiazine is used to 
control pseudomonas infection. Avoid antiseptics such as hydrogen peroxide, povi-
done iodine, and sodium hypochlorite, as they may cause tissue damage and pain. 
Consider use of slow-release iodine products, i.e., Iodosorb. Consider use of spe-
cialized antimicrobial dressing to control infection at site [ 13 ,  54 – 56 ].  

25.8.9     Perilesional Skin Care 

 It is essential to preserve peri-wound skin integrity with an attention prevention 
of pruritus, maceration, irritation and an adequate hydration using non-adherent 
fi xing systems, or silicone adhesives applied without any tension over a limited 
surface [ 44 ,  45 ].  
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25.8.10     Pain Control 

 Pain management cannot be limited to local treatments. Pain has to be managed 
with oral therapy such as morphine or hydromorphone. There is also limited evi-
dence to support the use of topical opioids and other analgesics because peripheral 
opioid receptors should be present [ 12 ,  15 ]. 

 Secondary pain has to be avoided during the dressing changes. Hypnoanalgesia, 
MEOPA (mélange équimolaire d’oxygène et de protoxyde d’azote), general anes-
thesia, and techniques of local anesthesia for dressing changes may be used [ 57 ]. 

 Locally, combined lidocaine/prilocaine or lidocaine is used with limited effect, 
linked to the low penetration of the product. In clinical practice, morphine mixed 
with hydrogel at a dosage between 10 and 30 mg for 15 g of gel can be applied and 
has been reported to be benefi cial [ 58 – 60 ].      
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26.1            Introduction 

 The major defects of lower limb of different magnitude are frequently encountered, 
and majority of them require reconstruction. Such wounds fall into two categories, 
acute deep wounds and those which have not healed within 6 weeks, i.e., chronic 
wounds. The common causes are trauma, infection, postexcisional defect, venous 
ulcer, trophic ulcer, etc. For the consideration of resurfacing, they are divided into 
those requiring split skin grafts (SSG) and the others which need a fl ap. Before 
coverage, an acute wound needs to be free of devitalized tissue and foreign bodies 
through adequate surgical debridement and cleaning with normal saline under 
proper light in the operation theater. Similarly a chronic defect should be free of 
infection which can be achieved by debridement and regular dressing. The wound 
swab is sent for culture and sensitivity, and accordingly a suitable antibiotic is 
administered. The defect is then assessed in terms of size, contour, and exposed vital 
structures. It is also necessary to evaluate whether the defect needs only SSG, fl ap, 
or combination of them. Accordingly the decision is made regarding the type of 
reconstruction. The aim is to have functional and aesthetic outcome preferably in a 
single stage with minimal donor site morbidity. If it is noncontoured surface defect, 
split skin graft is indicated. If the underlying vital structures are exposed, e.g., bone 
and joints, tendons, neurovascular bundle, exposed hardware following bony fi xa-
tion, etc., a fl ap cover is needed. Sometimes part of the wound requires a fl ap and 
the rest can be managed by SSG (Fig.  26.1 ).
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26.2        Split Skin Graft 

 For below-knee defect, ipsilateral thigh is the preferred donor site as the patient 
can use the other limb for routine work during the immediate postoperative period. 
If only one sheet of graft is necessary, it should be harvested from the posterior 
aspect of the thigh. This will avoid any scar in the future on the more visible areas 
of the thigh. After cleaning and draping, the SSG is fi rst harvested if the size of 
the wound is known. A chronic wound is thoroughly scraped by the back of the 
knife till punctate bleeding appears. Long-standing ulcers should be excised judi-
ciously till the healthy tissue all around to ensure proper “take” of the graft. A hot 
swab is kept to maintain hemostasis. After few minutes it is removed using normal 
saline sprinkle. Multiple perforations are made on the graft with No. 15 surgical 
blade to prevent hematoma underneath. The wound is fi nally washed with normal 
saline. The graft is secured over the wound by catgut/Vicryl stitches or stapler. In 
contoured defect it is preferred to apply several quilting stitches through the graft 
to the bed to obliterate the dead space and to avoid tenting of the graft. Through 
the perforations, saline is pushed with a syringe to remove micro clots. A nonad-
hesive fi rm dressing is applied for proper contact between the graft and the bed. 
The fi rst dressing is opened after 2–3 days. A pink graft without hematoma and 
infection confi rms the “take” of the graft. The donor site is opened around 3 weeks 
once it has epithelialized.  

26.3     Flaps 

 The indications for resurfacing a wound with a fl ap are as follows: exposed (a) vital 
structures, e.g., bone and joint, tendon, neurovascular bundle, etc., (b) exposed 
hardware following orthopedic surgery for fracture fi xation, and (c) contour defect. 
There could be two types of fl aps, locoregional fl ap and free fl ap through microvas-
cular transfer. This chapter deals with the former procedures. The choice of nature 

  Fig. 26.1    Wound around knee where exposed bone require a fl ap and rest can be managed by split 
skin graft       
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and constituent of the fl ap also depend upon the abovementioned types of defect and 
the availability of healthy adjacent tissue [ 1 ]. 

 The available fl aps are fasciocutaneous, adipofascial, fascial, muscle, musculo-
cutaneous, and a combination of them [ 2 ]. Fasciocutaneous fl ap is the commonest 
choice as it is reliable and stable. It consists of skin, subcutaneous tissue, and deep 
fascia. The adipofascial fl ap consists of adipose tissue and deep fascia [ 3 ]. The fas-
cial fl ap has only deep fascia. As the fl ap becomes thinner, the incorporation of 
vascular arcades is reduced. Therefore, their safe dimension is also reduced. Hence, 
the planning of the fl ap prior to surgery is of utmost importance. The planning 
includes decision regarding the constituent, vascular basis, plane of dissection, 
mode of transfer, donor site morbidity, and postoperative care. 

 For the choice of fl ap, the non-weightbearing areas of the limb and weightbear-
ing areas of the heel and sole should be considered separately because the require-
ments are different. For defects over the non-weightbearing areas from the knee to 
foot, fasciocutaneous fl ap is preferred as larger dimension of tissue can be trans-
ferred and it is most stable. The donor site usually needs skin graft. For noncon-
toured defects and exposed Achilles tendon, adipofascial fl ap provides good result. 
The donor area is sutured primarily. For defects over the areas where subcutaneous 
tissue is less, e.g., shin of tibia, malleoli, etc., fascial fl ap is considered so that the 
fl ap does not look bulky. Both the adipofascial and fascial fl aps require SSG over 
them, and the donor site is sutured primarily. The gastrocnemius muscle fl ap is use-
ful for contour defects of upper third of the leg and knee. Sometimes a split muscle 
fl ap is a choice to reduce the bulk and to preserve the functional unit in an already 
traumatized leg. Soleus muscle is also used for upper and middle third defects. 
These muscle fl aps require SSG to cover them. Myocutaneous fl aps can also be 
designed based on either head of gastrocnemius; however, they are bulky and not 
aesthetic. Any fl ap which proves to be bulky can be debulked in a secondary proce-
dure after few months. 

 For weightbearing areas of heel and sole, the requirement is different. The adi-
pofascial and fascial fl aps are not suitable as they do not withstand the wear and 
tear of daily life. The fl ap is decided on the location of the defect, its dimension, 
and condition of the adjacent tissue. If it is around 2–4 cm, a local fl ap of similar 
tissue is ideal with primary closure of the donor site. It can be rotation, transposi-
tion, V–Y advancement, or bilobed fl ap. If it is a deep posttraumatic or trophic 
ulcer at the heel up to 4 cm, muscle fl aps of the fi rst layer of the sole can be turned 
over and SSG is applied. These muscles are abductor digiti minimi, fl exor digito-
rum brevis, and abductor hallucis. The donor site of muscle exposure is closed 
primarily. If the defect is larger, more than one muscle can be transferred. If the 
defect over the heel involves whole of the heel, an inferiorly based fasciocutaneous 
fl ap is designed from the proximal calf area and rotated 180° to cover the defect. 
Large inferiorly based fasciocutaneous fl ap can resurface almost two third of the 
sole or dorsum of foot. The sural neurocutaneous fl ap is the other choice for the 
heel and other adjacent defects. If ipsilateral calf tissue is not available, a cross-leg 
fl ap can be designed.  
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26.4     Vascular Basis of the Flaps 

 It has two aspects: (a) vascular arcades within the different constituents of fl ap and 
(b) perfusing vessels through which blood reaches to the tissue from the main vas-
cular trunk. Earlier main vascular trunk used to be sacrifi ced to transfer the tissue to 
the defect. Now with better understanding of vascularity, the tissue is transferred 
based on the small vessels arising from the main vessel called “perforators.” These 
perforators are of two types: (a) musculocutaneous, when it courses through the 
muscle, e.g., gastrocnemius, and then enters the subfascial surface of the deep fas-
cia, and (b) septocutaneous, when it traverses through the septum in between the 
muscle bellies before entering the deep fascia [ 4 ]. The third type of vessel is the (c) 
direct cutaneous artery which arises from the main vascular trunk and directly enters 
the subcutaneous tissue. The perforators then arborizes into the rich vascular net-
work on the subfascial surface of the deep fascia which subsequently passes through 
the deep fascia in the intrafascial course to form the suprafascial plexus [ 5 ]. Further 
it communicates with the subcutaneous plexus and then with the subdermal and 
dermal network [ 6 ]. Thus, it is a continuous rich arcade through different layers of 
tissue. This is the vascular basis of different constituent of fl ap [ 7 ].  

26.5     Hemodynamics of Flaps 

 It is of utmost importance to understand the hemodynamic of fl ap for the successful 
tissue transfer. Vascular plexuses of different layers of tissue play important part in 
the success of fl ap transfer. Earlier the deep fascia was supposed to be an avascular 
structure with only function of covering the muscle underneath to prevent hernia-
tion. Now the vascular anastomosis of the deep fascia in one of the dominant sys-
tems is well established. The musculocutaneous and septocutaneous perforators 
fi rst make rich plexus at the level of deep fascia as they perforate on their way to the 
superfi cial layers of anastomotic channels. That is why incorporation of deep fascia 
provides signifi cant enhancement to vascularity. Each perforator has a territory of 
anastomotic network called “angiosome.” The perforators of different dimensions 
are present at regular interval of 3–4 cm [ 8 ]. Their angiosomes communicate freely 
to form a continuous vascular arcade throughout the limb [ 9 ]. The amount of blood 
fl owing through a perforator is directly proportional to the internal diameter [ 10 ]. 
Depending upon the perfusion pressure of a perforator, blood is pushed in to the 
vascular network. Thus, several adjacent angiosomes will be perfused by a single 
perforator. It is important to understand this mechanism because while dissecting a 
fl ap, several perforators are severed and the fl ap gets its blood supply through one 
or two perforators those have been incorporated in the pedicle of the fl ap.  

26.6     Vascular Axis 

 There are three major vascular axes in the lower limb, namely, anterior tibial, 
posterior tibial, and peroneal. Several perforators arise from them. With the 
advancement of technology in the form of audio Doppler, color Doppler, 
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two-dimensional and three-dimensional CT angiography, etc., these perforators 
can be precisely identifi ed and measured from fi xed bony landmarks. Their inter-
nal diameter can be gauged based on which they are classifi ed into three catego-
ries: group-1, up to 1 mm; group 2, 1.1–2 mm; and group 3, more than 2 mm. The 
constituent of the fl ap decides which vascular networks have been incorporated. 
For example, fasciocutaneous fl ap contains subfascial, suprafascial, subcutane-
ous, subdermal, and dermal plexus [ 11 ]. In adipofascial fl ap, subdermal and der-
mal network are not included. In fascial fl ap, only the subfascial and suprafascial 
network remains. Therefore, the fasciocutaneous fl ap has larger safe dimension 
followed by adipofascial fl ap and then fascial fl ap. In myocutaneous fl ap, the 
underlying muscle is also incorporated and the overruling fasciocutaneous unit 
receives the blood supply through the musculocutaneous perforators. Muscle fl ap 
is used based on the blood supply of a particular muscle. Regarding mobility of 
the fl ap, it is necessary to understand that the thicker the fl ap, the less is the mobil-
ity. Accordingly transfer of tissue has to be calculated. Therefore, it has bearing 
on the measurement of fl ap while planning. Similarly fl ap with broader base will 
have less mobility. With advanced knowledge of the perforators, the base can be 
substantially narrowed with much greater mobility. This allows increased reach of 
the fl ap to reconstruct distant defects. 

 After deciding the blood supply, the dimension of the fl ap is calculated depend-
ing upon the defect. For small to moderate size defect, a single fl ap may be suffi -
cient. For larger defect, two or three fl aps can be designed perfused by different 
perforators of the same vessel or different vessels. All these decisions are based 
on accurate planning and measurement of the defect and fl ap; otherwise, the fl ap 
may fall short. If the calculation is compromised, then the surgeon dissects toward 
the base of the fl ap, endangering the vascularity due to probable damage to the 
perforator and sutures under tension. It may also cause acute kinking at the base. 
Thus, the vascularity may be compromised leading to part or complete necrosis of 
the fl ap.  

26.7     Practical Techniques for Flaps 

 The following steps need to be followed in every type of tissue transfer:

    (a)    If it is a perforator-based fl ap, then the location of the perforators should be 
identifi ed preoperatively which is most commonly done by audio Doppler.   

   (b)    A meticulous “planning in reverse” is done so that the transferred tissue does 
not fall short of defect in every dimension. It is done with the help of a piece of 
lint prior to surgery. The lint is kept as if the fl ap has been transferred over the 
defect. The pedicle is held by the assistant, and the lint representing the fl ap is 
moved to the donor site. The outline of the fl ap is marked on the donor site one 
centimeter beyond on the three sides of the proposed fl ap. This is to take into 
account the tissue contractility. The transfer is then rechecked holding the ped-
icle fi xed. This certainly ensures correct planning.   

   (c)    The incision is beveled outward specially where multiple tissue constituents are 
incorporated. Following such incision, all the layers come to the margin at the 
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same level. Then they are secured by 3/0 chromic catgut interrupted stitches as 
one unit. For example, in fasciocutaneous fl ap, the deep fascia is sutured to the 
dermis. This prevents shearing movement between individual planes during 
dissection and transfer of the fl ap. Thus, the composite vascular network within 
the fl ap is preserved allowing free fl ow of blood without interruption.   

   (d)    The plane of dissection needs to be identifi ed in the initial phase of dissection 
which should be maintained throughout.   

   (e)    Several perforators will be encountered as the fl ap is raised. They need to be 
severed. While doing so, low coutary may be used toward the main vascular 
trunk but the end toward the fl ap should be ligated using 4/0 chromic catgut/
Vicryl. Even apparently small looking charring on the fl ap surface due to cau-
tery may prove to be detrimental for a small segment of fl ap.   

   (f)    Whenever a fl ap is moved more than 90° over a pivot point, acute twist should 
be prevented. This can be achieved by narrowing the pedicle or by raising little 
longer fl ap or skeletonizing the perforator.   

   (g)    Avoid suturing under tension. It is preferred to keep a drain under the fl ap to 
avoid hematoma.   

   (h)    Low molecular weight dextran is infused during fl ap elevation and continued 
for 2 days to enhance microcirculation.   

   (i)    The limb is kept elevated by 30° for better venous drainage.      

26.8     Few Common Flaps 

26.8.1     Fasciocutaneous Flap 

 Constituent wise it consists of skin, subcutaneous tissue, and deep fascia. Majority of 
moderate-sized defects from knee to foot can be resurfaced by these procedures. For 
simple understanding of the reconstructive options, the lower limb is divided into 
upper, middle, and lower third. For upper and middle third, superiorly based (ante-
grade) fl aps based on the perforators of the posterior tibial artery (on medial side) or 
from the anterolateral aspect based on the perforators of the peroneal artery are used. 
These fl aps are transferred to the defect by rotation or transposition or combination 
of both. Inferiorly based fl aps (retrograde) perfused by the distal perforators of the 
abovementioned vascular trunks are used for distal third leg (Fig.  26.2 ), ankle (Fig. 
 26.3 ), heel (Fig.  26.4 ), midsole, and dorsum of foot defects [ 12 ]. It is essential to 
incorporate at least two sizable perforators in the pedicle to ensure adequate blood 
supply, irrespective of the nature of the fl ap, that is, how a fl ap of nonconventional 
dimension can be transferred with safety. Sometimes there may be intervening nor-
mal tissue, and the fl ap has to reach the defect crossing over this bridge of tissue. It 
is called “interpolation fl ap.” In such situation, the pedicle is detached after 3 weeks 
under local anesthesia, and proximal insetting of the fl ap is done.
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  Fig. 26.2    ( a ) Mid and distal third defect with exposed tibia. ( b ) and ( c ) Flap dissected on distal 
posterior tibial perforatord. ( d ) Flap transfered to the defect. ( e ) Followup of healed fl ap at 3 
months       

a
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  Fig. 26.3    ( a ) Post traumatic anterior ankle defect. ( b ) Reconstructed by distal posterior tibial 
perforator perfused fasciocutaneous fl ap. A sizable distal perforator has been isolated. ( c ) Allowing 
narrowing of the pedicle. ( d ) Enhancing the mobility of fl ap transfer       
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26.8.2          Adipofascial Flap 

 They are usually defect-based turnover fl ap. When the skin of the fasciocutaneous 
unit is not incorporated, it becomes an adipofascial fl ap. So it is composed of sub-
cutaneous tissue and deep fascia. Thus, it will have two plexuses less than that of a 
fasciocutaneous fl ap, i.e., dermal and subdermal plexuses. Only the vascular plexus 
associated with the deep fascia and subcutaneous tissue supply this fl ap. The skin is 
undermined by a lazy “S” incision. It is important to keep two to three fat globules 
with the skin to protect the subdermal plexus [ 13 ]. This prevents marginal desqua-
mation of the sutured donor site. After adequate undermining, the incision is made 
on three sides of the proposed fl ap through the subcutaneous tissue and deep fascia. 
This composite tissue is dissected through the subfascial plane toward the defect. 
The dissection stops at a distance of about equal to the width of the defect or at least 
2 cm from the proximal margin of the defect. This is to protect the perforators at the 
base. The fl ap is then gently hinged to the defect [ 14 ]. To prevent acute kink during 
base turnover, a plane rubber catheter is placed at the base to ensure smooth rolling 
over. The fl ap is sutured to the margins of the defect. Thus, the subfascial surface 
faces on the surface. A perforated thin split skin graft is used to resurface it. The 
donor site is sutured primarily (Fig.  26.5 ). It is the fl ap of choice on many occasions. 

a b

dc

  Fig. 26.4    ( a ) A retrograde interpolation fasciocutaneous fl ap. ( b ) Flap transferred to the post 
traumatic heel defect. The pedicle has been narrowed allowing 180° rotation. ( c ) After detachment. 
( d ) The contour has been well achieved as compared to the normal heel       
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It has several advantages, e.g., provides well-vascularized tissue, it is a thin fl ap and 
does not look bulky, dissection is easy, reliable and durable. Postoperative manage-
ment is simple and provides good gliding surface for the underlying tendons; there 
is minimal donor site morbidity with a linear scar, nonhairy tissue is transferred, no 
major vascular trunk is sacrifi ced, it does not require any special training or setup, it 
can be transferred in various ways, and the option for free fl ap remains open.

26.8.3        Propeller or Skeletonized Perforator Flap 

 The fl aps of the above constituents can be transferred with complete isolation of the 
perforators with their venae comitantes leaving only a small cuff of tissue around 
them. A large dimension of tissue is transferred in a single stage. These are specifi -
cally advantageous for distal defects. The fl ap is marked at the proximal calf. An 
initial exploratory incision is made along one of the proposed margins that is clo-
sure to the vascular axis. Subfascial dissection is done toward the main vascular 
trunk to identify the perforators [ 15 ]. Then the rest of the fl ap is dissected leaving 
the distal perforators nearest to the defect. Such critical dissection should be done 
using loupe magnifi cation (3×/4×). The fl ap is totally islanded. This will allow easy 
transfer of the fl ap to cover the defect (Fig.  26.6 ). The prime advantages of these 

a

c

b

  Fig. 26.5    ( a ) Distal leg defect. ( b ) Adepofascial fl ap has been turned over from the proximal calf 
region. ( c ) Flap split skin grafted and donor area closed primarily       
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fl aps are greater fl exibility in rotating the fl ap with enhanced reach as compared to 
a peninsular fl ap and the procedure being done in a single stage. Excessive manipu-
lation should be avoided as it may result in perforator spasm or even their avulsion. 
Kinking, torsion, or pressure due to hematoma may be detrimental. Even though the 
skeletonization of the perforator allows the fl ap to move freely 180° on either side, 
overstretching of the fl ap while insetting must be avoided.

26.8.4        Sural Neurocutaneous Flap 

 This is one of the popular fl aps for distal limb defects. The fl ap is perfused by two 
sources: neurocutaneous arteries from the supramalleolar vascular network and dis-
tal septocutaneous perforators of the peroneal artery [ 16 ]. The proximal limit of the 
fl ap is 8 cm from the popliteal crease; the lateral boundaries are formed by lateral 
border of the fi bula and medial border of the tibia [ 17 ]. The incision is made up to 
the deep fascia, and the dissection is continued in the subfascial plane preserving the 

a

c

e

b

d

  Fig. 26.6    ( a ) Planning of scalitonized distal peroneal perforator based fasciocutaneous fl ap. ( b ) 
Post excisional defect of lateral malleolar and posterior heel region with dissected fl ap. ( c ) Isolated 
distal peroneal perforator. ( d ) Flap transferred with 180° rotation. ( e ) Follow up at 6 months       
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sural nerve. The constituent of the pedicle is sural nerve, its accompanying arterial 
branches, lesser saphenous vein, and the surrounding adipofascial tissue. The pedi-
cle is usually split skin grafted. Sometimes it may be tunneled to the defect, but it is 
risky as the intervening tissue at the distal leg is not loose and therefore diffi cult to 
adequately undermine. Hence, if the pedicle is passed under this tunnel, there is 
every possibility of compression. The pivot point is 5 cm above the lateral malleolus 
which is the location of the distal peroneal artery perforator. This is the source of 
blood supply which perfuses the fl ap through the arcade of vessel surrounding the 
sural nerve up to the dermis. The fl ap is used to resurface defects over the Achilles 
tendon and concomitant wounds around heel (Fig.  26.7 ), ankle, and distal tibia. 
Advantages are as follows: Long pedicle enables great arc of rotation and no major 
artery is sacrifi ced.

26.8.5        Fascial Flap 

 It is indicated for noncontoured defects, e.g., over shin of the tibia, exposed Achilles 
tendon, distal tibia, etc. The adjacent donor site is explored by a lazy “S” incision. 
Margins are undermined in the subcutaneous plane exposing the deep fascia. One 
distal horizontal and two vertical incisions are made through the deep fascia. The 
fl ap is dissected toward the defect in the subfascial plane leaving adequate base for 
vascularity. Then the fl ap is hinged to the defect and sutured at the margins 
(Fig.  26.8 ). They are usually defect-based turnover fl ap, or they can be tunneled to 
the defect. Larger fl ap can be safely used by incorporating one or two perforators at 
the base. However, it is not necessary to visualize the perforators during dissection. 
A thin skin graft is applied over the subfascial surface of the transferred fl ap, and the 
donor area is closed primarily (Fig.  26.9 ). It is a simple and reliable method. The 
maximum safe length of the distal perforator-based fl ap is 14 cm. In case of a ran-
dom fl ap, the safe limit is 8–10 cm depending upon the length of the base. It has 

a b c

  Fig. 26.7    ( a ) Planning of sural neurocutaneous fl ap with heel defect. ( b ) Flap transferred to the 
defect with adepofascial pedicle. ( c ) Insetting of fl ap and donor area skin grafted       
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several advantages being a well-vascularized tissue, single-stage procedure, thin 
fl ap, dissection is easy. It is reliable and durable provides good gliding surface over 
the tendon. It can be tailored to the dimension of the defect, postoperative manage-
ment is simple, and it has minimal donor site morbidity with a linear scar. 

26.8.6         Muscle/Myocutaneous Flap 

 When there is a deep contoured defect with exposed knee, tibia, or fi bula at the 
upper two third of the leg, the application of a muscle fl ap is considered. Depending 
upon the location and extent of the defect, either the medial or the lateral head of the 
gastrocnemius muscle is used. The supplying vessel enters the muscle at the popli-
teal fossa. The muscle belly is detached at the musculotendinous junction distally 
and dissected proximally till the muscle lie easily over the defect (Fig.  26.10 ). The 
vascular pedicle need not be visualized most of the time. It is a large muscle belly 
with adequate width for tibial defect. The muscle can be transposed or rotated to the 
defects from the knee to upper two third of the tibia. However, it is not a frequently 
preferred tissue as it is bulky and need not be sacrifi ced as a functional unit in an 
already traumatized limb. A myocutaneous unit is bulkier and not aesthetic. To 
reduce the bulk and to maintain the functional unit, the gastrocnemius can be split 

dc

a b

  Fig. 26.8    ( a ) Defect over the shin of tibia. ( b ) Defect based fascial fl ap dissected. ( c ) Flap turned 
over to the defect and grafted. ( d ) Desirable result       
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sagittally. The superfi cial portion can be transferred as a split muscle fl ap (Fig.  26.11 ). 
Thus, the bulk of the transferred muscle mass is also reduced with better aesthetic 
result. The other muscle available is soleus. It can be easily identifi ed and dissected 
from the medial head of the gastrocnemius. It can also resurface the upper two third 
of the tibia and is less bulky. However, it is supposed to be the peripheral heart and 
should be used selectively.

26.8.7         Flaps for Heel and Sole Defects 

 The skin of this area is unique in nature. Therefore, for smaller defects up to 
3–4 cm diameter, local fl aps are designed in the form of rotation (Fig.  26.12 ), trans-
position, V–Y advancement, bilobed fl ap (Fig.  26.13 ), or a medial planter artery 

  Fig. 26.9    ( a ) Non weight bearing posterior heel defect. ( b ) Distal peroneal perforator perfused 
retrograde fascial fl ap. ( c ) Insetting of the fl ap. ( d ) Flap skin grafted and donor site closed primar-
ily. ( e ) Follow up at 8 months         
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fl ap. If the local tissue is not suitable, the three muscles of the fi rst layer of the sole 
are very useful for defects of the heel and proximal sole. They are abductor digiti 
minimi (Fig.  26.14 ), fl exor digitorum brevis, and abductor hallucis. They can be 
detached from their insertion distally and transferred to the proximal defect to 
adequately fi ll up the contoured trophic ulcers and posttraumatic defects. For larger 
defect, two muscles can be transferred (Fig.  26.15 ). Subsequently split-thickness 
graft is applied over the muscle. The donor incision is placed on the non-weight-
bearing area and sutured primarily. Thus, there is no morbidity while wearing shoe 
or during ambulation.

a b

d

e

c

  Fig. 26.10    ( a ) Proximal third contoured defect. ( b ) Dissected lateral head of gastrocnemeus mus-
cle. ( c ) Flap transposed to the defect. ( d ) Flap covered with SSG. ( e ) Follow up at 6 moths provid-
ing suitable result       
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26.8.8           Combination of Different Techniques 

 When we assess a defect for choosing the technique of resurfacing, two aspects are 
considered: (a) which area requires a fl ap and which requires only a skin graft. 
There are occasions when large area of the same wound is graftable and portion of 
the wound with exposed underlying vital structure require a fl ap. (b) Sometimes 
there may not be adequate adjacent healthy tissue to design a single fl ap to cover a 
large defect. In such situation one should think combination of two or more fl aps of 
same or different constituents. It could be one antegrade and one retrograde 

  Fig. 26.11    ( a ) Mid tibial defect. ( b ) Split medial gastrocnemeus muscle fl ap dissected. ( c ) Flap 
transposed to the defect. ( d ) Insetting of the fl ap. ( e ) Flap covered with perforated SSG         
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a b

dc

  Fig. 26.12    ( a ) Trophic ulcer of heel. ( b ) Rotation fl ap dissected. ( c ) Flap transferred to the defect. 
( d ) Final outcome       

a b

c d

  Fig. 26.13    ( a ) Trophic ulcer of heel. ( b ) Proximal heel bilobed fl ap dissected. ( c ) Transferred to 
the defect. ( d ) Predictable result       
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fasciocutaneous fl ap based on the perforator of the same vessel (Fig.  26.16 ) or dif-
ferent vessels (Fig.  26.17 ). These fl aps are sutured together at their distal margin. It 
can be a combination of muscle fl ap with fasciocutaneous fl ap (Fig.  26.18 ).

26.8.9          Free Flaps 

 Free fl aps are considered when the defect is extensive or the adjacent soft tissue is 
so grossly damaged that no local fl ap can be harvested with safety. These fl aps are 
either fasciocutaneous in nature or a muscle fl ap with SSG. For moderate defects, 
radial artery forearm fl ap, parascapular, medial arm fl ap, etc., are used. For larger 
defect, anterolateral thigh (ALT) fl ap is used. The commonest muscle used is the 
latissimus dorsi, gracilis, serratus anterior, etc. The recipient vessel for anastomosis 
is either one of the main vascular trunks with end-to-side anastomosis or one of the 

a b

ed

c

  Fig. 26.14    ( a ) Post traumatic heel defect. ( b ) Exposure for abductor digiti minimi muscle fl ap. ( c ) 
Muscle dissected. ( d ) Insetting of Flap to the defect with SSG. ( e ) Follow up at 6 months       
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sizable perforators. That is why it is advisable to perform a preoperative angio-
graphic evaluation of the vascular tree of the lower limb in extensive trauma to 
identify and plan the site of the anastomosis. If no suitable vessel is available adja-
cent to the defect for anastomosis, a vein graft is used for a more proximal anasto-
mosis with a normal vessel.   

26.9     Postoperative Care 

 It is as important as surgery. The fl ap needs to be inspected every day. The aspects 
to be ensured are as follows: (a) light dressing, (b) avoiding pressure over the pedi-
cle, (c) limb to be kept elevated by 20–30°, and (d) stitches to be removed around 

  Fig. 26.15    ( a ) Larger heel defect. ( b ) Abductor digiti minimi and fl exor digitorum brevis muscle 
fl ap dissected. ( c ) Insetting of muscle fl aps. ( d ) Covered with SSG and donor site closed primarily. 
( e ) Follow up at 8 months         
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a b

c d

  Fig. 26.16    ( a ) Exposed hard ware at multiple level. ( b ) Antegrade and retrograde fl aps based on 
the perforators of the posterior tibial artery. ( c ) Flaps transferred to the defects. ( d ) Healed wound 
at 4 months       

a b

dc

  Fig. 26.17    ( a ) Large tibial defect with surface sequestrum. ( b ) Sequestrum deroofed. ( c ) 
Resurfaced by peroneal perforator antegrade fl ap and posterior tibial perforator retrograde fl ap 
joined together. ( d ) Follow up at 6 months       
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10–12th day. If one suspects compromise with the vascularity, immediate measure 
should be taken to salvage the fl ap. The early indications of compromised vascular-
ity are change of color at the distal margin and low temperature. If allowed to prog-
ress, blisters will appear which is an alarming sign. In such occasion, remove the 
whole dressing and check for the pressure over the pedicle by posture of the limb or 
pressure due to dressing. Evacuate hematoma if any. Remove few distal stitches to 
prevent traction on the fl ap.  

26.10     Complications 

 Complications can happen in the immediate postoperative period in the form of 
hematoma under the fl ap which may compromise with the vascularity. Infection 
will have detrimental effect and increase the morbidity, poor take of the skin graft, 
partial or complete fl ap necrosis.  

 In late follow-up, if the instructions are not followed by the patient, there may be 
infection and trophic changes around the margins of the fl ap specially at the heel 
and sole. There may be sequestrum under the fl ap which will cause sinus requiring 
sequestrectomy. The part or whole fl ap may require debulking depending upon the 
type of fl ap and the location. Most of these complications are avoidable.  

a b

dc

  Fig. 26.18    ( a ) Mid tibial defect. ( b ) Combination of split medial gastrocnemeus muscle fl ap and 
medial antegrade fasciocutaneous fl ap. ( c ) Insetting of fl aps. ( d ) Follow up at 6 months       
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26.11     Instructions to the Patient During Follow-Up 

 Keep the fl ap clean to avoid infection, keep it moist using moisturizer, protect it 
from trauma, and inspect it twice a day. Explain that different types of sensation will 
appear after at least 6 months starting with protective sensation. Therefore, till then 
one has to be careful. The other sensations appear around 1 year or later. Use soft 
shoe in case of fl aps on the ankle, dorsum of foot, heel, and sole. Visit for monthly 
checkup to the fi rst 6 months and then every 3 months for 2 years. Functional and 
aesthetic aspect is considered both for the recipient and donor sites.  

    Conclusion 
 Acute and chronic wounds of different etiologies pose signifi cant challenge to 
the reconstructive surgeons. It is of utmost importance to choose the appropriate 
procedure for resurfacing a given defect keeping in mind its nature and location. 
A meticulous preoperative “planning in reverse” must be done for suitable fl ap 
design. Defi nitive understanding of vascularity of different fl aps and fault less 
execution is the key to the success. The locoregional fl aps of different constitu-
ents and combinations are of enormous value and popular in managing moder-
ate-sized defects. These procedures can be simultaneously performed with the 
orthopedic care in acute and chronic stages. If any future surgery is to be per-
formed in the same area, one can approach through the fl ap safely after 3 months.     
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27.1            Introduction 

 Chronic leg ulcers are defi ned as those that show no tendency to heal after 3 months 
of appropriate treatment or are still not fully healed at 12 months [ 1 ]. Various treat-
ment modalities have been suggested for the management of nonhealing ulcers. The 
amputation is done as a last resort, when all other methods of treatment have 
exhausted or when it is felt that amputated limb will provide a better functional 
result as compared to limb with persistent chronic nonhealing ulcers. The amputa-
tion rate in diabetics can be reduced with good care of the foot. The last decade saw 
a marked decline in the lower extremity amputation in the Medicare population in 
the USA [ 2 ].  

27.2     Indications 

 The various indications where amputation may be the choice in patients presenting 
with ulcers are:

    (a)    Ulcer with gangrene changes   
   (b)    Ulcer with atherosclerosis   
   (c)    Ulcer with uncontrolled infection   
   (d)    Ulcers after traumatic conditions   
   (e)    Miscellaneous causes     
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27.2.1     Ulcer with Gangrene Changes 

 The typical example is diabetic foot (Fig.  27.1 ); however, in nondiabetics too, there can 
be ulcers with gangrenous changes. The ulcers in diabetics develop due to multiple 
reasons. The reduced blood supply to the tissues as a result of atherosclerosis means 
less supply of factors responsible for healing of a wound. The foot all the time is sus-
ceptible of sustaining injury due to loss of sensations. When an ulcer in diabetics is 
compounded further by infection, the cumulative effect may lead to gangrenous 
changes since the infection is likely to further restrict blood supply (Fig.  27.2 ). With 
gangrenous changes, it becomes necessary to amputate the affected limb to prevent the 
spread of infection and further damage to healthy tissue. According to Izumi et al., the 
risk of reamputation in patients with diabetes is high [ 3 ]. The cumulative risk of ream-
putation noticed was 27 % after 1 year, 48 % after 3 years, and 61 % after 5 years. We 
have noticed that 30–50 % of amputee will undergo reamputation within 1–3 years

27.2.2         Ulcer with Atherosclerosis 

 Ulcers develop in atherosclerosis due to compromised blood supply. The ulcers as a 
result of trauma or infection are diffi cult to heal or may not heal at all. Depending 
upon the severity of the block, there can be gangrenous changes. Smoking, obesity, 
and hyperlipidemia are the risk factors.  

27.2.3     Ulcers in Infective Conditions 

 There can be single or multiple sinuses in chronic osteomyelitis. Occasionally these 
sinuses may not respond to prolonged antibiotics and even to multiple surgeries. 
Osteomyelitis of the calcaneum may lead to ulcer formation, as heel is a weight- 
bearing area. Necrotizing fasciitis is yet another serious infection where an early 
intervention in the form of amputation may be necessary. In advanced uncontrolled 
infective ulcers, open amputation is indicated (Fig.  27.3 ). It can be guillotine ampu-
tation with revision to more proximal level after control of infection.

  Fig. 27.1    Gangrene of 
multiple toes requiring 
amputation in diabetic 
foot ulcer       
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27.2.4        Ulcers in Traumatic Conditions 

 In a severely injured limb, the amputation may be the only treatment available. For 
unsalvageable crush injuries of the limb, the functional results after amputation are 
better than continuing with prolonged therapy. The various complications associ-
ated with a severely injured limb resulting in ulcer formation are uncontrolled soft 
tissue infection as well as osteomyelitis and infective arthritis and may be gangrene. 
Preserving such disabling parts of body is more frustrating to patients than getting 

  Fig. 27.2    Gangrene of 
toes with infection and 
tissue necrosis       

  Fig. 27.3    A case of 
extensive tissue necrosis 
with infection is indicated 
for open amputation       
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rid of it followed by fi tting of prosthesis. Blast injuries and burns are other examples 
which may result in nonhealing ulcers refractory to treatment.  

27.2.5     Miscellaneous 

 Pressure ulcers are common and challenging in patients with spinal cord injury. 
Proximal amputations of the lower limbs can be considered as part of the treatment 
for complicated pressure ulcers as it would reduce the number of hospital stay and 
improve the quality of life and functional outcome [ 4 ]. A pressure ulcer over a bony 
prominence may lead to extensive tissue necrosis of soft tissues including muscle 
and supporting structures with osteomyelitis of underlying bone. Loss of sensations 
in lower limbs can result in trophic ulcers in the foot and other bony prominences. 
In Indian subcontinent, Hansen’s disease is an important pathology. Nonhealing 
ulcers developing over neoplastic lesions (Fig.  27.4 ) or squamous cell carcinoma 
developing over chronic draining sinus can be another indication for amputation.

  Fig. 27.4    Nonhealing 
ulcer over a case of 
neoplastic lesion of foot       
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27.2.6        Diabetic Ulcers 

 Diabetic ulcers need special mention as they are one of the leading causes of 
nontraumatic lower extremity amputations (LEA) worldwide [ 5 ]. There are 
many classifi cations grading the diabetic foot ulcers (DFU). Wagner’s classifi -
cation [ 6 ] is more popular (Table  27.1 ). In this classifi cation, in grade 4 and 5, 
amputation is often required.   Edo     et al. studied the risk factors, ulcer grade, and 
management outcome of diabetic foot ulcers in a tropical tertiary care hospital 
and concluded that spontaneous blisters, peripheral vascular disease, peripheral 
neuropathy, and visual impairment are common risk factors of DFUs [ 7 ]. 45.6 % 
patients presented with Wagner grade 4 and 5 ulcers with the resultant high rate 
of lower extremity amputations (LEAs). Early presentation and treatment of 
DFUs can reduce the amputation rates. The effective partial foot amputations in 
the high-risk diabetic population can minimize the need for major proximal 
lower limb amputations [ 8 ]. Monteiro et al. studied extensively the classifi ca-
tion systems for lower extremity amputation prediction in subjects with active 
diabetic foot ulcer and concluded that though there are numerous classifi cation 
systems for DFU outcome prediction, but only few studies evaluated their reli-
ability or external validity and reported accuracy measures [ 9 ]. Further studies 
assessing reliability and accuracy of the available systems and their composing 
variables are needed.

   The various risk factors for lower extremity amputation in the diabetic foot are: 
(a) absence of protective sensation due to peripheral neuropathy, (b) arterial insuf-
fi ciency, (c) foot deformity and callus formation resulting in focal areas of high 
pressure, and (d) autonomic neuropathy causing decreased sweating and dry, fi s-
sured skin.   

27.3     Surgical Principles of Amputation 

 While deciding the level of amputation, one has to balance between conserving the 
limb as much as possible without compromising with the complication as a result of 
leaving behind the infected gangrenous part. In chronic ulcers with fulminate infec-
tion and vascular compromise, the decision is not easy.

  Table 27.1    Wagner 
classifi cation of diabetic foot  

 Grade 0  No ulceration, foot at risk 

 Grade 1  Localized superfi cial ulceration 

 Grade 2  Deep ulceration that penetrates tendon, 
bone, and joint 

 Grade 3  Osteomyelitis or deep abscess 

 Grade 4  Localized gangrene 

 Grade 5  Extensive gangrene requiring 
amputation 
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    (a)    Screening tests for general health and immunological status is important as it 
may compromise with healing of wound.   

   (b)    Skin fl aps should be thick and muscles well stabilized with meticulous hemo-
stasis before closure. Bone stumps left after amputation must be covered well 
with soft tissue padding.   

   (c)    Postoperatively advice from physiotherapist, occupational therapist, and pros-
thetic expert should always be called for. In diabetic ulcers, it is important to 
keep sugar under control.   

   (d)    Surgery should be carried out with meticulous details to avoid the postoperative 
complications like hematoma, infection, necrosis of the wound, phantom limb 
sensations, etc.      

27.4     Types of Amputations in Ulcers of Foot (Fig.  27.5 ) 

27.4.1        Toe Amputation 

 If toe is gangrenous (Fig.  27.6 ), amputation is recommended as it does not affect the 
functions signifi cantly. Amputation of great toe can produce limp in running and 
walking as push off is affected. Whenever possible, planter fl ap should be made 
longer than dorsal fl ap.

27.4.2        Amputation Through Metatarsals 

 In diabetic ulcers, it is not uncommon to see involvement of metatarsophalangeal 
joint. In such conditions, amputation through one or multiple metatarsals may be 
required. Attempt should be made to conserve the metatarsals as much as possible 
to preserve the push-off phase of gait cycle and utilize the plantar skin as much as 
possible (Fig.  27.7 ). Prosthesis is usually not required.

  Fig. 27.5    Levels of foot 
amputations       
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27.4.3        Amputation Through Mid Foot 

 Amputation through tarsometatarsal joint (Lisfranc) and through midtarsal joint 
(Chopart) is indicated when forefoot is badly involved due to ulcers complicated by 
infection and vascular compromise. This amputation affects the foot function sig-
nifi cantly. Further as tendo achilles is intact and dorsifl exors are sacrifi ced, signifi -
cant equinus deformity is resulted. To prevent the development of equinus deformity 
after midfoot amputation, Roach and Mcfarlene recommended to tenotomize the 
tendo achilles [ 10 ]. Tendon transfers of ankle dorsifl exors can also be done. 
Alternatively one can amputate the limb at higher level. Once the wound is healed, 
the patient can walk with partial foot prosthesis.  

27.4.4     Amputation Through Hindfoot/Ankle 

 When ulcer in the foot is associated with osteomyelitis of tarsals and metatarsals not 
responding to nonoperative treatment, with dysfunctional unsalvageable foot, the 
amputations around the ankle can give acceptable results. The two common ampu-
tations in this region are Syme’s amputation and Boyd’s amputation.  

  Fig. 27.6    Gangrene of 
third toe with impending 
gangrenous changes of 
second toe. First toe is 
already amputated       

  Fig. 27.7    Diabetic foot 
with extensive soft tissue 
necrosis and infection; 
preferred to manage with 
two-stage amputation       

 

 

27 Amputation of the Lower Extremity



452

27.4.5     Syme’s Amputation 

 Syme’s amputation is more acceptable to the patients. It provides end-bearing 
stump. The tibia and fi bula are sectioned 0.6 cm. proximal to ankle joint covered by 
thick heel pad as weight-bearing surface. Prosthesis is usually not required after 
Syme’s amputation; however, stump is cosmetically not very good and prosthesis 
can be used for cosmetic reasons. 

 In a diabetic foot with gangrenous changes and uncontrolled infection, Wagner 
recommended Syme’s amputation to be carried out in two stages for better results 
[ 6 ]. In the fi rst stage, ankle disarticulation is done with heel pad fl ap covering the 
wound along with antibiotic suction irrigation. The purpose is to control the infec-
tion. After around 6 weeks, when the infection is well controlled, second part of the 
procedure is done with transection of tibia and fi bula at designated level with proper 
soft tissue coverage.  

27.4.6     Leg Amputation (Fig.  27.8 ) 

    Transtibial amputation is required in ulcers of the foot where the foot is either unsal-
vageable (Fig.  27.9 ) or remaining stump in the foot is functionally and cosmetically 
not acceptable. Amputation technique depends on if the ulcer is in the ischemic or 
nonischemic limb. The knee joint should be preserved in either type. In nonisch-
emic limb, amputation through middle third of leg provides better result. Ideal 
length of stump varies between 12.5 and 17 cm approx.

   If amputation is done for ulcers on ischemic limb, the fl ap designing is impor-
tant. Since the blood supply in the skin is better on the posterior and medial 
aspect of leg, the posterior fl ap is kept longer. The dissection along the tissue 
plane is kept at minimum to preserve the blood supply. The stump is kept rela-
tively shorter as compared to nonischemic limb. Myodesis or osteomyoplasty 
procedures are not recommended. All attempts are made to preserve the blood 
supply to stump as much as possible. When a prosthesis is fi tted, frequent obser-
vation of the stump is necessary to look for skin necrosis particularly if sensation 
of the stump is an issue. Disarticulation of knee and transfemoral amputations 
are not performed for ulcers of the lower limb as majority of ulcers are around 
the foot and ankle.      
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  Fig. 27.8    Levels of 
amputation in leg       

  Fig. 27.9    Extensive tissue 
necrosis over the foot, 
ankle and leg; indicated for 
transtibial amputation       
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28.1           Introduction 

 Pain because of leg ulceration can infl uence the quality of life of patient and can 
have serious psychological and social effects. The most common leg ulcers are 
venous, ischemic, and neurotrophic. More than 95 % of chronic leg ulcers fi t into 
one of the recognized categories [ 1 ]. The pain may be severe in all types of ulcer 
with the possible exception of diabetic sensory neuropathy. Pain causes the release 
of catecholamines via limbic system, increase levels of adrenaline and nor adrena-
line and steroids, often decreases appetite, reduces mobility, and may lead to depres-
sion. Pain is a response to tissue damage and infl uences patients’ compliance. The 
ulcers are quite painful. Nocturnal ischemic rest pain in the distal forefoot is typical 
of chronic leg ulcers.  

28.2     Etiopathology and Pathophysiology of Leg Ulcer Pain 

 In addition to poor circulation and neuropathy, factors that contribute to chronic 
wounds include systemic illnesses, age, and repeated trauma. Comorbid ailments 
that may contribute to the formation of chronic ulcers include vasculitis, immune 
suppression, pyoderma gangrenosum, and diseases that cause ischemia [ 2 ]. Immune 
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suppression can be caused by illnesses or medical drugs used over a long period, for 
example, steroids [ 2 ]. Emotional stress can also negatively affect the healing of a 
wound, possibly by raising blood pressure and levels of cortisol, which lowers 
immunity [ 3 ]. What appears to be a chronic wound may also be a malignancy; for 
example, cancerous tissue can grow until blood cannot reach the cells and the tissue 
becomes an ulcer [ 4 ]. Cancer, especially squamous cell carcinoma, may also form 
as the result of chronic wounds, probably due to repetitive tissue damage that stimu-
lates rapid cell proliferation [ 4 ]. Another factor that may contribute to chronic 
wounds is old age [ 5 ]. The skin of older people is more easily damaged, and older 
cells do not proliferate as fast and may not have an adequate response to stress in 
terms of gene upregulation of stress-related proteins [ 5 ]. In older cells, stress 
response genes are overexpressed when the cell is not stressed, but when it is, the 
expression of these proteins is not upregulated by as much as in younger cells [ 5 ]. 
Comorbid factors that can lead to ischemia are especially likely to contribute to 
chronic wounds. Such factors include chronic fi brosis, atherosclerosis, anemia, 
sickle cell disease, and arterial insuffi ciency-related illnesses [ 2 ]. The complex neu-
ral connections involved in the processing of pain are diffi cult to understand. 

 In 1965, Melzak and Wall proposed a “gate control” mechanism of pain that 
occurs in the spinal cord [ 6 ]. Their theory asserted that a pain stimulus is fi rst regu-
lated in the peripheral nervous system and spine. The dorsal horn of the spinal cord 
receives nociceptive or pain stimuli from Aδ and C nerve fi bers as well as non- 
nociceptive or sensory stimuli from large affi xers. Aβ fi bers transmit sensory input 
faster than both Aδ and C fi bers. Melzak and Wall [ 6 ] summarized that when Aβ 
nerve fi bers are simultaneously stimulated, the smaller pain fi ber signals race ahead 
of the pain transmissions and, by synapsing with an inhibitory and projection neu-
rons, “close the gate” for transmission of pain stimuli to the brain. This theory would 
explain why pain is lessened when an injured area is massaged. If only the small A 
δ and C nerve fi bers are stimulated or if an abundance of smaller fi bers are stimu-
lated, they inactivate the inhibitory and projection neurons and “open the gate” to the 
brain [ 6 ]. Once nerve fi bers have been stimulated, electrical signals are transmitted 
through the opening and closing of sodium and other ionic channels through the 
peripheral nerves and ascending pathways and through the spinal cord to the thala-
mus, hypothalamus, limbic system, and cerebral cortex. Pain transmission of a small 
Aδ nerve fi ber is quickly relayed to the thalamus and cerebral cortex for an immedi-
ate response (withdrawal and pain relief) that occurs through descending pathways. 
The C nerve fi ber travels the same ascending pathway through the spinal cord, only 
more slowly. In the brain, the signal takes a path through the hypothalamus, which 
releases certain hormones including those for stress, and the limbic system, which 
affects emotions. This might explain why chronic back pain often is associated with 
depression and anxiety. Descending pathways originating in the cortex inhibit the 
ascending pathways in the midbrain and spinal cord, “closing the gate” and dimin-
ishing pain perception. Natural opiate neurotransmitters (endorphins, dynorphins, 
and encephalin) also are released from the hypothalamus and work to alter pain per-
ception [ 7 ]. The pain experience may be changed by anxiety, stress, emotions, and 
cognition [ 8 ]. High levels of anxiety and the release of stress hormones may inhibit 
descending pathways and “open the gate” causing pain perception to intensify. This 
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explains why individuals experience pain differently and why an individual may 
respond to the same type of pain differently each time it occurs. Pain thresholds 
are largely infl uenced by previous pain experiences. Once the type, intensity, loca-
tion, and cause of pain have been assessed, the patient’s physical and emotional 
well-being should be evaluated. Fears and expectations should be discussed openly. 
A consensus statement by the World Union of Wound Healing Societies proposed 
general guidelines for prevention of pain during dressing- related procedures that 
included awareness of the current status of the patient’s pain, identifi cation of pain 
triggers, and use of pain reducers and preventive analgesia whenever necessary [ 9 ]. 

 There are two physiological types of pain: nociceptive and neuropathic. 
Nociceptive pain is defi ned as the normal physiological response to a painful stimu-
lus [ 10 ]. Soft tissue injury associated with nociceptive pain causes infl ammation 
and stimulation of peripheral nerve endings. The resulting hypersensitivity means 
that even minor stimulation can cause intense pain. Neuropathic pain is caused by a 
primary lesion or dysfunction in the nervous system and may be caused by nocicep-
tive pain, ischemia, diabetes, or trauma that has damaged the peripheral nervous 
system and altered the pain response. An individual’s experience of wound pain is 
complex and is infl uenced by a wide range of factors unique to them [ 11 ,  12 ]. Pain 
has a strong emotional dimension that is infl uenced by previous experience [ 10 ]. 
Therefore, it is no surprise that reduction of pain is frequently cited as the highest 
treatment priority from the patient’s perspective [ 13 ]. The importance of adequate 
pain management associated with chronic wounds is now becoming recognized in 
clinical practice because it can signifi cantly improve patient’s quality of life. The 
patients experienced severe unrelenting persistent pain punctuated by acute epi-
sodes of intense pain. Ulcer pain and its effect dominated their descriptions of living 
with a leg ulcer at the start of the study. Recurring adjectives were used to describe 
the two elements of the ulcer pain. This persistent pain was described as “smolder-
ing,” “nagging,” “creeping,” and “tugging,” emphasizing its insidious and dominant 
nature. Other descriptors such as “stabbing,” “burning,” “stinging,” “shooting,” 
“like lightning” and “electric shock” suggest that venous leg ulcer patients in this 
study also experienced intense periods of sudden pain more likely to be neuropathic 
in origin, in addition to nociceptive pain [ 10 ]. The coexistence of these different 
types of pain highlights the complexity of managing this type of chronic wound 
pain. One individual likened her leg ulcer pain to trigeminal neuralgia, describing 
the pain as like having “salt and chili on the wound surface.”  

28.3     Characteristics of Pain in Different Types of Ulcers 

 Patients with venous ulceration often describe their pain as an aching heaviness. 
Pain arising from arterial disease is often described as leg cramping or spasm with 
activity. As disease progresses, pain may occur at rest. In case of pressure, pain may 
be caused by infl ammation and irritation from friction. Increase pain may indicate 
infection, improper dressing technique, or skin irritation. Patient with diabetic neu-
ropathy ulcer may report burning type of pain associated with tingling and may be 
spontaneous, intermittent, or continuous. 
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 Leg ulceration is a painful and sometimes a disabling complication of sickle cell 
disease that occurs in 5–10 % of adult patients. The most common site for the 
appearance of leg ulcer is on the inner side of the leg above the ankle and over the 
medial malleoli. Ulceration involves the skin and underlying tissues of the involved 
area. The deeper the more severe the leg ulcer pain is. Severe pain may necessitate 
the use of strong pain killers like opioids analgesics. Hayek et al. reported the suc-
cessful use of synthetic heparin sulfate in the treatment of a sickle cell ulcer that had 
failed to respond to several other means of treatment [ 14 ]. Therapeutic success was 
assessed by complete wound coverage and vast improvement in pain score. This is 
the fi rst study to report use of heparin sulfate in sickle cell ulcer.  

28.4     Pain Intensity 

 The pain intensity can be measured by visual analogue scale. The intensity of 
venous leg ulcer pain experienced by patients (mean 85 mm) is greater than the 
mean score of 44 mm reported by Noonan and Burge in a similar client group [ 15 ]. 
The pain reduced signifi cantly ( p  = 0.003) in eight out of ten patients during the 
treatment period. All but one participant reported a rapid decrease in pain between 
30 min and a few hours after application of the fi rst dressing. Most patients expressed 
a reluctance to withdraw from active treatment because they had experienced con-
siderable pain reduction during the active phase of the study. The results showed 
that eight out of ten patients experienced increased pain when active treatment was 
discontinued. Patients with painful chronic venous leg ulceration (CVLU) feel their 
misery is never ending; Chase et al. coined the term “forever healing” to describe 
the extended time over which healing occurs [ 16 ]. The chronic illness experience of 
leg ulcer sufferers is dominated by persistent pain. Strauss et al. and Miller refer to 
this experience as the patient’s illness trajectory which requires effective manage-
ment of wound pain, thus further studies on the impact on quality of life of pain- 
relieving treatments are urgently needed [ 17 ,  18 ]. Nonadhesive foam dressing 
releasing ibuprofen consisting of a soft, hydrophilic, nonadhesive polyurethane 
foam containing ibuprofen (ibuprofen concentration: 0.5 mg/cm 2 ) has been success-
fully tried in management of leg ulcer pain of CVLU pain. Ibuprofen is released to 
the wound in the presence of wound exudates, and a study has shown that the dress-
ing provides a continuous pain-relieving effect [ 19 ]. Ibuprofen is released to the 
wound in the presence of wound exudates, and a study has shown that the dressing 
provides a continuous pain-relieving effect [ 19 ]. In exudating wounds, ibuprofen 
will be released in therapeutic concentrations into the wound bed. A limited pain 
reduction effect could be due to many additional variables that affect the individual 
pain experience. No relationship was observed in this study between amount of 
wound exudates released and pain reduction. Disability and pain were assessed in 
patients with venous leg ulcers treated with split-thickness skin grafts to evaluate to 
what extent skin grafting improves functional status in this population. Patients with 
venous leg ulcers treated with split-thickness skin grafts showed improvement in 
functional status compared with controls.  
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28.5     Management of Pain in Chronic Leg Ulcer 

 Treatment of pain in chronic leg ulcer requires a multifacet approach controlling 
pain and emotional support. It is necessary to treat underlying pathology causing 
pain. Worsening or change in the intensity of pain may indicate a deteriorating con-
dition or impending infection. 

 Controlling pain at every level of treatment will aid in wound healing. Pain trig-
gers should be identifi ed promptly and avoided. Analgesics, anesthetics, and other 
pain reduction modalities should be used to control pain during procedures. Patients 
should be encouraged to actively participate in their treatment. The primary etiol-
ogy, size, depth, and extent of a wound help guide treatment. All contributing fac-
tors to chronic wounds should be identifi ed and treated (e.g., ischemia, uncontrolled 
edema, or poor glycemic control). Control of infection and bacterial colonization is 
crucial. Principles of wound care should be followed, including appropriate debride-
ment, dressing selection, and maintenance of moisture balance. Adjunctive thera-
pies should be considered if appropriate conservative measures fail. The standard 
therapy for painful leg ulcer is shown in Table  28.1 .

28.5.1       Topical 

 At present, there are few local options for the treatment of persistent pain, while man-
aging the exudate levels present in many chronic wounds. Important properties of 
such local options are that they provide an optimal wound healing environment, while 
providing a constant local low-dose release of ibuprofen during weaning time. Various 

  Table 28.1    Standard of 
therapy in painful chronic 
cutaneous wound  

 Position change 

 Pressure relief 

 Improvement in nutritional status 

 Debridement 

 Topical antibiotics 

 Wound dressing 

 Vacuum-assisted closure 

 Platelet-rich plasma (PRP) rich in growth factor 

 Analgesics/anesthetics for pain relief 

 Diabetic ulcer: 

   Glycemic control/ 

   Debridement 

   Clean, moist healing environment 

   Systemic antibiotics for cellulites 

 Miscellaneous: 

   TENS 

   Pulse radiofrequency 

   Ultrasound therapy 
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local topical drug-releasing regimes have shown to be effective in reducing the pain of 
chronic leg ulcerations. Use of ibuprofen slow-release foam dressings for persistent 
venous leg ulcer has shown improvement in terms of pain relief and quality of life. 
Ibuprofen gel when applied to chronic venous leg ulceration resulted in overall reduc-
tion of pain and improved mobility, sleep, and mood during the treatment, but the pain 
intensity increased in 1 week after discontinuing treatment. The release of ibuprofen 
is limited in a dry wound environment, and therefore the presence of dry necrotic tis-
sue will impede any pain reduction [ 19 ]. Likewise, topical use of eutectic mixture of 
local anesthetics prilocaine-lignocaine (EMLA 5 %) has also shown improvement in 
pain scores and quality of life. Oral medications may be supplemented with topical 
aesthetic preparations [ 20 ] although they should be used with caution in open wounds 
because of increased absorption. Topical preparations used are eutectic mixture of 
local anesthetics applied 30–60 min before debridement under occlusion with a fi lm 
dressing (not approved by the Food and Drug Administration for use in open wounds 
in the United States), 4 % lidocaine solution, 2 % lidocaine gel, 1 % lidocaine solu-
tion, 5 % lidocaine patch, topical diclofenac patch, and morphine topical gel [ 20 ].  

28.5.2     Non-pharmacological Methods 

 The fi rst line of pain treatment in patients with chronic wounds should be non- 
pharmacological. Changes in positioning, gentle wound cleansing, use of different 
types of dressing, and distraction or relaxation techniques have been shown to ease 
discomfort of cyclic pain during procedures. No pharmacological methods reduce 
anxiety and stress, thereby allowing the body to naturally readjust pain perception 
and raise tolerance to future treatment. 

 Transcutaneous electrical nerve stimulation (TENS) has been used as a noninva-
sive, non-pharmacologic adjuvant treatment modality for chronic ischemic pain 
 [ 21 – 23 ]. Electrodes stimulate non-nociceptive fi bers to decrease pain. A lasting 
reduction of pain with the use of low-frequency ultrasound has been shown in patients 
with recalcitrant venous leg ulcers [ 24 ]. Noncontact ultrasound has long been reported 
to decrease the mean healing time of chronic lower extremity wounds. Signifi cant 
reduction in pain has been noted after using noncontact ultrasound for control of pain-
ful wounds [ 25 – 28 ]. Pulsed radiofrequency energy has been used as an adjuvant treat-
ment in the healing of diabetic foot and pressure ulcers [ 29 – 32 ]. The mechanism by 
which pulsed radiofrequency energy alleviates pain is largely unknown. It has been 
demonstrated to increase the expression of cytokines (interleukin- related genes) and 
tumor necrosis factor-related genes that help to potentiate an initial infl ammatory 
response production of anti-infl ammatory cytokines (interleukin 10) as well as heme-
oxygenase 1,2 (an off-switch for infl ammation) which results in the release of potent 
antioxidants, antiapoptotic, and anti-infl ammatory agents [ 33 ]. Pulsed radiofrequency 
energy (PRFE) treatment is done usually at home with an applicator pad placed 
directly over the wound dressing. The applicator pad delivers regulated, nonthermal 
radiofrequency energy at 27.12 MHz consisting of 42 μs pulses delivered 1000 times 
per second. Treatments last 30 min and are performed twice.  
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28.5.3     Systemic Agents 

 Chronic background pain should be controlled quickly using oral analgesics. 
Patients exhibit a general reluctance to take oral analgesia due to concerns about 
side effects and dependency and confusion about administration and dosages. The 
World Health Organization (WHO) provided guidelines for the treatment of cancer 
pain in titrating the type and dose of analgesia to the level of pain. These guidelines 
can be applied to wound pain. The recommended steps for control of wound pain 
include:

    1.    Nonsteroidal anti-infl ammatory drugs and local anesthesia   
   2.    Addition of a mild oral opioid (if not controlled at step 1)   
   3.    Replacement of the mild opioid with a more potent opioid (if not controlled 

at step 2)     

 Ideally, analgesics should be fast acting, easily titrated to require changes, and 
have minimal side effects. Persistent chronic pain associated with nonhealing 
wounds is caused by tissue (nociceptive) or nerve (neuropathic) damage and is 
infl uenced by dressing changes and chronic infl ammation. Anticonvulsants and 
sodium channel blockers have been shown to be effective in neuropathic as well as 
nociceptive pain. The use of gabapentin, a voltage-sensitive sodium and calcium 
channel blocker, also has been used as a co-analgesic to morphine in a patient with 
cancer wound dressing pain [ 33 ]. Oral medications may be supplemented with topi-
cal anesthetic preparations, although they should be used with caution in open 
wounds because of increased absorption.   

28.6     Surgical Management 

28.6.1     Split-Skin Grafting 

 The split-skin grafting can be used to treat pain of chronic venous leg ulceration 
[ 34 ]. It has been shown to be effective in improving pain relief and functional status 
of the patients. Salomé et al. used split-skin grafting in 50 patients, and they have 
shown signifi cant improvement in disability index of the Health Assessment 
Questionnaire (HAQ-DI), visual analogue scale (VAS), and McGill Pain 
Questionnaire (MPQ) at 30, 90, and 180 days as compared to control group [ 35 ].  

28.6.2     Lumbar Sympathectomy 

 Sympathectomy is proposed to act primarily via its vasodilator effects on the col-
lateral circulation secondary to decreased sympathetic tone. This is supposed to 
improve tissue oxygenation and ulcer healing and it decreases tissue damage and 
pain. Pain is also deemed to be decreased by interrupting sympathetic–nociceptive 
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coupling and by direct neurolytic action on nociceptive fi bers. The sympathectomy 
may be surgical, chemical, or by heat generation (radiofrequency lesion).   

28.7     Chemical Lumbar Sympathectomy 

 Mashiah et al. performed phenol lumbar sympathectomy on 373 patients with pain-
ful leg ulcers, of whom 226 (60.6 %) were diabetic [ 36 ]. Over 24–120 months of 
follow-up, 219 patients (58.7 %) experienced total relief from pain and healing of 
gangrenous ulcers, although the treatment was unsuccessful in 154 patients. A 
favorable result was marked in diabetic patients who had rest pain and in nondia-
betic patients who had digital gangrene or digital ulcers. Age and sex did not affect 
the results, but heavy smoking did affect. Phenol sympathectomy should be consid-
ered as an alternative to surgical sympathectomy [ 37 ]. Furthermore, the technique 
may be a precursor to and even an alternative to amputation in patients who have 
diabetes and advanced arteriosclerosis of the lower limb. Cross et al. noted pain 
relief in rest pain in two third (66.67 %) of patients of critical limb ischemia under-
going chemical sympathectomy in treatment group as compared to 23.5 % in con-
trol group at 6 months interval [ 38 ]. Although reduction in vascular peripheral 
resistance was shown, no difference in ankle–brachial pressure index or graft sur-
vival was demonstrated [ 39 ]. Fify and Quin ( 1975 ) in a randomized trial using phe-
nol sympathectomy versus local anesthetic controls in patients with intermittent 
claudication found no subjective or objective difference between two groups at 1–3 
months interval [ 40 ]. Alexander showed encouraging result (72 %) improvements 
in patients with peripheral vascular disease undergoing chemical sympathectomy 
with an amputation rate of 24 % [ 41 ].  

28.8     RF (Radiofrequency) Lumbar Sympathectomy 

 Lumbar sympathectomy has been employed for over 75 years for the treatment of a 
variety of painful and circulatory conditions in the lower extremities. Chemical 
sympathectomy decreased the need for open surgical sympathectomy with less 
morbidity and mortality but still has risks and complications that can be catastrophic. 
The development of precise neurolysis with radiofrequency signifi cantly decreased 
the risks of sympathectomy with results comparable to chemical and surgical neu-
roablation [ 42 ]. Radiofrequency sympathectomy also allows repeat procedures 
without the risk of distorting the original anatomy.  

28.9     Surgical Sympathectomy 

 It has been frequently observed that the results of surgical sympathectomy are better 
than indicated by the diagnostic block. Also the benefi cial effect of sympathectomy 
is progressive over a period of several weeks. Since a diagnostic block with most 
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agents lasts only for 2–3 h, this may not be of suffi cient time to permit more than a 
token improvement in collateral circulation. A phenol sympathetic block, which 
persists for several weeks, seems to be a more rational approach to evaluating 
patient to be good candidate for surgery. In addition to pain reduction, lumbar sym-
pathectomy has been used as a vasodilator to increase blood supply to the legs in 
patients with ischemic peripheral arterial disease. It has been noted to improve tis-
sue oxygenation and ulcer healing and decrease pain by interrupting sympathetic–
nociceptive pairing. Decrease in pain between 35 and 85 % has been noted 6 months 
after lumbar sympathectomy [ 43 ]. A recent study found that most physicians in the 
United Kingdom believe that lumbar sympathectomy is an effective, inexpensive, 
and safe procedure for the treatment of lower extremity ischemia [ 44 ]. Chemical 
lumbar sympathectomy has been shown to be an effective alternative to surgical 
sympathectomy [ 36 ]. 

 Severe pain is an indication of severe disease and in general results of sympa-
thectomy are poor [ 45 ]. A rise in temperature of 3 F or more or a good subjective 
response following sympathetic block shows good response. This operation was 
popular between 1930s and 1950s, as it was the only available procedure to save 
an ischemic limb. After that time, revascularization surgery has replaced sympa-
thectomy and limits its indications [ 45 ]. It is agreed that sympathectomy will 
lead to increases in cutaneous blood fl ow, and altered pain transmission can be 
used to treat specifi c conditions such as causalgia, symptomatic vasospastic dis-
orders, and hyperhidrosis in addition to inoperable distal arterial occlusive dis-
ease [ 46 – 50 ]. In inoperable arterial occlusive disease, sympathectomy has been 
proved by meta- analysis to be benefi cial in ulcer healing, limit the progress of 
superfi cial gangrene, and relieve rest pain with nearly fi xed expected results in 
selected indications [ 45 ,  51 ]. 

 Thromboangitis obliterans (Buerger’s disease) is an infl ammatory disease of 
unknown etiology affecting medium-sized arteries, vein, and adjacent nerves. The 
symptoms as a result of arterial occlusion are pain, change in color, and ulceration. 
Sympathectomy is helpful in improving symptoms by increasing the collateral cir-
culation. The characteristic changes described by Raynaud’s are typical of the 
lesion. The white color results from ischemia due to arteriolar and capillary spasm. 
Anoxia causes relaxation of capillary wall allowing dilatation and retrograde venous 
dilatation and blue discoloration of skin. It seems that the removal or inhibition of 
controlling sympathetic system would relieve the symptoms. Sympathectomy may, 
therefore, produce complete or partial relief of symptoms. Fifty-two patients under-
going surgical sympathectomy showed good results as evidenced by complete or 
partial relief of pain for more than 1 year. Surgical lumbar sympathectomy results 
in relief of intermittent claudication in half (51 %) of patients and another two third 
of the patients reported warm extremities and one third of patients relieved of rest 
pain. Ulceration, with or without amputation of digits, was improved or healed in 
60 % of extremities after sympathectomy. Seventy percent of patients had good 
results as evidenced by signifi cant or complete relief of symptoms for more than 1 
year [ 36 ]. Over a 5-year period, 132 operative lumbar sympathectomies were per-
formed on 118 patients with severe peripheral vascular disease unsuitable for 
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vascular reconstruction. In 62 patients, local ulcer debridement or toe amputation 
was performed at the same time. There was a 45 % subsequent limb loss, which 
occurred predominantly in the fi rst 6 months after sympathectomy. The risk of limb 
loss was independent of diabetes, hypertension, ischemic heart disease, cerebrovas-
cular disease, or concomitant reconstructive surgery. Of the limbs that survived, rest 
pain had resolved in 86 % within 6 months and 64 % recovered from all trophic 
changes over a similar period. This series suggests that lumbar sympathectomy 
coupled with local tissue management remains a valuable treatment option for the 
severely ischemic limb not amenable to reconstructive surgery [ 52 ]. Surgical sym-
pathectomy not only relieves resting pain but also healing of leg ulcer and decreas-
ing the need for amputation [ 53 ]. 

28.9.1     Endoscopic Lumbar Sympathectomy 

 Recently, Sheriff Reffat et al. compared endoscopic versus open lumbar sympathec-
tomy and reported that in 58 % patients, rest pain disappeared, ischemic ulcer healed 
in 62.5 % patients, and gangrene demarcation changed following endoscopic lum-
bar sympathectomy [ 54 ]. There was a signifi cant decrease in pain killer (paracetamol) 
in endoscopic group as compared to open surgery. On third day onward, none of the 
patients undergoing endoscopic surgery needed pain killers. Endoscopic lumbar 
sympathectomies are less invasive, with minimal complications decreasing patients’ 
hospital stay.  

28.9.2     Other Surgical Interventions 

 Arteriosclerosis obliterans is one of the most common indications of ischemia of the 
lower extremities. The clinical picture includes claudication, color changes, isch-
emia, ulceration, and gangrene. Although arteriosclerosis is systemic disease, one 
segment of the arterial tree may be affected as a result of thrombus. When such 
occlusion is in distal aorta or iliac or femoral arteries, the recently developed surgi-
cal intervention like endarterectomy, resection, or bypass graft or endovascular pro-
cedures will give best results. When arteriogram shows a block with little or no 
distal fi lling or a patent artery with a marked narrowed lumen and an irregular out-
line, direct surgical interference has little to offer. In such a case in which arterio-
sclerosis is more generalized, the sympathectomy by improving collateral circulation 
is useful [ 36 ].   

    Conclusion 

 Pain is the most predominant presentation of an ulcer of the lower extremity. All 
possible measures should be taken to alleviate the pain and have pain-free life. 
Local control of tissue is one of most important factors in relieving pain. But 
majority of the patients will need some form of analgesia. Preferably, the analge-
sics should be non-opioid and topical analgesics may be of some use. Lumbar 
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sympathectomy carried out by any route is a good alternative in relieving pain. 
In localized arterial diseases, some form of open or endovascular procedures 
may help.     
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29.1            Introduction 

 The prevalence of lower extremity ulceration is 0.18–2 % in the general population, 
and in patients over 65 years of age, it is up to 5 % [ 1 ]. Because of the chronic nature 
of ulceration in majority of patients and its associated morbidity, it is debilitating 
not only for the patients but it also puts a considerable strain on the economy of the 
individual and the society. The cause of lower limb ulceration could be varied, e.g., 
arterial, venous, lymphatic, diabetic, neuropathic, malignant, infectious, etc. Hence 
evaluation of the cause is essential. The evaluation of a chronic ulcer encompasses 
clinical assessment, documentation, investigations to arrive at a diagnosis, and then 
follow-up of the patients once the appropriate treatment is initiated.  

29.2     Significance of Documentation 

 Documentation of an ulcer is important both to the patient and the clinician. 
Documentation is a piece of written, printed, or electronic material that provides 
information or evidence. Keeping a record is an integral part of the effective care of 
the patients. It is of critical importance to communicate to the patients the severity 
of illness and document that communication. Documentation remains the corner-
stone of avoiding litigation. 

 It also saves the physician from medical malpractice litigation. The approach to 
record keeping that a court of law adopts is that “If anything has not been recorded, 
it has not been done.” Good record keeping helps to improve accountability and 
shows how decisions related to patient care were made [ 2 ]. 
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 Documentation forms an initial and continuous part of treatment. It is an objec-
tive form of assessment which aids in reevaluation and also monitors treatment 
effi cacy. Documentation is also important for the researchers for comparing healing 
responses among different groups of patients. Several researchers have described 
the importance of regular wound measurement and reported that a percentage 
change in wound area over a 4-week period of 30 % or more reliably predicted 
wound healing [ 3 ,  4 ]. Thus, a certain method of wound area measurement has to be 
adopted which is reliable, repeatable, valid, accessible, and minimally time 
consuming. 

 The wounds of a leg are not on a planar surface but on a curved surface; hence 
the problems inherent in obtaining accurate wound measurement are, by defi nition 
of wound boundary, undermined or deep wounds and natural curvatures of the 
wounds [ 5 ].  

29.3     Describing an Ulcer (Table  29.1 ) 

    Various parameters and techniques have been used to describe and document an 
ulcer on the lower extremities. Firstly, an ulcer anywhere in the body should be 
described under the following headings (Fig.  29.1 ).

     1.     Document the location of the ulcer  
 For example, venous ulcers are more common in the gaiter area and pressure 

ulcer on pressure points like the sacrum, ischial tuberosity, and heel.   
   2.     Document the type of wound according to etiology  

 For example, arterial, pressure ulcer, venous, diabetic, or neuropathic   

  Table 29.1    Documentation 
of wound  

 Information to be documented 

  1. Date and time of assessment 

  2. Type of wound and underlying etiology 

  3. Factors that could delay wound healing 

  4. Location of wound 

  5. Duration of wound 

  6. Wound measurements 

  7. Depth of damage 

  8. Type and color of tissue in wound bed 

  9. Presence of infection 

 10. Exudate levels and type 

 11. Presence of odor 

 12. Presence of pain and its level 

 13. Wound margins 

 14. Dressing selection and regimen 

 Wound assessed at each dressing and 
measured at 4 weeks interval 
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   3.     Document the size  
 It is measured in cm in three dimensions:

•    Length (maximum measurement in a head to toe direction)  
•   Width (maximum measurement at right angle to above)  
•   Depth (deepest part of the visible wound bed is measured)      

   4.     Document any sinus tract/undermining/tunneling  
 Undermining or tunneling is described as tissue destruction underneath the 

intact skin margins (Fig.  29.2 ). When this undermined area gets epithelialized, it 
forms a sinus tract.

       5.     Document type/amount/odour of exudate: 
    Type  – serous, serosanguinous, sanguinous, purulent  
   Amount  –  none, scant, small, moderate, large  
   Odour  –  absent or present      

   6.     Describe the presence or absence of necrotic tissue  
 It could be slough or eschar (Fig.  29.3 ).

  Fig. 29.1    Chronic 
diabetic ulcers of the lower 
extremity       

  Fig. 29.2    A diabetic foot 
ulcer with undermined 
edges       
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   Describe the amount and color. Describe whether it is nonadherent, loosely adher-
ent, or fi rmly adherent.   

   7.     Document about granulation tissue:  
 Whether it is pale or red, whether it is occupying whole of the fl oor or partial 

area of the ulcer fl oor, i.e., in islands or complete wound (Fig.  29.4 ).
       8.     Defi ne the wound edges:  

 Defi ned or undefi ned. Whether macerated, fi brotic, or callused.   
   9.     Describe the surrounding tissue:  
 Whether the surrounding skin is normal, hyperpigmented, have evidence of lipoder-

matosclerosis, or have prominent veins.    

29.4       Classification of Ulcers 

 Various systems are available to describe the various types of ulceration. 

  Fig. 29.3    Ulcer on plantar 
aspect of sole       

  Fig. 29.4    Chronic ulcer 
showing granulation tissue 
on its fl oor       
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29.4.1     Wagner System [ 6 ] 

 Has six grades from Grade 0 to Grade 5

    Grade 0  – Pre- or post-ulcerative site  
   Grade 1  –  superfi cial ulcer  
   Grade 2  –  ulcer penetrating to the tendon or joint capsule  
   Grade 3  –  lesion involving deeper tissue  
   Grade 4  –  forefoot gangrene  
   Grade 5  –  whole-foot gangrene involving more than 2/3rd of the foot    

 Another system has been described by the University of Texas:  

29.4.2     University of Texas System 

 Grade 0  Grade 1  Grade 2  Grade 3 

 Pre or post 
ulceration 
site 

 Superfi cial wound 
not involving the 
tendon, capsule, or 
bone or joint 

 Wound 
penetrating to 
the tendon or 
capsule 

 Ulcer 
penetrating 
to the bone 
or joint 

 Lesions without infection or 
ischemia 

 Infected/nonischemic lesions 

 Noninfection/ischemic lesions 

 Infected ischemic lesions 

   Another system is SAD System.  

29.4.3     S(AD) SAD System (Area, Depth, Sepsis, Arteriopathy, 
and Denervation) [ 7 ] 

 Grade  Area  Deep  Sepsis  Arteriopathy  Denervation 

 0  Skin 
intact 

 Skin intact  –  Pedal pulses 
present 

 Intact 

 1  Lesion 
<1 cm 2  

 Superfi cial (skin with 
SC tissue) 

 No infected 
lesions 

 Pedal pulses 
reduced or 
missing 

 Reduced 

 2  Lesion 
from 1 to 
3 cm 2  

 Lesion penetrating to 
the tendon, 
periosteum, and joint 
capsules 

 Cellulite- 
associated lesion 

 Absence of 
both pedal 
pulses 

 Absent 

 3  Lesion 
>3 cm 2  

 Lesion in bones or 
joint space 

 Lesions with 
osteomyelitis 

 Gangrene  Charcot 
joint 
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29.5         Tools for Ulcer Measurement 

 Various systems have been devised to describe the severity of an ulcer. Any wound 
measurement tool should have following characteristics:

•    Accuracy  
•   Repeatability  
•   Validity  
•   Reliability and interpreter reliability  
•   Usability    

 Various methods have been used to document an ulcer of the lower extremity. 
They can be broadly classifi ed into:

    (a)    Contact methods   
   (b)    Noncontact methods    

    (a)     Contact methods 
    1.    Ruler method   
   2.    Graduated swab stick method   
   3.    Alginate cast   
   4.    Planimetry   
   5.    Kundin gauge   
   6.    Wound tracing    

      (b)     Noncontact methods 
    1.    Clinical photography   
   2.    Stereophotogrammetry   
   3.    Structured light techniques   
   4.    Laser triangulation   
   5.    Alfred/medseed wound imaging system   
   6.    Video image analysis   
   7.    Magnetic resonance imaging    

        1.     Ruler method  

 This is a crude but commonly used measurement technique by which maxi-
mum perpendicular length and maximum perpendicular width are measured 
using a disposable scale (Figs.  29.5  and  29.6 ). Surface wound area is calculated 
by multiplying the two which is typically recorded in cm 2  [ 8 ].This method mod-
els the wound as a rectangle. The major fl aw in this method is that it is subjective 
and normally overestimates the wound area by 25 % [ 9 ].

        2.     Wound Tracing  
 Transparency tracing method is another low-cost technique frequently used. 

Two sterile transparent sheets are laid on the wound and the outline marked with 
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a marker pen on the top sheet. The lower sheet is discarded and the upper sheet 
is placed over a grid and the areas calculated by the number of squares included 
[ 10 ,  11 ]. The advantage of the method is that it can be conveniently used on 
lower extremities and molded according to the curvature of the limb.   

   3.     Kundin Gauge  
 The Kundin wound gauge was developed and tested in 1985 [ 12 ]. It is an 

instrument that can measure area and volume. Kundin gauge is a ruler-based 
device using three disposable paper rulers set at orthogonal angles to measure 
length, breadth or width, and depth of the wound. This method models the wound 
as an ellipse with the area calculated as area = length*breath*0.785 [ 13 ]. The 
three rulers form four cross-arms and a vertical arm that can be placed over and 
into the wound. Four reference points are assessed and provide the radii for the 
calculation of the surface area. The vertical insert allows for volume calculation. 
Kundin provided the standard procedure and the formula used in the calculations 
[ 13 ]. The gauge is easily placed on the sterile dressing and assembled for either 
area or volume determinations.   

   4.     Acetate method  [ 14 ] 
 The acetate method involves applying a two-layer transparent acetate over the 

wound and tracing the perimeter with a permanent pen. The contact layer is then 
discarded into clinical waste and the top layer stored with the patients notes. 

  Fig. 29.5    Measurement 
by ruler method       

  Fig. 29.6    Wound 
measurement by ruler 
method       
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Most acetates are provided preprinted with 1 cm 2  [ 15 ,  16 ]. Some acetates are 
preprinted in 1 mm 2  areas but these take too long to count and are not suited to 
routine practice. In addition to providing an area outline of the wound, the ace-
tate can be used to identify areas of slough and epithelialization and can be dated 
and stored within patient’s notes.   

   5.     Planimetry  
 Planimetry is a measurement of the surface area. A freehand tracing of the 

outline of ulcer is digitized and the surface area of ulcer is calculated with the 
help of computer. The digital planimetry technique appears to improve the accu-
racy of surface area determination (error rate of ± 5.03 %) compared with direct 
tracing with the planimeter (error rate of ± 11.7 %) [ 17 ].   

   6.     Clinical Photography  (Table  29.2 )
   With digital cameras becoming easily available and affordable, clinical photogra-

phy has become the easiest and most reliable way to document the course of an 
ulcer on the lower extremity. The clinical photograph can be used to document 
the ulcer and the disease process and progress. The photographic record depicts 
many details which can never be adequately described in words and certain fi nd-
ings may be brought to the notice of the surgeon in retrospect on examining the 
photograph. The clinical photograph provides the clinician with a multifaceted 
record for reference, record, and refl ection and this perceived image becomes 
more important with time [ 18 ]. A 10.5 pixel digital camera is a handy and useful 
resource which can be carried in the operation theatre, outpatient department, 
and ward easily. 

 Attention to background of the photograph is an essential consideration to be 
kept in mind. The background must be of single solid color with no visible tex-
tural or interior design detail, wall switches, offi ce or clinical equipment or arti-
cles, clothing, etc. These extraneous items are unacceptable and distracting. The 
common problems which are encountered in clinical photography include distor-

   Table 29.2    Criteria for wound photography   

  1. Obtain written consent from patient 

  2. Photograph the wound on initial assessment and repeat every 4 weeks or more frequently 
if the wound condition changes rapidly 

  3. Photographs should be labeled with the patient’s registration number, name, date of birth, 
date of photo, and wound position 

  4. Include a ruled measure with indication for direction 

  5. Upload the patient’s record in chronological order 

  6. All photographs should be clean and well in focus 

  7. Privacy of patient, as covering the eye, should always be maintained 

  8. Always maintain the confi dentiality of the patient 

  9. For publication, separate and specifi c consent must be maintained 

 10. Ideally photos should not be taken from mobile phones and should be deleted from digital 
camera once transferred to secure site 

 11. The camera should be cleaned after use to prevent cross infection 
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tion, over- or underexposure, shadowing, and variation in positioning, size, and 
framing (Figs.  29.7  and  29.8 ).

        7.     Stereophotogrammetry  
 A portable stereo camera linked to a computer is used to take photographs in 

a clinical setting [ 18 ]. Stereophotogrammetry is >99 % accurate with a precision 
of <2 % between actual and measured surface areas of the ulcer modes. It is 
reported to be ten times more precise in the clinical settings. This technique 
consists of three sections: the camera apparatus, the plotting mechanism, and a 
computer to operate the required programs. The camera frame and two cameras 
take simultaneous overlapping positive color transparency. It is fi xed focal 
length. The reprojection of the images from the same apparatus produces a full- 
scale three-dimensional image when moved through polarizing lenses. The plot-
ting mechanism allows the operator to digitally record X, Y, and Z co-ordinates 
for computer analysis. The computer program calculates volume and surface 
area from the recorded co-ordinates using multiple cross sections of the ulcer 
and fi tted triangles on the ulcer surface [ 19 ]. Stereophotogrametry is a valid and 

  Fig. 29.7    Improperly 
taken photograph of ulcer 
foot with unnecessary 
background images       

  Fig. 29.8    Chronic venous 
ulcers of bilateral lower 
limbs       
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reliable method of volume and area measurement and has become the standard 
measure in comparison with other methods.   

   8.     Structured Lighting  
 Structured lighting is another vision-based technology used to measure 

wound areas. A specifi c light pattern is projected on the wound and it is photo-
graphed at a known angle. A computer is then used to calculate and volume 
based on this image [ 5 ,  20 ].   

   9.     Magnetic Resonance Imaging  
  MRI  has become an integral part of imaging arsenal with its ever expanding indica-

tions. The principle of MRI is that nuclei containing an odd number of protons 
or electrons have a characteristic motion in a magnetic fi eld. In a uniform strong 
magnetic fi eld like an MRI scanner, these nuclei align themselves with the main 
magnetic fi eld and result in a net magnetic moment. A brief radiofrequency pulse 
is applied to alter the motion of the nuclei momentarily. The nuclei then realign 
themselves with the main magnetic fi eld (relaxation) and in the process emit a 
radiofrequency signal that can be recorded, spatially encoded, and used to con-
struct a grey-scale image [ 21 ,  22 ]. MRI is increasingly being used for wound 
assessment, extent evaluation, and measurement (Fig.  29.9 ).

           Conclusion 
 In this era of evidence-based medicine, documentation is an essential component 
in the care and management of the patient. Any method of documentation of 
ulcers of the lower extremity which provides an objective assessment of the 
progress of the disease process and the results of therapeutic interventions is 
considered effective.     
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