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1Introduction to “Wound Healing: 
A Practical Approach” 

George-Sorin Tiplica and Kirsi Isoherranen 

Abstract

Cutaneous  wounds,  resulting  from  skin  integrity  loss,  pose  a  significant  burden
globally.  Acute  wounds,  affecting  all  humans,  are  expected  to  heal.  Chronic
wounds—skin  ulcers  that  fail  to  reduce  by  50%  in  a  timely  manner—affect 
over  2.5%  of  the  general  population.  In  Europe,  chronic  wound  care  costs  2–
4%  of  total  healthcare  expenditure.  Wound  care  involves  a  multidisciplinary
approach,  connecting  various  specialists  and  healthcare  professionals.  Recog-
nizing  the  absence  of  wound  healing  curricula  in  many  European  countries,  the
European  Union  of  Medical  Specialists  (UEMS)  collaborates  with  professional 
organizations  such  as  the  European  Wound  Management  Association  (EWMA)
and  the  European  Association  of  Fellows  in  Wound  Healing  (EAFWH)  to 
address  this  gap.  Aligned  with  the  wound  healing  teaching  curricula  of  MJC-
WH  UEMS,  this  book  serves  as  a  valuable  resource  for  colleagues  interested 
in  chronic  wound  management.  It  covers  various  aspects  of  chronic  wounds,
offering  solutions  from  wound  healing  experts.  The  chapters  provide  a  succinct
overview  of  general  pathology,  referencing  the  European  Training  Requirements
(ETR).  Clinical  case  presentations  highlight  practical  aspects,  emphasizing  the 
multidisciplinary  nature  of  wound  care.  As  Europe’s  population  ages,  health-
care  providers  must  consider  chronic  wounds  within  the  broader  context  of 
patients’  overall  health.  The  collaborative  effort  of  authors  from  different  Euro-
pean  countries  underscores  the  importance  of  patient  quality  of  life  in  wound
care  decisions.

G.-S.  Tiplica  (B)
Dermatology  2,  Colentina  Clinical  Hospital,  Carol  Davila  University  of  Medicine  and  Pharmacy,
Bucharest,  Romania
e-mail:  george.tiplica@umfcd.ro

K.  Isoherranen
Wound  Healing  Centre,  Helsinki  University  Hospital,  Helsinki,  Finland
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G.-S. Tiplica and K. Isoherranen2

Keywords 

Wound healing teaching • Wound healing ETR • Healthcare professionals •
UEMS-MJC Wound Healing • EWMA • EAFWH 

Cutaneous wounds defined by the loss of the skin integrity, represent a substan-
tial burden for both patients and healthcare systems in all the countries around 
the globe. Acute wounds are affecting, in different forms, all humans sometime 
during their lifetime and are usually expected to heal. Chronic wounds, having 
an impaired healing process, often necessitate the intervention of medical care. 
More than 2.5% of the general population is suffering from chronic wounds [1] 
defined as skin ulcers that are not reducing their surface with 50% in a timely man-
ner [2]. The estimated cost of chronic wound care in Europe is immense, being 
estimated at 2–4% of the total healthcare expenditure [3]. With those high and 
impacting epidemiological figures, wound care plays an essential part in medicine. 
The medical field responsible for wound diagnostics is multi-disciplinary, involv-
ing dermato-venereologists, plastic surgeons, vascular surgeons, infection disease 
specialists, general practitioners, endocrinologists, orthopaedists, oncologists and 
other specialists. The healing activities are performed in an inter-professional 
way, connecting doctors, nurses, podiatrists, nutritionists, dietitians, occupational 
therapists—to name just a few of the healthcare professions involved in wound 
care. 
Acknowledging that in more than 80% of all European countries there is no 

specific wound healing curriculum implemented in the general curricula of the 
medical specialties that often deal with wounds, the European Union of Medi-
cal Specialists (UEMS) founded the Multidisciplinary Joint Committee—Wound 
Healing (MJC-WH) in 2018 with the major task of harmonization and synchro-
nization of the medical field of wound healing in all EU countries [4]. In close 
collaboration with the European Wound Management Association (EWMA), the 
European Association of Fellows in Wound Healing (EAFWH) and other national 
and international medical societies, a series of scientific activities were started in 
order to promote the medical field of wound healing. 
This book follows the wound healing teaching curricula of MJC-WH UEMS 

and aims to be a support for all colleagues interested in this medical field by 
presenting the many aspects of chronic wounds and the solutions provided by 
a group of wound healing experts. The chapters of the book are organized in a 
concise description of the general pathology with clear references to the wound 
healing European Training Requirements (ETR) followed by clinical case presenta-
tions selected by the authors to highlight important practical aspects demonstrating 
the multidisciplinarity of this medical field. Following their different pathogenic 
mechanisms the chronic wounds are presented in a practical approach with the 
discussion of clinical aspects, differential diagnosis and different treatment modal-
ities. Special chapters are dedicated to the active wound-phase adapted dressings,
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31 Introduction to “Wound Healing: A Practical Approach”

negative pressure wound therapy, adjuvant therapies and to the innovative materi-
als used to heal the wounds. Other books are addressing the chronic wounds too, 
including in Springer Nature collections; however, this book is unique in provid-
ing this close relation with the teaching activities comprehensively included in the 
training requirements. The updated ETRs are built on the learning goals and con-
tent of the Special Competence in Wound Management programme, which is a 
national specialist level educational initiative in wound care that is maintained by 
the Finnish Medical Association [5]. The learning goals of the programme were 
developed by a multidisciplinary oversight committee in 2022, and these goals 
incorporate several elements of the original ETRs for Wound Healing. In the next 
revision, Bloom’s Taxonomy action verbs [6] and the CanMEDS Roles [7] will 
be introduced into the updated ETRs, which is a measure that can be seen as rep-
resenting a further evolution of these goals. In the renewal process of the Wound 
Healing ETRs, the Editors acknowledge the kind support and hard work of Dr. 
Jaakko Viljamaa from Turku, Finland. 
In a holistic approach, the Editors thought to present to the reader not only 

the difficulties encountered in chronic wounds management but also the existing 
possibilities that alleviates the sufferance of the patient and of their caregivers. 
As the prevalence of chronic wounds increases with age, and in Europe the 

average age of the population is increasing, it is expected to encounter more fre-
quently in clinical practice patients suffering with chronic wounds. The healthcare 
providers must be prepared to address the skin lesions in the context of the general 
health of the patient who might harbour other health conditions. Diabetes melli-
tus has a special connexion with wound healing, and those particular aspects are 
presented in a separate chapter of this book. The attitude towards infection of the 
wounds should demonstrate a justified approach, based on the patient health status 
and on the amount and virulence of the microorganisms. The therapy of those cases 
should rely on antiseptics, topical therapy and, when needed, on systemic antibi-
otics. Pressure ulcers pose a significant challenge for all practitioners; therefore, it 
is critical to evaluate the condition and to consider the proper prevention measures. 
Atypical wounds should be recognized and referred to dermato-veneorologists by 
other specialists involved in wound care. Also considered of relevance, the spec-
trum of blistering skin diseases requests the attention of the reader due to the 
severity of the health problems induced in skin failure. 
The Editors searched to blend the different aspects of chronic wounds that are 

frequently encountered in clinical settings. Based on the UEMS ETRs for Wound 
Healing we invited authors from different European countries who brought not 
only their expertise but also their cultural experience. As a connecting string, all 
contributions are insisting on the patients’ quality of life, a consideration that is 
essential when difficult decisions are made. Unfortunately, specialists in wound 
care are rarely involved in such difficult decisions induced by diabetes, pressure 
ulcers, blistering diseases or atypical wounds to name only few situations. We 
express our sincere gratitude for all the Chapter Editors and authors across Europe 
for their excellent contributions for this book. Again, the power of teamwork was 
demonstrated and surely will lead for future joint achievements as well.
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G.-S. Tiplica and K. Isoherranen4

We hope that this volume will enable an improved approach of the patients 
with chronic wounds and will inspire new generations of healthcare professionals 
dedicated to this field. 
The Editors. 

George-Sorin Tiplica  
and 

Kirsi Isoherranen 

Helsinki, FinlandBucharest, Romania
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2Ischaemic Leg Ulcer 

Annette Høgh , Daniel Mosgaard Sørensen, 
Anne Cathrine Nielsen, Ana Lamza, Tanja Planinšek Ručigaj, 
Mitra Sepehri, Hanne Birke Sørensen, Katariina Noronen, 
Arindam Bharadwaz , and Jaakko Viljamaa 

All patients with a foot ulcer should have an objective 
assessment of their vascular status 

Annette Høgh. 

  

Abstract

In  this  chapter,  nine  cases  are  presented  to  describe  the  typical  development  of 
ischaemic  leg  ulcers  focusing  on  the  key  point  in  diagnostics  and  treatment.  The
cases  are  selected  to  illustrate  the  importance  of  a  holistic  approach  combined
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A. Høgh et al.6

with a multidisciplinary set-up. Quick identification of a potential ischaemic 
component to a chronic wound is essential. The diagnosis of ischaemic leg 
ulcers is based on clinical characteristics combined with an objective and phys-
ical examination of the patient. Peripheral pulse palpation and measurement 
of the ankle brachial index (ABI) are first-line non-invasive hemodynamic 
screening for assessing the severity of the peripheral arterial disease (univer-
sal atherosclerosis, obstructing the circulation to the lower limbs leading to 
decreased oxygen inflow by which cell division and tissue survival are compro-
mised and rest pain, necrosis and/or gangrene arise). Furthermore, aggressive 
local wound treatment both before and after revascularization is essential. 

Keywords 

Vascular assessment • Pain control • Amputation • Vascular reconstruction 

Abbreviations 

ABI Ancle-brachial-index 
ADP Arteria dorsalis pedis 
ATA Arteria tibialis anterior 
ATP ArteriA tibialis posterior 
CLTI Chronic limb-threatening ischemia 
CT Computed tomographic 
DM Diabetes mellitus 
ER Emergency room 
IPC Intermittent Pneumatic Compression 
IV Intravenous 
LDL-C Low-density lipoprotein-cholesterol 
MDT-DFU Multidisciplinary team regarding-diabetic foot ulcers 
MR Magnetic Resonance 
NPWT Negative pressure wound therapy 
PAD Peripheral arterial disease 
POBA Plain old balloon angioplasty 
PTA Percutaneous transluminal angioplasty 
PTFE Polytetrafluoroethylene 
SFA Superficial femoral artery 
TCPO2 Transcutaneous oxygen pressure
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72 Ischaemic Leg Ulcer

Ischaemic Wound Cases, Introduction [1] 

Chronic limb-threatening ischaemia (CLTI) is the end stage of peripheral arte-
rial disease (PAD). Atherosclerosis obstructs the circulation of the lower limbs 
leading to decreased oxygen inflow by which cell division and tissue survival are 
compromised and rest pain, necrosis and/or gangrene arise. CLTI is associated 
with high frequency of mortality, cardiovascular events (ex: Myocardial infarc-
tion and stroke), minor and major amputation, persistent disability, and impaired 
health-related quality of life because of the presence of universal atherosclerosis. 
Although CLTI is widely believed to be a growing global health care problem, 
reliable epidemiological data is extremely limited. 
Ischemic wounds are typically placed on the tiptoe or on bony protrusions on 

the foot, and representing as devitalized tissue or dry gangrene. The affected skin 
becomes chilly, dry and changes colour to dark purple and eventually turning into 
a black dry mummified area. Debridement of devitalized areas should be avoided 
as the body is unable to support the revision with autolysis and necrosis quickly 
regenerates. The process causes disabling pain combined with decreased mobil-
ity and disturbed sleep; if pain is absent or pain sensitivity is reduced, peripheral 
neuropathy should be considered. However, patients may have severe CLTI with-
out symptoms, which can be related to their incapacity to walk far enough to 
reveal symptoms (e.g. heart failure) and/or reduced pain sensitivity (e.g. diabetic 
neuropathy). 
Quick identification of a potential ischaemic component to a chronic wound 

is essential. The diagnosis is based on clinical characteristics combined with an 
objective and physical examination of the patient. Peripheral pulse palpation and 
measurement of the ankle brachial index (ABI) are first-line non-invasive hemo-
dynamic screening for assessing the severity of PAD. All patients without pulse 
on the foot and/or ABI ≤0.7 should be suspected for CLTI and urgently referred 
to a vascular specialist. With decreasing ABI the risk of iatrogenic skin damage 
due to compression therapy increases. However, compression therapy is still one 
of the keystones in treatment of chronic ulcers, independently of the underlying 
aetiology. With ABI < 0.7 modified compression under close clinical supervi-
sion is mandatory. Exceptional attention is needed among patients suffering from 
peripheral neuropathy to avoid skin damage triggered by compression therapy. 
Imaging is a cornerstone in the planning of the revascularization and is used 

to map the extent of the atherosclerosis and afterwards used in the planning 
of the vascular surgery reconstruction of the blood flow to the affected area. 
Following revascularization the treatment-focus can return to standard wound 
care. Re-established tissue oxygenation predisposes to infection and oedema, why 
debridement and compression therapy now is vitally important to facilitate wound 
healing.
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A. Høgh et al.8

Assessment of vascular status is mandatory to optimize wound care. Referral 
to a vascular specialist or a multidisciplinary approach may be needed. Further-
more, aggressive local wound treatment both before and after revascularization is 
essential. 
Endovascular therapy has emerged as a standard therapy in the treatment of 

CLI, offering minimally invasive approaches to restore blood flow to ischaemic 
limbs. While the primary goal of endovascular intervention is revascularization, its 
impact on wound healing in CLI patients cannot be underestimated, as wound heal-
ing after endovascular therapy is crucial for optimizing patient care and enhancing 
clinical outcomes in this challenging patient population. 
In this chapter, nine cases are presented to describe the typical development 

of ischaemic leg ulcers focusing on the key point in diagnostics and treatment. 
The cases are selected to illustrate the importance of a holistic approach com-
bined with a multidisciplinary set-up. Furthermore, the cases are in line with the 
learning objectives of the Wound Healing MJC UEMS standards concerning train-
ing requirements for all medical specialties, which include wound healing in their 
curricula. 

Case 2.1. Minor (Spontaneous) Amputation 

Introduction 

A 69-year-old male with a background of curative colon cancer resection, dia-
betes mellitus (DM), hypertension and hypercholesterolemia was presented at the 
department of vascular surgery. His main symptom was prompt onset of severe 
pain in the first and fifth toe on the left lower limb through five weeks. The fifth 
toe turned black after two weeks from pain debut (Fig. 2.1). Furthermore, the 
patient developed claudication (walking distance < 200 m) and rest pain eased 
by positioning the leg downwards during bed rest. Ankle-brachial pressure prior 
to consultation showed left sided ABI of 0.44 (ankle pressure 60 mmHg and toe 
pressure 33 mmHg). There was a detectable pulse in the femoral and popliteal 
artery, but no pulses on the foot.
From the patient history and physical examination (dry gangrene, cyanotic 

toe, claudication), other causes of dry gangrene (ex. frostbite, trauma) could be 
excluded, and the arterial occlusive disease was suspected as the aetiological factor 
in this patient. 

Treatment 

CT angiography showed occlusion and severe atherosclerosis of the superficial 
femoral artery (SFA) at level of Hunter’s channel which reopened at the popliteal 
artery (Fig. 2.2). Patient was offered revascularization by a short venous bypass 
around the occlusion.
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92 Ischaemic Leg Ulcer

Fig. 2.1 Dry gangrene on the 1th and 5th right toe, at the day the patient was offered vascular 
reconstruction. (a) anterior view; (b) posterior view

Fig. 2.2 CT angiography 
(coronal plane) showed 
occlusion and severe 
atherosclerosis of the 
superficial femoral artery 
(SFA) at level of Hunter’s 
channel which reopened at 
the popliteal artery 

In the timespan between diagnosis and revascularization, the patient was offered 
optimized wound treatment including customized offloading footwear, along with 
infection and pain control. Furthermore, a homecare nurse managed the continuity 
of wound treatment. 
The revascularization was successful with restoration of the pulse in the dorsal 

pedal artery (ADP). Following four days, the distal necrotic part of the fifth toe 
was partly rejected from the vital part of the toe. The patient was offered minor 
amputation, which left the proximal fifth toe with healthy vital tissue and point
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10 A. Høgh et al.

Fig. 2.3 The process of spontaneous amputation, (a) 7 days and (b) 11 days after vascular recon-
struction. 100% epithelialization was obtained on the 41th postoperative day 

bleeding from edges. Patient was discharged from hospital two days after minor 
amputation with close follow up, as initiated before surgery (Fig. 2.3). Nine days 
after discharge the patient was seen in the wound care center with progress in 
wound healing (hypergranulated tissue), and treatment with group III steroid cream 
was added to the standard care a few times. 1 month after follow-up the wounds 
(including the first toe) were completely healed. 

Discussion 

Revascularization in patients with CLTI is the direct method for achieving func-
tional limb salvage and improved quality of life [2]. Most patients require a minor 
amputation to remove distal necrotic tissue (dry or wet gangrene often combined 
with infection) to restore a functional limb [2]. 
Loss of blood supply to body tissue leads to necrosis. Demarking of dry gan-

grenous tissue occurs in the following process of spontaneous amputation [3, 4]. 
Dry gangrene can progress into wet gangrene and possibly infection which can 
progress into fatal consequences, unless minor amputation is carried out and infec-
tion is treated [3]. Treatment with minor amputation requires sufficient arterial 
perfusion and appropriate offloading which are the major principles of preserv-
ing foot function. DM patients with concomitant CLTI have significantly higher 
risk of re-amputation at higher level [2]. One-year and 5-year mortality rates after 
minor amputation are relatively high by 16% and 25% respectively for patients 
with ischemia and even higher in DM patients with a 5-year mortality > 50% [2].
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112 Ischaemic Leg Ulcer

Overall, minor amputation is essential in wound management/debridement in 
patients with CLTI with gangrene and require sufficient distal arterial perfusion 
(revascularization), offloading, pain treatment and infection treatment for adequate 
healing. 

Case 2.2. Minor Amputation May Reduce the Risk for Major 
Amputation 

Introduction 

A 74-year old man presented in an outpatient clinic with dry gangrene of the 
second and fourth toe of his left foot. The changes started after minor injury, while 
gardening. He had a history of hypertension and was on intermittent haemodialysis 
for kidney failure. Otherwise, he was in good physical condition. His pain level 
was 7/10 on NRS score. He did not complain of typical claudication pain while 
walking yet admitted that he wasn’t walking longer distances anymore. 

Clinical Findings 

Immediately we assessed the distal blood pressure in the affected leg. The ABI 
was 0.4 for the left leg and 0.7 for the right leg. MSCT angiography was done 
next and showed calcification of calf arteries, often seen in patients on chronic 
haemodialysis [5]. As no runoff in the arterial system was present and thereby no 
opportunity to reconstruct the circulation to the foot, our vascular team decided that 
the patient was not suitable for revascularization procedures; neither open surgery 
nor endovascular treatment. As expected, laboratory results showed elevated kid-
ney function markers and lipid levels combined with low levels of albumins and 
proteins. On inspection his foot was euthermic, gangrene on his toes was dry, with 
no signs of spreading or infection that could progress to the rest of the foot. The 
oedema of the foot and calf was noticeable (Fig. 2.4). 

Treatment 

Conservative approach was applied with regular washing of the foot and the use of 
dry dressings. Mild compression therapy with short stretch bandages was applied 
with sub-bandage pressure of 20 mmHg. Oral nutritional supplementation using 
high protein readily available drinks with the addition of glutamine and arginine 
was provided [6]. 40 mg of atorvastatin was prescribed to accomplish targeted C-
LDL levels of 1.8 mmol/L [7]. Strict hypertension control, as per guidelines, was 
not achieved, which is often the case in patients on chronic haemodialysis. The 
patient came to have a regular check-up in our outpatient clinic and when almost
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Fig. 2.5 Four weeks later. 
Minor amputation of the left 
2nd toe is healed on a 
conservative wound treatment 
strategi despite low ABI 

Fig. 2.4 First visit in 
outpatient clinic. Vascular 
reconstruction is not possible 

autoamputation of the toe was achieved, we performed a precise surgical ampu-
tation. Afterwards a small clean wound remained and was treated with alginate 
dressing until final closure two weeks after the minor amputation (Fig. 2.5). During 
the whole treatment, as well as after the wound closure, the patient was encour-
aged to wear appropriate shoes with orthopedic insoles to off-load the wound area. 
Supervised physical therapy was performed daily. 

Discussion 

Ischaemic changes and ulcerations on the feet/lower extremities, without the possi-
bility to optimize the blood circulation by surgical revascularization, do not always 
lead to major amputation. Meticulous conservative wound treatment strategy with 
appropriate foot and wound care including offloading shoes or devices can lead to 
wound healing [8]. In the case of dry gangrene of the toe or a wound covered with 
dry eschar, due to absence of adequate arterial inflow, it is recommended to omit
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wound debridement and treat the wounds with dry dressings until they loosen on 
its own. Debridement of a dry ischaemic wound, will only enlarge the wound area 
and may worsen the ischaemia in the area by increasing the metabolic demand. 
Furthermore, dry eschar protects the wound from infection and has a “scab” effect 
that promotes epithelization beneath the necrotic tissue [9]. 
Control of risk factors is of utmost importance (ex. optimization of medical 

treatment of hypertension, glycaemia, and/or lipidemia). Adequate nutritional sup-
port can be a decisive factor in the wound healing process. Conservative wound 
care strategy to patients suffering from lower extremity ischaemic wounds is 
successful in more than two-thirds of the patients. The failure of conservative 
management does not increase mortality or amputation rates [10]. 

Case 2.3. Multifactorial Causes to Prolonged Healing; Never 
Give up 

Introduction 

An 82-year-old woman (heavy smoker) with known hypertension, ischemic heart 
disease and claudication (former endovascular treatment and bilateral stenting 
bilateral in a. iliaca communis) was referred to the Department of Vascular Surgery 
due to CLTI. The patient had a wound-history of two months progression of a 
large infected, painful ulcer developed after a trauma. Treatment with IV and oral 
antibiotics (but no compression) was initiated early in the treatment course. 
Clinically the wound size was estimated to 10× 7 cm with dry necrosis and 

clinical signs of infection (Fig. 2.6a). No palpable pulses were present in the foot, 
left ankle/toe pressure showed 41.9/17.3 mmHg, respectfully (ABI of 0.42). The 
patient had no diabetes and only a small degree of peripheral oedema. Other types 
of leg ulcers; e.g. vasculitis, neoplasma, venous ulcers were excluded [2]. 

Fig. 2.6 a Wound with multi factorial causes containing a significant arterial component. b After 
revascularization and control of infection and removal of necrosis NPWT was initiated
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Treatment 

Revascularization was planned after CT angiography with in situ bypass surgery 
(v. saphena magna to ATP). A very close cooperation between vascular, orthopedic 
and plastic surgeons enabled a good outcome for this patient despite complications 
[11, 12]. Compression bandaging was used to reduce postoperative oedema and to 
reduce secretion from the surgical site. 
After successful revascularization, the patient was referred to the Wound Heal-

ing Center for surgical wound revision, including excision of necrotic tendons in 
the wound bed (tendon of hallucis longus, proximal part of the tibialis anterior 
tendon and the peroneus longus tendon). NPWT was implemented one day after 
surgery, followed by positive signs of healing (ex. granulation tissue, reduction of 
oedema, and secretion and wound pain) (Fig. 2.6b). 
Nine days later the patient suddenly got high fever and hypotension. Septic 

shock was suspected and she was transferred to the semi-intensive care (pressor 
drugs, IV antibiotics and resuscitation). Blood samples showed bacteremia and the 
main focus was the old trauma wound bed and the scar after revascularization 
on the medial side of the leg. An ultrasound examination of the surgical scar 
confirmed abscess leading to reoperation (removal of purulent secretion and old 
hematoma) in the Department of Vascular Surgery. 
Postoperatively the patient’s wounds and infection were treated at the Wound 

Healing Center. Three months after revascularization a duplex ultrasound iden-
tified stenosis in the distal in-situ anastomosis leading to reoperation to prevent 
reconstruction failure. 
A significant increase in perfusion to the leg and foot was achieved (left ankle/ 

toe pressure showed 136/54 mmHg, ABI of 1.02). The patient was now offered 
additional surgical revision of the wound(s) and split skin transplantation combined 
with Matriderm® (an acellular dermal matrix) on the vital part of the tendon with 
split skin on top [13], resulting in a 95% healing of the area (Fig. 2.7a, b). 

Fig. 2.7 a 3 months after revascularization the patient needed reoperation to prevent vascular 
reconstruction failure. An additional surgical revision of the wound(s) and split skin transplanta-
tion was preformed. Matriderm® (an acellular dermal matrix) was applied on the vital part of the 
tendon with split skin on top. b 4 weeks after split skin transplantation
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At the time of surgery, the patient had reduced smoking dramatically and had 
a high adherence to the postoperative wound treatment including bandages, com-
pression and an aircast to immobilize the ankle joint. Reduced function, especially 
dorsi flexion of the foot, was a consequence of the removed tendons. But impor-
tantly, the patient kept her leg and is now well mobilized without any assistive 
devices. 

Discussions 

Successful wound management revolves around a multidisciplinary approach com-
bined with determination of the wound etiology [11, 12]. A very close cooperation 
between vascular, orthopedic and plastic surgeons enabled a good outcome for the 
patient. In this case, despite complications with infection, near-occlusion of the 
in situ graft and septic shock, the outcome was successful. 
Focus on the aetiology is essential in all parts of the patient care along with the 

fact that focus may change. Additionally, modifiable risk factors may be addressed 
to achieve wound healing and pain relief. In this case, smoking was a big issue as 
smoking dramatically reduces the arterial blood supply to the wound. As healthcare 
professionals, we need to support the patient in accepting smoking cessation as a 
part of the treatment in total. 

Case 2.4. Both Macro- and Micro-circulation Are Crucial 

Introduction 

A 74-year-old male with hypertension, atrial fibrillation and DM. After 35 years 
of smoking, he stopped smoking 15 years ago. He lives with his wife and uses a 
walking aid outside the home. No claudication or signs of rest pain in the anamne-
sis. The patient arrives at the hospital due to chronic oedema of both lower limbs 
and now acutely presents a necrotic second toe on the right foot (Fig. 2.8a). 

Fig. 2.8 (a) At arrival to the hospital, a necrotic toe was observed; (b) measurement of the micro-
circulation as a tool to predict the need for further surgery
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Femoral pulse was palpable, but neither the ADP nor the ATP were found. 
Infection parameters were elevated (CRP 102, temperature of 37.5 °C). MRA 
imaging showed a stenosis in the SFA, and more important a severe crural arterial 
disease with occlusions in the ATA and ATP and a stenotic fibular/peroneal artery. 

Treatment 

Immediate toe amputation was performed due to infection. During the surgery, it 
also became clear that the first toe was affected and consequently amputated with 
the surgical wound left open. 
The next day endovascular intervention with angioplasty to SFA and peroneal 

artery was performed resulting in good collateral supply to the foot, where plantar 
artery was patent. 
At day 3, due to insufficient healing; NPWT was initiated. After two rounds of 

NPWT the wound intensified. Debris was building up, bone was exposed. TCPO2 
measurements (Fig. 2.8b) were performed to verify the healing potential followed 
by a transmetatarsal amputation and surgical wound closure. 
During a couple of days, the plantar side of the wound went cold and ischaemia 

was obvious (Fig. 2.9a). On bedside ultrasound examination, a patent distal ATP 
was still seen. A good quality unilateral great saphenous vein was found and a 
bypass from distal popliteal artery to distal ATP was performed. Postoperatively, 
the patient suffered from congestive heart failure leading to oedema in both lower 
legs, complicated wound healing. With a patent graft and diligent local wound 
treatment including intensive oedema control, the wound was nearly healed after 
5 months. (Fig. 2.9b) Patient was ambulatory and referred to foot therapist for 
customized footwear. 

Fig. 2.9 (a) New development of ischemia and a new revascularization procedure was planned; 
(b) 5 months after the vascular reconstruction
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Discussion 

Ischemia in diabetic patients is often diagnosed for the first time in a situation 
where foot infection is present. Most often, the crural arteries are affected [14] as  
in this case. Whenever there is an infection involved in suspected ischemic diabetic 
foot ulcer, urgent evaluation is recommended to determine the timing of revision 
and revascularization [15]. Typically, revision surgery is performed immediately 
to stop the infection from progressing and revascularization is done afterwards, 
whereas in a chronic wound situation revascularization is usually performed first 
and preferably within 2 weeks after ischemia is detected [16]. 
Endovascular treatment is in many cases the first option for revascularization 

aiming to achieve adequate perfusion to the wound area. After revascularization, 
the perfusion should be evaluated repeatedly when signs of poor healing arise, 
as restenosis and occlusion sometimes occur. TCPO2 (measurement of micro cir-
culation in the skin) has been shown to be fairly reliable in predicting wound 
healing among diabetics [17], but the method does have some pitfalls. Measure-
ment sites should be on “healthy” skin without infection or swelling. Tendons and 
bony structures may also affect the results. 
There has been a massive debate of whether endovascular treatment or open 

surgery should be chosen as the first-line treatment for patients with CLTI. Accord-
ing to a recent large randomized trial [18, 19] open surgery is superior when the 
patient has a suitable vein graft material. However, the two different treatment 
methods are not necessarily competing methods, but rather complementing each 
other, as was the case with our patient, where PTA to SFA made the needed bypass 
shorter. 
Diabetic foot with ischemic tissue loss always presents a challenge to the 

treating physicians from the diagnosis to the need for rapid vascular evaluation, 
revascularization, on to follow up and wound management in order to gain limb 
salvage; thereafter further focus is needed on appropriate footwear and foot care 
to prevent tissue defects from reoccurring. 

Case 2.5. Osteomyelitis Treatment Needs a MDT Approach 

Introduction 

A 65-year-old gentleman with DM, hypertension, hypercholesterolemia and sar-
coidosis was referred to our MDT-DFU. The patient had not experienced walking 
related pain neither rest pain from his legs prior to the referral. His ulcer was 
located over the base of the right fifth metatarsal bone. The ulcer had been present 
for about 4 weeks with progression of wound size and tissue loss.
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Fig. 2.10 (a) Diabetic foot ulcer with osteomyelitis corresponding basis of the right 5th metatarsal 
bone at a man, 65 years of age, with DM, hyposensitivity and peripheral ischemia; (b) Healing 
6 months after intensive wound treatment and revascularization (two procedures) 

Clinical Findings 

At the physical examination good quality pulse was found in the femoral arteries 
but no palpable pulses at the right foot. Usually, we only measure toe pressure 
in patients with known diabetes as we expect an ankle measurement to be false 
high due to medial calcific sclerosis in the peripheral arteries on the ankle level. 
In this case, the blood pressure at the right first toe was 52 mmHg. Furthermore, 
a significantly reduced sensitivity was found on both feet. The ulcer measured 
4.2 cm×2.8 cm with a depth of 2 cm in a plantar cavity containing necrotic tissue 
with a central area with positive “probe to bone” test, indicating osteomyelitis [20] 
(Fig. 2.10a). 
Altogether, the wound was classified as a neuropathic wound on a hyposensitive 

diabetic foot with lack of healing due to ischaemia. An MRI-angiography con-
firmed a stenosis at the proximal part of the deep femoral artery and a 14 cm long 
stenotic area in the SFA. The ATA was occluded, the PTA and the peroneal artery 
had multiple stenosis. Additionally, another MR scan confirmed osteomyelitis of 
the base of the 5th metatarsal bone and the cuboid bone. 

Treatment 

The glycaemic control and antibiotic treatment was optimized. Antibiotic treatment 
was primarily given intravenously in high doses in accordance with the microbial 
findings attending sensitivity and resistance patterns.
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Fig. 2.11 (a) Complete healing of neuropathic wound on a hyposensitive diabetic foot with 
ischemia and osteomyelitis 12 months after primary referral; (b) custom made shoes with the pos-
sibility of offloading, a very important part of the treatment but also a way to reduce the risk of 
recurrence 

Revascularization was performed by open endarterectomy in the left groin in 
combination with endovascular treatment with a stent proximally in SFA, and 
balloon dilatation in the rest of SFA, the peroneal artery and PTA. Intensive 
wound treatment was initiated including: Surgical and maggots wound debride-
ment, NPWT, offloading with felt. After healing was achieved, costume made 
shoes were manufactured (Fig. 2.11b). 
Most controls in the follow-up period were performed by use of telemedicine 

between the primary wound nurse and the wound specialists in the MDT-DFU at 
the hospital. At follow-up in the MDT-DFU the toe pressure was found reduced, 
leading to repetition of the endovascular part of the revascularization procedure, 
approximately 41/2 month after the primary procedure. 
7 months after the first visit in the MDT-DFU, the wound was reduced to 4 mm 

by 2 mm (Fig. 2.10b) but 8 days later, a massive deterioration was seen. The 
offloading was intensified, and the peripheral endovascular treatment was per-
formed for the third time. Three months later a complete healing of the wound 
was obtained (Fig. 2.11a). No recurrence has been seen in the following 18 months 
during which the patient has been living a very active life. He and his wife are 
performing daily inspections of his feet. 

Discussions 

When dealing with a combined ischaemic and diabetic foot ulcer it is of utmost 
importance to understand all the different aspects of the aetiology and the demands 
for healing, calling for a MDT-DFU set-up [15, 21]. Medical treatment of 
osteomyelitis cannot stand alone, if we wish to avoid major amputation. With-
out the three times of revascularization together with intensive wound treatment,
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glycaemic control, and antimicrobial treatment combined with parallel optimal 
offloading, healing could not have been obtained. 
The most important aspect, nevertheless, is the patient himself: The treatment 

must be planned in full common agreement with the patient. He must recognize 
all he needs to invest, and he has to accept that there is no guarantee of success 
[22]. 

Case 2.6. Keep Fighting Oedema 

A 74-year-old male was referred from his general practitioner to a wound center, 
embedded in a department of vascular surgery, due to CLTI resulting in severe pain 
from a heel ulcer during low activities, at rest, and through the night. The patient 
had a background of DM, hypertension, hypercholesterolemia and experienced a 
two-month progression of a left heel fissure that progressed into an ulcer. Further-
more, the patient had leg oedema and hyperemic toes with edematous bullae on 
the first, second and third toe. Heel ulcer size was 1 × 1 cm, superficial, with no 
signs of infection and with well-defined edges and moderate moisture (Fig. 2.12). 
There was no detectable pulse from the level of the popliteal artery and periphery. 
The left ankle/toe pressure showed 48/12 mmHg (ABI 0.32). 
The patient’s anamnesis and the findings from the physical examination (severe 

pain, ulcer, pale foot, low ABI, no distal pulse) indicated CLTI. Furthermore, the 
patient had peripheral oedema combined with a component of diabetic neuropathy. 
All these etiological factors led to the ulcer in the heel and bullae formation on 
toes.

Fig. 2.12 In addition, to severe rest pain the patient had leg oedema and hyperaemic toes with 
edematous bullae on the 1st to 3rd toe (a) dorsal aspect; (b) lateral aspect 
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Fig. 2.13 Oedema in the 
scar region after 
revascularization 

Treatment 

Revascularization was planned after CT angiography showing occlusion from the 
beginning of the popliteal artery and several stenoses on the leg arteries. Only the 
distal ATA was graftable and the patient was offered revascularization by in situ 
bypass. 
Until vascular surgery was performed, the patient was offered wound treatment, 

including compression therapy with inelastic bandages, customized offloading 
footwear and pain medication. 
The revascularization was successful followed by restoration of pulse in the dor-

sal pedal artery. The following postoperative days, the compression therapy was 
intensified by combining inelastic bandages with intermittent pneumatic compres-
sion (IPC) due to massive postoperative oedema. Furthermore, NPWT was used 
in the lower leg because of lymphatic drainage from the surgical sites (Fig. 2.13). 
The patient was discharged after eight days with planned follow-up in the 

wound care center after 12 days. Until follow-up, a homecare nurse provided 
wound care, including daily application of short-stretch compression bandages, 
prophylactic antibiotics, offloading, pain medication and moist wound care three 
times a week. The toe ulcers were healed completely and the ulcer in the heel 
was almost healed. The patient was still suffering from post-operative oedema and 
needed continued daily application of inelastic bandages. 

Discussion 

Wound care management depends on the aetiology and involvement of a multi-
disciplinary team to improve wound healing and decrease amputations [23]. CLTI 
consisting of intractable rest pain, tissue loss and hence wounds or/and gangrene 
is associated with limb amputation, high mortality and a significant economic 
burden to society [2, 23]. Revascularization with bypass surgery around the block-
age in leg arteries is a cornerstone to prevent amputation and increase healing of 
wounds alongside conservative wound care management (off-loading, oedema and 
infection treatment, revascularization etc.) [24].
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Compression therapy is important both in the pre- and post- revasculariza-
tion period to prevent oedema and to optimize wound healing [24]. Peripheral 
oedema is a common component to CLTI as well as other concomitant competitive 
diseases, e.g. chronic kidney disease or heart failure. 
Among CLTI patients, the patients often choose sitting position rather than 

supine during the night, thus increasing leg blood pressure and oxygen supply 
in tissue, which reduces pain. However, sitting position also increases venous 
pressure inducing oedema which compromises wound healing. Oedema causes 
increased distance between the cells due to distention of the interstitial space, 
which further compromise oxygen delivery and may aggravate hypoxia in already 
critically ischemic peripheral tissue [25, 26]. Compression therapy to CLTI is 
often avoided, in fear of compromising the circulation and acceleration of pain 
and ischemic wound formation. It is important to acknowledge that there is no 
harm from mild/moderate compression (18–21 mmHg ankle pressure) to patients 
with PAD (ABI > 50 mmHg) [27]. 
In the postoperative period after revascularization of the lower limbs, patients 

often suffer from reperfusion oedema, which may delay wound and scar healing 
if not treated. Daily application of compression therapy with inelastic bandages 
is effective. Further addition of IPC optimizes the oedema treatment [2, 28] as  
IPC increases arterial blood flow in the distal limb by an arteriovenous pressure 
gradient stimulating endothelial vasodilators [2, 28]. 

Conclusion 

Fighting oedema is essential according to wound healing time, cicatricial healing, 
accelerating mobilization and reducing pain. In addition, moderated compression 
as inelastic bandages optionally combined with IPC, is important in wound care 
management in the pre- and postoperative period in patients with CLTI / ischaemic 
wounds and concomitant competitive diseases. 

Case 2.7. The Assessment of Peripheral Arterial Circulation is 
Necessary 

Introduction 

A 76-year old female was referred to our outpatient clinic for vascular surgery by 
her general practitioner. During the past two months, ulcers had developed on the 
dorsum of the 1st, 2nd, and 5th right toe. Furthermore, the patient experienced rest 
pain in the right leg occurring several times every night, eased only by standing 
up or leaving the leg hanging from the bedside. Comorbidities were hypertension, 
hypercholesterolemia and osteoporosis. The patient had been a smoker for many 
years and was recently widowed, but managed daily routines without any help.
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Clinical Findings 

At the clinical examination, we found the entire distal foot to be hyperaemic and 
cold. The pulse was palpable only over the common femoral artery (in the groin), 
more week on the symptomatic leg, and no pulses were found more distally. Ultra-
sonically, blood flow was only detectable until 15 cm proximally from the knee 
joint. Distal blood pressure on the relevant extremity was 46 mmHg on ankle and 
17 mmHg on toe levels (ankle-brachial-index 0.35). 
There were no oedema or ulcers proximal on the leg and the patient was not 

prescribed any medication that could enhance wound formation, such as steroids. 
The position of the ulcers, the low distal blood pressure, no signs of infection and 
typical anamnestic risk factors for developing atherosclerosis made the diagnosis 
of CLTI plausible. 

Treatment 

A CT-angiography revealed multiple stenosis in the right external iliac artery. 
Additionally, the SFA was totally occluded and had been so for a long time, as 
contrast was seen to fill the popliteal artery via collateral arteries. First treatment 
was endovascular revascularization with stents of the external iliac artery, after 
which a direct angiography showed open lumen until the proximal part of the SFA 
and contrast filled the popliteal artery via collateral arteries. The patient was dis-
charged to the care of nurses, representing the primary healthcare system. A plan 
for wound treatment and pain relief was made. However, worsening of the wounds 
and pain precipitated consultation 15 days postoperatively (Fig. 2.14). 
The patient was rehospitalized and only anesthesia administered epidurally 

provided sufficient pain relief. Additional revascularization was needed and an

Fig. 2.14 Days postsurgery, 
gangrene had worsened and 
amputation is inevitable 
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Fig. 2.15 Functional result 
after forefoot amputation, 
final control 5 months after 
vascular reconstruction 

intercomposite bypass was grafted from the common femoral artery to the 
proximal ATA followed by an amputation of the forefoot. 
Six days later the patient was discharged with tolerable pain and good signs 

of wound healing followed by a period of physiotherapy at a rehabilitation unit 
and continuing wound treatment. The patient was able to walk short distances. 
After three weeks, sutures were removed and antibiotic treatment was discon-
tinued. Offloading of the foot was ensured with customized insoles and shoes 
specially designed to fit the amputated foot (Fig. 2.15). 

Discussion 

CLTI presents the end stage of PAD [29] and is associated with very high rates 
of co-morbidity and mortality due to universal arteriosclerosis [30, 31]. Mortality 
rates increase if minor or major amputations are added – increasing the more 
proximal the amputation level is located [32]. 
This present case points out that multidisciplinary cooperation and close moni-

toring of the patient with well-timed surgical treatment, can lower the amputation 
level on an extremity leading to great benefit for the patient [31, 32]. Optimal 
medical management of arteriosclerosis (statines, antiplatelet medicine, smoking 
cessation and walk training) may postpone the consequence of CLTI that further 
emphasizes the need of multidisciplinary collaboration in the care of CLTI patients. 

Case 2.8. Ischemia and Neuropathy; a Bad Cocktail 

Introduction 

A 57-year-old male was transferred to our Department of Vascular Surgery after 
admission to the ER due to gangrene of his left foot. Moreover, the patient had 
a history of DM, hypertension, dyslipidemia and underwent cardiac intervention 
after myocardial infarction (Coronary angioplasty inclusive stent placement). His
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Fig. 2.16 Emergency 
transmetatarsal amputation 
followed by vascular 
assessment 

everyday medical treatment included metformin, acetylsalicylic acid, statins and 
antihypertensive drugs. Laboratory tests showed high levels of leukocytes, blood 
glucose, creatinine and CRP. Emergency transmetatarsal amputation of the forefoot 
was performed at admission and broad-spectrum antibiotic and other symptomatic 
therapy was initiated immediately (Fig. 2.16). 

Clinical Findings 

On the first day after admission, CT angiography of abdominal aorta, pelvic and 
lower extremity arteries was performed. It detected occlusion of the left SFA. The 
ABI was 0.4 for the left leg and 0.8 for the right leg. After forefoot amputation, 
on the first dressing change, the remnants of the left foot looked ischaemic, with 
no significant bleeding, but with no signs of gangrene progression. Decision was 
made to perform a vascular reconstruction to increase the oxygen supply to the 
wound area of the amputation. 

Treatment 

The patient’s great saphenous vein was not suitable as a graft; why a polytetraflu-
oroethylene (PTFE) vascular graft was used to by-pass the occlusion of the SFA. 
Surgery was performed in general anesthesia. At the end of the procedure, addi-
tional surgical excision of the left foot was done, and NPWT was applied. The 
NPWT system was changed three times, with one additional debridement on the 
first change, before healthy granulation tissue appeared. Then a decision was made 
to cover the remaining wound with a dermal substitute (Matriderm®) combined 
with a split-skin graft.
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Fig. 2.17 Wound healing 
after vascular reconstruction, 
NPWT treatment and 
split-skin graft 

Cardiologists and endocrinologists were consulted to optimize the medical treat-
ment of the patient, because of the history of prior myocardial infarction and 
poorly regulated diabetes. 

Conclusion 

Complete healing of the left foots’ remnant was achieved after three weeks of 
hospital stay and two weeks rehabilitation at home. The patient was provided with 
orthopedic shoes and was able to go back to work (Fig. 2.17). 
In this case we have a patient with foot gangrene due to a combination of 

diabetic neuropathy and peripheral arterial disease. Unfortunately, there are still 
a lot of patients coming to the ER presenting like this [33, 34]. Patients with 
DM lack education about the importance of regular self-examination of their feet. 
Physicians also do not pay enough attention to their patients’ feet and the necessary 
education of the patient on the topic. Likewise, peripheral arterial disease is also 
underdiagnosed and untimely treated [34, 35]. 
Since this was a patient still employed and otherwise in good physical con-

dition, our goal was to enable him to get back to work and his normal life as 
soon as possible. Usually, after transmetatarsal amputation on infected foot, the 
remnant wound is left to heal with formation of granulation tissue and epithelial-
ization following the principles of moist wound healing, reflected in the choice of 
wound dressings [36, 37]. The downside of this approach is the time consumed in 
addition to complications with secondary infection and subsequent the need for re-
amputation at a higher level. Infection, in this case, could be potentially hazardous, 
because infection in a synthetic vascular graft is close to incurable and may lead 
to above knee amputation with an increased risk of sepsis and death. To achieve 
a faster healing we decided to use NPWT on foot remnant followed by recon-
struction with dermal substitute and split-skin graft [38]. Technique with dermal
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substitute provides healing with minimal scarring and tissue that better endures 
pressure from walking and consequently prevents new ulcer formation [39]. 

Case 2.9. Below-the-Knee Plain Old Balloon Angioplasty 
(POBA) Contributing to the Healing of Dry Gangrene 
of the Toe 

Introduction 

A 75-year-old man with type-II diabetes and arteriosclerotic changes of the lower 
extremities presented with signs and symptoms of critical limb ischemia of left 
lower limb. He had a non-healing ulcer of the second toe and rest-pain (9–10 on 
Visual Analogue Scale/ Numeric Rating Score where 0 = no pain, 10 = worst 
possible pain). 

Diagnostic 

The patient had adequate inguinal and popliteal pulses, but no perceptible pulse 
at ankle, including the dorsal pedis artery. Left toe pressure was 30 mm Hg. CT 
angiography revealed occlusion of the tibialis anterior, dorsalis pedis and plantaris 
arteries, and severe stenosis in tibialis posterior artery. Digital Subtraction Angiog-
raphy performed during the endovascular treatment confirmed the findings of the 
CT scanning. Perfusion to the foot was significantly reduced, and the foot arcades 
and digital arteries were not well-visualized (Fig. 2.18).

Treatment 

PTA was performed using antegrade approach. The occlusion in the anterior tib-
ial and dorsalis pedis arteries were opened using 2.5 mm and 2.0 mm plain old 
balloon angioplasty (POBA) respectively. The stenosis and occlusion in the poste-
rior tibial and plantar arteries respectively were similarly treated by 2.5 mm and 
2.0 mm POBA. Final angiography revealed well-perfused left foot and all three 
open leg arteries and foot arcades. During the postoperative period, the patient 
had significant reduction of pain (2–3 on Visual Analogue Scale/Numeric Rating 
Score) with concomitant reduction of the use of analgesia. The ulcer at the tip 
of the toe started showing signs of healing. At two months, there was complete 
healing of the toe ulcer, and the patient was ambulant.
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Fig. 2.18 Chronic limb threatening ischemia. CT angiography and Digital Subtraction Angiog-
raphy reveal occlusion of tibialis anterior and dorsalis pedis arteries, and severe short stenosis of 
tibialis posterior artery and occluded plantaris artery (a, b). Plain balloon angioplasty (POBA) (c), 
post POBA angiographies show complete revascularization of all three leg arteries (d) and arcades 
of the foot (e)

Discussion 

The anterior and posterior tibial arteries supply the angiosomes perfusing the toe 
areas. While the anterior tibial artery and its continuation, the dorsalis pedis artery 
supply the dorsal aspect of the toes, the plantar artery, which is the continuation of 
posterior tibial artery, supply the plantar aspect of the toes. After POBA of the leg 
and foot arteries there was adequate flow in the foot-angiosomes, including the toe 
areas, leading to healing of the toe ulcer (Fig. 2.19). PTA is widely used as a first-
line treatment for revascularization of CLTI, which is the most advanced stage of 
PAD and is defined as rest pain and/or ulceration of lower limb of more than two 
weeks duration [40]. These patients are at a higher risk of major lower extrem-
ity amputation and premature death. The one-year risk of major lower extremity 
amputation in patients with CLTI exceeds 15–20% and the five-year all-cause mor-
tality rate is approximately 50% [41]. It is therefore extremely important to treat 
these patients urgently, where both by-pass graft and PTA are deemed to be suit-
able options. A recent randomized control trial (RCT, BEST-CLI trial) concluded 
that a major adverse limb event (MALE) such as major lower extremity amputation 
or death is significantly lower after open surgical by-pass compared to endovas-
cular treatment (PTA), where adequate long saphenous vein segment is available. 
However, with inadequate long saphenous vein, results of both open surgical by-
pass and PTA are comparable [42]. Another retrospective study comparing open 
surgical by-pass with PTA showed improved wound healing, higher freedom from 
restenosis, improved patency rates, significantly fewer re-interventions, and higher 
survival at six-month for open by-pass compared to PTA [43]. The saphenous 
vein may not always be available for in-situ by-pass for various reasons, in these

https://pezeshkibook.com



292 Ischaemic Leg Ulcer

Fig. 2.19 (a) Pre-revascularisationt, (b) 2-weeks post-revascularisation and (c) 1-month post-
revascularisationt clinical photos of the foot, showing complete healing of toe ulcer after PTA of 
leg and foot arteries.

cases PTA remains as a available strategy. PTA can be employed as POBA or with 
drug-eluting balloon impregnated with Paclitaxel/Sirolimus. The ACHILLES RCT 
trail showed accelerated wound healing and improved quality of life with drug 
eluting stent for below the knee lesions [44]. Other studies have shown improved 
results with PTA, where endovascular revascularization is directed according to 
the involved angiosome [45–47]. 
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Abstract 

Venous ulcers can be a therapeutic challenge and the practical keys to their 
proper management are not always included in clinical guidelines. In this 
chapter you will understand how to diagnose a venous ulcer, the importance 
of adequate diagnosis and etiological treatment, always consulting a vascular 
surgeon and with appropriate compression therapy tailored to the individual, 
anti-inflammatory treatments such as corticosteroids or zinc oxide, the value 
of spacing out dressing changes, and the benefits of advanced therapies such as 
punch grafting and negative pressure therapy to promote closure of hard-to-heal 
wounds.
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Introduction 

All signs and symptoms of venous disease are related to venous hypertension, i.e., 
an increase in ambulatory venous pressure (absence of proper venous return during 
walking) [1]. 

The term chronic venous insufficiency should be reserved for the description of 
more advanced disease, beginning with venous edema (C3), but more commonly 
in conditions where skin changes (C4) or ulceration (C5-6) have taken place, as 
defined in the Clinical, Etiological, Anatomical, and Pathophysiological (CEAP) 
classification system [2]. 

In many cases, especially in cases with poor mobility, obesity and deterio-
ration of calf muscle pump, chronic venous insufficiency is often accompanied 
by secondary lymphatic malfunction (if venous return fails, the lymphatic system 
eventually deteriorates) [3]. 

Doppler ultrasound is essential in the diagnosis of chronic venous insufficiency. 
Chronic wounds in the lower limbs constitute an important public health 

problem both due to their prevalence and the associated economic costs [4]. 
Compression therapy can be considered the mainstay of aetiological treatment 

of venous ulcers. However, in all cases it will be essential to find out whether there 
is a clinically significant venous reflux in the extremity which should be early 
ablated with endovenous techniques, such as thermoablation and sclerotherapy, 
to eliminate incompetent veins causing venous hypertension, and consequently, 
promote wound healing [5]. Nevertheless, in real life this referral may take time 
and should never prevent the clinician from starting early compression therapy. 

In addition, physical exercise (including heel raises and walking) and anti-
oedema measures (during rest, keeping the legs as elevated as possible) are 
essential [6]. 

In patients with reduced mobility, we should recommend dorsiflexion and plan-
tar flexion exercises. These specific exercises, in addition to pumping blood at rest, 
help to maintain or improve the flexibility of the ankle joint, which is essential for 
the correct functioning of the plantar and calf muscle pumps during walking [6]. 

The main purpose of compressing a leg is to increase venous and lymphatic 
return flow. The effects of compression therapy are not limited to oedema reduc-
tion, but also affect tissue regeneration. Therefore, compression therapy is not 
only focused on the decongestive phase, but also on the maintenance treatment
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of phlebedema and phlebolymphoedema, as well as on the prevention of ulcer 
recurrence [7]. 

Regarding local treatment, the primary goal is to promote an optimal microen-
vironment for healing, with adequate control of inflammation, exudate, removal of 
denatured tissue and stimulation of granulation and epithelialisation. With regard 
to the available scientific evidence on the actual usefulness of the different types 
of dressings in different clinical situations, there is a lack of high quality studies. 
It should be clear that the most effective treatment for excessive exudate in any leg 
wound is not any dressing, but reduction of oedema [8]. Corticosteroids, both top-
ical and systemic, may help to reduce inflammation, specially in the perilesional 
skin [9]. 

Skin grafting and negative pressure therapy may enhance healing in hard-to-heal 
wounds [10]. 

The frequency of dressing changes will depend essentially on the evolution of 
the wound. The limit of this spacing is not established, as it will be determined 
by the control of exudate, pain, odour, itching and the maintenance of the dressing 
or bandage in place. Ideally, dressing changes should be spaced as far apart as 
possible if the wound is progressing well. Moreover, those wounds that are having 
a good evolution may not need cleansing or debridement in each dressing change. 

In this chapter you will find real life cases with both diagnosis and treatment 
pearls that are not always found in guidelines but, without a doubt, will be very 
helpful in your clinical practice. 

For an adequate management, both diagnostic and therapeutic, of venous leg 
ulcers, it is important to be trained to:

• Know the cutaneous changes associated with chronic venous insufficiency and 
understand their prognostic significance

• Perform a peripheral pulse examination and the ankle-brachial index, since it is 
essential to rule out an associated arterial component to the wound.

• Rule out other etiologies of leg ulcers that can simulate a venous ulcer.
• Remember that leg wounds, especially in the elderly, are not usually due to an 

isolated cause.
• Remember that early compression therapy is key in venous leg ulcers
• Understand the necessity of a referral for assessment, diagnosis and possible 

treatment by a vascular surgeon.
• Understand the benefits of corticosteroids in inflammatory skin lesions, their 

potencies, excipients and routes of administration.
• Know the characteristics and indications of the different commercially avail-

able compression systems. Bandages should be used until complete healing and 
afterwards, to prevent recurrence, compression stocking or compression wraps 
should be used. The technique of putting these devices should also be learned.

• Know the debridement techniques and the different antimicrobial products, 
without forgetting that the best anti-inflammatory, debridement and antimicro-
bial treatment is the compressive therapy.
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• Understand and know in which indications and how to apply negative pressure 
wound therapy. It is also important to know the devices marketed.

• Know the technique and follow-up of punch grafting. The punch grafting tech-
nique is a thin total skin graft, like mesh grafts, but it does not need to be 
performed in the operating room and is very efficient. In the follow-up it is 
important to have previously seen photos of cases to understand the types of col-
oration that we can find and that the most important thing is not to manipulate 
the wound. 

Case 3.1. When Adapted Compression Therapy is not Enough 

Introduction 

Chronic wounds are due mainly to vascular causes. Treatment of chronic wounds 
depends on their aetiology, but the healing process is influenced by many other 
factors. The case below is about a patient with a venous ulcer with a torpid 
evolution. 

Case Report 

We present a 70-year-old woman who consulted for 3-year duration chronic ulcers. 
As personal history, she presented arterial hypertension, dyslipidemia and grade II 
obesity (BMI 37). She had been treated with sclerotherapy for varicose veins in 
both legs. She lived alone, walked without any aid and was independent for all 
basic activities. The patient had been admitted in hospital repeatedly to receive 
parenteral antibiotic therapy due to isolation from the wound bed of methicillin-
resistant Staphylococcus aureus, multidrug-resistant Pseudomonas aeruginosa, and 
Proteus mirabilis, without clinical signs of infection. She was treated with systemic 
ceftriaxone, ceftazidime, and cloxacillin. On physical examination, she had ulcers 
in both legs. Distal pulses were palpable. The wound on the left leg was larger, 
up to 7 cm in diameter. Abundant adherent sloughy tissue stood out in the wound 
bed. She did not present associated cellulitis or other signs of infection. Both legs 
showed ochre dermatitis, corona phlebectatic corona and varicose veins, that is, 
signs of chronic venous insufficiency (Fig. 3.1). Both pedal and posterior tibial 
pulses were palpable.

Adapted compression therapy was started in both lower limbs in combination 
with sequential punch grafting sessions every 4 weeks. The ulcer on the right leg 
healed quickly, but the wound on the left leg had a recalcitrant progression, requir-
ing multiple sessions of punch grafting. During its follow-up, the wound presented 
excessive granulation tissue, which was biopsied to rule out overgranulation due 
to neoplasia (Fig. 3.2).
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Fig. 3.1 Initial clinical presentation of the left leg wound

Fig. 3.2 Overgranulation after several sessions of punch grafting 

Granulation tissue was reduced after treatment with topical corticosteroids in 
occlusion. After 3 years of treatment, the wounds continue to progressively reduce 
and the pain has disappeared. 

Discussion 

Venous leg ulcer is the most common type of leg ulceration and it is a significant 
clinical problem, affecting approximately 1% of the population and 3% of people 
over 80 years of age in Western countries [11]. Among the predisposing factors, 
it should be highlighted chronic venous insufficiency, female sex, inactivity and 
obesity, which were all present in our patient.

https://pezeshkibook.com



E. Conde Montero et al.38

The abuse of antibiotic treatment without the presence of signs of infection 
is unfortunately a widespread reality, as it does not take into account that the 
diagnosis of infection is clinical, not microbiological. 

Regarding the therapeutic options, compression therapy is considered the fun-
damental key of the etiological treatment of venous leg ulcers, even if endovenous 
flux ablation should always be considered to treat directly the endovenous hyper-
tension [7, 12, 13]. The application of autologous punch grafting may also 
accelerate the healing of venous leg ulcers. Even if the bed is not in perfect condi-
tions and the grafts do not succeed to get attached to the wound bed, growth factors 
and cells are produced to promote epithelialization and reduce inflammation [14]. 
Sometimes several punch grafting sessions must be performed to achieve complete 
epithelialization, a treatment that is very well accepted by the patient [15]. 

However, this case illustrates situations that we can frequently find in our clin-
ical practice, such as patients who do not perform physical exercise, who do not 
consider losing weight or who do not have family support to encourage them to 
avoid prolonged sitting or standing. In these cases, it is very likely that the progres-
sion of the wound will not be as expected despite the prescription of compression 
therapy in the lower limbs. For this reason, it is essential to address the patient as 
a whole, including the social sphere, which in many patients has a great impact 
on healing [16]. 

As a summary, it must be assumed that if the factors that are stagnating 
the wound are not being modified, good results cannot be expected, even with 
advanced therapeutic strategies, such as skin grafting. 

Case 3.2. The Challenge of Ulcerated Atrophie Blanche 

Case Report 

We present a 54-year-old man, who works as a schoolteacher, with a medical-
surgical history of dyslipidemia, deep vein thrombosis with pulmonary throm-
boembolism and saphenectomy, under treatment with acenocoumarol and atorvas-
tatin. He presented with a recurrence of venous ulcer in the internal supramalleolar 
region of his right leg of one month duration. According to the patient, the would 
had worsened despite adequate compression therapy. 

Physical examination revealed an ulcer of approximately 2× 1 cm with intense 
atrophie blanche in the perilesional skin (Fig. 3.3a, b). Distal pulses were present.

Despite the small size of the wound, taking into account the intense pain (8/ 
10 on the VAS pain scale) and the underlying white atrophy, it was decided to 
perform punch grafting on an out-patient basis. 

The donor site was the anterolateral aspect of the left thigh. After tumes-
cent lidocaine injection to the donor site, the thin split-thickness skin grafts were 
obtained with a surgical blade and placed on the wound bed. The grafted ulcer was 
covered with a interface dressing and an alginate dressing and a multi-component 
compression bandage were used. The donor site was covered with an alginate
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Fig. 3.3 a Venous ulcer with atrophie blanche in the perilesional skin. b Close-up figure

Fig. 3.4 Complete 
epithelialization 5 weeks 
after punch grafting 

sheet and gauze as a secondary dressing. Absolute rest was recommended for 
one week. The first dressing change occurred 7 days after the surgical procedure 
and frequency of subsequent dressing changes ranged from 7 to 14 days. Pain 
was promptly reduced, and complete epithelialization was achieved 5 weeks later 
(Fig. 3.4). 

Recommendations after complete healing were daily use of moisturizers, 
elevated legs during rest and 34–46 mm Hg compression stockings. 

Discussion 

Venous ulcers appearing on a leg with atrophie blanche are characteristically 
painful and more resistant to treatment [17]. 

The pathophysiology of atrophie blanche is not exactly known, but it is usually 
associated with the alteration of the microcirculation, and a typical clinical sign of
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the post-thrombotic syndrome. The authors who have histologically studied these 
lesions initially describe occlusions of the small vessels of superficial dermis with 
fibrinous microthrombi, hyalinization and wall thickening and, in lesions of longer 
evolution, dermal sclerosis and epidermal atrophy [18]. 

Therefore, all the diseases that produce this type of decrease in microcirculatory 
flow can trigger tissue infarcts and the consequent scar areas which we call white 
atrophy. Chronic venous insufficiency is one of these diseases and, in fact, the one 
most commonly associated with white atrophy [18, 19]. 

However, it may appear secondarily to other disorders involving coagulation 
disorders (such as hypercoagulability states, collagen disorders, alteration of fibri-
nolysis) and even in a primary presentation. All of these primary and secondary 
causes of atrophie blanche would be included within the entity known as livedoid 
vasculopathy, a type of occlusive vasculopathy without associated vasculitis. In 
many patients with white atrophy and a diagnosis of livedoid vasculopathy, we also 
find chronic venous insufficiency. Livedoid vasculopathy usually affects middle-
aged women and presents with painful purpuric papules, typically on the dorsum 
of the feet and inframalleolar region, progressing to ulcers and areas of atrophie 
blanche [19]. Therefore, in cases of atrophie blanche without associated chronic 
venous insufficiency, we should perform both lab tests to exclude thrombophilia 
and biopsy of the edge of the ulcerated lesions [18, 19]. 

The treatment of atrophie blanche will be that of the associated disease and 
the objective will be, mainly, to avoid the progression of the lesions. In cases 
of chronic venous insufficiency, the control of venous hypertension is essential, 
with anti-edema measures, compression therapy and, if significant venous reflux 
is present, endovenous treatment (sclerotherapy or thermal ablation techniques) 
[19, 20]. Compression therapy must be adapted to the patient’s tolerance, as these 
lesions can be very painful. 

To promote the closure of ulcers that appear in the context of atrophie blanche, 
as in this case, skin grafts are a good alternative, with a rapid decrease in pain due 
to their analgesic effect [14, 17]. 

Case 3.3. Recurrence is a Sign of Poor Prognosis 

Case Report 

A 58-year-old man was referred to our Wound Center for a recurrent non-healing 
venous leg ulcer. He had a history of hypertension, obesity non-alcoholic fatty liver 
disease and hyperuricemia with gout arthritis. His regular treatment was omepra-
zol, valsartan/hydrochlorothiazide and allopurinol. The vascular surgeon excluded 
significant venous reflux to be treated with endovenous techniques. Clinical exam-
ination revealed an extensive superficial ulcer in the internal distal aspect of his 
right leg, measuring 14.5× 9 cm. The wound edges were undermined, exhibiting 
erythema and inflammation, with granulation and sloughy tissue in the wound bed.
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Fig. 3.5 Initial clinical 
presentation of the wound 
showing an extensive ulcer 
that affects the internal distal 
third of the leg 

He also showed intense eczema and phlebolymphedema in both legs. He presented 
no signs of infection (Fig. 3.5). 

Distal pulses were palpable. The lesion was diagnosed as a venous leg ulcer 
(CEAP classification stage C6). He was treated with topical corticosteroids mixed 
with moisturizing cream on the whole leg, topical corticosteroids mixed with zinc 
oxide cream on the wound edges and zinc oxide lotion in the wound bed. Then, the 
wound was covered with alginate dressing and Unna Boot bandage as compression 
therapy. Moreover, he received one month of systemic corticosteroids (prednisone 
30 mg/day) in order to reduce inflammation. Dressing and bandage changes were 
performed monthly. Two weeks later, an important improvement was observed, 
with eczema reduction and control of inflammation at the edges. Reduction of 
pain was also observed. 

One month later, punch grafting was performed in an outpatient basis with the 
aim of decreasing wound extension and depth. Complete bed rest at home and anti-
edema measures was recommended and Enoxaparin 40 mg per day was prescribed 
for thromboprophylaxis. 

In the first follow-up visit (day 15 after punch grafting), complete graft attach-
ment was achieved with progressive contraction of the ulcer in the following 
weeks. Wound healing protocol in the follow-up visits included the application of 
topical zinc oxide, alginate dressings, and compression therapy avoiding cleansing 
in each dressing change. Complete epithelization was obtained three months after 
the referral (Fig. 3.6).

Daily use of emollients and compression wraps were recommended to protect 
the skin barrier and prevent recurrences. 

Discussion 

Venous leg ulcer is the most common type of leg ulceration and it is a signifi-
cant clinical problem, affecting approximately 1% of the population and 3% of
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Fig. 3.6 Complete 
epithelization within five 
weeks after punch grafting

people over 80 years of age in developed countries [11]. A venous ulcer consti-
tutes the most advanced stage of chronic venous insufficiency, that is, the result of 
poorly controlled venous hypertension. The subsequent decreasing in microcircu-
latory flow, age, deterioration of calf muscle pump, contribute to recurrent lesions 
resistant to treatment. Other predisposing factors, such us female sex and obesity 
are also associated with the development of venous ulcers [7]. 

The cornerstone of treatment of venous leg ulcers is an accurate aetiologi-
cal treatment [21]. Compression therapy, adapted to the patient’s acceptance and 
needs, is key. Moreover, anti-edema measures and, if venous reflux is present, or 
endovenous treatment (sclerotherapy or thermal ablation techniques) can help to 
control venous hypertension [21]. 

The application of autologous punch grafts has also been shown to accelerate 
the healing of venous wounds with progressive contraction of the ulcer and pain 
reduction due to their analgesic effect. Even if the wound bed does not present with 
perfect conditions and the grafts do not get attached to the wound bed, molecular 
mediators are produced that promote epithelialization and reduce inflammation. 
Sometimes several punch grafting sessions must be performed to achieve complete 
epithelialization, a treatment that is very well accepted by the patient [14]. 

This case demonstrates the importance of an appropriate aetiologic treatment 
for a venous leg ulcer with compression therapy, the benefit of adding cor-
ticosteroid treatment to decrease inflammation and punch-grafting to promote 
epithelialization. 

Despite the fact that there are few studies about the benefit of corticosteroid 
therapy in wound healing, both topical and oral corticosteroids may be inter-
esting to reduce excessive inflammation associated to venous hypertension and 
consequently accelerate good healing [9, 22]. 

Punch grafting is a simple and traditional technique to promote the closure of 
ulcers that appear in the context of chronic venous insufficiency. Basic wound 
treatment and simple surgical techniques can provide the best results in healing 
wounds and alleviate patient’s pain.
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Case 3.4. When Compression Therapy is not Enough 
and Advanced Treatments Are Needed 

Introduction 

Chronic venous insufficiency is the most common vascular disease, with 48.5% of 
prevalence and increasing with age. It is more common in women and has peak 
incidence between 40 and 49 years in women and 70–79 years in men [23]. 

The appearance of ulcers is the most advanced stage of chronic venous disease 
and it presents high morbidity rates [24]. Ulcers of venous etiology account for 
70–90% of lower limb ulcers and are an important socio-health problem due to 
their high frequency and high impact on the quality of life of patients [25]. Its 
comprehensive assessment should include a detailed clinical history, risk factors, 
eating habits, genetic factors, work activity, general physical examination and clin-
ical examination of the wound, with assessment of pain if present, and a doppler 
ultrasound. However, an early assessment by a vascular surgeon is not feasible 
in all health care systems. Pain care should be a priority in patients with chronic 
ulcers. In addition to the usual pain killers, irrigation with sevoflurane and punch 
grafting are two procedures that have proven useful in analgesic control in chronic 
and hard to heal ulcers [14, 26]. 

Case Report 

An 52-year-old female patient as presented to our unit with a 4-year history of 
lower left leg nonhealing ulcers. She had a history of high blood pressure, obesity, 
chronic kidney disease, chronic venous insufficiency diagnosed with doppler ultra-
sound and contact allergy to balsam of Peru, colophony and isothiazolinone. The 
wounds were in the external and internal malleolus of the left leg, up to 9.5 cm in 
diameter the largest ulcer (Fig. 3.7a).

She had preserved pulses and cutaneous signs of chronic venous insufficiency. 
She had very intense and disabling pain (EVA 8/10) despite oral analgesia and 
the local pain prevented proper cleaning of the wounds, the use of cream anal-
gesics and even made it difficult to use compression therapy due to intense pain in 
the ankle crease. The patient was offered off-label treatment with topical sevoflu-
rane to improve pain. The corresponding informed consent was obtained. After 
three sevoflurane irrigations twice weekly, a notable improvement in pain was 
achieved (EVA 2/10) and a remarkable additional improvement in the wound bed 
was obtained (Fig. 3.7b). 

After the third irrigation two punch graft sessions were done one on each side 
(Fig. 3.8a).

The autologous grafts were obtained from the anterior thigh. The procedure 
was very well accepted by the patient, total pain control was achieved, and
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Fig. 3.8 a Clinical aspect 10 days after coverage of the ulcers with punch grafting (8a1. inter-
nal malleolus; a2. external malleolus). b Complete epithelialization after 2 months (8b1. internal 
malleolus; b2. external malleolus)

complete epithelialization of the lesions was achieved 2 months after the proce-
dure (Fig. 3.8b). To prevent recurrences, compressive therapy with an adjustable 
medical compression system was started. 

Discussion 

The key of venous ulcer treatment is the control of venous hypertension with early 
therapeutic compression [27] and, if possible and indicated, venous reflux abla-
tion after assessment by a vascular surgeon (not needed in this case). The pain 
associated with venous ulcers can be very disabling and the reduction in quality 
of life for patients is difficult to measure [28]. Moreover, it can impair adher-
ence to compression therapy. Sevoflurane is an inhalational anaesthetic agent that 
has demonstrated off-label analgesic action when it is irrigated on painful chronic 
ulcers [29, 30]. In addition to reducing pain, it could improve the wound bed due 
to its bacteriostatic action and its ability to promote neovascularization [14, 29, 
30]. Although the studies published in the literature are mostly isolated cases or 
short series, the results are promising. Punch grafting is another procedure with 
analgesic effect, which also promotes wound epithelialization [27]. The benefit 
of the combination of therapeutic compression, sevoflurane irrigation and punch 
grafting has also been described in arteriolopathic ulcers [31].
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Finally and regarding this patient, in patients with chronic ulcers it should 
be remembered that the wet and occluded environment together with the dam-
aged skin barrier are predisposing factors for contact sensitization, so potentially 
sensitising substances should be avoided as much as possible [32]. 

Case 3.5. The Complex Post-thrombotic Syndrome 

Case Presentation 

A 54-year-old male presented to the Wound Care Department for recurrent, long-
standing ulcers on his left lower extremity. The patient had been diagnosed with 
post-thrombotic syndrome several years before following deep venous thrombosis, 
which had occurred in the context of pneumonia. Additionally, he had HIV infec-
tion, a history of recurrent venous leg ulcers in both legs, pulmonary embolism, 
bilateral saphenectomy. His current treatment regimen included acenocoumarol, 
antiretroviral therapy and analgesics for pain management. A left iliac vein stent 
had been implanted five years prior without success and no other treatments were 
viable. The thrombophilia study performed showed no alterations of interest. 

Physical examination revealed two oval-shaped imprecisely defined, painful 
ulcers on the distal third of the inner aspect of his left leg measuring 2.9×1.8 cm, 
respectively 3.3 × 2.4 cm, encompassed by eczematous and hyperpigmentation 
changes (Fig. 3.9). Distal pulses were palpable. 

Granulation tissue was found at the wound bed and wound edges were under-
mined. Furthermore, he presented an 1.4×0.9 cm sized ulcer situated on the 
dorsal face of his left foot (Fig. 3.10), in the context of phlebo-lymfoedema with 
verrucous skin changes.

No signs of infection were observed. A diagnosis of recurrent post-thrombotic 
venous leg ulcers was established on clinical grounds. Punch-grafting was pro-
posed, but the patient initially refused due to the inability to maintain bed rest after 
the procedure for work reasons. Consequently, the treatment plan consisted in zinc 
oxide cream on the wound edges along with zinc oxide lotion and alginate dress-
ing on the wound beds. Also, compression therapy with multi-component system

Fig. 3.9 Two ulcers located 
on the distal third of the inner 
aspect of the left leg 
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Fig. 3.10 Third ulcer 
situated on the dorsal face of 
his left foot

Fig. 3.11 Complete 
epithelialization of the ulcers 
with scab formation

was applied. The initial follow-up visit occurred two weeks later, with subsequent 
appointments scheduled weekly or every two weeks for ongoing assessment and 
continuation of the same treatment protocol. During dressing changes no cleansing 
was performed. Reduction in the size of the wounds and pain relief was seen. After 
four months, punch-grafting in an outpatient setting was conducted. The donor site 
was the anterolateral region of the left thigh. Alginate sheets covered the grafted 
ulcer and a multi-component compression bandage was applied. In the next weekly 
follow-up visits, the management of the wounds consisted in zinc oxide lotion, 
alginate sheets and compression therapy without any cleansing or debridement. 
Complete epithelialization was achieved one month after the procedure (Figs. 3.11 
and 3.12). 

Discussion 

Thrombotic events are occurring among patients with HIV despite their relatively 
young ages. Advanced HIV disease is a risk factor for development of thromboses, 
possibly due to an increased inflammatory state or the presence of concurrent 
comorbidities such as infections [33]. 

Post-thrombotic syndrome (PTS) represents a commonly encountered compli-
cation that affects up to half of the patients diagnosed with deep vein thrombosis
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Fig. 3.12 Complete 
epithelialization of the ulcers 
with scab formation

with a significant impact on their quality of life [34]. The most frequent symptoms 
are mild and consist of pain, pruritus, swelling and a sensation of heaviness in the 
affected limb. Even if there is no objective diagnostic test to define PTS, it is rec-
ommended the use of the Villalta scale (VS) as a standard in the clinical setting 
to diagnose PTS because of its practicality, good interrater reliability, and external 
validity [35]. 

However, leg ulcers, though rare, represent a severe manifestation of this syn-
drome [34]. The appearance of post-thrombotic syndrome is firstly associated with 
high venous pressure resulting from defective valves or blockage of the blood flow 
due to deep vein thrombosis [36]. The main treatment options include compression 
therapy, medication and lifestyle changes with surgical and endovascular proce-
dures such as deep venous stenting being considered for suitable patients [37]. 
The post-thrombotic ulcers may be recalcitrant and unresponsive to conventional 
therapy [2]. While the stenting procedure may appear as a promising therapeutic 
option, its clinical outcomes aren’t always successful, as evidenced in this case 
presentation. 

In accordance with the CEAP classification, the patient’s ulcers correspond to 
class C6r indicating recurrent disease. Venous leg ulcers that recur are challenging 
to heal due to their development in areas with significant scar tissue [2]. 

Consequently, cutaneous changes secondary to post-thrombotic syndrome, 
mostly associated to tissue sclerosis secondary to inflammation due to venous 
hypertension, represent a challenging barrier for wound healing and advanced 
treatments such as punch-grafting should be considered. 

Case 3.6. Pretibial Venous Leg Ulcer 

Case Report 

A 48-year-old woman, who worked as a cook, was referred to our Wound Cen-
ter for a painful ulcer located on her left leg, which had been progressing over 
a period of two months. She was under follow-up at her Primary Care Center 
with unsatisfactory outcomes. As part of her medical history, she had chronic
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Fig. 3.13 Ulceration located 
in the left medial pretibial 
region observed at initial 
consultation 

deep venous insufficiency in the lower extremities, with varicose veins involving 
the territory of the internal and anterior saphenous veins without indication of 
endovenous ablation by the vascular surgeon, an episode of deep venous throm-
bosis treated with heparin, obesity (BMI 35) and smoking habit. The patient had 
been evaluated for thrombophilia ten years ago, revealing an elevated factor VIII 
level. Her regular treatment was acenocoumarol, sulodexide, ebastine, pregabalin, 
as well as several analgesics since the onset of the ulcer. In the clinical exami-
nation, she presented signs of chronic venous insufficiency with ochre dermatitis 
and edema in both lower limbs, predominantly on the left side, with palpable dor-
salis pedis pulses. An ulcer measuring 6 cm in maximum diameter was present 
in the medial pretibial region of the left lower extremity, with superficial sloughy 
tissue, erythematous edges and perilesional erythema, being painful to palpation 
(Fig. 3.13). She presented with palpable pulses. 

Diagnosis was consistent with venous leg ulcer (CEAP classification stage 6). 
The patient was managed applying zinc oxide paste to the wound edges and zinc 
oxide lotion to the wound bed. Subsequently, the wound was dressed with alginate 
and a two-layer compression bandage. Punch grafting was performed a week later, 
covered with alginate dressing and two layers of zinc oxide bandage (Unna boot). 
Bed rest and anti-edema measures at home were recommended, and enoxaparin 
40 mg per day was prescribed as thromboprophylaxis. 

At the follow-up appointment on day 14 after grafting, complete graft attach-
ment was observed (Fig. 3.14).

Subsequent visits involved a wound healing regimen comprising topical zinc 
oxide application, alginate dressings, and the application of an Unna Boot bandage 
as compression therapy, with avoidance of cleansing at each dressing change. 

In the ensuing weeks, the ulcer gradually contracted, achieving full epithe-
lialization two months post-referral (Fig. 3.15). The patient was discharged with 
daily use of compression stockings and anti-edema measures, without subsequent 
recurrences.
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Fig. 3.14 Appearance of the 
ulcer at the initial 14-day 
follow-up visit after punch 
grafting

Fig. 3.15 Reepithelialization 
at seven weeks post punch 
grafting 

Discussion 

Venous pathologies in the context of leg ulcers are effectively assessed by Doppler 
ultrasound. It is the first-line non-invasive test in case of a suspected venous leg 
ulcer. The examination allows to visualise the deep and superficial venous system 
and the perforating veins of the lower limbs. Doppler ultrasound examination can 
be divided into three parts—deep vein assessment and deep venous thrombosis 
protocol; reflux testing in deep and superficial systems; perforating vein study. 
The venous valve function and presence of reflux can be evaluated by measuring 
the retrograde flow in the veins by squeezing the calf muscle and observing the 
brief backward flow [38]. 

Deep Venous thrombosis in certain cases can be caused by inherited throm-
bophilia or antiphospholipid syndrome. Clinical clues for thrombophilia are venous 
thrombotic events (VTE) at a young age (< 50 years), especially unprovoked or 
in association with weak provoking factors (oral contraceptives, minor surgery, 
immobility); strong family history of VTE at a young age; recurrent VTE, espe-
cially at a young age; VTE in unusual sites such as cerebral or splanchnic veins. 
In case of clinical suspicion of clotting disorders, the following tests should be 
performed:, protein C, protein S, antithrombin, prothrombin gene mutation, Factor 
V Leiden, myeloproliferative neoplasms, lupus anticoagulant and anticardiolipin 
antibody [39].
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When treating leg ulcers, several prognostic factors should be considered. A 
recent study [40] has found that negative predictive factors are ulcer size greater 
than 8.25 cm2, as in our case, underlying chronic venous disease for more than 
20 years, multiple comorbidities, ulcer depth, presence of unpleasant smell and 
ulcer location other than medial ankle area, as it was observed in this case. 

Punch grafting can be considered as a therapeutic option for hard-to-heal 
wounds. It has overall low costs due to the autologous nature of the grafted mate-
rial. Thin slices of epidermis down to papillary dermis are being taken from the 
donor site, usually the upper thigh, and placed on the ulcer bed. The donor site 
dressing change (commonly alginate sheets) is spaced out as much as possible to 
achieve complete epithelialization. The ulcer is covered with alginate or an inter-
face dressing. Multicomponent compression therapy is applied. Such a method 
has shown complete epithelialization even in ulcers previously resistant to therapy 
[41]. 

Compression therapy is key in the treatment of venous leg ulcers. It is a gradual 
external layer of compression that ensures the reversal of the main pathophysiolog-
ical factor of venous ulceration—ambulatory venous hypertension. Compression 
therapy can be performed by short-stretch bandages, multicomponent compression 
systems, compression stockings or wraps. The recommended pressure around the 
ankle should be 40 mmHg. Compression systems should be adapted to the patient 
and applied by trained professionals to avoid possible complications of poor ban-
dage application [42]. In contrast to previous long lists of absolute and relative 
contraindications for compression therapy, recent expert consensus agrees on two 
main contraindications: severe peripheral artery disease and severe heart failure 
[43]. 

In addition to medical treatments, there are certain lifestyle changes that can 
benefit ulcer healing, such as smoking cessation, nutritional changes, adequate 
pain management, exercise and leg elevation during rest. For leg elevation patients 
are advised to keep the legs at 10–30° and above heart level. On the contrary, 
high leg compression with leg elevation was associated with worse clinical out-
comes [44]. Patients should be advised on appropriate techniques, considering the 
type of compression they are receiving. Lifestyle changes require a multidisci-
plinary approach, including motivational interviews [44]. Often, they are hard to 
be achieved and implemented. In this clinical case no lifestyle changes were made. 

Case 3.7. Some Venous Leg Ulcers Do not Need Cleansing 
or Debridement 

Case Report 

A 73 year old woman came to our wound clinic with a recurrence of a venous ulcer 
on the inner side of the left leg of two months of evolution. The previous episode 
had been in the same location 2 years earlier. Her medical history included arterial
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Fig. 3.16 Venous leg ulcer 
on the inner aspect of her left 
leg 

hypertension and saphenectomy in her left leg 20 years before, without present 
significant venous reflux. 

The ulcer had undermined edges, adherent slough to the wound and no signs of 
infection. The leg presents ochre dermatitis (hyperpigmentation due extravasation 
of erythrocytes, hemosiderin-laden macrophages and melanin deposits), atrophie 
blanche and lipodermatosclerosis in the context of her chronic venous insufficiency 
(Fig. 3.16). 

The diagnosis of venous ulcer recurrence (CEAP6r) was established and with-
out cleansing or debridement of the bed, it was covered with a fiber dressing and 
multicomponent bandage. The first dressing change was performed 15 days later, 
with wound contraction and absence of pain (Fig. 3.17). 

The same treatment was repeated, without cleansing or debridement and, on 
the follow-up visit 2 weeks later, there was complete epithelialization with scab 
formation, at which time compression wraps were prescribed to prevent recurrence 
(Fig. 3.18).

Fig. 3.17 Great 
improvement evidenced at 
the first dressing change 
15 days later 
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Fig. 3.18 Complete 
epithelialization one month 
after initial visit 

Discussion 

Venous leg ulcer is the most common type of leg wound and the one for which 
there are more treatment protocols endorsed by scientific societies [8]. 

While compression therapy has the highest degree of evidence and recommen-
dation (1A) for venous ulceration, it is not clear what is the best wound bed 
management strategy, including optimal frequency of dressings. In fact, although 
most expert consensus and clinical guidelines recommend that every dressing 
change should be followed by cleansing and debridement of the wound bed, the 
available evidence does not support the need for such a protocol [45]. 

Each dressing change is an opportunity to promote, with cleansing and debride-
ment, the removal of what is hindering healing (excess exudate with proinflamma-
tory cytokines, non-viable tissue, bacterial load). However, any manipulation of 
the wound bed will also have an impact on the cells and growth factors that are 
promoting wound closure. 

Wounds exudate in wounds that are having a good progression is a source of 
cells and growth factors that promote healing. Therefore, in these cases, frequent 
and/or aggressive washing with friction should be avoided, as we can interrupt the 
formation of new tissue. 

In the absence of denatured tissue or signs of infection in the wound bed, the 
practice of routinely cleansing a wound during dressing changes is nothing more 
than a ritual and may actually delay healing [46]. 

Therefore, when faced with a venous ulcer, the most important thing is to focus 
on adequate treatment of the cause (compression therapy adapted to the individual 
and assess the possibility of interventional treatment of reflux), encourage physical 
exercise and elevation of the legs during rest. Consequently, compression therapy 
should be initiated early in case of recurrence, as in this case, and a vascular 
surgeon should verify if significant reflux is present. 

These anti-edema measures will, by themselves, be the best anti-gravity, anti-
inflammatory, antimicrobial and debridement treatment for venous ulcers. 

Therefore, if the ulcer is progressing well, the ideal is the maximum spacing of 
dressing changes that allows, as long as the bandage stays in place and exudate is
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controlled. Moreover, during dressing changes, the microenvironment of the ulcer 
should be altered as little as possible so as not to damage the neoformed tissue. 

Case 3.8. Comprehensive Management of Lower Leg Ulcers 
in a Morbidly Obese Patient 

Case Description and Medical History 

A 55-year old female, known with class III obesity (morbid obesity), BMI 44.08, 
presented in the Dermatology clinic in September 2022 for the appearance of sev-
eral ulcers affecting the lower legs, bilaterally. Lesions had been present for more 
than 3 years, each of them appearing after minor local trauma and the lesions had 
gradually increased in size and depth. The patient was previously consulted several 
times by the general practitioner who recommended the use of local creams for 
epithelization, with no further investigations. She is working in an office, which 
demands a prolonged sitting position, with no regular walking throughout the day. 
It was decided on the patient admission to the hospital, for further investigations 
and initiation of wound management. 

Clinical Findings 

At the time of the first clinical examination, the patient had significant bilateral 
lower extremities edema and swelling. The skin was thickened, with a shiny, tight 
appearance, and felt warm to the touch. On the antero-lateral aspect of the left 
lower leg, there was an ulceration measuring 20 cm×15 cm, covered with adher-
ent yellow deposits and necrotic areas, surrounded by an erythematous plaque, 
indurated, warm to the touch (Fig. 3.19a). On the anterior aspect of the right lower 
leg, the wound was 6 cm × 5 cm and square in shape with a peri-wound area of 
erythema previously treated with topical hydrocortisone (Fig. 3.19b).

The tissue surrounding the erythema was healthy. Tortuous and dilated veins 
noted in the greater saphenous vein territory along the medial side, up to above 
the knee level was noticed. All the peripheral pulses were palpable normally 
bilaterally. 

Diagnostic Assessment 

The bilateral Doppler ultrasound assessment revealed mild reflux in the left great 
saphenous vein without significant varicosities in its side branches. In the right 
great saphenous vein, moderate reflux was noted, with prominent varicosities in 
the side branches. The femoral, popliteal, posterior tibial, and small saphenous 
veins were within normal limits, showing no evidence of reflux.
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Fig. 3.19 Aspect of the wounds during the first consultation. a Wound of the left lower limb. b 
Wound of the right lower leg

Routine blood evaluations including hemogram and blood sugar levels were 
within normal ranges, although the blood sugar level was close to the upper limit. 
Considering also the association of obesity, it was decided to be evaluated by a spe-
cialist in metabolic and nutritional diseases, to discuss an individualised nutritional 
plan for losing weight. 

Due to the associated pain, malodor, purulent exudate, periwound skin changes 
(erythema, heat, swelling), wounds were considered to be infected, and a swab was 
collected from the wound bed tissue, to identify the bacteria involved in the wound 
infection. Bacteriological examination revealed the presence of Pseudomonas 
aeruginosa and Escherichia coli, both with sensitivity to ceftriaxone. 

Therapeutic Interventions 

Therapeutic interventions for this patient included the combination of compression 
therapy, cleansing of debris from the wound, debridement, infection treatment, 
special dressings, and nutritional plan for weight control. Compression therapy 
was started in both lower limbs, initially with a low degree of compression (17– 
22 mmHg), followed by a higher degree (28–30 mmHg) after 2 months. This 
strategy promoted treatment adherence. 

The wound was cleansed using a chlorhexidine solution, with jet lavage, every 
other day for the first 2 weeks of treatment. In this way we managed to remove the 
wound debris, soften the necrotic tissue, reduce the bacterial burden and reduce 
the malodor. Wound cleansing was combined with mechanical debridement, per-
formed by a specialised nurse and aiming to create an optimal wound-healing 
environment by producing a well vascularized, stable wound bed with optimal exu-
date. For the control of wound infection, it was decided to use a systemic antibiotic 
recommended Intravenous ceftriaxone was recommended for 10 days. Considering
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wounds’ depth and associated level of wounds’ exudation, during the first 2 weeks, 
it was decided to use local absorbent dressings (alginates) to manage the moisture 
of the wounds. This treatment regime combining wound cleansing, mechanical 
debridement, dressings and compression therapy was performed every other day 
until hospital discharge. After these two weeks, the erythema was reduced at the 
wound margins, the level of exudate decreased, and the wound bed had less slough. 
Granulation tissue could be seen at the wound margins and under the slough. 

After one month, when the wound infection was controlled and the level of 
exudate decreased significantly, it was decided the use of hydrocolloid dressings 
for wound management, to promote the formation of granulation tissue. All the 
local therapies were combined during the whole period with lymphatic drainage 
sessions, 3 times per week in the first month and reduced to once per week 
afterwards. 

Follow-Up and Outcome 

The patient was evaluated periodically, every month after leaving the hospital, 
until present. Significant wound improvement was noticed 2 months after start-
ing with the treatment plan (Fig. 3.20a, b), showing signs of granulation and 
epithelialization in both wounds. 

Currently, the wound on the right lower leg is completely healed while the one 
on the left lower limb is closed in a proportion of 60% (Fig. 3.21a, b).

During the last visit, the patient also reported a lifestyle change, combining a 
more balanced diet with an increased level of daily physical effort, which also 
determined a weight reduction of 15 kg in a 6 month period.

Fig. 3.20 Aspect of the wounds after 2 months of wound management (a. before; b. after 
2 months) 
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Fig. 3.21 Present aspect of the wounds (after 6 months of therapy) (a. right lower leg; b. left lower 
leg)

Discussion 

The presented case of lower leg ulcers in a morbidly obese patient highlights the 
importance of a comprehensive diagnostic approach and a multidisciplinary treat-
ment plan. Class III obesity, characterised by a body mass index (BMI) above 40, 
is a known risk factor for various comorbidities, including venous insufficiency, 
impaired wound healing, and chronic inflammation [47, 48]. Obesity-related 
changes in adipose tissue function and inflammation contribute to the development 
of insulin resistance, dyslipidemia, and chronic inflammation, leading to further 
metabolic and cardiovascular complications [49]. 

In addition to pain and discomfort, chronic wounds are associated with 
prolonged hospitalisation, increased healthcare costs, and a higher risk of com-
plications. Therefore, an individualised nutritional plan for weight control, as well 
as management of comorbidities, is essential for optimal wound healing. 

Venous insufficiency is a common cause of lower extremity ulcers, particularly 
in obese patients, and the presented case was no exception. Venous reflux and 
valvular insufficiency lead to increased hydrostatic pressure, which causes tissue 
damage and ulcer formation [50]. However, recent literature supports the fact that 
centripetal obesity results in both structural and hemodynamic changes in the lower 
limb veins, leading to venous ulcers, even in the absence of significant venous 
reflux [51]. This underscores the multifactorial nature of venous ulcer development 
in obese patients. Centripetal obesity results in both structural and hemodynamic 
changes in the lower limb veins. 

In this particular case, the patient exhibited venous reflux, which contributed 
to ulcer formation. Despite the presence of reflux, the decision was made not to 
directly treat it at this stage. This decision was influenced by the patient’s morbid 
obesity, which can complicate and delay wound healing. Addressing the patient’s 
obesity through nutritional and lifestyle interventions was prioritised to improve 
overall vascular health and enhance the effectiveness of subsequent treatments for 
venous reflux.
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The presence of Pseudomonas aeruginosa and Escherichia coli, as identified in 
our patient’s wound swab, is common in chronic wounds and diagnosis of infection 
represents a challenging aspect of wound management. As in this case, infection 
delays wound healing, and it is associated with increased morbidity and healthcare 
costs [52]. 

The management of chronic wounds is complex and requires a comprehensive 
approach that addresses the underlying causes of the wound, such as poor nutrition, 
impaired mobility, and comorbidities. In this case, the patient received a multidis-
ciplinary treatment plan that included wound cleaning, debridement, compression 
therapy, and systemic antibiotic therapy. Finally, lifestyle changes, including an 
individualised nutritional plan and increased physical activity, are essential for 
long-term wound healing and prevention of recurrent ulcers. The importance of a 
multidisciplinary approach to manage comorbidities and promote lifestyle changes 
is crucial for long-term wound healing success. 

In conclusion, the successful management of chronic wounds requires involve-
ment of different healthcare representatives who can address the underlying causes 
of the wound and promote healing. Effective wound management strategies must 
include a comprehensive assessment of the patient’s comorbidities, nutritional sta-
tus, and lifestyle factors. A multidisciplinary team approach that includes wound 
care specialists, nutritionists, physical therapists, and psychologists is crucial in 
the management of chronic wounds. 
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Abstract 

The Diabetic Foot Syndrome (DFS) is a chronic relapsing/remitting disease 
affecting more than 3 million patients in Europe, exposing them to a risk of 
lower extremity amputations and death which has been estimated 20 times 
higher than the general population. The real prevalence and severity of DFS 
has so far largely been underestimated and its systemic aspects neglected. We 
profit of the occasion of presenting a series of DFS cases of ours, to display 
the complexity and the severity of DFS, which ranges from local hyperacute 
presentation to systemic chronic multiorgan decompensation, with the aim of 
adequately depict the real extent of this terrible disease for the benefit of our 
patients and their doctors. 

Keywords 

Diabetic Foot • Chronic limb-threatening ischemia • Heart failure •
Multidisciplinary approach • Negative pressure therapy 

Abbreviations 

CLTI Chronic limb-threatening ischemia 
CT Computed tomography 
DF Diabetic foot 
DFS Diabetic foot syndrome 
EBUS Endo-bronchial ultrasound-guided
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GAD Glutamic acid decarboxylase 
GP General practitioner 
IA2 Isoform 2 of tyrosine phosphatase antibodies 
MR Magnetic resonance 
NT-proBNP N-terminal portion of precursor of Brain natriuretic peptide 
PET Positron emission tomography 
SGLT2 Sodium glucose cotransporter 2 
TMA Trans metatarsal amputation 

Introduction 

The International Diabetes Federation estimated that the number of patients who 
presents a diabetic foot (DF) episode every year ranges from 9.1 to 26.1 million 
[1, 2]. Among diabetes complications DF is associated with the highest levels of 
morbidity and mortality [3]. DF is still now the most frequent cause of lower limb 
amputation and the risk of death in five years in a patient with a DF ulcer is 2.5 
times higher compared to a patient without ulcers and remains two times higher 
after ten years of follow up [4]. 
At variance from what was thought for decades, we are now aware that diabetic 

foot is not an acute episodic disease but rather a relapsing remitting disease in 
which, after the complete healing of an ulcer, the recurrence rate is 40% within 
one year, 65% within three years and 80% ten years after the first episode [5]. 
After each acute episode, the health status of the patient progressively worsens, 
rendering him even more prone to recurrences. Recently this new point of view 
has been synthesized with the term “Diabetic Foot Syndrome” (DFS), a clinical 
definition which includes both local and systemic aspects of DF and its chronic 
progressive evolution [6]. 
DFS represents not only the most invalidating complication of diabetes, but also 

a marker of severity for diabetes and its related comorbidities [7]. DFS patients 
represent the paradigmatic example of a high complexity patient: they are typically 
affected by a series of comorbidities and chronic complications [8]. Furthermore, 
their clinical status is so fragile that each change, therapy or procedure can expose 
them to an increased clinical risk, with often dramatic consequences [9]. Many 
of these conditions subtly develop, being asymptomatic for years. It is therefore a 
frequent finding that cardiac, renal, hepatic or other comorbidities are diagnosed 
during an admission for DFS [10]. Moreover, DFS patients undergoing to treatment 
or procedures are particularly prone to develop complications, because of their del-
icate compensation [11]. For this reason, in the last decades, it has been developed 
the concept of multidisciplinary team approach [12]. DFS specialists were, and still 
now are, aware that a such a complex syndrome could not be managed by a single 
specialist but needed a multidisciplinary team composed by many different com-
petences integrated to treat these patients [13]. This approach has demonstrated to 
be able to improve the clinical chances of these patients’ reducing amputation and
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mortality [14]. We selected from the cases followed at our department those that 
could best demonstrate the complexity of patients with diabetic foot, the severity 
of the condition and the need for multidisciplinary management coordinated with 
other specialists. We also sought to focus attention on the insidious nature of the 
condition and its tendency to recur. Indeed, the diabetic foot represents not only a 
particularly burdensome condition for the patient but also and especially a marker 
of risk and complexity of the overall clinical status. 
For an adequate management of diabetic foot ulcers is mandatory to be trained 

to:

• Know the relationship between diabetes and lower limb complications
• Understand that diabetic foot is not only an ulcer in the foot
• Recognize the course of diabetic foot pathology characterized by recurrence 
and progressivity

• Execute adequately physical assessment and objectivation
• Perform proper staging and stratification of cases
• Be aware of the need for a prompt referral of more severe patients
• Recognize the importance of multidisciplinary team as the only option for 
managing diabetic foot

• Know revascularization modalities and the main indications for the different 
modalities

• Know and implement infection control methods
• Enforce offloading modalities and educate patients on compliance with them
• Distinguish local treatment techniques and adapt them to different clinical cases
• Know the need for close follow-up with frequent reassessment and careful 
surveillance 

Case 4.1. The Sudden Worsening 

A 67-year-old gentleman was followed for more than 10 years in our DF clinic. He 
had type 2 diabetes mellitus since 1996, complicated by laser-treated retinopathy 
in right eye and chronic ischemic heart disease treated by coronary angioplasty 
in 2017, and still characterized by occasional angina episodes with no more indi-
cations to revascularization procedures. Accordingly, he also developed chronic 
limb-threatening ischemia (CLTI). He underwent, in the last years, to multiple 
bilateral percutaneous angioplasties and to partial calcanectomy in the right foot 
and amputation of II left and I right toes because of osteomyelitis and gangrene, 
respectively. 
He came at our attention on 4th August for occurrence of new lesions, bilater-

ally but more severe at right limb: plantar ulcer at the base of the first metatarsal 
with ulcerative infected lesion of the anterior, medial and posterior surfaces of 
the ipsilateral leg (Fig. 4.1a). At the contralateral limb he had only superficial 
lesions with no signs of infection. The patient was immediately admitted, it was 
sampled for cultural exams and promptly started empirical parenteral antibiotic
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treatment. The lab exams showed an only slight increase of phlogistic indexes 
but no signs of infection. The ultrasound assessment highlighted a worsening in 
an already compromised arterial district and indications for revascularization were 
given, the patient underwent angioplasty of the posterior tibial and lateral plantar 
artery of the right foot. He underwent surgical debridement to control local infec-
tion (Fig. 4.1b). The cardiological evaluation, that had not been performed for two 
years, confirmed the severity of heart involvement, revealing a dilated left ventricle 
with severe global systolic dysfunction. We adapted therefore antidiabetic therapy 
introducing dulaglutide and dapagliflozin trying to ensure better cardiovascular 
protection. 
At discharge, the local conditions were fairly good, with good control of local 

signs of infection subsequent to surgical debridement. According to the bacterial 
culture performed, diagnosis for Methicillin sensitive Staphylococcus aureus was 
made and therapy with amoxicillin/clavulanate was prescribed. 
Three weeks later, at first DF clinic control the patient showed a severe wors-

ening of the infection of the right lower limb with erythema extending to the 
knee, wide adherent eschars, abundant exudation, despite prosecution of antibiotic 
therapy. The duplex scanning confirmed the patency of the angioplasty performed 
during the recent admission so, as an attempt of limb salvage, the patient was again 
hospitalized. An MR-scan excluded the presence of osteomyelitis confirming the 
location of the infection only at the soft tissue level. Therefore the patient under-
went a new surgical debridement and intravenous antibiotic treatment. During

Fig. 4.1 a Local state of the lesion at first admission; b: local state after surgical procedure of 
debridement; c: new worsening observed at new control 
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hospitalization we could observe a slow but evident improvement of local con-
ditions and so the patient was dismissed with the indication to continue systemic 
antibiotic therapy under control of the GP. 
At the next follow up we observed a new worsening, probably due to too tight 

bandages (Fig. 4.1c). For this reason, we admitted the patient for a new debride-
ment. During pre-operative cardiological evaluation, congestive heart failure with 
reduced ejection fraction and widespread hypokinesia were noted. The cardiologist 
did not pose any indication to a coronary evaluation but rather to change diuretic 
and vasoactive therapies: furosemide, mannitol and metolazone were enhanced 
also in consideration of the slight worsening of creatinine values and of the edema 
component of venous origin affecting the lower limbs. Despite this, the patient 
continued to present persistent dyspnea. Therefore, we performed a CT-scan of 
the chest which excluded the presence of pulmonary embolism but described a 
pseudo-nodular formation in the anterior segment of the right upper lobe. As the 
patient was considered “unfit”, the pneumologist considered that no further diag-
nostic investigations were deemed appropriate. The patient also presented dullness 
at abdominal percussion associated with tenderness: an ultrasound of the abdomen 
showed abundant ascitic effusion mainly in the peri-splenic area and at the decline 
level. Hepatological consultancy did not indicate percutaneous drainage also in 
consideration of the normal values of liver enzymes and preserved hepatic synthe-
sis. Once stabilized the heart status, the patient underwent a new eschar-ectomy 
and debridement with pressure hydrosurgery to decrease the bacterial load. As 
soon as possible, the patient was discharged. He died unhealed after less than a 
month for acute pulmonary oedema. 

Case 4.2. The Long Pathway to Limb Salvage 

In the mid of January 2022, a 65 years-old man arrived at our attention, affected 
by diabetes mellitus for 30 years complicated only by laser-treated retinopathy. He 
had voluntarily resigned from a hospital in the south of Italy and traveled alone by 
train for 900 km to our clinic, where he showed up unexpectedly and was visited as 
an urgent case. He presented gangrene of III and IV toes and necrotizing fasciitis 
on medial and lateral compartment of dorsum of the foot extended to the lateral 
surface of the leg (Fig. 4.2a). He had fever and severe asthenia. The urgent blood 
tests showed a marked glycometabolic decompensation, with marked leukocytosis 
and significant increase in inflammatory indexes.
The patient was carried to the operating room within one hour from presen-

tation to undergo urgent fasciotomy, amputation of III and IV toes of the right 
foot and debridement of the lesion through hydrosurgery to reduce the bacterial 
load (Fig. 4.2b). Immediately after sampling for culture, empiric antibiotic therapy 
with piperacillin/tazobactam and daptomycin was started and then adapted accord-
ing to the results of cultural exams. Since the first postoperative day, we observed 
a gradual and constant reduction of indexes of inflammation. The vascular ultra-
sound study showed stenosis in the femoral district but at leg level its reliability
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Fig. 4.2 a Clinical 
presentation at first access of 
the patient; b: local state after 
first urgent debridement; c: 
local state after new surgical 
debridement and implant of 
dermal substitute graft; d: 
local state after autologous 
graft; e: complete healing
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appeared to be severely limited by the extensive loss of substance. It was there-
fore scheduled for an angiographic exam of the right lower limb which showed 
haemodynamic stenosis at the level of both tibial vessels and plantar circulation. 
The interventional radiologist then proceeded to endoluminal revascularization of 
the anterior tibial artery, posterior tibial artery, lateral plantar artery and plantar 
arch with vascular remodeling and improvement of the foot circulation. During 
hospitalization, despite the successful outcome of the revascularization proce-
dure, due to persistence of ischemic suffering at the level of the distal tissues, 
it was necessary to proceed with transmetatarsal amputation. Then the patient 
underwent a cycle of negative pressure therapy associated with the installation 
of poly-hexamethyl-biguanide solution. 
For the high values of the cholestasis and hypoalbuminemia markers, an ultra-

sound of the complete abdomen and a CT of the abdomen with contrast and 
hepatological consultations were performed with subsequent diagnosis of chronic 
liver disease with steatosis imprint on a dysmetabolic etiology, with suspected 
initial cirrhosis. 
After discharge the patient started a regular follow up in our DF clinic. First 

controls showed dehiscence of transmetatarsal amputation with tendon exposure 
and some areas partially covered by eschars. The patient performed an MR-scan 
which excluded the presence of osteomyelitis but showed the persistence of diffuse 
thickening of the soft tissues on the lateral side of foot and leg with oblitera-
tion of the subcutaneous adipose tissue and edema of the muscle bellies. He was 
therefore newly admitted to a new surgical debridement, followed by grafting of 
dermal substitute (Fig. 4.2c). In this occasion a duplex scan confirmed the patency 
of angioplasties performed. During hospitalization, despite having already under-
gone a full course of anti-COVID vaccination, the patient resulted positive for the 
Delta variant of the virus, for which he was transferred to the Infectious Diseases 
Unit until remission. He remains almost completely asymptomatic during all the 
hospitalization. 
He continues the regular follow up in DF clinic and in November, in consider-

ation of the good local evolution, it was scheduled a new admission during which 
underwent autologous skin grafting (Fig. 4.2d). 
At the following DF clinic control, three weeks after the autologous skin graft 

surgery, the graft had completely integrated and the lesion was almost completely 
re-epithelialized (Fig. 4.2e). 

Case 4.3. Diabetes, the Foot and the Heart 

In October 2021, a 86-year-old female patient, arrived to our outpatient DF clinic 
for a right foot abscess originating from dehiscent V metatarsal ray amputation, 
extended dorsally and associated to partial gangrene of the ipsilateral first toe 
(Fig. 4.3a). The continuous wave doppler analysis allowed us to sample only the 
dorsalis pedis artery. The patient was immediately hospitalized. In the patient’s
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medical history we found type 2 diabetes mellitus for more than 10 years com-
plicated by ischemic cardiopathy, treated with angioplasty, and chronic heart 
failure, atrial fibrillation, hypertension and dyslipidemia. Since 2020, she suf-
fered from multiple episodes of lower limb ulceration for which she underwent 
bilateral endovascular revascularization and amputation of V right toe and partial 
amputation of II right toe. 
The duplex scanning performed at admission showed regular patency of 

femoral-popliteal vessels while below the knee the flow was reduced by vascu-
lar calcification but sufficient, in the opinion of vascular surgeon, confirmed by 
a TcP02 of 41 mmHg, to allow surgical wound healing. The patient underwent 
a transmetatarsal amputation of the right foot. In post-operative days, despite a 
reduction of the phlogistic indexes, the stump showed a wide dehiscence in the 
central region and signs of ischemic suffering. We performed then an angio-CT 
scan to study the iliac vessels and we found a reduction in flow velocity starting 
from the abdominal sub renal aorta associated with the almost complete sparing 
of femoral vessels and a severe infra-popliteal involvement characterized by prox-
imal obstruction of posterior tibial and peroneal arteries and absence of plantar 
arteries. The cardiologic revaluation by hemodynamic showed a severe worsening 
of the cardiac kinesis with evidence of aortic valve stenosis and mitral sclerosis 
determining moderate insufficiency and dilation of the right heart chambers with 
moderate tricuspid insufficiency and pulmonary hypertension. The patient under-
went coronary percutaneous angioplasty with implantation of medicated stents on 
right coronary and anterior interventricular arteries. The cardiac function showed a 
significant improvement in postoperative days and therefore the patient was newly 
admitted after 4 weeks from coronary intervention to be submitted to a surgical 
revision of the TMA. At the moment of the new admission, the patient complained 
of fatigue and dyspnea: chest X-ray showed pleural effusion at the right lung base 
and enlarged cardiac shadow. The cardiological evaluation confirmed the presence 
of severe aortic stenosis complicated by congestive heart failure. After execution

Fig. 4.3 a Clinical presentation of the case; b: last visit performed: permanent non healing ulcer 
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of angio-CT to study thoraco-abdominal aorta the patient underwent the implan-
tation of a biological aortic valve prosthesis by percutaneous transfemoral route. 
Patient showed a severe fluid and electrolyte imbalance which was adequately 
supplemented and a state of anemia for which she was transfused. Subsequent 
telemetric electrocardiographic monitoring was regular. After the stabilization of 
cardiac status, a new surgical debridement and a dermal substitute grafting was 
performed. 
During the following months, the patient’s cardiac follow up showed persistent 

stability with a good hemodynamic compensation. 
The patient also continued her regular follow up at DF clinic: the ultrasound 

controls showed partial restenosis of angioplasties performed but the cardiac sta-
tus contraindicated neither new vascular interventional procedures nor alternative 
therapies such as prostanoids. We activated a protocol of active surveillance with 
periodic regular assessment and the patient did not show further episodes of infec-
tion or pain. Despite this, the post-surgical lesion in the stump did not heal. In 
Fig. 4.3b is reported the local status at the last visit performed. 

Case 4.4. Transplant and Comorbidities 

In May 2022 arrived to our attention a 50 years old male affected by type 1 
diabetes since he was 6 years old, complicated by diabetic retinopathy, ischemic 
cardiomyopathy treated with percutaneous coronary angioplasty in 2008 and 2020 
respectively, for the impossibility to perform aorto-coronary by-pass with a severe 
reduction of left ventricular function and widespread hypokinesia which required 
Cardioverter Defibrillator implant. 
The patient developed from end stage renal disease treated with peritoneal dial-

ysis and in May 2018 with Kidney transplantation from cadaver, subsequently 
evolute to functional exhaustion, for a Polyomavirus BK nephropathy with initial 
interstitial fibrosis, and therefore treated again with peritoneal dialysis. 
At the beginning of 2021, during controls for a new renal transplant, the patient 

performed a vascular surgery evaluation for severe peripheral arteriopathy associ-
ated with a partial gangrene of the first toe of left foot (Fig. 4.4a). The Angio-CT 
scan performed showed, in addition to the stenosis of previous kidney graft ves-
sels, multiple steno-obstructions from the common iliac arteries to the foot vessels. 
The patient was then admitted to the Vascular Surgery Department and there under-
went multiple angioplasties of the left iliac axis. After revascularization the patient 
came to our attention, and we performed amputation of the I toe of the left foot 
(Fig. 4.4b). Few days after discharge the patient came back to our DF clinic for 
fever and pain: we observed necrosis on the stump of the amputation with abscess 
on plantar side and local and systemic signs of infection (Fig. 4.4c). The patient 
was immediately hospitalized and started antibiotic intravenous therapy. At admis-
sion we observed an increase of inflammatory indexes, neutrophilic leukocytosis
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Fig. 4.4 a Clinical status at our first evaluation; b: clinical status after first surgical procedure of 
first toe amputation; c: abscess on first toe amputation; d: wound after surgical debridement; e: 
after 4 weeks of negative pressure associated to instillation of polihexametilbiguanide; f: last visit 
performed: the lesion is almost healed 

and a fall in hemoglobin values for which we performed a blood transfusion. The 
vascular re-evaluation showed no worsening, with patency of angioplasties and 
therefore the patient underwent immediately to drainage of abscess with osteotomy 
of first metatarsal head. The surgical wound, left open to heal for secondary intent, 
was treated with a cycle of negative pressure therapy associated with installation 
of polihexametil-biguanide (Fig. 4.4d). After 5 days the patient was discharged, 
continuing negative pressure at home; all blood exams at discharge completely 
normalized. 
At first outpatient control, two weeks later, transcutaneous oxygen tension 

showed on left lower limb good level at malleolar region (65.4 mmHg) but sharp 
reduction at inter-metatarsal level with severe hypoxic ischemia (pO2 14.5 mmHg). 
In agreement with the nephrologists and cardio-angiologists the patient was newly 
admitted and treated with infusion of prostanoids at increasing concentration for a 
total duration of 6 h infusion per day for a total of five days, with a brisk recover 
from the critical status (TcP02 27 mmHg). 
After discharge, the patient continued domiciliary negative pressure for four 

weeks with newly-produced granulation tissue and the complete coverage of the 
bone stump (Fig. 4.4e). After one month he showed markedly improved values in 
oxygen tension at inter-metatarsal level (pO2 41.7 mmHg). The patient attended 
regularly controls every two weeks and local dressing with gauze impregnated of 
sucrose octasulfate. Progresses were soon observed: the lesion became non exu-
dating, superficialized and granulating. In Fig. 4.4ef is reported the local state at 
the last visit, in advanced healing status.
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Case 4.5. The Weight of Interfering Pathologies 

In December 2021, a patient known and followed in our DF clinic, a 52 years old 
male, arrived at scheduled visit with a new lesion on the plantar surface of the 
left foot, complicated by the presence of a phlegmon (Fig. 4.5a). The patient was 
affected by morbid obesity complicated by type 2 diabetes for 15 years. In 2019 
he had been admitted for fasciitis of the right forefoot treated by trans metatarsal 
amputation, and septic osteoarthritis of III-IV metatarsophalangeal joint of left 
foot, treated with osteo-arthrectomy, bilaterally in absence of arterial vascular dis-
ease, although not critical. Since then, he had been followed up regularly at our 
outpatient clinic with no recurrences until the moment we are reporting. During 
these years he had deeply changed his life habits achieving a weight loss of about 
65 kg. 
The patient was immediately hospitalized and treated with drainage of the 

purulent collection on the plantar surface of the foot with immediate reduction 
of inflammatory indexes and local sign of infection. After the urgent procedure 
the patient was evaluated with ultrasound duplex scanning, which did not show 
signs of CLTI, and X-ray of the foot (Fig. 4.5b), which showed results of previ-
ous intervention with lateral deviation of forefoot and osteomyelitis on II ray. The 
patient underwent transmetatarsal amputation (Fig. 4.5c) with no periprocedural 
complications and complete normalization of inflammatory indexes. 
At admission, as per pre-operative procedural evaluation, the patient was sub-

jected to chest x-ray which documented a pulmonary thickening in the right 
perilary region. The pneumologist required a CT-scan of the thorax which showed 
“diffuse and confluent lymph node involvement mediastinal, prevascular, right and 
left paratracheal, subcarinal and bilateral hilar, with associated right ilo-peril-
interstitial parenchymal involvement, and coexistence of lymph nodes in the coeliac, 
interporto-caval, intercaval-aortic, retro-caval and left para-aortic areas”. For the

Fig. 4.5 a Clinical case at first presentation of new lesion on left foot; b: plain X ray of left foot; 
c: first postoperative day after transmetatarsal amputation; d: first outpatient visit: minimal signs 
of suffering on lateral side of flap juxtaposition; e: complete re-epithelialization 
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diagnostic suspicion of sarcoidosis, the patient underwent bronchoscopy with bron-
choalveolar lavage and lymph node needle aspiration to exclude neoplasms of a 
lymphoproliferative or primary pulmonary type. Being the results not conclusive, 
the specialist posed an indication to an endo-bronchial ultrasound-guided (EBUS) 
bronchoscopy with transbronchial needle aspiration. Meanwhile, the patient per-
formed a spirometric examination and bronchoalveolar diffusion which diagnosed 
a possible restrictive deficit. The EBUS bronchoscopy performed after discharge 
confirmed the diagnosis of sarcoidosis for which the patient started a regular 
pneumological follow up, still ongoing. 
After discharge, regarding the foot the patient underwent to a regular outpatient 

follow up, showing initially minimal signs of suffering on lateral side of flap jux-
taposition (Fig. 4.5d), completely resolved in few weeks with local dressing with 
vaseline gauzes and management, until reaching the complete re-epithelialization 
(Fig. 4.5e). 

Case 4.6. What Should Be Done Versus What Can Be Done 

In November 2021, a male patient came to our attention and was referred from 
another Hospital. He was 52 years old, affected by type 2 diabetes mellitus for 
15 years, obese, affected by ischemic cardiopathy complicated by heart failure 
and permanent atrial fibrillation, ischemic encephalopathy, chronic kidney disease 
and hypertension. A few weeks before our evaluation, the patient had observed 
the occurrence of lesions on IV and V toes, lateral margin and calcaneal region 
of the left foot. The lesions had been treated with local dressing and no revas-
cularization was suggested. The patient was referred to the vascular surgery unit 
of our hospital for a second opinion. The colleagues immediately hospitalized the 
patient. At admission he had gangrene of IV and V toes associated with lesions 
on the lateral margin and in the calcaneal region of the left foot (Fig. 4.6a). The 
systemic assessment showed a septic state with marked neutrophilic leukocytosis, 
an increase in inflammation indexes and a deterioration of renal function. He was 
therefore immediately treated with urgent trans-metatarsal amputation. From the 
first postoperative days, the suffering of the stump, due to a reduced blood perfu-
sion, became evident (Fig. 4.6b). The need for a revascularization procedure, in the 
perspective of a risk/benefit evaluation was discussed both with interventional radi-
ologists and nephrologists. In order to adequately weigh the risks, we performed 
an ultrasound scan of the abdomen which did not sort hepatic problems but rather 
confirmed the presence of mold stones on the right kidney. The patient had to be 
considered functionally as a monokidney with a consequent complication of his 
therapeutic pathway. We carried out a further collegial evaluation with a nephrol-
ogist, interventional radiologist and urologist who indicated, in consideration of 
persistent fever despite intensified antibiotic therapy, the possibility of position-
ing a percutaneous urinary shunt. The required CT-scan of the urothelial system 
(Fig. 4.6c) and PET confirmed the mold stone on the right kidney and excluded 
hypercaptation areas. The colleagues, in consideration of resolution of the septic
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state and of multiple comorbidities, decided not to position the shunt, re-evaluating 
the option in the future in case of recurrence. The patient was fully and extensively 
informed on the risk of the revascularization procedure, in particular about the pos-
sible worsening of renal function or need for dialysis treatment after the contrast 
medium injection. After his consent the patient underwent endovascular revascular-
ization of femoro-popliteal axis, tibio-peroneal trunk, all the three leg vessels and 
foot vessels, as reported in Fig. 4.6d. As expected after the procedure, the patient’s 
renal function worsened. A careful follow-up, with strict monitoring of both renal 
and cardiac functions, alongside with a reset of pharmacological therapy allowed 
a slow but constant restoration of normal renal values in the following days. At 
this point the foot was revised, and a dermal substitute was grafted (Fig. 4.6e). 
At discharge the lesion was improving, all bone stumps were completely 

covered, and glycemic, renal and cardiac compensations were achieved and 
maintained. The patient is continuing his regular follow up on outpatient DF clinic.

Fig. 4.6 a Clinical presentation at admission; b: in post-operative days: suffering of the stump; c: 
CT-scan of urothelial system; d: endovascular revascularization images; e: revision of the amputa-
tion stump 
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Case 4.7. DFU as a First Clinical Manifestation of Diabetes 

At the end of March 2022 came to our attention a 63-year-old man, affected only 
by hypertension with no other known health problems and with a negative family 
history for diabetes and positive for only lung cancer. Because of the appear-
ance of swelling in the dorsum of right foot, he consulted his family doctor, who 
started oral antibiotics and prescribed blood tests, with consequent diagnosis of 
diabetes mellitus. After a few days, for the worsening of the local condition and 
the appearance of necrosis of the right II and III toes, the patient went to the 
Urgency Department of a hospital near to our Center, and we were asked for an 
urgent consultation. The patient was hemodynamically stable, blood test showed 
a severe glycometabolic disturbance (HbA1c 93 mmol/mol) with only a moderate 
increase of inflammatory indexes. He had an abscess of the dorsum of right foot 
and necrosis of II and III toes (Fig. 4.7a). Duplex scanning excluded the presence 
of arterial stenosis and superficial and deep venous thrombosis. 
During objective examination at admission, we observed swelling, oedema (the 

circumference was approximately 9 cm greater than the contralateral) and ery-
thema in the anterior and lateral surfaces of the left thigh, not previously reported. 
The patient did not remember previous trauma in the affected region. The patient 
underwent immediately an MR-scan with findings of multiple abscesses collec-
tions in close communication in the upper thigh. He was therefore brought to 
the operating room, where fasciotomy was done, with the drainage of copious 
amounts of pus. Negative pressure was then applied, associated with installation of 
poli-hexametil-biguanide antiseptic solution. At the same time systemic antibiotic 
therapy, hydration, insulin and electrolytes were initiated.

Fig. 4.7 a Clinical presentation at first access; b: clinical status after surgical debridement; c: clin-
ical status after 4 weeks of negative pressure; d: new surgical debridement and dermal graft; e: last 
outpatient visit and advanced healing status 
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Once stabilized, the patient underwent surgical revision and amputation of II 
and III toes, also in this case the surgical wound was left open to heal by secondary 
intent, assisted by negative pressure (Fig. 4.7b). 
On the third day post-surgery, despite systemic antibacterial therapy, oedema 

and erythema appeared again, and therefore the patient was submitted to MR scan 
that showed an evolution of the abscess towards gluteus muscles. The patient was 
therefore operated again with further drainage. Immediately after the procedure 
inflammatory indexes showed a reduction. But we were unfortunately far from 
resolution: the level of phlogistic indexes returned to grow and, in fact, the thigh 
showed a recurrence of pain and edema with increased texture. The ultrasound 
showed presence of purulent collection in the organization phase, located laterally 
to the vastus intermedius muscle, stretching the trochanteric bursa and reaching 
up to the passage between the gluteal muscles. The patient underwent a new fas-
ciotomy with extension of the surgical wound, evacuation of serum-blood material 
and repositioning of negative pressure. As in previous procedures deep cultural 
exams were performed to adapt antibiotic therapy to bacterial species. On the 5th 
postoperative day, the orthopedic surgeons cleaned again the wound and sutured 
it. The subsequent CT-scan showed no further signs of bleeding. 
Meanwhile, the right foot showed a progressive improvement with 4 weeks of 

negative pressure (Fig. 4.7c) and before the discharge the patient underwent further 
debridement and dermal substitute graft (Fig. 4.7d). 
During hospitalization we performed a characterization of diabetes type and 

chronic complications: antibodies against GAD and IA2 were negative and basal 
C-peptide value showed a nice insulin reserve (1.62 ng/ml). We were therefore able 
to discontinue insulin therapy, introduced at diagnosis, and prescribe metformin 
and SGLT2 inhibitor for the detection of microalbuminuria. 
After discharge the patient began a regular follow up at DF clinic, during which 

we observed a gradual but continuous improvement. During this follow up we 
applied three times a graft of fish skin to enhance healing speed. In Fig. 4.7e it is  
reported the clinical status at the last visit performed. 

Case 4.8. Finding Solutions for No-Option Patients 

In October 2021 an 88-year-old non-smoker man presented at our attention com-
plaining of diabetic foot lesions associated with rest pain. He was affected by type 
2 diabetes for about 20 years, ischemic cardiomyopathy treated with coronary 
angioplasty and implant of biventricular defibrillator, peripheral arterial disease 
treated in 2020 with percutaneous angioplasty of right lower limb, chronic kidney 
disease, chronic obstructive pulmonary disease and hypertension. At objectivation 
we observed bilateral acrocyanosis, more severe on the right foot, bilateral cal-
caneal lesions and, on the right foot, apical necrosis of first, second and fourth 
toes (Fig. 4.8a). Ultrasound assessment of the right lower limb confirmed the 
patency of femoral vessels (revascularized in another hospital) and showed multi-
ple stenosis in tibio-peroneal trunk and peroneal and posterior tibial arteries with
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Fig. 4.8 a Patient at first 
visit: apical parcel gangrene 
of first, second and fourth 
toes; b After third cycle of 
monocytes. Complete healing 

obstruction of anterior tibial one. On the left side the vascular tree was similar, but 
less severe. The patient was then hospitalized, and a new percutaneous translumi-
nal angioplasty was planned for the day after: angioplasties of femoral-popliteal 
axis, tibio-peroneal trunk and anterior tibial artery were performed, while poste-
rior tibial artery remained obstructed. On the second day post-revascularization, 
the patient underwent a partial amputation of II and IV toes. Trans-cutaneous oxy-
gen tension after the procedures was 41.9 mmHg on the right and 46.2 mmHg on 
the left foot. The patient was discharged two days after with no complication and 
stable from a systemic point of view. 
Few days after discharge the patient accessed the DF clinic for persistence of 

significant pain at rest, not responding to painkillers and worsening in supine posi-
tion. Locally, we observed dehiscence of surgical wounds and occurrence of a new 
apical lesion of the second toe of the right foot. Trans-cutaneous oxygen tension 
at this moment was severely reduced bilaterally: 10.6 mmHg on the right and 
26.0 mmHg on the left foot, while duplex scanning showed the partial restenosis 
of tibio-peroneal trunk and anterior tibial artery. The patient was then re-evaluated 
collegially by diabetologist, vascular surgeon and cardio-angiologist that excluded 
the possibility of new vascular procedures for high operative risks or for intra-
venous prostanoid administration for the risk of cardiological decompensation. 
We decided therefore to treat patients with implants of peripheral blood mononu-
clear cells. According to the published procedure, peripheral blood mononuclear 
cells population was prepared by means of a filtration system applied to total 
nuclear cells derived from peripheral blood [15]. After preparation the mononu-
clear cells population was divided in 0.25 ml boluses and injected along the 
vascular axis, predefined under ultrasound guide [16]. The treatment scheme con-
sists of three consecutive applications, with 1-month interval in between. The 
patient was immediately submitted to the first one.
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He performed a surgical revision with associate drainage of new purulent collec-
tion on plantar side and installation of autologous peripheral blood mononuclear 
cells along the anatomical sites of obstructed vessels previously marked under 
echographic guidance. During the admission the patients showed an important 
increase of NT-proBNP and a worsening of renal function. Cardiological assess-
ment showed a stable despite critical state and the modulation of diuretic and 
vasoactive therapies progressively allowed the restoration of values similar to those 
observed at admission. A reduction in total hemoglobin values required, in the first 
day post-surgery, a concentrated red blood cells transfusion. Immediately after 
the procedure the patient referred to a decrease in pain and an improvement of 
well-being. 
After three weeks, the patient was newly admitted to perform the second admin-

istration. At admission we could observe a marked improvement of trans-cutaneous 
oximetry: on the right foot 31 mmHg basal and 44.1 with the leg declivous and on 
the left 41 mmHg basal, 69.7 mmHg. Also in this second case, after the surgical 
procedure, the patient required blood transfusion. During the blood supply patient 
presented chest pain with ECG-graphic alterations and increase of myocardial 
cytonecrosis enzymes and NT-ProBNP values. Cardiologists performed echocar-
diography in absence of apparent changes of heart kinesis and, in consideration 
of the impossibility of further myocardial revascularization procedures already 
defined, did not pose indication to further cardiac procedures. The values were 
in progressive reduction until discharge. 
Three weeks later further improvement of transcutaneous oxygen values, reach-

ing 48 mmHg on right foot and 54 mmHg on left foot, and a complete resolution 
of rest pain. The patient was newly admitted and a third cycle was performed. Four 
weeks after this last admission, at outpatient clinic follow up, the patient referred 
well-being and the lesions was completely healed (Fig. 4.8b). 

Discussion 

Diabetic foot syndrome is one of the most challenging pathologic scenarios: it 
could be defined both as a drama for the patient and a nightmare for the dia-
betologist. The clinical cases we reported showed DFS in almost all these facets. 
DFS itself is never the result of a single pathogenetic mechanism: it is rather the 
consequence of interaction among macroangiopathy, microangiopathy, neuropa-
thy, immunopathy. Even more important, DFS is not only a complex and disabling 
disease, but a real marker of complexity and risk in these multiple comorbidi-
ties’ patients. DFS is commonly associated with all the other complications and 
comorbidities and with an increased level of severity of all ancillary condition [9]. 
The complexity of the cases reported goes even further beyond the already 

dramatic conditions of DFS. These cases tell of fragile patients suffering from 
multiple comorbidities, almost always asymptomatic, in which each procedure or 
intervention can criticize a condition yet precarious. DFS is a chronic disease that, 
like diabetes, accompany the patient throughout all his life [17]. This chronic,
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remitting/relapsing evolution characterizes a patient who becomes even more brit-
tle and so more prone to damage. The consequences at the level of the foot system 
of all these conditions unbalance a delicate equilibrium in which homeostasis is 
extremely limited: there is little room to improve the patients’ conditions with 
procedures for limb salvaging, or therapies, because they can themselves put a 
patients at risk of losing the life for saving the limb [18]. 
The progression of DFS could be actually represented like a spiral progressing 

from the diagnosis of diabetes to the amputation and eventually death, increasing 
its width, proportionally with the increasing risk, at any acute phase episode, which 
in turn should be considered a marker of severity of the progression of the disease 
[19]. 
As exemplified in our case series, patients are extremely complex both from 

a local and systemic point of view, and each of them represents a therapeutic 
dilemma. Symptoms are scarce and detecting and monitoring them is the only 
way to drive the decision-making. Heart, kidney, blood, brain, all these organs 
were involved in our cases, and actively interfered in conditioning the clinical 
management, posing the question of how to improve the foot condition without 
worsening the general condition of the patient. In our cases the systemic conditions 
of the patients were actually in most cases not only worsened the prognosis, but 
also interfered with the therapeutic choices, consistently narrowing the possible 
pathways of care, for not risking patients’ life. 
Cardiac, renal and hematologic decompensation were all part of a multidimen-

sional conundrum conjuring against the actual possibility of patients to survive to 
both the DFS clinical manifestations and to their possible treatments. 
The evaluation of these cases is thus a good example of how complex DFS 

management can be and how important is an extensive evaluation and a multi-
disciplinary management, by an experienced team in well-organized dedicated 
centers [20]. 

Conclusions 

Diabetic foot syndrome is a complex, progressive recurrent disease: its manage-
ment and the related complications are by far more complex than what the common 
narration usually tells and deserve an experienced clinical team to be adequately 
managed. 
The acquisition of experiences on all the possible districts involved and on the 

related complications is mandatory for DFS specialists, even if it is only with 
the implementation of a multidisciplinary integrated team that this intricate and 
dangerous pathology finds its only possible way of care.
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Abstract

Pressure  ulcers  pose  a  significant  healthcare  challenge,  particularly  for  individ-
uals  with  limited  mobility  or  those  on  prolonged  bed  rest.  Early  identification  of
at-risk  patients  using  assessment  tools  like  the  Braden  scale  is  vital  to  prevent 
the  onset  and  recurrence  of  these  ulcers.  Pressure  ulcers  develop  from  prolonged
pressure  on  areas  with  minimal  soft  tissue  over  bony  prominences  such  as  the
sacrum,  ischial  tuberosity,  and  trochanter  major.  Treatment  involves  a  thorough
assessment  of  the  ulcer’s  size,  depth,  stage,  and  signs  of  infection  or  ischemia,
alongside  considering  patient  factors  le  overall  health,  nutrition,  mobility,  and
comorbidities.  The  primary  goals  of  treatment  are  to  promote  wound  healing,
prevent  further  tissue  breakdown,  and  manage  infections.  While  conservative
management  is  fundamental,  surgical  interventions  (e.g.  local  skin  flaps,  muscle
flaps)  may  be  necessary  for  deeper  wounds  or  complications,  requiring  a  multi-
disciplinary  approach  for  optimal  outcomes.  Successful  reconstruction  depends
on  the  wound’s  stability  and  healing  potential.  Comprehensive  postoperative
care  is  critical,  focusing  on  wound  monitoring,  drainage  management,  pain  con-
trol,  and  nutritional  optimization.  Education  on  wound  care  and  awareness  of
potential  complications  are  essential  to  support  patient  recovery.
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Introduction 

Pressure ulcers, also known as pressure sores, are a significant healthcare chal-
lenge, especially for those with limited mobility or prolonged bed rest. Identifying 
at-risk patients is crucial to prevent occurrences and recurrences. Various assess-
ment tools, notably the Braden scale, aid in evaluating pressure injury risk. 
These ulcers result from sustained pressure on areas with minimal soft tissue 

over bony prominences such as the sacrum, ischial tuberosity, and trochanter major. 
Treatment begins with thorough ulcer assessment, considering size, depth, stage, 
and signs of infection or ischemia. Patient factors like overall health, nutrition, 
mobility, and comorbidities guide treatment decisions. 
Effective treatment aims at promoting wound healing, preventing further tissue 

breakdown, and managing infection. Debridement removes necrotic tissue to facil-
itate healing and reduce infection risk. While conservative management remains 
the cornerstone of pressure ulcer treatment, surgical intervention becomes neces-
sary for deeper wounds or complications, requiring a multidisciplinary approach 
for optimal outcomes. Sometimes due to patient related issues reconstruction can 
never be considered. 
For reconstruction of a pressure ulcer, the wound must be stable and show heal-

ing potential. Operative treatment involves removing unhealthy tissue and using 
local flap techniques or muscle flaps for reconstruction. Careful patient selec-
tion, surgical planning, and comprehensive postoperative care are essential for 
successful outcomes. 
Postoperative care focuses on wound monitoring, drainage management, pain 

control, and optimizing nutrition. Patients with flap reconstruction require a period 
without weight-bearing post-surgery. Education on wound care and complication 
awareness supports patient recovery. 
In summary, pressure ulcers present significant challenges in healthcare, par-

ticularly for immobile individuals. Early identification of at-risk patients and 
implementation of preventive measures are crucial. Effective treatment strate-
gies, including surgical intervention, when necessary, aim to promote healing 
and improve patient outcomes. Comprehensive postoperative care and patient 
education are integral components of successful pressure ulcer management.
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Case 5.1. Pressure Ulcer Healing Using Conservatory 
Interventions and Multiwave Locked System Laser 

From within the spectrum of acute/ chronic wounds, with particular addressability 
in medical and non-medical (e.g. nursing homes) services, are to be found pressure 
ulcers/ injuries. These lesions frequently appear due to immobility and/ or sensory 
motor/ cognitive (e.g. altered consciousness) deficits and accompanied by systemic 
disorders and frailty [1–3]. 
An 83-year-old patient was admitted in a Neuromuscular Rehabilitation Clinic 

after a surgically treated left trochanteric fracture (osteosynthesis—fixation with 
gamma nail). The patient comorbidities were type II diabetes mellitus (treated with 
oral hypoglycemic medications), venous insufficiency and arterial hypertension. 
The clinical examination revealed a right buttock grade II eschar with elements 
of necrosis (Fig. 5.1a) and a body mass index of 41.23 (grade III obesity). The 
evaluation of the functional and nutritional status resulted in a Barthel Index of 
20/100 points and a total score of the Mini nutritional assessment scale of 14.5 
(IR = 24–30 normal nutritional status; 17–23 = at risk for malnutrition; < 17 = 
malnourished). The diagnosis of malnourishment was further evaluated with blood 
tests (Hb = 9.4 g/dL − IR = 12–16 g/dL; Prealbumin = 0.15 g/L − RI = 0.2– 
0.4 g/L; Albumin = 2,5 g/dL − RI = 3.4–4 g/dL, Iron = 37 mcg/dL − RI = 
50–170 µ g/dL, Transferrin = 208 mg/dL − RI = 173–260 mg/dL). 

Fig. 5.1 (a) Grade II right 
buttock eschar. (b) Healed 
eschar grade II after 4 weeks
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The patient followed a complex treatment consisting of rehabilitation nurs-
ing (pressure relief mattress, in-bed turning every 4–5 h), daily dressing with: 
antiseptic solution (based on hypochlorous acid, sodium hypochlorite) and sil-
ver sulfadiazine cream; 3 times every week for three weeks, before applying the 
dressings, LASER Multiwave Locked System (MLS) were performed with follow-
ing parameters: 700 Hz, 2 J/cm2, duration automatically set. The pharmacological 
treatment consisted of iron supplements (× 2 times), anticoagulant (enoxaparin 
sodium), hypoglycemic drugs and antibiotic therapy (rifaximin—for acute diar-
rheal disease and sulfamethoxazole/trimethoprim—for urinary tract colonization). 
The patient occasionally took NSAIDs (diclofenac). After 4 weeks of treatment 
the eschar was healed (Fig. 5.1b). 
Local and/or systemic unfavorable conditions deplete the body’s resources in 

a vicious circle, making the healing of pressure injuries particularly difficult and 
possibly delayed. The evolution of tissue regeneration becomes blocked/stopped 
by complex mechanisms of dysfunction of cells and subcellular components at the 
level of the wound bed: excessive inflammation and lytic activity, constant degra-
dation of the extracellular matrix and the impossibility of new tissue formation and 
the impossibility of counteracting harmful bacterial flora colonization [4, 5]. The 
MLS LASER could prove to be an effective, non-invasive and risk-free therapeutic 
option that has the potential to contribute significantly to initiating/ accelerating 
the healing of pressure ulcers. 

Case 5.2. Chronic Ischial Pressure Wound 

Introduction 

The patient is a 63-year-old woman. She has severe juvenile rheumatoid arthritis, 
type 2 diabetes mellitus, coronary artery disease and chronic atrial fibrillation. 
She has total endoprosthesis in both hips and knees and left elbow. Dur-
ing operative treatment significant medications were leflunomide, prednisolone, 
hydroxychloroquine and apixaban. 
In 2010 a problematic rheumatoid nodule was removed from the area of 

left ischial tuberosity with open surgery. In 2018 and 2021 there was an acute 
abscess on the same area, and after 2021 the wound never healed properly with 
conservative treatment. 

Differential Diagnosis 

During 2018 to 2022 the patient’s ischial wound was considered to be partly iatro-
genic, due to the rheumatoid nodule removal, and partly pressure ulcer, due to 
the typical area. Other differential diagnosis considerations were infection of the 
hip endoprosthesis (but there was no sign of that in MRI) and a specific skin 
pathology (e.g. pyoderma gangrenosum, vasculitis). In the final debridement of
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the wound the excised tissue was sent to pathology and histopathological finding 
was chronic wound and inflammation, no histopathological findings of pyoderma 
gangrenosum or vasculitis as aetiology. 

Treatment 

The patient was evaluated for the first time in 2018 but then she was not interested 
in reconstructive surgery. The next evaluation was in the summer 2022, and at that 
point there had been an open wound on the left ischial tuberosity for 15 months. 
During that time there had been two major infections originating from the ischial 
wound. After debridement the wound bed was viable (Fig. 5.2). Otherwise the 
situation remained steady, and the patient was still hesitant about reconstructive 
surgery. There were few treatment periods (lasting 2–3 months) with negative pres-
sure wound therapy. Periodically the wound was treated with silver-based products 
and care was taken to avoid maceration of surrounding tissue. During conservative 
treatment we made sure to optimize pressure relief, nutrition, blood glucose level 
and the treatment of background illnesses. During the winter 2022–2023 there 
were two more acute infections and at the same time the patient’s ability to move 
independently slowly decreased. Eventually due to bilateral quadriceps tears and 
knee instability the patient was hardly able to stand let alone walk without sig-
nificant outer support. Orthopedic surgeons considered operative treatment for the 
right knee and therefore it was crucial to try and fix the ischial wound. 
In the fall of 2023 (Fig. 5.3), we proceeded to methylene blue assisted radical 

excision of the wound bed combined with reconstruction of the area with rotational

Fig. 5.2 Chronic ischial 
tuberosity pressure ulcer after 
debridement of necrotic 
tissue on the left 
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Fig. 5.3 Chronic wound on 
left ischial tuberosity just 
prior to operation on the right 

Fig. 5.4 The operated healed 
ischial pressure ulcerone 
month postoperatively 

flap. A large rotation flap was designed over the left gluteal area and the defect 
was covered with it. The patient was forbidden to lay on her left side or sit for 
6 weeks. At the 1-month postoperative control the flap and the wound had healed 
nicely (Fig. 5.4). At 4 months the outcome of the flap reconstruction was still 
good, and the patient was living without a chronic wound. Unfortunately, now the 
situation with the knees and atrophic leg muscles was so severe that orthopedics 
had to abandon all operative plans regarding the lower extremities. 

Discussions 

The correct timing of wound reconstruction is essential. Pressure ulcers lower the 
quality of life of the patients in many ways. Delayed healing leads to extended 
hospital stays, re-admissions and restricted rehabilitation and treatment options for 
other medical conditions [6]. 
Preoperative evaluation and patient optimizing, consisting of nutrition, pressure 

management, topical wound care and stabilization of background illnesses, is very 
important before surgical treatment. Infection management plans should also be
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made preoperatively since chronic wounds are always contaminated. Possibility of 
osteomyelitis needs to be taken care of [7]. 
It is shown that fascio-cutaneous flaps are equally reliable in reconstruction of 

pressure wounds as musculocutaneous flaps. In addition, fascio-cutaneous tissue 
is more susceptible to ischemia than muscle and there is no need to sacrifice a 
muscle (which might lead to functional impairment) [8]. In spinal injury patients 
it is shown that operative treatment of severe pressure ulcers leads to better quality 
of life [9]. 
The wound reconstruction in this patient was successful (of course the short 

follow-up period must be noted). Perhaps this patient would have benefited from 
earlier wound reconstruction and thus the needed orthopedic treatment would 
have been possible. Nevertheless, flap reconstruction cannot and should not be 
performed without full concordance from the patient. 

Case 5.3. Negative Pressure Treatment and Flap 
Reconstruction of Sacral Pressure Ulcer 

Introduction 

A 77-year old man was driven to the hospital due to an acute stomach, the man also 
had tetraparesis before. As a complication of the treatment, the patient developed 
a pressure ulcer of the sacrum. The size of the pressure ulcer was 3 cm×3 cm.  
Soft tissue necrosis was found (Fig. 5.5a). 

Differential Diagnosis 

The patient had a clear cause-and-effect relationship for developing the pressure 
ulcer. The other causes of the ulcer were not considered.

Fig. 5.5 a Sacral pressure ulcer at the beginning and b after 1.5 months 
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Fig. 5.6 a The pressure ulcer (10 cm× 6 cm) before reconstruction and b 1.5 months after VY-flap 
reconstruction 

Treatment 

The treatment of the pressure ulcer started with conservative treatment, which 
included posture therapy, a pressure mattress, a protein-rich diet, and local wound 
treatment with medical honey. At the outpatient clinic, approximately 1.5 months 
after starting the local treatment, the size of the pressure ulcer was increased 
(10 cm×6 cm) and as usual, the wound deepened on follow-up, and a bone contact 
at the bottom of the wound was suspected (Fig. 5.5b). The wound was clinically 
infected, and surgical debridement in the operating room was required. There was 
Pseudomonas growth on the wound, and the patient was treated intravenously with 
piperacillin and tazobactam while in the ward. 
After the infection subsided, negative pressure wound therapy (NPWT) 

(125 mmHg) was started. NPWT continued for approximately for a month 
(Fig. 5.6a). After that, flap reconstruction was planned and was performed with 
VY-flap-style. About 1.5 months after surgery the operational area and flap 
reconstruction seemed successful (Fig. 5.6b). 

Discussion 

Pressure ulcers are tissue damage resulting from sustained mechanical loading on 
the skin and underlying tissues. They typically develop over areas subjected to 
prolonged pressure, shear, or friction, such as bony prominences [10]. Pathogen-
esis involves a complex interplay of ischemia, inflammation, and tissue necrosis, 
necessitating comprehensive assessment and management strategies to mitigate 
risk factors and optimize healing outcomes [11]. Sacral pressure ulcers are the 
most commonly affected site [12]. Treatment of pressure ulcers involves relieving 
pressure on the affected area, maintaining proper wound care to promote healing
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and prevent infection, ensuring adequate nutrition, addressing underlying med-
ical conditions, considering surgical interventions if necessary, managing pain, 
and monitoring progress closely [3]. Negative pressure therapy may speed up the 
reduction of the pressure ulcer size [13]. The primary treatment for pressure ulcers 
is conservative. However, infection or exposure of vital structures such as a ten-
don, vessel, or bone may lead to surgical intervention. These are typical in deep, 
grade III to IV pressure ulcers [14]. 

Case 5.4. Pressure Ulcer Grade IV 

An 80-year-old patient undergoing diagnostic procedures for diffuse myelopathy 
after sudden and progressive paraparesis was referred for Plastic Surgery consulta-
tion. The initial examination exhibited a 4 ×5 cm large full thickness skin necrosis 
with perifocal redness (Fig. 5.7). The lesion had been treated conservatively for 
4 weeks with disinfection and gauze dressings. The lesion was diagnosed as grade 
III or IV pressure ulcer. 
Conservative treatment consisted of constant pressure relief with an alternating 

pressure system and optimization of his nutritional status. The initial examination 
of the lesion showed an insubstantially infected wound environment with low to 
medium secretion, so a hydrofiber wound dressing (Aquacel®) was applied with 
local skin protection (3 M™ Cavilon™ Lolly) for the wound surrounding. When 
exudate levels increased and erythematous wound surrounding were observed, an 
iodine-based product (3 M™ Inadine™) was applied to counteract bacterial sur-
face colonization. The dressings were changed daily. Due to a progressive wound 
status with high suspicion of infection of the underlying bone, broad spectrum 
antibiotic treatment (piperacillin/tazobactam) was started, and debridement and 
local defect reconstruction was planned. 
Due to exhaustion of conservative treatment, surgical necrosectomy and sam-

pling was performed. Macroscopically, the os coccyges was highly suspicious of 
osteomyelitis. Consecutively complete resection of the os coccyges was performed

Fig. 5.7 Pressure ulcer grade 
III-IV, central full-thickness 
skin defect, perifocal 
erythema, no fluctuation 
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Fig. 5.8 Gluteal rotational 
fasciocutaneous flap. Vital 
flap with drainages still in 
place 

leaving a defect size (10 × 11 cm) too large for direct closure. For a safe and reli-
able defect closure with exposed bone, a fasciocutaneous gluteal rotation flap was 
chosen (Fig. 5.8). Histopathology confirmed the diagnosis of acute osteomyeli-
tis, biopsies from the remaining os sacrum showed it was unaffected. The patient 
received antibiotic regimen adjusted according to the antibiogram (ciprofloxacin 
and clindamycin) for 6 weeks total due to the open laying bone before surgical 
treatment to address an osteitis. 
Following surgery, bedrest for one week with permanent decompression of the 

flap for 6 weeks was recommended. Sitting exercises started after 4 weeks. The 
healing processes showed no adverse events. 
Flap surgery for pressure ulcer therapy is well established. However there is 

no clear evidence on timing, favorable flap selection or combination with negative 
wound pressure therapy so far [15]. 
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Abstract

Cutaneous  wounds  in  systemic  disorders  pose  significant  challenges  for  physi-
cians  in  terms  of  diagnosis  and  treatment.  Different  pathogenic  causes  with 
characteristic  clinical  picture  needs  a  special  tailored  therapeutic  approach.
Chronic  relapsing  ulcerative  wounds,  including  those  related  to  venous  insuf-
ficiency,  neuropathy,  and  diabetes,  account  for  85%  of  cases.  The  remaining 
15%  are  atypical  wounds  linked  to  various  systemic  conditions  as  granulomato-
sis  with  polyangiitis,  Martorell  leg  ulcer,  chronic  prurigo,  necrobiosis  lipoidica,
factitial  skin  ulcers  to  name  only  a  few.  All  wounds  benefit  from  modern 
dressings  adapted  to  the  wound  bed  and  the  systemic  diagnosis.  A  multi-
disciplinary  approach  is  necessary  for  establishing  the  diagnosis  and  optimal 
systemic  treatment.  The  training  requirements  for  systemic  wounds  address 
diagnostic  and  therapeutic  measures  and  are  highlighted  by  the  European  Train-
ing  Requirements  (ETR)  of  Wound  Healing  Multiple  Joint  Committee  (MJC)
of  the  European  Union  of  Medical  Specialists  (UEMS).
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Introduction 

Patients with chronic hard-to-heal wounds present specific challenges for the treat-
ing physician, both for establishing a diagnosis and treatment. Wound healing is 
inter-disciplinary and even inter-professional. In these approaches we have persons 
with different areas of expertise collaborating but they all must have a common 
understanding of wound healing, so that they are able to professionally talk to each 
other and finally find the best solution for the patient. The present chapter selects 
hard-to-heal cutaneous ulcers in patients with systemic disorders as a part of the 
wound healing European Training requirements (ETR). The clinical cases presen-
tations include information on the different pathogenic causes of chronic wounds, 
clinical assessment and therapeutic concepts. 
Chronic relapsing ulcerative wounds, also known as hard-to-heal wounds, per-

sist for more than 6–8 weeks and typically affect the extremities. They are 
commonly linked to venous insufficiency, edema, neuropathy, impaired arterial 
circulation, and diabetes. Around 85% of chronic ulcers stem from these condi-
tions. The remaining 15% are categorized as atypical wounds, which are associated 
with a variety of other conditions, often systemic, allergological, neurological, 
psychiatric/psychosomatic, mixed, or of undetermined origin. One of them is 
granulomatosis with polyangiitis. This is a rare pauci-immune ANCA-associated 
vasculitis where the diagnosis is supported by a positive biopsy, combined with a 
typical clinical presentation and the presence of either PR3-ANCA or myeloperox-
idase (MPO)-ANCA serology. Most patients with granulomatosis with polyangiitis 
endure prodromal constitutional symptoms for months before the emergence of 
more specific symptoms. These include palpable purpura, mucocutaneous ulcers, 
subcutaneous nodules, ulcers resembling pyoderma gangrenosum, digital necrosis, 
papulo-necrotic lesions, and livedo racemosa, listed in order of decreasing fre-
quency. The induction of remission for organ- or life-threatening Granulomatosis 
with polyangiitis involves a combination of glucocorticoids with either rituximab 
or cyclophosphamide. For non-organ- or non-life-threatening Granulomatosis with
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polyangiitis, the recommended combination is glucocorticoids with methotrex-
ate, or rituximab (monotherapy). Azathioprine, methotrexate, and mycophenolate 
mofetil are alternatives to rituximab. 
Cutaneous and other vasculitides are specific inflammations of the blood vessel 

wall that can happen in the skin or in any organ of the body. Vasculitis is classified 
based on the size of the affected vessels, which can be small, medium, or large [1]. 
Cutaneous vasculitis can reflect a cutaneous component of a systemic vasculitis, 
a skin-limited or skin-dominant expression or variant of a systemic vasculitis or 
be a single-organ vasculitis per se [2]. Clinical presentation of vasculitis is most 
commonly palpable purpura on the lower extremities. The depth of affected ves-
sels is correlated with the type of cutaneous lesions. If small superficial vessels 
are involved, the lesions are urticarial plaques and papules, but relatively per-
sistent. Involvement of vessels in the dermo-hypodermic junction or hypodermis 
results in ulcers, nodules, or livedo [2]. The type of inflammatory infiltrate is a key 
finding for the diagnosis of cutaneous vasculitis. Leukocytoclastic vasculitis is a 
pathophysiological process common to different causes [2]. The diagnosis of vas-
culitis relies on anamnesis, clinical manifestation and also on the histopathological 
and immunofluorescence studies [1]. Eosinophilic granulomatosis with polyangi-
itis (EGPA) is a rare, multi-system, inflammatory disease, belonging to the group 
of anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitides (AAV) 
[3]. 
On the wound bed of vasculitic wounds we often find necrosis. Another wound 

where we can find necrosis in the wound bed is Martorell Hypertensive Ischemic 
Leg Ulcer (HYTILU). This type of ulcer is a rare, progressive, disproportion-
ately painful, necrotic ulcer on the lower extremities. Histopathological diagnostics 
with arteriolar calcification, subendothelial hyalinosis, and arteriolar cellularity [4], 
appropriate laboratory and radiological examinations, as well as direct immunoflu-
orescence may be required in order to exclude other possible etiologies. In the 
differential diagnosis, care must be taken when differentiating it from pyoderma 
gangrenosum and necrotic vasculitis, where therapy differs greatly. ‘The red lip-
stick sign’ could be a novel clinical diagnostic feature in HYTILUs alongside 
purple border, livedo racemosa and necrotic/fibrinous ulcer bed [5]. Patients with 
Martorell ulcers need analgesics, and blood pressure regulation. 
Chronic prurigo is another ulcerative condition characterized by persistent pruri-

tus, lasting at least six weeks, and presenting with localized or generalized pruritic 
skin lesions, such as whitish or pinkish papules, nodules, and/or plaques [6]. 
Recent studies have demonstrated that the pathophysiology of pruritus involves 
neuroimmune interactions, opening up new therapeutic perspectives [6]. Chronic 
prurigo, a skin disease resistant to treatment, is managed with topical and systemic 
therapies, as well as phototherapy [7]. 
Necrobiosis lipoidica is a rare, chronic granulomatous disease of the skin that 

can lead to ulcerations of the skin in up to 30% [8]. Many patients with necrobio-
sis lipoidica also have diabetes mellitus. Early therapeutic choice for non-ulcerated
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necrobiosis lipoidica is usually topical treatment with a high-potency topical cor-
ticosteroid applied under occlusion and compression therapy. When ulcers occur, 
they heal slowly and can be difficult to treat. 
Ulcers that are also difficult to treat and even more difficult to diagnose are 

self-inflicted ulcers—artefactal ulcers. Dermatitis artefacta (factitious skin disor-
der) is a rare psychocutaneous disorder that poses a complex clinical challenge 
to clinicians [9]. Self-inflicted lesions are most often in accessible areas as the 
face, mucosae and extremities, involves the hair or nails, and do not correlate with 
organic disease patterns [9, 10]. We have to carry out extensive diagnostics, and 
laboratory tests to exclude inflammatory, infectious, vascular, malignant and other 
reasons for wounds, which primarily excludes the diagnosis or etiology of more 
common, typical wounds. In this patients it is essential to focus on the psycho-
logical disorders and life stressors that have predisposed the condition with which 
patients satisfy a psychological need, attract attention, or evade responsibility [9, 
10]. Numerous erosions and ulcers of unusual shapes in unusual places are often 
a sign of self-harm. 
Wounds and chronic oedema are common disorders, but rarely studied together 

[11]. The estimated prevalence of chronic oedema is 57% in patients cared for 
by community nurses in the UK and 38% in hospitals in Europe [11]. Compli-
cations include cellulitis and chronic wounds. Despite this, chronic oedema with 
wounds remains a neglected condition [11]. When the patient is not sufficiently 
or incorrectly treated for the underlying disease, there may be deterioration and 
the formation of ulcers, such as in patients with untreated or insufficiently treated 
lymphedema, especially if this is accompanied by poor blood circulation, where 
they can also be visible at the base of the wound necrosis. In the case of untreated 
lymphedema, the swelling can be joined by an infection—erysipelas, which further 
worsens the swelling. Burian et al. found that the severity of the chronic oedema (n 
= 738) wounds affected 27.33% with ISL stage I, 38.67% in stage II, and 34.00% 
in stage III. Only 43.22% of the patient cohort with wounds had well-controlled 
chronic leg oedema [11]. They confirm that secondary lymphoedema has a higher 
association with wounds than primary lymphoedema. 
Chronic wounds and chronic skin damage are risk factors for malignant skin 

diseases. Malignant tumors that occur in chronic wounds are more aggressive, 
more resistant to therapy and are also more likely to metastasize. The studies 
agree that a biopsy should be performed on any non-healing ulcer that is resistant 
to treatment. However, exactly when to opt for the procedure itself has not yet been 
standardized. Epidermolysis bullosa is a term for a heterogeneous group of rare 
skin diseases ranging from mild to life-threatening, all clinically characterized by 
skin and/or mucosal fragility and blistering in response to minor injury or mechani-
cal trauma. Due to impaired skin healing and the associated chronic inflammation, 
Epidermolysis bullosa also represents a risk factor for skin malignancies. Squa-
mous cell carcinomas in patients with Epidermolysis bullosa have a high likelihood 
of metastasis and mortality [12]. In systematic review they found that from 367 
patients Squamous cell carcinomas were the most common malignancy (94.3%) 
with 18,8% and median survival 16.8 months [12]. In severe recessive dystrophic
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epidermolysis bullosa, the risk of mortality due to squamous cell carcinoma rises 
to 78.8% at 55 years old from 38.7% at 35 years old, and the median survival is 
approximately 5 years following initial squamous cell carcinoma diagnosis [13]. 
All chronic wounds are treated locally with modern dressings for wound treat-

ment, depending on the tissue at wound bed of the ulcer, of course after diagnosis. 
A multidisciplinary approach is often necessary for establishing a diagnosis, and 
often also for optimal systemic treatment of chronic wounds. 
The training requirements for systemic wounds address diagnostic and thera-

peutic measures. The trainees will be able to: 

– Explain the factors that are of importance in relation to systemic wound healing 
and describe the stages of wound healing. 

– Describe the risk factors, causative mechanisms, and essential features of the 
systemic wounds. 

– Summarize the most important evidence-based systemic wound care recom-
mendations. 

– Outline the clinical classifications commonly used in systemic wound care and 
apply in practice those classifications that are relevant (e.g. CEAP classification 
system, SINBAD score, Nomenclature of Cutaneous Vasculitis). 

– Summarize which pieces of anamnestic information and clinical findings are 
relevant and adapt this knowledge to interviewing and examining the patient 
with systemic wounds. 

– Assess the patient’s quality of life. 
– Assess the patient’s adherence to treatment. 
– Outline screening for malnutrition, assess the nutritional status of the patient, 
and identify malnutrition. 

– Assess the pain associated with a systemic wound. 
– Identify the common systemic wounds. 
– Identify the situations in which atypical wound should be suspected. 
– Identify delayed systemic wound healing and assess its risk factors. 
– Summarize the tissue effects of aging and the role of aging in tissue healing, 
and apply this knowledge to systemic wound care. 

– Choose the appropriate laboratory and imaging studies required in the diagnos-
tics and treatment of systemic wounds. 

– Understand that treatment must be based on a diagnosis, evidence-based and 
patient-centered. 

– Plan the treatment according to the aetiology and characteristics of the systemic 
wound. 

– Assess the treatment options realistically and determine the appropriate treat-
ment limitations.

https://pezeshkibook.com



T. P. Rucigaj et al.98

Case 6.1. Granulomatosis with Polyangiitis Debut: The 
Pyoderma Gangrenosum-Like Ulcer 

Case Presentation 

A 57-year-old patient with dyslipidemia was referred to our department due to 
an 8-month persistent chronic umbilical ulcer, which originated from a livid 
patch and proved refractory to conventional treatments, including multiple rounds 
of oral antibiotics. Hypergranulations developed, progressing into an ulcer post-
necrotomies. The patient experienced a weight loss of 5 kg, attributed to loss 
of appetite. One month before referral, additional symptoms manifested: severely 
painful gum changes, haemorrhagic discharge from the right nostril, and inflam-
mation of the left lower eyelid. No other symptoms were reported by the 
patient. 
Upon examination, no abnormalities were noted in general assessments. How-

ever, a notable finding was an undermined ulcer with a violaceous border in the 
umbilical area, measuring 4.5 × 3 cm, which was 3 cm deep, covered with lit-
tle granulation and 80% of fibrin (Fig. 6.1). There was a granulation tissue on 
the central part of the conjunctiva of the left lower eyelid with ulceration and a 
purulent discharge (Fig. 6.2). Gums exhibited hypertrophy with cobblestone or 
strawberry-like appearance (Fig. 6.3). Additional otorhinolaryngological examina-
tion revealed the presence of necrosis accompanied by purulent and dried linings 
in the area of the right middle concha of the nose and anterior to it. Furthermore, 
distinct granulations were observed on the lower alveolar ridge. 
To refine the diagnosis, various differential considerations were explored. Lab-

oratory tests revealed elevated inflammatory parameters, with a C-reactive protein 
(CRP) level of 102 mg/dL, sedimentation rate (SR) of 58 mm/h, mildly increased 
leukocytes (11.8 × 109/L) and neutrophils (8.15 × 109/L). Bacterial swab analysis

Fig. 6.1 Undermined ulcer 
with a violaceous border in 
the umbilical area, measuring 
4.5× 3 cm, 3 cm deep, 
featuring minimal granulation 
and 80% fibrin cover
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Fig. 6.2 Granulation tissue 
on the central part of the 
conjunctiva of the left lower 
eyelid, accompanied by 
ulceration and purulent 
discharge 

Fig. 6.3 Hypertrophy of the 
lower gums with a distinctive 
cobblestone or 
strawberry-like appearance

of the abdominal ulcer indicated the presence of Pseudomonas aeruginosa, sensi-
tive to all antibiotics tested. However, swabs from the right nasal cavity, left lower 
eyelid, and oral cavity, as well as hemocultures returned negative results for both 
fungi and bacteria. Galactomannan and beta-D-glucan tests also yielded negative 
results. 
Extensive biochemistry laboratory testing revealed a slight elevation in gamma-

GT (2.36 µkat/L). Extensive additional tests, including indirect immunofluores-
cence testing for pemphigus and pemphigoid antibodies, antinuclear antibody, 
extractable nuclear antigen test, C3 and C4 complement, antibodies against C1q, 
a comprehensive tumor marker panel, lactate dehydrogenase, quantiferon test, and 
serology for hepatitis B virus, hepatitis C virus, and human immunodeficiency 
virus all reported negative results or values within the reference range. Serum pro-
tein electrophoresis demonstrated an asymmetric distribution of gamma globulin 
subtypes, suggesting the potential presence of immune complexes. Importantly, a 
positive immunoglobulin G c-antineutrophil cytoplasmic antibody (ANCA) with a 
titre of 1:20 and proteinase 3 (PR3) at 126 CU was detected. Chronic inflamma-
tory bowel disease was ruled out based on a negative history, calprotectin test, and 
endoscopic examinations.
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The orthopantomogram revealed only dental caries, which seemed inconsis-
tent with the severe pain in the maxillary region reported by the patient. To 
further investigate, a CT scan of the paranasal sinuses was conducted. This 
revealed mucosal thickening with calcifications and extensive osteolytic changes/ 
bone resorption in the alveolar ridge of the maxilla or the floor of the maxillary 
sinuses bilaterally at multiple sites. In addition, a CT scan of the abdomen was 
performed to assess the extent of umbilical ulceration. The results additionally 
showed abscess-like changes in the basal parts of the lungs and in the prostate. 
The patient exhibited no pulmonary or urinary tract symptoms, with negative find-
ings in urine sediment, urine culture, and normal results in pulmonary function 
tests. 
Several biopsies were conducted, each revealing distinct pathological find-

ings. A biopsy from the umbilical ulceration indicated pseudoepitheliomatous 
hyperplasia accompanied by necrosant inflammation in the dermis. Subsequent 
examination unveiled vasculitis/vasculopathic changes and epithelioid granulo-
mas. The gum biopsy exhibited polypoid changes characterized by markedly 
hyperplastic squamous epithelium and intense mixed chronic suppurative inflam-
mation. Additionally, a biopsy of intranasal granulation tissue demonstrated intense 
mixed cellular inflammatory exudation in the subepithelial connective tissue, with 
mildly increased eosinophils. Individual vessels displayed fibrinoid necrosis of the 
wall, some of which showed initial recanalization after previous connective tis-
sue obliteration. Staining for bacteria, fungi and mycobacteria was negative in all 
biopsies. 
Through a thorough correlation of clinical, pathological, and serological data, 

the diagnosis of granulomatosis with polyangiitis (GPA) was made. 

Treatment 

Systemic Treatment 
Following the referral, we promptly initiated 1 mg/kg prednisolone equivalent/day 
orally with proton pump inhibitor, calcium carbonate and vitamin D as anti-ulcer 
and anti-osteoporotic protection. Due to intense pain in the maxillary area, the 
patient required analgesia, including opioids, amitriptyline, and pregabalin, with 
careful titration. 

Topical Treatment 
Umbilical ulcer was gently cleaned every second day and covered by alginate 
silver dressing. The oral cavity was treated with 1% lidocaine in orabase and 0.1% 
triamcinolone in orabase, both administered three times a day. Additionally, the left 
eye underwent saline solution irrigation, followed by the application of an ointment 
containing a combination of dexamethasone, polymyxin B, and neomycin.
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Outcome 

After the initiation of therapy, CRP and SR decreased to 27 mg/dL and 29 mm/ 
h, respectively. However, leukocytosis increased to 18.5× 109/L, and neutrophilia 
rose to 14.2 ×109/L, potentially attributed to the systemic corticosteroid therapy. 
Upon the confirmation of a diagnosis of granulomatosis with polyangiitis, the 
patient was subsequently referred to the rheumatology department for additional 
diagnostic assessments and further treatment with rituximab. Regrettably, feed-
back on the efficacy of this treatment is unavailable, as the patient did not return 
for follow-up appointments. 

Discussion 

Our case report delves into the intriguing presentation of GPA in a 57-year-old 
patient, where the initial manifestation took an unexpected form—an umbil-
ical pyoderma-gangrenosum-like ulcer. This rarity challenges the conventional 
understanding of GPA’s onset, highlighting the crucial role of dermatologists in 
recognizing and diagnosing atypical cases to avoid diagnostic delays. 
GPA is a rare pauci-immune ANCA-associated vasculitis, defined by the 2012 

International Chapel Hill Consensus Conference as necrotizing granulomatous 
inflammation primarily affecting small- to medium-sized vessels [13]. Despite 
extensive research, the etiology of GPA remains unknown. The prevalence and 
incidence of GPA show variability across ethnic groups, likely influenced by envi-
ronmental triggers, with rates ranging from 20 to 160 cases per million and 0.5 to 
20 cases per million per year, respectively [14, 15]. GPA does not exhibit a sig-
nificant sex predilection and typically peaks in incidence between 41 and 68 years 
of age [14]. A definitive diagnosis of GPA is often supported by a positive biopsy, 
combined with a typical clinical presentation and the presence of either PR3-
ANCA or myeloperoxidase (MPO)-ANCA serology. PR3-ANCA is detected in 
approximately 84–85% of GPA cases, while MPO-ANCA is found in about 16% 
of them. It’s important to note that a negative ANCA result does not rule out a 
diagnosis of GPA. Imaging and endoscopy are recommended for identifying organ 
involvement in GPA [16]. The 2022 ACR/EULAR revised and validated classifi-
cation criteria for GPA, which have a sensitivity of 93% and specificity of 94%, 
are not appropriate for use in establishing a diagnosis of GPA [17]. 
Most GPA patients experience prodromal constitutional symptoms lasting for 

months before the onset of other specific symptoms [14]. Cutaneous involvement 
occurs in approximately 54% of GPA cases, yet an initial presentation of GPA, as 
seen in our patient, is infrequent. Cutaneous GPA can manifest as palpable purpura, 
mucocutaneous ulcers, subcutaneous nodules, pyoderma gangrenosum-like ulcers, 
digital necrosis, papulonecrotic lesions, and livedo racemosa, with decreasing fre-
quency. Palpable purpura may serve as an indicative marker for renal involvement 
[18]. Our patient’s case exemplifies the importance of widening the spectrum of 
differential diagnoses for chronic pyoderma gangrenosum-like ulcers when the
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imperative is to systematically exclude GPA, even in the absence of systemic 
symptoms and the presence of pathergy. ANCA positivity and distinct histological 
features serve as crucial diagnostic markers between GPA and pyoderma gan-
grenosum. It is essential to further differentiate GPA ulcerations from infections, 
connective tissue diseases, extraintestinal Crohn’s disease and certain cutaneous 
lymphomas, underlining the significance of a meticulous diagnostic process to 
avoid potential misdiagnoses and ensure timely and appropriate management [19]. 
Additionally, GPA commonly involves the upper (85%) and lower (80%) respi-
ratory tracts. Upper tract manifestations include sinusitis, epistaxis, nasal septal 
perforation, saddle nose deformity, and airway stenosis. Lung involvement can be 
asymptomatic or present with cough, dyspnea, chest discomfort, hemoptysis, or 
alveolar hemorrhage. The most common chest computed tomography findings are 
multiple nodules or masses, which may progress to exhibit areas of cavitation, with 
the potential for subsequent infection [20]. Furthermore, the kidneys are affected 
in up to 90% of GPA cases (2). GPA can impact the eyes in 16–78% of cases, com-
monly resulting in vision impairment and eye pain. Mainly associated with orbital 
masses and proptosis, GPA can also lead to additional changes such as episcleritis, 
scleritis, and ductal lacrimal obstruction [21]. In GPA patients, oral manifesta-
tions occur in 6–13%, with 50% reporting pain. Strawberry-like gingivitis is the 
most common presentation (61.5%), followed by rare erosive/ulcerative lesions 
(28.8%) and hyperplastic gingivitis/tooth mobility (25.0%) [22]. Other affected 
organ systems in GPA may include the nervous system, gastrointestinal tract, and 
cardiovascular system [14]. The manifestation of prostate involvement in GPA is 
infrequent and typically gives rise to symptoms such as dysuria, acute or chronic 
urinary retention, hematuria, or pain. Cases of asymptomatic prostate involvement, 
as observed in our patient, are rare [23]. In our patient we limited further investi-
gation of pulmonary and prostate changes due to prior extensive diagnostics and 
confirmed GPA. 
As per the 2022 EULAR recommendations, the induction of remission for 

organ- or life-threatening GPA involves a combination of glucocorticoids with 
either rituximab or cyclophosphamide. For non-organ- or non-life-threatening 
GPA, the recommended combination is glucocorticoids and rituximab, with 
methotrexate or mycophenolate mofetil considered as alternative options to rit-
uximab. The initial dosage of oral glucocorticoids ranges from 50 to 75 mg 
prednisolone equivalent/day based on body weight, with a gradual reduction 
according to the PEXIVAS study, aiming for a dose of 5 mg prednisolone equiv-
alent per day by four to five months. Intravenous methylprednisolone pulses, 
though commonly used in some institutions, lack sufficient evidence and are 
not recommended for routine use. The suggested duration of maintenance ther-
apy to sustain remission of GPA is 24–48 months following the induction of 
remission in new-onset cases. Consideration for a longer duration is warranted 
in patients experiencing relapses or those at an increased risk of relapse. It’s cru-
cial to acknowledge that specific organ manifestations may necessitate targeted 
interventions and supportive management [16]. There are currently no recom-
mendations for topical treatment of cutaneous GPA. Despite advancements in
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management, GPA remains associated with a mortality rate ranging from 12.5 
to 25.7%, primarily attributed to infections [24]. 
To sum up, the manuscript emphasizes the need for heightened clinical aware-

ness and a comprehensive approach to avoid overlooking GPA in its unique 
manifestations, advocating for collaboration between dermatologists and rheuma-
tologists in navigating the intricacies of the atypical initial presentation of GPA as 
a pyoderma gangrenosum-like ulcer [25]. 

Case 6.2. Martorell Hypertensive Ischemic Leg Ulcer 

Introduction 

An 84-year-old Caucasian overweight woman presented at the Dermatologic 
emergency department due to an extremely painful progressive necrotic ulcers 
bilaterally on the lower legs. The ulcer on her right leg appeared first, 3 months 
prior to the visit, and the ulcer on the left leg appeared 2 months prior. Due to 
severe constant pain on NRS 10/10, analgesic therapy with tramadol and paraceta-
mol was prescribed. She denied previous trauma or insect bites in the area. She has 
had arterial hypertension for approximately 30 years, which was poorly controlled 
and treated with telmisartan/hydrochlorothiazide, moxonidine and doxazosin. Her 
other systemic treatments included metildigoxin, trimetazidine, furosemide, ator-
vastatin, bisoprolol and warfarin. The physical examination revealed on her right 
laterodorsal leg, a relatively shallow, irregular ulcer, approximately 10×5 cm con-
necting with a tongue-like projection to a 5× 5 cm ulcer, with 20% necrosis and 
80% granulations. Above it a similar completely necrotic ulcer size 1.5 × 3 cm  
was observed. On the left, an equivalent smaller 3 cm ulcer with about 50% of 
necrosis was observed (Figs. 6.4 and 6.5). The perilesional skin was hyperemic 
and livedoid. Peripheral arterial pulses of the dorsalis pedis arteries were palpable 
bilaterally.
An ultrasound of the veins in the lower extremities revealed mild superfi-

cial venous insufficiency in the vena saphena magna. Peripheral arterial disease 
was ruled out, using oximetry and ankle-brachial index measurements. Exten-
sive laboratory examinations of the blood and urine were performed, and in all 
likelihood excluded other ulcer etiologies. That included: complete blood count, 
differential blood count, sedimentation rate, C reactive protein, comprehensive 
metabolic panel, including serum, ionized and corrected calcium, calcium oxalate, 
urate, phosphate, HbA1c, homocysteine, serum protein electrophoresis, compre-
hensive tumor marker panel, LDH, Vitamin D, parathormone, protein S and 
C, antithrombin III, prothrombin time, INR, partial thromboplastin time, lupus 
anticoagulants, antiphospholipid antibodies, C3 and C4 complement components, 
HEP-2 antibodies, ENA antibodies, ANCA antibodies, anti-dsDNA, cold agglu-
tinins, cryoglobulins and urine with sediment. In addition we performed a chest 
x-ray and abdominal ultrasound.
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Fig. 6.4 Martorell HYTILU at baseline visit (a back; b front; c side) 

Fig. 6.5 6 weeks after baseline visit (a back; b front; c side)

Wound swabs for pathogenic bacteria were performed and revealed a mixed 
bacterial flora. 
A punch biopsy was performed for direct immunofluorescence (DIF) and was 

nonspecific. A deep incisional biopsy across the ulcer and healthy skin was 
performed for the histopathological examination, revealing calcifications and nar-
rowing of the lumens of larger vessels of the deep plexus, especially in the arterial 
system, consistent with the diagnosis of Martorell Hypertensive Ischemic Leg 
Ulcer (HYTILU). 

Differential Diagnosis 

Based on the patient history of severe pain and long standing badly controlled 
arterial hypertension, physical examination and localization of the ulcer, exten-
sive laboratory examinations, vein ultrasound, oximetry, perfusion pressures,
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nonspecific DIF, other common and rare ulcer aetiologies were excluded, includ-
ing arterial disturbance, rheumatologic, hematologic, metabolic, vaso-occlusive 
and coagulation disorders) as well as possible associated disease. Additionally, 
histopathological examination was consistent with Martorell HYTILU. 

Treatment 

(A) Ulcer 

Treatment was initiated with wound dressings at the baseline visit and included 
hydrogel on necrotic areas and alginate on granulations. The wound dressings were 
modified at every visit based on the clinical characteristics. Partial debridement 
was performed at every visit. Moreover, daily use compression therapy with long 
stretch bandages was initiated. 

(B) Concurrent Measures 

Analgesic therapy was modified. Her arterial blood pressure was normalized, 
using an increased dose of doxazosin and the introduction of amlodipine. 

Follow up 

The patient was followed up every 1–2 weeks, based on the ulcer clinical 
characteristics, until sufficient healing was observed. 

(C) Outcome 

Slow, but steady improvement of the ulcer was observed one month after the 
baseline visit and complete re-epithelialization was observed 4 months after the 
baseline visit (Fig. 6.6). No new ulcers have appeared for one year after the 
resolution. The patient’s arterial pressure was well regulated.

Discussion 

Martorell HYTILU is a rare, progressive, disproportionally painful, necrotic ulcer 
on the lower extremity with a predisposition to the lateral-dorsal part of the 
lower third of the tibia and the area above the Achilles tendon [26–31]. It usu-
ally begins with a livid-colored painful area that then becomes necrotic with a 
livid and necrotic margin [26, 32]. In the differential diagnosis, care must be 
taken, when differentiating it from pyoderma gangrenosum and necrotic vasculi-
tis, where therapy differs greatly [26, 31, 33, 34]. Patients with Martorell ulcer are
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Fig. 6.6 Complete reepithelization (a back; b. front; c side)

usually older than 60 years, with long-standing arterial hypertension and/or dia-
betes mellitus type II (DM), which result in subcutaneous vessel arteriosclerosis, 
resulting in ischemia [26, 29]. Both comorbidities should be adequately managed 
[29]. Approximately half of the patients have Martorell HYTILU ulcer in the same 
location on the contralateral extremity either concomitantly or several months or 
years later [29]. Calciphylaxis (distal and proximal form) and calciphylaxis with 
normal renal function also have a similar clinical and histopathological picture to 
Martorell ulcer [26, 29, 31]. Similar risk factors are observed in all four entities, 
especially hypertension and diabetes [26, 29, 31]. 
The diagnosis of Martorell HYTILU is one of exclusion and is most likely 

often overlooked. A deep elliptical incisional biopsy is indicated, when clinical 
suspicion is high in order not to miss the specific histological findings of subcu-
taneous arteriolosclerosis, which include medial calcinosis, arteriolar thrombosis, 
narrowed vessel lumen and thickened vessel wall [31]. A superficial biopsy may 
miss these characteristic features. 
The treatment of Martorell ulcer requires a multidisciplinary approach. Appro-

priate wound dressings are warranted, based on the ulcers clinical characteristics 
and long stretch bandages are indicated. In the initial phases, wound debridement 
may be required. Adequate pain management is necessary, as well as the reduction 
of cardiovascular risk factors, with an emphasis on blood pressure regulation, as 
well as adequate control of DM. Non-specific beta blockers should be discontinued 
in order to prevent peripheral vasoconstriction [32]. 
In the case of resistant disease, debridement with skin grafting, the use of 

vasodilators (mesoglycans, pentoxifylline), negative pressure therapy, treatment in 
a hyperbaric oxygen therapy, prostaglandin E and systemic antibiotic therapy can 
also be considered [26–39]. 
With the aging of the population and the high prevalence of associated car-

diovascular diseases, we expect an increase in this type of ulcers. Martorell
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hypertensive ischemic ulcer should be considered in any severely painful shin 
ulcer that progresses rapidly and does not heal optimally, especially in patients 
older than 60 years, who have associated arterial hypertension and diabetes. 

Case 6.3. Chronic Prurigo 

Introduction 

The 74-year-old patient had been suffering from extremely itchy changes on the 
skin of both shins, and occasionally also on the extensor side of the forearm, for a 
year before the examination in the dermatology clinic. Her GP prescribed topical 
gentamicin ointment and Loratadine, without significant improvement. She was 
treated for arterial hypertension, had a cholecystectomy, but is otherwise healthy. 
She had no proven allergies. She used an ACE inhibitor and Doxazosin as a regular 
therapy. At the first examination, erythematous prurigo papules with dried crusts 
were present on the pretibial sides of both shins. Individual hypo and hyperpig-
mentation were also present on the skin of the extensor sides of the forearms. 
Peripheral lymph nodes were not palpably enlarged. There were no peculiarities 
in the somatic status either. The laboratory results showed a slightly elevated sed-
imentation rate of 29, ALT 0.67, gamma GT 0.65, triglycerides 1.8, other values 
in the hemogram, hepatogram and lipidogram, as well as blood sugar, urea, thy-
roid hormones and iron were within normal limits. X-ray of chest organs was 
also within normal limits. Based on the anamnesis of itching lasting more than 
a year and the typical clinical picture, we made a diagnosis of Prurigo Chronica. 
Initially, we introduced betamethasone/gentamicin cream and indifferent ointment, 
and desloratadine, but without significant effect on itching. Therefore, at the con-
trol examination, we added therapy with hydroxyzine tablets for the evening. 
Betamethasone/gentamicin cream were replaced by mometasone furoate cream 
due to minor side effects. With this treatment, the itching subsided, new prurigo 
papules no longer appeared in such a severe form, for this reason, we did not add 
other systemic therapy to the therapy (Fig. 6.7).

Discussion 

Chronic prurigo (CP) is a defined by the presence of chronic pruritus for at least 
6 weeks, a history and/or signs of repeated scratching, and multiple localized 
or generalized pruritic skin lesions (whitish or pinkish papules, nodules and/or 
plaques, scratch-associated pruriginous little wounds) [6]. Prurigo papules/nodules 
occur either as primary lesions or as secondary lesions due to persistent scratching 
[40]. CP is frequently named prurigo nodularis, but that is only the main clinical 
aspect of chronic prurigo [6]. On the skin are present multiple, firm, flesh to pink 
colored nodules commonly located on the extensor surfaces of the extremities [41].
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Fig. 6.7 At the end of the 
therapy

Etiology 

CP can be of allergological, dermatological, systemic, neurological, psychiatric/ 
psychosomatic, mixed or undetermined origin [6, 42]. The lesions may occur in 
any age group [41]. It is commonly associated with another disorder of cutaneous 
hypersensitivity such as atopic dermatitis or chronic pruritus of diverse origins 
[41]. 
The mechanisms of CP are complicated and involve the interaction of the cuta-

neous, immune, and nervous systems. Diverse immune cells, including eosinophils, 
neutrophils, T cells, macrophages, and mast cells infiltrated the lesional skin of CP, 
which initiated the inflammatory cytokines and pruritogens release. In addition, the 
interaction between the immune cells and activated peripheral sensory nerve fibers 
by neurotransmitters caused neuroinflammation in the skin and intractable itch. 
This itch-scratch vicious cycle of CP results in disease exacerbation [42]. 

Diagnosis 

The diagnosis of CP is mainly clinical. We have to identify the cause of pruritus 
[41, 43] by taking a medical history, especially pruritus, medication use, comor-
bidities, and any psychiatric history. In addition to the typical skin lesions, the 
purpose of the physical examination is to detect associated skin diseases that may
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cause pruritus and may be the etiological factor of prurigo [43]. We also exam-
ine the mucous membranes, lymph nodes, liver, spleen and kidneys. Laboratory 
tests: complete and differential blood count, C-reactive protein, liver tests (AST, 
ALT, gGT, AP), renal retentions, lactate dehydrogenase, thyroid hormones[43]. To 
rule out malignancy an ultrasound examination of the lymph nodes and abdom-
inal cavity, and a chest X-ray, are performed [43]. Histological examination and 
immunofluorescence are performed when we are not sure about the primary skin 
disease [43]. 

Treatment 

CP is a treatment-resistant skin disease with significant physical and psychological 
morbidity. A whole range of general measures, pharmacological approaches and 
psychological therapies is often needed [41]. 
Available therapeutic options for CP are topical and/or intralesional corticos-

teroids, with topical calcineurin inhibitors and topical analgesics if necessary. 
We can prescribed also vitamin D derivativates. If itching persists despite topi-
cal therapy, add antihistamines, oral corticosteroids, azathioprine, cyclosporine or 
methotrexate. We need to add from time to time opioid modulators or antidepres-
sants. 
Recent studies indicates effectiveness of biologics: dupilumab, nemolizumab 

and oral Janus kinase inhibitors too. Phototherapy with UVB 311 and PUVA 
relives itching for some patients [6, 43]. 

Case 6.4. Necrobiosis Lipoidica with Ulceration 

Introduction 

A 55-years old woman with a history of deep vein thrombosis, arterial hyperten-
sion, hypercholesterolemia, and mild gastritis presented at Outpatient Dermatology 
Clinic in 2012 with skin changes on her legs that started in 1995. There was no 
history of diabetes mellitus. The main reason for her visit were ulcerations that 
appeared 2 months ago and didn’t heal. 
Soon after the appearance of first skin changes in 1995 the diagnosis of necro-

biosis was suggested and later confirmed by histopathological examination which 
showed palisaded and interstitial granulomatous dermatitis in the dermis with 
extension into the subcutaneous tissue. Granulomas were composed of histiocytes, 
and multinucleated giant cells and infiltrate composed of lymphocytes, plasma 
cells, and scarce eosinophils was seen. 
The treatment in the past consisted of topical and intralesional corticosteroids 

which resulted in some occasional improvement of the situation, but the disease 
proceeded.
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Fig. 6.8 Right leg with 
ulceration under the knee 

Fig. 6.9 Left leg with 
ulceration above the medial 
ankle 

At the time of the visit there were typical yellow-orange plaques with atrophy 
and prominent telangiectasias on both pretibial areas. At the periphery some fresh 
lesions in the form of pink plaques were seen. There was ulceration within one 
of the yellow plaques on the right leg (Fig. 6.8) under the knee (15 × 7 mm) and 
ulceration on the medial ankle area (Fig. 6.9) of the left leg (8×10 mm). 

Differential Diagnosis 

Due to typical clinical picture and previous histopathology report other granuloma-
tous disorders of the skin (cutaneous sarcoidosis, granuloma annulare, necrobiotic 
xanthogranuloma) and skin diseases with predilection for the lower legs (pig-
mented purpuric dermatosis, stasis dermatitis) were excluded. The duration of the 
disease was helpful in this case as the clinical picture was fully developed.
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Treatment 

Necrobiosis is a disease that is difficult to treat as there is no definitive cure. The 
treatment aims on management of signs and symptoms of the disease by reducing 
the inflammatory process and healing ulcerations. 
Our patient was treated with topical and intralesional corticosteroids in the past 

and she refused additional application of these medications and was also reluc-
tant to attempt systemic treatments. Topical immunomodulator tacrolimus 0.1% 
ointment twice daily was prescribed for the active borders of the lesions and emol-
lient cream and avoidance of trauma were suggested. The wounds were covered 
by alginate dressing that was changed twice weekly. Compression therapy was 
started. 
Two months after the introduction of the therapy the redness of the plaque 

borders was less prominent. The ulcerations were almost healed. The patient was 
then lost for follow-up and died a year later due to intracerebral hemorrhage. 

Discussion 

Necrobiosis lipoidica is a rare, chronic granulomatous disease of the skin that 
can lead to ulcerations of the skin [44–46]. The lower legs, particularly the shins, 
are the most common sites of involvement. Ulceration is a frequent complication, 
occurring in 10 to 20 percent of patients [45]. 
Many patients with necrobiosis lipoidica also have diabetes mellitus. Con-

sequently, all patients with necrobiosis lipoidica without a previous history of 
diabetes should be evaluated for diabetes at the time of diagnosis [45, 46]. 
Multiple therapies have been used for necrobiotic lipoidica with unpredictable 

results. Early therapeutic choice for non-ulcerated necrobiosis lipoidica is usually 
topical treatment with a high-potency topical corticosteroid applied under occlu-
sion and compression therapy. In case of insufficient response to this treatment, 
subsequent treatment is usually intralesional corticosteroid therapy. 
Many other options of treatment are described including phototherapy, top-

ical calcineurin inhibitors, biologics, immunosuppressants, JAK inhibitors and 
combination therapies [46, 47]. 
Ulceration is the most frequent complication of necrobiosis lipoidica. These 

ulcers frequently heal slowly, are painful and can be difficult to treat. With the 
aim to reduce the risk for ulceration, the patients should be encouraged to avoid 
trauma of the skin in affected areas [8]. Daily moisturization of atrophic areas to 
reduce the risk of skin breakdown is recommended. 
Proper wound care is an important part of the management of ulcers in necro-

biosis lipoidica. Basic principles of wound care are recommended. Wound healing 
is facilitated by reducing factors that may inhibit the process, such as malnutrition 
and lower extremity edema. Compression stockings and leg elevation are suggested 
in the management of lower extremity edema to promote healing [48].
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Fig. 6.10 Dermatitis 
artefacta (at presentation, 
July 2022) 

Case 6.5. Dermatitis Artefacta 

Introduction 

A 45-year-old woman with anxiety-depressive disorder came to the dermatology 
department with a history of worsening ulcers on her left forearm, which had lasted 
for 4 years (Fig. 6.10). The wounds were initially caused by alkali damage and did 
not heal. She had several irregularly shaped erosions and ulcers ranging from 1 to 
4 cm in a 15 cm wide scar tissue that was around the entire circumference of the 
middle part of her left forearm. She was treated with intralesional corticosteroid 
therapy and methylprednisolone with an initial dose of 32 mg, additionally she had 
therapy with Dapsone 50 and 100 mg daily (alternating) and 5 mg methotrexate per 
week. She was also treated with biological therapy with Infliximab (300 mg). Sev-
eral surgical necrosectomies, skin grafts and negative pressure therapies were also 
performed. But the ulcers kept enlarging. New ones also appeared, even though 
the initial cause had long since disappeared. 

Differential Diagnosis 

To rule out other pathology, an MRI was performed, which showed a small skin 
defect distally radially, without other pathological signs. Biopsy (histology and
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DIF) of the ulceration was inconclusive, showing epidermal necrosis, hypertrophic 
scar tissue, and mixed cellular infiltrates, without skin changes similar to pyoderma 
gangrenosum. Nonspecific DIF changes and a negative ANCA test spoke against 
vasculitis. Based on the histology, chemical dermatitis could not be excluded. She 
had a scintigraphy of the skeleton, there were no signs of osteomyelitis. Pem-
phigoid IgG antibodies were discretely positive, anti-BP 180 and µ anti-BP 320 
were negative, and anti-core IgG antibodies were also slightly positive. A psy-
chiatric examination was advised, which the patient did not take, and due to the 
pain, an examination by an algologist was also recommended. Several tests were 
performed (full blood count, ANA, ENA, anti DNA, anti-cardiolipin antibodies, 
tumor markers, proteins, anti-beta-GPI, lupus anticoagulant, Quantiferon test, sero-
logical tests for hepatitis B and C, and an occult blood test). Only microcytic 
anemia (Hb 111 g/L, MCV 80.7 fl) with decreased values of iron (5.9 µ mol/L) 
and ferritin (4 µ g/L) and elevated sedimentation (48 mm/h) was found. Staphy-
lococcus Aureus, sensitive to all tested antibiotics, was isolated from the wound 
swab, so she received Flucloxacillin 1 g/6 h for 10 days. Another histology of 
a skin sample from the ulcer and surrounding skin showed fibrosis with mixed 
cellular infiltrates and reactive changes that can also be seen in artifact dermatitis 
but are mostly present after healing. Pyoderma gangrenosum was unlikely, but not 
completely ruled out, due to the increased number of neutrophilic granulocytes. 
DIF examination was minimal and unremarkable, chest X-ray showed no past or 
active tuberculosis or other pathologic changes. 

Treatment 

After the examinations, we stopped all systemic therapy (except Iroprem) and 
applied only local foams with PHMB and later hydrocolloid dressings to the 
wounds. Compression therapy with short adhesive bandages was used. With 
such therapy, smaller erosions and ulcers healed, and larger ones were reduced 
(Fig. 6.11). Given that the ulcers healed well, and the area with the ulcers was 
covered with dressings all the time and the results were normal, we confirmed the 
suspicion of self-harm, so we did not carry out other systemic therapy (Fig. 6.12). 
All ulcers healed within 12 days. We confronted the patient with the fact that she 
inflicted these wounds on herself, at which she was outraged. In a conversation 
with the patient, we found out that she is the owner of a small business that was 
financially unstable, so she was the recipient of financial assistance from various 
state services. Psychiatric evaluation and treatment were again recommended.

Discussion 

In patients with bizarre-shaped wounds on atypical but easily accessible spots and 
do not answer to the correct therapy, we need to take a thorough medical history 
and run a set of laboratory tests to exclude inflammatory, infectious, vascular,
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Fig. 6.11 Dermatitis 
artefacta (one week after 
presentation) 

Fig. 6.12 Dermatitis artefacta on the left forearm (at the end of the treatment: a posterior aspect; 
b anterior aspect)

malignant and other reasons for wounds. If all the results are inconclusive, we 
must consider an artefacta [9, 49, 50]. The most important thing is to create a 
trusting relationship and to offer psychiatric counseling. 
Various psychiatric diseases, financial or other personal problems can lead to 

artefactal ulcers. Chronic wounds can heal slower also in patients with depression 
[51, 52].
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Case 6.6. Stage III Lymphedema with Ulcer After Erysipelas 
Recidivans in Patients with Decreased Blood Flow 

Introduction 

A 61-year-old patient with an ulcer on the left tibia was examined for the first time 
in 2017 in the Ulcer outpatient clinic because he had severe pain and swelling on 
the left lower extremity. He had been involved in a traffic accident a few years 
earlier and had sustained severe injuries to his left tibia, which were surgically 
treated in the trauma unit. After that, severe pain appeared. An angiography was 
performed, which revealed decreased blood flow to the left tibial region, which 
was aggravated by the scars. Due to the swelling, which was also due to the scars, 
bullous erysipelas occurred (Fig. 6.13). When he came for examination, there was 
scarring and erosion in the lower two-thirds of his swollen shin, and the skin was 
reddish, with partial defects in the calf. The edema was pitting and elastic, and 
the tibia was 4 cm wider at the knee and ankle than the right. Stemmer’s sign 
was positive on the left side, pulses were barely palpable, ABI was 0.49, his tem-
perature was slightly elevated. Penicillin was administered because of suspected 
erysipelas, and compression therapy was not possible because of low ABI val-
ues. With the antibiotics, the temperature decreased, as did the pain. Because of 
the short claudication, he was unable to walk longer distances. The decrease in 
swelling was minimal. After this episode of erysipelas, he had three more, which 
were also treated with penicillin. Unfortunately, he developed an allergic reaction 
after the fourth episode. With a new episode of erysipelas, he was treated with 
cephalosporins and after the sixth episode of erysipelas, he also developed an aller-
gic reaction to the cephalosporins (Fig. 6.14). Again, he was referred to the Ulcer 
Outpatient Clinic with more pronounced and firmer edema of the tibia, severe 
pain, and an ulcer in the lower third. His case was presented to the Angiological 
Council, whose expert opinion was that amputation was the best solution, since 
compression therapy, which could prevent worsening of the edema and recurrent 
episodes of erysipelas, was not possible. 

Fig. 6.13 Episode of 
erysipelas at presentation
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Fig. 6.14 After the sixth 
episode of erysipelas 

Differential Diagnosis 

Based on the patient’s history of severe pain and poor circulation, physical exam-
ination, and localization of swelling, other common and rare etiologies of ulcers 
and swelling were excluded. A diagnosis of an ulcer was made as a result of 
recurrent erysipelas due to stage III lymphedema with reduced blood flow. 

Treatment 

The patient was referred to lymph node transplantation and scar reduction, which 
could improve circulation and reduce lymphedema (Fig. 6.15). This prevented the 
life-threatening erysipelas from recurring. Two lymph nodes from the left axilla 
were transferred to the left popliteal fossa (Fig. 6.16). After the procedure, the 
oedema was softer and became much smaller as the patient began to walk. Blood 
flow improved due to removal of scar tissue, and the ABI was postoperatively 
0.71. After lymphedema was diminished with adhesive short-stretch bandages, he 
was prescribed medical compression garments class I because he could not tolerate 
stronger compression. Since limited mobility of the left shoulder occurred after the 
lymph node removal, he was referred to the Department of Medical Rehabilitation, 
where he was prescribed physiotherapy (Fig. 6.17). With supervised therapy, he 
regained full range of motion (Figs. 6.18 and 6.19).

Follow up 

For the past six years (Fig. 6.20) he has been free of erysipelas, pain and oedema 
are minimal, and he is able to walk a distance of four kilometers with regular use 
of compression garments class I (Fig. 6.21) (EU prestandard pressure classes for 
compression).
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Fig. 6.15 Before lymph 
node transplantation 

Fig. 6.16 Immediately after 
lymph node transplantation 
and surgical removal of the 
scars 

Fig. 6.17 The site of lymph  
nodes removal—few weeks 
after transplantation
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Fig. 6.18 Left leg one year 
after lymph node 
transplantation 

Fig. 6.19 Removal site of 
lymph nodes one year after 
transplantation

Discussion 

Erysipelas and ulcers are very common in patients with lymphedema especially in 
stage III [53]. Besides antibiotics, compression with short-stretch bandages with 
zinc paste and dressings are the most important treatment in the acute phase, 
reducing edema and preventing the spread of infection and for ulcer healing [54– 
56]. Compression therapy with medical compression garments is the sustainable 
therapy for lymphedema, most commonly with stockings—compression III–IV, 
depending on the stage of lymphedema. The patient had restricted blood flow, so 
compression was not an option. Because of the allergic reactions he developed 
to the antibiotics, there was a greater risk of new ulcers and sepsis with new
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Fig. 6.20 Six years after the 
surgery 

Fig. 6.21 Compression 
garments

erysipelas [57]. The only treatment option the angiologists and vascular surgeons 
saw was amputation, which the patient refused because of his active life and his 
own business. The dermatologists opted for lymph node transplantation; the only 
possible solution left that could lead to a reduction in lymphedema [58]. Addi-
tional partial excision of the scar tissue improved blood flow, which also reduced 
oedema and pain and minimized the possibility of erysipelas recurrence. The deci-
sion proved correct; oedema was decreased, and blood flow was improved. Only 
milder compression was possible, but the patient was still able to lead a normal life 
as he had before the accident [59]. The temporary limitation of range of motion 
in the left shoulder improved completely with supervised physical therapy.

https://pezeshkibook.com



T. P. Rucigaj et al.120

Case 6.7. Epidermolysis Bullosa-Associated Squamous Cell 
Carcinoma Ulceration 

Introduction 

A 61-year-old male patient with a background of chronic venous insufficiency 
(CVI) and epidermolysis bullosa (EB) presented to the dermatology department 
with a history of worsening ulcerations on the right lower extremity that did not 
respond to endovenous ablation treatment. The largest ulceration was up to 15 cm 
wide and extended over almost the entire calf circumference. The wound was 
painful, of variable depth, covered mainly with granulation tissue and partly with 
fibrin, had a well-defined border, which was undermined in some places. Laterally 
there was a similar but smaller ulceration (Fig. 6.22). The foot pulses were sym-
metrically detectable. The right inguinal lymph nodes were significantly enlarged 
and tender. His EB (histologically most likely subepidermal type) presented clin-
ically in a mild form with some blistering and erosions at sites of mechanical 
trauma. 

Fig. 6.22 Marjolin ulcer at the time of diagnosis (a. front; b. lateral side-upper image; c. medial 
side-lower image)
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Differential Diagnosis 

Based on the history and clinical findings, an arterial or venous etiology was ruled 
out. Other important differential diagnoses were pyoderma gangrenosum, malig-
nancy or vasculitis. A biopsy was performed and the ulceration was histopatho-
logically diagnosed as invasive squamous cell carcinoma (SCC) with metastases 
in the right inguinal lymph node (confirmed cytologically by fine needle lymph 
node aspiration). 

Treatment 

Following the diagnosis of invasive metastatic SCC, the multidisciplinary team 
discussed the most appropriate treatment. The decision was difficult due to the 
patient’s concurrent EB. Several treatment options were proposed, including radio-
therapy, treatment with systemic immunotherapy (cemiplimab) and leg amputation. 
Regular wound dressings were also performed. Due to the potential for serious 
side effects, it was decided not to treat with cemiplimab. Radiotherapy was not 
promising in view of the extent of the disease. An above-the-knee amputation 
was performed. Shortly afterwards, liquefaction of the metastatic inguinal lymph 
nodes occurred, with the sinus tract draining the necrotic contents to the skin sur-
face (Fig. 6.23). Due to the high risk of complications, no further treatment was 
decided. The multidisciplinary council then opted for palliative and supportive 
care. The patient died a few months later. 

Fig. 6.23 Progression of the disease two months later (a. front side; b. lateral side; c. medial side)
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Discussion 

Chronic wounds and chronic skin damage are a risk factor for malignant skin 
diseases. Malignant tumors that occur in chronic wounds are more aggressive, 
more resistant to therapy and more likely to metastasize. This is also due to the 
fact that they are often not detected early enough, leading to delayed treatment [60, 
61]. Another challenge in making a timely diagnosis is the interaction of several 
existing concomitant diseases, such as associated vascular diseases (CVI, arterial 
occlusive disease). The studies agree that a biopsy should be performed on any 
non-healing ulcer that is resistant to treatment. However, exactly when to opt for 
the procedure itself has not yet been standardized [62, 63]. 
Epidermolysis bullosa is a term for a heterogeneous group of rare skin diseases 

ranging from mild to life-threatening, all clinically characterized by skin and/or 
mucosal fragility and blistering in response to minor injury or mechanical trauma. 
Due to impaired skin healing and the associated chronic inflammation, EB also 
represents a risk factor for skin malignancies (e.g. aggressive cutaneous SCCs at 
lesional skin sites) which can be difficult to treat as the fragility of the skin can 
lead to serious complications [61]. Surgical excision is often the treatment of first 
choice. For locally advanced SCC, limb amputation or radiotherapy should be 
considered. In recent years, an increasing number of studies have investigated the 
use of various systemic target therapies in metastatic or locally advanced cases, 
such as cetuximab (epidermal growth factor receptor inhibitor) and cemiplimab 
(programmed cell death protein-1 inhibitor). Although the prognosis for aggressive 
malignancies in chronic wounds is still not promising, patients benefit from early 
diagnosis, a multidisciplinary approach and an individualized treatment plan that 
takes into account the latest reports and guidelines [64]. 
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Abstract

Blistering  conditions  manifest  with  fluid-filled  skin  lesions,  vesicles,  and  bul-
lae,  often  leading  to  erosions  covered  by  crusts.  These  conditions  encompass
both  inherited  and  acquired  disorders,  some  frequent  and  other  rare,  some  mild
and  other  severe,  possibly  life  endangering.  Autoimmune  blistering  diseases
can  be  caused  by  immune  system  dysfunction.  Management  aims  to  alleviate
pain,  prevent  infections,  and  promote  epithelialization,  often  involving  immuno-
suppressive  medications.  Wound  care  presents  challenges  due  to  skin  fragility
and  immunosuppressive  effects  of  the  medication,  necessitating  gentle  cleaning,
appropriate  drainage  techniques,  and  protective  dressings.  Topical  treatments
and  oral  care  are  integral,  alongside  pain  management  and  infection  monitoring.
Stevens-Johnson  syndrome  and  toxic  epidermal  necrolysis,  drug-related  muco-
cutaneous  diseases,  demand  meticulous  care  to  prevent  epidermal  detachment
and  infection.  Inherited  epidermolysis  bullosa  poses  challenges  in  wound  heal-
ing  due  to  skin  fragility,  requiring  specialized  wound  care  approaches.  Research
into  novel  therapies,  such  as  gene  therapy,  offers  hope  for  improved  man-
agement.  Multidisciplinary  care,  nutritional  support,  and  preventive  strategies,
particularly  in  neonates,  are  crucial  for  optimizing  outcomes.  Understanding
the  complexities  of  blistering  conditions  and  tailoring  management  strategies
are  paramount  in  enhancing  patient  care  and  quality  of  life.
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Abbreviations 

KRT5 Keratin 5 
LAMB3 Laminin Subunit Beta 3 
PLEC Plectin 
NICU Neonatal Intensive Care Unit 
TEM Transmission Electron Microscopy 
HE Hematoxylin -Eosin staining 
DIF Direct Immunofluorescence 
EM Erythema Multiforme 
SJS Stevens-Johnson Syndrome 
TEN Toxic Epidermal Necrolysis 
LP Lichen Planus 
BLSA Bullous Lichen Sclerosus et Atrophicus 
EBA Epidermolysis Bullosa Acquisita 
BSLE Bullous Lupus Erythematosus 
PCT Porphyria Cutanea Tarda 
PV Pemphigus Vulgaris 
BSA Body Surface Area 
EB Epidermolysis Bullosa 
US United States of America 
CNS Central Nervous System 
RDEB Recessive Dystrophic Epidermolysis Bullosa 

Wound Care in Blistering Diseases 

Blistering diseases are characterized by the appearance of fluid-filled skin lesions, 
vesicles and bullae. The roof of the blister may become detached forming an ero-
sion that can be covered by a crust resulting from the drying of the exudation 
of serous fluid. Regarding the depth of the lesion, the erosion refers to a loss 
of epidermis, which heals without scarring. It commonly follows a blister; the 
ulcer refers to a loss of dermis and epidermis [1]. In partial thickness wounds 
the epidermis and portions of the dermis are affected, the lesions do not extend 
to the subcutaneous fat and the adnexal structures are preserved. In full thick-
ness wounds, the entire dermis is involved, also the subcutaneous fat. The adnexal 
structures are not preserved and they cannot provide a source for reepithelization 
[2].
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Blistering diseases can be broadly categorized into inherited and acquired 
conditions based on their underlying causes and origins. Blistering conditions 
can also be classified as nonimmunobullous (Table 7.1) or  immunobullous 
(Table 7.2). While inherited blistering diseases originate from genetic mutations 
and are present from birth, acquired blistering diseases develop due to immune 
system dysregulation, environmental triggers, or medications.
Other vesiculobullous conditions which are encountered in special situations 

(e.g. coma blisters, trauma blisters) are important for the differential diagnosis 
(Table 7.3).
We have chosen two compelling clinical cases that presented challenges both in 

terms of diagnosis and treatment. The first case illustrates a rare genetic blistering 
disease (epidermolysis bullosa) necessitating prolonged management of the lesions 
(see Case 7.1), while the second case involves a common bullous disorder seldom 
affecting infants (bullous pemphigoid), presenting its own set of difficulties (see 
Case 7.2). Due to the rarity of these cases, the literature review is more extended 
than in other chapters. 

Wound Healing ETR Correlations 

For an adequate management, both diagnostic and therapeutic, of blistering 
diseases, it is important to be trained to:

– Know the physiology and stages of wound healing, comprehend the factors that 
can disrupt this process, and appreciate their prognostic significance. 

– Perform a clinical examination of all the lesions and assess the patient’s quality 
of life and pain. 

– Differentiate between a normal evolving lesion and a pathological one. 
– Rule out infections by considering conducting a swab test on the lesion. 
– Remember that in some diseases (e.g., epidermolysis bullosa) squamous cell 
carcinoma can develop on chronic wounds. 

– Recognize the situations in which referral to an Infectious Diseases Doctor is 
imperative. 

– Understand the benefits of topical corticosteroids and the importance of their 
use in a rotational regimen. 

– Know to perform the medical techniques essential for achieving a diagnosis, 
such as the Tzanck smear and skin biopsy. 

– Know the management of bullous lesions (puncturing with a sterile needle) and 
remember that the blister roof must be rest intact and in place.
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Table 7.1 Acquired blistering disorders—classification—nonimmunobullous (after Welsh 2009 
[3]) 

Classification Type Description and treatment 

Infections Viral (herpes simplex, 
varicella zoster) 

Together with the systemic agents, topical Acyclovir, 1% 
Penciclovir and 10% Docosanol can be used for orolabial 
herpes. Topical antiviral agents should be administered 
using a finger with intact skin 
Varicella in immunocompetent children can be treated 
symptomatically with antipyretics, antihistamines, calamine 
lotion, and tepid baths [4, 5] 

Bacterial (bullous impetigo, 
bullous erysipelas) 

Mupirocin, retapamulin, and fusidic acid are the preferred 
treatments for impetigo 
For localized, uncomplicated, non-bullous impetigo, topical 
therapy alone is the recommended treatment. It is advised to 
remove crusts with soap and water before applying topical 
antibiotic therapy 
Systemic antibiotics should be prescribed for all cases of 
bullous impetigo and cases of non-bullous impetigo with 
more than five lesions, deep tissue involvement, and 
systemic signs of infection, lymphadenopathy or lesions in 
the oral cavity. Children with impetigo should uphold 
excellent personal hygiene practices and refrain from close 
contact with other children during the active outbreak. It is 
crucial to regularly wash hands, linens, clothes, and any 
affected areas that may have been in contact with infected 
fluids. Sores can be covered with a bandage to mitigate 
spread through contact. In cases of recurrent impetigo, 
assessment for carriage of the causative bacteria is 
recommended. The nasal cavity is a common reservoir, and 
carriers can be treated with mupirocin, applied within the 
nostrils [6, 7] 

Fungal (Tinea) Bullous tinea, observed in both adults and children, 
frequently manifests on the feet, displaying an erythematous 
scaly rash accompanied by serous fluid-filled bullae. 
Misidentification and delays in treatment are prevalent 
occurrences. A wide array of potential differential diagnoses 
exists. Diagnostic hints encompass a unilateral and localized 
distribution, expanding annular scaling, concurrent 
onychomycosis, and an absence of response to topical 
corticosteroids [8] 
Topical antifungals are the primary treatment option for 
numerous patients with uncomplicated, localized cutaneous 
dermatophyte infections. Preventive measures encompass 
wearing breathable footwear and socks, utilizing antifungal 
or absorbent powders, regular nail clipping, and refraining 
from re-exposure, such as avoiding walking barefoot in 
locker rooms. It’s important to note that old shoes frequently 
harbor significant numbers of infectious organisms and 
should either be discarded or treated with disinfectants or 
antifungal powders [9] 

Drugs Bullous drug eruptions 
(including phototoxic drug 
eruptions; major drug 
eruptions: EM/SJS/TEN) 

Early detection and prompt diagnosis are essential for 
effective care because they can stop disease development 
and limit consequences. Specialized treatment modalities are 
only highly effective if initiated as soon as the disease 
manifests. Three pillars support therapy: early medication 
withdrawal or elimination, supportive therapy, and targeted 
therapy [10] 
Management in SJS/TEN is detailed in the text

(continued)
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Table 7.1 (continued)

Classification Type Description and treatment

Vasculitis Bullous vasculitis A wide range of circumstances are included in the term 
cutaneous vasculitis, including skin-limited variations of 
systemic vasculitis, skin-only forms of single-organ 
vasculitis, and cutaneous presentations of systemic vasculitis 
Therapy is guided by the severity, mainly the presence or 
absence of internal organ involvement. Skin involvement in 
systemic diseases can often be efficiently managed with 
appropriate systemic treatment, though this is not always the 
case. Specific medication with skin-specific activity and a 
good risk–benefit profile are chosen in cases where the skin 
is the primary site of impairment. Last but not least, if 
skin-limited vasculitis is minimally symptomatic and 
self-limited, there may be no need for any treatment at all in 
many situations [11–13]. For limited forms of vasculitis that 
affect only the skin, conservative methods can promote 
wound healing and prevent immune complex deposition in 
the lower limbs. These measures include rest, elevation, and 
the use of compression stockings [14]. While they don’t stop 
the development of new lesions, topical steroids and 
moisturizers can assist with pruritus and other localized skin 
complaints [15] 
The appearance of hemorrhagic blisters should prompt the 
initiation of corticosteroids (0.5–1 mg per kg body weight) 
[14] 

Immunological Cellular Sweet syndrome 
(neutrophils) 

Bullous variant of Sweet’s syndrome is a rare form of Sweet 
syndrome that exhibits clinically a bullous hemorrhagic rash 
and histopathologically segregated dermo-epidermal 
junction with dermal neutrophilic infiltrates [16, 17] 
The condition responds to systemic corticosteroids [16]; 
second-line therapies include potassium iodide, colchicine, 
indomethacin, dapsone, clofazimine, doxycycline and 
metronidazole [17, 18]. Recent case reports added Janus 
kinase inhibitors (baricitinib) and biological agents 
(adalimumab, infliximab) as treatment possibilities [17]. For 
bullous Sweet syndrome surgical debridement may be 
detrimental [19] 

Mastocytosis (mast cells) Bullous diffuse cutaneous mastocytosis is characterized by 
blister formation and a thickening of the skin known as 
pachydermia [20, 21]. The hemorrhagic feature observed in 
some of the blisters can be linked to the release of heparin. 
The blisters are formed by serine proteases released by the 
mast cells. Histamine and other mast cell mediators can 
cause some patients to experience systemic symptoms, 
including flushing, itching, gastrointestinal distress, and 
even anaphylaxis 
Avoiding triggers is the cornerstone of treatment for bullous 
mastocytosis. It is important to advise parents and caregivers 
that certain situations, including rubbing, friction, heat 
exposure, abrupt temperature changes, teething, fever, and 
vaccinations, can exacerbate skin lesions, blisters, or 
anaphylaxis. The symptomatic treatment implies using 
topical creams and oral medications. Topical antibiotics or 
antiseptics are recommended in children with blistering and 
denuded skin areas to avoid skin infections. Topical 
corticosteroids aim to decrease erythema and blister 
formation. Topical sodium cromolyn should only be used on 
intact skin [20, 21]

(continued)

https://pezeshkibook.com



132 A. Suru et al.

Table 7.1 (continued)

Classification Type Description and treatment

Noncelluar Amyloidosis Bullous amyloidosis is a rare cutaneous manifestation 
primarily of systemic amyloidosis, a condition in which 
abnormal proteinaceous material is formed and deposited in 
response to inflammatory conditions and plasma cell 
dyscrasias. Hemorrhagic bullae serve as a clue to the 
diagnosis of bullous amyloidosis 
Systemic amyloidosis has an unfavorable prognosis, but its 
morbidity and death rate can be reduced with early 
detection, diagnosis, and treatment of its consequences [22] 

Inflammatory skin 
conditions 

Dyshidrotic eczema For dyshidrotic eczema the cornerstone of treatment is 
corticosteroids, both systemic and topical. Topical inhibitors 
of calcineurin might be beneficial Treatment for allergic or 
irritant contact dermatitis is required [23] 

Bullous lichen planus Bullous lichen planus is a rare variant of lichen planus (LP), 
clinically defined by vesicular and/or bullous lesions that 
develop on pre-existing LP lesions or on perilesional skin as 
the effect of severe liquefactive degeneration of the basal 
layer cells 
Topical treatment with potent corticosteroids, but also 
systemic treatment with CS has been described. Based on 
isolated cases and random observations, further therapy 
options include acitretin [24], dapsone [25], mycophenolate 
mofetil [26], and antimalarial drugs [27, 28]. Topical 
tretinoin 0.025% in combination with triamcinolone 0.1% 
has also been successfully used for lichen planus with 
bullous manifestation on the lip [28, 29] 

Bullous lichen sclerosus et 
atrophicus (BLSA) 

BLSA is also a rare occurrence in both genital and 
extragenital locations [30] 
There are reports regarding the use of corticosteroids, 
antimalarial drugs and doxycycline for the treatment of 
BLSA [31] 
Compared to anogenital LS, extragenital LS is usually less 
sensitive to topical steroids and calcineurin inhibitors, 
necessitating the use of additional medications; certain 
patients have been reported to benefit from phototherapy 
[30, 32] 

Metabolic Porphyria cutanea tarda PCT is the most common porphyria; it is characterized by 
photosensitivity and skin fragility with blisters appearing on 
sun exposed skin (face, hand, forearms, and feet) 
PCT management is done by avoidance of precipitating 
factors (sun exposure, alcohol, smoking, estrogen therapy, 
iron overload), phlebotomy, antimalarial drugs and chelation 
therapy [33, 34] 

Diabetes The management of bullosis diabeticorum is detailed in 
table 3
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Table 7.2 Acquired blistering disorders—classification—immunobullous (after Welsh 2009 [3]) 

Classification Type Description and treatment 

Intraepidermal blistering 
diseases—the Pemphigus 
group 

– Pemphigus vulgaris (PV) 
– Pemphigus foliaceus 
– IgA pemphigus (subcorneal 
pustular dermatosis) 

– Paraneoplastic pemphigus 

PV debuts with oral painful, 
non-healing ulcers. The 
cutaneous involvement is 
characterized by flaccid blisters 
that rupture and form erosions 
[2, 35] 
The main goals of topical 
therapy for pemphigus vulgaris 
are to reduce inflammation and 
prevent infections. For 
cutaneous and mucosal lesions, 
corticosteroids, calcineurin 
inhibitors, or corticosteroids 
plus antibiotics are typically 
used in combination. 
Low-adhesive wound dressings 
should be used to cover 
cutaneous erosive lesions. 
Adequate dental care and 
gel-containing local anesthetics 
are part of supportive treatment 
for oral lesions. Systemic 
corticosteroids are currently the 
first-line treatment for 
pemphigus. They are often 
combined with 
immunosuppressive drugs, 
such as azathioprine, 
mycophenolate mofetil, and the 
anti-CD20 monoclonal 
antibody rituximab, usually at 
initiation of treatment. For 
severe or refractory cases 
intravenous immunoglobulins 
or immunoadsorption can be 
tried [35, 36] 
Wound care in immunobullous 
disorders is detailed in the text 
below

(continued)
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Table 7.2 (continued)

Classification Type Description and treatment

Subepidermal blistering 
diseases—the Pemphigoid 
group 

– Bullous pemphigoid, mucous 
membrane cicatricial 
pemphigoid, herpes 
gestationis 

– Linear IgAdisease (chronic 
bullous disease of childhood) 

– Dermatitis herpetiformis 

Initial lesions in BP are pruritic 
eczematous plaques or 
urticaria-like lesions. After 
some time patients may 
develop tense blisters on the 
initial lesions. Sterile puncture 
of large blisters is 
recommended [36] 
Intravenous immunoglobulin is 
a potentially useful alternative 
in severe and resistant 
instances. Biological 
medications, including 
rituximab, show promise in this 
field. Bullous pemphigoid has 
been treated with Omalizumab 
[37], and Dupilumab [38–40]

-Epidermolysis bullosa 
acquisita (EBA) 

For EBA, as with hereditary 
epidermolysis bullosa, 
non-adherent dressings and 
preventing local trauma and 
infection are important aspects 
of general care [37] 

– Bullous lupus erythematosus 
(BSLE) 

BSLE is a rare manifestation of 
systemic lupus erythematosus. 
Dapsone is considered the first 
line of treatment with a good 
response. Immunosuppressive 
drugs include 
cyclophosphamide, 
azathioprine, mycophenolate 
mofetil, and methotrexate. 
Rituximab has been tried in 
refractory cases; Anakinra is 
another treatment option [41, 
42]

– Know the characteristics of various types of protective dressings offered in the 
market and understand the proper sequence for their application. Additionally, 
long-term management of bullous diseases often occurs within the patient’s 
home environment, overseen by caregivers or family members. Part of their 
educational regimen entails explaining the phases of gentle wound cleaning 
and bandaging. 

– Understand the unique requirements of patients with chronic diseases, includ-
ing the imperative to minimize trauma and tailor their nutrition to address any 
deficiencies.
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Table 7.3 Other vesiculobullous diseases (after Mascaro [44]) 

Disorder Description Management 

Bullosis 
diabeticorum 

Tense blisters on acral sites (feet, 
lower legs, hands) in absence of 
trauma 
Asymptomatic lesions may be 
accompanied by a mild burning 
sensation [44–46] 

In two to six weeks, the majority of 
patients see spontaneous healing of 
their lesions. In order to lessen 
discomfort and stop secondary 
infections, treatment consists of 
aspirating blisters, and using topical 
antiseptics or antibiotics 
On rare occasions, a subsequent 
soft tissue infection does occur and 
necessitates either surgical 
intervention or systemic antibiotics 
[44–46] 

Coma blisters In individuals experiencing 
unconsciousness or immobilization, 
lesions manifest at anatomical 
locations subjected to the highest 
pressure. Initially, these lesions 
emerge approximately 24 h 
subsequent to the onset of coma, 
presenting as blanchable 
erythematous patches or plaques, 
which subsequently evolve into 
violaceous plaques. Within 48–72 h 
following the commencement of 
coma, blister formation or erosions 
ensue at these specific sites [44, 47] 

Coma-induced blisters undergo 
spontaneous healing within 1 to 
2 weeks. In patients not 
experiencing coma, regular changes 
in posture aid in the resolution and 
prevention of the disorder [44, 47] 

Bullous insect bite 
reactions 

Insect bites typically present as 
highly itchy erythematous papules 
or nodules, often appearing in 
clusters with a frequent linear 
arrangement. However, variations 
such as vesicular and bullous 
reactions are not uncommon, where 
blisters may form centrally within 
papules or as bland vesiculobullae. 
Among insect bites, flea bites are 
notably prone to causing blisters, 
particularly on the legs, while 
bedbug bites can also result in 
bullous reactions. Certain insects 
like fire ants can induce pustular 
lesions. In individuals with 
hematologic malignancies, 
exaggerated reactions often 
manifest as persistent 
papulonodules, vesicles, bullae, and 
occasionally necrotic lesions [44, 
48] 

Treatment for most patients with 
bullous insect bites typically 
involves draining the blisters, 
applying topical corticosteroids, and 
administering systemic 
antihistamines. In severe cases, a 
brief course of systemic 
corticosteroids may be required. It’s 
worth noting that while systemic 
corticosteroids can initially improve 
exaggerated reactions, lesions often 
reappear upon dose reduction. 
Dapsone has been proposed as a 
therapeutic alternative for these 
individuals 
Additionally, the use of protective 
clothing and insect repellents plays 
a crucial role in prevention [44, 48]

(continued)
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Table 7.3 (continued)

Disorder Description Management

Edema blisters Edema blisters arise in individuals 
experiencing an acute worsening of 
chronic edema, notably affecting 
the lower limbs, and in cases of 
anasarca. These tense bullae 
typically lack inflammation but are 
surrounded by edematous skin [44, 
49] 

Blisters resolve with the resolution 
of the oedema 

Bullous dermatitis 
artefacta 

Vesicles and bullae after a thermal, 
electrical, or chemical burn. Other 
substances can determine blisters as 
vesicants, coolants or “salt and ice” 

Psychological interventions 

Trauma blisters Fracture blisters represent a 
relatively rare complication 
observed in fractures occurring in 
areas of the body where the skin 
adheres tightly to bone, such as the 
ankle, wrist, elbow, and foot, and 
where there is minimal 
subcutaneous fat cushioning. These 
blisters bear a striking resemblance 
to second-degree burns [44] 

The management approach is 
subject to considerable debate. 
Certain authors propose maintaining 
blisters intact and awaiting their 
natural resolution before proceeding 
with surgical stabilization. 
Conversely, others advocate for 
early surgical intervention to 
prevent blister formation. In cases 
where blisters have already formed, 
some recommend incising them 
without consideration for their 
location, even if the incision would 
traverse a blister [50] 

Suckling blisters develop in utero in 
newborns in areas accessible to 
sucking 

These blisters do not require 
treatment and will usually resolve 
within a few days to a few weeks 

Friction blisters predominantly 
manifest on the soles and heels, 
primarily due to repetitive friction 
such as walking or running in 
improperly fitting footwear. 
Additionally, they may arise on the 
palms and fingers when a repetitive 
action is consistently performed 
[44] 

Friction blisters can heal naturally 
without requiring treatment. 
However, relieving pressure and 
discomfort, as well as preventing 
fluid accumulation, can be achieved 
through the drainage of blister 
contents using a small “window” in 
the blister roof. Alternatively, 
hydrocolloid or other types of 
dressings can be applied [44]

– Know that interdisciplinary consultations play a pivotal role in assembling a 
team of specialists to enhance understanding and management of the disease.
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Inherited Blistering Disorders 

Epidermolysis bullosa is the main inherited condition to determine skin fragility 
and blistering. Other rare conditions are represented by superficial epidermolytic 
ichthyosis, acrodermatitis enteropathica, ectodermal dysplasia, bullous congeni-
tal ichthyosiform erythroderma, congenital porphyria, incontinentia pigmenti [43]. 
Wound care in epidermolysis bullosa is detailed in the text below. 

Autoimmune blistering diseases are a group of rare conditions where the immune 
system mistakenly attacks proteins within the skin, leading to the formation of blis-
ters and erosions on the skin and mucous membranes. These diseases result from 
the immune system targeting specific proteins that are essential for maintaining the 
structure and integrity of the skin. The goals of the management in these conditions 
are to alleviate pain, prevent infections, promote epithelialization and increase 
the quality of life. Treatment for autoimmune blistering diseases often involves 
immunosuppressive medications to suppress the immune response and reduce blis-
ter formation. Corticosteroids, immunosuppressants, and other medications that 
modulate the immune system’s activity are commonly used. 
Wound care in these patients can be challenging as they display increased skin 

and mucosal fragility, the areas affected may be large and immunosuppressants 
may slow wound healing. Additionally, the affected patients may have extreme 
ages, either elderly with decreased mobility and lesions difficult to dress [2, 51], 
or newborns up to toddlers. 
Proper wound care is crucial to manage the blisters and prevent complications 

like infection. Steps for management:

• Gentle wound cleaning with a mild, non-irritating cleanser and lukewarm water 
to gently clean the affected areas. Saline can also be used. Three techniques are 
available for cleaning wounds: compresses (the gauze should be squeezed to 
avoid excess fluid), soaking (saturated gauze), and irrigation (not suitabe for 
deep wounds that may retain the cleanser) [52]. Scrubbing or rubbing the blis-
ters or erosions vigorously should be avoided, as this can cause further damage 
and rupture of the blisters. Patients with large skin lesions may benefit from 
taking baths with antiseptics like chlorhexidine [35]. Potassium permanganate 
soaks may also be beneficial for moist, weepy erosions [53].

• Drainage: The optimal method for treating blistering skin has not yet been 
determined. Currently, there is debate over the best course of action for small 
blisters. While some authors recommend daily puncture of tense blisters to 
reduce lateral extension of the blister edges, others advocate for leaving blisters 
intact, to prevent secondary infection. Large blisters can be punctured with a 
sterile needle (as in inherited epidermolysis bullosa) and the roof of the blister 
can be left in place [2, 53].

• Protective dressings: non-adherent dressings can be used to cover the blis-
ters or erosions. Silicone-based dressings or non-stick pads can be useful to 
protect the affected areas and promote healing without causing trauma upon
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removal. A soft silicone mesh dressing functions well as a primary dressing. 
Before applying it to the skin, it can be covered with a topical antimicrobial 
or an adequate emollient. Usually, the secondary dressing—such as a soft sili-
cone foam or other foam dressing—must be absorbent. Soft knit tube dressings 
can be used to fasten these dressings. In order to reduce discomfort and pre-
vent additional harm, dressings that have dried on the skin should be soaked 
before being removed. Although there is no data to support the ideal number of 
dressing changes, one should take into account the stage of wound healing, the 
exudation through the secondary dressing, and the necessity to check for signs 
of infection. To evaluate the lesions, bandages in the acute stage should be 
changed every day. Later in the healing process, it would be appropriate to just 
change the secondary dressing and keep the original dressing in place, allowing 
the underlying erosion to continue undisturbed. In this case, additional topical 
applications might be applied on top of the silicon mesh primary dressing. It’s 
important to remove crusts to promote healing [53]. Etesami et al. showed in a 
review article that the most commonly used topical care in pemphigus patients 
was silver-containing dressings [54].

• Topical treatments: topical medications like corticosteroids or calcineurin 
inhibitors to reduce inflammation and promote healing [36]. To maintain bar-
rier function, a bland emollient can be applied directly to the skin or initially 
to primary dressings [53].

• Oral care: Adequate dental care and gel-containing local anesthetics are part of 
supportive treatment for oral lesions. Topical corticosteroid preparations, topical 
tacrolimus, intralesional corticosteroids, but also topical ciclosporin and topical 
prostaglandin E2 have been found helpful in some patients. Diluted mouth-
washes with hydrogen peroxide or chlorhexidine mouthwash may be beneficial 
[53].

• Avoid irritants: avoid harsh soaps, perfumes, or other products that can irritate 
the skin. Opt for hypoallergenic, fragrance-free products when cleansing or 
moisturizing the affected areas [55].

• Pain management: to relieve discomfort or pain associated with the blisters or 
erosions. A multidisciplinary team including a pain specialist may be needed 
[53].

• Avoiding trauma: Minimize friction and trauma to the affected areas. Loose-
fitting, soft clothing can help prevent rubbing against the blisters or erosions.

• Monitoring for infection: increased erythema, swelling, warmth, purulent exu-
date, or fever may be signs of infection. Mupirocin and retapamulin are effective 
against gram-positive organisms and topical metronidazole is an option in cases 
of infection with anaerobic organisms. In severe cases, systemic antibiotics may 
be required [54].

• Nutrition and hydration: A well-balanced diet rich in nutrients is essential for 
overall healing. Patients should be consuming adequate protein, vitamins, and 
minerals that support cutaneous healing. A multidisciplinary team including a 
nutritionist is recommended [35].
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Stevens–Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) are 
rare, acute and life-threatening mucocutaneous diseases that are nearly always 
drug-related in adults. For TEN drug exposure is the cause in 80% of cases; infec-
tions and immunizations have also been incriminated. For SJS about 50% of cases 
are linked to drug consumption [56]. SJS and TEN are a consequence of extensive 
keratinocyte cell death that results in the separation of significant areas of skin at 
the dermal–epidermal junction, producing the appearance of scalded skin. 
Fever, conjunctivitis, and pain when swallowing are among the initial signs of 

both TEN and SJS, and they can all appear one to three days before cutaneous 
manifestations. First appearing on the trunk, skin lesions typically migrate to the 
face, neck, and proximal upper extremities. Mucosal erosions cause excruciating 
discomfort, and skin lesions are typically sensitive [56]. 
These patients must therefore be handled with extreme care. Tense blisters are 

usually seen only on the palmoplantar surfaces, where the epidermis is thicker and, 
therefore, more resistant to mild trauma.

• If there is epidermal detachment affecting 10–20% (or more) of BSA, metic-
ulous daily wound care, hydration, and nutritional support are necessary and 
should ideally be performed in an intensive care unit. It is advised to use an alu-
minum survival sheet, a thermoregulated bed with controlled pressure, instead 
of a standard bed and sheets.

• Venous catheters should, if possible, be inserted in an area of the patient’s skin 
that is not affected. All patient procedures should be carried out aseptically.

• It is ideal to treat wounds once a day in the presence of a dermatologist or with 
their assistance.

• Minimal manipulation of the patient is recommended since any movement has 
the potential to trigger epidermal detachment.

• The face, eyes, nose, mouth, ears, anogenital region, axillary folds, and 
interdigital areas should all be the focus of cutaneous care.

• Vaseline® gauze should be applied to detached regions, especially the back and 
other pressure sites that come into contact with the bed, until re-epithelialization 
is complete. Biobrane®, a temporary semi synthetic skin substitute dressing is 
associated with reduced pain, decreased fluid loss and faster re-epithelialization. 
Biologic dressings like porcine xenografts or human skin allografts can also be 
used. Silver nitrate impregnated gauzes along with topical antibiotics can also 
be used. Chlorhexidine mouthwash helps in maintaining good oral hygiene and 
preventing secondary infection [10].

• Isotonic sterile sodium chloride solution can be used every day to clean the face 
of serous and/or bloody crusts.

• Around orifices, such as the mouth, nose, and ears, an antibiotic ointment (such 
as mupirocin) or petrolatum ointment (if the patient is on systemic antibiotics) 
should be applied.

• Skin that has been denuded can be covered with silicone dressings. The silicone 
dressing can be left in place until re-epithelialization occurs without the need
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for replacement; however, it does require daily surface cleaning with an isotonic 
sterile sodium chloride solution [56]. 

Epidermolysis bullosa (EB) is the main inherited blistering condition. This is 
an umbrella term for a genetic group of diseases that are characterized by skin 
fragility and are caused by mutations in the genes encoding different proteins with 
a role in cell adhesion [57]. There are several types of EB, each with varying 
degrees of severity, but they generally involve issues with structural proteins that 
help bind the layers of skin together. The most recent consensus report in 2020 
reclassified inherited epidermolysis bullosa and other disorders with skin fragility 
with an increased focus on the molecular origin of each subtype of EB when 
possible to investigate the gene involved and the type of mutation present. The 
four major types were retained: intraepidermal (EB simplex), junctional (junctional 
EB), dermolytic (dystrophic EB) and mixed (Kindler EB) [58]. 
Wound healing in individuals with EB can be a complex process due to the 

constant blistering and skin fragility. EB associates a vast spectrum of clinical 
manifestations, leading to different clinical forms. 
The wound healing process in individuals with EB follows a similar pattern to 

normal wound healing but is often complicated due to the fragile nature of their 
skin. Some key aspects of wound healing in individuals with EB are:

• Formation of blisters: blister formation is a hallmark of EB. These blisters can 
occur spontaneously or due to minor trauma. They are fragile and prone to 
rupture, leading to open wounds or erosions on the skin.

• Delayed healing: the constant cycle of blistering and skin damage can affect 
the normal wound healing process. The fragile skin makes it challenging for 
wounds to heal properly, and they may take longer to heal than in individuals 
without EB.

• Risk of infection: open wounds in individuals with EB are susceptible to infec-
tion due to the compromised skin barrier. Infections can further delay healing 
and increase the risk of complications.

• Pain management: wound care in EB often involves pain management strate-
gies, as these individuals may experience significant pain due to their skin 
condition.

• Specialized wound care: management of wounds in EB requires specialized 
approaches. This may include using non-adherent dressings, gentle wound 
cleansing techniques, and protecting the skin from further damage [59].

• Multidisciplinary approach: individuals with EB often benefit from a mul-
tidisciplinary team involving dermatologists, wound care specialists, nurses, 
nutritionists, and other healthcare professionals to manage their complex needs. 

Research and emerging therapies: Research into potential treatments and thera-
pies for EB, such as gene therapy and other innovative approaches, is ongoing to 
improve wound healing and overall management of the condition.
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Management 

Currently, day-to-day EB management focuses on wound care, preventing mechan-
ical trauma and infection. It can be beneficial to use protective bandaging, 
cushioning around bony prominences, and loose-fitting, soft clothing. Reducing 
bacterial colonization can be achieved by various modalities described in the 
following text. It is best to take antibiotics sparingly and to avoid using oral 
antibiotics or topical mupirocin for prolonged periods of time [60, 61]. Topical 
antibiotics/antimicrobials should only be used for short periods of time to prevent 
resistance and sensitization and should be alternated every 2–6 weeks.

• Gentle wound cleansing should be done with a gentle, noncytotoxic cleanser. 
Saline solution, water, benzalkonium chloride 0.1% solution, or chlorhexidine 
hydrochloride 0.1% can be used [62]. In order to remove the dressings, most 
patients are bathing or soaking for 5–10 min in the bathtub. This can also reduce 
pain and trauma associated with dressing changes. A dilute acetic solution (5% 
white vinegar diluted to 0.25–1.0%) or bleach (5–10 mL in 5 L of water) may 
decrease the bacterial colonization [60–62]. Bathing frequency depends on the 
type of dressing and lesion characteristics: from daily or in alternate days in 
case of infected wounds or dressings which stick to the lesions, to 3–4 days up 
to a week when advanced dressings are available [63]. Salt baths have become 
popular among some patients, presumably because the osmotic impact is ben-
eficial in pain relief. To make a 0.9% solution, add around 90 g of table salt 
to 10 L of water. Salt can be used in combination with antiseptics to minimize 
their tendency to sting [64].

• Blister management and drainage: the blisters can be punctured with a sterile 
needle; this is necessary to prevent blister extension. The needle should be 
passed through the blister roof, parallel to the skin, to create an entry and exit 
hole through which fluid can be drained. The roof of the blister can be left in 
place acting like a natural dressing [59, 60, 62–64]

• Monitoring for infection: increased erythema, swelling, warmth, purulent exu-
date, or fever may be signs of infection. Early diagnosis of critically colonized 
or infected wounds should consider: 
– wound history: several week duration, recent size extension and exudate 
increase; 

– wound bed: presence of debris, dead slough, friable tissue and foul smelling; 
– wound margins and surrounding skin: edema, erythema, increased tempera-
ture [63].

• Protective dressings: there are several dressings available. In general, only non-
adhesive dressings should be applied on EB skin. Soft silicone dressings are 
widely used; silver-impregnated dressings may be helpful for wounds that are 
heavily colonized or infected, although long-term use should be avoided in 
order to minimize the systemic absorption of silver. Less expensive paraffin 
impregnated gauzes are another suitable dressing for uninfected wounds. The
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choice of dressing should be individualized based on EB subtype, wound char-
acteristics: site, exudate, critical colonization/infection, size and patient age, as 
well as patient/parent preference, frequency of dressing, cost, and availability 
[59, 62]. 
– dry wounds or wounds with light exudate can benefit from non-adhesive soft 
silicone or lipido-colloid contact dressings, and hydrogels. Hydrogel dress-
ings need to be replaced every day or as soon as they start to dry out. The 
other types could be changed every 3–4 days. 

– wounds with heavy exudate have a significant infection risk and call for par-
ticular dressings. It is preferable to use hydrofiber dressings or soft silicone 
foam with super-absorbers that can absorb heavy exudate. Polymeric mem-
branes and soft silicone foams are also recommended. Secondary dressings 
to fixate or absorb excess exudate may be needed [62, 63]. 

Layering the bandages (Fig. 7.1) with primary contact layer dressings, secondary 
silicone foam dressings and retention bandages is the common approach also in 
EB, although some patients (EBS patients usually) may prefer to leave blisters 
undressed. To dry up the blistered areas and create a low friction surface, corn 
starch can be used by patients who find dressings uncomfortable or that they 
worsen the blister sites. Silk socks have the potential to lessen friction [64]. 

• Topical Treatments: Oleogel-S10 was the first topical treatment to be approved 
in the European Union in 2023 for patients suffering from DEB and JEB. 
Oleogel-S10 (birch triterpenes, also known as birch bark extract) is a topi-
cal sterile gel containing 10% birch triterpenes formulated with sunflower oil. 
EASE was a double-blind, randomized, vehicle-controlled, phase III study to

Fig. 7.1 Layers of dressings in RDEB patient
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determine the efficacy and safety of the topical gel Oleogel-S10 (birch triter-
penes) in EB. In EASE, the primary endpoint showed that Oleogel-S10 resulted 
in acceleration of wound healing with 41.3% of target wounds treated with 
Oleogel-S10 achieving first complete closure within 45 days compared with 
28.9% for control gel [65].

• Genetic therapies: B-VEC (beremagene geperpavec) is a topical genetic ther-
apy based on HSV-1 that restores the expression of collagen VII in keratinocytes 
and fibroblasts in patients with dystrophic EB [66]; it is limited by cost and 
availability.

• Pain and pruritus management: the aim is to relieve discomfort and pain 
associated with blisters or erosions. EB pain is caused by neuropathic and 
nociceptive mechanisms, which can be enhanced by central nervous sys-
tem sensitization and psychological conditioning [59]. Pharmacological and 
nonpharmacological approaches are described in the management of pain in 
patients with [62, 64]. Pruritus is another prevalent and incapacitating symp-
tom of all EB variants. Pharmacologic interventions employed for pruritus in 
EB include sedating and non-sedating antihistamines, antidepressants and CNS 
aiming drugs such as gabapentin and pregabalin [58].

• Prevent complications: non-healing wounds may be a clinical manifestation of 
squamous cell carcinoma in EB patients. Therefore, careful observation and, if 
necessary, biopsy is required [59, 67].

• Nutrition: dysphagia, oral blistering, and reduced appetite can all affect nutri-
tion. Furthermore, much higher dietary needs are required to make up for 
losses and promote the healing of wounds [64]. The goal is to prevent ane-
mia, hypoalbuminemia, mineral and vitamin deficiencies which result from 
decreased nutrient intake, inflammation and concomitant losses through severe 
and chronic wounds [59].

• Special considerations: neonates require special attention. 
– Preventive handling, emollient use, and cushioning are necessary for new-
borns with EB during most activities in order to lower the incidence of new 
blisters 

– Baby garments can be turned inside out to prevent the seams from rubbing 
the skin 

– The diapers can be lined with a soft material to reduce the rubbing from the 
elastic edges; the elastic edges can also be removed 

– Hands and feet require special technique dressings to prevent early digit 
fusion 

– Bathing should be delayed until prenatal and birth trauma have healed 
– Diluted vinegar or bleach for wound soaks are not recommended for 
neonates, nor are silver impregnated dressings [59, 62–64, 68]
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Conclusions 

Blistering conditions imply a complex management that require a multifaceted 
approach due to the diverse clinical manifestations and underlying causes. Treat-
ment strategies encompass pain relief, infection prevention, wound care, and 
specialized interventions tailored to each condition’s unique characteristics. 
Proper wound care is crucial in all these conditions to prevent complications 

such as infection, promote healing, and alleviate discomfort. Techniques such 
as gentle cleansing, drainage of blisters, and the use of protective dressings are 
employed to maintain skin integrity and facilitate healing. 
Blistering conditions may affect different age groups, from newborns to the 

elderly. Specialized care tailored to the unique needs of each age group is essential 
for optimal outcomes. 
A multidisciplinary team involving dermatologists, wound care specialists, 

nurses, nutritionists, and other healthcare professionals is crucial for compre-
hensive management. Collaboration among experts ensures a holistic approach 
addressing various aspects of patient care, including wound management, pain 
control, and nutritional support. 

Case 7.1. Epidermolysis Bullosa Simplex—Severe Form 

Short Clinical Story of the Patient: A female neonate presented at birth multiple 
areas of aplasia cutis on the dorsal aspects of the hands, forearms, abdomen, knees 
and feet (Fig. 7.2A–C). Shortly after, she developed bullae and erosions on large 
areas of the skin, predominantly on the limbs. Her family medical history was 
unremarkable, as for her personal medical history, she was the second child of the 
family, her older brother having no medical history. 
Considering the clinical manifestations at birth, the diagnosis of a bullous 

genetic disease was raised and the main differential diagnosis included the various

Fig. 7.2 A—Aspect at birth with birth multiple irregular areas of aplasia cutis; B, C—Improved 
skin fragility with reduced blistering and erosions (age 20 weeks compared to 11 weeks) 
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subtypes of epidermolysis bullosa with various life prognosis. Skin biopsy was 
obtained for transmission electron microscopy and genetic testing was performed 
(blood sample—Epidermolysis bullosa 26 genes Panel). 

Laboratory Investigations 

Skin biopsy for transmission electron microscopy concluded that the diagnosis was 
epidermolysis bullosa simplex (Dowling Meara type) (Fig. 7.3). 
Genetic testing of the patient identified a pathogenic heterozygous mutation 

of KRT5 c.541 T > C, p.(Ser181Pro). This variant was previously reported in 
the literature [69–71] as appearing de novo; 3 others heterozygous mutations 
with uncertain significance were identified: LAMB3 c.1244C > T, p.(Pro415Leu), 
LAMB3 c.1516 T > A, p.(Phe506Ile) and PLEC c.7780C > T, p.(Arg2594Trp). 
Genetic testing of the parents showed that the mutation of PLEC gene was 

inherited from the father and the mutations of LAMB3 gene were inherited from 
the mother. After the parents genetic testing, it was established that the mutation 
of KRT5 gene occurred de novo also in our patient. 

Diagnosis: based on the above investigations results was of severe EBS. 

Evolution: after birth the skin fragility increased, with large areas being affected 
by bullae and post bullous erosions, especially the limbs. She also developed 
marked acral hyperkeratosis of the fingers and toes around the age of 5 weeks 
up to the age of 12 weeks when it slowly started to improve. The skin fragility 
also improved with fewer new bullae appearing at the margins of the diapers and 
on trauma areas.

Fig. 7.3 HE staining (MO-AT) and TEM aspect (ME), courtesy of Prof. Dr. Mihaela 
Gherghiceanu, Ultrastructural Pathology and Bioimaging Laboratory National Institute of 
Pathology Victor Babeş—Bucharest 
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Management 

The patient was admitted in a neonate intensive care unit (NICU) for almost 
3 months. As for wound management, intact blisters were drained using a sterile 
needle. The fingers and toes were bandaged separately to prevent pseudo syn-
dactyly. Non-adherent silicone dressing were used and retained with tubular and 
elastic dressings to prevent friction and formation of new bullae. 
She developed some new lesions at the periphery of the dressings and after 

the age of 4 months the dressings were reduced to a minimum, according to data 
available in the literature [72]. 

Case 7.2. Bullous Pemphigoid in a 4-Month-Old Baby 

Short Clinical Story of the Patient: 

A 4-month-old female was admitted to the Pediatric Ward and referred to the 
Pediatric Dermatology Department for a vesiculobullous eruption affecting both 
palms and soles without mucosal involvement evolving for 9 days (Fig. 7.4A). 
The blisters were tense and other skin findings consisted of papules and annular, 
ring-shaped plaques with erythematous edges and a slightly hypopigmented center, 
distributed on trunk and limbs (Fig. 7.5A, B). The rash didn’t affect the diaper area. 
From her family history we learned that her parents had multiple allergies. 
Considering the tense bullae the suspicion of a bullous autoimmune disease 

was raised. The differential diagnosis included bullous pemphigoid, dermatitis 
herpetiformis or linear IgA disease (chronic bullous disease of childhood).

Fig. 7.4 Evolution of the plantar lesions; A, B—tense bullae on the soles; C—remission of the 
lesions on the soles
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Fig. 7.5 Evolution of the trunk lesions; A, B—annular, ring-shaped plaques with erythematous 
edge and slight hyperpigmentation at center; C—erythematous papules and plaques; D—remission 
of trunk lesions

Laboratory Investigations: 

The initial laboratory test showed eosinophilia with normal levels of IgE and 
negative IgM and IgG antibodies for Herpes Simplex Virus 1 and 2. Tzanck 
smear exhibited an acute nonspecific inflammatory process with leukocytes. The 
3 mm punch biopsy for Hematoxylin–Eosin staining showed a subepidermal bulla 
consisting of eosinophils and lymphocytes which were also arranged around the 
perivascular space in the dermis and DIF was intensely positive with linear C3 
staining along the basement membrane zone and less intense linear basement mem-
brane zone for IgG and Fb. Also, anti-BP 180 and anti-BP 230 autoantibodies 
were recommended; only anti-BP 180 Ab were performed identifying high levels 
of anti-BP 180 autoantibodies (51 IU/ml, reference < 20 IU/ml). 

Diagnosis: considering the clinical manifestations and the laboratory findings the 
diagnosis of bullous pemphigoid was established. 

Management 

The patient responded well to systemic corticosteroids to which systemic Ery-
thromycin was added. After a week of treatment, no new bullae appeared, after 
a month the corticosteroid treatment was slowly tapered and stopped after five 
months. The evolution of the plantar and trunk lesions can be observed in 
Figs. 7.4A–C and 7.5A–D. 

Local care: intact blisters were drained using a sterile needle inserted parallel to 
the skin. The blister roof was left in place. A local antiseptic was applied, as well 
as topical fusidic acid with hydrocortisone acetate cream and Copper-Zinc cream.
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59. Has C, El Hachem M, Bučková H, Fischer P, Friedová M, Greco C, et al. Practical management 
of epidermolysis bullosa: consensus clinical position statement from the European Reference 
Network for Rare Skin Diseases. J Eur Acad Dermatol Venereol. 2021;35(12):2349–60. 

60. Pillay E, Clapham J. Development of best clinical practice guidelines for epidermolysis bul-
losa. Wounds Int. 2018;9(4):20–7. 

61. Jo-David Fine JEM. Epidermolysis bullosa. In: Bolognia JSJ, Cerroni L, editor. Dermatology, 
vol. 2. Philadelphia: Elsevier; 2018. p. 538–53. 

62. Pope E, Lara-Corrales I, Mellerio J, Martinez A, Schultz G, Burrell R, et al. A consensus 
approach to wound care in epidermolysis bullosa. J Am Acad Dermatol. 2012;67(5):904–17. 

63. El Hachem M, Zambruno G, Bourdon-Lanoy E, Ciasulli A, Buisson C, Hadj-Rabia S, et al. 
Multicentre consensus recommendations for skin care in inherited epidermolysis bullosa. 
Orphanet J Rare Dis. 2014;9:1–20. 

64. Denyer J, Pillay E. Best practice guidelines for skin and wound care in epidermolysis bullosa. 
An international consensus. Wounds International; 2017, p. 2023. 

65. Kern JS, Sprecher E, Fernandez MF, Schauer F, Bodemer C, Cunningham T, et al. Efficacy and 
safety of Oleogel-S10 (birch triterpenes) for epidermolysis bullosa: results from the phase III 
randomized double-blind phase of the EASE study. Br J Dermatol. 2023;188(1):12–21. 
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Abstract 

Atypical wounds can be suspected when the wound does not fall into the typical 
wound category, has an atypical location or appearance, pain out of propor-
tion of the wound size, rapidly evolving necrosis, or shows poor healing on 
good treatment within 4–12 weeks. Dermatologists and dermatopathologists 
are key players in diagnosing atypical wounds. Treatment strategies are deter-
mined by the specific etiology and often require a multidisciplinary approach,
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including immunosuppressive therapy, surgical intervention, antibiotic treat-
ment, pain management, and compression therapy. Patient-centered approach 
is also needed to improve the reduced quality of life and treatment outcomes. 

Keywords 

Atypical wounds • Vasculitis • Pyoderma gangrenosum • Martorell 
hypertensive ulcers • Multidisciplinary approach • LUMBAR syndrome •
Deficiency of adenosine deaminase 2 • Radiation therapy • Middle aortic 
syndrome • Leg ulcer 

Introduction 

Atypical wounds comprise about 10–20% of all chronic wounds treated at ter-
tiary wound clinics [1–4]. The actual prevalence might be even higher due to 
under recognition and misdiagnosis. The recognition and diagnostics of an atyp-
ical wound is important, as diagnostic delay may lead in the worst case to limb 
amputation or patient’s death [5–7]. 

The burden of atypical wounds for the health care system is enormous, as these 
wounds exhibit typically long healing times, and many patients are in their work-
ing life age [8]. Reduced quality of life and increased mortality are associated 
with atypical wounds. There is still a research gap in effective treatments, even if 
research especially in pyoderma gangrenosum is active [9]. 

Atypical wounds are wounds that do not fall into a typical wound category, i.e. 
venous, arterial, mixed venous arterial, pressure ulcer or diabetic foot ulcers. They 
are a heterogenous group of wounds caused by infection, inflammation, malig-
nancy, genetic or congenital disorders [1]. Dermatologists and dermatopathologists 
are experts in diagnosing these wounds but several disciplines are needed in 
the treatment. Treatment is determined by the exact etiology and consists of 
i.e. immunosuppressive treatment, surgery, pain management, antibiotics, and 
compression therapy when wounds are located at lower limbs [10]. 

According to the ETR’s of Wound Healing, a wound care professional must 
have the knowledge when to suspect an atypical wound and to refer the patient 
to a dermatologist specialist or other specialist experienced in atypical wounds. 
Typical signs include pain out of proportion of the wound size, atypical location 
or appearance, rapidly evolving necrosis, poor healing with traditional treatment 
within 4–12 weeks and if the wound cannot be classified as a typical one. Fast 
recognition and referral are key issues for a successful treatment outcome for the 
patient. 

In addition to this chapter, atypical wound cases will be presented also in 
Chap. 6: Cutaneous wounds in systemic disorders.
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Case 8.1. IgA Vasculitis 

Introduction 

Our case report presents a 13-year-old boy with a fast-appearing rash. His previous 
medical history was unremarkable except for obesity (with a BMI of 34) and 
attention deficit disorder well managed with methylphenidate. The rash consisted 
of purpura, vesicles, bullae and necrosis on his lower extremities and abdomen 
and the lesions were extremely painful to touch. Both legs were edematous. No 
auto-immune or skin diseases in the family were reported, nor were any allergies 
noted. 

Differential Diagnosis 

At the first visit, in a Pediatric emergency unit, laboratory tests showed low 
haemoglobin (89 g/L), hyponatremia (118 mg/L) and low albumin (16 mg/L), 
with raised CRP (139 mg/L) (but no fever), Anti-streptolysin O (608 mg/L) and 
amylase (699 mg/L). A urine sample showed protein- and hematuria consistent 
with mild nephrotic syndrome. 

Coagulation markers, autoimmune antibodies and herpes cultures were nega-
tive. Bacterial cultures from the bullae on the lower legs showed both Staphylo-
coccus aureus and Group B Streptococcus. Biopsies from skin showed leukocyto-
clastic vasculitis of postcapillary venules with IgA deposition and the immunoflu-
orescence kidney biopsy presented with IgA deposition in the mesangium, thus the 
diagnosis of IgA vasculitis aka Henoch-Schönlein purpura was made (Fig. 8.1). 

Fig. 8.1 IgA vasculitis 
(Henoch-Schönlein 
purpura)—case at admission
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Treatment 

The child was hospitalized in the Pediatrics department and high dose prednisolone 
(50 mg/day) plus topical wound care with silver products was started. Attempts 
to lower the dosage were met with exacerbations in condition. High dose pred-
nisolone was continued over 2 months, with the child developing Cushingoid 
syndrome with classical upper body weight gain, striae and hypertension. Due 
to extreme pain of the lesions, wound dressing changes were done multiple times 
under general anesthesia by a plastic surgeon. Azathioprine (AZA) 100 mg× 2 
was added after 2 months due to the necrotizing vasculitis continuing to being 
active. 

A wound-care specialist was consulted about 3 months after hospitalization. 
Both legs were still edematous; large erosions with violaceous borders covered 
the lower extremities up to the groin area. Pressure ulcers on heels were also 
noted. Patient care was taken over by the wound-care department and carried 
out in an outpatient manner. Main intervention was the addition of compression 
therapy, wound-dressing changes being done under local anesthesia, and switch-
ing from silver dressings to honey-collagen products. With that, wound healing 
was markedly improved and notable re-epithelialization was seen at the two-week 
follow-up (Fig. 8.2). Wound-dressing changes were still very painful, but man-
ageable with topical anesthetics and reduced with every visit to completely pain 
free in about 1 month. AZA was continued and prednisolone dose was gradually 
lowered with a goal of maintaining at 5 mg/day with no exacerbations in condition.

Discussion 

IgA vasculitis (formerly known as Henoch-Schönlein purpura) is a leukocyto-
clastic vasculitis involving small vessels [11], where IgA1-containing immune 
complexes deposit within vessel walls, causing endothelial damage [12]. Upper 
respiratory tract infections often proceed IgAV, with Streptococcus strains being a 
frequent trigger [13–15]. Petechiae and palpable purpura can coalesce into bullous 
or necrotic lesions [16, 17]. Other organs often involved are the kidneys, gastroin-
testinal tract, and joints [13, 18]. Skin biopsy is the gold standard for diagnosing, 
but requires clinical correlation, as IgA vascular deposits can be found in other 
vasculitic syndromes [19]. 

There is no clear consensus on treating IgAV. Guidelines or reviews focus 
mainly on preventing kidney damage [20, 21], with latest case reports showing 
that with little or no kidney involvement, corticosteroids have no long-term benefit 
over placebo [22–24]. Extensive skin involvement has not been discussed much. 
Different immunosuppressive and immunomodulatory treatments have been used 
(mycophenolate mofetil, dapsone, cyclophosphamide, azathioprine) with little or 
no studies and few case reports. Compression is clinically believed to be impor-
tant in atypical wound care, as it lessens edema and the deposition of immune 
complexes [1, 25]. Skin ulcerations can be difficult to manage due to pain and
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Fig. 8.2 IgA vasculitis after 
two weeks treatment showing 
markedly skin lesions

may require a multidisciplinary approach involving dermatology, plastic surgery, 
nephrology, pediatrics, and a specialized wound-care center. 

Significant recovery in this case started only with the induction of regular 
compression therapy and proper wound therapy with local anesthesia and honey-
collagen dressings. It is also arguable that some important side-effects (such as 
Cushingoid syndrome) would have been avoided with an early start of a steroid-
spearing agent (such as AZA in this case). Proper therapy, both systemic and 
topical, has been shown to be cost-effective to the medical system [1], not to 
mention the monetary and emotional toll for the patient. This case report clearly 
illustrates the importance of consulting the appropriate departments early for opti-
mal care as well as showing a wider need for educating specialists in different 
fields on proper atypical wound management.
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Case 8.2. Deficiency of Adenosine Deaminase 2—A Rare 
Cause for Recurrent Painful Leg Ulceration 

Introduction 

A 35-year-old woman was hospitalized in our clinic with recurrent non-healing 
bilateral leg ulcers. Her past medical history was significant for multiple strokes 
of the brainstem region since early childhood, and recurrent livedo racemosa with 
painful ulcerations of the lower legs since the age of 18 years. The neurologic 
sequelae included dysarthria, tetra spasticity and cognitive impairment. She also 
suffered an episode of thrombotic occlusion of the right central retinal artery and 
peripheral facial nerve palsy of the right side. The recurrent painful ulcers led to 
multiple hospitalizations in external hospitals. 

Diagnostics and Treatment 

We performed a thorough diagnostic work-up. Differential blood count, liver 
enzymes, serum creatinine, serum protein electrophoresis and screening for throm-
bophilia were insignificant. Chronic venous insufficiency and peripheral arterial 
occlusion of the lower limbs were ruled out by ultrasound. There was no sign of 
ANCA-associated vasculitis or chronic infection including hepatitis B or C and 
syphilis. Wound biopsy did not show any specific changes. Given the neurologic 
and cutaneous manifestations, she was first diagnosed with Sneddon-Syndrome. 
However, oral anticoagulation with vitamin K antagonist phenprocoumon could 
not prevent new ischemic strokes and wounds only improved temporarily. There-
fore, molecular testing was performed, which revealed mutation of the ADA2-gen 
with deficiency of adenosine deaminase 2 (DADA-2). Oral anticoagulation was 
discontinued and systemic treatment with adalimumab initiated. The wounds 
improved with standard care and no further ischemic event occurred. 

After six months, however, the patient presented again due to a new painful 
ulceration on the left shin (Fig. 8.3). A deep skin biopsy yielded deposits of cal-
cium, necrosis, and thrombotic occlusion of blood vessels at the ulcer border. 
The direct immunofluorescence showed IgM, C3 and fibrinogen positive vas-
culitis. Histology was thus consistent with ulceration due to DADA2. We then 
performed further laboratory testing, which yielded neutralizing antibodies against 
adalimumab. Hence, the ulceration was caused by insufficient disease control. We 
performed wound debridement with Lucilia sericata maggots followed by neg-
ative pressure therapy to support wound granulation. Finally, punch grafts from 
the left upper thigh were transplanted to the wound surface. Shortly thereafter, the 
patient experienced a significant relief of wound pain, thus, allowing rapid tapering 
of oral analgesia with oxycodone. She was discharged and the wound epithelial-
ized within four weeks. After consultation with her neurologist, adalimumab was 
replaced with golimumab in combination with low-dose oral methotrexate (MTX). 
Up to date, no further stroke or leg ulceration occurred (Fig. 8.4).
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Fig. 8.3 Newly occurred leg 
ulceration in a patient with 
deficiency of adenosine 
deaminase 2 

Fig. 8.4 Complete wound epithelialization within four weeks after wound debridement with 
Lucilia sericata maggots followed by negative pressure therapy to support wound granulation and, 
finally, punch grafts 

Discussion 

Deficiency in ADA-2 was first described in 2014. It is an extremely rare auto-
inflammatory disorder caused by an autosomal-recessive loss-of-function mutation 
of the ADA-2 gen (former CECR-1 gen) [26, 27]. Adenosine deaminase-2 (ADA2) 
is produced by monocytes and myeloid cells. It plays an important role as growth 
factor and has immunoregulatory-properties. Reduction of ADA2 leads to impaired 
monocyte-differentiation with predominance of pro-inflammatory M1-monocytes 
and tumor necrosis factor (TNF) mediated perivascular inflammation [28]. Typi-
cal clinical manifestations include pan-arteritis nodosa-like vasculitis with fever, 
recurrent strokes of the brainstem region, livedo racemosa and skin ulceration,
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arthralgia and myalgia, impaired immune function (e.g. hypogammaglobuline-
mia) and hematologic abnormalities (e.g. lymphopenia, anemia) [29]. Diagnosis is 
based on clinical suspicion, which warrants testing for mutation of the ADA2-gene 
and low ADA2 activity [30]. However, the clinical picture may vary significantly. 
Fortunately, our patient did not show any hematologic abnormalities, nor signs of 
immunodeficiency. Although the evidence remains limited, anti-TNF-alpha agents, 
such as adalimumab, etanercept, infliximab or golimumab are considered as first-
line treatment [31]. As in our patient, these biologicals may be combined with 
low-dose MTX to prevent the development of neutralizing antibodies [29]. 

This case demonstrates the importance of a systematic diagnostic work-up 
of atypical ulcers. However, it also highlights the importance of basic wound 
treatment and simple surgical techniques within treatment strategies of complex 
wounds. 

Case 8.3. Martorell Hypertensive Ischemic Lower Leg Ulcer 
(HYTILU) 

Introduction 

A 75 years old male patient with chronic heart insufficiency, atrial fibrillation 
(with a history of warfarin usage, but cessation done four years ago), severe 
chronic obstructive pulmonary disease (cessation of smoking already 20 years 
ago), pulmonary Pseudomonas colonization, suspected polymyalgia rheumatica 
and a history of poorly healing lower leg ulcers was admitted to a Dermatological 
unit with a painful ulcer on the right Achilles tendon. During the initial visit, it 
was found out that the patient’s blood pressure levels fulfilled the WHO criteria 
for arterial hypertension. 

The ulcer itself had appeared three months prior due to minor trauma but had 
not healed with conservative care in primary care. The patient had peripheral pulses 
(arteria tibialis posterior and dorsalis pedis) ambidextrously palpable, and feet were 
warm. The leg presented with mild stasis dermatitis, some varicose veins and a 
mild level of lower leg oedema. The ulcer was 2 ×2 cm in size and it had a 
fibrinous ulcer bed with some necrosis at the proximal end. The ulcer had livid 
borders and also some red lining covering the central margin of the ulcer was seen 
(Fig. 8.5). The ulcer was tremendously painful.

Differential Diagnosis 

Considering the patient’s medical history and clinical characteristics of the ulcer, 
a mixed ulcer with venous and atypical components was suspected. A spindle 
shape biopsy from the proximal ulcer edge and blood samples were taken. Patient 
was referred to a vascular surgeon for arterial and venous examination where any 
arterial and venous insufficiencies requiring surgical intervention were ruled out.
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Fig. 8.5 Tremendously 
painful leg ulcer described as 
post-traumatic—at 
presentation

Fig. 8.6 Despite the usual 
treatment the ulcer grew in 
size and the pain did not 
diminish 

Treatment 

A calcium channel antagonist-medication was initiated for arterial hypertension 
and pain medication was optimized. In addition to an optimized local ulcer care, 
a moderate level of compression treatment was reinitiated. Nonetheless, the ulcer 
grew in size (Figs. 8.6 and 8.7), so the patient was hospitalized, maggot therapy 
was initiated, vitamin D supplementation was stopped, and the dosage of pred-
nisolone (used for other diagnoses) was decreased. The ulcer still kept growing, 
so sodium-thiosulfate infusions (10 g/100 ml solution, 3x/week) were initiated. 
Subsequently, systemic antibiotic treatment was initiated for ulcer infection. Later, 
also surgical debridement and meshed skin transplant were performed and negative 
pressure wound therapy applied as well.

Discussion 

HYTILU is a very painful lower leg ulcer that is typically found on the postero-
lateral ankle or on Achilles tendon [32, 33]. Patients are typically 70–80 years of
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Fig. 8.7 Martorell 
Hypertensive Ischemic Lower 
Leg Ulcer (HYTILU)

age and present with arterial hypertension [35]. Approximately half of the patients 
also have diabetes mellitus (DM) [32–35]. The use of warfarin is also suggested 
as a significant risk factor [35]. Additionally, it has been suggested that HYTILU 
patients would have a heavy burden of other cardiovascular diseases as well [34, 
35]. Concomitant peripheral arterial disease and venous insufficiency should be 
ruled out and if possible, treated. 

The clinical picture of HYTILU consists of a fibrinotic/necrotic ulcer bed and 
livid, violaceous border with different features [32–37]. The immediate, central 
margin of the ulcer tends to have a bright red color resembling a red lipstick 
(suggested as the red lipstick sign) [34] and peripherally from this, also purple bor-
der and pathological livedo racemosa are usually seen. Histopathologically most 
common findings are arteriolosclerosis and Möckenberg medial calcinosis [32, 35]. 

The conservative treatment consists of optimizing the treatment of underlying 
diseases (e.g. hypertension, DM, arterial/venous insufficiency), an optimized local 
ulcer care (i.e. local dressing and compression therapy), cessation of warfarin as 
well as a prompt treatment of infections. Often, (repeated) surgical skin transplants 
are also needed and in extensively necrotic and large cases, also sodium-thiosulfate 
infusions may be recommended [1]. 

Case 8.4. Atypically Behaving Ulcer in a Young Patient 
with Congenital Combined LUMBAR Syndrome and Middle 
Aortic Syndrome 

Introduction 

A 16-year-old female with a congenital condition combining LUMBAR syndrome 
[38] and middle aortic syndrome [39] was referred to the University Hospital 
with an enlarging anterior leg ulcer on the right shin that had appeared 9 months 
earlier with no recordable trauma. She was born with bladder exstrophy, which 
was operated on as an infant and later also treated for bladder incontinence and 
hydronephrosis. Because of her condition she lacked one kidney, the infrarenal 
aorta and normal iliac veins. In her early childhood she also had pulsed dye laser
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(PDL) treatments for multiple hemangiomas in her genital area and her right leg, 
which healed well, but were showing an unusually high inflammatory response. 

Her condition has had little influence on her life: she had no claudication and 
was attending the sports class in school. Her prior health records showed that her 
blood pressure had been within a normal range. She had no regular medications 
and had been smoking since she was 13. 

At clinical examination peripheral pulses were unpalpable. The duplex doppler 
sonography showed bilaterally monophasic curves, and the superficial femoral 
artery and the anterior tibial artery were detectable. Standard ABI was not per-
formed due to ulceration, but toe pressure was 77/92 mmHg, showing a lower 
curve on the right. Transcutaneous oximetry (TcPO2) around the ulcer showed 
values between 55 and 62 mmHg. Both the superficial and the deep venous system 
were performing flawlessly. 

The MRI angiography of the lower body and legs showed an anomaly of the 
lower abdominal aorta, where below the left kidney artery and superior mesenteric 
artery divides into several small branches leading to narrowed iliac arteries. The 
lower cava presented as duplicate that conjoined at the level of pancreas. 

Differential Diagnosis 

Considering the patient’s history and physical examination and results of the 
specific studies described above, acute ischemic etiology, as well as venous insuffi-
ciency were excluded. A set of laboratory tests were performed in order to exclude 
underlying autoimmune conditions, such as rheumatoid arthritis or inflammatory 
bowel disease. Biopsies extending from the healthy skin to the wound bed were 
performed. The histopathology around the ulcerated skin showed changes in the 
capillary network, such as thickening of the capillary walls and coiling of the 
capillaries. Some features, such as panniculitis, increased number of granulo-
cytes, micro abscesses and vasculitis-like reaction were seen in a single biopsy 
only and were considered secondary phenomena due to concurrent infection and 
edema, although pyoderma gangrenosum could not be excluded [40, 41]. The 
immunofluorescence staining of the biopsy was inconclusive. 

Treatment 

A multidisciplinary team of radiologists, plastic surgeons, vascular surgeons 
agreed that a conservative approach following a skin graft was recommended. 
Initially a clinical diagnosis of pyoderma gangrenosum was established by a der-
matologist and prednisolone at a starting dose of 0.5 mg/kg had been initiated. 
The ulcer enlarged with prednisolone alone and later dapsone 50 mg/day in com-
bination of prednisolone 0.3 mg/kg and compression therapy was initiated, which 
halted the ulcer progression and improved tissue granulation (Fig. 8.8). Smoking 
cessation was strongly supported.
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Fig. 8.8 Atypically behaving 
ulcer in a young patient with 
congenital combined 
LUMBAR syndrome and 
middle aortic syndrome 

To improve the outcome, dapsone was switched to cyclosporine at 2 mg/kg 
along with prednisolone. During cyclosporine treatment an increase in blood pres-
sure was noted and enalapril 5 mg × 1 was initiated and cyclosporine dosage was 
left at the lower end. During cyclosporine there was a wound infection that was 
treated with po clindamycine. Partial skin grafting was performed 10 weeks from 
the initiation of cyclosporine in co-operation with the plastic surgeons (Fig. 8.9). 

After a successful skin graft cyclosporine was tapered down and switched 
to dapsone. Prednisolone was tapered down at a slow course during the next 
3 months. At a control visit at 4 months only a small erosive area was still seen 
(Figs. 8.10 and 8.11).

Fig. 8.9 Atypical leg ulcer 
after partial skin grafting 
(10 weeks from the initiation 
of cyclosporine) 
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Fig. 8.10 Control visit at 
4 months (general view) 

Fig. 8.11 Control visit at 
4 months (detail view)—only 
a small erosive area still 
present 

Discussions 

Our case presents an example of a patient where the wound etiology is multi-
factorial with featuring both abnormalities in the capillary network as well as 
an increased inflammatory response. In the beginning of the treatment at lower 
doses of prednisolone there was substantial increase in inflammatory activity seen 
without bacterial infection. On the other hand, cyclosporine seemed to increase 
susceptibility to bacterial infection. Compression therapy was considered a golden 
standard for treatment and as a preventive measure.
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Case 8.5. Impaired Wound Healing After Radiation Therapy 

Introduction 

Non-healing wounds have a multitude of pathogenic mechanisms, often acting 
in concert to exacerbate their detrimental effects. Effective diagnosis and treat-
ment of these wounds require a multidisciplinary approach. A skilled team is 
essential to address all contributing factors, not just the most common or severe 
ones, in order to promote wound epithelialization. Chronic wounds, particularly in 
patients with adjacent skin neoplasms and a history of radiation therapy, have a 
poor prognosis as radiation disrupts the normal physiological processes of tissue 
repair. Moreover, superficial skin infections, which can become more aggressive in 
immunocompromised patients, must be managed effectively to facilitate healing. 

Case Description and Medical History 

A 57-year-old male patient presented to a Dermatology department in May 2022 
with a non-healing wound on the left side of his neck in evolution for 3 months. 
The patient had a history of throat cancer and had received radiation therapy on 
the affected area 3 years ago. The wound appeared after a minor trauma in the 
previously radiated area, and the patient reported its presence for the last two 
months. 

During his consultation, it was decided to have a swab for bacteriological exam-
ination and the patient was instructed to return for a follow-up visit in three days 
to initiate the proper treatment. However, the patient returned two months later, in 
July 2022, at which time the wound progressed in size and depth and the associated 
symptoms suggestive of local infection had worsened. 

Clinical Findings 

Upon first examination, the wound on the left side of the neck measured 2 cm 
in diameter and was covered by a purulent secretion (Fig. 8.12). The surrounding 
skin displayed late radiation injury with signs of fibrosis, tissue atrophy, telangiec-
tasias and vascular damage. During the patient’s second evaluation in July 2022, 
the wound had progressed in size to 3 cm in diameter with an increased depth. 
It was covered by a whitish, adherent purulent exudate (Fig. 8.13), suggestive 
for a bacterial infection. The peri-wound skin was erythematous and edematous, 
and the patient reported intense pain. Additionally, the patient reported a history 
of pruritus, a common symptom of radiation dermatitis he had in the past. The 
patient had no evidence of lymphadenopathy or other areas of infection. The pres-
ence of Pseudomonas aeruginosa identified through bacteriological examination 
in the wound bed required specific management strategies, including appropriate 
antibacterial therapy and wound care measures.
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Fig. 8.12 Non-healing 
wound on the neck in a 
patient with history of throat 
cancer that received radiation 
therapy (general view) 

Fig. 8.13 Non-healing 
wound on the neck in a 
patient with history of throat 
cancer that received radiation 
therapy (detail) 

Diagnostic Assessment 

The diagnostic assessment for this patient included a combination of clinical exam-
ination, bacteriological examination, and laboratory tests to determine the extent 
of tissue damage and assess the patient’s overall health status. The aim was to 
identify the underlying cause of the non-healing wound and to guide appropriate 
therapeutic interventions. The bacteriological examination revealed the presence 
of Pseudomonas aeruginosa, a common opportunistic bacterial pathogen that can 
cause severe infections in immunocompromised patients. Based on the antibi-
ogram, P. aeruginosa showed complete resistance to ampicillin, erythromycin, and 
norfloxacin; intermediate resistance to gentamicin, amikacin, tobramycin, and cot-
rimoxazole and sensitivity to cefotaxime and ciprofloxacin. Considering the patient 
medical history, magnetic resonance imaging (MRI) of the neck region was per-
formed, showing that there were no signs of metastasis, tumoral recurrences or 
deep tissue involvement.

https://pezeshkibook.com



K. Isoherranen et al.166

Therapeutic Interventions 

The therapeutic interventions for this patient included a combination of local 
wound care, debridement, and antimicrobial therapy. The aim was to control the 
infection, promote wound healing, and prevent recurrence. Antimicrobial therapy 
was initiated based on the bacteriological examination results, with topical anti-
septics (chlorhexidine solution) and antibiotic therapy based on the antibiogram 
results (Ciprofloxacin, 1 g per day). The antimicrobial therapy was continued for 
10 days, and the patient was monitored for any signs of adverse effects. Debride-
ment was performed to remove the non-viable (sloughy, compromised) tissue from 
the wound bed to encourage wound healing. Hydroactive dressings (HydroClean 
Advance®, Hartmann) were applied to the wound bed to promote a moist wound 
healing environment; dressings were changed every three days, and the wound 
was monitored for any signs of infection. Hydroactive dressings were chosen for 
their properties of protecting the wound from external contaminants, promoting 
granulation tissue formation, and reducing pain associated with wound dress-
ing changes. Silver dressings (Atrauman Ag®, Hartmann) were combined with 
hydroactive dressings as an adjunctive therapy, for their antimicrobial properties 
and support in infection control. Silver dressings are considered to be effective 
against a broad range of microorganisms. They are especially useful for manag-
ing wounds that are difficult to heal, such as burns, surgical wounds, and chronic 
wounds. 

Follow-Up and Outcome 

The patient was evaluated after four months when the wound was clean and almost 
closed (Fig. 8.14). The last consultation took place in March 2023, when the 
wound was completely healed for almost 3 months, with no recurrence (Fig. 8.15). 
The therapeutic interventions were successful in treating the wound, and the patient 
was satisfied with the outcome. 

Fig. 8.14 Follow-up visit 
after the systemic antibiotic 
and local treatment (4 months 
after treatment)
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Fig. 8.15 Second follow-up 
visit with complete closure of 
the wound (7 months after 
treatment) 

Discussion 

The presented case highlights the challenges associated with wound healing in 
patients who have undergone radiation therapy. Radiation therapy is known to 
cause damage to the skin and underlying tissues, leading to fibrosis, atrophy, and 
vascular injury, which can impair the healing process and increase the risk of 
complications, such as infection and delayed wound closure [42, 43]. The patient’s 
wound was initially superficial, but it progressed over time and became deeper, 
larger, and more painful, likely due to the impaired healing process. 

The diagnostic assessment revealed the presence of Pseudomonas aeruginosa 
in the wound, which is a common pathogen associated with wound infections, 
especially in patients with compromised immune systems or impaired wound heal-
ing [44]. The therapeutic interventions included the use of topical antiseptics and 
antibiotics, as well as debridement and carefully chosen local dressings, to be 
effective in managing radiation therapy-related skin toxicity and promotion of 
wound healing. These interventions were effective in controlling the infection and 
favoring wound healing, as the wound was clean and almost closed after 4 months 
of treatment. 

The presented case underscores the importance of a multidisciplinary approach 
to the management of non-healing wounds, especially in patients with a his-
tory of radiation therapy. Dermatologists, oncologists, and wound care specialists 
should work together to develop an individualized treatment plan that considers the 
patient’s medical history, the location and severity of the wound, and the under-
lying pathophysiology of impaired wound healing. The use of advanced wound 
care modalities, such as negative pressure wound therapy, growth factors, topical 
fibronectin and tissue engineering, may also be considered in some more severe 
cases [45, 46]. 

In conclusion, impaired wound healing after radiation therapy is a challenging 
clinical problem that requires a comprehensive and multidisciplinary approach to
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diagnosis and management. The presented case highlights the importance of timely 
diagnosis, appropriate wound care interventions, and close follow-up to achieve 
optimal outcomes in patients with non-healing wounds. 
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Ewa Klara Stuermer and Mohnned Alghamdi 

Abstract 

Every chronic wound is colonised with microorganisms. Pseudomonas aerug-
inosa, Staphylococcus aureus, and Enterobacteriae are the dominant bacterial 
species in chronic wounds. They are derived from the environment and the sur-
rounding skin but can also be spread oropharyngeal or anal from endogenous 
sources. However, detecting bacteria in a wound swab or biopsy does not nec-
essarily imply a wound infection. Accordingly, a positive microbiological result 
cannot be the only indication for antibiotic therapy. The decision for the lat-
ter is based entirely on the clinical (systemic) findings. Wound infections can 
occur postoperatively (case 1), can be triggered by diabetes mellitus (cases 2 
and 4), can be prologuised by insufficient perfusion (case 3) or can also occur 
in combination with immunological skin and vascular diseases (case 5). There-
fore, treating the underlying disease is essential to wound healing and should 
not be ignored. Topical antiseptic therapy with or without accompanying sys-
temic antibiotics is mandatory as an infection therapy. Its intensity depends on 
the amount and virulence of the microorganisms. The need to continue infection 
therapy should be reconsidered at least weekly, as topical antiseptic treatment 
is always associated with varying degrees of impairment of the human cells 
involved in wound healing. Involving the patient with accompanying informa-
tion about the wound infection and its therapeutic options is mandatory and 
increases adherence. 
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Introduction 

Approximately 35% of all chronic wounds lead to recurrent (systemic) infections; 
and up to 40% of wound infections trigger prolonged healing [1]. Every wound, 
acute or chronic, is quickly colonised with microorganisms of the skin micro-
biome, which also contain pathogenic bacteria. In the case of good perfusion and 
health, the immune system counteracts the spreading of infection. Additionally, 
wound cleansing, usually performed on chronic and infected wounds, reduces 
microbial colonisation. Staphylococcus aureus, including its methicillin-resistant 
variant (MRSA), Pseudomonas aeruginosa, and Enterobacteriae are the leading 
bacterial species colonising chronic wounds [2, 3]. The Progress from wound 
colonisation to local or systemic infection is fluent [4] and often difficult to 
determine by clinical assessment only. 

Most patients suffering from wound infection show typical signs of an acute 
infection like heat, redness, swelling of the wound area, worsening of pain, and 
sometimes even pus coming out of the wound. Systemic signs such as fever, chills, 
and general fatigue may accompany those symptoms. However, in chronic wounds, 
patients’ comorbidities, particularly the metabolic syndrome associated with dia-
betes mellitus, should be considered because they can mask bacterial infections 
[5]. Other conditions that cover up the signs are malnutrition [6] and immune sup-
pression. For these patients, secondary signs of wound infection had been defined 
as discoloration of granulation tissue, friable granulation tissue, delayed healing of 
wound breakdown, serous exudate with concurrent inflammation, pocketing at the 
base and malodor [7]. 

The following chapter is intended to raise awareness about the unique charac-
teristics of infections in chronic wounds. It empowers to choose the right time and 
type of debridement, antiseptics, and systemic antibiotics. It helps to improve the 
ability to observe the wound and surrounding skin, making it easier to differenti-
ate between a local infection and a potential systemic infection. Case 1 shows that 
AMS-compliant infection therapy concepts can only be successfully implemented 
in an interdisciplinary and interprofessional team. Case 2 illustrates the importance 
of involving patients in therapy, regardless of their age and cognitive limitations, 
taking their needs into account, and providing education. Case 3 illustrates that 
it is always worth the effort to avoid transtibial amputation in localized surgical 
site infection (SSI), as it is predictive of patient outcome and health-related qual-
ity of life (HRQoL). Case 4 highlights the importance of off-loading for DFU 
healing. However, it always requires individualized approaches (e.g., felting) that 
the patient (can) support. Case 5 encourages constant reflection on the cause of a 
chronic wound, even during the healing process. Prolonged inflammation can also 
trigger an autoimmunologic reaction. Regardless of the nature and cause of the 
wound infection, the choice of therapy should be re-assessed on a weekly basis. 

For an adequate management, both diagnostic and therapeutic, of wound 
infections, it is important to be trained to:
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• Know the (cutaneous) signs of local and systemic and understand their 
prognostic significance.

• Remember that wound infections, especially in the elderly, are not usually 
triggered by an isolated cause.

• Assess the bacterial burden (species, virulence, load, etc.) and the resulting 
treatment implications.

• Recognize when it is appropriate to involve other professionals of the interpro-
fessional and interdisciplinary team.

• Perform debridement (preferably sharp) to reduce bacterial load and necrotic 
tissue.

• Control the wound environment and moisture to deprive bacteria of their 
nutrient source.

• Know the principles of AMS and decide which antimicrobial therapy is most 
effective for each patient.

• Identify the leading microbial species of the infection (swab, biopsy) to 
prescribe the right antibiotic at the right dose. 

Case 9.1 

Introduction 

A 60-year-old male patient was admitted via the emergency department with a 
clinical presentation of perimandibular abscess. However, the clinical, radiologic 
and laboratory analysis revealed a necrotising fasciitis of the head-neck region. 
The diagnosis prompted an immediate surgical resection. The focus of the necro-
sis appeared to be dentogenic, secondary to a molar root resection. The dominant 
pathogen of the necrotising fasciitis was Streptococcus anginosus. Due to the 
resection-related, intraoperative palm-sized soft tissue defect of the neck region, 
a free transplantation of a fasciocutaneous flap (ALT flap) from the upper leg 
was performed. The tissue defect on the right upper leg (12×6 × 2 cm) was pri-
marily covered with a split-thickness skin graft. On day eight postoperatively, 
surgical wound dehiscence (SWD) and local infection occurred in the upper leg. 
(Fig. 9.1a); the split skin graft was lost. The microbiological swabbing revealed 
a SSI secondary to Pseudomonas aeruginosa and Enterobacter cloacae complex 
colonisation. The patient had diabetes mellitus, coronary heart disease, atrial fibril-
lation, heart failure and hypertension as underlying comorbidities. It is known that 
systemic, severe infection may lead to significant metabolic variations amongst 
diabetic patients. that could be difficult to control [8, 9]. This may be a trigger 
factor of the infection but not the cause.
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Fig. 9.1 SSI and SWD at the right upper leg of a 60-year-old male patient after taking a fascio-
cutaneous flap (ALT flap). a Hypergranulation and biofilm burden. Redness of the surrounding skin 
due to high exudation. b Decrease of local infection after antiseptic and anti-inflammatory therapy 
of the wound and wound edge 

Treatment 

The necrotising fasciitis of the head and neck region was surgically resected 
and treated with intravenous ampicillin-sulbactam for 21 days. Nevertheless, an 
SSI manifested on the upper leg on day eight postoperatively. The swab results 
showed a colonisation with ampicillin-sulbactam-resistant P. aeruginosa. However, 
the antibiotic treatment was not revised to cover the spectrum of the biogram 
as it was merely perceived as a localised infection of the wound. The infected 
SWD was treated topically and primarily with biofilm-dissolving antiseptic dress-
ings (cardexomer-iodine) and superabsorbent. The bacterial burden led to high 
exudation, mandating a daily wound dressing change (Fig. 9.1a). The secondary 
moisture-associated dermatitis was managed with triamcinolone-zinc oxid paste 
and an advanced skin protectant (acrylate tetrapolymer+2-octyl cyanoacrylate); as 
a result the wound conditions improved significantly within a week (Fig. 9.1b). A 
split-thickness skin graft was planned four weeks after topical antimicrobials and 
an anticipated 100% granulation of the wound (Fig. 9.2a). However, the patient 
was deemed inoperable due to cardiac decompensation, which led to a protracted 
course of secondary wound healing. At the six-month follow-up, the wound had 
healed completely (Fig. 9.2b).

Discussion 

The patient was primarily undergoing maxillofacial surgery, where the emergency 
of necrotising fasciitis of the neck region was recognised and treated. One of the 
pitfalls of this diagnosis is not to consider life-threatening necrotising fasciitis. 
The clinical presentation of fulminant pain with a comparatively modest clinical 
appearance was pathognomonic [10, 11]. Early surgical treatment with complete
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Fig. 9.2 (a) Wound size reduction, healing of the undermining and 100% granulation of the 
wound surface just before the end of antiseptic local therapy. (b) Wound closure by secondary 
wound healing

resection of the infected area is indicated and was performed [12]. The multimor-
bidities of this case necessitated postoperative admission to the intensive care unit 
to manage metabolic and cardiac decompensation. The infected SWD at the flap 
site left the patient with a defect on the upper leg, which broadened the interdis-
ciplinary care involving plastic surgery and wound care specialists. After careful 
interdisciplinary assessment of the SWD and in line with antimicrobial steward-
ship (AMS) [13], it was decided to only use local antiseptic therapy. This decision 
was taken after considering the following facts: first the patient showed no signs 
of systemic infection, second the P. aeruginosa evident in the wound swaps was 
merely sensitive to the reserve antibiotic meropenem. The possibility of the swift 
adaptation of the therapy concept granted in an in-patient care setting enabled the 
safe use of local antiseptics while maintaining the reserve antibiotics on a standby 
basis. Such a concept is applicable in an ambulatory setting if close monitoring 
every (24 h or 48 h) is assured. Finally, it can be concluded that thanks to cross-
sectoral therapy (hospital, outpatient clinic, outpatient nursing service, GP) [14] 
and patient-centred care [15], acute cardiac decompensation was detected early 
and therefore treated efficiently at any time. 

Case 9.2 

Introduction 

An 84-year-old female patient with a background of diabetes mellitus type II 
(HbA1c: 6.0%; reference 4.8–5.6%), peripheral polyneuropathy, hypertension and 
a history of colorectal adenocarcinoma, presented to the vascular outpatient clinic 
with high exudating chronic wounds on both lower legs. The gaiter-like, odorous 
wounds showed extensive necrotic and biofilm deposits as well as exudate-induced 
surrounding dermatitis (Fig. 9.3a, b). Microbiological swabbing revealed bacterial
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Fig. 9.3 Left leg of 84-year-old female patient with big odorous, chronic wounds based on CVI 
and diabetes showing extensive necrotic and biofilm deposits as well as exudate-induced surround-
ing dermatitis. (a) Lateral view. (b) Medial view  

colonization with Enterobacter cloacae complex, Proteus mirabilis and Enterococ-
cus avium. The ankle-brachial index (ABI) was 1.1 on both sides but could not be 
rated due to diabetic-associated tonica media sclerosis. Duplex sonography of the 
leg arteries showed a triphasic A. femoralis communis (AFC), A. femoralis super-
ficialis (AFS), A. femoralis profunda (AFP) and popliteal artery on both sides 
without high-grade stenosis and a biphasic flow profile of the A. tibialis ante-
rior (ATA) and A. tibialis posterior (ATP) on both sides. Because of extensive 
ulceration and pain in both lower legs, no more distal arteries could be assessed 
sonographically, but oscillography of the feet and all toes revealed good arterial 
perfusion. Duplex sonography of the veins showed venous insufficiency (CVI) with 
complete varicosis of the V. saphena magna on the left (confluence of the great 
and small saphenous veins into the femal vein also insufficient) and incomplete 
varicosis of the right V. saphena magna with normal valve function on both sides. 
In this patient, CVI dominates the clinical picture of swollen, reddened lower legs 
with large, locally infected wounds. 

Treatment 

During the weekly visits over the first four weeks, extensive antimicrobial wound 
irrigation and sharp debridement under topical anesthesia were performed. The 
very severe, partly neuropathic wound pain of the patient was treated with metami-
zole and gabapentin, which was adapted to the current VAS scores during the 
healing process. For covering the infected, high-exuding wounds, antimicrobial 
dressings (containing cadexomer-iodine or silver) and superabsorbents for exudate 
management (daily dressing changes by the nursing service) were chosen. Ini-
tially, the patient received compression therapy -first as a compressive bandage, 
then as prefabricated compression wraps, which she could apply independently. 
Close intersectoral, interdisciplinary treatment and pointed patient education pre-
vented hospitalization and usage of systemic antibiotics. After six weeks, the local 
antimicrobial therapy could be finished (Fig. 9.4a, b).
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Fig. 9.4 Six weeks after effective local antiseptic therapy (octenidine-dihydrochloride, 
cardexomer-iodine, hydrophobic meshes) of a the lateral and b the medial wound of the left 
lower leg 

Discussion 

The 84-year-old patient had treated the wounds herself for months, only con-
sulting her GP intermittently. No specialist for vascular disease or wound care 
was involved, which is unfortunately not uncommon [15, 16]. Thus, the under-
lying disease of the chronic wound, CVI, was not diagnosed for months. Even 
in an international comparison, it is apparent that CVI is underdiagnosed, and a 
lot of patients needing compression therapy do not receive it [17]. This is dif-
ficult to understand because the only contraindications to compression therapy 
are advanced peripheral arterial disease (ABI < 0.5 or ankle artery pressure < 
60 mmHg or toe pressure < 30 mmHg), decompensated heart failure (NYHA III 
+ IV), septic phlebitis and phlegmasia coerulea dolens, but neither chronic nor 
exuding wounds [18]. The compression class (I-III) should be selected depending 
on the degree of venous insuffiency, the cardiovascular disease and the individ-
ual wound pain with and without compression. Inquiries about the current level 
of wound pain should be part of every outpatient visit, and drug and physical 
pain reduction should be initiated by an interdisciplinary and holistic approach 
[19]. Pain reduction means improving the HRQoL, autonomy and mobility of the 
elderly, usually multi-morbid patients. Patient’s needs regarding their ADLs (e.g. 
performing activities of daily living), their body (e.g. pain or odor) and their psy-
chological well-being (e.g. fear) can be easily assessed using a questionnaire, e.g. 
the Wound-QoL [20], both immediately and over time during consultations. It is a 
valuable tool for identifying patient needs in wound therapy and daily life, making 
it possible to address them in a time-saving and targeted manner. So, HCPs can 
thus tackle the most urgent problems directly, which helps the patient to overcome 
shame and fear.
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Case 9.3 

Introduction 

A 70-year-old patient was admitted to the Vascular Wound Center for the treatment 
of critical ischemia of the right lower leg accompanied by wet gangrene of the right 
foot (Fig. 9.5a). His medical history revealed an obliterated right femoropopliteal 
bypass which was performed 18 months prior to his current presentation, PAD 
IV°, arterial hypertension, diabetic foot, obesity and a long history of nicotine 
abuse. Palpation elicited pulse at the right inguinal region with absence in the 
lower levels. Duplex sonography confirmed the femoropopliteal bypass occlusion, 
reduced femoral artery perfusion and occlusion of the popliteal and fibular arter-
ies. A monophasic waveform with interrupted color filling corresponded to reduced 
perfusion of the anterior and posterior tibial artery. The progress of tissue destruc-
tion could not be halted despite the successful stenting of the right common iliac 
artery with frustrated recanalisation attempts at the lower levels. The polymicro-
bial deep soft tissue infection with Pseudomonas aeruginosa, Enterococcus faecalis 
and Klebsiella pneumonia, complicated by persistent ischemia and overall poor 
health conditions, prompted a transtibial amputation of the right lower extremity. 
Despite tension-free tissue approximation of the wound ends, a primary wound 
healing was not achieved and a surgical wound dehiscence (SWD) occured. Inde-
pendent of the local antiseptic measures, the secondary healing was protracted due 
to a wound colonization of the presumed aforementioned pathogenic bacteria. The 
maximum extent of the surgical site infection (SSI) of the amputation stump was 
2.7 ×5 ×2 cm3 lateral and 1.1 ×1.7 ×0.3 mm3 medial (Fig. 9.5b). The high bac-
terial load of the SSI could be visualized by UV-near light (e.g. MolecuLight®), 
which makes the autofluorescence of the bacteria at densities > 104 cells/mg tissue 
visible (Fig. 9.5c).

Treatment 

The viable risk of deep soft tissue infection (SWD grade 3a) mandating a 
subsequent amputation at a higher level (e.g. above-knee amputation) and ampli-
fied by nosocomial pneumonia instigated i.v. administration of the antibiotics 
piperacillin/tazobactam for three weeks. The application of local antiseptics and 
wound tamponade at the cavity site facilitated the healing. Iodine-containing dress-
ings, hydrophobic meshes and superabsorbent were initially used at the infected 
deep SWD. The heavy exudation secondary to the underlying infection led to 
moisture-dermatitis despite the daily wound dressing change. The erosive lesions 
were treated with triamcinolone-zinc oxide paste. The usage of local antiseptics 
was seized after seven weeks of ongoing intensive care. The application of tam-
ponade at the cavity site proceeded for three months, whereby the skin cells were 
stimulated to subsequently close it (Fig. 9.6a, b). The stump was deemed ready 
for fitting of a lower leg prosthesis (Fig. 9.6c).
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Fig. 9.5 Three images showing (a) the initial clinical situation with wet gangraene of the forefoot 
and (b) resulting right transtibial amputation. Dermatitis with small erosions on the distal stump 
pole due to heavy exudation induced by P. aeruginosa biofilm (c). Visualization of the bacterial bur-
den in and on the wound by UV-near light. (P. aeruginosa = cyan blue; E. faecalis & K. pneumonia 
= red)

Fig. 9.6 Successful control of the infection on both SWD of the amputation wounds (a) lateral and 
(b) medial. Reduction of the wound cavities using antiseptic local therapy with frequent tamponade 
of both wound cavities with hydrophobic meshes. (c) healing result of the transtibial stump 

Discussion 

Chronic PAD wounds are a frequent cause for the transitioning from local bacterial 
and biofilm colonization [21] to systemic infection. The poor blood perfusion of 
affected extremities leads to a subtherapeutic concentration of systemic antibiotics 
regardless of their route of administration (i.v. or p.o.). If effective revascular-
ization is deemed unlikely, amputation is often considered as a trivial logical 
consequence (life before limb). The dilemma lies in choosing the correct timing

https://pezeshkibook.com



E. K. Stuermer and M. Alghamdi180

to warrant the indication, which is constantly under discussion [22–24]. Vascular 
centers are often confronted with high-risk cases where a transtibial amputation 
is complicated by reduced blood perfusion at the popliteal level which leads to 
protracted wound healing, increasing the likelihood of chronic bacterial wound 
colonization, wound dehiscence, or even revision surgeries. Targeted, systemic and 
local anti-infective therapy is required to avoid the latter [18]. Evidence-based rec-
ommendations advising on the specifics of antiseptic products are scarce; expert 
consensus provides direction here [25]. The goals have to be relevant and aligned 
with overall objectives. For example, regaining independent mobility via walking 
using a transtibial prosthesis has to be deferred in favor of soft tissue conditioning 
and wound healing. Early prosthesis adjustment often proves counterproductive 
and detrimental to residual limb tissue stability. This should be communicated on 
an interdisciplinary level (wound expert, surgeon, outpatient care, general prac-
titioner, and physiotherapist) and, in particular, with the patient to achieve the 
therapeutic goal, albeit late. Such amputations burden the patients drastically and 
has a significant impact on the their quality of life, suppose there is a threat of 
prolonged healing, further surgeries or even subsequent amputation. In that case, 
a careful psychological evaluation is granted since most of those patients present 
with depressive symptoms and possible adjustment disorder [24, 26]. 

Case 9.4 

Introduction 

An 80-year-old male patient was clinically presenting with exacerbating pain sec-
ondary to a diabetic foot ulcer. The diabetic ulcer was clinically reported for over 
14 weeks. It was located on the sole of the left foot over the metatarsal head V 
(Fig. 9.7a). In addition to the common polyneuropathy associated with type II dia-
betes, the patient suffered from chronic venous insufficiency, which was treated 
with compression stockings of class II, and arterial hypertension. The patient 
initially treated the wounds himself using local antiseptics and sterile compres-
sion bandage. Custom-made footwear enabled full mobility with no walking aids. 
Inspection of the wound area revealed slight swelling of the ankle and foot dorsum, 
with no redness. Fever, chills or malaise were denied. Areas of hyperkeratosis cov-
ered with hemorrhagic blood crusts were appreciated in the surrounding area. The 
foot exhibited no increase in warmth or tenderness upon palpation. However, pus 
was produced from the foot ulcer upon palpation (Fig. 9.7b). Swabs were taken 
for microbiology and yielded P. aeruginosa. The blood test revealed leukocytes 
and C-reactive protein (CRP) remained in the higher levels of normal values. In 
light of an unpredictable progression of a systemic infection (“foot attack”) [27], 
a hospitalization was granted; however, it was rejected by the patient.
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Fig. 9.7 Chronic, diabetic ulcer on the left foot of a 80-year-old male patient. (a) Crusty deposits 
on the ulcer without signs of infection (no surrounding redness, no swelling, no pain). (b) Drainage  
of pus under pressure. (c) ulcer approx. 10 mm in depth becomes visible after sharp debridement 
and removal of the hyperkeratosis 

Treatment 

The secondary evaluation of the wound revealed—after providing the necessary 
wound care by disinfection, pus drainage, sharp debridement of the wound and the 
hyperkeratosis—a perforating foot ulcer measuring 1.2×2 × 0.5 cm2 (Fig. 9.7c). 
The soft tissue of the perforating ulcer displayed no signs of significant necrosis. 
Sterile probing of the wound yielded no bone or joint involvement. The lesion was 
filled with a hydrophobic mesh and covered with a thin dressing. The pus drain-
ing, diabetic ulcer and the absence of swab results prompted a calculated course 
of oral antibiotics with clindamycin and ciprofloxacin. Preserving mobility while 
offloading the affected limb is a key factor for successful wound healing. However, 
the advanced age of the patient prevented him from offloading the affected limb 
using elbow or forearm crutches. Therefore, a plantar felting was custom-made 
with a cut-out in the ulcer region (Fig. 9.8a). The wound care, including sharp 
debridement to remove the rapidly growing hyperkeratosis and application of the 
plantar felting, was repeated every three days. Due to the underlying diseases com-
bined with increasing pain despite reported polyneuropathy, oral antibiotics were 
applied immediately; for rapid remission only for seven days. Advanced healing 
of the diabetic foot ulcer was achieved within four weeks of diligent wound care 
(Fig. 9.8b). New compression stockings and diabetic footwear were prescribed. 
In addition, the patient was educated and advised to undergo regular podiatric 
treatment to prevent recurrence.
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Fig. 9.8 (a) Padding of the 
entire sole of the foot to 
reduce the load on the ulcer 
region during continued 
antiseptic local therapy. 
(b) Diabetic foot ulcer with 
advanced healing after five 
weeks 

Discussion 

Diabetic polyneuropathy and presumed microangiopathy are associated with years 
of poorly controlled diabetes. Both pathologies constitute the underlying cause of 
diabetic foot syndrome. The recurrent foot ulcerations accompanied by increased 
susceptibility to develop subclinical infections unfold constant risk of developing 
fulminant diabetic foot infection with consequent minor and major amputations. 
[28]. An adequate and prompt therapy is therefore implicated in successfully 
managing such misleading trivial infections amongst diabetic patients [27]. In 
this case, the patient’s refusal of hospitalization prompted the usage of broad-
spectrum antibiotic therapy. Ongoing close monitoring of infection causes and 
signs predicts the outcome of diabetic foot management. Although the guide-
lines for managing diabetic foot provide clear recommendations when antibiotics 
should be used [29], there is a lack of evidence-based recommendations address-
ing the preference for certain antiseptics or antiseptic wound dressings. This 
lack is also apparent in the guidelines on local therapy of chronic wounds. The 
directives for using antiseptics and antiseptic wound dressing are governed by con-
textual international consensus and recommendations [25, 30]. High-concentrated 
hypochlorous solutions, chlorhexidine, iodophor-containing formulations, octeni-
dine dihydrochloride-phenoxyethanol, PHMB and silver are recommended and 
assessed as equally effective. Although resting and offloading of the affected limb 
are pillars of the management of wound infections [29, 31], immobilizing diabetic 
patients, especially if they are older, is counterproductive and can carry some 
negative consequences for their overall health. Therefore, intelligent offloading 
solutions should be considered to promote the healing of chronic wounds— 
especially in pressure ulcers—without impairing the patient’s well-being. Using
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custom-made sole felting as a bridge solution to alleviate the load bearing on dia-
betic foot ulcers is more effective and cost-efficient in comparison to orthopedic 
footwear [32]. Nursing staff and patients’ relatives can easily familiarize with the 
felting technique. Patients should be made aware of the need for podiatric care and 
the need for skin care. 

Case 9.5 

Introduction 

An 83-year-old male patient was sent to the outpatient clinic by the nursing ser-
vice due to “wound aggravation”. The chronic wound over the left achilles tendon 
(3.5× 2.8 × 0.2 cm2) existed for a year and now showed an exposed tendon, hardly 
any granulation, thick, fibrinous coatings and extensive surrounding dermatitis with 
excoriation due to heavy exudation (Fig. 9.9a). The patient had a history of a 
Stockmann bypass on the left leg for PAD IV° [33], coronary heart disease, post 
apoplexy with persistent aphasia, paroxysmal atrial fibrillation and hypertension. 
The ABI was 1.2 left and 1.0 right, so reduced perfusion could be ruled out as a 
trigger for the infection. The wound swab showed colonization with Pseudomonas 
aeruginosa, Dolosigranulum pigrum and Staphylococcus caprae. No leukocytosis 
was detectable in the serum with elevated C-reactive protein (CRP; 21 mg/l). After 
two weeks of antiseptic local therapy, there was an increased number of painful, 
point-like hemorrhages (petechiae) in the area around the wound (Fig. 9.9b), but 
also to a lesser extent on the entire right and left leg, which visually suspected the 
diagnosis of vasculitis. The histological examination of a skin biopsy revealed a 
necrotising, bullous non-Ig A small vessel vasculitis. 

Fig. 9.9 (a) Infected wound with exposed Achilles tendon on the left, fibrinous coating and heavy 
exudation of a 83-year-old male patient; (b) after 14 days development of painful, point-like 
hemorrhages (petechiae) in the area around the wound, feet and lower leg
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Fig. 9.10 (a) After systemic and local immune-modulating (prednisolone, steroid-triclosan) com-
bined with local antiseptics (iodine), quick, scabby healing of the petechial wounds and granulation 
of the wound over the Achilles tendon without (partial) resection of the latter. (b) Continuous, slow 
and infection-free wound healing—here after 6 weeks—with extremely fragile surrounding skin. 
Silicone dressings with/without border should be avoided 

Treatment 

Just a local infection was diagnosed when the patient was readmitted to the 
outpatient clinic, so systemic antibiotics could be avoided under close monitor-
ing. The dominant P. aeruginosa in the wound had induced massive exudation 
as a tissue response, so the previous local therapy was now inadequate. The 
resulting exudate-induced dermatitis was treated with steroid-triclosan-containing 
cream, while the biofilm-infected wound was treated with a dressing containing 
cadexomer-iodine and a superabsorbent for exudate management. While the local 
conditions improved over the following 14 days, the patient developed small ves-
sel vasculitis—the first episode of immunological disease in his long life. As it 
could not be ruled out that this will manifest systemically, the patient was admit-
ted to the hospital and treated orally with prednisolone 2 mg/kg daily for three 
days, which was gradually reduced over the following seven days of in-hospital 
stay. The patient received paracetamol and metamizole for pain control. Therapy 
resulted in a fast regression of the vasculitic purpura with crusty healing as well as 
stabilization of the wound conditions over the achilles tendon (Fig. 9.10). Antisep-
tic wound therapy was carried out during the entire period of treatment and could 
only be discontinued after a total of six weeks. 

Discussion 

The infectious wound conditions, the age and the patient’s pre-existing disease 
made it necessary to weigh up whether to use local antiseptic or systemic antibiotic 
therapy. Local antibiotics should be avoided in the treatment of chronic wounds 
to prevent allergic reactions and overall the development of antibiotic resistance
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[30, 34]. With the availability of close clinical monitoring, application of sys-
temic antibiotics could be avoided in this patient. Additionally, according to the 
resistogram obtained, only therapy with the reserve antibiotic meropenem would 
be effective. The use of reserve antibiotics should always be strictly weighed up 
in terms of antimicrobial stewardship [12]. Without any history of autoimmune 
disease and therefore unexpectedly, the patient developed small vessel vasculi-
tis 14 days after starting treatment of infection with interestingly simultaneous 
improvement of the wounds. This vasculitis is induced by immune complexes 
deposited in the vessel walls [35]. It occurs, as in this patient, more frequently 
after infections—albeit rather infections caused by beta-hemolytic streptococci— 
which suggests an immune reaction as the cause. Clinically, multiple petechiae of 
the skin are impressive, preferably on dependent parts of the body. They cannot 
be pressed away with a glass spatula, i.e. there is no anemia. The petechiae can 
also be generalized (gastrointestinal tract, kidneys, joints), for which reason the 
patient was admitted to hospital under the presumed diagnosis of “immunological 
vasculitis”. Due to the patient’s existing multi-morbidity, glucocorticoid therapy 
was started, although the indication for steroid administration in this type of vas-
culitis should be rather strict. Wound healing was not impaired by the short-term 
immunosuppressive therapy. 
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10Active Wound Phase Adapted 
Dressings 

Sebastian Probst and Damien Pastor 

Abstract 

Managing chronic wounds presents a big challenge due to the increasing preva-
lence of this pathology within society. In Europe alone, an estimated 4 million 
patients suffer with chronic wounds annually. Additionally, the management of 
chronic wounds imposes significant financial burdens on healthcare systems and 
often leads to diminished quality of life for patients and their families. Conse-
quently, a multitude of wound dressings have been developed over time with 
the goal of improving the treatment of chronic ulcers, utilizing Active Wound 
Phase Adapted Dressings, inspired by Winter’s “moist wound healing theory” 
introduced in 1962. 
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Introduction 

Chronic wounds are a result of stalled wound healing mechanisms influenced by 
multifaceted factors such as advanced age, impaired vascularization, and concur-
rent medical conditions, compounded by microbial colonization [1]. Conventional 
therapeutic modalities often prove inadequate, impairing the considerable socioe-
conomic and healthcare burdens associated with chronic wounds [2]. Despite 
the available possibilities of wound care interventions, persistent hurdles persist, 
notably the absence of universally efficacious dressings and a disjunction between 
scientific inquiry and product availability [3]. The moist wound healing paradigm, 
pioneered by Winter [4], emphasizes the necessity of a moist milieu to expedite tis-
sue repair processes. Recent developments in wound management are focused on 
meeting the complex needs of chronic wound care [5]. Successfully bridging the 
gap between scientific research and real-world application is crucial for improving 
the effectiveness of wound care and reducing the burden on healthcare systems 
and society as a whole [6]. 

Traditional Wound Dressings 

Gauzes 

Gauzes, made of woven or synthetic fibers, are the oldest, most widely avail-
able and economical wound dressing. They are absorbent and adaptable to various 
wound shapes including cavity ones and easy to use. However, they are non-
moisture-retentive and can dry easily. Its removal can cause discomfort and pain, 
and in particular woven gauzes can leave residues behind that activate the immune 
system and potentially contribute to granuloma formation [3]. As they are non-
occlusive, they are susceptible to bacterial contamination [7] and might require 
frequent changing for exudative or infected wounds. Nowadays, they are most 
useful as secondary dressings in most wounds, especially low exudative ones. 

Low Adherent Dressings 

Low adherent dressings consist of tulles or porous silicone. They are quite cheap 
and widely available. Porous dressings allow exudate to pass through into a sec-
ondary dressing while maintaining a moist wound bed. The use of low-adherent 
fabrics such as silicone and /or fatty acid coats limits pain and trauma to newly 
formed tissues at dressing removal and thus improves wound healing [8]. These 
dressing are suitable for delicate tissue (e.g. burns, skin grafts and donor sites) 
and for patients with fragile skin (e.g. dermatoporosis), They are used as a pri-
mary dressing for lightly exudating, granulating or epithelializing wounds and can 
stay in place up to seven days for silicone dressings.
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Transparent Films 

Transparent film dressings are thin flexible transparent sheets with adhesive back-
ing, composed of polyurethane or co-polyester. They are semipermeable meaning 
they retain moisture and create a moist wound environment, allow gas exchange 
and prevent external bacterial contamination. However, they lack swelling capabil-
ity and are not suitable for wounds with high exudate or infections [3]. Evidence 
has emphasized the importance of mechanical properties in wound dressings, with 
new poly-(dimethylsiloxane)-based bi-layer films showing promising results in dia-
betic chronic wound treatment due to their flexibility and adaptability [9]. Since 
they are transparent, they allow monitoring of the wound. They are suitable for 
shallow wounds, split-thickness skin graft donor sites and secondary dressings. 
The frequency of dressing changes varies from every few days a week to up to 
10–14 days for skin graft donor site. 

Foams 

Foam dressings are made of semipermeable polyurethane or silicone foam. They 
are proficient in absorbing low to medium quantities of fluid while concurrently 
offering thermal insulation and facilitating gas exchange. The outer layer is often 
hydrophobic or waterproof to keep out bacteria and other contaminants. Some 
include extra features such as a semipermeable backing that can prevent outside 
fluid leakage and bacterial contamination and adhesive borders to maintain the 
dressing in place. They can remain in position for up to 7 days in wounds [3, 10]. 
Comparative clinical analyses have evaluated diverse foam dressings, emphasizing 
discrepancies in their absorbency capacities and their consequential influence on 
the frequency of dressing changes and related expenses [11–15]. The contact area 
of a foam dressing is non-adherent and non-linting, so the dressing is easy to 
remove. They are used for exudative wounds. They can also be used when there is 
an infection and under compression therapy. Because of their thickness, they allow 
extra protection from external trauma. 

Hydrogels 

Hydrogel-based wound dressings are commonly used due their hydrophilic nature 
(containing up to 90% of water) maintaining a moist wound environment [16]. 
They primarily utilize alginate, known for its ability to absorb fluids and promote 
tissue regeneration. While natural polymers like collagen offer similar benefits, 
they face limitations such as pathogen transmission and enzymatic degradation. 
Synthetic hydrogels, although devoid of these issues, lack active participation 
in the healing process. Combining natural and synthetic materials in bioartificial 
hydrogel dressings shows promise in addressing these limitations [17]. They can 
facilitate autolytic debridement by softening and liquefying necrotic tissue and can
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soothe pain and discomfort via their cooling effect. Some hydrogels are infused 
with antimicrobial agents, aiding in infection prevention. They are an effective 
option for low exudative, necrotic or fibrinous wounds and burns. Hydrogels can 
conform with any type of wounds, including cavity ones, are applied directly to 
the wound bed and can be combined with a secondary dressing for additional 
protection. They can be left in place for several days (up to three or four days) 
depending on exudate level. 

Hydrocolloids 

Hydrocolloid dressings, composed of gel forming agents such as carboxymethyl-
cellulose combined with other materials like pectin or gelatin, efficiently absorb 
fluids, maintain a moist environment, and accelerate wound healing by promoting 
autolysis [18]. They are typically backed with a film or foam layer to provide a 
semi-permeable and waterproof barrier. They also prevent any mechanical injury 
by cushioning the wound. After fluids interaction, hydrocolloids tend to have a 
purulent-like appearance and produce a characteristic and foul odor that is often 
mistaken as a wound infection. While they are effective in many cases, hydrocol-
loids may not be suitable for infected wounds due to their occlusive nature and 
potential for trauma upon removal. Research comparing hydrocolloid dressings 
with other types reveals varied outcomes, with some studies suggesting enhanced 
healing capabilities compared to traditional dressings like gauzes [19]. They are 
applied directly over the wound and beyond the margins and can last several days 
depending on the saturation of the dressing. 

Alginate Dressing 

Alginate dressings are made from nonwoven fibers extracted from brown sea-
weed and consist of alginic acid and are coated with calcium or sodium salts. 
These dressings are capable of absorbing 20 times their weight, do not stick to 
the wound since they jellify after fluid contact and degrade naturally over time. 
They are suitable for wounds with moderate to heavy drainage, maintain a moist 
wound environment and support autolytic debridement. Alginates possess hemo-
static properties, rendering them beneficial for managing bleeding wounds. They 
can conform well to the wound bed, ensuring complete coverage and effective 
absorption even for cavity wounds. However, these dressings are not recommended 
for use on dry wounds as they readily absorb moisture and lack hydrating proper-
ties. Additionally, some alginate dressings may incorporate controlled-release ionic 
silver [20]. These dressings may be changed every one to three days, depending 
on the level of exudate and the condition of the wound.
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Gelling Fiber Dressing 

Gelling Fiber dressings are composed of sodium carboxymethylcellulose (CMC). 
These fibers are highly absorbent (up to 30 times their weight) and turn into a 
gel after wound exudate contact. Their great absorbent qualities have been demon-
strated to effectively decrease levels of matrix metalloproteinases (MMPs) and 
microbial contamination [21]. They provide and maintain a moist wound environ-
ment, reduce maceration risk by locking moisture into a gel and support autolytic 
debridement. Additionally, some dressings incorporate controlled-release ionic sil-
ver. They are used as a primary dressing for managing wounds with moderate 
to heavy exudate and or infected. These dressings may be left in place for up to 
3–7 days or until saturated. 

Superabsorbent Dressings 

Superabsorbent dressings, composed of superabsorbent polymers (SAPs) that can 
absorb and trap fluids inside by forming a gel, are engineered with a superior 
capacity to manage exudate compared to standard dressings, thereby mitigating the 
risk of leakage and maintaining fluid retention even under compression. Further-
more, they effectively sequester exudate components such as bacteria and MMPs 
within the dressing core, consequently reducing the likelihood of infection and 
maceration. They can be used as a primary or secondary dressing. Dressing change 
will depend on the amount of exudate from a few days to longer wear times 
compared to standard dressings. A recent systematic review and meta-analysis, 
encompassing studies on eight different superabsorbent dressings, revealed hetero-
geneity in patient populations and outcome measures [22]. Despite this variability, 
superabsorbent dressings show promise in yielding favorable outcomes, potentially 
resulting in reduced frequency of dressing changes and improved pain score [22]. 

Medicated and Bioactive Wound Dressings 

Medicated Wound Dressings 

Medicated wound dressings represent an advancement in wound care by incor-
porating functional components that actively participate in the wound healing 
process. These dressings, categorized as bioactive wound dressings and drug-
loaded wound dressings, release therapeutic agents or biological factors such as 
antimicrobial, anti-inflammatory, and analgesic substances.
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Bioactive Wound Dressings 

Bioactive wound dressings consist of precursors with inherent activity that actively 
enhance tissue regeneration. They are often composed of naturally-derived poly-
mers like alginate, chitosan, collagen, or synthetic materials engineered to exert 
specific functions [23]. Strategies to enhance bioactivity include incorporating 
metal ions like zinc, exploiting the antimicrobial properties of polymers, or 
blending materials to improve healing rates and reduce inflammation. Hyaluronic 
acid-based dressings have gained traction for their ability to promote collagen 
deposition and wound vascularization. Collagen dressings, derived from natural 
or synthetic collagens, are highly effective for hard to heal wounds by support-
ing the deposition and organization of newly formed collagen fibers, promoting 
tissue regeneration and modulating matrix metalloproteinases (MMPs) that can 
impede healing [24]. Additionally, the use of antimicrobial peptides (AMPs) 
shows promise in combating a wide range of pathogens without inducing resis-
tance, although challenges in stability and delivery hinder their clinical application. 
Medicated wound dressings may also incorporate natural or synthetic antiseptics 
such as Manuka honey or polyhexamethylene biguanide (PHMB), which have 
demonstrated antimicrobial efficacy and wound healing acceleration in clinical 
studies [25]. They can also incorporate dialkylcarbomoyl chloride (DACC), a fatty 
acid derivative that is highly hydrophobic and irreversibly binds to bacteria and 
fungi and diminishes bacterial load after subsequent dressing removals. They have 
demonstrated efficacy for surgical site infection prophylaxis [26]. 

Drug-Loaded Wound Dressings; Wound Dressings Releasing 
Antimicrobial Agents 

One common strategy involves incorporating antimicrobial agents into wound 
dressings. Silver ions, renowned for their antimicrobial properties against bac-
teria, viruses, and fungi, have been utilized for centuries. Silver ions disrupt 
bacterial cell walls, enzymes, and DNA synthesis, though they may struggle to 
penetrate thick wounds [27]. Numerous commercially available dressings release 
silver ions at varying concentrations to combat infections. However, challenges 
include balancing high silver concentrations with cytotoxic effects and prolonging 
release kinetics. Researchers are exploring innovative approaches such as embed-
ding silver nanoparticles into materials like alginate fibers or chitosan hydrogels to 
improve wound healing outcomes [28]. Despite promising in vitro results, clinical 
studies have yielded mixed findings regarding the superiority of silver-containing 
dressings in reducing infections, although they may enhance ulcer healing rates 
[27]. Iodine, another commonly used antiseptic agent, is often bound into carrier 
molecules like povidone-iodine [29] or cadexomer iodine [30] to mitigate side 
effects.
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Wound Dressings Releasing Anti-inflammatory Drugs 

Pain management is a crucial aspect of the management of chronic wounds dif-
ferent etiologies, as it not only affects patients’ quality of life but also impacts 
the immune system’s response and wound healing [31]. Anti-inflammatory and 
analgesic drugs such as ibuprofen, lidocaine, and opioids have been extensively 
studied by researchers to address this issue. Various studies have investigated the 
sustained release of ibuprofen from different wound dressing materials, including 
chitosan-based hydrogels, conductive polymeric films, and electrospun nanofibers 
[32–34]. 

Activated Charcoal 

Activated charcoal is a form of carbon that has undergone activation to enhance its 
adsorption capabilities, achieved through steaming or heating in a vacuum envi-
ronment. When applied to a wound, activated charcoal dressings bind odor-causing 
molecules and bacteria, locally released toxins, and wound degradation products, 
thereby facilitating wound healing. These dressings have been designed to manage 
wound odors, exudate and reduce infection risk. They are often combined with 
an absorbent layer to absorb wound exudate and a non-adherent wound contact to 
minimize pain and trauma upon dressing changes. Some dressings also incorpo-
rate antimicrobial agents such as silver or copper for a direct bactericidal activity 
[35]. They are suitable for moderate exudative wounds with strong odors such as 
malignant fungating wounds, wounds with necrosis and/or infected. They can be 
used as a primary or a secondary dressing over a primary wound contact layer. 
They are typically changed every one to three days, or when the dressing becomes 
saturated with exudate. 

Wound Dressings Embedding Biological Factors 

Recent research has focused on developing wound dressings capable of actively 
participating in the wound healing process by releasing biological factors. 
Growth factors (GFs) play a significant role in wound closure, with granulocyte– 
macrophage colony-stimulating factor (GM-CSF), basic fibroblast growth factor 
(bFGF), platelet-derived growth factor (PDGF), and vascular endothelial growth 
factor (VEGF) showing the greatest potential [36, 37]. Various delivery systems 
have been engineered to locally release GFs, including free form or encapsu-
lated within nanoparticles, electrospun membranes, or nanofibers [38, 39]. Despite 
promising results in research studies, the clinical translation of GF-loaded wound 
dressings has been limited due to factors such as high costs, loss of GF activity, 
and potential safety concerns.
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Advanced Wound Dressings 

Advanced wound dressings are smart systems designed to release their payload 
in response to external stimuli, such as temperature, pH, oxygen, and moisture 
composition, to enhance therapeutic efficacy while minimizing side effects [40]. 
These dressings can be self-responsive, externally triggered, or automated based on 
their mode of operation. Self-responsive systems autonomously change their struc-
ture in response to environmental stimuli, leading to payload release [41]. Such 
dressings offer promising avenues for improving wound care by providing precise 
drug delivery, automating treatment processes, and tailoring dressings to individual 
patient needs, ultimately enhancing healing outcomes and patient quality of life. 
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34. Djekic L, Martinović M,  Ćirić A, Fraj J. Composite chitosan hydrogels as advanced wound 
dressings with sustained ibuprofen release and suitable application characteristics. Pharm Dev 
Technol. 2020;25(3):332–9. 

35. Balasubramanian P, Mari Selvam S. Valorization of biomass to activated carbon for wound 
dressing applications: recent trends and future challenges. Bioresour Technol Rep. 2023;23: 
101562. https://doi.org/10.1016/j.biteb.2023.101562. 

36. Chen F-M, Zhang M, Wu Z-F. Toward delivery of multiple growth factors in tissue engineer-
ing. Biomaterials. 2010;31(24):6279–308. 

37. Ulubayram K, Cakar AN, Korkusuz P, Ertan C, Hasirci N. EGF containing gelatin-based 
wound dressings. Biomaterials. 2001;22(11):1345–56. 

38. Choi JS, Leong KW, Yoo HS. In vivo wound healing of diabetic ulcers using electro-
spun nanofibers immobilized with human epidermal growth factor (EGF). Biomaterials. 
2008;29(5):587–96. 

39. Yang Y, Xia T, Zhi W, Wei L, Weng J, Zhang C, Li X. Promotion of skin regeneration 
in diabetic rats by electrospun core-sheath fibers loaded with basic fibroblast growth factor. 
Biomaterials. 2011;32(18):4243–54. 

40. Derakhshandeh H, Kashaf SS, Aghabaglou F, Ghanavati IO, Tamayol A. Smart bandages: the 
future of wound care. Trends Biotechnol. 2018;36(12):1259–74. https://doi.org/10.1016/j.tib 
tech.2018.07.007. 

41. Rani Raju N, SilinaE, Stupin V, Manturova N, Chidambaram SB, Achar RR. Multifunctional 
and smart wound dressings—a review on recent research advancements in skin regenerative 
medicine. Pharmaceutics. 2022;14(8). https://doi.org/10.3390/pharmaceutics14081574.

https://pezeshkibook.com



11Negative Pressure Wound Therapy 
in Leg Ulcers 

Mihaela Leventer , Elena Soare, Johan Löfgren, Lotta Purola , 
Valentin Popescu , Mirela-Elena Vasile, 
Bogdan-Stelian Mastalier-Manolescu , and Outi Kaarela 

Abstract

Negative  Pressure  Wound  Therapy  (NPWT),  also  known  as  vacuum-assisted
closure  (VAC),  has  revolutionized  wound  care  by  applying  controlled  negative 
pressure  to  wound  sites  using  specialized  vacuum  systems.  NPWT  acceler-
ates  wound  healing  by  reducing  oedema,  promoting  angiogenesis  and  blood 
flow,  and  encouraging  granulation  tissue  formation.  It  also  minimizes  bacte-
rial  growth,  reduces  infection  risks,  and  supports  wound  closure  by  promoting 
wound  edge  contraction.  NPWT  is  widely  used  across  medical  specialties  for 
chronic  wounds,  acute  injuries,  surgical  incisions,  and  complex  wounds.  How-
ever,  careful  patient  assessment  is  essential  due  to  specific  contraindications,
including  untreated  osteomyelitis  and  certain  anatomical  considerations.  In  sur-
gical  dermatology,  NPWT  enhances  post-operative  recovery  by  maintaining
a  controlled  environment,  improving  graft  adherence,  and  expediting  wound 
closure.  The  future  of  NPWT  holds  promise  with  advancements  in  portable
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devices and personalized wound management strategies, offering continued 
improvements in patient care and outcomes. 

Keywords 

Negative pressure wound therapy (NPWT) • Wound reconstruction •
Granulation tissue • Skin grafting • Adjuvant therapy 

Abbreviations 

NPWT Negative pressure wound therapy 
WLE Wide local excision 
DFSP Dermatofibrosarcoma protuberans 

Introduction 

In the ever-evolving landscape of medical technology, innovative approaches to 
wound care continue to revolutionize patient outcomes. One such advancement 
that has significantly transformed wound management is Negative Pressure Wound 
Therapy (NPWT). This therapy has emerged as a powerful tool in the hands of 
healthcare professionals, offering new avenues for treating complex wounds. 
Negative Pressure Wound Therapy, often referred to as vacuum-assisted clo-

sure (VAC), involves the application of controlled negative pressure to a wound 
site using a specialized vacuum pump and dressing system. The basic principle is 
straightforward, yet effective: a sealed dressing is applied over the wound, and air 
and excess fluid are drawn out from the wound area through a connected vacuum 
pump [1]. This controlled suction helps in several ways. NPWT promotes wound 
healing by reducing oedema and excess fluid, which can impede the body’s natural 
healing processes. The controlled negative pressure also stimulates blood flow to 
the wound bed, encouraging granulation tissue formation and ultimately promot-
ing tissue regeneration. NPWT creates an environment less susceptible to bacterial 
growth by removing excess exudate and debris. This reduction in bacterial load 
minimizes the risk of infection and supports the body’s immune response. It also 
can assist in wound closure by promoting the contraction of wound edges, which 
is particularly beneficial for large or irregularly shaped wounds [2]. 
The versatility of NPWT has led to its widespread adoption across various 

medical specialties [3]. From chronic wounds like diabetic ulcers and pressure 
injuries to acute traumatic wounds and surgical incisions, NPWT has demonstrated 
efficacy in a spectrum of clinical scenarios [4, 5]. 
Some notable benefits of NPWT include accelerated healing, improved patient 

comfort and management of complex wounds. Studies have shown that NPWT can 
significantly shorten healing times compared to traditional wound care methods, 
reducing hospital stays and healthcare costs. Despite applying negative pressure,
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patients often report reduced pain and discomfort, which is attributed to the stabi-
lization and protection of the wound bed provided by the NPWT dressing. NPWT 
has proven particularly effective in managing complex wounds with significant 
tissue loss or compromised vascularity, where conventional treatments may be 
insufficient. While NPWT has undoubtedly transformed wound care, challenges 
persist. The cost of NPWT devices and dressings, coupled with the need for spe-
cialized training in their application, can pose barriers to widespread adoption. 
Furthermore, optimizing NPWT protocols for different wound types and patient 
populations remains an ongoing area of research [6]. 
NPWT is indicated for a variety of wound types and clinical scenarios. This 

innovative therapy is commonly used for chronic wounds such as diabetic ulcers, 
venous ulcers, and pressure injuries, where conventional wound care methods have 
proven inadequate. NPWT is also valuable in the management of acute traumatic 
wounds, surgical incisions, and burns, facilitating faster healing and reducing the 
risk of complications. Additionally, NPWT is employed in complex wounds with 
large tissue defects or exposed bone, providing a controlled environment that sup-
ports tissue regeneration and wound closure. The versatility of NPWT extends 
across medical specialties, making it a cornerstone in modern wound care proto-
cols for improving patient outcomes. Contraindications to NPWT include wounds 
with untreated osteomyelitis, untreated malignancy in the wound bed, exposed 
blood vessels or organs, and necrotic tissue with eschar that has not been ade-
quately debrided. NPWT should also be used cautiously in patients with active 
bleeding, fistulas, or with certain anatomical locations such as the bowel, bladder, 
or exposed nerves. Additionally, NPWT may be unsuitable for patients with inad-
equate perfusion or in whom negative pressure could cause harm or discomfort. 
It’s crucial for healthcare professionals to assess each patient’s condition carefully 
and weigh the benefits against potential risks before initiating NPWT [6, 7]. 
NPWT has become an invaluable adjunct in surgical dermatology, offer-

ing unique benefits in the management of complex wounds and enhancing 
post-operative recovery [8]. 
In this field, NPWT is frequently employed following extensive dermatologic 

procedures such as Mohs surgery (as presented in case report 11.2), skin grafts, 
and flap reconstructions [9]. 
One of the primary advantages of NPWT in surgical dermatology is its ability 

to promote wound healing and minimize complications [10]. 
By maintaining a controlled environment with negative pressure, NPWT facil-

itates the removal of excess fluid and reduces o edema, which can improve graft 
adherence and reduce the risk of seroma or hematoma formation [11]. Moreover, 
NPWT helps to promote the formation of healthy granulation tissue, thereby expe-
diting wound closure and enhancing aesthetic outcomes. In cases where primary 
closure is challenging, NPWT can assist in wound contraction and prepare the 
wound bed for subsequent surgical interventions (case report 11.1) [2]. The use of 
NPWT in surgical dermatology underscores its versatility and efficacy in optimiz-
ing outcomes for patients undergoing complex dermatologic procedures, such as 
reconstruction after wide local excision of acral melanoma (case report 11.2) [1].
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NPWT can be effectively utilized in the treatment of burns following wound bed 
preparation (case report 11.3). Additionally, NPWT has shown positive outcomes 
in chronic conditions such as arteriosclerosis (case report 11.4). It is possible to 
potentiate the efficiency of different methods used in wound healing by includ-
ing NPWT as it is demonstrated by using NPWT in combination with a collagen 
matrix impregnated with platelet-rich plasma (PRP) (case report 11.5). 
In conclusion, NPWT stands as a testimony to the power of innovation in 

modern healthcare. By harnessing the principles of negative pressure, this ther-
apeutic approach has reshaped the approach to wound management, offering new 
hope and healing to patients facing complex wounds. As research continues and 
technology evolves, the future of NPWT holds immense potential in shaping 
the landscape of wound care for years to come. Advancements such as portable 
NPWT devices, novel dressing materials, and intelligent algorithms for personal-
ized wound management hold promise in further improving patient outcomes and 
accessibility. 
The wound healing training curricula should include NPWT. The trainees 

will be able to understand that NPWT treatment must be based on a diagnosis, 
evidence-based and patient-centered. They will be able to create and follow a treat-
ment plan according to the aetiology and characteristics of the wound, taking into 
account other factors that have contributed to the wound and that are relevant in the 
care. The trainee will be able to apply the NPWT and will identify the situations in 
which surgical revision is appropriate. The treatment plan, including NPWT will 
be assessed realistically, and the trainee will determine the appropriate treatment 
limitations and will be able to identify and solve problems related to care and 
support of the patient (e.g. adherence to treatment and organizing the treatment). 
The evolution of the patient under NPWT should be accurately recorded by the 
trainees. 

Case 11.1. NPWT—An Adjuvant Therapy 
in the Reconstruction of a Large Defect After Wide Local 
Excision of Acral Melanoma 

Introduction 

A 63-year-old male patient came to our clinic complaining of a recent bleeding 
nodule grown on the surface of a preexisting dark-brown, slowly growing lesion 
on his left heel (Fig. 11.1A). A 6 mm punch biopsy was performed from the 
nodular lesion, and the pathology report revealed an ulcerated acral melanoma with 
a Breslow thickness of 4.2 mm. The patient underwent melanoma management, 
and after wide local excision (WLE), the resulting defect was large and deep, with 
loss of the subcutaneous fat pad.

https://pezeshkibook.com



20311 Negative Pressure Wound Therapy in Leg Ulcers

Fig. 11.1 (A) Clinical aspect and 2 cm margin drawing before WLE; (B) the resulting surgi-
cal defect with formed granulation tissue after applying NPWT for one week; (C) aspect of the 
granulated wound bed and applied punch grafts 

Treatment 

The acute wound resulting after surgical treatment was difficult to reconstruct 
because of the dimensions and anatomical region. The treatment plan was to 
promote healthy granulation tissue before autologous punch grafting by apply-
ing intermittent negative pressure wound therapy (NPWT) immediately after the 
WLE. After cleaning the wound with saline irrigation and surgical soap, silicone 
gauze covered the wound bed. The underlying tegument was protected by apply-
ing zinc paste. We followed the protocol for NPWT: the specialized porous foam 
dressing was cut to the dimensions of the wound and placed on top of the silicone 
gauze; the foam was sealed with transparent adhesive tape. The suction device 
was connected to the canister of the NPWT machine. At one week’s check-up, the 
canister had minimal fluid accumulation, and granulation tissue was formed. The 
NPWT on an intermittent regimen was maintained for another two weeks before 
the reconstruction to ensure a thick, granulated bed for the grafts (Fig. 11.1B). 
Under local anesthesia, skin grafts were harvested from the right inguinal fossa 
using 2-mm and 4-mm punch biopsies and placed on the defect (Fig. 11.1C). We 
applied intermittent NPWT again, as dressing, to facilitate the integration of the 
grafts. In case of intense pain, we discussed with the patient the option of changing 
the device to a continuous regimen. Also, the patient was instructed to seal any 
perforation with a transparent film dressing to prevent vacuum loss. 

Discussions 

In this case, the NPWT had a dual role as adjuvant therapy to create a granulated 
wound bed before reconstruction and as dressing to help integrate the punch grafts. 
The heel is a weight-bearing site, so the reconstruction with split-thickness skin 
grafting was inappropriate because the plantar location impairs the vascularization
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Fig. 11.2 (A) NPWT device applied after reconstruction with punch grafts; (B) clinical improve-
ment at two weeks; note the zinc paste applied on the margins of the wound; (C) final outcome 
after one month 

of the graft, resulting in partial or full-thickness necrosis [12]. Also, the absence 
of the subcutaneous fat pad after surgical excision was another argument against 
direct skin grafting [13]. Punch grafting is a straightforward and commonly utilized 
method in the treatment of persistent non-healing ulcers. These grafts, composed 
of epidermal and superficial dermal layers, cover the wound’s defect and facilitate 
the migration of keratinocytes. Moreover, post-grafting, cytokine response, and 
expression of growth factors can be anticipated [14]. NPWT emerges as an effica-
cious adjunctive therapy for managing complex wounds. Applying subatmospheric 
pressure to the skin defect makes the healing faster through various mechanisms, 
including reducing local tissue edema, preventing infection, and enhancing microp-
erfusion and angiogenesis in wounds [15]. In our case, NPWT was first used 
for wound bed preparation for the delayed closure and as a dressing, preventing 
infection and ensuring a better immobilization of the grafts (Fig. 11.2). 

Case 11.2. NPWT as Adjuvant Therapy Before Reconstruction 
of a Large and Deep Defect After Surgical Treatment 
of DFSP 

Introduction 

A 33-year-old male patient presented to our clinic complaining of a painless bump 
on his right dorsal foot, which had slowly grown in the last seven years. Two 
years ago, he had removed a tumor from his right dorsal forefoot in another 
hospital, and the histopathologic diagnosis on Hematoxylin–Eosin was of dense 
cell dermatofibroma with deep resection margins in contact with the tumor. No
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immunohistochemical stains were performed. He noted three other tumors grow-
ing near the old scar one year after the first excision. Two were excised, and the 
pathology report was positive for dermatofibrosarcoma protuberans. The magnetic 
resonance showed that the tumor is in contact with the extensor digitorum longus 
on the right dorsal forefoot. 

Differential Diagnosis 

In the differential diagnosis of dermatofibrosarcoma protuberans, we include 
hypertrophic/keloid scars, dermatofibroma, lipoma, Kaposi sarcoma, fibrosarcoma, 
peripheral nerve sheath tumor, and spindle cell melanoma. 

Treatment 

In this case of recurrent dermatofibrosarcoma, the treatment of choice was the Slow 
Mohs micrographic procedure. We drew the clinical margins of the tumor, a margin 
of 1 cm (Fig.  11.3A), oriented the specimen, and excised deep until the fascia. The 
histopathology report showed invaded resection margins, so we excised the tumor-
positive region, including the second toe’s extensor digitorum longus and brevis. 
The final defect measured 9×8 cm, exposing tendons and the second and third 
metatarsophalangeal joints (Fig. 11.3B). The reconstruction with local flaps was 
not an option because of the large size and depth of the resulting defect. The 
surgical team opted for a two-step reconstruction approach. Intermittent negative 
pressure therapy (125 mmHg) was applied for two weeks before the closure of the 
defect with a split-thickness skin graft. The NPWT reduced the size of the defect 
from 9 × 8 cm to 7.5 × 7 cm, allowing epithelization of the margins and forming 
granulation tissue on the bed of the resulting cutaneous defect (Fig. 11.3C). After 
the two-week delayed period, the defect was covered with a dermal substitute after 
superficial debridement of the newly formed tissue to create a bleeding recipient 
wound bed. The dermal matrix was covered with a split-thickness skin graft from 
the anterolateral right thigh (Fig. 11.4A). We re-applied continuous NPWT (70– 
80 mmHg) for five more days to fix the graft, enhance the survival rate, and reduce 
the infection risk. At the three-month checkup, the skin graft was fully integrated. 
(Fig. 11.4B).

Discussions 

DFSP is a rare, intermediate-grade soft tissue sarcoma with low metastatic poten-
tial, usually presenting as a violaceous, red, brown, or skin color plaque-like 
skin thickening. The main characteristics are slow infiltrative growth and local 
recurrence when excision is incomplete [16, 17].
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Fig. 11.3 (A) Mapping of the tumor for Slow Mohs micrographic procedure. (B) Final defect with 
extensive soft tissue loss, exposed tendons, and metatarsophalangeal joints. (C) Granulation of the 
wound bed after applying intermittent NPWT 

Fig. 11.4 (A) Aspect immediately after reconstruction with a partially split skin graft, (B) at three-
month check-up
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NPWT facilitates surgical reconstructions for large, deep skin and soft tis-
sue defects without extensive flap surgery or skin graft loss. Applying controlled 
subatmospheric pressure creates mechanical stress on tissues, resulting in wound 
contraction. NPWT reduces local edema, increases microperfusion of the wound, 
reduces bacterial colonies, and stimulates granulation tissue growth in the wound 
bed. NPWT is useful when the wound is unsuitable for immediate reconstruc-
tion, as in our case [15]. In contrast to conventional wound care techniques, 
NPWT presents clear benefits. It accelerates the healing process and minimizes 
the necessity for frequent dressing changes. 

Case 11.3. Burn Wounds Treated with Negative Wound 
Pressure, Dermal Substitute and Skin Grafts 

Introduction 

Our patient is a 77-year-old male, with hypercholesterolemia, hip arthrosis, and 
a suspected memory disorder. The patient had fallen against the sauna stove and 
received 3rd degree burns to the back of his head, the upper back, and shoulders. 
The left upper limb had 2nd degree burns in the upper half of the limb. Total burn 
surface area was assessed as 8%. The patient could not recall what had happened 
or if he had been unconscious. GCS score was 15 in the emergency department. 
The burns were first treated with Burn Relief wound products by emergency med-
ical services on location. The patient was admitted to the hospital after initial 
assessment in the emergency department. 

Differential Diagnosis 

The cause of the burn wounds was clear, contact with a hot object. The depth of 
the burns changed with time and clinical deepening of the burns was observed 
during surgical operations. The exact events leading to the contact with the sauna 
stove remain unclear, due to the patient’s memory problems. 

Treatment 

The patient was treated at a normal surgical ward; there was no need for ICU 
care. Initially the burn wounds were treated with Mepilex AgR silver dressings. 
The dressings were changed every 3 days. 5 days after the trauma (Fig. 11.5a), the 
burns in the upper back and left shoulder were excised to the fascial layer. The 
right shoulder and left upper limb burns were excised to a vital dermal layer. The 
burn behind the head was excised to the galea layer. All areas were covered with 
split skin grafts. The upper back, shoulders and back of head areas were covered
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Fig. 11.5 (a) Deep 3rd degree burn 4 days after trauma just before operation. (b) Negative wound 
pressure dressing after burn wound excision and skin grafting. (c) After removing the dressing skin 
graft infected in shoulder site and skull partially exposed 

with negative pressure wound (NPW) dressings using a Y connector and a single 
machine (Fig. 11.5b). 
The skin grafts of the right shoulder and the back of the head were lost due to 

infection, Staphylococcus aureus and Pseudomonas bacteria was found in culture 
tests (Fig. 11.5c). 12 days after the initial surgery, the right shoulder was debrided 
to fascial layer and the back of the head all the way to bone. 8 days later, the right 
shoulder was covered with skin grafts. The exposed non-vascular dry surface of 
cranial bone in the back of the head was bled with a rose drill before covered with 
an Integra® dermal substitute (Fig. 11.6a and b). The patient was transferred to 
a primary care unit one week after the application of the Integra® substitute. At 
an outpatient wound clinic follow up 2 weeks later, the Integra® was seen starting 
to begin vascularized. Three weeks after application, the Integra’s® silicone sheet 
was removed, and the area was covered with thin skin grafts and a NPW dress-
ing was applied with 125 mmHg pressure. A week later the NPW dressing was 
removed, and the skin grafts were healing well (Fig. 11.7a). 4 weeks later most 
areas had healed appropriately (Fig. 11.7b). The right shoulder still had some small 
areas which had not healed, these areas had hyper granulation, which were treated 
with silver nitrate. The patient started wearing a pressure garment, covering the 
upper body and upper arms (T-shirt model). A half year since the burn occurred, 
the patient came for an outpatient checkup, and all areas had healed normally, and 
he had good mobility in both upper extremities and no restrictions in head move-
ments. No major scar hypertrophy could be seen, and the pressure garment was 
advised to be used at least until 1 year of the accident.
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Fig. 11.6 (a) Exposed skull was dry and the surrounding area had some inflammatory tissue on 
the raw surface. A debridement was carried out. Exposed dead bone was removed tangentially with 
a rose drill. (b) Integra® was applied on the whole wound bed and it vascularized gradually in 
3 weeks, part of the silicone layer peeling off on the right side 

Fig. 11.7 (a) Skin grafts took well on Integra 3 weeks after coverage. (b) Skin grafts on skull 
6 weeks after coverage operation 

Discussions 

Burns were excised when the burn depth and affected areas were defined. Some 
burn areas were later observed deeper than what was initially assessed, these areas 
required additional and deeper excisions. Negative pressure wound therapy was 
used on top of skin grafts to enable immediate mobilization and to promote healing 
of the skin grafts during both grafting operations. We also often use NPWT on the 
Integra® dermal substitute, but this time we decided not to use it because of the 
infection. The dermal substitute was used to ensure good adhesion and healing of
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skin grafts in the head area, where the wound bed was a bony surface, without 
galea or periosteum [18–22]. 

Case 11.4. Negative Pressure Therapy Helping the Wound 
Closure 

Our patient is a 72-year-old man with very few healthcare visits before. He con-
tacted the primary health care unit due to lower limb swelling and was diagnosed 
with heart failure and coronary artery disease. He had total right coronary artery 
(RCA) blockage and had percutaneous coronary intervention (PCI) on 10/2024. 
He had non-healing chronic wounds in both lower extremities. The first long-term 
swelling was thought to be the aetiology of chronic wounds. He was sent to the ER 
due to critical left leg ischemia. He had wide atherosclerotic changes in emergency 
CT angiography. He had stopped smoking but had a smoking history of decades. 
The patient had general arteriosclerosis, affecting also the coronary arteries 

and a heart failure, which caused him swelling in lower extremities. No other 
etiological reasons for wounds. 

Treatment 

He had an urgent femoral-popliteal bypass with contralateral VSM due to critical 
left leg ischemia. Postoperative ABI 0.77/0.6, toe pressure 73/58 mmHg, TBI 0.82/ 
0.55 being acceptable. Vascular surgeons noted numerous chronic, dry wounds 
with no sign of acute infection. One of these wounds was over the Achilles tendon. 
Two weeks later the patient’s Achilles tendon ruptured while walking normally 
with a walking aid. The edges of the tendon were visible through the necrotic 
wound (Fig. 11.8a). When the patient came to his routine graft and wound control 
vascular surgeons consulted plastic surgeons and the wound debridement was car-
ried out the next day. The entire tendon had to be removed, and the wound was 
left open (Fig. 11.8b). Bacterial cultures had polymicrobial growth.
The local traditional wound care provided good granulation tissue on the sur-

face of the entire wound. The patient had an outpatient consultation appointment 
three weeks later (1/2024). The wound was improving but another smaller wound 
with visible tendon structures was noticed on the medial side of the ankle. The 
second operation was two weeks later and both wounds were covered with partial-
thickness skin grafts. The grafts were covered with Sorbact Gel Side® dressing. 
NPWT with 85 mmHg and black foam was utilized (Fig. 11.9a and b). The patient 
was allowed to stand for a short while and move in a wheelchair. Prophylac-
tic antibiotic therapy was utilized till the negative bacterial culture results were 
obtained.
The skin graft was controlled for five days and then seven days post-op 

(Fig. 11.10a). At control, in 4 weeks, some of the skin graft was lost (Fig. 11.10b), 
but the patient wished to be treated conservatively.
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Fig. 11.8 (a) Ankle wound Achilles tendon exposed. (b) Ankle wounds after the debridement

Fig. 11.9 (a) Outpatient control in two months after conservative treatment. The area is well 
granulated after conservative treatment and ready for skin grafting. (b) Negative pressure wound 
treatment dressings on skin graft

Discussion 

The original wound etiology was chronic swelling due to heart failure and accom-
panied by peripheral arterial disease-causing impaired circulation and healing 
capacity. Achilles tendon rupture was an unexpected event. After the bypass 
operation and active wound care the general situation improved. The Non-viable 
Achilles tendon had to be removed. The ankle did not have well vascularized tis-
sue covering the defect after debridement, therefore the wound was covered with 
a split thickness skin graft. 
NPWT has been popularized during the last few decades [23]. There are numer-

ous studies and systematic reviews and meta-analyses focusing on them with
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Fig. 11.10 (a) Skin graft one week postoperatively after NPWT period. (b) Skin graft partially 
lost, about one third, and the patient was not immediately ready for another operation, therefore 
conservative treatment continued

somewhat controversial results [24–26]. However, it is currently a part of rou-
tine wound care [27]. Jian et al. [11] performed a systematic review showing that 
NPWT improves the healing of skin grafts. 
In wound care the etiology of the wound is the most important thing and in 

this particular case heart failure and impaired vascularity had to be treated first. 
Focused and organized wound care is beneficial both from financial and individual 
points of view [28, 29]. NPWT is considered to be safe in patients with ischemia 
[25]. The wound must be properly debrided before NPWT therapy. Our patient had 
a two-stage operation: First, he had thorough debridement, and in second opera-
tion, skin grafting. Due to the challenging location, we chose negative pressure 
therapy after skin grafting post-operatively to allow active rehabilitation. This was 
the major advantage of the NPWT in this case. 
The majority of the skin graft succeeded, and the patient was able to return 

home. During the last inpatient period, he actively practiced walking with a light 
splint. 

Case 11.5. The Effectiveness of Collagen Matrix Impregnated 
with PRP Under NPWT (PRP Cupcake Technique) in a Patient 
with a Complex Wound 

A 71-year-old female patient with multiple comorbidities including stage III obe-
sity, mild cardiac dysfunction, diabetes mellitus type II, stage III hypertension, 
congestive heart failure, chronic venous insufficiency (CVI), asthma, and docu-
mented sepsis was seeking for surgical consultation for a highly exudative wound 
located on the lower third of the right calf. The tendons of the tibialis anterior and 
extensor digitorum longus muscles were exposed (Fig. 11.11). The wound was
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associated with Morganella morganii and Pseudomonas aeruginosa infections, as 
evidenced by laboratory findings. 
This case presentation follows the Strengthening the Reporting of Observa-

tional Studies in Epidemiology (STROBE) guidelines. The patient was selected 
based on specific inclusion criteria, including the presence of a complex wound 
with exposed tendons, a history of diabetes mellitus type II, and signs of sepsis. 
The control in this case was defined by the standard wound care practice, which 
includes surgical debridement followed by dressings without the use of PRP or 
NPWT. 
After surgical debridement to remove necrotic tissue, a 1 cm  layer of a hemo-

static collagen matrix impregnated with PRP was applied directly to the wound 
bed. This matrix serves as a scaffold for cellular infiltration and tissue regenera-
tion [30, 31]. NPWT was applied over the collagen matrix for 4 days (Fig. 11.12). 
Following the removal of NPWT, the wound was covered with a silver-containing 
impregnated dressing and an absorbent dressing for an additional 3 days. The pri-
mary outcome measured was the percentage of wound volume reduction, assessed 
at the end of the treatment period.
At the time of admission, the patient’s wound was presented with significant 

necrotic tissue and a high bacterial load, as indicated by laboratory cultures. The 
initial treatment with surgical debridement reduced the burden of necrotic tissue 
and exposed viable tissue. The application of the collagen matrix impregnated with 
PRP under NPWT was associated with a marked reduction in wound exudate and 
improved wound bed appearance.

Fig. 11.11 Initial wound site after primary debridement (A) frontal view, (B) lateral view, (C) 
medial view 
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Fig. 11.12 Images of the wound after 4 days of NWPT PRP (a) anterior view,  (b) lateral view

After 4 days of NPWT, a significant volume of granulation tissue had formed. 
Upon removal of the NPWT and the application of silver-containing dressings, 
further improvement was noted. By the end of the 7-day observation period, the 
wound had filled 72% of its volume with new tissue, a remarkable healing rate 
given the initial wound characteristics and the patient’s comorbidities. 

Discussion 

The results suggest that the combined use of a collagen matrix impregnated with 
PRP and NPWT can significantly enhance wound healing, even in a patient with 
multiple systemic challenges, resulting in a significant reduction in wound size and 
a rapid formation of granulation tissue. The PRP provides a rich source of growth 
factors [32, 33], which are essential for tissue regeneration, while the collagen 
matrix offers a scaffold for cellular growth [34, 35]. The NPWT helps to main-
tain a moist wound environment [36], reduce edema [36], and remove infectious 
materials [37], thus creating optimal conditions for wound healing [38]. 
This case highlights the potential benefits of integrating advanced wound care 

technologies in managing complex wounds, particularly in patients with comor-
bidities that may otherwise impede healing. The use of silver-containing dressings 
post-NPWT helped in maintaining an antimicrobial environment [39, 40], further 
contributing to the positive outcome (Fig. 11.13).
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Fig. 11.13 Results after 
6 months (A) anterior view,  
(B) medial view 
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Abstract

Cutaneous  ulcers  include  a  wide  spectrum  of  disorders,  from  leg  ulcers  due
to  chronic  venous  insufficiency  to  neoplastic  processes.  There  are  numerous
options  available  regarding  adjuvant  therapies  in  cutaneous  ulcers  depending
on  the  underlying  pathology  and  may  include  a)  pharmaceutical  interventions,
(b)  surgical  interventions,  (c)  topical  agents,  (d)  the  use  of  devices,  and  (e)  other,
such  as  physiotherapy  and  psychological  treatments.  Examples  of  pharmacolog-
ical  treatments  used  for  treatment  of  cutaneous  ulcers  include  pentoxifylline,
iloprost,  calcium  antagonists,  systemic  corticosteroids,  analgesics  and  other
medications  less  often  used  such  as  NSAIDs,  colchicine  and  antiplatelets.  Sur-
gical  interventions  are  mainly  used  for  the  management  of  advanced  cases  of
peripheral  arterial  disease,  including  open  bypass  and  endovascular  procedures,
and  closing  with  skin  grafts  or  flaps  hard-to-heal  ulcers.  Topical  products  in 
wound  healing  may  be  directed  against  the  associated  infections,  such  as  use 
of  antimicrobials.  Other  topical  agents  may  be  glyceryl  trinitrate,  zinc,  pheny-
toin  and  retinoids.  The  use  of  specific  devices  in  wound  healing  represents
an  ascending  trend  and  include  various  procedures  such  as  negative-pressure 
wound  therapy,  platelet-rich  plasma  (PRP)  infiltrations  of  the  cutaneous  ulcer,
hyperbaric  oxygen  therapy,  radiant  heat  dressings,  ultrasound  therapy,  laser
therapy,  hydrotherapy,  electromagnetic  therapy.  Nonetheless,  physiotherapy  pro-
cedures  may  be  required  in  cases  of  prolonged  immobilization  or  after  complex 
surgical  interventions  and  impaired  mobility  and  psychological  treatments  are
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used to alleviate stress to achieve a rapid and complete rehabilitation of the 
patient. 
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COPD Chronic obstructive pulmonary disease 
CVI Chronic venous insufficiency 
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NPWT Negative-pressure wound therapy 
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NSAIDs Nonsteroidal anti-inflammatory drugs 
PRP Platelet-rich plasma 
PDGF Platelet-derived growth factor 

Introduction 

Cutaneous ulcers include a wide spectrum of disorders, from leg ulcers due to 
chronic venous insufficiency or peripheral arterial disease to metabolic disorders 
including diabetes, to inflammatory or autoimmune diseases such as cutaneous 
vasculitis or neoplastic processes. Therefore, there are numerous options avail-
able regarding adjuvant therapies in cutaneous ulcers depending on the underlying 
pathology. 

The classification of adjuvant therapies in cutaneous ulcers includes (a) pharma-
ceutical options, (b) surgical interventions, (c) topical agents, (d) the use of specific 
devices, and (e) other, such as physiotherapy and psychological treatments [1]. 

Pharmaceutical options in wound healing are represented by various agents 
used depending on the underlying condition. Pharmacological treatments used 
for treatment of cutaneous ulcers are several, with different mechanisms to pro-
mote healing. Pentoxifylline is a methylxanthine used mainly for patients with 
peripheral arterial disease, and it improves capillary microcirculation, and inhibits 
tumor necrosis factor-α  [2]. It can also be used in cases of vasculitis or necrobio-
sis lipoidica [3] Iloprost is a prostacyclin analogue, that is used for severe limb 
ischemia, vasculitis and connective tissue disorders such as Raynaud phenomenon 
(reference needed). Calcium antagonists, such as diltiazem and nifedipine dilate
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small vessels and are used for vasculitis and connective tissue disorders (refer-
ence). Systemic corticosteroids promote healing by diminishing the inflammatory 
response, but they should not be used long term, as it may have a detrimental effect 
on wound healing. Systemic corticosteroids are mainly used in cutaneous ulcers 
associated with vasculitis, pyoderma gangrenosum, scleroderma and rheumatoid 
arthritis [2]. Analgesics are required in cases with associated pain and may 
vary from tricyclic antidepressants (amitriptyline) to antiepileptics (gabapentin) in 
cases of diabetic neuropathy; other medications less often used include NSAIDs 
(ibuprofen), colchicine, antiplatelets (aspirin), anticoagulants (heparin), warfarin, 
vasoconstrictors (nicotine, adrenaline); natural products are also used in some parts 
of the world in wound healing, such as manuka honey, yogurt or tea tree oil [4]. 

Surgical interventions are mainly used for the management of advanced cases 
of peripheral arterial disease, revascularization being the standard of choice, by 
different procedures such as open bypass or endovascular procedures such as bal-
loon angioplasty (plain balloon, specialized balloon, or drug-coated); bare-metal, 
drug-eluting or covered stent placement; and plaque removal (atherectomy). Open 
surgical variants include endarterectomy and bypass grafting (autogenous or pros-
thetic). Hybrid procedures are also available [5]. Another surgical procedure used 
for leg ulcers, especially due to vascular disorders is represented by punch graft-
ing, in which small size and thin sections of skin are placed on the surface of a 
cutaneous ulcer as it represents a simple procedure which promotes healing and 
reduces pain [6]. In larger ulcers, skin grafting, and flaps are a treatment option 
[7]. 

Topical products in wound healing may be directed against the associated 
infections, including antimicrobials, such as iodine-based preparations and silver 
releasing agents. These products target the bacteria at different levels and may 
be used for multiple infectious agents. Glyceryl trinitrate represents a nitric oxide 
donor that is used as an ointment in the treatment of chronic anal fissures. As it 
causes vasodilatation, it may be used in cases of vasculitis as well. Zinc is used as a 
paste bandage in cases of infected leg ulcers, being an antioxidant agent. Phenytoin 
promotes wound healing by inhibiting enzyme collagenase and is mostly used for 
pressure ulcers. Retinoids cause angiogenesis, collagen synthesis and epithelization 
and topical tretinoin may be used in wound healing [4]. 

The use of specific devices in wound healing represents an ascending trend 
in wound healing and include various procedures such as negative pressure 
wound therapy, platelet-rich plasma infiltrations of the cutaneous ulcer, hyperbaric 
therapy, photodynamic therapy, radiant heat dressings, ultrasound therapy, laser 
therapy, hydrotherapy, electromagnetic therapy etc. [8]. 

Nonetheless, physiotherapy procedures may be required in cases of prolonged 
immobilization or after complex surgical interventions and impaired mobility 
and psychological treatments are used to alleviate stress to achieve a rapid and 
complete rehabilitation of the patient [9]. 

Considering the Training Requirements of Wound Healing for all Medical Spe-
cialties, in accordance with European Standards of Postgraduate Medical Specialist 
Training, on completion of this chapter, a trainee will be able to:
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• Understand that treatment must be based on a diagnosis
• Understand that treatment must be evidence-based
• Understand that treatment must be patient-centered
• Assess the urgency of treatment
• Plan the treatment according to the aetiology and characteristics of the wound, 

taking into account other factors that have contributed to the wound and that 
are relevant in the care

• Evaluate products and methods used in the treatment, also based on the 
literature

• Carry out local treatment of acute and chronic wounds
• Generic groups of wound care products
• Negative-pressure wound therapy
• Choose the appropriate antibiotic to be used in the treatment of wound infection 

and prophylaxis, and justify their choice
• Manage pain
• Assess the treatment options realistically and determine the appropriate treat-

ment limitations
• Identify the situations in which consultation of a specialist or other specialty is 

warranted. 

This chapter illustrates the importance of adjuvant therapies in wound healing 
and describes the importance of systemic therapies, for example corticosteroids 
in managing wounds associated with inflammatory dermatoses such as pyoderma 
gangrenosum in the first case. The second case reemphasizes the importance of 
identifying the situations in which a multidisciplinary team is required, such as a 
vascular surgeon in cases of advanced peripheral arterial disease. Surgical treat-
ment may be the best option in refractory cases, such as using the punch grafting 
technique, described in the next 2 clinical cases. And lastly, the necessity of using 
specific devices in wound healing was reiterated in the last three clinical cases pre-
sented in this chapter, which included the use of negative pressure wound therapy 
and autologous platelet rich plasma in treatment of cutaneous ulcers. 

Case 12.1. The Role of Systemic Corticosteroids 
in the Management of Pyoderma Gangrenosum 

Introduction 

A 54-year-old female patient, with a history of ulcerative colitis, treated with 
mesalazine and azathioprine, presented to the clinic with giant, intensely painful 
ulcers (score 9 out of 10 on the Numeric Rating Scale), located on the right breast, 
evolving over one week, initially interpreted as a breast neoplasm. The ulcers had 
a purulent, necrotic base and violaceous margins (Fig. 12.1). The patient reported 
the onset of the condition as an erythematous papule surrounded by violaceous 
induration, initially located at the lower-lateral quadrant of the right breast, with 
rapidly progressive extension.
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Fig. 12.1 Clinical aspect on 
the first visit 

Differential Diagnosis 

Considering the patient’s history and clinical examination, bacterial infections 
(ecthyma gangrenosum, streptococcal gangrene), fungal infections (blastomycosis, 
coccidioidomycosis, paracoccidioidomycosis), parasitic infections (leishmaniasis), 
pyoderma gangrenosum, malignant conditions, vasculitis within autoimmune dis-
eases, ulcerated necrobiosis lipoidica and necrotizing fasciitis were included in the 
differential diagnosis. 

Treatment 

Laboratory investigations were performed and revealed normochromic normocytic 
anemia and inflammatory syndrome. Based on clinical examination and para-
clinical investigations, the diagnosis of pyoderma gangrenosum was established, 
supported by the onset of the disease (erythematous papule surrounded by a vio-
laceous halo rapidly progressing to ulceration of the entire breast) and by the 
association with inflammatory bowel disease. During hospitalization, daily wound 
care was performed, including the application of topical antibiotics and hydroactive 
and bactericidal dressings, leading to the appearance of epithelialization buds. Sys-
temic treatment included antibiotic therapy and corticosteroids (initially 1 mg/kg 
body weight equivalent to prednisone, with gradual dose reduction). The patient’s 
progress was favorable, with lesion epithelialization occurring within 6 months 
from the onset, resulting in the formation of cribriform atrophic scars (Fig. 12.2).
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Fig. 12.2 Results after 
4 months of systemic therapy 

Discussions 

Pyoderma Gangrenosum is a neutrophilic inflammatory dermatosis [10]. The 
most common presentation is an ulcerated skin lesion, intensely painful, with 
a violaceous-colored undermined edge and a purulent base [11]. Over 50–70% 
of patients develop PG in the context of an associated systemic disease such as 
inflammatory bowel disease, arthritis or hematologic diseases [12]. The treatment 
of PG aims to stop the extension of the inflammatory process and ulceration 
at the periphery, to prevent superinfection, to promote lesion epithelialization, 
and includes local wound treatment with antiseptics, antibiotics, and epitheliz-
ing agents, as well as systemic therapy with corticosteroids, immunosuppressants, 
and biological therapy [13]. Systemic corticosteroids play a major role in the heal-
ing process of an ulcer through several mechanisms: anti-inflammatory effects, 
immunosuppression and pain relief [14]. By reducing inflammation, it can help 
reduce oedema, redness, and pain associated with the ulcer and creates a more 
favorable environment for healing [15]. Corticosteroids suppress the immune sys-
tem, which can be beneficial in conditions where the immune system is overactive 
or causing damage to tissues [16]. In the case of ulcers, especially those associated 
with immune-mediated diseases like pyoderma gangrenosum, corticosteroids can 
help reduce immunological damage to the surrounding tissues, allowing for bet-
ter healing [17]. They also have analgesic properties that can help alleviate pain 
associated with ulcers, improving the patient’s comfort during the healing process 
[18, 19]. In conclusion, it is important to properly select the treatment modalities 
for ulcers, taking into account the characteristics of the patient, the etiology of the 
ulcer and the possible complications [10].
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Case 12.2. The Role of a Multidisciplinary Approach in Leg 
Ulcer Diagnostics and Management 

Introduction 

A 66-yeared-old male patient, smoker, with a background of stage III heart failure 
with left ventricular ejection fraction (LVEF) of 25%, atrial fibrillation and chronic 
obstructive pulmonary disease presented in the Dermatology Department with a 
history of three months of multiple ulcers on the lower left limb, at the malleolar 
level, extremely painful while exercising, at rest, or during the night (Fig. 12.3). 
Ulcers varied in size (between 1 to 5 cm in diameter), had a necrotic base and were 
covered by purulent secretions; on the posterior calf presented a well demarcated 
ulcer with full thickness skin loss extending down to fascia. Patient had pale and 
cold skin on the lower limbs, with no detectable pulse at the level of retro malleolar 
posterior tibial artery and slightly noticeable at the level of the popliteal artery. 
After the initial dermatological consultation, the patient was recommended to be 
evaluated by a vascular surgeon. 

Fig. 12.3 Aspect of ulcers at the first dermatologic consultation (A)—anterior view of the left leg, 
(B)—posterior view of the left heel
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Differential Diagnosis 

Considering patient’s history and the findings from the physical examination 
(intense pain, deep ulcerations, sharp edges and dry, cold, pale, shiny, hairless 
surrounding skin) there were excluded from the differential diagnosis other causes 
of chronic leg ulcers (chronic venous insufficiency, vasculitis, metabolic or neo-
plastic ulcerations) and the arterial disturbance was expressed as the etiological 
factor of this patient’s leg ulcers. 

Treatment 

At first, dressings and treatment for the local infection were recommended. It was 
also decided to include a multidisciplinary approach with input from specialties 
of dermatology, vascular surgery, and cardiology. Doppler examination revealed 
barely perceptible arterial flow; possible occlusion on the distal left superficial 
femoral artery. The arteriography performed showed the presence of thrombotic 
occlusion of the left common iliac artery at the origin. Patient was referred to the 
Cardiovascular Surgery Service where he performed revascularization by extra-
anatomic right-left common femoral bypass with Dacron prosthesis. On a 6 months 
follow-up, all the ulcerations were healed, with the presence of atrophic scars 
(Fig. 12.4). 

Fig. 12.4 Healed ulcers at the 6 months follow-up visit (A)—anterior view of the left foot, (B)— 
posterior view of the left heel
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Discussions 

Chronic wounds are becoming more prevalent as the population ages, given the 
underlying diseases and the slow process of wound repair as the body ages. With 
an estimated prevalence of 1.51 per 1000 population [20], leg ulcers generate con-
siderable healthcare costs and substantial morbidity, sometimes with serious events 
such as limb amputations or even premature deaths. Due to the clinical presenta-
tion, chronic leg ulceration is a common condition found in Dermatology units, 
facing an extensive differential diagnosis. Considering that wound care is not a 
defined specialization, physicians often lack specialized training in the diagnosis 
and treatment of wounds therefore it is recommended to have different specialists 
such as dermatologists, endocrinologists, cardiologists, vascular surgeons, plastic 
surgeons, dietitian and geriatricians, involved to a different extent. The involve-
ment of a multidisciplinary team in the management of chronic wounds has 
demonstrated an increase in the number of cases that achieve complete healing of 
ulcers, with a reduction in costs per case cured and a significant reduction in long-
term complications (e.g. amputations) [21–23]. An appropriate knowledge of the 
lesion etiopathology is imperative as it provides the key to understand the diagnosis 
and approach its treatment reducing the risks associated with delayed diagnosis or 
inappropriate treatments. In the present case, the overall examinations performed 
by dermatologist, cardiologist and vascular surgery alongside imaging examina-
tions allowed an accurate diagnosis to be made in a relatively short period of time. 
As indicated in the guidelines [24], revascularization through bypass surgery is 
the first line treatment which in this case was combined with conservative ther-
apy (debridement, dressings, local infection control). Performing the appropriate 
treatment in a prompt manner allowed complete recovery of the patient without 
the need of any amputations. In conclusion, the successful management of patients 
with chronic wounds depends on a detailed assessment of each case and a close 
collaboration between specialists. 

Case 12.3. The Role of Adjuvant Treatment with Dermal 
Micrografts in Martorell‘s Hypertensive Leg Ulcer 

Introduction 

A 67-year-old female patient, smoker, with a history of arterial hypertension, dys-
lipidemia, recanalized deep thrombosis of the left limb, under treatment with oral 
anticoagulants (acenocumarol) and venotonics (flavonoid fraction, purified and 
micronized), presented to the clinic with erythematous-violet plaque, with impre-
cisely defined edges, with trophic sclerotic changes, located on the left internal 
malleolus. That plaque presented on the surface millimeter-sized ulcers with a 
necrotic wound bed, evolving for about 5 months (Fig. 12.5). The lesion appeared 
after minor trauma and was associated with permanent severe pain (score 8 out of
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Fig. 12.5 Clinical aspect of 
the ulceration at the first visit 

10 on the Numeric rating Scale). The patient had no history of intermittent claudi-
cation, and during the clinical examination, the perilesional skin was cold, but the 
peripheral arterial pulses of the posterior tibial and dorsal arteries of the leg were 
present. The patient underwent topical and systemic analgesic treatment without 
improvement of symptoms. 

Differential Diagnosis 

Considering the patient’s history and the clinical examination, venous ulcer, arte-
rial ulcer, Martorell’s hypertensive ulcer, ulcer of mixed origin (arterial and 
venous), thromboangiitis obliterans, or livedoid vasculopathy were included in the 
differential diagnosis. 

Treatment 

The Doppler examination revealed normal arterial flow and recanalized deep 
venous thrombosis in the left lower limb. Associating the clinical and paraclin-
ical data, we established the diagnosis of Martorell hypertensive ischemic ulcer 
with a venous component. Wound debridement was performed, followed by injec-
tion of suspension of dermal micrografts. After the detachment of the epidermis, 
an area of retroauricular skin the micrografts measuring 2 mm were collected, 
then 3.5 ml of saline solution was added. The sample was processed for 2 cycles 
of one minute each in a dedicated device (Rigenera™). The micro-graft suspen-
sion was collected with a syringe from the device and injected into the wound 
bed and wound edges. A local non-adherent dressing was applied, and the patient 
was reevaluated weekly for 6 weeks. The patient had a cardiological evaluation for 
hypertension treatment. Although the re-epithelialization of the ulcers was slow, 
during the 6 weeks, a significant decrease in pain was observed, with a score of 1 
out of 10 on the NRS pain scale (Fig. 12.6).
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Fig. 12.6 Clinical aspect 
after 6 weeks 

Discussions 

Hypertensive ischemic leg ulcer (Martorell’s or arteriosclerotic ulcer) has been 
described more frequently in women with cardiovascular comorbidities, being 
associated with intense pain and livedoid changes of the perilesional skin [25]. 
Early grafting of ulceration is considered the most effective treatment in reduc-
ing pain associated with ulceration [26]. The rapid evolution of ulcers occurs 
after trauma because the initial necrosis through arteriosclerosis caused by high 
blood pressure stimulates the inflammatory phase, causing necrosis, thus creat-
ing a vicious cycle. The skin graft has an angiogenic effect and decreases the 
local ischemic and pro-inflammatory environment, promoting healing and reduc-
ing pain [27]. In this case, the slow healing of the ulcer suggests the association 
of the venous component. The injection of the autologous dermal micrograft solu-
tion is a minimally invasive method, well tolerated by the patient, through which 
cells and growth factors necessary for healing are brought to the wound bed. This 
method promotes reducing wound size, decreasing pain, and therefore increasing 
the quality of life of patients [28]. Chronic ulcers are a financial burden on the 
health care system and a continuous development of treatment methods for these 
patients is necessary. 

Case  12.4.  The  Role  of  Adjuvant  Treatment  with  Dermal 
Micrografts  in  Neuropathic  Leg  Ulcer

Introduction

A  70-year-old  male  patient,  smoker,  with  a  history  of  ischemic  coronary  disease 
and  type  2  diabetes  mellitus,  uncontrolled  therapeutically  (HbA1c  8%),  diagnosed 
20  years  ago,  presented  for  an  ulceration  with  well-defined  gray  edges  (“punched-
out”  appearance),  with  wound  bed  covered  with  granulation  tissue,  located  on  the
amputation  bed  of  the  third  left  toe,  on  a  pressure  area  (Fig.  12.7).  The  med-
ical  history  revealed  that  the  surgical  amputation  of  the  third  toe  was  3  weeks
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Fig. 12.7 Clinical aspect of 
the ulceration at the first visit 

before presentation, as a result of gangrene developed from a neglected ulceration. 
During the clinical examination, the perilesional skin was xerotic and cold, with 
hypoesthesia, which determined frequent lower limb trauma. 

Differential Diagnosis 

Considering the clinical examination, the presumptive diagnosis was of neuro-
pathic ulcer that appeared as a complication of the diabetic foot in the context of 
amputation. In the differential diagnosis, we included arterial ulcer, pressure ulcer, 
pyoderma gangrenosum, or amputation-related skin disease. 

Treatment 

Laboratory tests revealed elevated levels of glycemic values, the Doppler exami-
nation did not show arterial occlusion on the affected limb, and the X-ray had a 
normal appearance, excluding osteomyelitis. During the neurological examination, 
there was a loss of reflexes and a decrease in tactile and vibrational sensitivity in 
the lower limbs. The ulceration was classified as grade 1 on the Meggitt-Wagner 
classification with superficial ulcer (full-thickness) [29]. Ulcer debridement was 
performed. After detachment of epidermis, an area of ipsilateral retroauricular 
skin tissue, two punch biopsies of 2 mm were performed, sectioned, and inserted 
into a dedicated medical device (Rigenera®), containing saline solution. After 
the automatic processing of the sample, the micrograft solution was injected into 
the ulcer’s edges and bed (4 mm deep) and covered with a sterile dressing. The 
dressing was changed weekly, and complete epithelization occurred after 4 weeks 
(Fig. 12.8).
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Fig. 12.8 Clinical aspect 
after 4 weeks 

Discussions 

Diabetic foot ulcers are some of the most common complications of therapeuti-
cally uncontrolled diabetes mellitus. The risk factors involved in the occurrence are 
diabetic polyneuropathy, peripheral vascular disease, macroangiopathy, microan-
giopathy, leg deformities, and external factors such as poor hygiene, the use of 
inappropriate shoes, or repeated trauma [30]. The treatment of diabetic foot ulcers 
represents approximately one-third of the total cost of diabetic care, is challeng-
ing, and requires a multidisciplinary team: dermatologist, diabetologist, general 
surgeon, cardiovascular surgeon, and podiatrist [31]. In the management of these 
patients, the control of glycemic values, as well as the assessment of peripheral 
vessels are important, because approximately 40% of diabetic patients associate 
peripheral arterial disease [32, 33]. Also, treating wound infections is vital, due to 
their risk for delayed healing and amputation. Skin grafting is a rapid method of 
healing skin ulcers compared to topical treatments. In the case of diabetic patients, 
a careful selection must be made because the method is burdened by the risks 
of delayed healing of both the graft site and the donor site, infections, and the 
impossibility of grafting if bones, tendons, or joints are exposed [34]. Micrograft 
treatment is a minimally invasive treatment that allows the mesenchymal stem cells 
with multi-lineage differentiation and immunomodulatory properties to stimulate 
ulcer healing by their ability to produce extracellular matrix and paracrine factors, 
promote angiogenesis, and even suppress inflammation [35]. 

Skin ulcers caused by diabetes increase morbidity and are burdened by local 
and distant complications. Thus, in this case, the autologous micrografts containing 
progenitor cells represented a fast and efficient method of promoting healing of the 
deep skin ulcer resulting from the amputation [36].
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Case 12.5. A Giant Lower Leg Ulcer in a 61-Year-Old Male 
Treated with NPWT 

Introduction 

A 61-year-old male, from urban environment, with no significant medical personal 
or family history, presented for dermatological consultation with a giant ulceration 
(15 × 18 cm) on the anterior side of the left lower leg, covered by greenish yellow 
fibrino-purulent detritus and necrosis. Onset was 2 years prior, following a local 
trauma and the patient was previously treated by 3 procedures of skin grafting in a 
local Surgical Department, which resulted in secondary local infections and failure 
of treatment. 

The physical examination revealed a giant ulcerated lesion, measuring 15 × 
18 cm in diameter, covered by greenish yellow fibrino-purulent detritus and 
necrosis, on the anterior side of the left lower leg, in association with mal-
odor and macerated surrounding skin (Fig. 12.9. Clinical aspect of the giant 
ulceration located on the anterior side of the left lower leg). Additionally, the 
patient presented bilateral varicose veins, atrophie blanche, ochre dermatitis in the 
contralateral lower leg, in association with local oedema. 

Paraclinical investigations included bacteriological swabs, in association with 
cultures and antibiogram, which revealed the presence of Pseudomonas spp, sen-
sible to systemic cephalosporins and arterial and venous Duplex ultrasonography, 
which identified great saphenous vein reflux, caused by saphenofemoral junction 
incompetence, without any abnormalities.

Fig. 12.9 Clinical aspect of 
the giant ulceration located 
on the anterior side of the left 
lower leg 
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Differential Diagnosis 

Differential diagnosis of the cutaneous ulcer included peripheral arterial disease, 
diabetic ulcer, pyoderma gangrenosum and squamous cell carcinoma. Paraclini-
cal investigations, including venous and arterial ultrasonography, in association 
with the clinical findings established the diagnosis of venous leg ulcer. Treatment 
was initiated and the favorable response postponed the decision of taking a punch 
biopsy. 

Treatment 

Treatment included systemic antibiotics as the ulcer associated significant purulent 
detritus and malodour and local cultures were positive for Pseudomonas aerugi-
nosa. Management also included local surgical debridement with a curette, local 
dressings, such as mesh-type dressing, impregnated with neutral ointment and sil-
ver ions, with continuous release, in conjunction with hydroactive dressing and 
emollients in the periwound area. Following several weeks of local treatment, 
intermittent negative pressure wound therapy (NPWT) (70–125 mmHg) was initi-
ated for 1 month, with a significant improvement of the ulcerated lesion with the 
appearance of granulation tissue. Local treatment was continued with gel impreg-
nated dressing, promoting epithelization. After 4 additional months, the clinical 
aspect was significantly improved, with a decrease in size, odor and exudate of 
the ulcerated lesion, measuring 4× 2 cm in diameter (Fig. 12.10. Clinical aspect 
of the ulcerated lesions after five months of therapy). 

Fig. 12.10 Clinical aspect of 
the ulcerated lesions after five 
months of therapy
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Discussion 

Negative pressure wound therapy (NPWT) represents a versatile technique of man-
aging wounds, first described in the nineteenth century. It implies the mechanism 
of applying sub-

atmospheric pressure to wounds in combination with a drainage system, which 
reduces the excessive inflammatory exudate and promotes the granulation of tissue. 
NPWT may be used continuously at pressures of 125 mmHg or intermittently at 
125 mmHg for 4 min with 70 mmHg for 2 min. NPWT is indicated in cases of 
both acute and chronic wounds, including pressure ulcers, surgical wounds, burns, 
skin transplants, leg ulcer due to chronic venous insufficiency, diabetic ulcers and 
eschars. It is contraindicated in neoplastic processes, fistulas and necrosis [37]. 

Venous leg ulcers represent a clinical entity resulting from chronic venous 
insufficiency (CVI), following severe venous hypertension and tissue hypoxia. 
Clinically, the manifestations of CVI include oedema, hyperpigmentation, subcuta-
neous fibrosis and ulcer formation [38]. CVI represents the most common vascular 
disorder and the annual incidence ranges between 2–6% in females and 1.9% 
in males [39]. Risk factors of CVI are represented by obesity, smoking, alcohol 
consumption, increasing age, pregnancy, personal history of deep vein thrombo-
sis, local trauma, family history of CVI and the female gender [40]. Regarding 
the etiopathogenesis of CVI, the most common pathway is the development of 
venous hypertension, which may be due to three main causes: obstruction to 
venous flow (in case of deep venous thrombosis), dysfunction of venous valves 
(which may be idiopathic or congenital) and failure of the venous pump sys-
tem (in case of prolonged immobilization, obesity or through cardiac afflictions 
such as congestive heart failure or pulmonary hypertension) [40]. Clinical find-
ings include local symptoms such as pain upon local palpation of affected tissue 
in the lower limbs, leg edema and discomfort described as a dull ache, throb-
bing or heaviness, or pressure sensation after prolonged standing [41]. Physical 
examination may reveal oedema, ochre dermatitis (local hyperpigmentation), lipo-
dermatosclerosis, telangiectasia, reticular veins, varicose veins, atrophie blanche, 
acroangiodermatitis, septal acute panniculitis and venous leg ulcer [42]. Laboratory 
investigations may include duplex ultrasonography and ankle brachial index, bac-
teriological swab, culture and antibiogram, punch biopsy (for non-healing ulcers > 
12 weeks), patch testing, plethysmography, phlebography [41]. Treatment of CVI 
includes endovenous treatment as the main option, as well as cleansing of the 
lesion, debridement, wound dressings (non-adherent dressing adapted to the evo-
lution phase of the ulcers and the patients’ needs), topical antimicrobials, in case 
of signs of infection, in single therapy or associated to systemic antibiotics, veno-
tonics, aspirin, analgesics, moisturizing agents in the periwound area, compression 
therapy, negative wound pressure therapy, or other surgical techniques [43].
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Case 12.6. The Role of Autologous Platelet-Rich Plasma 
as an Adjuvant Therapy for Non Healing Leg Ulcer 
in Chronic Venous Insufficiency 

Introduction 

A 56-year-old female patient with a history of chronic venous insufficiency 
and arterial hypertension, was referred to the Dermatology Department for an 
ulcerative lesion located on the left internal malleolus of the leg, evolving for 
6 months. The clinical examination showed the presence of a poorly demarcated 
erythematous-violaceous plaque with poorly defined hyperpigmented margins, 
varicosities and two adjacent ulcers, measuring 1.0/0.7 cm and 1.5/1.2 cm with 
yellow discharge covering the wound bed (Fig. 12.11). The patient underwent sev-
eral wound dressings and systemic treatment with venotonics (flavonoid fraction, 
purified and micronized) without any significant improvement of the lesions. 

Differential Diagnosis 

Through the patient’s medical history and clinical examination, the differen-
tial diagnosis was considered between venous ulcer, arterial ulcer and livedoid 
vasculopathy. The established diagnosis was venous leg ulcer. 

Treatment 

A Doppler ultrasound was performed in order to confirm the aetiology of the 
ulcers and revealed the deep venous system of the limbs is patent and competent

Fig. 12.11 Clinical aspect of 
the ulcers on the first visit 
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Fig. 12.12 Clinical aspect 
after 8 weeks 

bilaterally, with the right and left great saphenous veins patent and competent, 
both small saphenous veins without reflux, three incompetent Cockett perforators, 
reflux in the right popliteal fossa perforator, and left femoropopliteal reflux with 
an incompetent Cockett perforator 1. After establishing the diagnosis of chronic 
venous insufficiency, the patient started the autologous platelet-rich plasma (PRP) 
treatment once a week, associated with debridement and dressing on the alterna-
tive days, for 6 consecutive weeks. A blood sample was taken from the patient 
and the separation of the platelets from red blood cells was performed by centrifu-
gation. The supernatant plasma containing platelets was extracted from the tube 
and applied on the surface of the ulcers. The ulcers were covered with gauze for 
protection and the patient had a complete resolution of the leg ulcer after 8 weeks 
(Fig. 12.12). 

Discussions 

There are multiple treatment options for leg ulcers from dressings to skin sub-
stitutes or skin grafts. In our case, the small size of the ulcers and patient’s 
compliance have allowed us to choose a minimally invasive treatment [44]. The 
use of platelet-rich plasma for the treatment of ulcers has been proved to pro-
mote wound healing with low complications rates. The mechanisms behind this 
technique include platelets degranulation and release of growth factors such as: 
platelet-derived growth factor (PDGF), insulin-like growth factor-1, epidermal 
growth factor, transforming growth factor-β , vascular endothelial growth fac-
tor, and fibroblast growth factors in order to promote collagen production and 
development of granulomatous tissue by stimulating fibroblasts and macrophages
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aggregation [45]. Unfortunately, there are neither enough data nor clear protocols 
available to support this effective, affordable and safe adjuvant therapy which can 
be useful in selected cases [46]. 
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13Wounds and Ulcers Associated 
with Vascular 
Malformations—Embolization 
and Sclerotherapy 

Arindam Bharadwaz 

Abstract 

Vascular anomalies are categorized into vascular malformations and vascular 
tumors. Skin defects and ulcerations occur in many vascular tumors (up to 
25% in infantile hæmangiomas). Though rare in vascular malformations, super-
ficial erosions (intertriginous dermatitis) are seen in lymphatic malformations 
and frank ulcerations can occur in arterio-venous malformation (AVM). These 
ulcerations are difficult to heal. Excision with skin grafting or Interventional 
Radiological (IR) approaches can be a treatment option. The efficiency of IR 
approach is illustrated in three patients with AVMs and in one case of venous 
malformation. In one case presentation, a large ulcer occurred on an amputated 
foot stump associated with a complex AVM. The treatment was by embolo-
therapy alone. In other two cases there were digital (finger) AVMs and in one 
case it was a venous malformation of the second toe. All lesions were associated 
with small punctate ulcers and were treated by sclerotherapy. 

Keywords 

Cutaneous ulcer • Wound healing • Vascular malformation • Sclerotherapy •
Embolization 

Introduction

It  is  difficult  to  estimate  the  exact  incidence  or  prevalence  of  chronic  wound  /ulcers 
associated  with  vascular  malformations.  Epidemiological  data  for  wounds  associ-
ated  with  vascular  malformations  is  scarce  [1].  These  ulcerations  are  difficult  to
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heal. Excision with skin grafting is a surgical treatment option, but is very difficult 
and can result in amputation of the affected area. Interventional radiological (IR) 
approaches with embolo-sclerotherapy (embolization and/or sclerotherapy) are an 
effective limb- and tissue-preserving alternative therapy in these situations [2, 3]. 
Available literature suggests that AVM and complex vascular malformations such 
as Klippel Trenaunay Syndrome (KTS) or Park-Weber syndrome (PWS) are prob-
ably most commonly associated with chronic ulcers. But it can also occur with 
other types of vascular malformations, such as venous, capillary and lymphatic 
malformations [4]. 

AVM: Ulcers in AVM develop due to the increased venous pressure produced 
by the high flow from the artery to the vein in AVM. Other mechanisms include 
poor blood flow and tissue oxygenation in the affected area due to vascular steal 
phenomenon. Without adequate oxygen and nutrient supply, the tissues become 
vulnerable and may eventually ulcerate. 

Syndromes and venous malformations: Abnormal dilatation, tortuosity and 
altered wall morphology led to blood pooling and venous stasis, and increased 
venous pressure in venous malformations, KTS and PWS. Venous insufficiency 
can also occur, leading to swelling, skin changes, and the development of venous 
ulcers. These may result in tissue breakdown and impaired healing mechanisms 
[5]. 

Capillary Malformations: Also known as port-wine stains, are abnormal clusters 
of capillaries near the surface of the skin. While they may not always lead to ulcers 
directly, they can contribute to chronic wounds if there is skin breakdown due to 
other reasons or if they are associated with other vascular abnormalities. 

Lymphatic Malformations: These involve abnormal development of the lym-
phatic system, which can lead to lymphedema, oozing, bleeding and punctate 
ulcers, and impaired wound healing [6]. 
Treatment for ulcers and chronic wounds associated with vascular malforma-

tions often requires a multidisciplinary approach [7]. This may include: 

– Interventional Radiology: Image guided sclerotherapy with or without 
embolization, aiming to obliterate the involved vascular space by injecting 
a sclerosant in the malformation. For most venous malformations this is an 
adequate treatment, but additional embolization is often required for AVMs. 
Interventional sclerotherapy is the standard mainstay of treatment of choice for 
vascular malformations. Surgery may be required to remove the residual tissue 
or sclero-embolotherapy-resistant malformations. 

– Compression Therapy: Compression bandages, stockings or garments help 
improve blood flow and reduce swelling in venous ulcers. 

– Wound Care: Proper wound care techniques, such as cleaning the wound, 
removing dead tissue, and applying dressings, are essential components of 
wound care and promote healing.
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– Laser Therapy: Laser treatments can be used to target and reduce the size of 
certain vascular malformations, usually as an adjunct to other wound healing 
therapies. 

– Medication: Medications may be prescribed to manage infections or inflam-
mations associated with vascular malformations. 

It should be noted that ulcers and wounds also occur in vascular malformations 
after sclerotherapy with or without embolization. Most ulcers occurring after treat-
ment are self-limiting and heal without significant scar or deformity. However, 
sometimes they may require surgical procedures including skin grafting [8]. It’s 
important for individuals with vascular malformations and associated ulcers or 
chronic wounds to receive ongoing medical care to prevent complications and pro-
mote healing [9]. A comprehensive treatment plan tailored to the specific needs of 
the patient can help improve outcomes and quality of life. 
In this chapter we present some interesting cases of vascular malformations 

associated with ulcer-formations, a topic which is rarely discussed in the litera-
ture. Treatment approaches for these patients are not found in the guidelines or 
other available literature. The chapter includes short patient histories, differential 
diagnoses, treatment options, and how the cases were treated with positive out-
comes. This, we hope, will help in your routine clinical practice regarding how to 
approach these specific groups of patients. 

The medical trainee will learn

• How the patients with vascular malformations (AVM, venous malforma-
tions, KTS, PWS etc.) present with ulcers and wounds. Wounds of different 
aetiologies look different.

• Differential diagnoses and how to use the imaging modalities to arrive at the 
correct diagnosis.

• How to interpret the MR scanning (particularly the STIR sequence) showing 
flow-voids in AVMs and hyperintensities in venous malformation.

• Ultrasound (USG) reveals slow flow in venous malformation and high flow in 
AVM with arterialized outflow veins.

• How the treatment approaches are different and individualized in each case. A 
digital subtraction angiography (DSA) is always required for AVMs, but the 
injection route of embolizing/sclerosing material may be different in each case. 
Similarly, a phlebography for venous malformation is necessary, and may be 
performed by direct puncture and/or through a relevant vein.

• How to incorporate a routine, follow up regime for the patients in regular inter-
vals to monitor the progress of wound healing, and take necessary steps to 
address any issues which may arise during the course of treatment and follow 
up.

• How to gain insight into the problem and know how interventional radiol-
ogy has transformed the treatment and management of patients with vascular 
malformations in the last few decades.
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Case 13.1. Embolization of Arteriovenous Malformation 
(AVM) with Amputation Stump Ulcer 

Keywords: Arterio-venous malformation (AVM), ulcer, wound, sclerotherapy, 
embolization 

Case history 
A 60-year-old wheelchair-dependent woman was referred to the interventional 
radiology section with a non-healing ulcer of the amputation stump of the left foot. 
She is known with extensive vascular malformation in the left lower extremity, 
particularly AVM in the left foot, since childhood (diagnosed as Klippel Trenau-
nay variant in childhood). She had a forefoot amputation as a teenager. She has 
been using a prosthesis and a custom-made shoe for the left leg and foot. The 
amputation-stump ulcer was large, about 4–5 cm long and non-healing. Treat-
ments at various wound-healing centres, surgical and medical units for a long time 
were without any clinical effect (Fig. 13.1a). She had been suffering from long-
standing, severe and unbearable pain (9–10 on VAS/NRS). She had very limited 
physical activity and a profoundly restricted lifestyle. She was significantly men-
tally traumatized and psychologically affected because of the long clinical course 
without positive clinical outcome. Proximal amputation of the leg was considered 
as a treatment option.

Differential Diagnosis 

MR scanning (STIR, T1WI, T2WI, dynamic angio sequence) showed a com-
plex vascular lesion with multiple flow-voids from high-flow vessels particularly 
arterial feeders and engorged venous outflow, suggestive of an arterio-venous-
malformation (AVM), though no definite central nidus was seen. Ultrasound with 
Doppler demonstrated multiple high flow areas and some arterialized draining 
veins. No solid areas were seen. The imaging findings were consistent with a 
type IV (tissue infiltrative) AVM (Fig. 13.2).

Treatment 

Amputation was considered as a treatment option as the patient’s ulcer did not 
respond to other forms of therapy. However, for a second opinion the patient 
was sent to the Interventional Radiology (IR) unit. After clinical evaluation, 
the patient was planned for endovascular therapy. Angiography was performed 
under general anæsthesia, which revealed a complex type IV AVM. The feed-
ing arteries were approached with a coaxial microcatheter and microguidewire, 
and selectively embolized with a small quantity (about 0.1–0.2 ml) 700–900 µm
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Fig. 13.1 Amputation stump ulcer at presentation (a). MR angiogram (b) and arteriography of the 
left foot (c) showing the extensive tissue-infiltrative AVM. Post-embolization devascularization of 
the AVM (d)

Fig. 13.2 Type IV 
(tissue-infiltrative) AVM
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Fig. 13.3 Wound healing at 1 month (a), 2 months (b) and 3 months (c) 

particles. Angiography revealed significant devascularization of the malformation 
(Fig. 13.1b–d). 
At one month’s follow up the wound started healing (about 2 cm compared to 

5 cm before treatment), no pain (0 on VAS/NRS compared to 9 on before treatment 
on a scale from 0–10), and the patient started to walk with crutches. Follow up 
at 3 months showed complete healing of the stump-ulcer. She had no pain, and 
was walking normally, which continued till the recent last follow up 1½ year after 
the treatment. She was extremely satisfied with the outcome and scored 5 on a 
“patient-satisfaction on the effect of treatment” scale from 0 to 5, where 0 is least 
satisfied and 5 is extremely satisfied (Fig. 13.3a–c). 

Discussions 

AVMs are high flow vascular malformations, and can give rise to dermatological 
manifestations, such as eczematous reaction and angiodermatitis [10, 11]. Skin 
lesions including ulcerations and nodules related to underlying congenital AVM 
can occur, and is known as Stewart-Bluefarb syndrome or acroangiodermatitis 
and have been reported as pseudo-Kaposi’s sarcoma [12, 13]. Skin ulceration 
associated with AVMs is difficult to manage [1]. It requires a multidisciplinary 
approach involving departments of Interventional Radiology (IR), dermatology,
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plastic surgery, vascular surgery, orthopedics, wound healing centre etc. Surgi-
cal removal and ligature of involved vessels have been reported, though it may 
require a multipronged therapy with surgery, medical antibiotic therapy, wound 
healing centres etc., takes a longer time to heal and leaves a relatively large skin 
defect and scar [14, 15]. IR therapy (embolization and/or sclerotherapy) can on 
the other hand be performed as an outpatient/day-care procedure, demand less 
healthcare resources and result in a better clinical outcome with complete heal-
ing of the wound, leaving no significant scar tissue. Klippel-Trenaunay syndrome 
usually has capillary, venous and lymphatic components, but AVM components 
can occur, particularly intracranially and in the lung [16, 17]. Peripheral AVM 
with leg ulcer associated with the syndrome has not been reported in the litera-
ture. Differentiation of KTS from Park-Weber syndrome (PWS) can be difficult 
as there is considerable phenotypic overlap between the two. PWS is a high-flow 
type of lesion associated with capillary malformation, AVM and limb overgrowth 
[18]. The IR approach with embolization in such a difficult situation can play an 
important clinical role and should be considered as a first line of treatment. 

Abbreviations: VAS (Visual Analogue Scale)/ NRS (Numeric Rating Score) -
from 0 – 10, 0 = no pain, 10 = worst possible pain 
Learning points 

1. Klippel Trenaunay syndrome associated with AVM of the extremities causing 
ulceration is rare and previously not reported in literature. 

2. Wounds associated with AVMs are extremely difficult to treat by surgery, which 
entails risks of complications, including tissue loss and amputation. 

3. IR treatment, including embolization, is a minimally invasive and highly effec-
tive procedure, can be performed as a day-care procedure, and can potentially 
avoid serious complications. 

4. IR therapies should be done in a dedicated high-volume IR unit by experienced 
IR specialists routinely doing these procedures. 

Case 13.2. Sclerotherapy for Venous Malformation of Right 
Second Toe with Intermittent Ulcer Formation 

Keywords: Venous malformation (VM), ulcer, wound, sclerotherapy 

Introduction 

A 36-year-old young woman presented with a swollen right second toe, bluish 
discoloration and intermittent small ulcerations (Fig. 13.4a). The lesion was mod-
erately painful (6–7 on VAS/NRS), and she had severe difficulty wearing shoes.
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Fig. 13.4 Clinical (a) and imaging findings, MR (b) and  USG (c) before treatment 

There was very restricted dorsiflexion of the toe. The patient was moderately 
cosmetically affected (on a scale of mild - moderate - severe). 

Differential Diagnosis 

MR scanning with STIR sequence revealed a hyperintense lesion (Fig. 13.4b). 
No contrast-enhanced MR was available. Thus differential diagnoses of venous or 
lymphatic malformation were considered. USG showed slow-flow signals sugges-
tive of a venous malformation (Fig. 13.4c). Absence of solid components ruled out 
a vascular tumor. 

Treatment 

Surgical treatment was possible, but associated with higher risks of significant tis-
sue loss, nerve injury, a visible scar and probably amputation of the 2nd toe. Thus, 
the IR approach with endovascular sclerotherapy was considered as a first line ther-
apy at a multidisciplinary team (MDT) meeting. The lesion was treated under local 
anesthesia with a small amount (0.5 ml) 3% Fibrovein (Sodium tetradecyl sulphate 
or STS/Sotradecol) as a foam prepared by mixing 2 ml STS with equal amount of 
atmospheric air and a small quantity of Lipiodol (about 1 ml) (Fig. 13.5a). Post-
sclerotherapy ulcer formation occurred with neuralgia affecting the 2nd toe. The 
ulcer healed up in 4 weeks (Fig. 13.5b) and neural pain disappeared three months 
after the treatment. At 6 months follow up there was no trace of the malformation, 
no ulceration, no scar tissue, nor discoloration of the skin (Fig. 13.5c). There was 
full range of movement of the toe, including dorsiflexion, with complete absence 
of pain & neuralgia. She could comfortably put on any footwear/shoes without 
any difficulty and was extremely satisfied with the outcome (5 on scale from 0 to 
5).
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Fig. 13.5 Sclerotherapy (a), follow up USG at 4 weeks (b) and clinical outcome at 6 weeks (c) 

Discussions 

Venous malformations are the most common vascular malformations with an inci-
dence of about 1–2 per 10,000 population and a prevalence of about 1% [19, 
20]. However, the exact incidence of digital venous malformation is not known 
and probably a few cases with confusing nomenclature have been reported [21– 
23]. The exact incidence or prevalence of ulcers associated with digital venous 
malformation is unknown, and wound healing after sclerotherapy of venous 
malformations is not reported in the literature. 

Learning points 

1. Ulceration associated with digital venous malformations is extremely rare, and 
their treatment outcome is not reported in the literature. 

2. Surgical treatment is possible but is associated with significant risks of compli-
cations including amputation, depending on the type of venous malformation. 

3. IR (endovascular) sclerotherapy with direct puncture under local anæsthesia (for 
adults, and general anæsthesia for children) is a minimally invasive, effective 
treatment option resulting in long-term favorable clinical outcome. 

Case 13.3. Direct Puncture Sclerotherapy for AVM 
of the Right Index Finger Tip 

Keywords: Finger, digital Arterio-venous malformation (AVM), ulcer, wound, 
sclerotherapy
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Introduction 

A 51-year-old lady presented with a right index finger lesion, which according to 
the patient presumably started during her pregnancy. She was once surgically oper-
ated on about 30 years back. Current symptoms included increasing discomfort in 
the form of pain and burning sensation (VAS/NRS score between 4–7). The patient 
was unable to use the finger for her routine daily work. Pain relieved when she 
rested the finger on a cold surface. Small intermittent ulcers were being formed at 
the surface of the finger pulp. Her quality of life was severely affected (on a scale 
of mild - moderate - severe). 

Diagnostic 

CT and MR-angiography could be used for initial assessment, but spatial reso-
lution at the fingertip would be sub-optimal. Pretreatment MR showed multiple 
flow-voids in the finger. Ultrasound with Doppler demonstrated the presence of 
A-V shunting, the nidus, turbulent high flow, and arterialisation of draining dig-
ital veins (Fig. 13.6a, b). However, detailed mapping overview of the lesion and 
reconstruction of the images were not possible by ultrasound. Pre-treatment digital 
subtraction angiography (DSA) was performed for detailed structural delineation 
and categorization of the AVM, and planning for therapy (Fig. 13.7).

Treatment 

The patient was treated at two sessions of embolo-sclerotherapy through direct 
puncture of the nidus of the AVM with a thin butterfly needle (Fig. 13.8a–e). 
A few drops of 3% Sotradecol/STS foam (prepared by mixing 2 ml STS, 2 ml 
atmospheric air and about 0.5 ml Lipiodol) was injected under the guidance of 
simultaneous angiography through a coaxial microcatheter in the radial artery 
(Fig. 13.9a, b). The patient developed a post-treatment blackened area of pulp skin 
necrosis, which along with the pre-treatment ulcers healed up completely without 
any remaining scar tissue. Patient had significant improvement of pain and burn-
ing sensation (1–2 on VAS/NRS), and no wound formation. Patient was doing well 
5 years after therapy.

Discussion 

Most AVMs occur in the head and neck region. Isolated AVM/AVF of fingers 
are very rare. Actual prevalence is not known and only 24 cases of digital AVMs 
have been reported in the literature. Small AVMs may be asymptomatic, but large 
hemodynamically significant AVMs can lead to ulceration, bleeding, high output 
cardiac failure, embolic episodes, distal steal, and ischemia etc. [24–26]. AVMs by
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Fig. 13.6 USG with Doppler shows the finger-tip AVM (a) with dilated vascular spaces and 
turbulent high velocity flow (b)

definition are congenital. But digital AVMs are presumed to be acquired in nature. 
Both young and middle-aged patients with digital AVMs have been reported, where 
many of them do not reveal any history of trauma. There is no consensus on the 
modality of therapy and these lesions can be treated by reconstructive surgery, 
amputation or embolosclerotherapy [27, 28]. However, there are significant diffi-
culties in treating these cases because of the necessity to preserve the finger and 
hand anatomy and hand/finger-function intact while treating the lesion adequately 
[29]. Besides, the technical challenges associated with endovascular therapy of 
digital AVMs are - inability to advance microcatheter into the nidus or close to the 
feeding arteries because of extremely narrow digital vessel calibre (smaller than 
the microcatheter itself) and tortuosity, cumbersome fixation of the finger during 
endovascular therapy, trouble choosing the suitable needle for direct puncture, sig-
nificant risk of pulp tissue necrosis, and risk of non-target embolo-sclerotherapy
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Fig. 13.7 MR scanning reveals flow-voids in the fingertip (a, b). Pre- and post-treatment angiog-
raphy show AVM with nidus (c) and adequate devascularization after embo-losclero-therapy (d)

among others. Surgery may be an alternative to embolo-sclerotherapy, but it is 
associated with high risks of complications, takes long, time-consuming, laborious 
procedures, including microsurgery, venous, skin, nerve and muscle flap grafts, and 
possible repeat- or multistep-surgery. It leaves a large scar tissue with restricted 
functionality of the digit [15]. AVMs are one of the most difficult clinical condi-
tions to treat and a complication rate of approximately 10% can be expected after 
sclero-embolo-therapy [30].
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Fig. 13.8 Pre-treatment swelling (long blue arrow) and small ulcerated, excoriated area (short 
green arrows) in the fingertip (a), direct-puncture embolosclerotherapy (b), ischemic changes fol-
lowing first therapy (c), second session of direct-puncture embolosclerotherapy (d), and reduction 
of swelling and resolution of skin excoriation/ulcer formation (e)

Abbreviations: VAS (Visual Analogue Scale)/NRS (Numeric Rating Score) - from 
0 – 10, 0 = no pain, 10 = worst possible pain. 
Learning points

1. Digital AVMs are rare and only a handful of cases have been reported in the 
literature. Ulcers associated with digital AVM are extremely rare.
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Fig. 13.9 Pre- (a) and pot-treatment (b) Doppler USG. Significant reduction of vascularity at the 
fingertip following treatment

2. They are very difficult to treat because of the complexity of the lesions and 
risks of significant complications. 

3. Endovascular/IR treatment with direct puncture sclerotherapy is an effective 
treatment modality.
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Case 13.4. Digital AVM with Right Little Fingertip 
Ulcerations Treated with Embolosclerotherapy 

Introduction 

A 62-year-old woman presented with a right little fingertip lesion for the last 15– 
20 years. She had several episodes of bleeding through tiny ulcers in the fingertip, 
including at least 3 episodes of violent pulsatile bleeding, which she had incredi-
ble difficulty in stopping. Previously treated twice with laser, without perceptible 
effect. She also had intermittent pain in the fingertip. The little finger had grown 
slightly bigger relative to the left side. She worked as a kindergarten teacher and 
she had to wash her hands several times a day and constantly bumps into various 
things that made it bleed from her fingertip, with the development of tiny ulcers. 

Diagnostic 

Ultrasound with Doppler demonstrated increased and turbulent flow, and arteriali-
sation of draining digital veins, but could not delineate the detailed structure of the 
lesion. Pretreatment MR scanning was not done as MR was considered suboptimal 
for the lesion resolution. Patient’s clinical history and USG was consistent with an 
AVM of the fingertip. A pretreatment digital subtraction angiography (DSA) was 
performed through the femoral route (Fig. 13.10a–f), where a selective catheter 
was placed in the brachial artery and a coaxial microcatheter was placed in the 
radial artery. Angiography helped in lesion mapping, categorization of the AVM 
and treatment planning.

Treatment 

The lesion was accessed through direct puncture by a thin butterfly needle. Scle-
rotherapy was performed with foam produced by mixing 5 ml 3% Sotradecol (STS/ 
Fibrovein) with 1 ml Lipiodol ultrafluid and 5 ml atmospheric air. Only a few drops 
of the foam were injected through a 2 ml syringe for embolosclerotherapy to avoid 
non-target ischemic complication of the finger. 

Discussion 

As discussed earlier, digital AVMs are presumed to be acquired in nature, which 
probably also apply to our case who was exposed to repeated trauma at her fin-
gertips because of the nature of her daily work. However, what initiated or caused 
the lesion remained unknown. AVM of the fingers is a peculiar category pertain-
ing to the superficial vascular anomaly group and was first described as digital
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Fig. 13.10 Angiography shows the digital AVM with feeding artery and draining vein as well 
as the nidus (a), (b). Spectral Doppler USG reveals low-resistance arterial flow (c). Direct punc-
ture embolo-sclerotherapy (d). Power-Doppler shows significant finger-pulp vascularity before 
treatment (e), reduced after sclerotherapy (f)
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AVM in the late 90’s [31]. It was earlier termed as cutaneous keratotic heman-
gioma [32, 33]. Histopathologically, epidermal hyperkeratosis, papillomatosis and 
prominently dilated subepidermal vascular elements are described. Thick- and 
thin-walled vessel-proliferations are found in the dermal and subcutaneous lay-
ers, without mitotic proliferation [4]. The patient had some symptoms at 3-months 
follow up after embolo-sclero-therapy, but at 1 year follow up she was almost 
asymptomatic. The patient is very satisfied with the therapy and has been doing 
well for the last 5 years after therapy. 
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Jan Plock , Bita Tafrishi, and Alina Samia Senn 

Abstract 

Chronic wounds present a significant burden on the healthcare systems world-
wide, requiring innovative approaches for effective management. They pose a 
significant clinical challenge, often characterized by delayed healing, infection, 
and impaired tissue regeneration. This chapter highlights cases showcasing the 
successful utilization of novel technologies in the treatment of chronic wounds. 
The first case demonstrates the application of Spincare®, an electrospinning 
technology, in promoting wound healing following delayed healing after split-
thickness skin grafting in a foot injury. The second case illustrates the efficacy 
of Novosorb/BTM®, a biodegradable temporizing matrix, in managing necrotiz-
ing fasciitis secondary to a skin injury in the lower leg. The following two cases 
show examples for chronic and complicated wound situations being treated with 
a decellularized fish skin from the Atlantic cod (Kerecis®), promoting wound 
healing in supporting cellular and vascular ingrowth. Through the integration of 
advanced technologies, significant improvements in wound healing and patient 
outcomes were achieved. These cases underscore the importance of adopt-
ing innovative approaches in chronic wound care to address the complexities 
associated with wound management and patient outcomes. 
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Introduction 

Chronic wounds represent a growing significant healthcare challenge worldwide 
with implications for patient morbidity and healthcare costs [1]. They are char-
acterized by prolonged healing times, frequent infections, and impaired tissue 
regeneration. These wounds are often complicated by comorbidities such as dia-
betes mellitus, peripheral vascular disease, and obesity [2]. Despite advances in 
wound care, managing chronic wounds remains complex, necessitating a mul-
tifaceted approach to address underlying pathophysiology and promote healing 
[3]. 
Multidisciplinary wound clinics that include infectious disease specialists, radi-

ologists, dermatologists, surgeons, nutritionists etc. are more particularly suitable 
for treating complex chronic wounds. While the importance of multidisciplinary 
clinics is established, further research is needed to optimize the use of advanced 
technologies for individual patient care [4]. 
In recent years, there has been a growing interest in the development and appli-

cation of novel technologies to address the complexities associated with chronic 
wound management. These include advanced wound dressings, bioactive materials, 
tissue engineering, and regenerative medicine [5]. 
One example of such innovative technology is the use of electrospinning tech-

nology as demonstrated by Spincare® in wound care. It enables the fabrication of 
customized nanofibers matrices that mimic the extracellular matrix, promoting tis-
sue regeneration and creating an optimal environment for wound healing. It shows 
rapid and complete wound healing times ranging from 9 to 30 days with a low 
incidence of adverse events [6]. Its easy and quick dressing application (less than 
10 min), excellent adherence, and potential early removal of secondary dressings 
suggest promising advantages for clinical practice. 
Another innovative technology as seen in our case is the use of Novosorb®, 

a Biodegradable Temporising Matrix (BTM). It serves as a scaffold for cellular 
infiltration and neovascularization, facilitating wound healing. It has been used 
successfully to treat a variety of complex wound types, including those resulting 
from trauma, infection, and vascular disease [7]. 
In the last two cases of this chapter, Kerecis®, a fish skin technology, is pre-

sented. The natural properties and structure of the fish skin facilitates the healing 
of wounds and tissue damage. It is rich in omega-3-fatty acids and has a com-
position similar to human skin. With its advantage of no known bacterial or viral 
disease transmission risk to humans, it is an easy-to-handle acellular matrix with 
various clinical applications and thus has gained significant attention in the field 
of regenerative medicine [8]. 
In the following cases we present three novel wound management technolo-

gies to overcome the challenges of chronic wounds. By integrating evidence-based 
practices with innovative approaches, clinicians can enhance wound healing out-
comes, reduce healthcare costs, and improve the quality of life for patients with 
chronic wounds.
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Case 14.1 

A 63-year-old patient sustained a skin injury with a log splitter on his dorsal lower 
leg. Despite daily disinfection, a small wound persisted on the lower leg, without 
any signs of infection. 
The patient then traveled to Sri Lanka and engaged in sea swimming activities. 

Upon returning, the patient consulted the emergency room and reported symp-
toms suggestive of hyperglycemic diabetes mellitus with > 21 mmol/l, fever and 
increasing pain in the lower leg. 
Upon initial clinical evaluation, we observed a 2 × 2 cm wound with perifocal 

redness and massive pain of the limb. Concurrently leukocytes were elevated (18G/ 
L), C-reactive protein level massively increased (480 mg/l), both indicative of a 
systemic infection or sepsis. 
Giving the clinical presentation of necrotizing fasciitis, we initiated immediate 

surgical treatment, sampling, and extensive debridement. Targeted antibiotics with 
Meropenem and Clindamycin were established. Microbiological analysis iden-
tified the presence of Streptococcus pyogenes and Staphylococcus aureus. We  
performed two more surgical debridements to remove necrotic tissue and establish 
a conducive environment for wound healing. For postoperative wound dressings 
Betadine®-soaked gauze was used. 
During the fourth surgical revision wound conditions were considered clean 

(Fig. 14.1), and a temporizing dermal matrix (Novosorb/BTM®) and NPWT were 
applied (Fig. 14.2) [9]. A collaboration with endocrinology specialists facili-
tated the optimization of blood glucose control through tailored insulin dosages, 
addressing the underlying hyperglycemic state and promoting wound healing. 
Additionally nutritional counseling was provided, supplemented by Fresubin Pro-
tein Energy and Abound formulations, to address potential deficiencies and support 
tissue repair processes [4]. 

Fig. 14.1 Necrotizing fasciitis after radical surgical debridement on the left lower limb
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Fig. 14.2 Lamination with Novosorb® after the fourth surgical necrotic tissue removement 

Four weeks after the operation a good vascularization with capillary refill was 
observed and we performed delamination of the dermal matrix followed by a split-
skin grafting on the upper and lower left leg using grafts harvested from the right 
thigh and NPWT. Five days later the split-skin was found to be nicely adherent and 
healed [7]. The patient underwent outpatient wound therapy which involved immo-
bilization in a bunny splint and dressing changes every 2 days. The wound was 
treated with Octenisept® disinfection, Bactigras®, absorbent cotton and an elas-
tic bandage. Regular follow-up appointments enabled close monitoring of wound 
progress and adjustment of treatment strategies as warranted. Compression therapy 
was initiated. Currently, the scars have healed nicely, and the wound treatment is 
complete (Fig. 14.3).
Novosorb/BTM® (Biodegradable Temporizing Matrix) are synthetic dermal 

substitutes, based on polyurethane foam, used in wound care, providing a tempo-
rizing scaffold for cell ingrowth and tissue regeneration while gradually degrading 
over time [7, 10]. It is ultimately promoting wound healing by supporting gran-
ulation tissue formation and integration with the patient’s own tissue as dermal 
substitute [11, 12].
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Fig. 14.3 6 months postoperative

Case 14.2 

A 45-year-old patient initially sustained a full thickness skin wound while on 
vacation in Thailand. Conservative treatment failed under antibiotic treatment. Fol-
lowing surgical debridement after 9 days resulted in a 5 × 5 cm large wound with 
exposed extensor tendons on the dorsum of the foot. 
A NPWT was applied to facilitate wound healing. The antibiotic therapy was 

changed to Cefepim 3 ×2 g i.v. according to microbiological results. 
Microbiological analysis revealed the presence of Myroides morgani and the 

antibiotic therapy was continued. The attempt to cover the wound with a flap failed 
with partial flap necrosis and the wound was finally covered with split-thickness 
skin grafting. 
Five days postoperatively, the NPWT device was removed, and the split 

skin appeared to be adherent. However, only partial healing could be observed 
(Fig. 14.4).
A dressing regime with Octenisept® disinfection, Prontosan® wound gel and 

Bactigras® was established. Eventually, due to increased moisture in the wound, 
Mepilex® dressings were used. 
Despite regular dressing changes, wound healing stagnated, and the wound 

showed hypergranulation with only few epithelial islands. We debrided the fib-
rin deposits and covered the wound with Spincare® (Fig. 14.5). Nine days after
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Fig. 14.4 Wound on the 
dorsal left foot after partial 
flap and split skin necrosis

the application increased epithelialization and reduced wound exudate were recog-
nized Spincare® treatment was re-applied compression therapy of the left leg was 
initiated to improve venous return, reduce edema, and promote wound healing [6, 
13, 14]. 
After 14 days full wound healing was achieved [15]. The daily wound care 

continued with Bepanthen® for scar care and to moisturize.

Fig. 14.5 Wound on the 
dorsal foot after the first 
application of Spincare® 
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Fig. 14.6 Three months 
postoperative 

The clinical check-up conducted three months postoperatively showed that 
the wounds had completely healed and displayed favorable cosmetic outcomes 
(Fig. 14.6). 
Spincare® is an electrospinning technology that produces a semi-permeable 

membrane designed to provide a protective barrier over wounds resembling the 
extracellular matrix [15, 16]. It maintains a moist wound environment that pro-
motes wound healing and also minimizes pain and trauma during dressing changes. 
The spider web-like matrix is spun with a gun device incorporating miniaturized 
electrospinning technology. The substrate is not further declared by the company 
[17]. 

Case 14.3 

An 82-year-old patient presented with an infected wound on his right lateral malle-
olus after a minor trauma two weeks prior. The initial examination showed a full 
thickness skin defect (2 × 2 cm) with a surrounding infection of the superficial 
skin layers (erysipelas) (Fig. 14.7). Underlying bone (distal fibula) was still cov-
ered with soft tissue, and an x-ray showed no signs of osteomyelitis. An empirical 
antibiotic treatment with amoxicillin/clavulanic acid was administered. Diabetes 
and macroangiopathy were ruled out. Cardiac insufficiency and a chronic venous
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Fig. 14.7 Initial presentation 
of the wound with erysipelas 
and central full thickness 
defect at the right malleolus 
lateralis 

insufficiency led to leg edema. A local compression therapy and modification of 
heart medication was performed. 
Under antibiotic treatment the local infection was controlled (Fig. 14.8). As the 

patient was opposed to surgical treatment, conservative wound care was continued. 
Wound dressings were applied with hydrogel and a hydro fiber wound dressing 
(Aquacel®), and a silicone dressing (Biatain® Silicone) for coverage and absorbing 
exudate from the wound [18]. Fibrin layers were recurrently superficially debrided 
[19]. Over 11 weeks the wound was treated in the aforementioned regimen and 
the patient was seen in the outpatient wound clinic. In the end, the wound showed 
hypergranulation, but no signs of epithelialization [20]. The defect size decreased 
marginally (Figs. 14.9 and 14.10). Due to the stagnant findings, the decision was 
made to apply omega-III fish skin (Kerecis®) [21]. The fish skin was fixated with 
wound strips (Steri-Strip™). Coverage with silicone dressings (Biatain® Silicone) 
for protection was performed and exchanged when moist or detaching. The fish 
skin supported the cellular and vascular ingrowth. The wound epithelialized com-
pletely after 2 weeks of application (Fig. 14.11). For this chronic wound situation, 
the fish skin was a valid solution to reach epithelialization after weeks of manage-
ment with conventional dressing materials in the outpatient wound clinic. It poses 
a great opportunity in tissue regeneration as an innovative, environmental neutral, 
time and resource saving material [8].
Kerecis® is decellularized fish skin from the Atlantic cod, rich in omega-3 fatty 

acids and has recently been shown to be efficient for enhanced wound healing in 
difficult wounds [22]. It can be used in chronic wounds, diabetic ulcers, pressure 
sores, burns, and large-scale wounds.
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Fig. 14.8 Wound after 
infection regression with 
thick fibrin layer and intact 
wound surrounding 

Fig. 14.9 Progression of the 
wound size under 
conventional wound 
treatment 

Fig. 14.10 Hypergranulating 
wound ground with 
stagnating epithelialization
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Fig. 14.11 Epithelialized 
wound 2 weeks after 
application of fish skin 
(Kerecis®)

Case 14.4 

A 39-year-old patient underwent dermato-lipectomy after massive weight-loss. 
One week after the surgery, she presented with massive pain along the infected 
scar line and local pus secretion (Fig. 14.12). 
To treat a suspected wound infection, limited surgical debridement of the wound 

and microbiological sampling was performed. To reach for a temporary wound 
closure a negative pressure wound therapy (NPWT) was applied. Empirical antibi-
otic (amoxicillin/clavulanic acid) therapy was started after the first debridement. 
After a second debridement, the wound showed progressive necrosis of the skin 
and the patient showed increasing inflammatory values without microbiological 
findings (Fig. 14.13). In review of all clinical symptoms and findings, pyoderma 
gangrenosum was suspected. Pyoderma gangrenosum is a dysregulation of neu-
trophil granulocytes and increased release of proinflammatory cytokines leading

Fig. 14.12 Findings at 
initial presentation, highly 
suspicious for a wound 
infection 
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Fig. 14.13 Wound defect 
after multiple debridement’s 
because of skin necrosis 

to painful skin changes and development into deep necrosis [23]. The histology 
was affirmative exhibiting dermal necrosis and subcutaneous inflammation with 
infiltration of neutrophils and no detection of bacteria [24]. 
After initiation of high dose steroid therapy for immunosuppression, the wound 

showed early signs of healing [25]. As direct closure was not possible due to 
resulting defects until the level of the subcutaneous tissue and its size, a xenogeneic 
matrix (fish skin technology, Kerecis®) was applied to fill the remaining defect 
(Fig. 14.14). Further coverage with a negative wound pressure therapy (NPWT) 
was installed. Because fish skin shows no risk of viral disease transmission to 
humans, the fish skin can be applied as a temporary skin substitute with similar 
structure to human skin [8]. It functions as a barrier to protect the underlying tissue 
and improves wound healing in supporting cellular and vascular ingrowth. Wound 
healing is promoted by high levels of omega-3 fatty acids [26]. 

Fig. 14.14 Application of 
fish skin (Kerecis®)
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Fig. 14.15 Granulated 
wound before split-thickness 
skin graft transplantation 

Fig. 14.16 Healed skin graft 
6 weeks after transplantation 

The NPWT was exchanged weekly until the remaining wound surface was con-
ditioned. After 4 weeks, granulation had reached skin level (Fig. 14.15), and a 
split-thickness skin graft was performed. The rest of the healing processes showed 
no adverse events (Fig. 14.16). 
Kerecis® is decellularized fish skin from the Atlantic cod, rich in natural omega-

3 fatty acids. There is evidence for promotion of wound healing in difficult to 
treat wound situations and for balancing the wound bed in highly inflammatory 
environments [27]. 
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