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Abstract

Inflammatory wounds of the skin can be caused by many different diseases. Of
particular importance here are the very heterogeneous groups of vasculitides and
vasculopathies. These are usually interdisciplinary relevant diseases that require
extensive diagnostics in specialized centres. Clinically, these inflammatory
wounds present as very painful ulcers that develop from necrosis and are sur-
rounded by erythematous livid borders. The healing process is often difficult and
protracted. Moreover, it considerably impairs the quality of life of the affected
patients. In addition to clinical evaluation, histopathological examination of biop-
sies taken as early as possible is particularly important in diagnosis. Numerous
differential diagnoses must be ruled out. Therapeutically, in addition to the often
necessary systemic therapies, which include immunosuppressants (immunomod-
ulating drugs and/or rheologics), appropriate topical wound treatment, usually
in combination with compression therapy, should always be considered. When-
ever possible, the causative factors should be diagnosed early and avoided or
treated.

Nonhealing wounds are a multidisciplinary challenge and not

only result in high costs, but also significantly affect the psy-

chosocial wellbeing of patients and their quality of life.1 The

most common underlying causes of chronic wounds are dia-

betes mellitus, chronic venous insufficiency, peripheral arterial

occlusive disease and pressure injury.2 Much rarer causes of

ulcerations are inflammatory skin diseases. Inflammation

describes a complex endogenous response to potentially dam-

aging stimuli. The five classic signs of inflammation are heat,

pain, redness, swelling and loss of function. These are an

important component of physiological homeostasis. However,

if uncontrolled or excessive, inflammation can cause damage

and disease. In acute inflammation, resident immune cells

such as macrophages, histiocytes and mast cells, which release

numerous inflammatory mediators, are pathophysiologically

important. In addition, the complement, coagulation and fibri-

nolysis systems are activated. It is essential to distinguish

between inflammation and infection in wounds that are not

healing. A recently validated Therapeutic Index for Local Infec-

tions (TILI) score can be an easy-to-use diagnostic tool in

clinical practice to identify local wound infections (Table 1).3

There are many different types of inflammatory wounds. The

two major causative groups of diseases that need to be differ-

entiated are vasculitides and vasculopathies (Table 2). Vasculi-

tides are primary inflammatory vascular diseases in which the

immune system attacks the blood vessels. In contrast, vascu-

lopathies are primarily noninflammatory vascular diseases of

various causes that lead to a partial or complete occlusion of

the vessels. Even though clinically there are very similar-

looking wounds, the resulting approaches are fundamentally

different.

Vasculitis

The term ‘vasculitis’ describes a heterogeneous group of dis-

eases in which autoimmunological processes lead to inflam-

mation in vessel walls. The risk of developing vasculitis

increases with age.4 Because all vessels in the human body

can be affected, patients with very different symptoms are

treated in different medical disciplines. These patients often
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need to be diagnosed and treated in an interdisciplinary set-

ting. However, the organ most commonly affected by vasculi-

tis is the skin�5
According to the 2012 revised Chapel Hill Consensus Con-

ference classification, which was developed by a multidisci-

plinary team of experts, different types of vasculitis are

differentiated.6 A dermatological addendum was written later

to this classification (see Table 2).7 A centrally important

aspect for the correct classification is the description of the

affected vessels. The small vessels are located in the dermis

and the medium-sized vessels are predominantly in the sub-

cutis. The aorta and its outgoing vessels are seen as large ves-

sels. Cutaneous vasculitis can be part of an active systemic

vasculitis (‘skin-restricted’) or a single-organ vasculitis. Ade-

quate correct classification is of great importance for further

diagnosis, prognosis and therapeutic intervention. Triggers of

vasculitis can be, for example, drugs and/or infectious dis-

eases. In addition, underlying systemic disease, and especially

neoplasia, must be taken into account when planning diagnos-

tics (Table 3).5,8 However, in about half of the cases, the

underlying causes remain unknown.8

Clinical findings

Skin lesions in vasculitis can be very diverse in the different

underlying conditions. When the small vessels are affected,

there is erythrocyte extravasation, oedema and local haemor-

rhage. Clinically, this usually results in palpable purpura, occa-

sionally with haemorrhagic blisters (Figure 1). Skin lesions

often begin on the lower limb and spread distally to proxi-

mally (Figure 2).5 If medium-sized vessels are affected, subcu-

taneous nodules are more likely to occur. For example, in

polyarteritis nodosa (Figure 3), thrombotic occlusion of the

skin vessels causes a slowing of blood flow, which manifests

as livedo racemosa (Figure 4). Vasculitic skin lesions often

cause symptoms like itching or severe pain.9 Depending on

organ involvement, other symptoms such as fatigue, fever,

arthritis, gastrointestinal complaints, proteinuria or visual dis-

orders may also occur. Thus, the clinical symptoms already

give a first indication of which vessels are affected (Table 4).

Genesis of cutaneous ulcers

It is estimated that about 3–5% of all skin wounds are caused

by vasculitis.5 In a study of 31 619 patients, it was stated that

a total of 5�1% of patients had vasculitis as the cause of their

chronic leg ulcer;2 in 10 specialized dermatological wound

centres it was 4�5% of 1000 patients10 and in one dermato-

logical wound centre, even 13�3% of 345 patients.11 How-

ever, only therapy-refractory patients with chronic leg ulcers

were evaluated here in specialized centres mainly in Germany.

Thus, these were predominantly patients who were particu-

larly difficult to treat, rather than a representative sample of all

patients with chronic wounds.

Most cutaneous vasculitides can result in wounds. Transmu-

ral inflammation can lead to stenosis, complete occlusion and/

or activation of the coagulation system with thrombosis or

even aneurysm formation. As a result, the vessel may be com-

pletely destroyed, leading to reduced perfusion in the skin

areas to be supplied and causing focal ischaemia, necrosis and

finally ulceration.5 Whether cutaneous wounds are caused by

vasculitis depends on a variety of factors. The calibre of the

affected vessel, the anatomical location, the underlying patho-

physiology of the different vasculitides and favouring cofac-

tors, such as diabetes mellitus or pre-existing vascular diseases,

seem to be important.12 An increased risk for wounds also

exists in patients with hypercoagulability, suggesting a patho-

physiological link between coagulation disorders and ulcera-

tive complications.13 In addition, patients with cryoprotein-

related vasculitis and polyarteritis nodosa have a higher risk of

skin ulcers compared with other forms of vasculitis.5 How-

ever, cutaneous wounds due to vasculitis are most commonly

caused by cutaneous leucocytoclastic angiitis. These wounds

can occur on all skin and mucosal sites.14 Most commonly,

the wounds are found on both distal lower extremities, are

multiple, very painful, have erythematous livid margins and

are accompanied by oedema.15

Diagnostic tests

The suspected diagnosis of vasculitis can usually be made after

taking a history and clinical examination. In order to exclude

relevant differential diagnoses, wound diagnostics in particular

could be structured according to the ABCDE rule (Table 5).16

When inflammatory wounds are suspected, biopsy is of cen-

tral importance to confirm the diagnosis. In addition to the

conventional histological examination, direct immunofluores-

cence should also be performed. Biopsies should be taken

from the active marginal area of the lesions as early as possi-

ble.17 The typical inflammatory infiltrates of the vessel walls

are not specific for vasculitis, but can also be found in other

wounds such as venous leg ulcers as a secondary, nonspecific

phenomenon. For example, in a retrospective study, focal

Table 1 Therapeutic Index for Local Infections (TILI) score for the

diagnosis of local wound infections3

No direct indication
Erythema to surrounding skin

Heat
Oedema, induration or swelling

Spontaneous pain or pressurea

Stalled wound healing

Increase and/or change of colour or smell of exudate
Direct indication

Presence of wound pathogensb

Surgical septic wound

Presence of free pus

aCaution in patients with polyneuropathy or taking painkillers.
bThis may vary in different countries or facilities. One example

is multidrug-resistant organisms, e.g. methicillin-resistant Staphy-

lococcus aureus (MRSA).

� 2022 The Authors. British Journal of Dermatology
published by John Wiley & Sons Ltd on behalf of British Association of Dermatologists.

British Journal of Dermatology (2022)

2 Inflammatory wounds, J. Dissemond and M. Romanelli



vasculitis of the periulcer edge was found in about half of 62

patients with chronic leg ulcers whose genesis was not caused

by vasculitis.18

As vasculitides are potentially part of systemic diseases,

comprehensive diagnostics are recommended (Table 6).

Before initiating further and very expensive diagnostics, it is

often useful to wait for the histopathological result in order to

carry out targeted diagnostics. Diagnostic imaging should then

be used selectively, for example with computed tomography

angiography if giant-cell arteritis is suspected or bronchoscopy

if eosinophilic granulomatosis with polyangiitis is suspected.19

Assessment of disease activity can be done using the validated

Birmingham Vasculitis Activity Score (BVAS) (Table 7).20 A

follow-up of patients with skin, urine and serology checks is

usually recommended over 3–12 months.12

Table 2 Classification of inflammatory wounds. Vasculitides according

the revised Chapel Hill classification6 with integration of the

dermatological addendum7 (see Table footnotea)

Vasculitis
Large-vessel vasculitis (LVV)

Giant cell arteritis (GCA)
Takayasu arteritis (TAK)

Medium-vessel vasculitis (MVV)
Kawasaki disease (KD)

Polyarteritis nodosa (PAN)
Small-vessel vasculitis (SVV)

Antineutrophil cytoplasmic antibody (ANCA)-associated

vasculitis (AAV)
Eosinophilic granulomatosis with polyangiitis

(Churg–Strauss) (EGPA)
Granulomatosis with polyangiitis (Wegener) (GPA)

Microscopic polyangiitis (MPA)
Immune complex SVV

Antiglomerular basement membrane (anti-GBM) disease
Cryoglobulinaemic vasculitis (CV)

Hypocomplementemic urticarial vasculitis (HUV)
(anti-C1q vasculitis)

IgA vasculitis (Henoch–Sch€onlein) (IgAV)
Variable-vessel vasculitis (VVV)

Behc�et disease (BD)
Cogan syndrome (CS)

Single-organ vasculitis (SOV)
Cutaneous leucocytoclastic angiitis (cutaneous

IgM/IgG immune complex vasculitisa)
Cutaneous arteritis

Primary central nervous system vasculitis
Isolated aortitis

Othersa

Nodular cutaneus vasculitis (erythema induratum Bazin)

Erythema elevatum et diutinum (EED)
Recurrent macular vasculitis in hypergammaglobulinaemia

Normocomplementemic urticarial vasculitis (NUV)
Vasculitis associated with systemic disease

Lupus vasculitis
Rheumatoid vasculitis

Sarcoid vasculitis
Others

Vasculitis associated with probable aetiology
Cancer-associated vasculitis

Drug-associated ANCA-associated vasculitis

Drug-associated immune complex vasculitis
Hepatitis B virus-associated vasculitis

Hepatitis C virus-associated cryoglobulinaemic vasculitis
Syphilis-associated aortitis

Others
Vasculopathies

Calciphylaxis
Cholesterol embolization

Complement C3 deficiency
Disseminated intravasal coagulation (DIC)

Homocysteinuria
Malignant atrophic papulosis [(K€ohlmeier–)Degos disease]
Oxalosis/hyperoxaluria
Purpura fulminans

Thromboangiitis obliterans/Buerger disease

(continued)

Table 2 (continued)

Clotting disorders
Antiphospholipid syndrome

Antithrombin III deficiency
Factor V Leiden/APC resistance

Factor XIII deficiency
Protein C or S deficiency

Drugs
Embolia cutis medicamentosa (Nicolau syndrome)

Local injection, e.g. steroids, vaccinations

Paravasal injection, e.g. cytostatics, sclerotherapeutics
Systemic intake, e.g. coumarins, hydroxyurea, heparins,

methotrexate, ergotamine, nicorandil
Haematological diseases

Essential thrombocythaemia
Leukaemia

Polycythaemia vera
Sickle cell disease

Thalassaemia
Microcirculatory disorders

Blood transfusion reactions
Hypertensive ischaemic leg ulcer (Martorell ulcer)

Raynaud phenomenon, e.g. scleroderma
Paraproteinaemia

Idiopathic, e.g. amyloidosis
Non-Hodgkin lymphoma, e.g. myeloma, plasmacytoma

Others
Bullous (autoimmune) diseases, e.g. bullous pemphigus,

bullous Sweet syndrome
Calcinosis cutis

Gout
Graft-versus-host disease

Hidradenitis suppurativa
Langerhans cell histiocytosis

Lichen planus
Necrobiosis lipoidica

Panniculitis
Porphyria cutanea tarda

Progeroid syndromes, e.g. Werner, Rothmund–Thomson
Prolidase deficiency

aFrom the dermatological addendum7 integrated into the revised

Chapel Hill classification.6
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Therapy

If relevant underlying diseases or triggering causes are diag-

nosed, their treatment should be the first step in the complex

treatment strategies. Interdisciplinary cooperation is particu-

larly important. The centrally crucial goal of therapy is to sup-

press the inflammatory reaction as early and adequately as

possible in order to prevent secondary complications.18

The extent of therapy is individually adapted on the severity

and sites of manifestation. Thus, in an uncomplicated course

of immunoglobulin (Ig)A vasculitis, symptomatic supportive

treatment and the administration of analgesics for pain relief

may be sufficient.21 Evidence-based recommendations for the

systemic treatment of patients with vasculitis are very limited

(Table 8). The supportive efficacy of highly potent topical

glucocorticoids in vasculitic ulcers is recommended based on

empirically supported expert experience.5 Other immunosup-

pressive or immunomodulatory alternatives for systemic

therapy include colchicine, dapsone, cyclophosphamide,

methotrexate, hydroxychloroquine, ciclosporin, azathioprine,

mycophenolate mofetil or intravenous immunoglobulins.19,22

Leflunomide is an example of a drug that can both cause

Table 3 Associated causes of cutaneous leucocytoclastic angiitis9

Drugs

Allopurinol
Antibiotics, e.g. penicillin, minocycline, cotrimoxazole,

cefaclor
Cocaine

Contraceptives
Levamisole

NSAIDs
Infections

Bacterial, e.g. Streptococcus, Staphylococcus, Mycobacterium
Viral, e.g. HBV, HCV, HIV

Fungal, e.g. Candida albicans
Protozoal, e.g. Trypanosoma cruzi, Plasmodium species

Inflammatory diseases
ACTD, e.g. RA, SJOS, SLE

IBD, e.g. Crohn disease, ulcerative colitis

Neoplasia
Haematological, e.g. non-Hodgkin lymphoma, multiple

myeloma
Solid, e.g. carcinoma: lung, colon, renal, breast

NSAIDs, nonsteroidal anti-inflammatory drugs; HBV, hepatitis B

virus; HCV, hepatitis C virus; HIV, human immunodeficiency

virus; ACTD, autoimmune connective tissue diseases; RA,

rheumatoid arthritis; SJOS, Sj€ogren syndrome; SLE, systemic

lupus erythematosus; IBD, inflammatory bowel disease.

Figure 1 Cutaneous leucocytoclastic angiitis with haemorrhagic

blisters and central necrosis.

Figure 2 Palpable purpura in a patient with cutaneous leucocytoclastic

angiitis.

Figure 3 Very painful nodi with incipient ulceration on the distal

lower legs in polyarteritis nodosa.
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vasculitis and be used therapeutically.23 The anti-CD20 mono-

clonal antibody rituximab was used successfully, particularly

in refractory courses of (antineutrophil cytoplasmic antibody-

associated) vasculitis.24 In recent years, biologic agents such as

tocilizumab, anakinra, abatacept and ustekinumab have been

shown to be used with promising results.25–27 Particularly in

refractory courses, additional administration of rheologics such

as prostacyclin analogues can also be given.28 Concomitant

analgesic therapy is usually necessary according to World

Health Organization recommendations.

Vasculopathy

Vasculopathy is a clinical–pathological group of diseases where

pathogenesis is mainly due to vessel occlusion associated to

coagulation and metabolic disorders, genetic and infective

problems, or other thrombotic conditions (Table 2). Patients

affected by different vasculopathies often present with clinical

signs of haemorrhage and thrombosis with predominantly

skin involvement. Atypical ulcers are a common complication

Figure 4 Livedo racemosa in a patient with polyarteritis nodosa.

Table 4 Typical clinical findings in vasculitis

Small-vessel vasculitis

Skin: (palpable) purpura, livedo racemosa, necroses, ulcers
Nervous system: polyneuritis, tingling, hearing loss, dizziness

Eyes: episcleritis, double vision, blurred vision, blindness
Others: haemoptysis, haematuria, tarry stools, perimyocarditis

Medium-vessel vasculitis
Infarcts of various organs such as heart, CNS, kidney, intestine

Mononeuritis multiplex
Subcutaneous nodules

Large-vessel vasculitis
Aortic arch syndrome, subclavian steal syndrome

Cephalgia
Claudication

CNS, central nervous system.

Table 5 ABCDE rule for structured wound diagnostics16

A Anamnesis Patients should be asked not only about
current wounds but also about wounds in

the past, comorbidities and family history
B Bacteria Bacteria are rarely the sole cause of chronic

wounds but can significantly affect wound
healing

C Clinical
examination

In addition to the localization of the wounds,
the clinical examination often reveals typical

skin lesions in the wound margin and/or
wound surroundings, which provide clues to

the underlying causes or complications
D Defective

vascular
system

Particularly in wounds of the lower

extremities, the venous and arterial vascular
system should at least be examined with

ultrasound
E Extras There are numerous further diagnostic

procedures that should be used in a targeted
manner; the most important of these is

biopsy

Table 6 Serological diagnostics that should be performed in patients

with vasculitis

Basic

Blood count
CRP, ESR

Liver and kidney function
Urine analysis

Advanced
ANA, ENA, ANCA

Antistreptococcal antibodies
Blood coagulation

C3, C4 complement factors
Creatine kinase, myoglobin

Electrolytes

Haemoccult
HIV, hepatitis

Differential blood count
Cryoglobulins, cryofibrinogens

Serum protein electrophoresis and immunofixation
Peripheral blood smear

Rheumatoid factor, anti-CCP antibodies

CRP, C reactive protein; ESR, erythrocyte sedimentation rate;

ANA, antinuclear antibodies; ENA, extractable nuclear antigen

antibodies; ANCA, antineutrophil cytoplasmic antibodies; HIV,

human immunodeficiency virus; CCP, cyclic citrullinated peptide.
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of the majority of vasculopathic disorders and skin necrosis is

a peculiar clinical finding.29 Pyoderma gangrenosum (PG) is a

neutrophilic inflammatory wound disorder not characterized

by the pathological infiltrate of vasculitis and this is why we

decided to describe PG in this section of the review.

Clinical findings

Vasculopathies affect the skin with a variety of morphological

aspects from different livedoid pattern to necrotic lesions and

atrophie blanche.30 The anatomical location of lesions is

mainly on the lower limbs but there is almost always a speci-

fic involvement of upper parts of the body such as the trunk

and upper arms, occurring simultaneously. This is due to the

systemic pathogenesis and clinical progression of vascu-

lopathies which starts on small-to-medium-sized vessels not

only of the skin but also in other organs such as the kidney

and lung. The size of lesions is related to systemic involve-

ment and disease stage, ranging from small petechiae to large

eschar. As with other inflammatory wounds, the appearance

of a purplish-bluish border is typical, as is severe pain. Initial

skin lesions are most of the time reversible if treatment is

started promptly. However, disease progression is often very

rapid, leading to devastating complications. PG is unique

depending on the clinical expression, as it can be classified

into ulcerative, bullous, vegetative and pustular variants.31

Pathogenesis

The pathogenesis of vasculopathies is specific for each differ-

ent disorder which results at the end in a vascular occlusion

(Figure 5). Calciphylaxis affects 5% of patients with chronic

renal failure and patients on haemodialysis, but may appear

also in early-stage kidney disease.32 The pathogenesis is multi-

factorial and not fully understood with a very poor prognosis

and a mortality rate of between 40% and 80% in 1 year.33

Calcium and phosphorus levels are elevated due to the

Table 7 Version 3 of the Birmingham Vasculitis Activity Score

(BVAS)20

Clinical manifestation

Persistent

points

New/
Worse

points

General

Myalgia 1 1
Arthralgia or arthritis 1 1

Fever ≥38 °C 2 2
Weight loss ≥2 kg 2 2

Cutaneous

Infarct 1 2
Purpura 1 2

Ulcer 1 4
Gangrene 2 6

Other skin vasculitis 1 2
Mucous membranes or eyes

Mouth ulcers, granulomata 1 2
Genital ulcers 1 1

Adnexal inflammation 2 4
Significant proptosis 2 4

Scleritis, episcleritis 1 2
Conjunctivitis, blepharitis, keratitis 1 1

Blurred vision 2 3
Sudden visual loss n/a 6

Uveitis 2 6
Retinal changes 2 6

Ear, nose, throat
Bloody nasal discharge, crusts,

ulcers, granulomata

2 4

Paranasal sinus involvement 1 2

Subglottic stenosis 3 6
Conductive hearing loss 1 3

Sensorineural hearing loss 2 6
Chest

Wheeze 1 2
Nodules or cavities n/a 3

Pleural effusion, pleurisy 2 4
Infiltrate 2 4

Endobronchial involvement 2 4
Massive haemoptysis, alveolar

haemorrhage

4 6

Respiratory failure 4 6

Cardiovascular
Loss of pulses 1 4

Valvular heart disease 2 4

Pericarditis 1 3
Ischaemic cardiac pain 2 4

Cardiomyopathy 3 6
Congestive cardiac failure 3 6

Abdominal
Peritonitis 3 9

Bloody diarrhoea 3 9
Ischaemic abdominal pain 2 6

Renal
Hypertension 1 4

Proteinuria 2 4
Haematuria 3 6

Serum creatinine 125–249 lmol L–1 2 4
Serum creatinine 250–499 lmol L–1 3 6

(continued)

Table 7 (continued)

Clinical manifestation
Persistent
points

New/

Worse
points

Serum creatinine ≥500 lmol L–1 4 8
> 30% rise in creatinine or

> 25% fall in creatinine clearance

n/a 6

Nervous system

Headache 1 1
Meningitis 1 3

Organic confusion 1 3
Seizures (not hypertensive) 3 9

Stroke 3 9
Spinal cord lesion 3 9

Cranial nerve palsy 3 6
Sensory peripheral neuropathy 3 6

Mononeuritis multiplex 3 9

� 2022 The Authors. British Journal of Dermatology
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disturbed metabolism and lead to deposits in the vessels,

which can affect the skin in particular, but also the brain,

lungs, skeletal muscles and eyes. Vessel calcification leads to

microthrombi formation and fibrointimal hyperplasia, result-

ing in vascular dysfunction and ischaemia (Figure 6). The

antiphospholipid syndrome (APS) pathogenesis is characterized

by immunological events activated from major antibodies such

as anticardiolipin, lupus anticoagulant and anti-b2-
glycoprotein. Several autoimmune diseases have been

described as triggers for secondary APS. The thrombotic mech-

anism in APS is mostly unknown and hypotheses range from

endothelial cell dysfunction to coagulation process impair-

ment.34 Protein C and protein S are vitamin K-dependent

plasma proteins whose deficiencies are inherited or acquired

vasculopathies that affect coagulation and fibrinolysis. The

pathogenesis of coumadin necrosis is unclear and affects 0�1%

Table 8 Selection from a review on the evidence of systemic drugs

for the therapy of different types of vasculitis71

Recommendation

Level
of

evidence

Takayasu arteritis

Glucocorticoid I B
Methotrexate IIa B

Azathioprine IIa B
Cyclophosphamide IIb B

Mycophenolate mofetil IIb B

Tacrolimus IIb C
Ciclosporin IIb C

Tocilizumab I B
Tumour necrosis factor

inhibitors

IIa B

Antiplatelet drugs IIa B

Giant-cell arteritis
Glucocorticoid I B

Steroid pulse therapy I B
Methotrexate IIa A

Cyclophosphamide IIb B
Azathioprine IIb B

Ciclosporin III B
Tocilizumab I A

Infliximab III B
Adalimumab III B

Etanercept IIb B
Antiplatelets IIa B

Polyarteritis nodosa
Glucocorticoid I B

Steroid pulse therapy IIa C
Cyclophosphamide IIa A

Methotrexate IIb B
Azathioprine IIb B

Plasma exchange therapy IIb C
Eosinophilic granulomatosis with polyangiitis

Glucocorticoid I B
Steroid pulse therapy IIa C

Cyclophosphamide IIa B
Azathioprine IIa C

Methotrexate IIa C
High-dose immunoglobulins IIa B

Rituximab IIb B
Anti-interleukin-5 therapy IIb B

Anti-IgE therapy IIb B

Plasma exchange therapy III B
IgA vasculitis

Antihistamine drugs IIb C
Nonsteroidal anti-inflammatory

drugs

IIa C

Glucocorticoid (GC) IIa C

GC + azathioprine IIa C
GC + mycophenolate mofetil IIb C

Dried human factor XIII
concentrate

IIa B

Antiplatelet drugs IIb C
GC + ciclosporin IIb C

Plasma exchange therapy IIb C
Cyclophosphamide III B

(continued)

Table 8 (continued)

Recommendation

Level

of
evidence

Cryoglobulinaemic vasculitis
Glucocorticoid IIa B

Cyclophosphamide IIa B
Rituximab IIa B

Plasma exchange therapy IIb C
Behc�et disease

Glucocorticoid IIa B
Azathioprine IIa B

Cyclophosphamide IIa B
Ciclosporin IIb C

Methotrexate IIb C
Tumour necrosis factor inhibitors IIb B

Anticoagulants IIa C

Figure 5 Leg ulcer in the ankle area caused by hydroxyurea-induced

vasculopathy.
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of patients newly initiated on coumadins.35 It appears that the

treatment decreases protein C and protein S activity, promoting

a hypercoagulable state, but there is also a potential toxic effect

of coumadin on papillary dermal microvessels. Factor V Leiden

mutation is a coagulation defect that can lead to post-

thrombotic venous leg ulcers and cutaneous necrosis, especially

in homozygous affected individuals, due to an up to 100-fold

increased tendency to thrombosis.36 Disseminated intravascular

coagulation (DIC) is a disorder with an abnormal coagulation

state associated to infections, neoplasms, obstetric complica-

tions, vascular anomalies, trauma and other medical issues.37

Cryoglobulinaemia and cryofibrinogenaemia are vasculopathies

in which specific proteins precipitate when exposed to cold

temperatures.38 Fibrin, fibronectin and fibrinogen are the main

proteins involved in vasculopathy associated to cryofibrinogen.

According to immunochemical characteristics, cryoglobulins

have been classified into three distinct groups:

• Type I with monoclonal immunoglobulin (IgG, IgA, IgM);

this type is often associated with lymphoproliferative

malignancies or haematological disorders

• Type II with monoclonal or polyclonal immunoglobulin

• Type III with polyclonal immune complex

Cryoglobulinaemia is associated with chronic hepatitis C in

approximately 80% of patients.39 PG is a neutrophilic dermato-

sis of unknown pathogenesis (Figure 7). PG may be idiopathic

in half of the patients and in the other half it occurs in associa-

tion with other autoimmune diseases such as inflammatory

bowel disease or rheumatoid arthritis.40 There is an upregula-

tion of various proinflammatory cytokines including tumour

necrosis factor (TNF)-a, interleukin (IL)-1b, -6, -8, -17, -23.40

Diagnostics

The diagnostic investigations of vasculopathies include tissue

biopsy and laboratory tests. Calciphylaxis is diagnosed through

clinical findings and tissue biopsy, which is characterized by

calcification of the intima and media of small- and medium-

sized vessels in the dermis and subcutaneous tissue.33 A posi-

tive bone scan is a reliable test for diagnosis.40 Serum analysis

may reveal hypercalcaemia, hyperphosphataemia and elevated

parathyroid hormone levels. However, these values are not

diagnostically conclusive. Elevated prothrombin time/partial

thromboplastin time, thrombocytopenia, hypofibrinogenaemia

and elevated fibrin degradation products indicate DIC and/or

purpura fulminans. In thrombotic thrombocytopenic purpura

(TTP) the presence of fragmented red blood cells/schistocytes

is pathognomonic. In addition, thrombocytopenia, increased

reticulocyte count, increased indirect bilirubin levels, increased

lactate dehydrogenase levels and absent haptoglobin are usu-

ally present.41 Coagulation tests are normal in TTP. The coagu-

lative profile can be used to screen for coagulative disorders

like Factor V Leiden mutation or protein C and protein S defi-

ciency. The diagnosis of APS needs the detection of one or

more arterial or venous thrombotic events and/or complica-

tions of pregnancy and positive results in serum or plasma on

two or more occasions separated by periods of at least

12 weeks of IgG or IgM anticardiolipin, anti-b2 glycoprotein

I, lupus anticoagulant antibodies.42 Type-1 cryoglobulinaemia

is diagnosed by immunoelectrophoresis, immunoblotting and

immunofixation in order to evaluate the monoclonal cryoglob-

ulins (IgM, IgA, IgG). The diagnosis of cryofibrinogenaemia is

made by the typical clinical features in conjunction with a skin

biopsy. Here, intravascular thrombi from an eosinophilic

Figure 6 Lower leg ulcers due to calciphylaxis.

Figure 7 Pyoderma gangrenosum with inflammatory livid border.
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amorphous material are found without surrounding inflamma-

tion and the presence of cryofibrinogens in the plasma.43

Cholesterol emboli syndrome is diagnosed when there is a

history of surgical procedures or anticoagulation therapy and a

skin biopsy shows needle-shaped clefts in small vessels.44 Even

though the histopathological findings are not specific, a skin

biopsy can be very helpful in differentiating the PG lesion

from other differential diagnoses. Tissue cultures can rule out

atypical infection. Laboratory tests are nonspecific in PG. The

diagnosis of PG is based on clinical presentation in combina-

tion with new validated scores.45,46 A comparative scientific

analysis showed that the PARACELSUS score is currently the

most reliable instrument for confirming the suspected diagno-

sis of PG (Table 9).47 The diagnosis of livedoid vasculopathy

requires clinical, histopathological and laboratory data.

Laboratory investigations have to exclude hypercoagulable

states, fibrinolytic disorders, collagen vascular diseases, para-

proteinaemia and associated infections.30

Therapy

The management of cutaneous vasculopathy depends on the

aetiology of the diagnosed disorder. Because most wounds are

extremely painful, the accompanying pain therapy is very

important for the affected patients. In addition, an accompany-

ing rheological therapy with low-molecular-weight heparin or

direct oral anticoagulants such as rivaroxaban is often use-

ful.28–30 Recent advances in clinical understanding of the

mechanism of calciphylaxis have identified promising potential

therapeutic targets.48 Treatment basically consists of three

approaches: reversal of vessel-wall calcification to restore blood

flow including sodium thiosulfate as a calcium chelator48 and

vitamin K supplementation; amelioration of calciphylaxis risk

factors and optimization of wound care, including appropriate

debridement; and, if appropriate, hyperbaric oxygen therapy.

The management of PG is not standardized and is largely based

on case series and clinical trials with small case numbers of

treated patients. The choice of treatment depends on the

severity of the disease. The first step in local therapy is based

on optimizing local wound care. A modified tissue, infection,

moisture balance and epithelialization (TIME) approach called

PG-TIME49 has been proposed to properly manage the inflam-

matory and noninflammatory phases of PG by initially avoiding

invasive debridement and modulating pro-inflammatory

cytokines with topically applied corticosteroids or tacrolimus.

In lower limb wounds, compression bandaging and pain relief

are essential for optimal management. In severe disease, sys-

temic treatment is required. Oral corticosteroids are the first-

line treatment (prednisolone 0�5–1 mg kg–1 daily). Ciclosporin

(3–5 mg kg–1 day) can be used as monotherapy or in combi-

nation with corticosteroids as a steroid-sparing agent.50 Corti-

costeroids can be combined with immunosuppressive or

immunomodulating drugs such as colchicine, dapsone,

minocycline, apremilast, thalidomide, methotrexate, mycophe-

nolate mofetil, cyclophosphamide, azathioprine, tacrolimus

and high-dose intravenous immunoglobulins.51 There is

increasing evidence of the very good efficacy of different bio-

logics, including anti-TNF-a drugs such as infliximab,52 adali-

mumab,53 etanercept,54 anti-IL-12/23: ustekinumab,55 anti-IL-

1: anakinra,56 canakinumab57 or small molecules like JAK/

STAT inhibitors: tofacitinib.58 A valid treatment approach for

severe courses of PG may be an initial combination of systemic

drugs and then maintenance of remission with a less toxic regi-

men of local therapeutics after disease activity is under control.

The success of treatment can usually be well controlled clini-

cally by a reduction of pain and erythematous livid borders.

Modern wound management in inflammatory
wounds

Treatment of inflammatory wounds should be carried out

according to the principles of modern moist wound care.59

Because a common feature of most inflammatory wounds is

the extreme pain, special attention should be paid to atrau-

matic dressing changes and the implementation of local pain

therapy. Here, locally effective analgesics such as ibuprofen in

wound dressings,60 lidocaine in hydrochloride cream61 or

morphine in hydrogel62 (Table 10) can be used to support

pain management. As many patients receive immunosuppres-

sive therapy, antimicrobial wound therapies, such as polyhex-

anide or silver, should be used.63 In addition, special wound

dressings are increasingly available that are designed to actively

intervene in the inflammatory cascades. Due to the new patho-

physiological findings on the pathophysiology of inflamma-

tion,64,65 wound therapies that modulate, for example, matrix

Table 9 PARACELSUS score for diagnosis of pyoderma gangrenosum

(PG)46

Criteria Points

Progressive course of disease 3
Absence of relevant differential diagnoses 3

Reddish-violaceous wound border 3
Amelioration due to immunosuppressant 2

Characteristically bizarre ulcer shape 2
Extreme pain (> 4/10 VAS) 2

Localized pathergy phenomenon 2
Suppurative inflammation in histopathology 1

Undermined wound border 1
Systemic disease associated 1

Evaluation: ≥ 10 points, PG highly likely; < 10 points, PG

unlikely. VAS, visual analogue scale.

Table 10 Formulation of a morphine hydrogel for wound treatment61

Morphine hydrochloride trihydrate 0.1 g
Ethylenediamine tetraacetic acid sodium salt 0.1 g

Hydroxyethyl cellulose 400 4�5 g
Lavasept/polyhexanide concentrate 20% 0.2 mL

Purified water (EuAB) ad 100�0 g
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metalloproteinases,66 pH values67 or macrophage activity68 are

now interesting additional therapeutic options. As compression

therapy reduces inflammatory oedema, almost all patients with

wounds at the lower extremities will benefit from compression

therapy. Low pressure, around 20 mmHg, can support therapy

adequately, cause less pain and thus improve adherence.69 The

value of the healing rate was found to be an accurate method

of prognostic significance in inflammatory ulcers compared

with other atypical ulcers.70

Conclusions

Inflammatory skin diseases are a heterogeneous group that can

often lead to very painful and poorly healing wounds due to

vascular inflammation and/or vascular occlusion. The underly-

ing complex diseases lead to increased morbidity and mortality

rates. Biopsies of sufficient sizes and from representative areas

are particularly important for diagnosis. Dermatologists play an

important role in the early and correct diagnosis and initiation

of appropriate and timely treatment of these patients to prevent

complications and delayed wound healing. Management of

these patients requires a multidisciplinary approach that takes

into account systemic involvement, comorbidities and compli-

cations. Pain management and local wound care are a funda-

mental step in the treatment regime that improves patients’

quality of life and the wound healing process. The lack of high-

quality evidence from clinical trials usually prevents concrete

recommendations for standardized strategies in diagnostics and

therapy. Therefore, more randomized controlled trials should

be conducted to better standardize regimens for different types

of inflammatory skin diseases and the resulting wounds.
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