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   Preface   

 Dermatology is a fascinating fi eld based in the skills of clinical observation and clinicopatho-
logic correlation to diagnose diseases. We wish to bring the art and science of dermatology into 
a practical resource. In this spirit, we created  Atlas of Dermatology in Internal Medicine . 

 Skin refl ects the health of the body and its diseases are often a manifestation of systemic 
conditions. To know skin disorders is of paramount importance for other specialties. We are 
committed to creating an excellent tool to assist in the diagnosis and management of common 
cutaneous manifestations of systemic diseases. 

  Atlas of Dermatology in Internal Medicine  is organized to refl ect current knowledge in 
dermatology relevant to Internal Medicine. It provides a comprehensive review and updated 
information on the diagnosis and treatment of common cutaneous manifestations of systemic 
diseases. To facilitate the diagnosis of frequently encountered skin diseases, a gallery of illus-
trations combined with disease descriptions and their current therapeutic information are 
included. This book welcomes internists and other specialists in medicine interested in learn-
ing more about clinical dermatology. 

 We are proud to present our work. We hope this text will provide a timely addition to the 
fi eld of Internal Medicine. 

 We would like to thank the authors who contributed in this book.

 Néstor P. Sánchez
Adisbeth Morales    
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1

 Most connective tissue diseases are characterized by a 
 diversity of systemic and cutaneous manifestations. In this 
chapter, we focus on the unique cutaneous manifestations 
that characterize systemic lupus erythematosus, dermatomy-
ositis, and scleroderma. Observation and histopathologic 
evaluation of the skin can assist the clinician in initiating 
therapy in a timely manner, even before the onset of systemic 
disease. A detailed discussion of these cutaneous and histo-
pathological manifestations is presented. 

   Introduction 

 Lupus erythematosus, dermatomyositis, scleroderma, and 
rheumatoid arthritis are connective tissue diseases character-
ized by a diversity of systemic and cutaneous manifestations. 
In some cases, the skin changes may precede the develop-
ment of overt disease and may, in fact, be the only indicator 
of the patients’ disease  [  1,   2  ] . It is important to recognize 
these signs early to institute adequate and timely therapy.  

   Systemic Lupus Erythematosus 

 Systemic lupus erythematosus (SLE) is an autoimmune 
infl ammatory disease, which can affect multiple organ 
 systems, including the skin  [  3,   4  ] . There is a wide variation 
in the natural history of SLE among different ethnic and geo-
graphic groups  [  5  ] . The cutaneous manifestations of SLE 
can be classifi ed as specifi c or nonspecifi c  [  3,   4  ] . The  specifi c 

skin manifestations can be further subdivided into acute, 
subacute, and chronic cutaneous lupus erythematosus 
(CCLE)  [  4  ] . Bullous lupus erythematosus is categorized as a 
nonspecifi c blistering skin manifestation of SLE  [  4  ] . These 
will each be discussed in detail in the remainder of the 
chapter. 

   Acute Cutaneous Lupus Erythematosus 

 Malar erythema is commonly the fi rst manifestation of SLE, 
and the most common manifestation of acute cutaneous 
lupus erythematosus (ACLE). It can precede other systemic 
manifestations of SLE by weeks or months, and frequently 
coincides with disease exacerbations. The rash is character-
ized by erythema, edema, and occasionally fi ne scales in a 
malar distribution, along the bridge of the nose, with charac-
teristic sparing of the nasolabial folds (Fig.  1 ). It is often 
called a “butterfl y” rash because of the appearance. This gen-
erally resolves without any residual scarring or hyperpig-
mentation. Histopathologic fi ndings show atrophy of the 
epidermis and marked liquefactive degeneration of the basal 
layer  [  3  ] . A maculopapular lupus rash is an uncommon man-
ifestation and frequently occurs after sun exposure. The 
lesions are pruritic and may be located anywhere on the 
body, although they have a predilection for occurring above 
the waistline. The colors of the lesions are usually red, dull 
red, or livid  [  3  ] .   

   Subacute Cutaneous Lupus Erythematosus 

 Subacute cutaneous lupus erythematosus (SCLE) is a dis-
tinctive subset of lupus erythematosus. Patients can develop 
cutaneous lesions with two different morphologies: papu-
losquamous and annular, polycyclic lesions. There is no 
induration or telangiectasias. The distribution of the lesions 
is generally on sun-exposed areas, particularly the dorsal 
surface of upper extremities, upper back, and chest  [  3,   4  ] . 
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2 L.E. Castro-Santana    et al.

 Histopathologically, the lesions are very similar to those 
of discoid lupus erythematosus (DLE); however, SCLE 
lesions have minimal hyperkeratosis and follicular plugging. 
Instead, they are characterized by more prominent epidermal 
atrophy and liquefaction degeneration of the basal cell layer. 
The infl ammatory infi ltrate in contradistinction to DLE tends 
to be scattered throughout the reticular dermis, but similar to 
DLE, is composed of activated T-cells  [  3,   4  ] .  

   Chronic Cutaneous Lupus Erythematosus 

 The wide spectrum of CCLE includes the classical discoid 
lesions that can be localized or generalized, chilblain, hyper-
trophic, verrucous, lichenoid, lupus panniculitis (profun-
dus), mucosal discoid, palmoplantar erosive, or lupus 
erythematosus tumidus lesions  [  4  ] . We will discuss the most 
commonly seen. 

 The lesions of DLE are characterized by well-defi ned, 
disk-shaped, erythematous plaques with epidermal atrophy, 
telangiectasias, and scaling (Fig.  2 ). The scale adheres to the 
skin and causes plugging of hair follicles. Removing the 
scale is very painful due to hyperalgesia of the skin. Healing 
of the lesions leaves atrophy, scaling, and changes in skin 
pigmentation (can be hypo- or hyper-pigmented)  [  3,   4  ] . The 
distribution of DLE presents most frequently on areas 

exposed to sunlight, and affect women more often than men 
 [  4  ] . DLE occurs with a frequency of 44% on the ears, 60% 
on the scalp, and 85% on the face. The atrophy and scarring 
can result in a signifi cant amount of alopecia and disfi gura-
tion. Histopathological examination of active lesions reveals 
marked hyperkeratosis, orthokeratosis, epidermal atrophy, 
vacuolar degeneration of basal keratinocytes, and perivascu-
lar as well as perifollicular mononuclear cell infi ltrate, scat-
tered throughout the papillary and/or reticular dermis  [  3,   4  ] .  

 Hypertrophic DLE is a distinct form of DLE, which is 
characterized by hyperkeratotic plaques that typically are 

  Fig. 1    Acute cutaneous lupus erythematosus associated with systemic 
lupus erythematosus       

  Fig. 2    ( a ,  b ) Discoid lesions of lupus erythematosus (chronic cutane-
ous lupus erythematosus)       
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observed over the face, extensor surfaces of the arms, legs, 
and upper trunk  [  6  ] . Hypertrophic DLE lesions are dull, red, 
indurated, and covered by several layers of keratin (white or 
yellow scales). These lesions typically occur concurrently 
with the lesions of DLE. Histopathologic fi ndings include 
marked acanthosis, hyperkeratosis and hypergranulosis, and 
a mononuclear cell infi ltrate  [  3  ] . 

 Lupus panniculitis (also known as lupus profundus) is a 
condition characterized by multiple fi rm, well-demarcated 
subcutaneous nodules or plaques that are persistent and pain-
less (Fig.  3 ). The sites most frequently involved are the arms, 
face, and buttocks. Resolution of the lesions leaves atrophic 
scars and rarely, ulceration  [  3  ] . Skin biopsy reveals lympho-
cytic infi ltrate around blood vessels and in the subcutaneous 
tissue. Calcifi cation, hyalinized vessels, and fat necrosis may 
be present  [  3,   4  ] .  

 Chilblain lupus is a rare manifestation of CCLE consist-
ing of lesions induced by cold in acral areas. They are pruritic 
or painful and can have erythematous papules that ulcerate or 
become hyperkeratotic  [  3  ] . The most common histological 
fi ndings are an atrophic epidermis, a vacuolated dermal– 
epidermal junction, and a dermal mononuclear cell infi ltrate 
around blood vessels and pilosebaceous appendages  [  3  ] . 

 Lupus erythematosus tumidus is characterized by marked 
photosensitivity and a tendency to occur in the male sex 
(Fig.  4 ). The lesions have a swollen, succulent appearance 
with the absence of clinically visible follicular plugging. The 
lesions develop mainly on the face and upper extremities as 
single or multiple raised erythematosus plaques with a bright 
red or violaceous smooth surface. The borders are sharply 
demarcated, and often there is swelling in the periphery and 
fl attening in the center  [  3  ] . Histologic features are character-
ized by minimal follicular hyperkeratosis with basal layer 
vacuolization, dermal lymphocytic infi ltrate, and interstitial 
mucin deposition  [  3  ] .  

 The differential diagnosis of cutaneous lupus erythemato-
sus includes sunburn, rosacea, seborrheic dermatitis, allergic 
contact dermatitis, phototoxic drug eruption, polymorphous 
light eruption, tinea faciei, granuloma faciale, sarcoidosis, 
alopecia mucinosa, and benign lymphocytic infi ltrate of 
Jessner  [  2  ] .  

   Bullous Systemic Lupus Erythematosus 

 The bullous lesions of lupus erythematosus are predomi-
nantly located on the face, neck, and upper trunk. They tend 
to be tense and may rupture leaving erosions, crusts, and 
changes in pigmentation (Fig.  5 ). A number of primary 
blistering diseases have been reported in association with 
SLE and should be differentiated from bullous lupus ery-
thematosus. These include dermatitis herpetiformis, bullous 
pemphigoid, pemphigus vulgaris, pemphigus foliaceous, 
epidermolysis bullosa acquisita, and linear IgA disease. 
The most important histopathologic feature is the fi nding of 
a subepidermal blister with predominance of neutrophil 
infl ammation in the papillary dermis  [  3,   4  ] . A linear depo-
sition of immunoglobulins (IgG, IgA, and/or IgM) or com-
plement is detected at the basement membrane zone on 
direct immunofl uorescence testing  [  3,   4  ] .   

   Classifi cation and Treatment 

 The American College of Rheumatology has developed cri-
teria for the classifi cation of SLE (Table  1 ). A patient that 
meets four or more of these criteria is considered to have 
SLE  [  7  ] . Initial patient evaluation for a patient who presents 
with skin lesions should be aimed at the identifi cation of 
these criteria and includes a thorough history and physical 

  Fig.  3    Lupus panniculitis (lupus profundus): Well-demarcated 
depressed plaques with atrophy located on the upper extremity of a 
patient with lupus panniculitis       

  Fig. 4    Lupus erythematosus tumidus. Succulent, erythematous plaque 
involving left upper forehead       
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examination, biopsy of lesions for evaluation, complete 
blood count with differential, antinuclear antibodies, VDRL, 
erythrocyte sedimentation rate, urinalysis, creatinine clear-
ance, and complement levels  [  2  ] .  

 It has been confi rmed that the different subtypes of cutane-
ous LE can be triggered and exacerbated by ultraviolet (UV) 
irradiation  [  8  ] . Therefore, every patient should be advised to 
avoid sun exposure, use protective clothing, and apply sun-
screen daily. Therapeutic options for patients with cutaneous 
lupus erythematosus can be topical or systemic, depending 
upon the severity of symptoms. Topical options include low 
potency corticosteroids creams or lotions or intralesional 
 corticosteroid injections  [  2  ] . First-line systemic therapy 
includes antimalarials such as chloroquine (250–500 mg/
day), hydroxychloroquine (200–400 mg/day), mepacrine 
(100–200 mg/day), and dapsone (100–200 mg/day). Second 
line agents include gold compounds such as oral auranofi n 
(6–9 mg/day) or parenteral aurothiomalate or aurathioglu-
cose; oral prednisone (0.5–1.5 mg/kg/day); retinoid deriva-
tives such as isotretinoin (1 mg/kg/day) and etretinate 
(0.5–1 mg/kg/day); and thalidomide (100–200 mg/day). 
Third line therapeutic agents include intravenous corticoster-
oids (1 g/day for 3 days) and cytotoxic immuno-suppressive 
agents such as azathioprine (1–2 mg/kg/day), methotrexate 
(7.5–25 mg/week), cyclophosphamide (1–2 mg/kg/day), and 
cyclosporine (2.5–5 mg/kg/day)  [  3  ] .   

   Dermatomyositis 

 Dermatomyositis (DM) is an infl ammatory myopathy with 
characteristic skin manifestations  [  1,   9,   10  ] . The average age 
at diagnosis is 40, and it occurs more commonly in women 
 [  1,   10  ] . The cutaneous manifestations of DM are generally 
categorized into the following groups: pathognomonic, char-
acteristic, compatible, less common and rare  [  10  ] . We will 
discuss the pathognomonic, characteristic and compatible 
lesions. 

 Pathognomonic manifestations of DM include Gottron’s 
papules and Gottron’s sign  [  10  ] . Gottron’s papules are viola-
ceous papules or small plaques overlying the dorsal or dorso-
lateral aspects of the interphalangeal or metacarpophalangeal 
areas  [  9,   10  ]  (Fig.  6 ). When fully formed, they become 
slightly depressed at the center and can assume a whitish 
appearance. There is usually an associated scale, pigmenta-
tion changes, or telangiectasias  [  9  ] . Gottron’s sign is when 
there are erythematosus or violaceous macules (with or with-
out scale, changes in pigmentation or telangiectasias) involv-
ing the extensor aspects of the knuckles, elbows, knees, or 
medial malleoli  [  9,   10  ]  (Fig.  7 ).   

 Characteristic fi ndings in DM include the heliotrope 
rash, shawl sign, V-sign, and periungual telangiectasias 
 [  10  ] . The heliotrope rash is characterized by a macular and 
violaceous erythema of the eyelids that can be associated 

  Fig. 5    ( a ,  b ) Exacerbation of systemic lupus erythematosus presenting 
clinically with bullaes and erosions in skin and mucous membranes. 
Blistering usually indicate a more severe systemic disease       

   Table 1    ACR criteria for the classifi cation of systemic lupus 
erythematosus   

  1. Malar rash 
  2. Discoid rash 
  3. Photosensitivity (by patient history or physician observation) 
  4. Oral ulcers (painless, observed by physician) 
  5. Arthritis (non-erosive, two or more peripheral joints) 
  6. Serositis (pleuritis or pericarditis) 
  7. Renal disorder (proteinuria >500 mg/day or 3+; or cellular 

casts) 
  8. Neurologic disorder (seizure or psychosis) 
  9. Hematologic disorder (hemolytic anemia, leucopenia, or 

thrombocytopenia) 
  10. Immunologic disorder (+ LE cell preparation, anti-DNA 

antibodies, anti-Smith antibodies or False-positive serologic test 
for syphilis) 

  11. Antinuclear antibody 

  The patients must meet at least four of these criteria to be diagnosed 
SLE 
 Adapted from Tan EM, Cohen AS, et al. The 1982 revised criteria for 
the classifi cation of systemic lupus erythematosus. Arthritis Rheum. 
1982;25:1271–7  
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with periorbital edema, scales, pigmentary changes, or 
telangiectasias. The characteristic lesions of the shawl sign 
and the V-sign appear as erythematous, poikilodermatous 
(variegated hyperpigmentation and telangiectasias followed 
by atrophy) macules distributed in a shawl pattern over the 
shoulders, arms, and upper back and a V-shaped distribution 
over the anterior neck and chest, respectively  [  9,   10  ]  (Fig.  8 ). 
Periungual telangiectasias may also be seen.  

 The manifestations recognized to be compatible with DM 
are poikiloderma atrophicans vasculare and calcinosis cutis 
 [  10  ] . Poikiloderma atrophicans vasculare is a circumscribed 
violaceous erythema with associated telangiectasias, hypop-
igmentation, and superfi cial atrophy, most commonly found 
over the posterior shoulders, back, buttocks, and in a V-shaped 
area of the anterior neck and chest. Poikiloderma atrophicans 
vasculare is usually a late fi nding in the disease. Calcinosis 
cutis (calcium deposition) occurs in 10% of adult cases. 
It most commonly presents on the buttocks, elbows, knees, 
or traumatized areas, and is associated with increased dis-
ease activity and duration  [  9,   10  ] . The deposits of calcium 
are fi rm, irregular, and generally nontender, ranging in diam-
eter from one millimeter to several centimeters. They can 
become infl amed, infected, or ulcerated and may discharge a 
chalky, white material  [  9,   10  ] . 

  Fig. 6    Gottron’s papules on the dorsal aspect of the hand involving the 
metacarpals and the proximal and distal interphalangeal joints       

  Fig. 7    Gottron’s sign: Violaceous, poorly demarcated patches involv-
ing the extensor surface of the arms and elbows in a patient with 
dermatomyositis       

  Fig. 8    ( a ,  b ) Dermatomyositis. Poikilodermatous macules on the ante-
rior chest and face with accompanying periocular erythema       
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   Classifi cation and Treatment 

 When DM is suspected, the diagnosis can be made on clini-
cal grounds alone if there are typical skin manifestations or 
classical patterns of muscle involvement  [  9  ] . The classifi ca-
tion criteria for dermatomyositis are depicted in Table  2 .  

 The defi nitive diagnosis of an infl ammatory myopathy, 
however, requires a muscle biopsy  [  9,   11  ] . In 80% of cases, 
the biopsy shows chronic infl ammatory cells in the perivas-
cular and interstitial areas surrounding myofi brils. The 
pathognomonic fi nding of polymyositis is lymphocytic inva-
sion of non-necrotic fi bers. More common than infl ammatory 
infi ltrates is the degeneration and regeneration of myofi brils 
with phagocytosis of necrotic fi bers  [  11  ] . The serum creati-
nine kinase is usually elevated. Electromyography allows 
confi rmation of myopathy by the presence of early recruiting 
motor unit potentials of low amplitude and short duration in 
the limbs and paraspinal muscles. Electromyography also 
shows prominent spontaneous muscle fi ber potentials in 
patients with active myositis  [  9  ] . A skin biopsy should be 
taken from the lesions of the skin to show vacuolar degenera-
tion of the basal cell layer and a mild mononuclear cell infi l-
trate in the upper dermis and dermal–epidermal junction. 
There may be basement membrane thickening, edema, and 
increased mucin in the dermis, which can be better appreci-
ated if the specimen is stained with periodic acid schiff (PAS) 
stain  [  9  ] . 

 The use of sunscreen is recommended for all patients with 
DM. They should also be referred for physical therapy to pre-
vent atrophy and contractures. For the control of severe pru-
ritus, antihistamines and doxepin are recommended  [  10  ] . The 
core therapeutic approach remains daily high-dose oral corti-
costeroid therapy, along with adjunctive steroid-sparing 
immunosuppressive therapies, which are used to treat disease 
activity, prevent mortality, and attempt to reduce long-term 
disability  [  12  ] . Oral or intravenous corticosteroids are used in 

a single daily dose of 0.5–1.5 mg/kg/day, until the serum cre-
atinine kinase levels is normalized and then slowly tapered 
down over the following 12 months  [  1,   10  ] . If no improve-
ment occurs after 3 months of therapy, another immunosup-
pressive agent should be considered, for which, methotrexate 
is the fi rst-line adjuvant therapy. Such immunosuppressive 
medications often allow corticosteroid dosages to be reduced, 
but monitoring is required for their own side effects  [  13  ] . Oral 
therapy should be initiated at a dose of 7.5–10 mg/week and 
increased by 2.5 mg until the goal of 25 mg/week is reached. 
Intravenous immunoglobulin is used in refractory cases  [  10  ] . 

 There is an increase risk of malignancy in adults with 
DM, and it should always be excluded as the cause of these 
manifestations. The risk appears to be higher in patients 
diagnosed with DM after 45 years. The most common malig-
nancies associated with this disease are ovarian cancer, gas-
tric cancer, and lymphoma. Other reported malignancies 
include lung cancer, carcinoma of the male genital organ, 
nonmelanoma skin cancer, malignant melanoma, Kaposi’s 
sarcoma, and mycosis fungoides  [  10  ] . Thus, the diagnosis of 
this condition warrants a work up for malignancy initially 
aimed at the most commonly associated forms of cancer and 
should at least include a complete history and physical exam-
ination, chest radiograph, AST, ALT, CBC with differential, 
routine serum chemistry, stool guaiac, and urinalysis (includ-
ing myoglobulin)  [  10  ] . Poor prognostic factors include recal-
citrant disease, delayed diagnosis, older age, malignancy, 
fever, asthenia, anorexia, pulmonary interstitial fi brosis, dys-
phagia, and leukocytosis. Malignancy, cardiac dysfunction, 
pulmonary dysfunction, and infection are the most common 
causes of death. With early treatment, however, survival rates 
are as high 80% at 5 years  [  10  ] .   

   Scleroderma 

 Scleroderma is a multisystem disorder of unknown etiology, 
which presents major challenges for clinical management 
 [  14  ] . The sclerodermoid disorders comprise a heterogeneous 
group of conditions linked by the presence of thickened, 
sclerotic skin lesions  [  15  ] . These disorders can be divided 
into localized and systemic forms. 

   Systemic Sclerosis 

 Systemic sclerosis (SSc) is a systemic disease with the poten-
tial for multiple organ system involvement, including the 
gastrointestinal, cardiac, renal, and pulmonary systems  [  16  ] . 
There are three phases of skin thickening in systemic sclero-
sis: the edematous phase, the indurative phase, and the atro-
phic phase  [  15  ] . Raynaud’s phenomenon is observed in 
90–98% of scleroderma patients  [  17  ] . 

   Table 2    Classifi cation criteria for polymyositis and dermatomyositis   

 1. Skin lesions (heliotrope rash, Gottron’s sign, erythema on the 
extensor surface of extremity joints) 

 2. Proximal muscle weakness 
 3. Elevated serum creatine kinase or aldolase levels 
 4. Muscle pain on grasping or spontaneous pain 
 5. Myogenic changes in electromyography 
 6. Positive anti-Jo antibody 
 7. Nondestructive arthritis or arthralgias 
 8. Systemic infl ammatory sings (fever, elevated ESR, or CRP) 
 9. Pathologic fi ndings compatible with infl ammatory myositis. 

   ESR  erythrocyte sedimentation rate,  CRP  C-reactive protein 
 Patients presenting with the fi rst plus four of the fi ndings from two to 
nine are said to have dermatomyositis. If skin changes are absent, then 
the patient has polymyositis 
 Adapted from Koler RA, Montemarano A. Dermatomyositis. Am Fam 
Physician. 2001;64:1565–72  
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 In the edematous phase, there is edema (both pitting and 
non-pitting) of the fi ngers, dorsum hands, forearms, legs, 
feet, and face. This swelling is usually painless and may be 
associated with pruritus and hyper- or hypo-pigmentation. 
The patients complain of puffy fi ngers, especially in the 
morning  [  15  ] . 

 The indurative phase is characterized by tightened thick 
skin. The affected skin becomes increasingly shiny, taut, and 
tightly adherent to the subcutis. Transverse creases on the 
dorsum of the fi ngers disappear, and skinfolds over joints 
become widened. There is thinning of the epidermis leading 
to hair loss and decreased sweating. Facial changes include 
tightly pursed lips that lose their fullness, perioral subcutane-
ous fi brosis, and temporomandibular joint involvement that 
contribute to reduced oral aperture and radial furrowing 
around the mouth  [  18  ]  (Fig.  9 ). Another characteristic fi nd-
ing is leukoderma with perifollicular pigment retention 
(Fig.  10 ).   

 After several years, patients undergo an atrophic phase in 
which the thickened dermis softens and reverts to a normal 
thickness. At this stage, the dermis becomes fi rmly bound to 
the subcutaneous fat. The skin of the fi ngers may look nor-
mal, but on palpation, the skin is very taut  [  18  ] . 

 Systemic sclerosis can be further classifi ed into limited 
and diffuse disease based on the extent of skin involvement. 
Limited SSc is so named because skin involvement is limited 
to the hands and face, while a wider extent of skin involve-
ment is observed in diffuse SSc  [  19  ] . CREST syndrome is 

included in the limited scleroderma spectrum and is 
 composed of the combination of calcinosis, Raynaud’s 
 phenomenon, esophageal dysmotility, sclerodactyly, and 
telangiectasias, with skin involvement mainly limited to the 
face or fi ngers (Figs.  11  and  12 ). Diffuse cutaneous sclero-
derma involves larger areas of skin and progress more rap-
idly from the edematous phase to the indurative phase  [  18  ] . 
Rapidly progressive diffuse scleroderma carries a poor prog-
nosis and involves facial, truncal, extremity, and acral skin 
involvement along with extensive visceral organ involve-
ment. Survival is approximately 50% at 10 years  [  18  ] .   

 The skin affected by scleroderma is prone to ulceration 
and necrosis most commonly at the fi ngertips, secondary to 
ischemia from the obliterative vasculopathy and vasospasm 
associated with Raynaud’s phenomenon. Raynaud’s phenom-
enon is distinguished by cold-induced changes, typically a 
blanching that is followed by cyanosis and then a reactive 
hyperemia (Fig.  13 ). Patients with CREST syndrome or late 
stage diffuse systemic sclerosis frequently have subcutaneous 

  Fig. 9    Patient with systemic scleroderma: tightly pursed lips with peri-
oral furrowing       

  Fig. 10    ( a ,  b ) Patient with systemic scleroderma presenting with the 
characteristic salt and pepper pattern of pigmentation (leukoderma)       
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or infracutaneous calcinosis. These deposits occur mainly in 
the digital pads, but can also be found on other sites of repeti-
tive trauma  [  18  ] . The antinuclear antibody (ANA) is present 
in 90–95% of patients with systemic sclerosis. In diffuse sys-
temic sclerosis, anti-topoisomerase I (Scl-70) is more com-
mon than limited systemic sclerosis (20–30% versus 10–15%), 
whereas anti-centromere antibody is more common in lim-
ited systemic sclerosis (50–90% versus 5%)  [  18  ] .   

   Morphea or Localized Scleroderma 

 Morphea has multiple distinctive clinical presentations and 
different subsets, of which we will discuss the most com-
mon. There are many scleroderma-like diseases that can 
make the diagnosis diffi cult: eosinophilic fasciitis, connec-
tive tissue overlap syndromes, phenylketonuria, amyloidosis, 
scleromyxedema, carcinoid syndrome, insulin-dependent 
diabetic cheiroarthropathy, lichen sclerosis et atrophicus, 
and infi ltrating carcinomas  [  15  ] . 

 The different types of morphea include plaque and linear. 
Plaque morphea is the most common presentation and is 
characterized by one or a few oval, rounded areas of indura-
tion. They are usually located on the trunk or proximal 
extremities. Mild-to-moderate hyperpigmentation may be 
present in the early indurated phase. The plaques begin with 
erythema, and then develop a nonpitting edema and central 
loss of pigment, and fi nally dermal and fat fi brosis ensues, but 
the tissue remains freely movable. Limited plaque morphea is 
defi ned as involving only one or two anatomic sites, whereas 
generalized morphea involves more than two anatomic sites 
or plaques that start to become confl uent in some areas. The 
acral areas are almost never involved  [  18  ]  (Fig.  14 ).  

 Linear morphea occurs on the extremities or scalp as 
 single, linear, and unilateral bands. “En coup de sabre” is a 
form of linear morphea that referring to the involvement of 
the frontoparietal skin and is characterized by furrowing 

  Fig. 11    Patient with systemic scleroderma presenting with telangi-
ectasias of the hands       

  Fig. 12    Sclerodactyly       

  Fig. 13    Raynaud’s phenomenon. Affected patient presents with a 
 persistent bluish discoloration of the digits ( above ) compared with an 
unaffected person ( below )       

 

 

 



9Cutaneous Manifestations of Connective Tissue Diseases

of the skin of the scalp and forehead, usually in a vertical 
fashion  [  18  ]  (Fig.  15 ).  

 The histopathologic features of localized scleroderma/
morphea show variations depending on the stage of the 

 disease and the biopsy site. The peripheral violaceous border 
may show numerous infl ammatory cells, comprised chiefl y 
of lymphocytes and histiocytes scattered throughout the col-
lagen bundles. Initial changes in collagen are seen in the 
lower part of the dermis and subcutaneous tissues, but later 
affect the entire dermis; these changes include eosinophilia 
of the collagen, broadening of the collagen bundles, and 
diminished interbundle spaces. The progression of the dis-
ease is heralded by the disappearance of infl ammatory 
changes followed by hyalinization of the connective tissue. 
Sebaceous glands and hair structures become completely 
absent. Atrophic sweat glands (eccrine glands) become 
reduced in number and trapped between sclerotic collagen 
bundles in the dermis as the subcutaneous fat is replaced by 
collagen. Dermal blood vessels display thickened walls and 
narrowed lumens. Excessive sclerosis and hyalinization of 
connective tissue extends to the underlying fascia  [  20  ]  
(Fig.  16 ).   

   Classifi cation and Treatment 

 The American College of Rheumatology has developed a 
classifi cation criterion that is 97% sensitive and 98% specifi c 
for the diagnosis of systemic sclerosis. These criteria are 
summarized in Table  3 .  

 General measures, such as regular massages, warm com-
presses, protection from trauma and cold, avoidance of 
smoking, and reassurance are very important. For the treat-
ment of localized sclerotic skin, the use of ultraviolet A 
(UVA) appears to reduce the induration of these lesions. 

  Fig. 14    Generalized morphea. The atrophic plaques are widely distrib-
uted so as to become confl uent in some areas       

  Fig. 15    Linear morphea (“en coup de sabre”)       

  Fig. 16    Biopsy of a lesion of morphea shows that the biopsy maintains 
a “square” shape. There are superfi cial and deep perivascular infi ltrates 
of lymphocytes and plasma cells (not visible at this magnifi cation). The 
infl ammation can extend to the septa of the fat and the fascia. The col-
lagen bundles in the reticular dermis are thickened and arranged in a 
parallel fashion to the skin surface       
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Other treatment options include psoralen plus UVA irradia-
tion, topical photodynamic therapy, systemic corticosteroids, 
and oral calcitriol.  d -Penicillamine, low-dose methotrexate, 
sulfasalazine, topical calcipotriene, diphenylhydantoin (phe-
nytoin), clonidine hydrochloride, and antimalarials are also 
effective  [  20  ] . 

 There is no proven curative therapy for systemic sclerosis 
to date. Therapy is aimed at treating organ-specifi c compli-
cations of the disease. The most common include gastroe-
sophageal refl ux disease, for which proton pump inhibitors 
are recommended to aid in the prevention of strictures; scle-
roderma renal crisis, which should be suspected when 
patients develop hypertension, and is treated with angio-
tensin receptor blockers; Raynaud’s phenomenon, which 
responds to calcium channel blockers, and pulmonary hyper-
tension, for which bosentan is most commonly employed 
 [  18  ] . The survival rate of localized scleroderma/morphea is 
comparable to that of the general population  [  20  ] .   

   Rheumatoid Arthritis 

   Introduction 

 Rheumatoid arthritis (RA) is a systemic disease that affects the 
joints originally, with a gradual development of extra-articular 
manifestations involving other organs, particularly, the skin 
 [  21  ] . It is a chronic autoimmune infl ammatory arthritis, in 
which the extra-articular manifestations are generally related 
to a poor prognosis and more severe disease. RA affects 1% of 
the US adult population. It is a multifactorial disease where 
environment and genetics plays an essential role  [  22–  24  ] . 
Extra-articular features of RA, such as pericarditis, pleuritis, 
neuropathy, glomerulonephritis, interstitial lung disease, ane-
mia, thrombocytosis, etc. need to be recognized early and 
managed promptly. The cutaneous manifestations of different 
infl ammatory origins include vasculitis, neutrophilic pro-
cesses, and granulomatous dermatoses. Most of the  cutaneous 

manifestations correlate with disease activity, while others are 
nonspecifi c and unpredictable in nature. Occasionally, RA 
may overlap with other collagen diseases, most commonly 
with SLE and Sjogren’s syndrome  [  25,   26  ] . 

 The most important specifi c cutaneous lesions associated 
with rheumatoid arthritis are the classic rheumatoid nodules 
(CRN), rheumatoid nodulosis, accelerated rheumatoid nod-
ulosis (ARN), and vasculitis. Other less common lesions 
include pyoderma gangrenosum, interstitial granulomatous 
dermatitis with arthritis (IGDA), palisaded neutrophilic and 
granulomatous dermatitis, and neutrophilic dermatitis 
 associated with RA  [  26  ] . Nonspecifi c changes of the skin in 
RA include atrophy, fragility, easy bruisability, and the 
nails show longitudinal ridging (onychorrhexis), clubbing, 
telangiectasia, periungual erythema, onycholysis, or inver-
sion of the pterygium  [  26–  28  ] . 

 Most of the cutaneous lesions associated with RA have 
characteristic features that distinguish them and facilitates 
prompt clinical diagnosis which can be correlated with the 
histopathological changes. It is in this setting that the derma-
tologist can provide early assessment and contribute together 
with other specialties towards an expedient work-up, diagno-
sis, and appropriate treatment regimen. 

   Classic Rheumatoid Nodules 
 The CRN is skin colored, fi rm, movable, and non-tender 
 subcutaneous nodule with genetic predisposition in patients 
with severe, seropositive RA. It is the most common extra- 
articular manifestation in RA, particularly in white male 
patients with active disease  [  29,   30  ] . They present in approx-
imately 25–30% of patients with RA and 40% of all RF sero-
positive patients, yet even more frequently (up to 75%) in 
RA-associated Felty syndrome  [  25,   29–  31  ] . Rarely, in about 
6% of those with CRN, patients are RF seronegative, how-
ever, high RF factor levels correlate with an increased 
 frequency of RA nodules  [  32  ] . Genetics affect the role of the 
appearance of CRN, with HLA-DR4 haplotype most com-
monly observed in RA patients  [  33  ] . 

 Classic RA nodules usually present as a later manifesta-
tion of active arthritic disease, although occasionally is the 
initial manifestation. They are usually located on the exten-
sor surfaces of the arms as multiple or single lesions, as large 
as 5–6 cm to as small as 2 mm in diameter  [  25,   32  ]  (Fig.  17a ). 
Rheumatoid nodules have a predilection for the elbows and 
fi ngers and also occur on the palms and soles (uncomfortable 
but generally painless)  [  25  ]  (Fig.  17b ). They can become 
attached to tendons, bursa and periosteum, causing tender-
ness and discomfort in these regions  [  25  ] . The nodules have 
a tendency to occur in areas of trauma (possibly the inciting 
event) such as the forearms, fi ngers, occiput, back, interpha-
langeal joints, and heel  [  34  ] . Other involved areas include 
the sacral prominences, skull, ischial tuberosities, foot joints, 
ears, penis, and vulva. Rheumatoid nodules are not exclusive 

   Table 3    ACR classifi cation criteria for systemic sclerosis   

  Major criterion  
 1. Proximal diffuse (truncal) sclerosis (skin tightness, thickening, 

non-pitting induration) 
  Minor criteria  
 1. Sclerodactyly (only fi ngers and or toes) 
 2. Digital pitting scars or loss of substance of the fi nger pads 

(pulp loss) 
 3. Bilateral basilar pulmonary fi brosis 

  The patient should fulfi ll the major criterion or two of the three minor 
criteria 
 Adapted from Masi AT, Rodnan GP, et al. Preliminary criteria for the 
classifi cation of systemic sclerosis (scleroderma). Arthritis Rheum. 
1980;23:581–90  
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to the skin or to RA, but have also been described in such 
organs as the lung, sclera, pericardium, peritoneum, tendons, 
synovium, bones, heart, pharynx, vocal cords, kidney, 
breasts, and the nervous system and in other conditions such 
as lupus erythematosus, ankylosing spondylitis, and chronic 
active hepatitis, to name a few  [  35,   36  ] .  

 Histopathologically RA nodules show distinct granulo-
mas separated by scar tissue, each granuloma in different 
stages of maturity. The three characteristic stages include the 
acute infl ammatory, granulomatous, and necrotic stage. The 
initial stage is characterized by the infl ammation and prolif-
eration of capillaries surrounded by undifferentiated mono-
nuclear cells and fi broblasts  [  37  ] . Following, the second 
stage has the hallmark palisading granulomatous infi ltrates 
of mononuclear cells and macrophages at the periphery of 
the initial focus of granulation tissue. Finally, the third stage 
is characterized by a large central focus of fi brin and necrotic 
collagen with fi brinoid material, fragments of cellular organ-
elles, lymphocytes, and deposited hemoglobin. This inner 
necrotic zone is intensely eosinophilic, granular or fi brillary 
and surrounded by elongated histiocytes  [  38–  40  ] . 

 The exact pathogenesis of the rheumatoid nodules is not 
well understood, but it is probably due to a Th1-mediated 
mechanism  [  41  ] . Trauma has been implicated to play a role 
due to the neoangiogenesis and granulation tissue that it 
causes. Diagnosis is usually based on clinical fi ndings of 
symmetric infl ammatory polyarthritis, seropositive for RF, 
and extra-articular manifestations are highly suggestive. 
Diagnosis of the RA nodules is challenging, as the histologi-
cal appearance is often confused for necrobiosis lipoidica 
and granuloma annulare due to the necrobiotic granulomas. 
Clinically, these nodules are included in the differential 

 diagnosis with gouty tophi, fi bromas, subcutaneous sarcoi-
dosis, subcutaneous granuloma annulare, lupus panniculitis, 
metastatic tumors, amyloidosis, histoplasmosis, and epider-
moid cysts  [  25  ] . The rheumatoid nodules are usually benign 
and may regress or persist indefi nitely, but occasionally com-
plications occur. Infection, fi stula formation, ulceration, and 
gangrene are the most frequent complications after rupture 
of the skin overlying the subcutaneous nodules, requiring 
surgical excision  [  32  ] . Nodules are usually asymptomatic 
and more of a cosmetic problem than a medical necessity of 
treatment. Lesions should be left alone if asymptomatic and 
drained, injected or excised when symptomatic due to the 
high rates of recurrence  [  42  ] . Therapy by surgical excision is 
the treatment of choice when large nodules cause signifi cant 
pain, show ulcerations, or are associated with bursitis or 
damage to underlying structures  [  43  ] .  

   Accelerated Rheumatoid Nodulosis 
 ARN is the recognized complication of Methotrexate (MTX) 
therapy in patients with RA. It was fi rst described in 1986 by 
Kramer and Lee during a long-term study of MTX  [  44  ] . It is 
characterized by the new presence of numerous, small, and 
tender nodules on the hands, feet, and ears in patients with 
chronic RA undergoing treatment with MTX, even despite 
good clinical response to the treatment  [  45  ] . Recently, ARN 
has also been reported with the use of other drugs of the 
TNF-alpha inhibitor profi les such as etanercept (Enbrel) and 
infl iximab (brand name Remicade)  [  46,   47  ] . The incidence 
is approximately 8% of adult patients, whereas only 1.5% in 
Juvenile RA, on long-term treatment with MTX protocols 
for arthritis  [  48,   49  ] . It is most commonly found in males and 
in the areas such as the metacarpophalangeal and proximal 

  Fig. 17    ( a ,  b ) Rheumatoid 
nodules. Rheumatoid nodules 
have a predilection for the elbows 
and appear as skin colored, fi rm, 
and movable subcutaneous 
nodules       
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interphalangeal joints. It does not require the presence of 
previous classic rheumatoid nodules, although histologi-
cally, these lesions are the same as the classical rheumatoid 
 nodules  [  32  ] . Although the lesions are tender and multiple, 
80% are not associated with signifi cant discomfort or mor-
bidity thus allowing for the treatment regimen to persist in 
hopes of improved arthritis  [  33,   49  ] . 

 It has been postulated that the progression of ARN is 
caused by adenosine A1 receptor promotion of multinucle-
ated cell formation by human monocytes. The lesions may 
resolve once MTX is stopped and recur after rechallenged. 
The addition to other anti-infl ammatory drugs such as 
hydroxychloroquine,  d -penicillamine, colchicines, or sul-
fasalazine to MTX may decrease the cases of ARN or 
improve the already present lesions. These lesions tend to 
last an average of 3 years  [  49  ] .  

   Rheumatoid Nodulosis 
 Rheumatoid nodulosis (RN) is the condition that describes a 
specifi c variant of polyarthritis associated with severe sero-
positive RA, radiological subchondral bone cysts, and subcu-
taneous rheumatoid nodules. In some instances, skin nodules 
are the predominant sign with minor or even absent joint 
symptoms. RN was fi rst described in 1949 by Bywaters and 
later Ginsberg and coworkers received credit for the term RN 
for an intermittent arthritis associated with multiple rheuma-
toid nodules usually involving the hands and feet with 
intraosseous cystic changes  [  50,   51  ] . Couret and coworkers 
were the fi rst to compile the subsequent diagnostic criteria for 
RN: (1) multiple subcutaneous rheumatoid nodules confi rmed 
by biopsy, (2) recurrent joint symptoms with minimal clinical 
or radiological involvement, (3) a benign clinical course, and 
(4) mild or no systemic manifestations of RA  [  52  ] . It is impor-
tant to recognize that the cystic lesions in RN do not result in 
erosive arthritis  [  53  ] . RN patients are commonly males, 80% 
of the time, in the third to fi fth decades of life. It is not fre-
quently associated with HLA-DRB1 allele as in classical 
rheumatoid nodules and despite the almost exact histological 
presentation as rheumatoid nodules, the clinical course is 
benign and does not lead to the progression of classic erosive 
RA with systemic manifestations  [  49,   53  ] . RN is usually a 
self-limited and symptomatically controlled with non-steroi-
dal anti-infl ammatory drugs (NSAIDs) or with slow acting 
anti-RA drugs. Complete resolution with hydrochloroquine is 
recorded in the literature  [  54  ] . Surgical removal of the nod-
ules may be considered, whether they limit joint motion  [  49  ] .  

   Rheumatoid Vasculitis 
 Rheumatoid vasculitis is an infl ammatory condition of the 
small, medium, and large vessels that affect a sector of 
patients with RA. There are diverse cutaneous vasculitic 
manifestations clinically such as palpable and non-palpable 
purpura, erythematous nodules, ulcerations, livedo reticu-

laris, digital infacts and gangrene, atrophie blanche (AB), and 
nail fold telangiectasias. Rheumatoid vasculitis (RV) affects 
as many as 5% of RA patients  [  20,   55  ] . Despite a low preva-
lence rate, the systemic form of RV occurs more often than 
Wegener granulomatosis or polyarterits nodosa  [  20,   56  ] . 

 Cutaneous manifestations are the most frequent and often 
presenting extra-articular manifestation of RV, present in 
approximately 75–90% of RV patients  [  49,   56  ] . In about 
10% of RA patients, RV can appear as an acute painful 
punched-out leg ulcer along the lateral malleolus and pretib-
ial regions, attributable to vasculitis or the combination of 
both vasculitis and venous insuffi ciency  [  57  ] . Small vessel 
disease is characterized by periungual infarctions, localized 
petechiae or purpura and splinter hemorrhages. Splinter 
hemorrhages, also called Bywater lesions, are small, brown, 
purpuric and painless lesions on the nail fold, nail edge, or 
digital bulb  [  20  ]  (Fig.  18 ). Medium vessel disease can  present 

  Fig. 18    ( a ,  b ) Bywater lesions on the nail fold, nail edge, and digital 
bulb       
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with nodules, ulcers, livedo reticularis, or systemic symp-
toms. AB is classifi ed as a primary (occlusive process) or 
secondary, the latter of which can be related to connective 
tissue diseases such as RA, due to infl ammation within the 
superfi cial blood vessels. AB appears as smooth, scar-like, 
slightly depressed ivory-white patches with telangiectasia 
and hyperpigmention along the borders  [  58  ] . The systemic 
signs of RV are common and include sensory and motor neu-
ropathy in 50% of patients, hepatomegaly, splenomegaly, 
scleritis, pericarditis, arrhythmia   , carditis, pleuritis, protei-
nuria, bowel ulcers, alveolitis, hematuria, pleuritis, cerebral 
infarction, and an acute abdomen  [  55,   59  ] .  

 RV frequently occurs in seropositive RA patients, and 
rarely in RF seronegative patients, who have a protracted dis-
ease. The factors associated with RV include high titer of RF, 
joint erosions, male gender, and the presence of other extra-
articular manifestations, particularly rheumatoid nodules 
 [  55  ] . RV can be present before or at the time of RA diagno-
sis, although it is usually seen late in the course of the disease 
(an average of 10–14 years after the onset of arthritis). It is 
more common in men suffering from RA, with a 10–15% 
incidence in such cases  [  56  ] . 

 The variety of signifi cant skin manifestations and the lack 
of specifi c signs and symptoms make the diagnosis depen-
dent upon ruling out systemic conditions and on histological 
evidence of necrotizing vasculitis  [  60  ] . Biopies should be 
taken from the center of the lesions, except when the lesion 
is an ulcer, for which the biopsy should be taken from the 
border. The clinical diagnosis is established by the presence 
of RA plus one or more of the following: (1) mononeuritis 
multiplex, (2) peripheral gangrene, (3) presence of vasculitis 
in skin pathology, and (4) evidence of systemic involvement 
by RV  [  61  ] . Peripheral neuropathy, often seen as mononeuri-
tis multiplex, affects up to 40% of patients with RA and 
medium sized vasculitis, therefore, nerve conduction and 
sural nerve biopsies should be carried out. 

 Histopathologically there is a spectrum of continuous 
vascular involvement. RA vasculitis is an immune complex 
disease characterized by the presence IgG RF complex-
mediated vasculitis with high titers of C-reactive proteins 
and immunofl uorescence revealing C3 and IgM deposits in 
small and medium-sized vessel walls. When the vasculitis 
affects medium-sized vessel walls, it can resemble polyar-
teritis nodosa histologically by the infl ammatory necrotizing 
obliterative arteritis with focal panniculitis  [  20,   62  ] . 
Leukocytoclastic vasculitis, or dermal venulitis, is the most 
common presentation and shows a dense vascular infi ltration 
of neutrophils with the formation of nuclear dust (leukocyto-
clasis), red blood cell extravasation, and fi brinoid necrosis of 
vessel walls  [  62  ] . 

 Considerable morbidity and mortality arise in patients 
with RV, particularly those with a wide spectrum of cutaneous 
and systemic manifestations  [  20,   61  ] . The level of RF is often 

very high, reported to be greater than 1:2,560 in 38% of cases, 
and higher RF levels are associated with a higher mortality, as 
high as 43%  [  63  ] . The association with mononeuritis multi-
plex or bowel involvement has shown a fatal prognosis  [  62  ] . 
Due to this high mortality rate, aggressive therapeutic modal-
ities should be administered without delay. 

 Treatment usually consists of the combination of oral 
prednisone, intravenous methylprednisolone, and cyclophos-
phamide for systemic RV and is effective, fast acting and 
associated with a lower relapse rates and mortality. Other 
treatments options for mild to moderate disease include 
NSAID’s, azathioprine, mycophenolate mofetil, and 
cyclosporine  [  64  ] .  

   Pyoderma Gangrenosum 
 Pyoderma Gangrenosum (PG) has four clinical variants: 
(1) ulcerative, (2) bullous, (3) pustular, and (4) vegetative. 
PG occurs more frequently in patients with RA and is 
associated with the ulcerative form, most often with a 
seronegative polyarthritis  [  65  ] . Seropositive RA occurs 
with pyoderma gangrenosum in only 4–50% of patients 
 [  66,   67  ] . It is reported that more than a fourth of PG cases 
have an arthritic component, although associated PG 
lesions do not worsen the severity of the arthritis and is 
considered an independent disease process  [  68  ] . It occurs 
most often in women  [  66  ] . The pathogenesis is not well 
understood because PG is also seen in other immunologic 
conditions such as infl ammatory bowel disease and hema-
tologic diseases. 

 The lesion of PG is usually solitary and on the lower 
extremities (especially sites of trauma or irritation). It pro-
gresses from a tender, erythematous, or violaceous papule to 
a rapidly expanding ulcerative lesion with purulence, necro-
sis, and violaceous undermining ragged borders  [  20  ] . 20% of 
cases affect areas other than the lower extremities such as the 
face, arms, and trunk  [  66,   68  ] . The ulcerations can last for 
months to years and leave a resultant scar. Lesions can be as 
large as 10 cm in diameter  [  20  ] . 

 There is no characteristic morphology. Histopathology 
changes show a deep neutrophilic infi ltrate at the border of 
the ulcers with proliferation of vessels but no evidence of 
leukocytoclastic or non-thrombotic vasculitis  [  62,   68  ] . The 
differential diagnosis includes other vasculitis, mycobacte-
rial infections, halogenodermas (skin eruptions after expo-
sure to iodide, bromide, and fl uoride), deep fungal infections, 
facticial diseases, and syphilis  [  20  ] . 

 Small lesions may be treated conservatively with intrale-
sional steroids, topical antibiotics, and avoidance of trauma, 
although some may even resolve spontaneously  [  65  ] . Larger 
lesions should be treated with high-dose systemic prednisone 
to induce remission and/or with minocycline, cyclophosph-
amide, tacrolimus, clofazimine, chlorambucil infl iximab, 
cyclosporine, azathioprine, and dapsone  [  65,   69  ] .  
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   Interstitial Granulomatous Dermatitis 
with Arthritis 
 IGDA was fi rst described by Dykman et al. in 1965 for a 
linear palpable area extending from the axilla to the abdo-
men in RA patients; however, it was Ackerman who is 
responsible for the name IGDA  [  70,   71  ] . Although the etiol-
ogy is unknown, the relationship between the granulomatous 
dermatitis and arthritis is thought to be related to autoimmu-
nity; it has been associated with autoimmune thyroiditis, 
SLE, and lymphoproliferative disorders  [  72  ] . 

 The clinical setup of this condition is most often charac-
terized by a middle-aged woman with high RF titers and 
severe RA with fl uctuations between remission and fl ares. 
Interstitial granulomatous dermatitis can occur prior, during, 
or after the arthritis presents  [  72  ] . These patients usually 
have elevated ESR  [  73  ] . 

 The clinical fi ndings are linear, indurated, and subcutane-
ous cord such as lesions of the axilla and trunk which are 
often reported as painful and burning, thus also referred to as 
the “rope sign”  [  72,   74  ] . Occasionally, the lesions are pap-
ules, nodules, or plaques ranging from erythematous to 
violaceous color in the similar linear distribution  [  72,   73  ]  
(Fig.  19 ).  

 Histologically, the lesion shows diffuse interstitial and 
focal palisaded infi ltrates of lymphocytes, histiocytes, 
eosinophils, and neutrophils and with the degeneration of 
collagen found in the reticular dermis. The eruptions appear 
as an interstitial infi ltrate of histiocytes with neutrophils also 
described as leukocytoclastic vasculitis and histiocytic pali-
saded granulomas surrounding altered collagen and fi brin 
 [  62,   71,   72  ]  (Fig.  20 ). The differential diagnosis includes 
other palisading granulomas such as granuloma annulare, 
granulomatous slack skin, necrobiosis lipoidica, Blau syn-
drome, and interstitial granulomatous drug reactions  [  75  ] . 

Treatment options of IGDA include prednisone and NSAID’s, 
for which the results have been variable.   

   Palisaded Neutrophilic Granulomatous Dermatitis 
 Rheumatoid palisaded neutrophilic granulomatous dermati-
tis (PDGD), characterized by papules, plaques, nodules, and 
urticarial wheals over the extensor surface of the upper 
extremities and trunk and was fi rst described by Sangueza 
et al.  [  76  ] . These lesions are usually grouped, non-tender and 
non-pruritic and associated with severe and disabling RA. 
Similar to IGDA, RA can occur prior to, during, or after this 
dermatologic manifestation. This entity has been poorly 
defi ned and been given many different names. Histologically, 
there are extensive neutrophilic infi ltrates and occasional 
scant lymphocytes, eosinophils, and histiocytes without the 
evidence of leukocytoclastic vasculitis  [  77  ] . The differential 
diagnosis includes PG, Behcet syndrome, Sweet syndrome, 

  Fig. 19    Interstitial granulomatous dermatitis. Presenting with papules 
and nodules with a slight linear distribution       

  Fig. 20    ( a ,  b ) Histopathology of interstitial granulomatous dermatitis. 
Diffuse interstitial and focal palisading infi ltrates of lymphocytes, his-
tiocytes, eosinophils, and neutrophils and with the degeneration of col-
lagen found in the reticular dermis       
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and bowel-bypass syndrome  [  78  ] . The treatment is dapsone 
(or low-dose prednisone if allergic), and the clinical course 
may be protracted if therapy is not initiated.    

   Conclusion 

 Connective tissue diseases present a diagnostic challenge to 
physicians given the wide range of cutaneous manifestations 
and the fact that they are diagnosed by fulfi llment of specifi c 
criteria that encompass different organ systems. Therefore, it 
is important to consider these diseases and the constellation 
of clinical fi ndings with which they may present every time 
we see a patient with a skin rash to direct history and physi-
cal examination towards obtaining the appropriate diagnosis. 
By instituting early and adequate therapy, the serious com-
plications of these diseases can be avoided.      
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 The recognition and correct elucidation of the cutaneous 
signs of diseases that primarily affect the pulmonary system 
may assist the clinician in diagnosis and estimation of prog-
nosis. This chapter describes selected pulmonary diseases 
with distinctive cutaneous fi ndings. Often times in medicine, 
fi ndings on the skin may prove very helpful in exposing an 
underlying systemic condition. Pulmonary conditions can be 
particularly life threatening, and early detection and treat-
ment may impact the course of a patient’s life. In all fi elds of 
medicine, especially internal medicine, pneumology, neph-
rology, pediatrics, and dermatology, physicians can enhance 
their clinical profi ciency by better understanding the rare and 
common cutaneous manifestations of pulmonary diseases 
such as sarcoidosis, tuberculosis, Birt–Hogg–Dubé syn-
drome (BHDS), and cystic fi brosis. 

   Sarcoidosis 

 The variable, multi-systemic disease of sarcoidosis was fi rst 
described by Jonathan Hutchinson from England in 1875. 
Shortly after, in 1877, he described a patient with cutaneous 
sarcoidosis  [  1–  3  ] . In 1899, the Norwegian dermatologist 
Caesar Boeck from Norway was accredited for the word 
“sarcoidosis” and the histopathologic description of skin 
nodules characterized by “epithelioid cells with large pale 
nuclei and also a few giant cells” which he called “multiple 
benign sarcoid of the skin”  [  4,   5  ] . The etiology remains 
uncertain; however, several genetic polymorphisms are asso-
ciated with an increased risk of developing sarcoidosis, sug-
gesting that genetic susceptibility to sarcoidosis is probably 

polygenic  [  6  ] . Environmental factors may also modify the 
susceptibility to sarcoidosis. The pathogenesis of this condi-
tion involves a T-helper-1-mediated immune response to 
environmental antigens in a genetically susceptible host  [  6  ] .
The characteristic histologic feature of the non-infectious, 
non-caseating granulomas of sarcoidosis are the epithelioid 
tubercles (macrophages faced with chronic cytokine stimula-
tion differentiate into epithelioid cells) that are “naked,” in 
other words, there are few to no plasma cells or lymphocytes 
associated with the granuloma  [  5,   7  ] . 

 Pulmonary disease occurs in up to 90% of sarcoid patients, 
of which 90% are associated with hilar and/or paratracheal 
lymphadenopathy. Fibrosis with bronchiolectasis (dilatation 
of the bronchioles) and honeycombing of the lung paren-
chyma occurs in 25% of patients and is the most common 
mechanism responsible for pulmonary hypertension in these 
patients  [  5,   7  ] . Although the lung is the most common organ 
affected by the disease, there have been reports of skin 
involvement in approximately 25–35% of the patients  [  5,   8,   9  ] . 
Cutaneous sarcoidosis can represent a diagnostic challenge 
due to its widely variable morphologies; hence, it is often 
known as one of the great imitators in dermatology  [  10  ] . The 
presence of cutaneous manifestations in sarcoidosis has 
shown signifi cantly decreased time to diagnosis and can pro-
vide relevant prognostic implications. The importance of 
taking into account cutaneous sarcoidosis in the clinical dif-
ferential diagnosis of a given skin lesion depends on the sys-
temic involvement and the convenience of the skin as a tissue 
source for histologic analysis  [  9,   11  ] . 

 The cutaneous lesions of sarcoidosis are classifi ed in one of 
two ways: either specifi c, because of the presence of the hall-
mark naked sarcoid granulomas upon histologic evaluation, or 
nonspecifi c, because of the absence of such granulomas  [  9  ] . 
Specifi c lesions occur in 16% of patients and are associated 
with a poor prognosis or a chronic form of the disease  [  3,   12  ] . 
The most common specifi c lesions of cutaneous sarcoidosis 
include lupus pernio, infi ltrated plaques, macular and papular 
lesions, and subcutaneous nodules  [  13  ] . Other such lesions 
include scar sarcoidosis, alopecia,  ulcerative lesions, and 
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hypopigmented patches. Patients with  nonspecifi c lesions tend 
to have a good prognosis since these are mostly associated 
with an acute form of sarcoidosis. The most common nonspe-
cifi c lesion is erythema nodosum. Other forms include nail, 
mucosal, and childhood sarcoidosis  [  9  ] .  

   Specifi c Sarcoidosis 

   Lupus Pernio (Besnier–Boeck–Schaumann 
Disease) 

 The classic specifi c lesion of sarcoidosis is lupus pernio, fi rst 
described in 1889 by Besnier  [  14  ] . It is characterized by rela-
tively symmetric, violaceous, shiny, indurated, smooth, and 
doughy plaques and papules. The term “lupus” was used 
originally to describe lesions with an eroded appearance and 
the term “pernio” is used to describe the infl ammation caused 
upon exposure to the cold  [  14  ] . The violaceous color has 
often been described as having a cyanotic hue as that seen in 
frostbite. It is frequently found on the nose (especially the 
alar rim), earlobes, cheeks, and sometimes the fi ngers, areas 
primarily affected by cold weather (Fig.  1 ). It occurs more 
commonly in women and in patients with black skin  [  3,   11, 
  12,   15  ] . This persistent lesion is not painful and does not 
disturb the epidermis causing ulceration; however, the lesions 
are disfi guring and may erode into the underlying cartilage 
and bone. Even a small amount of little papules on the nose 
may be associated with granulomatous dissemination into 
the nasal mucosa and upper respiratory tract, resulting in 
ulcerations, masses, or even serious airway obstruction  [  16  ] . 
Lupus pernio is associated with the chronic form of sarcoi-
dosis and extra-pulmonary involvement  [  5,   9,   12,   16,   17  ] .  

 Lupus Pernio patients have lung involvement in 75% of 
the cases and upper respiratory tract involvement 50% of 

the time  [  7  ] . In addition, patients with lupus pernio have 
increased occurrence of lytic and cystic bone lesions under-
lying affected skin areas, especially the hands and feet, 
chronic uveitis, and fi brotic sarcoid in the kidneys and lacri-
mal glands  [  7,   18  ] .  

   Papules, Macules, Nodules, and Plaques 

 Granulomatous infi ltrates of the skin most commonly  present 
as persistent papules, nodules, or plaques. Papules, nodules, 
and maculopapular eruptions, as a group, are the most com-
mon cutaneous manifestations of sarcoidosis (Fig.  2 )  [  3  ] . 
They may be red-brown or yellow-brown with an erythema-
tous base, or violaceous in color and the surface is smooth 
due to the lack of epidermal involvement  [  1,   12  ] . They are 
most commonly found on the face, specifi cally the eyelids, 
periorbital area, and nasolabial folds, but are also common in 
other areas of the body such as the trunk, extremities, nape of 
the neck, and upper back  [  5,   9,   19  ] . Diascopy, a procedure 
used to study the lesions by compressing a slide against them, 
reveals blanching, and a yellowish brown or “apple-jelly” 
color, which is characteristic of sarcoidal skin  [  9,   13  ] .  

 Papules can evolve into plaques. Some plaques may show 
hyperpigmentation with scales and they commonly form an 
annular confi guration with central clearing (Figs.  3  and  4 ). 
When the plaques contain telangiectasias, or dilated blood 
vessels near the surface of the skin, it is called angiolupoid 
sarcoidosis  [  7,   19  ] . Sarcoid plaques are usually distributed 
symmetrically and bilaterally  [  8,   9  ] . It is important for a phy-
sician to be able to distinguish the presence of plaques because 
they are more likely to be associated with a chronic form of 
the disease  [  9,   13  ] . Since these lesions are often  elevated and 
crusted, they are more likely than papules to resolve with 
scarring  [  9,   13,   19  ] . A rare variant of the sarcoid plaques that 

  Fig. 1    ( a ,  b ) Lupus pernio. The cyanotic hue is characteristic. The earlobes, nose, and cheeks are affected areas most prone to perniosis. It may 
be disfi guring and destructive (origin of name lupus)       
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presents with scaly lesions on the knees and elbows is called 
psoriasiform plaques. It can be distinguished from true pso-
riasis by the fact that they heal with scarring  [  9,   13  ] .    

   Subcutaneous Nodules (Darier–Roussy) 

 The fi rst documented case of subcutaneous sarcoidosis was 
in 1904 by Darrier and Roussy  [  20,   21  ] . It encompasses 
12.0% of the specifi c lesions of sarcoidosis and it occurs in 
1.4–6.0% of patients who have systemic disease  [  9,   13,   22  ] . 
The peak incidence occurs during the fourth decade of age. 
The pathology of subcutaneous nodules are restricted to the 
subcutaneous tissue and does not affect the epidermis. These 

lesions can be painless or tender, fi rm, mobile, and the nodules 
vary from about 0.5 to 2.0 cm in diameter (Fig.  5 )  [  19  ] . They 
are mostly found on the extremities, specifi cally the fore-
arms, but may also be found on the trunk and face with a 
symmetric distribution. When the forearms are affected, the 
dorsum of the hand and the fi ngers tend to swell in a fusiform 
pattern  [  13,   20–  22  ] .  

 These skin lesions are the only subset of sarcoidosis fre-
quently (80%) associated with systemic disease, particularly 
bilateral hilar adenopathy. Despite the associated systemic 
disease, it usually resolves within several months and is not 
associated with a chronic fi brotic disease  [  3,   9,   13,   21,   23,   24  ] . 
Subcutaneous sarcoidosis has a consistent clinicopathologic 
presentation and usually appears at the beginning of the 
 disease. The confi rmatory diagnosis requires the detection 
of pannicular (fat lobules) sarcoid or epitheliod granulomas 
with minimal lymphocytic infl ammation and minimal septal 
involvement (Fig.  6 )  [  21,   24,   25  ] .   

   Scar Sarcoidosis 

 Scar sarcoidosis was fi rst described in 1899 by Caesar Boeck. 
It frequently presents in West Africans  [  26,   27  ] . Scar sarcoi-
dosis shows characteristic granulomatous invasion of previ-
ously traumatized skin or areas with imbedded foreign 
material, such as tattoos  [  3,   5,   23  ] . It often occurs with other 
cutaneous manifestations; however, it tends to occur near the 
beginning of the onset of sarcoidosis when the presence of 
pulmonary involvement may have not yet begun  [  13,   26  ] . 
Particular attention should be given to sites on the body such 
as areas for venipuncture access, previous Mantoux test sites, 

  Fig. 2    Sarcoidosis: papules and nodules.  Red-brown  nodules occur 
predominantly around the nose       

  Fig. 3    ( a ,  b ) Sarcoidosis: 
annular plaques. Plaques with an 
annular confi guration and central 
clearing affecting the face and 
arms       
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healed herpes zoster dermatomes, tattoos, post-cutaneous 
laser surgery areas, post-consecutive botox injection areas, 
and injury scars  [  26,   28,   29  ] . The old scars, often atrophic 
and hypopigmented, evolve into elevated, purple or red 
lesions with associated new nodules or plaques (Fig.  7 )  [  3,   9, 
  13,   19,   23  ] .   

  Fig. 4    ( a ,  b ) Sarcoidosis: plaques. A patient presenting with wide-
spread  red-brown  plaques occurring on the bilateral extremities. The 
trunk is a common site. Most of these patients have pulmonary involve-
ment, lymphadenopathy, and splenomegaly       

  Fig. 5    Sarcoidosis: subcutaneous nodules (Darier–Roussy)       

  Fig. 6    Histopathology of Darier–Roussy. Sarcoid granulomas in the 
inferior dermis and subcutaneous tissue       

  Fig. 7    Sarcoidosis associated with a scar. Granulomatous invasion 
of old scar tissue is particularly characteristic       
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   Alopecia 

 Sarcoidal alopecia is a type of secondary scarring alopecia 
 [  30  ] . It tends to commence on the fronto-parietal area and 
progress into the scalp as an atrophic, red, and scaly plaque 
of alopecia. It can easily be confused with cutaneous discoid 
lupus erythematosus because it also presents as an erythema-
tous, scaly, and atrophic plaque of alopecia  [  30,   31  ] . A biopsy 
is needed in such situations to differentiate between these 
two conditions histopathologically. These lesions present in 
various morphologies including macular lesions, scaly 
plaques, and infi ltrated nodules  [  9  ] . The few cases reported 
mostly involve African-American women, of which, also 
tend to have other cutaneous manifestations. Physicians 
should carefully evaluate the patient to rule out systemic 
 sarcoidosis after the diagnosis of scalp sarcoidosis is 
 established  [  30,   32  ] .  

   Ichthyosiform Sarcoidosis 

 An acquired ichthyosis secondary to sarcoidosis was fi rst 
described by Braverman in 1981  [  33  ] . Ichthyosis refers to 
dry and scaly skin due to a defect in keratinization. The clas-
sic presentation of this rare manifestation of sarcoidosis is 
nontender, adherent, pigmented, polygonal scales on the 
anterior lower limbs  [  33,   34  ] . Histopathology reveals the 
specifi c naked granuloma and ichthyosis vulgaris changes of 
the epidermis, such as compact orthokeratosis and a decrease 
or absence of the granular layer  [  34  ] . This subtype of sarcoi-
dosis is signifi cant due to its high association with systemic 
disease, where over 95% of reported cases have systemic 
involvement  [  33,   34  ] .  

   Hypopigmentation 

 The fi rst report of sarcoidosis hypopigmented macules was 
in 1963 by Thomas et al   .  [  35,   36  ] . Oftentimes, sarcoidosis on 
black or dark skin only presents with hypopigmented  papules, 
macules, or dermal nodules. They are most often found on 
the extremities. Since it may be the  presenting sign of the 
disease, it is important to recognize these lesions and rule out 
similar clinical presentations seen in vitiligo, pinta, post-
infl ammatory changes, and pityriasis versicolor  [  35,   36  ] . 
A biopsy showing dermal sarcoid granulomas is always con-
fi rmatory  [  9,   36  ] . The mechanism of action remains contro-
versial; however, a nutritional defi ciency in melanocytes, a 
fi xation artifact, or an increased susceptibility to damage of 
the mitochondria of melanocytes are postulated hypotheses 
 [  36–  38  ] .   

   Nonspecifi c Sarcoidosis 

   Erythema Nodosum 

 Erythema nodosum (EN) is the most common nonspecifi c 
cutaneous eruption of sarcoidosis  [  18  ] . It occurs in about 
10% of patients with sarcoidosis and usually resolves spon-
taneously within 6 weeks  [  5,   9,   39  ] . It is a painful disorder of 
the subcutaneous fat. The characteristic lesion is a tender, 
erythematous, poorly delineated subcutaneous nodule usu-
ally distributed in a symmetric pattern. The main causes of 
EN include idiopathic (55%), streptococcal pharyngitis 
(48%), sarcoidosis (25%), drugs (10%), pregnancy (5%), 
and enteropathies (4%)  [  40  ] . EN lesions typically occur on 
the anterior tibial surface, but can also be present on the 
extensor surface of the forearms, the thighs, and the trunk  [  3, 
  8,   40  ] . The nodules can vary from 1 to 10 cm in diameter. 
The essential histologic features are those of a septal pan-
niculitis where there is intense infl ammation of the deep der-
mis and fi brous septum with relative sparing of the fat 
lobules, without evidence of vasculitis  [  9,   40  ] . 

 In the 1950s, Lofgren and Lundback discovered the asso-
ciation between EN and bilateral hilar lymphadenopathy, 
now referred to as Löfgren’s syndrome  [  3  ] . Löfgren’s syn-
drome encompasses sarcoidosis with hilar adenopathy, pol-
yarthritis, and EN. Other symptoms may include fever or 
ocular involvement. This syndrome, similar to the EN sarcoid 
patients, has a good prognosis due to the association with an 
acute or transient form of the disease  [  3,   8,   9,   13,   40  ] .   

   Other 

   Nail, Mucosal, and Childhood Sarcoidosis 

 Some of the most unusual manifestations of sarcoidosis are 
those lesions involving in the nails or mucosa, as well as pre-
senting with disease manifestations as a child. Nail sarcoido-
sis fi ndings include clubbing, subungual hyperkeratosis, 
brittleness, pitting, discoloration, and onycholysis. Nail 
involvement is indicative of the chronic form of the disease 
and is considered a specifi c lesion because of the presence of 
the hallmark non-caseating granulomas upon histologic 
examination  [  2,   7,   9  ] . 

 Mucosal sarcoidosis presents as granulomatous lesions 
affecting the oral, nasal, anal, and, less frequently, the genital 
mucosa. The most common presentation is nodules of the 
buccal mucosa, gingival tissue, tongue, lips, hard palate, and 
salivary glands  [  7,   9  ] . 

 Sarcoidosis is uncommon in adolescents and children. 
In the case of children ranging from 9 to 15 years, the disease 
presents with the same lesions adults exhibit, except  erythema 
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nodosum and lupus pernio. In children younger than 6 years, 
sarcoidosis has the characteristic triad presentation of skin 
lesions, arthritis, and uveitis. The fi rst manifestation is cuta-
neous: erythematous maculopapular rash on the extremities 
which later becomes generalized. The pulmonary manifesta-
tions are rare, but when present, include stage one changes 
on chest radiographs (bilateral hilar lymphadenopathy with-
out infi ltration). Childhood sarcoidosis can be easily con-
fused with polyarticular rheumatoid juvenile arthritis and 
Blau’s syndrome (however Blau’s syndrome does not involve 
the lung), so it is important for the physician to carefully 
distinguish between the three  [  7,   9  ] . 

   Treatment 
 The fi rst-line treatment of choice is corticosteroids, either in 
the topical, intralesional, or oral from. The cutaneous lesions 
in sarcoidosis are not life threatening and the therapeutic 
regimen should be dependent and adjusted according to the 
progression and severity of the disease. The most mutilated 
skin lesions should be injected with triamcinolone acetonide 
weekly. The traditional treatment of systemic disease is oral 
prednisone at a dose of 1 mg/kg/day for 4–6 weeks, usually 
20–40 mg in daily divided doses, followed by tapering of the 
dose over the following months. The alternate day use of 
prednisone for maintenance therapy has proven to be just as 
effective as the daily dose regimen  [  9,   12,   21  ] . 

 Chronic skin lesions tend to respond well to chloroquine 
(250–500 mg/day) and hydroxychloroquine (200–400 mg/day) 
antimalarial drugs, but one must be cautious for serious side 
effects such as retinopathy and blindness. Chloroquine can also 
be used intralesionally once a month. Other treatment options 
include the following: methotrexate (15 mg/week), thalidomide 
(50–300 mg/day), infl iximab and allopurinol (100–300 mg/day), 
to mention a few  [  9,   12,   21  ] . 

 Lupus pernio and disfi guring skin plaques have been 
treated successfully in some patients with laser treatments 
such as pulsed-dye and the CO 

2
  laser, however, as with all 

medications, not all patients respond the same. Cosmetic 
options should be taken into consideration due to the social 
and psychological impact such cutaneous lesions can have 
on a patient  [  16,   41  ] .    

   Tuberculosis 

 Théophile Laennec, from France, especially known for his 
invention of the stethoscope, can also be recognized for his 
elucidation of the pathogenesis and the description of the 
physical fi ndings in pulmonary disease of tuberculosis at the 
beginning of the nineteenth century (1819). Laennec 
described a “prosecutor wart” in 1826, the fi rst reported 
example of cutaneous tuberculosis  [  42,   43  ] . The German 
physician and scientist, Dr. Robert Koch, discovered the 

 etiology of tuberculosis, the infectious bacillus bacteria. 
He was awarded a Nobel Prize for his discovery in 1905 and 
became known as the “father of bacteriology”  [  44  ] . 

 Tuberculosis presents a signifi cant public health issue 
with 8–9 million new infections annually. The World Health 
Organization estimates that approximately one-third of the 
world’s population is affected, and claims about 3 million 
lives a year  [  45  ] . TB has become the most common cause of 
death in AIDS-infected patients and is considered a true 
AIDS-defi ning illness in patients infected with human immu-
nodefi ciency virus (HIV) by the Center for Disease Control 
(CDC)  [  46,   47  ] . An estimated 15 million people are co-
infected with HIV and  Mycobacterium tuberculosis , and 
6,00,000 of the 3 million HIV deaths in 2003 were specifi -
cally ascribed to TB  [  45,   48  ] . 

 Tuberculosis was a major problem in the late nineteenth 
century but declined due to improved hygiene, improved 
 living standards, use of BCG immunization, and the intro-
duction of chemotherapy  [  49  ] . However, there has been a 
resurgence of TB since the 1980s, for which, the Centers for 
Disease Control and Prevention attributes to several factors, 
including HIV infection, TB among foreign-born immi-
grants, the rise of drug-resistant TB, and the decline of TB 
control programs  [  48,   50  ] . In developing countries, contrib-
uting issues include shortages of healthcare facilities with 
appropriate diagnostic equipment, reduced access to treat-
ment, and poor treatment compliance among patients who 
often resort to traditional medicine  [  51  ] . The global inci-
dence of TB is increasing at a rate of 1.1% per year, fueled 
primarily by countries in sub-Saharan Africa and the former 
Soviet Union  [  52  ] . In addition, the recent FDA approval of 
biologic therapies for plaque psoriasis and other autoimmune 
diseases has introduced dermatologists into the management 
and screening of TB infections. Biologic agents, especially 
etanercept, infl iximab, alefacept, efalizumab, and adali-
mumab, are known to cause reactivation TB due to the sup-
pression of the cell-mediated immune response  [  48  ] . The 
ability to detect tuberculosis of the skin will serve as a valu-
able skill in the rapid detection and realization of therapy for 
physicians of the twenty-fi rst century. 

 The disease primarily affects the lungs due to the trans-
mission via droplets of respiratory secretions. Since 
TB-causing bacteria are obligate aerobes, they are able to 
remain suspended in the air for hours (droplet nuclei) and 
survive in well-ventilated alveoli  [  53  ] . Pulmonary mac-
rophages swallow up the TB organisms in the alveolar spaces 
and then migrate to draining regional lymph nodes to initiate 
a cell-mediated immune response to contain the infection. 
The introduction of TB into the lungs is asymptomatic in the 
majority of patients and without radiographic changes, but 
later develops into a chronic non-productive cough. The pri-
mary disease may also present with constitutional symptoms 
such as fever, weight loss, night sweats, anorexia, and  malaise 
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 [  54,   55  ] . Primary infections are traditionally characterized 
by any pneumonic infi ltrate (granuloma) in the middle or 
lower lung zones (Ghon focus), especially a circular shape, 
associated with an ipsilateral hilar or mediastinal adenopa-
thy, together known as the primary complex. A reactivation 
of TB, in contrast, classically has cavitary lesions in the 
upper lobes of the lung  [  48  ] . 

 Systemic involvement in tuberculosis is commonly asso-
ciated with cutaneous TB. The incidence of skin tuberculo-
sis is gradually rising in both developing and developed 
countries parallel to systemic TB. It remains to be one of the 
most elusive and more diffi cult diseases to diagnose  [  56  ] . 
The incidence of systemic tuberculosis in children is around 
26% and up to 35% in adults  [  57,   58  ] . Extra-pulmonary 
manifestations of TB account for approximately 13.7% of 
cases, and this percent may be much higher in patients co-
infected with HIV  [  47  ] . Cutaneous manifestations of TB are 
very rare and only represent 1.5% of all extra-pulmonary 
forms of TB  [  42,   59,   60  ] . Several published studies have 
revealed that cutaneous TB is best diagnosed using a com-
prehensive work up of the patient in which histologic study 
of the skin biopsy specimen is most essential  [  61  ] . Skin 
lesions are distinguished by whether  M. tuberculosis  is 
revealed upon acid-fast bacilli (AFB) stains, culture, or poly-
merase chain reaction (PCR). Lesions that in fact demon-
strate the presence of  M. tuberculosis  are classifi ed as true 
cutaneous tuberculosis. True cutaneous tuberculosis can be 
acquired exogenously or endogenously and includes such 

lesions as tuberculous chancre, tuberculosis verrucosa cutis 
(TVC), lupus vulgaris (LV), scrofuloderma, miliary tubercu-
losis, orifi cial tuberculosis, and gummatous tuberculosis. 
Tuberculids, on the other hand, do not reveal  M. tuberculosis  
on AFB stains, culture, or PCR and are defi ned as cutaneous 
hypersensitivity reactions to an underlying focus of tubercu-
losis  [  42  ] . The tuberculids include lichen scrofulosorum, 
erythema induratum of Bazin (EIB), tuberculonecrotic tuber-
culid, and nodular tuberculid  [  49,   59  ] . 

 Cutaneous lesions of tuberculosis can also be attributed to 
another strain of bacteria, specifi cally  M. bovis , or even by 
the BCG vaccine which is an attenuated form of the former 
 [  49  ] . The major difference is that  M. bovis  infection is spread 
from animals to humans, most frequently through infected 
milk products  [  62  ]  (Table  1    ).   

   True Cutaneous Tuberculosis 

   Endogenously Acquired Disease 

   Lupus Vulgaris 
 LV is the most common form of cutaneous tuberculosis in 
most countries, especially in India and Africa  [  63–  66  ] . Up to 
40% of LV cases are associated with lymphadenitis and up to 
20% involve the lungs and bones  [  65  ] . Its pathogenesis is mul-
tifactorial: direct inoculation, BCG vaccination, contiguous, 
lymphatic, and hematogenous route of infection  [  49,   65  ] . 

   Table 1    Cutaneous manifestations of tuberculosis   

 Disease  Infection  Clinical presentation  Dermatopathology  Culture 
  True cutaneous TB  
 Lupus vulgaris  H,L,C, BCG 

vaccine, direct 
 Types: Plaque, hypertrophic, ulcerative, 
or painless papulonodule that ulcerates 
with adenopathy 

 +/− Tuberculoid granuloma  +/− (Direct+) 

 Scrofuloderma  C  Nodule over affected lymph node, 
ulcerates 

 Necrosis, abscess, bacilli  + 

 Miliary TB  H  Copious discrete pinpoint papules  Microabscesses, many bacilli  + 
 Orifi cial TB  Auto-inoculation  Nodules, painful punched-out ulcers  Tuberculoid granuloma, many 

bacilli 
 + 

 TB chancre  D (exogenous)  Painless papulonodule, ulcerates, 
adenopathy 

 Acute infl ammation, reaction 
granuloma, many bacilli 

 + 

 TB verrucosa cutis  D (exogenous)  Papule, verrucous plaque with soft center  Tuberculoid granuloma  +/− 
  Tuberculids  
 Lichen scrofulosorum  H  Perifollicular lichenoid papules in clusters 

on the trunk, heals without scarring 
 Tuberculoid granuloma in 
papillary dermis 

 – 

 Erythema induratum of 
Bazin 

 H  Indurated, ulcerated erythematous nodules 
of calf veins healing with atrophic scars 

 Tuberculoid granuloma, lobular 
panniculitis 

 – 

 Papulonecrotic tuberculid  H  Small papules, crust, ulcerates  Wedge-shaped necrosis  – 
 Nodular tuberculid  H  1–2 cm nodules, non-ulcerating, 

red-blue in color, lower extremities 
 Granulomatous vasculitis at the 
junction of the dermis and 
subcutaneous fat 

 – 

  Derived from Tables I, II, and III in Cutaneous tuberculosis diagnosis and treatment. Am J Clin Dermatol 2002;3:319–28 
  H  Hematogenous,  L  lymphatic,  C  contiguous,  D  direct, + positive, − negative, +/− may or may not be present  
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 The lesions may present in a variety of morphologies 
including the classic plaque or keratotic type (gelatinous), 
the hypertrophic form (tumor-like soft nodule), the ulcerative 
form (necrosis), and the vegetative form (papule with ulcer-
ation and necrosis). The plaque form is the most common 
form of LV, accounting for 32% of cases  [  42,   57  ] . It initially 
presents as asymptomatic, fl at, red-brown papules and 
plaques. It progresses into slowly expanding skin-colored or 
erythematous plaques with deep tiny nodules arising near the 
margins of the plaque. On diascopy, the nodules are seen as 
yellow-brown macules (the characteristic “apple-jelly” 
color). The expanding plaque has an atrophic center with a 
raised red-brown border, occasionally with scaling  [  67  ] . The 
ulcerative form is the most destructive and deforming of all 
LV lesions because the underlying tissue becomes ulcerated 
and necrotic, leaving behind an atrophic scar. It can be espe-
cially destructive, if the auricular or nasal cartilage is 
involved. Finally, the vegetative form is similar to the ulcer-
ative form in that it is characterized by necrosis and ulcer-
ation; however, there is minimal scarring left behind  [  49, 
  59  ] . After many decades with the disease, squamous cell car-
cinoma may develop in the lupus vulgaris lesion  [  67,   68  ] . 

 The areas in the body where these lesions appear vary 
among different places in the world. In Western countries, LV 
is most commonly seen on the neck and face, especially the 
nose and cheeks, and rarely involves the mucous membranes 
 [  69  ] . In the tropics and developing countries, on the other 
hand, where kids play without protective clothing, it occurs 
most often on the lower extremities and buttocks  [  42,   49  ] . 

 As a consequence of the developed antibodies due to pre-
vious exposure to the organism, LV is exceptionally chronic 
with a slow and destructive progression. It occurs in patients 
with moderate to high immunity against  M. tuberculosis , as 
evidenced by a strongly positive tuberculin test  [  70  ] . Since 
lupus vulgaris is a paucibacillary form of tuberculous infec-
tion, the culture is often negative and the diagnosis is mainly 
based on the histopathological appearance and the response 
to chemotherapy  [  59  ] . 

 The histopathologic examination shows the hallmark tuber-
cles, which consist of accumulations of epithelioid histiocytes 
with Langerhans giant cells and varying amount of caseation 
necrosis in the center  [  71  ] . A signifi cant fi nding also includes 
fi brosis of the dermis due to the chronic long-standing course 
with intermittent episodes of healing. Neither caseation necro-
sis nor tuberculoid granulomas are pathognomonic because 
deep fungal infections, syphilis, and leprosy can show similar 
histological features. It is the additional clinical criteria that is 
helpful in the differential diagnosis, such as the soft texture of 
the lesions, the brownish-red color, the slow progression, and 
the apple-jelly nodules revealed by diascopy  [  71  ] .  

   Scrofuloderma 
 Scrofuloderma, also known as tuberculosis cutis colliqua-
tiva, arises from the extension of underlying tubercle bacilli 

from an infected lymph node, bone, joint, or epididymis to 
the overlying skin in patients with a weak immune response 
 [  69,   72,   73  ] . This is the most common cutaneous TB in chil-
dren and it is more common in girls than in boys  [  42,   57,   66, 
  69  ] . It has been postulated that the consumption of unboiled/
unpasteurized milk is a common occurrence around the 
world that leads to the  M. bovis  infestation of the cervical 
lymph nodes  [  49,   66,   69,   72,   73  ] . 

 Scrofuloderma initially presents as a red-brown profound 
nodule overlying the site of the deeper infection. The nodule 
becomes indurated and forms an abscess. Over a period of 
months, it begins to ulcerate, eventually forming the hall-
mark sinus tracts that drain watery, purulent, or caseous 
material  [  49,   60,   72  ] .The ulcers are shallow with undermined 
blue-colored borders. Healing forms an elongated scar or 
keloid, the characteristic puckered scar  [  49,   59,   60  ] . 

 The presence of scrofuloderma suggests a systemic TB 
infection, especially pulmonary involvement  [  49,   59,   66, 
  69  ] . The incidence of systemic involvement in adults with 
scrofuloderma is 35%  [  58  ] .The most commonly affected 
area is the neck, but may also occur on the axillae, chest, or 
groin  [  66,   69,   72–  74  ] . At times, lupus vulgaris may arise 
from scrofuloderma. This form of cutaneous TB may take 
several years to spontaneously heal  [  49,   59,   71  ] . 

 Gummatous TB is another cutaneous tuberculosis lesion, 
indistinguishable from scrofuloderma. It is also referred to as 
metastatic tuberculous abscesses that arise on the trunk, 
extremities, or head  [  46,   47,   49,   54,   59,   74  ] . It occurs after 
dissemination of an active infection, usually in seasons of 
low immunologic resistance, as occurs with undernourished 
children or immunosuppressed patients.  

   Acute Miliary Tuberculosis 
 Acute miliary tuberculosis is the extensive dissemination of  
M. tuberculosis  due to hematogenous spread. It is a rare presen-
tation encompassing 1–3% of all TB cases. The internal focus 
of the active disease most commonly originates from the lungs. 
This rare form of TB has become increasingly common among 
HIV-infected patients. The fi rst documented case that presented 
with cutaneous fi ndings was reported in 1990 in an AIDS 
patient  [  75  ] . Patients with acute miliary TB usually have a seri-
ous systemic infection, especially those with AIDS because of 
their extreme CD4 +  T cell depletion. As a result, they have a 
poor prognosis, with many cases leading to death  [  49,   59  ] . 

 The cutaneous manifestations consists of widespread 
 discrete blue-red to brown-colored papules, pustules, pur-
pura, and uncommonly, umbilicated vesicles  [  49,   60,   71–  73  ] .
The vesicles may either rupture or dry with a crust that later 
develops into an ulcer. By the fourth week, the lesions are 
usually healed with remaining white atrophic scars that have 
a surrounding brown halo  [  49,   71,   72  ] . Histology confi rms 
the diagnosis, revealing multiple microabscesses with neu-
trophils and numerous AFB organisms surrounded by mac-
rophages and giant cells  [  49,   60  ] .  



25Cutaneous Manifestations of Pulmonary Disease

   Orifi cial Tuberculosis 
 Orifi cial tuberculosis, also known as tuberculosis cutis 
 orifi cialis, is an atypical manifestation of TB that usually 
occurs in patients with advanced infection of the lungs, intes-
tine, or genito-urinary tract. Recognizing this cutaneous 
lesion is signifi cant because it indicates advanced internal 
disease and poor prognosis. It presents as red- or yellow-
colored nodules that ulcerate around the mucosal orifi ces, 
such as on the lips, inside the mouth, or on the anogenital 
region. These painful ulcers have an irregular circular shape, 
with an undermined border and a shallow, punched-out, and 
granulomatous appearance. It spreads to infect the mucosa or 
orifi cial skin by means of autoinoculation, where an active 
infection drains to the nearest orifi ce  [  49,   59  ] . An active TB 
infection of the lungs and pharynx tends to manifest in the 
mouth, whereas infection of the intestines manifests in the 
anus orifi ce  [  49,   59,   60,   74  ] . Perianal tuberculosis is believed 
to be a consequence of auto-inoculation from swallowed 
bacilli-containing sputum through defects in the perianal 
mucosa  [  71  ] .   

   Exogenously Acquired Disease 

   Tuberculous Chancre 
 The tuberculous chancre, also known as the primary inocula-
tion tuberculosis, is seen following primary infection with 
 M. tuberculosis , in other words, the patient is nonsensitized 
or non-immune (initially negative purifi ed protein derivative 
test)  [  49,   59,   60  ] . It accounts for 1–2% of cutaneous TB  [  46, 
  47,   49,   54,   59  ] . The tubercle bacilli cannot penetrate intact 
skin, thus only after the patient suffers some sort of skin 
trauma or minor abrasion can the organism infi ltrate and 
cause infection. It has also been reported to occur post-
mouth-to-mouth resuscitation, jail-house tattooing, circum-
cision, piercings, and in health care workers  [  49,   72  ] . 

 The chancre appears 2–4 weeks after inoculation as a 
reddish- brown papulonodular lesion, which quickly grows 
and erodes  [  49,   59  ] . The resultant shallow ulcer is painless, 
with an indurated granular base. The borders of the ulcer are 
well defi ned, blue-red in color, and have an undermined 
appearance. Sometimes the border has scattered pustules 
and the edge may have an adherent crust on the surface  [  68, 
  71,   72,   76  ] . When the chancre is coupled with regional 
lymphadenopathy, usually 3–8 weeks after inoculation, it 
accounts for what is known as primary tuberculous complex 
 [  71  ] . These lesions appear primarily on the face and extremi-
ties and are able to heal without treatment after several 
months, but may leave an atrophic scar. Treating this condi-
tion with anti-tuberculous medications can not only prevent 
scarring, but can also avoid the evolution of these lesions 
into Tuberculosis Verrucosa Cutis (TVC), lupus vulgaris, or 
scrofuloderma  [  49,   59,   72,   73  ] . Histologically, it initially 

reveals nonspecifi c infl ammation and later, after the devel-
opment of adenopathy, a granulomatous pattern with scat-
tered bacilli can be seen  [  62,   72  ] . 

 After the bacilli Calmette-Guerin (BCG) vaccination, a 
sore may persist, on the upper outer arm, which imitates the 
TB chancre, but is referred to as a BCG granuloma. It tends 
to occur 2–6 weeks after vaccination. It appears as a small 
solitary brown nodule or papule that ulcerates, scabs, and 
heals as a scar  [  62,   72  ] .  

   Tuberculosis Verrucosa Cutis 
 TVC results from a reinfection with  M. tuberculosis  or 
 M. bovis  by direct inoculation (through abrasions or wounds). 
Unlike the chancre, these patients are previously sensitized 
and have strongly positive PPD’s; therefore, BCG vaccina-
tion would be futile  [  49,   74,   77  ] . Since this cutaneous mani-
festation entails reinfection, it occurs most often in those 
who have occupational exposure, such as physicians 
 (especially pathologists or forensic scientists), other medical 
personnel, or butchers  [  49,   62,   68  ] . This cutaneous variant of 
TB occurs in patients with strong cell-mediated immunity. 

 The lesion fi rst appears as a small, solitary, asymptomatic, 
and reddish-brown papule that progresses into a large, irreg-
ular verrucous plaque  [  49,   60  ] . The margins are fi rm while 
the center is soft, and there is a surrounding erythematous 
border. There are deep fi ssures on the surface which often 
expel pus  [  49,   59  ] . TVC is found most commonly on the 
lower limbs and buttocks in eastern countries and on the dor-
sal hands in western countries  [  77  ] . There have been cases 
where it appears on the face or around the anus  [  74  ] . They 
persist for several years (slow growing and chronic in nature), 
but they eventually heal spontaneously with an atrophic scar 
 [  49,   77  ] . 

 Histology reveals hyperkeratosis and papillomatosis of 
the epidermis. The dermis contains tuberculoid granulomas 
with necrosis and occasional acid-fast bacilli  [  49,   60  ] .    

   Tuberculids 

 Tuberculids are due to an immune response to the antigenic 
component of  M. tuberculosis , often described as a hyper-
sensitivity reaction. They are characterized by negative 
smears and cultures, but strong positive PPD reactivity. No 
bacilli are seen in the lesions due to the rapid destruction in 
the skin by the high immune system of the patient  [  49,   78, 
  79  ] . The skin lesions are numerous and distributed sym-
metrically. In 1896, Jean Darier introduced the term tuber-
culid to designate papular and nodular skin outbreaks that 
spontaneously  involute and recur in individuals with a pre-
vious history of active TB  [  49,   79  ] . Histologically, all tuber-
culids share a granulomatous infl ammation, necrosis, and 
vasculitis  [  49  ] . 
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   Lichen Scrofulosorum 

 Lichen scrofulosorum (LS) has been reported as the most 
common form of tuberculids and the most common cutane-
ous manifestation of TB in children. It was fi rst described by 
Hebra in 1868 and it accounts for about 8% of all patients 
with cutaneous tuberculosis. This form of cutaneous TB is 
associated with the infection of the lungs, lymph nodes, or 
bones  [  42,   49,   74,   80,   81  ] . The lesions of LS usually appear 
on the trunk and proximal extremities as asymptomatic, 
lichenoid, fi rm follicular, and parafollicular papules. 
Micropustules and central adherent crust may also be pres-
ent, but scaling is minimal or absent. Lesions may coalesce 
to form annular or discoid plaques  [  82  ] . The papules have a 
yellow-brown or pink color  [  7,   42,   49,   60,   78  ] . Upon histo-
logic evaluation, there is evidence of dermal non-caseating 
granulomas around the hair follicles and sweat ducts. These 
lesions heal spontaneously without scarring after several 
months  [  49,   59,   74  ] . Lichen scrofulosorum needs to be dif-
ferentiated from similar follicular disorders such as keratosis 
pilaris, lichen spinulosus, lichen nitidus, pityriasis rubra 
pilaris, and lichenoid sarcoidosis  [  42  ] .  

   Erythema Induratum of Bazin 

 EIB, also known as nodular vasculitis, was fi rst described in 
1861 by Ernest Bazin  [  83,   84  ] . About 15% of EIB cases are 
associated with lung disease  [  85  ] . This form of cutaneous 
TB is one of the most common types of tuberculids among 
patients, the typical patient being a middle-aged woman with 
fatty or heavy legs characterized by some degree of venous 
insuffi ciency  [  65,   79,   86,   87  ] . It describes a tuberculid 
response manifesting with fl ares of indurated violaceous 
nodules of the calves that tend to ulcerate and then recur 
every 3–4 months  [  79,   88,   89  ] . The lesions appear bilaterally 
on the posterior calves, or, in rare occasions on the thighs or 
arms  [  49,   59  ] . There are four common histologic fi ndings 
involving the deep subcutaneous fat including septal pan-
niculitis, fat tissue necrosis, vasculitis, and caseating granu-
lomas  [  74,   89  ] . Healing usually occurs spontaneously after 
several months with postinfl ammatory hyperpigmentation 
and atrophic scarring. The differential diagnosis for such 
lesions includes nodular vasculitis, perniosis, polyarteritis 
nodosa, and erythema nodosum  [  88  ] .  

   Papulonecrotic Tuberculid 

 Papulonecrotic tuberculid presents as multiple, painless, and 
scattered pustular or necrotizing papules on the extensor aspects 
of the extremities and buttocks of children or adolescents. 
These dusky-red papules become necrotic and leave behind a 

hyperpigmented atrophic scar or may even progress to lupus 
vulgaris  [  89  ] . These lesions occasionally coexist with EIB  [  79  ] . 
Histologic examination reveals the presence of vasculitis and 
wedge-shaped areas of necrosis or infarction  [  59,   71  ] .  

   Nodular Tuberculid 

 Nodular tuberculid, the fourth and most recent adoption to 
the tuberculid family, was described in 1997 in Japan by Hara 
as a nodular thickening along the course of the veins  [  89–  91  ] . 
The nodules are 1 and 2 cm in diameter, non-ulcerating, red-
blue in color, and predominately occur on the lower extremi-
ties  [  89  ] . Nodular tuberculid has a characteristic histological 
pattern: a granulomatous vasculitis at the junction of the der-
mis and subcutaneous fat, between the superfi cial papulone-
crotic tuberculid (papillary dermis) and the deep EIB 
(subcutaneous fat)  [  89,   91  ] . It has been previously called 
“nodular granulomatous phlebitis” and has remarkable simi-
larities with superfi cial migratory thrombophlebitis. 

   Treatment 
 The treatment regimens used for pulmonary tuberculosis are 
suffi cient for treating cutaneous tuberculosis because the 
bacillary load is much smaller in cutaneous tuberculosis than 
in pulmonary tuberculosis  [  49  ] . The Centers for Disease 
Control and Prevention recommends a two phase treatment 
schedule: an intense initial phase with isoniazid, rifampin, 
pyrazinamide and either ethambutol or streptomycin for 8 
weeks and a fi nal continuation stage of isoniazid and rifampin 
for 16 weeks. The initial phase is meant to quickly destroy a 
large number of living organisms and the second mainte-
nance phase is meant to kill the remaining persistent organ-
isms  [  60,   71  ] . The treatment should be continued for at least 
2 months after the cutaneous lesions have entirely regressed 
due to the fact that viable organisms can be cultured from 
clinically healed lesions. Surgical excision is a useful adjunct 
to the management in scrofuloderma and the localized lesions 
of verrucosa cutis and lupus vulgaris  [  71,   81  ] . Lupoid nod-
ules in areas of scar tissue can be eliminated with electrocau-
tery or cryotherapy  [  49,   73  ] .    

   Birt–Hogg–Dubé Syndrome 

 BHDS was fi rst described in 1977 by the Canadian physicians 
Birt, Hogg, and Dubé  [  92,   93  ] . BHDS is a rare, autosomal 
dominant predisposition to the development of benign skin 
tumors, lung cysts, and spontaneous pneumothorax. Also, 
there is a strong association with renal cancers, often multiple 
and bilateral, and detected at a median age of 51  [  94  ] . BHDS 
is caused by a mutation of the folliculin gene (FLCN) 
whose product is a novel protein with tumor suppressor 
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effects  [  94  ] . The folliculin gene lies within the chromosome 
band 17p11.2. This genodermatosis is characterized by a large 
spectrum of mutations and clinical heterogeneity. It is thought 
to be associated with colonic neoplastic polyps, medullary car-
cinoma of the thyroid, and connective tissue nevi. Eighty-four 
percent of BHDS patients have lung cysts on CT imaging and 
38% of patients have a history of pneumothorax. The skin 
lesions usually develop during the third or fourth decades of 
life. The three skin lesions originally described in the BHDS 
include fi brofolliculomas, trichodiscomas, and acrochordons 
(skin tags). Ninety percent of families with BHDS had indi-
viduals with multiple histologically confi rmed fi brofolliculo-
mas  [  95  ] . All these three associated skin lesions are small, fi rm, 
papular, and painless. There can be several to over a hundred 
papules that develop gradually over the scalp, face, neck, upper 
chest, back, popliteal fossa, and antecubital fossa. It is impor-
tant to be able to recognize these three benign skin lesions 
associated with this syndrome as it may aid in a more rapid 
detection of renal carcinoma or a spontaneous pneumothorax, 
ensuing in possible better prognosis and decreased mortality 
 [  92,   93,   95  ] . 

   Fibrofolliculoma 

 A fi brofolliculoma is a benign tumor developing from the 
hair follicle. They are small, fl esh, or pale yellow-colored 
papules measuring 2–4 mm in diameter. Histologically, they 
are circumscribed proliferations of collagen and fi broblasts 
that surround the distorted hair follicles. The inside of the 
hair follicle is packed with keratinous debris or a hair shaft, 
appearing as a dilated cyst. This is surrounded by abundant 
loose connective tissue full of elastic fi bers, fi ne collagen, 
and numerous vessels  [  7,   19,   96  ] .  

   Trichodiscomas 

 Trichodiscomas cannot be distinguished from fi brofolliculo-
mas based on clinical inspection. Both are 2–4 mm, white or 
fl esh colored, smooth, and dome-shaped papules. A trichodis-
coma, however, is a benign tumor or hamartoma of the hair 
disk, which is now considered a non-existent structure. 
Trichodiscomas are today considered to be fi brofolliculomas or 
perifollicular fi bromas. In the superfi cial dermis there is a loose 
myxoid stroma and spindle cell proliferation  [  93,   95,   96  ] .  

   Acrochordons 

 Acrochordons are also known as skin tags, cutaneous papil-
loma, soft fi bromas, and fi broepithelial polyps. Acrochordons 
are tiny raised or pedunculated pigmented soft papules, with 

a tan or brown color. Most acrochordons in BHDS are smaller 
than usual, about 1–2 mm in diameter. The polyps are 
 histologically characterized by mature keratinizing squamous 
epithelium overlying a fi brovascular core with papillomato-
sis and hyperkeratosis  [  93,   95,   96  ] .   

   Cystic Fibrosis 

 Cystic fi brosis is an autosomal recessive disorder reported in 
1/1,500 live births in Northern American and Northern 
European Caucasian populations  [  97  ] . The mutated gene, 
called the cystic fi brosis transmembrane conductance regula-
tor (CFTR), is the reason for the abnormal ion transport. 
Approximately 90% of children with cystic fi brosis present 
with classic pulmonary or gastrointestinal symptoms, such 
as cough, dyspnea, or steatorrhea  [  98  ] . The cutaneous mani-
festations that have been reported are nonspecifi c, yet may 
be important initial presentations which include: wrinkling, 
cutaneous vasculitis, and cystic fi brosis nutrient defi ciency 
dermatitis (CFNDD) or an acrodermatitis enteropathica-like 
eruption. 

 Premature skin wrinkling subsequent to water exposure is 
a primary consequence of cystic fi brosis. It is due to the 
increased concentration of electrolytes in the sweat, creating 
an aquagenic    skin wrinkling effect  [  97,   99–  101  ] . It presents 
clinically as poorly demarcated edematous white papules 
and plaques of the palms and soles that develop after expo-
sure to water. 

 The vasculitis, a secondary sequela, most commonly 
presents with a recurrent macular purpura that progresses to 
palpable purpura on the lower extremities  [  97,   102–  105  ] . 
Urticarial vasculitis and bullae secondary to vasculitis have 
also been reported  [  102,   103,   106,   107  ] . Intermittent arthral-
gias have been associated with such skin lesions  [  102,   105, 
  108  ] . In these patients, vasculitic dermatoses are associated 
with exacerbations of pulmonary symptoms  [  23  ] . The mech-
anism of action of such vasculitic lesions has been shown to 
be due to antigens from bacteria, antibiotics, and from pan-
creatic enzyme supplements because they lead to increased 
circulating immune complexes  [  102,   104,   107,   109–  111  ] . 

 Rarely, cystic fi brosis may present with CFNDD, a pri-
mary and secondary sequela, presenting at 2 weeks to 6 
months of age. The skin involvement commences in the 
perineum, perioral, and periorbital regions as erythematous 
papules that subsequently spread to the extremities over 
weeks to months and progress to desquamating plaques  [  97, 
  98,   112–  116  ] . This cutaneous manifestation is typically 
coexistent with failure to thrive, hypoproteinemia, and edema 
prior to any pulmonary manifestations  [  117–  120  ] . It can be 
differentiated from acrodermatitis enteropathica due to the 
normal mucous membranes and nails, and the lack of involve-
ment of the skin folds  [  97,   112–  114  ] .      
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 Chronic kidney disease (CKD) is very common among 
 internal medicine patients. In the majority of cases, the skin 
is affected in some way. In this chapter, we discuss some of 
the cutaneous signs and symptoms associated with CKD, as 
well as some of the cutaneous syndromes. The clinical and 
histological features, pathogenesis, diagnostic evaluation, 
and management of uremic pruritus, calciphylaxis, benign 
nodular calcifi cation, nephrogenic systemic fi brosis, and 
bullous disease of hemodialysis are also discussed. 

   Introduction 

 Renal insuffi ciency is a commonly encountered problem in 
internal medicine patients. A large proportion of patients 
with kidney disease frequently report cutaneous signs and 
symptoms. In patients with acute renal failure, only edema 
and uremic frost are seen. Uremic frost results in cases of 
extreme uremia from the deposition on the skin of urea crys-
tals excreted from sweat, and has the appearance of crystal-
line white powder. With the widespread availability of 
hemodialysis (HD), it is now rare. In chronic kidney disease 
(CKD), however, there are a wide variety of cutaneous 
manifestations.  

   General Changes 

 General changes in the skin of patients with CKD include 
xerosis, nail changes and pigmentation changes. The cause 
of the xerosis has been thought to be from a combination of 
sweat gland atrophy  [  1,   2  ] , fl uid shifts during dialysis, and 

altered vitamin A metabolism  [  3  ] . Nail changes include thin-
ness, subungal hemorrhages, Lindsey’s or half-and-half nails 
(normal in distal 50% and white in the proximal 50%), and 
Terry’s nails (only the distal 20% is normal). The skin in 
patients with CKD is often pale, secondary to anemia. It may 
also take on a grayish yellow discoloration because of accu-
mulated carotenoid and nitrogenous pigments in the dermis. 
A brown-gray discoloration can result from hemosiderin 
deposition secondary to iron overload from repeated blood 
transfusions, and hyperpigmentation can result from an 
increase in beta-melanocyte stimulating hormone, which is 
diffi cult to dialyse  [  4–  6  ] . In the rest of this chapter, we will 
be discussing some of the other manifestations and  clinical 
syndromes that can be found on the skin of renal patients.  

   Uremic Pruritus 

 Pruritus is a very common and frustrating complaint among 
patients with CKD, affecting up to 60% of hemodialysis 
patients  [  7–  11  ] . It is associated with a higher mortality in 
patients with end stage renal disease (ESRD)  [  11  ] . Clinically 
these patients present with autoinduced excoriations on the 
trunk and extremities (Fig.  1 ). Typical lesions associated 
with scratching that are observed in these patients include: 
lichen simplex (localized lichenifi cation, plaques of varying 
size often appearing at the extensor surface of forearms, 
inguinal, scrotal, and anogenital areas), prurigo nodularis 
(brown nodules covered by crusts, scales and abrasions), 
and keratotic papules (red or violaceous lesions with central 
plug often appearing on extensor surface of limbs)  [  12  ] . 
Histopathological examination of tissue is usually not help-
ful in these cases to determine the cause of the pruritus or for 
diagnosis.  

 The etiology of pruritus in ESRD is still unclear, but 
 multiple factors have been identifi ed as possible culprits, so 
it is suspected that the etiology of uremic pruritus is multi-
factorial. How each factor contributes to the symptom of 
pruritus is still unclear. The release of histamine from skin 
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mast cells causes the pruritus  [  13,   14  ] . It is suspected that 
ESRD patients are sensitized to antigens to which they are 
exposed during HD  [  15  ] . The perception of pruritus is 
thought to be controlled by neural pathways mediated by 
opioid receptors  [  16  ] . Strong correlations have been found 
between pruritus and secondary hyperparathyroidism, dry 
skin from sweat gland atrophy  [  17–  19  ] , elevated phosphate 
levels  [  20,   21  ] , inadequate hemodialysis  [  22,   23  ] , increased 
beta 2 microglobulin levels  [  22  ] , anemia or decreased eryth-
ropoietin levels  [  13  ] , increased aluminum levels  [  24  ] , and 
immune dysfunction  [  25  ] . 

 Ensuring adequate dialyzation and good control of plasma 
calcium and phosphate concentrations are a priority when 
monitoring ESRD patients  [  23,   26  ] . Symptom control can 
be attempted with antihistamines, ultraviolet B light  [  13  ] , 
erythropoietin administration, opioid antagonists, topical 
capsaicin, oral evening primrose oil, gabapentin, oral gran-
isetron, and polymethylmethacrylate dialysis membranes 
 [  14,   18,   27–      37  ] . More research is needed to establish the 
relative effi cacy of these treatments. Some experts recom-
mend a combination of erythropoietin, UVB light, and anti-
histamines; however, an optimum regimen is yet to be 
determined  [  7  ] .  

   Calcinosis Cutis 

 In chronic renal failure, there is impaired renal clearance of 
phosphate, vitamin D defi ciency, and hyperparathyroidism, 
all of which lead to a high calcium phosphate solubility prod-
uct, with the subsequent deposition of calcium salts in tis-
sues  [  38  ] . When calcium deposits in small vessels, it can 
result in calciphylaxis via thrombosis of vessels. When it 

deposits in the dermis or subcutaneous tissues, calcinosis 
cutis (benign nodular calcifi cation) can result. 

 The incidence and prevalence of calcinosis cutis in renal 
disease is not known. It is characterized by fi rm and whitish 
papules, plaques, and nodules. They can be tender and restrict 
joint mobility, and sometimes they can ulcerate and exude a 
chalky white material  [  38,   39  ] . 

 There are several types of calcinosis cutis. The type most 
often associated with CKD is metastatic calcinosis cutis, 
which is characterized by the widespread, symmetrical depo-
sition of calcium around large joints and fi ngertips  [  39  ] . 
Dystrophic calcifi cation, which is characterized by calcium 
deposits at sites of tissue injury, has been described in at least 
one case report  [  40  ] . Iatrogenic calcinosis cutis can happen 
as a result of a medical treatment or procedure. It has been 
described in at least two case reports in renal patients using 
low molecular weight heparin, with lesions developing at the 
site of injection  [  41,   42  ] . It can also happen following paren-
teral administration of calcium or phosphate, and in the 
 setting of tumor lysis syndrome (which leads to tissue dam-
age from the chemotherapy, and the release of phosphate 
from tissues)  [  43  ] . 

 Diagnosis is made with skin biopsy, which demonstrates 
calcium deposits in the dermis and sometimes in the subcuta-
neous tissue. Sometimes, associated foreign-body giant cell 
reaction can be observed  [  43  ] . There are several case reports 
of fi ne needle aspiration of nodules done when malignancy 
was suspected, in which calcinosis cutis was diagnosed 
instead  [  44–  46  ] . Workup can include bone scan and plain 
radiography to evaluate the extent of involvement with calci-
nosis cutis. Calcium, phosphate, alkaline phosphatase, blood 
urea nitrogen, creatinine, albumin, parathyroid hormone 
(PTH) levels, and vitamin D levels should be obtained  [  43  ] . 

  Fig. 1    ( a ,  b ) Uremic pruritus. 
A renal insuffi ciency patient 
whose generalized itch manifested 
with multiple excoriations       
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 Treatment when the disease is associated with CKD 
revolves around normalizing the calcium phosphate product. 
This can be done with dietary restriction of phosphorus, 
phosphate binders, and parathyroidectomy  [  39  ] . Other treat-
ments include the use of the calcium channel blocker 
 diltiazem  [  47–  49  ] , intralesional corticosteroids, probenecid, 
colchicine, warfarin, sodium etidronate  [  43  ] , and myo- 
inositol hexaphosphonate  [  50,   51  ] . Surgical removal of 
lesions can be performed when indicated for pain control, 
infection, ulceration, or functional impairment  [  43  ] .  

   Calciphylaxis 

 Calciphylaxis, also known as “calcifi c uremic arteriolopa-
thy,” is characterized by medial calcifi cation of arteries, lead-
ing to ischemia and skin necrosis  [  52  ] . Although still rare, it 
has been increasing in incidence, probably secondary to the 
use of calcium-based phosphate binders and vitamin D ana-
logs in the treatment of associated hyperparathyroidism in 
renal patients  [  53  ] . A cross-sectional study of HD patients 
placed its prevalence at 4%  [  54  ] . It is most common among 
patients with ESRD or who have undergone renal transplant 
 [  53,   55–  59  ] , but has been described in patients with other 
conditions, including breast cancer, systemic lupus erythe-
matosus, and liver cirrhosis  [  60–  67  ] . 

 The pathogenesis of calciphylaxis is poorly understood. 
Hyperphosphatemia, hypercalcemia, hyperparathyroidism, 
and vitamin D administration are thought to be implicated 
 [  52  ] . Additional suspects are obesity  [  58  ] , hypercoagulable 
states  [  71–  74  ] , and defi ciencies of inhibitors of vascular cal-
cifi cation such as fetuin-A and matrix Gla protein  [  75–  81  ] . 

 Calciphylaxis is characterized by the appearance of fi rm, 
bilateral, symmetric, painful violaceous plaques, and subcu-
taneous nodules, often with associated livedo reticularis. 
They are often preceded by fl accid or hemorrhagic bullae 
and can progress to necrotic ulcers with eschars (Fig.  2 )  [  39  ] . 
Peripheral pulses are usually preserved distal to the areas of 
necrosis  [  39  ] . They tend to be located on the trunk, buttocks, 
and proximal extremities, and can also occur distally  [  58  ] . 
Myopathy, hypotension, fever, dementia, and infarction of 
the central nervous system, bowel or myocardium have also 
been observed as a result of systemic calciphylaxis  [  68  ] .  

 Histological examination of affected dermal and subcutane-
ous tissue demonstrates medial calcifi cation and intimal hyper-
plasia of small arteries and arterioles, as well as fi brin thrombi 
within the calcifi ed vessels. Ischemic necrosis can be found in 
the overlying epidermis  [  39  ] . An acute and chronic calcifying 
septal panniculitis can also be seen (Fig.  3 )  [  69  ] . Other modali-
ties such as a bone scan study may aid in the diagnosis, but the 
sensitivity and specifi city of this modality for diagnosis is 
unclear  [  52  ] . Radiography, specifi cally with the mammogra-
phy technique, can also help confi rm the diagnosis  [  70  ] .  

 Calciphylaxis is associated with a high mortality, with 
estimates ranging from 58 to 80%, and is most commonly 
caused by superinfection of the lesions  [  39,   53,   55  ] . Negative 
prognostic features include proximal lesions and advanced 
disease at time of diagnosis. When the lesions occur distally, 
the patient has a better prognosis  [  82  ] . 

  Fig. 2    Calciphylaxis lesions which have progressed to necrotic ulcers 
with eschar.  Picture courtesy of Mayo Clinic        

  Fig. 3    Calciphylaxis affecting subcutaneous tissue: extravascular cal-
cifi cation with prominent fat necrosis can be seen in the panniculus       
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 Management includes aggressive wound care, pain  control, 
and avoidance of tissue trauma  [  52  ] . Control of plasma cal-
cium and phosphate levels is also important  [  83  ] . Non-
calcium-containing phosphate binders are preferred  [  84–  86  ] . 
Cinacalcet (parathyroid gland calcimimetic) or parathyroidec-
tomy is recommended for the normalization of PTH levels 
 [  87–  92  ] . Other interventions may include increasing the num-
ber of sessions of renal replacement therapy  [  85  ] , discontinu-
ation of warfarin (the activity of matrix Gla protein depends 
on vitamin K carboxylation), and lowering the dose of immu-
nosuppresion in renal transplant patients who are refractory to 
the above interventions  [  52  ] . New therapies being evaluated 
include intravenous sodium thiosulfate   [  93–  97  ] , biphospho-
nates  [  98 ], hyperbaric oxygen therapy  [  96,   97,   99,   100  ] , and 
prednisone (for non-ulcerating plaques)  [  53  ] .  

   Nephrogenic Systemic Fibrosis 

 In the late 1990s, a condition characterized by thickening 
and hardening of the skin was identifi ed in patients with 
ESRD  [  101–  103  ] . It was initially termed “nephrogenic fi bro-
sing dermopathy,” but the name was changed to “nephro-
genic systemic fi brosis” (NSF) after fi brosis was identifi ed in 
other organs  [  104  ] . By December 2006, the International 
NSF Registry at Yale University had 215 cases that had been 
reported  [  105  ] . It occurs only in patients with advanced kid-
ney disease, has no gender or racial predilection, and occurs 
predominantly in adults  [  106–  110  ] . 

 Skin involvement is present in all patients with NSF. 
Lesions tend to be symmetrical, bilateral, fi brotic papules, 
plaques, or subcutaneous nodules (Fig.  4 ); they are some-
times erythematous, pruritic, and painful  [  111–  113  ] . The 
lesions start peripherally in the extremities, and then move 
proximally. They may involve the abdominal wall and, in 
rare cases, the head  [  107,   114,   115  ] . Sclerodactyly and loss 

of skin appendages of the dorsum of hands and legs may 
occur. Joint mobility can be lost secondary to fi brosis of the 
overlying skin  [  104,   107,   111  ] . Systemic involvement occurs 
in some patients and may include fi brosis of muscles, lungs, 
diaphragm, myocardium, pericardium, pleura, and dura 
mater  [  108,   111,   116–  119  ] . Yellow scleral plaques are a 
common fi nding  [  105,   109  ] .  

 NSF appears to be a new disease, and its pathogenesis is 
still not well understood. Activation of the transforming 
growth factor-beta (TGF- b ) pathway resulting in an increase 
in circulating fi brocytes is thought to contribute to the tissue 
fi brosis  [  109,   115,   120,   121  ] . These events might be initiated 
by an outside agent, such as a new toxin. Epidemiological 
evidence shows an association of NSF with exposure to 
 gadolinium-containing contrast agents  [  122,   123  ] . Gado-
linium (Gd) is used during magnetic resonance (MR) imag-
ing studies as a contrast agent, and its half-life is markedly 
increased in ESRD. Evidence from observational studies 
points to a temporal relationship between NSF and Gd expo-
sure  [  105,   122–  127      ] . In addition, Gd deposits have been 
found in tissue from patients with NSF  [  128–  131  ] . 

 In a recent study, Altun et al. identifi ed a signifi cant 
decrease in the incidence of NSF in tertiary care centers of 
two universities following the switch from gadodiamine to 
gadobenate dimeglumine and gadopentetate dimeglumine, 
as well as the adoption of restrictive gadolinium-based con-
trast agent (GBCA) policies for patients who underwent 
gadolinium-enhanced studies. The absence of NSF cases in 
the postadoption period may refl ect the effect of the use of 
different GBCAs on the incidence of NSF  [  132  ] . Given the 
association of Gd with NSF, the United States Food and Drug 
Administration issued a boxed warning on all Gd-based con-
trast agents warning about the risk for NSF recommending 
the avoidance of Gd in patients with advanced kidney dis-
ease, or prompt HD after the study if Gd must be used 
 [  151  ] . 

 Other associations include proinfl ammatory events (e.g., 
major surgery, infection, etc.), elevated PTH levels, erythro-
poietin therapy, fi stula reconstruction, dialysis catheter place-
ment, and kidney or liver transplantation  [  109,   133–  137  ] . 

 The diagnosis is made by tissue biopsy. Light microscopy 
reveals proliferation of dermal fi brocytes in early cases, 
and marked thickening of the dermis and abundant prolifera-
tion of fi brocytes with long dendritic processes in advanced 
cases. Thick collagen bundles with clefts and increases in 
mucin and elastic fi bers in the dermis are also seen. 
Immunohistochemical staining shows a proliferation of 
CD34+ cells in the dermis, and an increased number of 
CD68+ and factor XIII+ dendritic cells. The lesions may 
extend into the subcutaneous tissue  [  105,   108,   111,   138  ] . 
A deep incisional or punch biopsy is recommended as the 
changes may not only extend into the subcutaneous tissues, 
but also include the muscle  [  109,   139  ] . 

  Fig. 4    Nephrogenic systemic fi brosis. Indurated and hyperpigmented 
plaques affecting the bilateral extremities in a patient with renal 
insuffi ciency       
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 Pulmonary function tests, two-dimensional echocardiog-
raphy, and muscle biopsy may be obtained to evaluate for 
systemic involvement  [  115,   140  ] . Differential diagnoses 
include systemic sclerosis, scleromyxedema, and eosino-
philic fasciitis. 

 NSF appears to run a chronic course in most patients 
 [  109,   115,   120,   125,   138,   141  ] . A fulminant form has been 
described in 5% of patients. Remission of NSF has been seen 
in some patients who recovered renal function  [  109,   110, 
  115,   120  ] . 

 Extracorporeal photopheresis, ultraviolet A phototherapy, 
plasmapheresis, photodynamic therapy, pentoxifylline, intra-
venous sodium thiosulfate, and high-dose intravenous 
immune globulin have all been used as therapy in small series 
or case reports with some promising results, but more 
 information is needed to determine an appropriate therapy 
 [  103,   117,   125,   137,   142–  150  ] . Intensive physical therapy is 
recommended to manage disability related to joint  contractures 
 [  145  ] .   Currently, the best recommendation is prevention.  

   Bullous Disease of Hemodialysis 

 Vesicles and bullae in patients on renal replacement therapy 
can occur in the setting of severe elevation of porphyrin lev-
els (porphyria cutanea tarda), or when the levels are normal 
to minimally elevated (pseudoporphyria). 

   Porphyria Cutanea Tarda 

 The majority of the cases of porphyria cutanea tarda (PCT) 
are associated with acquired defi ciencies in the hepatic 
enzyme uroporphyrinogen decarboxylase (URO-D), which 
leads to the accumulation of photosensitive porphyrins. 
However, it has also been documented in patients with 
ESRD on chronic hemodialysis, in which the following 
mechanisms for the development of PCT have been sug-
gested: (1) decreased URO-D activity due to suppressive 
effects of hepatotoxins and iron and (2) inadequate porphy-
rin clearance by renal replacement therapies  [  152  ] , as por-
phyrins are poorly dialyzable with either standard 
hemodialysis (HD) or peritoneal dialysis  [  153  ] . This can 
lead to very high levels of porphyrins, occasionally exceed-
ing 200  m g/dl  [  154  ] . Likewise, the deposition of porphyrins 
in the skin can result in photosensitivity and subepidermal 
bullae (Fig.  5 )  [  155,   157,   158  ] .  

 On histopathology, one can see a characteristic subepider-
mal blister. A scant perivascular infi ltrate and an edematous 
dermal papilla can be seen (Fig.  6 ). On direct immunofl uores-
cence of the dermoepidermal junction, one can see 
 immunoglobulin G, immunoglobulin A, immunoglobulin M, 
fi brin, and complement around the dermal venules  [  158,   159  ] .  

 Management involves administration of recombinant 
erythropoietin with or without phlebotomy  [  160–  162  ] . High-
fl ux HD can be effective in removing porphyrins  [  163  ] . 
Deferoxamine and plasma exchange have been used with 
success in some patients  [  164,   165  ] . Chloroquine is ineffec-
tive because renal failure precludes the excretion of excess 
porphyrins mobilized by chloroquine  [  156,   166  ] .  

   Pseudoporphyria 

 Pseudoporphyria (bullous dermatosis of dialysis) is charac-
terized by cutaneous fragility and blistering in sun-exposed 
areas in patients with renal insuffi ciency, in the setting of 
normal or mildly elevated porphyrin levels. Prevalence 
according to several European studies ranges from 1 to 16% 
 [  167–  170  ] . 

  Fig. 5    Bullae, erosions, and scaring on the dorsum of the hands in a 
patient with porphyria       

  Fig. 6    A biopsy of a patient with porphyria cutanea tarda showing a 
characteristic subepidermal blister formation with the preservation of 
the papillary dermis accompanied by minimal perivascular infi ltrate       
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 In pseudoporphyria, vesicles or bullae are seen with clear 
or hemorrhagic fl uid mostly in the dorsum of hands, and can 
also be seen in the scalp, face, and neck. Lesions develop in 
skin that is subjected to sunlight or incidental trauma and in 
patients who have been on HD for months to years  [  171  ] . 
Although the pathophysiology is not well understood, there 
are several theories as to the cause of pseudoporphyria. 
Porphyrin photosensitization may occur in those with mildly 
elevated porphyrin levels  [  172  ] . It has been postulated that 
patients may also become photosensitized by compounds 
encountered during HD, but this remains unproven  [  170  ] . 
Elevated aluminum concentration from therapeutic or envi-
ronmental sources may lead to the overproduction of por-
phyrins, but this too remains unproven  [  173  ] . Finally, 
concomitant use of photosensitizing medications needs to be 
considered  [  174–  178  ] . 

 Histologic examination resembles that of PCT, described 
above. 

 Management centers on sunlight avoidance, use of sun-
screen, and protecting skin from trauma.  N -acetylcysteine 
was helpful in a small clinical trial  [  179  ]  and several case 
reports  [  180,   181  ] .   

   Conclusion 

 The cutaneous manifestations of CKD are diverse and range 
in severity from benign to life threatening. An awareness of 
these manifestations can bring about appropriate and prompt 
diagnosis and treatment, and in some cases, it can provide 
information about prognosis. Dermatologists as well as pri-
mary care and hospitalist physicians need to be familiarized 
with these manifestations.      
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 Many gastrointestinal diseases have a variety of cutaneous 
manifestations that may herald the start of the disease or cor-
relate with disease activity. The gastrointestinal diseases and 
its cutaneous manifestations that will be discussed in this 
chapter are infl ammatory bowel disease (Crohn’s disease 
and ulcerative colitis), erythema nodosum, pyoderma 
 gangrenosum, Sweet’s syndrome, nutritional and metabolic 
disorders (dermatitis herpetiformis), lichen planus, gastroin-
testinal hemorrhage (Kaposi’s sarcoma), and gastrointestinal 
neoplasias (necrolytic migratory erythema and Gardner’s, 
Müir–Torre, Peutz–Jeghers, and Bazex’s syndrome). Early 
recognition of the cutaneous manifestations associated 
with gastrointestinal diseases or neoplasia will lead to 
prompt referral of the patient (and relatives if indicated) for 
 gastroenterological evaluation and successful prevention, 
diagnosis, or therapy of these illnesses. This, in turn, may 
guide to early intervention, management, and decrease the 
progression to advanced disease. 

   Infl ammatory Bowel Disease 

 Infl ammatory bowel disease (IBD) is a spectrum of diseases 
in the gastrointestinal tract that consists of immune activation 
and infl ammation. The two major forms of IBD are Crohn’s 
disease (CD) and ulcerative colitis (UC). Both illnesses may 
be accompanied by cutaneous manifestations. CD is a 
chronic, recurrent disease characterized by patchy transmu-
ral infl ammation involving any segment of the gastrointesti-
nal tract from the mouth to the anus  [  1  ] . Flares are often 
associated with abdominal pain and diarrhea. Nonspecifi c 
skin fi ndings, such as fi stulas and fi ssures, are found com-
monly in CD (Fig.  1 ). Painless anal fi ssures occur in 50–60% 
of patients. CD may have oral  manifestations of cobbleston-

ing, ulcerations, and nodules. CD activity is distinguished by 
metastatic sarcoidal-type granulomatous lesions in the skin 
or mucosa  [  2  ]  (Figs.  2  and  3 ).    

 UC is a chronic infl ammatory disease that affects the large 
bowel, particularly the mucosa and submucosa. The most 
common skin manifestations associated with UC are drug 
reactions related to sulfasalazine and mesalamine therapy, 
which can range from hypersensitivity to photosensitivity 
reactions. The most common dermatologic manifestations 
associated with IBD are erythema nodosum, pyoderma gan-
grenosum, and Sweet’s syndrome, which will be discussed 
in further detail below. 

   Erythema Nodosum 

 Erythema nodosum (EN) is an infl ammatory process of the 
subcutaneous fat, which presents with tender, deep subcuta-
neous nodules (Fig.  4 ). The distribution is most commonly 
on the pretibial areas bilaterally, but sometimes appear on the 
thighs and forearms  [  3  ] . EN can occur at any age, but there 
seems to be a sex predilection for women  [  3–  5  ] . The pro-
posed pathogenesis for EN is a delayed hypersensitivity reac-
tion (type IV) to antigens such as bacteria, viruses, and drugs. 
EN develops in approximately 7% of patients with CD and 
in 4% of patients with UC, and typically follows the under-
lying bowel disease activity  [  4,   5  ] . In addition to IBD as 
causes of EN, infections commonly account for these lesions. 
The most common infections are streptococcal and mycobac-
terial infections, primary coccidioidomycosis, tuberculosis, 
 Yersinia pseudotuberculosis , and  Yersinia enterocolitica  
infections  [  6  ] . A case was reported of a 74-year-old woman 
who presented to hospital with fever, vomiting, diarrhea, and 
2 weeks later developed erythema nodosum (EN) on the legs, 
and was diagnosed with  Y. enterocolitica  infection based on 
her clinical course and microbiological examination of the 
stool. We should suspect infection by  Y. enterocolitica  when 
diagnosing cases of EN with gastrointestinal symptoms. 
Based on this and other case reports, EN is likely to appear 
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2 weeks after the onset of gastrointestinal symptoms  [  7  ] . 
Medications have also been implicated as a causative agent, 
such as oral contraceptives and sulfasalazine. Histologically, 
EN is characterized as a panniculitis, with edematous septa 
and mild lymphocytic infi ltrate. Early lesions may show a 
marked neutrophilic infi ltrate and Miescher’s microgranulo-
mas, which are collections of macrophages within septa that 
are characteristic of EN  [  8  ] .  

 The differential diagnosis of EN includes erythema indu-
ratum from tuberculosis, lupus panniculitis, and polyarteritis 

nodosa. In the late stages, EN must be distinguished from 
simple bruises and contusions. The histologic fi nding of sep-
tal panniculitis is characteristic of EN. Evaluation should 
include a careful history and physical examination for prior 
upper respiratory infection, diarrheal illness, or deep fungal 
infection endemic to an area, and a chest X-ray, Mantoux 

  Fig. 1    Crohn’s disease affecting perianal area       

  Fig. 2    Metastatic Crohn’s disease may present as nodules with 
suppuration       

  Fig. 3    Biopsy of a lesions of cutaneous Crohn’s disease may demon-
strate sarcoidal granulomas admixed with other infl ammatory cells       

  Fig. 4    Erythema nodosum: erythematous nodules localized on the 
pretibial areas bilaterally       
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tuberculin (purifi ed protein derivative, PPD) test, and two 
consecutive DNAseB titers at 2–4 week intervals  [  6  ] . 

 Treatment of EN is mainly targeted at treating the 
 underlying disease, bed rest, elevation of the legs, and 
 anti- infl ammatory agents, and/or potassium iodide for 
approximately 2 weeks  [  9–  11  ] . A saturated solution of potas-
sium iodide, 5–15 drops three times daily, results in prompt 
involution in many cases  [  6  ] . In severe and refractory cases sys-
temic steroids and immunosuppressive therapy may be needed.  

   Pyoderma Gangrenosum 

 Pyoderma gangrenosum (PG) is an uncommon ulcerative 
disease strongly linked to systemic diseases, such as IBD, 
arthritis, and myeloproliferative disorders. While erythema 
nodosum represents the most common skin manifestation in 
IBD, affecting up to 15% of CD patients with a female pre-
dominance, pyoderma gangrenosum remains the most severe 
skin manifestation in IBD. In the Swiss Infl ammatory Disease 
Cohort study, PG was identifi ed in 2.2% of UC patients and 

1.5% of CD patients  [  12  ] . The classic lesion is a painful ulcer 
with a necrotic, undermined border and a commonly 
 purulent base (Fig.  5 ). The pathogenesis is thought to be due 
to a defect in cellular immunity and neutrophil function 
 [  13,   14  ] . Pathergy (an abnormal reaction to an allergen, either 
exaggerated and allergic or lessened and nonallergic) is 
always present, and not only initiates a lesion, but may aggra-
vate it as well. These lesions are often misinterpreted as 
infected because of the purulence, but they are rarely associ-
ated with an infectious cause.  

 There are four different classifi cations for PG: ulcerative, 
bullous, pustular, and vegetative. Ulcerative PG presents as a 
painful necrotic ulcer with violaceous undermined borders. 
These ulcers are sterile and are specifi cally associated with 
IBD in approximately 5% of cases. The lesions in bullous 
PG progress from tense bullae to erosions to necrotic ulcers 
and have been described in patients with underlying hemato-
logic disorders such as leukemia  [  15,   16  ] . Pustular PG is 
characterized by sterile painful pustules that can regress 
without scarring, but may progress to classical PG. These 
lesions are more commonly associated with IBD as well 

  Fig. 5    ( a – c ) Pyoderma 
gangrenosum. ( a ,  b ) A painful 
violaceous plaque surrounded by 
a halo of erythema; ( c ) the 
ulcerative variant of pyoderma 
gangrenosum shows an 
undermined necrotic violaceous 
border and a purulent base       
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 [  17  ] . Vegetative PG presents as a superfi cial ulcer without 
undermined borders and usually has a predilection for the 
trunk area. They often appear following trauma, such as 
 surgery  [  18  ] . 

 Early lesions of ulcerative PG are histologically charac-
terized by mild-to-moderate perivascular lymphocytic 
 infi ltrates and endothelial swelling, and a dense neutrophilic 
infi ltrate in the dermis  [  19  ] . Vegetative PG and late PG are 
characterized by granulomatous infi ltrates of histiocytes, 
neutrophils, and giant cells. Bullous PG shows neutrophil-
rich infi ltrates and multilocular intraepidermal bullae  [  14  ] . 

 The differential diagnosis of PG includes ulcers or pus-
tules associated with CD, UC, diverticulitis, rheumatoid 
arthritis, systemic lupus erythematosus, lymphoma, leuke-
mia, myeloproliferative disorders, carcinoma of breast, lung, 
colon, and prostate, Behçet’s disease, and acquired immuno-
defi ciency syndrome (AIDS)  [  2  ] . 

 The evaluation of a patient with PG consists of a complete 
history and physical examination, followed by initial laboratory 
tests that include hematologic (complete blood count with dif-
ferential, erythrocyte sedimentation rate by Westerngren, and 
peripheral smear), serum chemistries (kidney, liver, and bone), 
hormone (thyroid stimulating hormone and thyroxine levels), 
autoimmune (antinuclear antibody, antiphospholipid antibody, 
rheumatoid factor, antineutrophilic antibody, and cryoglobu-
lins), and skin testing (biopsy and wound culture)  [  2  ] . 

 The initial management of PG consists of local wound 
care with minimal or no debridement. It is important that deb-
ridement be avoided or kept at a minimum. The correct clini-
cal diagnosis is of outmost importance because evaluation 
and treatment of the associated disease is imperative for man-
agement of skin involvement. The mainstay of therapy is sys-
temic corticosteroids, with high doses often being necessary 
 [  2  ] . In severe disease, steroid sparing immunosuppressive 

agents may be of benefi t such as azathioprine, cyclosporine, 
methotrexate, and mycophenolate mofetil  [  20–  22  ] . PG asso-
ciated with IBD has been shown to respond to sulfazalazine 
and dapsone, and recent reports have suggested that the use of 
anti-tumor necrosis factor-alpha agents such as infl iximab 
and etanercept may be effective  [  23,   24  ] . Anti-TNF a  therapy 
has shown effectiveness as a treatment option for PG in sev-
eral clinical reports involving patients with PG or IBD with 
refractory PG. In a randomized, placebo-controlled trial, 
improvement in ulcer healing was observed as early as week 
2 (primary endpoint) in 46% of patients versus placebo and, 
in a retrospective analysis, complete ulcer healing was 
observed in 72.7% (eight of 11 ulcers) after a mean of 12.5 
weeks of anti-TNF a  therapy  [  25  ] . Topical treatment with 
tacrolimus has also been reported in lesions that have a poor 
response to corticosteroids and peristomal PG  [  26  ] .  

   Sweet’s Syndrome 

 Sweet’s syndrome is a febrile neutrophilic dermatosis that 
was fi rst described in 1964 by Robert D. Sweet  [  27  ]  and was 
originally named acute febrile neutrophilic dermatosis. It 
was renamed Sweet’s syndrome in 1968 by C.H. Whittle 
 [  28  ] . It is a rare condition that occurs more frequently in 
women, has no racial predilection and may have pathergy as 
in PG. The clinical features include fever, peripheral neutro-
philic leukocytosis, painful erythematous plaques and nod-
ules on the extremities, head, and neck  [  2  ]  (Fig.  6 ). A fl u-like 
illness or upper respiratory tract infection may precede the 
skin lesions. Other systemic manifestations associated with 
Sweet’s syndrome include neutrophilic pulmonary alveolitis, 
osteomyelitis, acute renal failure, transient involvement of 
the liver and pancreas, and aseptic meningitis  [  29  ] .  

  Fig. 6    ( a ,  b ) Sweet’s syndrome: erythematous and edematous plaques affecting the face and trunk associated with fever and leukocytosis       
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 Sweet’s syndrome may be subdivided into three groups: 
classic, paraneoplastic or malignancy-associated, and drug-
induced. Classic Sweet’s syndrome is most commonly seen 
in IBD, and there are reports suggesting an association with 
 Helicobacter pylori  infection  [  30  ] . Malignancy-associated 
Sweet’s syndrome occurs in approximately 10–15% of 
patients presenting with the characteristic lesions and is most 
often associated with lymphoproliferative disorders such as 
acute myelogenous leukemia and solid tumors of the gastro-
intestinal tract or breast  [  31–  33  ] . The most common medica-
tions associated with drug-induced Sweet’s syndrome are 
granulocyte colony-stimulating factor, all-trans retinoic acid, 
minocycline, trimethoprim–sulfamethoxazole, furosemide, 
hydralazine, and oral contraceptives, among others  [  34–  36  ] . 

 Histopathological examination of the lesions in Sweet’s 
syndrome demonstrates numerous neutrophils infi ltrating the 
superfi cial dermis, and signifi cant edema of the papillary der-
mis  [  35  ]  (Fig.  7 ). Direct immunofl uorescence is negative.  

 The pathogenesis of Sweet’s syndrome at present is 
unclear. Currently, it is thought to be secondary to an 
increased production of interleukin-1 and pro-infl ammatory 
cytokines. This hypothesis is supported by the response of 
the disease to systemic corticosteroids  [  37,   38  ] . 

 The differential diagnosis of Sweet’s syndrome includes 
plaques and nodules associated with CD, UC, diverticulitis, 
rheumatoid arthritis, lymphoma, leukemia, myeloprolifera-
tive disorders, carcinoma of breast, lung, colon, kidney, ova-
ries, and prostate, Behçet’s disease, AIDS, pregnancy, 
autoimmune disorders, and infections by  H. pylori  and 
 Y. enterocolitica   [  2,   39  ] . 

 The evaluation of a patient with Sweet’s syndrome 
 consists of a complete history and physical examination, 
 followed by initial laboratory tests that include: hematologic 
(complete blood count with differential and erythrocyte 

 sedimentation rate by Westerngren), serum chemistries 
 (kidney, liver, pancreas, human immunodefi ciency virus [HIV], 
beta-human chorionic gonadotropin, and alkaline phos-
phatase), autoimmune testing (antinuclear antibody, rheuma-
toid factor, and antineutrophilic antibody), and a skin biopsy. 

 The lesions in Sweet’s syndrome may persist for weeks to 
months and usually resolve spontaneously, but recurrences are 
common. The simultaneous occurrence of Sweet’s syndrome 
and erythema nodosum-like lesions in the same individual is 
not a rare entity; nevertheless, in only a limited number of cases 
in the literature have erythema nodosum-like lesions accom-
panying Sweet’s syndrome have been biopsied, and reported 
as septal panniculitis without vasculitic features  [  40  ] . 

 Treatment consists of systemic corticosteroid therapy, 
possibly for months, to suppress recurrences. Steroid-sparing 
agents are used in patients who have a potential systemic 
infection because corticosteroid use is contraindicated. Other 
alternative treatments include potassium iodide, colchicine, 
and dapsone  [  41  ] . Oral potassium iodide and colchicine may 
induce rapid resolution. Dapsone and cyclosporine may 
infl uence migration and other functions of neutrophils. There 
are reports of successful treatment of Sweet’s syndrome with 
interferon-alpha but no controlled randomized clinical trials 
have been conducted to date  [  42  ] .   

   Nutritional and Metabolic Disorders 

 Nutritional and metabolic disorders are usually associated 
with malabsorption because they are either a result of it, 
associated with it, caused by the disease process itself, or 
have a genetic susceptibility to it. Malabsorption results in 
the loss of vitamins and essential elements that result in 
eczematous eruptions, alterations in nails and hair, and 
changes in skin texture (specifi cally essential fatty acids, 
zinc, and vitamin B12). A common nutritional and meta-
bolic disorder with cutaneous manifestations is dermatitis 
herpetiformis. 

   Dermatitis Herpetiformis 

 First described in 1884 by Dr. Louis Duhring, dermatitis her-
petiformis (DH) is an extremely pruritic skin disorder char-
acterized by vesicular or bullous lesions generally localized 
on the buttock and extensor areas, such as the elbows and 
knees  [  43  ]  (Fig.  8 ). It has no association with herpes virus 
infection as the name suggests. This disease is most common 
in people from northern European ancestries and least 
 common in African-Americans and Asians. It can appear in 
conjunction with gastrointestinal disease, usually celiac 
 disease. Both of these disorders are associated with gluten 
(protein part of wheat, rye, barley, and other related grains) 

  Fig. 7    Sweet’s syndrome histopathology: edema of the papillary der-
mis accompanied with a dense nodular infi ltrate composed primarily of 
neutrophils       
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sensitivity as well as with the HLA haplotype DQ2  [  44  ]  and 
IgA anti-endomysial antibodies directed against tissue trans-
glutaminase  [  45  ] . However, genetic and immune analysis is 
not needed for diagnosis.  

 Histological fi ndings are consistent with neutrophilic 
infi ltration of the dermal papillae and vesicle formation at 
the dermal–epidermal junction (Fig.  9 ). The hallmark of DH 
is the granular IgA deposition in the dermal papillae by direct 
immunofl uorescence  [  6  ] .  

 The differential diagnosis of DH includes the vesicular 
dermatoses: herpes simplex, herpes zoster, variola and vac-
cinia, vesiculobullous hand eczema, dermatophyte id reac-
tion (allergy or sensitivity to fungi), and porphyria cutanea 
tarda  [  6  ] . 

 The evaluation of a patient with DH starts with a complete 
history, especially directed towards malabsorption symptoms 
secondary to celiac sprue or gluten sensitive enteropathy 
with steatorrhea (passage of large amounts of fat in the 
feces). A complete physical examination and skin biopsy are 
of paramount importance. If appropriate, the diagnostic test 
is direct immunofl uorescence analysis demonstrating granu-
lar deposits of IgA in the dermal papillae. The detection of 
IgA autoantibodies against epidermal transglutaminase is the 
most sensitive serological test in the diagnosis of dermatitis 
herpetiformis  [  46  ]  . 

 Referral to a gastroenterologist is needed to evaluate for 
celiac sprue or gluten-sensitive enteropathy. Ingestion of glu-
ten plays a role in the exacerbation of skin lesions, and strict 
long-term avoidance of dietary gluten has been shown to 
decrease the dose of dapsone (usually 100–200 mg daily) 
required to control the disease and may even eliminate the 
need for drug treatment  [  6  ] . A gluten-free diet may lead to 
clearing of vesicles, improvement in the intestinal mucosa, 
and disappearance of the IgA from the skin when reevaluated 
with immunofl uorescence  [  42 ,  47  ] .  

   Lichen Planus 

 Lichen planus is an infl ammatory pruritic disease of the skin 
and mucous membranes characterized by papules especially 
in the bilateral fl exor surfaces and trunk. Diagnostic fi ndings 
are the skin lesions, mucosal lesions, and histopathology of 
band-like infi ltration of lymphocytes and histiocytes with 
phagocytized melanin in the dermis  [  6  ] . Skin lesions are very 
pruritic, fl at-topped, violaceous papules or plaques  [  2  ]  
(Fig.  10 ). Lacy white streaking or Wickham’s striae may be 
on the penis, tongue, lips, buccal, and/or vaginal mucous 
membranes (Fig.  11 ). The nails are involved in 10% of 
patients with lichen planus (Fig.  12 ). The changes in the nails 
are secondary to damage to the nail matrix. A case was 
reported of a patient with LP limited to the toenails, which 
was successfully treated with etanercept monotherapy. The 
patient did not respond to previous treatment with potent 
corticosteroids and/or oral medication  [  48  ] . Lichen planus 
has been associated with viral hepatitis B and C, IBD, and 
primary biliary cirrhosis  [  2  ] .    

 The differential diagnosis of lichen planus includes similar 
lesions produced by medications, psoriasis, lichen simplex 
chronicus, and syphilis. Diagnostic evaluation includes biopsy 
and often direct immunofl uorescence for diagnosis. Topical 
corticosteroids are most helpful for localized disease in non-
fl exural areas. Psoralens plus long-wave ultraviolet light may 
be another effective treatment for lichen planus  [  6  ] .   

  Fig. 8    Dermatitis herpetiformis: erythematous papules, vesicles, and 
erosions with crusts on the extensor areas       

  Fig. 9    Histopathological evaluation of the lesions in dermatitis herpe-
tiformis reveals a neutrophilic infi ltration in the tips of the dermal papil-
lae and vesicle formation at the dermal–epidermal junction       
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   Gastrointestinal Hemorrhage 

 Cutaneous syndromes are also associated with gastrointesti-
nal hemorrhages. Vascular anomalies, connective tissue 
 disorders, and vasculitis can lead to bleeding in the gastroin-
testinal tract  [  2  ] . Skin lesions could be premonitory of this 
deadly complication. In the following section, we will  discuss 
Kaposi’s sarcoma. 

   Kaposi’s Sarcoma 

 Kaposi’s sarcoma is a vascular neoplasm associated with 
HIV infection and elderly men of Mediterranean ancestry 
 [  2  ] . It is characterized by red or purple plaques or nodules on 
cutaneous or mucosal surfaces (Fig.  13 ). Kaposi’s sarcoma 
involves the gastrointestinal tract in 50–80% of patients with 
skin involvement and virtually 100% of patients with oral 
lesions  [  2  ] . Human herpes virus 8 is present in all forms of 
Kaposi’s sarcoma lesions and circulating B lymphocytes in 
patients  [  6  ] . Gastrointestinal bleeding may be signifi cant but, 
when asymptomatic, these lesions often go undiagnosed  [  6  ] .  

 The differential diagnosis of Kaposi’s sarcoma includes 
pyogenic granuloma, hemangioma, lymphangioma, heman-
gioendothelioma, hemangiopericytoma, and bacillary angio-
matosis. 

 Evaluation for Kaposi’s sarcoma includes a complete 
physical examination, medical history, and a lesion biopsy  [  49  ] . 
Kaposi’s sarcoma in the elderly is treated with intralesional 
chemotherapy or radiation. If the patient is on iatrogenic 
immunosuppression, therapy entails reducing the doses of the 
immunosuppressors. Kaposi’s sarcoma in an HIV male who has 
sex with other males has been reported sporadically. It resem-
bles  classic Kaposi’s sarcoma but occurring at a younger age, 
it is limited to the skin and has a good prognosis  [  50  ] . 

 AIDS-associated Kaposi’s sarcoma is fi rst treated with 
antiretroviral therapy  [  6  ] . Once a cutaneous or mucosal 
Kaposi’s sarcoma lesion is diagnosed, gastroenterology 
should be consulted for endoscopy and/or colonoscopy to 
look for Kaposi’s sarcoma lesions in the gastrointestinal tract 
for early detection of a source of signifi cant bleeding  [  49  ] .   

   Gastrointestinal Neoplasias 

 Prompt recognition of cutaneous manifestations is of extreme 
importance in recognizing individuals with neoplasias or 
those predisposed to develop cancer. In this section, we will 
discuss the most common cutaneous manifestations of gas-
trointestinal neoplasias: Gardner’s syndrome, Müir–Torre 
syndrome, Peutz–Jeghers syndrome, Bazex’s syndrome, and 
necrolytic migratory erythema. 

   Gardner’s Syndrome 

 Gardner’s syndrome, a variant of familial adenomatous poly-
posis (FAP), is an autosomal dominant disorder caused by 
the mutation of the adenomatous polyposis coli (APC) gene 
on chromosome  [  5  ] . Cutaneous features appear in approxi-
mately 50% of affected individuals and are often present 

  Fig. 10    ( a ,  b ) Lichen planus: fl at-topped and violaceous papules and plaques affecting the trunk and the dorsum of the hands       

  Fig. 11    Oral lichen planus: a whitish reticulated pattern of the buccal 
mucosa most commonly affecting this area of the mouth       
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before the polyps become symptomatic. It is characterized 
by multiple epidermoid cysts of the face, scalp, and extremities, 
as well as multiple osteomas and desmoid tumors  [  51,   52  ] . 
The earliest marker of disease is the presence of multiple 
osteomas at the angles of the mandible. Although most 
osteomas are asymptomatic, the patient can present with 
headaches, facial pain, rhinorrhea, and sinusitis  [  53  ] . An oral 
manifestation of supernumerary teeth can also occur. 
Desmoid tumors occur in approximately 10% of patients  [  52  ] . 
Although surgery is widely accepted as the fi rst-line of treat-
ment, the high recurrence rate has led some authors to 
 suggest that surgery should be avoided, except for bypass of 
bowel obstructions or relief of ureteric obstructions caused 
by intraabdominal desmoids tumors. Pharmacological pain 
control with nonsteroidal anti-infl ammatory drugs and an 
anti-estrogen agent are the most widely documented man-
agement. Chemotherapy and radiotherapy are also alterna-
tives considered in symptomatic patients who do not respond 
to conventional medical therapy  [  54  ] . 

 The importance of recognizing this syndrome is that 
the colonic polyps have a 100% chance of developing into 
colonic carcinomas before the age of 40, so referral to a 
 gastroenterologist for colonoscopy is urgent and mandatory  [  2  ] .

Surgical management with prophylactic colectomy is recom-
mended to prevent the evolution of the adenomatous polyps to 
adenocarcinoma  [  55  ] . Other neoplasms that may be seen are 
duodenal carcinomas, endocrine tumors, thyroid carcinomas, or 
hepatoblastomas  [  2  ] .  

   Müir–Torre Syndrome 

 Müir–Torre syndrome (MTS) is a rare, autosomal dominant 
disorder that presents with multiple sebaceous neoplasms 
(with or without keratoacanthomas) and a visceral malignancy, 
usually of the proximal colon  [  56  ] . Familial aggregation has 
been reported, suggesting an association with hereditary non-
polyposis colorectal cancer (HNPCC) or Lynch syndrome. This 
syndrome is caused by a germline mutation in at least one of 
the DNA mismatch repair genes, most commonly MLH-1 
and MSH-2, the same genes known to cause Lynch syndrome. 
This insight has led MTS to be considered a phenotypic vari-
ant of Lynch syndrome  [  57,   58  ] . The criteria for the clinical 
diagnosis of Lynch syndrome (Amsterdam II criteria) are 
(1) three or more relatives with an Lynch syndrome- 
associated cancers (colon, rectum, endometrium, small 
bowel, ureter, or renal pelvis), (2) one is a fi rst-degree relative 
of the other two, (3) at least two successive generations are 
affected, (4) at least one is diagnosed before age 50, and (5) 
FAP has been excluded  [  59  ] . Tumors of the genitourinary tract 
(especially ureter and endometrium) are the most common vis-
ceral neoplasms seen in MTS after colorectal cancer  [  58  ] . 

 The most common cutaneous manifestions are sebaceous 
neoplasms of the head and neck region (Fig.  14 ). Clinically, 
MTS diagnosis requires the presence of a cutaneous seba-
ceous adenoma, a sebaceous epithelioma, a basal cell epithe-
lioma with sebaceous differentiation, a keratoacanthoma 
with sebaceous differentiation, or a sebaceous carcinoma in 
addition to at least one visceral malignancy. Alternatively, 
the diagnosis of MTS can be made with the presence of 
 multiple keratoacanthomas and visceral malignancies in the 
context of a family history of MTS  [  56,   60  ] .  

  Fig. 12    ( a ,  b ) Lichen planus: nail dystrophy and a violaceous periungual discoloration       

  Fig. 13    Kaposi’s sarcoma on the face       
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 Evaluation includes a meticulous family history and 
timely referral to a gastroenterologist for colonoscopy and 
appropriate search for gastrointestinal malignancy in the 
patient. If Lynch syndrome is suspected, the patient and rela-
tives must undergo gastroenterological, gynecological, and 
genetic counseling evaluation for malignancy screening or 
diagnosis. The benign sebaceous tumors can be treated with 
curettage, excision, cryosurgery, or radiotherapy. Sebaceous 
carcinoma lesions should be excised using Mohs micro-
graphic surgery. Oral retinoids with or without interferon-
alpha may be useful in the prevention of new skin tumor 
development  [  61,   62  ] .  

   Peutz–Jeghers Syndrome 

 Peutz–Jeghers syndrome is an autosomal dominant disorder 
composed of mucocutaneous hyperpigmentation and hamar-
tomatous polyps in the gastrointestinal tract. Hamartomas 
are lesions that resemble neoplasms but actually results from 
faulty development in an organ. This syndrome was fi rst 
described in 1921 by Johannes L. Peutz and in 1949 by 
Harold J. Jeghers  [  63,   64  ] . It is now known that Peutz Jeghers 
syndrome is caused by germline mutations in the  STK11/
LKB1  gene  [  65,   66  ] . The lesions appear in early childhood 
and consist of dark brown 0.1–1 cm macules on the lips, oral 
mucosa, acral and periorbital areas, and anus. The malig-
nancy most commonly associated with this syndrome is 
 colorectal, gastric and duodenal cancer which arises from the 
hamartomatous polyps. Female patients also have an 
increased incidence of developing tumors of the ovary and 
breast  [  67  ] . Large hamartomatous polyps can lead to bleeding, 
intussusception, or obstruction  [  1  ] . For these reasons, once 

mucocutaneous lesions are seen, a referral to a gastroenter-
ologist is desirable to evaluate for gastrointestinal hamar-
tomatous polyp presence and removal. Genetic testing for 
the mutation is also available  [  1  ] . Cancer surveillance guide-
lines have been published, but the effi cacy is unproven  [  68  ] .  

   Bazex’s Syndrome 

 Paraneoplastic acrokeratosis of Bazex, or Bazex’s syndrome, 
is a rare acquired syndrome associated primarily with 
squamous cell esophageal carcinoma that mostly affects 
mostly men over 40 years old  [  69  ] . It is also associated with 
carcinoma of the larynx and tongue  [  2  ] . The characteristic 
cutaneous fi nding is a psoriasiform eruption that favors acral 
areas, eventually progressing to the nose, ears, scalp, and 
face  [  70  ] . Other fi ndings are thickening of the periungual 
skin with marked nail dystrophy and thickening of the palms 
and soles. The skin fi ndings precede diagnosis of the tumor 
by approximately 1 year in 63% of patients  [  70  ] . 

 The fi nding of such characteristic lesions allows for 
opportune referral to a gastroenterologist for esophagogas-
troduodenoscopy, searching for upper gastrointestinal malig-
nancy. Bazex’s syndrome usually responds to successful 
treatment of the underlying tumor.  

   Necrolytic Migratory Erythema 

 The presence of a glucagonoma, a tumor of the pancreatic 
islet cells, may lead to the development of necrolytic migra-
tory erythema of the skin, although this skin condition has 
been reported with other malignancies as well  [  71,   72  ] . This 
rash consists of periods of painful erythema with blisters and 
erosions around fl exural regions, fi ngers, and orifi ces 
(Fig.  15 ). Angular cheilitis and painful glossitis can also 
occur. On histological evaluation, there is necrosis of the 
upper portions of the epidermis. The pathogenesis is related 
to the metabolic disarrangements of amino acids as a result 

  Fig. 14    Müir–Torre syndrome. Sebaceous carcinoma in a colon cancer 
patient       

  Fig. 15    Necrolytic migratory erythema: annular, migratory erythema-
tous plaques affecting the extremities       
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of excess glucagon production  [  71  ] . Acrodermatitis entero-
pathica is on the differential diagnosis.  

 The fi nding of the distinctive lesions requires referral to a 
gastroenterologist for evaluation of a pancreatic tumor. The 
cutaneous symptoms usually resolve with successful surgi-
cal removal of the tumor.   

   Conclusions 

 As previously  discussed, some gastrointestinal diseases have 
a variety of cutaneous manifestations: IBD (Crohn’s disease 
and ulcerative colitis), nutritional and metabolic disorders 
(dermatitis herpetiformis), gastrointestinal hemorrhage (Kaposi’s 
sarcoma), and gastrointestinal neoplasias (Gardner’s syndrome, 
MTS, Peutz–Jeghers syndrome, Bazex’s syndrome, and necro-
lytic migratory erythema), among others. Early recognition 
by dermatologists of cutaneous manifestations associated 
with gastrointestinal diseases or neoplasia will lead to prompt 
referral of the patient (and relatives if indicated) for gastro-
enterological evaluation and successful prevention, diagnosis, 
or therapy of these illnesses. This, in turn, may guide the patient 
to early intervention, management, and decreased risk of 
progression to advanced disease.      
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 In all specialties of medicine, physicians are approached 
by patients with skin complaints which may be associated 
with a systemic illness. It is challenging for physicians to 
attempt to relieve these symptoms, meanwhile identifying 
the underlying causative conditions which give rise to these 
lesions. Endocrine diseases, through hormonal excess or 
defi ciency, may cause general skin changes in texture, tem-
perature, color, morphology or may manifest specifi c 
lesions. These lesions are often the most visible signs of 
the hormonal disease for which the patient seeks medical 
care. In this chapter, we describe the most common skin 
changes encountered in patients with diabetes mellitus, 
thyroid, and adrenal disorders. Identifi cation of these 
lesions and knowledge of their causative endocrine imbal-
ance is vital to achieve cure or relief. 

   Thyroid Disease 

 Thyroid hormone disorders include hyperthyroidism, hypo-
thyroidism, and autoimmune thyroid disease; the most 
 common of the latter being Graves’ disease and Hashimoto’s 
thyroiditis. Thyroid hormones stimulate epidermal oxygen 
consumption, protein synthesis, mitosis, and aid in the deter-
mination of layer thickness. Hair growth and formation may 
be affected by triiodothyroxine (T3) and thyroxine (T4). 
However, the dermal effects of thyroid hormones are poorly 
understood  [  1  ] . 

   Hyperthyroidism 

 Hyperthyroidism, or thyrotoxicosis, affects almost 1% of all 
Americans, and the disease occurs in women fi ve to ten times 
more often than in men  [  2  ] . Causes of hyperthyroidism are 
Graves’ disease, toxic multinodular goiter, toxic adenoma, 
subacute thyroiditis, postpartum thyroiditis, silent thyroidi-
tis, excessive iodine ingestion, and exogenous thyroid inges-
tion or overmedication. Generally, patients who are suffering 
from hyperthyroidism have signs and symptoms which are 
systemic in nature, and the skin is no exception. In the hyper-
thyroid state, patient’s skin is often warm, moist, and 
 erythematous; scalp hair is fi ne and soft and up to 40% of 
patients may experience some degree of hair loss  [  3  ] . 
Hyperhidrosis of the palms and feet may also be present. 
Nails become shiny, soft, and friable. They may have a distal 
separation of the nail plate from its underlying bed with an 
upward curvature, forming the shape of a spoon, often called 
Plummer’s nails  [  4  ] . Onycholysis, which is characterized by 
the distal separation of the nail from the nail bed, may only 
be present in 5% of patients with hyperthyroidism. It may be 
seen in other thyroid and dermatologic conditions, including 
psoriasis and allergic contact dermatitis. The most common 
clinical form of hyperthyroidism is Graves’ disease, which 
affects 60–90% of all patients  [  4  ] . These patients may 
develop other autoimmune conditions such as vitiligo, and 
specifi c skin lesions such as pretibial myxedema and thyroid 
achropachy. 

 Pretibial myxedema is a diffuse or circumscribed muci-
nous dermopathy  [  5  ] . It is a misnomer because it can arise in 
the hands, arms, shoulders, ankles, feet, ears, face, surgical 
scars, skin grafts, and animal bites, as such, it is often referred 
to as thyroid dermopathy  [  1  ] . These lesions are typically 
bilateral, asymmetric, fi rm, nonpitting, and painless nodules 
and plaques present on the extensor aspects of the lower 
legs and feet. A waxy swelling and induration of the skin 
ensues, often with variable colors (Fig.  1 ). Infi ltrative thyroid 
 dermopathy is an uncommon systemic autoimmune feature 
of GD, occurring in approximately 5% of patients with GD. 
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One study using ultrasonography found that pretibial skin 
thickness was increased in 33% of patients with autoimmune 
thyroid disease, implying that infi ltrative dermopathy is 
likely to have a higher subclinical prevalence  [  6  ] . It may be 
present in up to 15% of patients with Graves’ ophthalmopa-
thy, but it has also been described in Hashimoto’s thyroiditis 
and in euthyroid states  [  7  ] . As such, lesions do not necessar-
ily correlate with thyroid hormone levels  [  1  ] . There are fi ve 
clinical variants of thyroid dermopathy: nonpitting, nodular, 
plaque-like, polypoid, and elephantiasic  [  7  ] . The nonpitting 
variant of pretibial myxedema is the most common presenta-
tion of the disorder, accounting for 58% of patients, whereas 
the nodular and plaque-like variants occur in 20% of patients. 
The polypoid and elephantiasic variants rarely occur, affect-
ing only 1% of patients with Graves disease and thyroid 
 dermopathy  [  8  ] .  

 The mechanism that causes the accumulation of glycoso-
aminoglycans is unknown. However, it has been shown that 
circulating levels of immunoglobin G auto-antibodies in 
patients with Graves’ disease and pretibial myxedema seem 
to stimulate glycosoaminoglycan production in fi broblasts 
and in keratinocytes  [  1  ] . Histologic characteristics of this 
disorder include the accumulation of glycosoaminoglycans 
(such as hyaluronic acid and chondroitin sulfate) within the 
papillary dermis of both affected and normal skin (Fig.  2 ).  

 After identifi cation of the lesion and the underlying thy-
roid state, it is very challenging to manage thyroid dermopa-
thy because it does not necessarily remit after thyroid 
hormone levels normalize  [  1  ] . The lesions may persist or 
resolve slowly over a number of years. Data available is lim-
ited in regards to treatment due to the small number of 
patients treated and the variable response rate. In a 20-year 
study by Fatourechi of 150 patients treated with topical 
 triamcinolone response was described as “valuable”  [  7  ] . 

In another study seven of nine patients with Graves’ ophthal-
mopathy responded to octreotide. Treatment with intrave-
nous immunoglobin and pulse steroids followed by oral 
steroids has a reported effective response rate  [  1  ] . Another 
particular study recommended adjunctive therapy with 
 compression therapy regardless of the therapeutic regimen. 
Monitoring the lesion with ultrasonography for the evalua-
tion of skin thickness response to therapy has proven 
 promising  [  9,   10  ] . 

 Thyroid achropachy (clubbing of the fi ngers and toes) is a 
rare manifestation of autoimmune thyroid disease and 
appears in only 0.1–1% of patients with Graves’ disease in 
association with ophthalmopathy and pretibial myxedema. 
Thyroid achropachy is a triad consisting of digital clubbing, 
soft tissue swelling of the hands and feet, and periosteal new 
bone formation on the shafts of the phalanges, and distal 
long bones  [  4,   11  ] . It is asymptomatic and requires no ther-
apy. The fi rst, second, and fi fth metacarpals and the proximal 
phalanges of the hand, and the fi rst metatarsal and proximal 
phalanges of the feet are most commonly affected. The 
pathogenomic radiographic osseous changes are lamellar 
periosteal reactions paralleling the diaphyses of the hands 
and wrists. Bone spicule formation develops perpendicularly 
to the long axis of the bone  [  1  ] . Even though the cause is 
unknown  [  12  ] , it has been proposed that there is stimulation 
of local fi broblasts by an autoimmune process that increases 
mucopolysaccharide synthesis and deposition  [  12  ] .  

   Hypothyroidism 

 Hypothyroidism affects approximately 25 million Americans, 
and it is thought that approximately 50% remain undiagnosed 
 [  2  ] . The most common cause in the USA is autoimmune 

  Fig. 1    Pretibial myxedema can present as fi rm, nonpitting edematous 
erythematous plaques on the lower legs of a patient         Fig. 2    Pretibial myxedema histopathology: increased spaces between 

the collagen bundles which represent an accumulation of mucin       
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Hashimoto’s thyroiditis, but worldwide, iodine defi ciency 
remains to be the most common cause. Other causes of this 
thyroid hormone defi ciency state include radioactive iodine 
treatment, thyroidectomy, medications, postpartum, and sub-
acute thyroiditis  [  4  ] . 

 General skin changes include cold, pale, thin, and dry 
skin. Cutaneous vasoconstriction and reduced core tempera-
ture account for the changes in skin temperature  [  13  ] . The 
paleness of the skin is attributed to an altered light refraction 
due to increased water content and mucopolysaccharides in 
the dermis of the skin. There is a yellowish tinge of the 
palms, soles, and nasolabial folds due to the defective con-
version by the liver of  b -carotene to vitamin A leading to the 
accumulation of carotene in the stratum corneum  [  14  ] . 
A study designed to determine whether there is a signifi cant 
association between alopecia areata and other autoimmune 
diseases found that thyroid disorders showed the highest fre-
quency. Among the thyroid disorders, hypothyroidism was 
the most frequent association (14.1%)  [  15  ] . Hair loss is a 
common complaint in hypothyroid patients and its texture 
dull, coarse and brittle, leading to partial alopecia. Loss of 
the outer third of the eyebrow is a classic fi nding  [  16  ] . 
Perhaps the most characteristic feature of hypothyroidism is 
generalized myxedema. There are no distinct lesions as in 
thyroid dermopathy, but histologically there is deposition of 
hyaluronic acid and chondroitin sulfate in the skin causing it 
to appear swollen, dry, pale, and fi rm to the touch. Facial 
features look puffy with involvement of eyelids, lips, tongue, 
and nose. Dryness of the skin (xerosis) may be severe enough 
to develop into ichthyosis vulgaris, a hyperkeratotic condi-
tion characterized by rough, dry, and scaly skin  [  8  ] . Scales 
are small, fi ne, irregular, and polygonal in shape, varying in 
size from 1 to 1 cm, occurring mostly on the extensor sur-
faces of the lower extremities. Myxedematous changes 
resolve with thyroid hormone replacement, but recur if treat-
ment is abandoned or if therapeutic levels of thyroid hor-
mones are not met.   

   Diabetes Mellitus 

 Approximately 7% of the US population suffers from diabe-
tes mellitus (20.8 million), and approximately 30% of these 
patients experience some cutaneous involvement during the 
course of their illness  [  17  ] . About 6.2 million of these patients 
are undiagnosed  [  18  ] . This means that a large amount of 
patients may present with skin manifestations of diabetes 
mellitus without knowing that they suffer from the disease. 
The clinician must become familiarized with the most com-
mon skin manifestations of diabetes mellitus to establish a 
prompt diagnosis and initiate treatment. This metabolic dis-
ease, characterized by hyperglycemia, may be due to defects 
in insulin production (type I), insulin action, or both  [  18  ] . 
Among the various skin disorders associated with diabetes 
mellitus are acanthosis nigricans, necrobiosis lipoidica 
 diabeticorum (NLD), Scleredema adultorum of Buschke, 
and diabetic dermopathy  [  4  ] . Skin infections are also com-
mon in diabetic patients  [  13  ] . 

   Acanthosis Nigricans 

 Acanthosis nigricans is defi ned by diffuse velvety thickening 
and hyperpigmentation of the skin, mostly involving the axil-
lae, neck, skin folds, groin, and perineum  [  4  ]  (Fig.  3 ). It is a 
common manifestation of endocrine and malignant diseases 
 [  8  ] . Histological features include hyperkeratosis, epidermal 
papillomatosis, and increased numbers of melanocytes  [  19  ] .   

   Necrobiosis Lipoidica Diabeticorum 

 Necrobiosis lipoidica diabeticorum (NLD) is a rare skin 
manifestation of diabetic mellitus. It occurs in 0.3% of dia-
betic patients per year and 80% of patients affected are 
women  [  20  ] . Although uncommon, due to large population 

  Fig. 3    ( a ,  b ) Acanthosis nigricans often presents with thick, velvety, and hyperpigmented areas of the neck and axillae       
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of undiagnosed diabetics, this number is signifi cant. 
Typically, lesions develop on the pretibial area of lower 
extremities. These are erythematous, nonscaly plaques with 
a yellowish atrophic center, and prominent superfi cial telang-
iectasias  [  20  ]  (Fig.  4 ). Biopsy may be necessary in early 
lesions or in patients without a diagnosis of diabetes melli-
tus, to rule out other conditions such as sarcoidosis, stasis 
dermatitis, lichen sclerosus et atrophicus, and granuloma 
annulare  [  20  ] . On histologic examination, the presence of 
fi brin and palisading histiocytes suggests that the process is 
due to a delayed hypersensitivity reaction  [  21  ]  (Fig.  5 ). 
Treatment consists of local application of potent steroids or 
intralesional triamcinolone injections. Despite the chronicity 
of the lesions, 10–20% may remit spontaneously.    

   Miscellaneous Conditions 

 Other common skin lesions seen in patients affl icted by this 
metabolic disorder include diabetic scleredema, diabetic 
 dermopathy and thickening of the skin on the fi ngers. 

 Scleredema is more common in males and associated with 
obesity. There is taught thickening of the skin over the upper 
back, neck, and shoulders, sometimes with extension to the 
face, arms, and chest  [  4  ] . A biopsy must be performed to 
distinguish scleroderma from dermatomysitis  [  20  ] . 

 Diabetic dermopathy consists of pigmented papules and 
is seen in over 70% of men over 60 years with diabetes 
 mellitus. The lesions, consisting of pigmented papules, are 
localized to the shins of the lower extremities (Fig.  6 ). They 
initially present as pink patches that evolve into depressed 
brown papules with fi ne scaling and surface atrophy  [  4,   20  ] .  

 Type I diabetics are susceptible to develop waxy thicken-
ing of collagen on the fi ngers, the so-called diabetic thick 
skin of the fi ngers  [  20  ] . It can limit joint mobility and result 
in contractures of the interphalangeal joints. It can also be 
present in adult diabetics who suffer from retinopathy and/or 
nephropathy.   

   Adrenal Disorders 

 Cushing’s syndrome and Addison’s disease are the most 
common diseases associated with adrenal cortisol excess 
and defi ciency, respectively. Cortisol excess may be due to 

  Fig. 4    Necrobiosis lipoidica diabeticorum: on the pretibial area of the 
lower extremity, one can see erythematous, non-scaly plaques with a 
 yellowish  atrophic center and prominent superfi cial telangiectasias       

  Fig. 5    Necrobiosis lipoidica diabeticorum histopathology demon-
strates a granulomatous infi ltrate arranged in a characteristic palisading 
pattern with degeneration of collagen       

  Fig. 6    Diabetic dermopathy. Atrophic  reddish-brown  macules on the 
pretibial areas of the lower extremities       
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 pituitary hypersecretion of ACTH (adrenocorticotropic hor-
mone) due to a pituitary adenoma (Cushing’s disease); 
adrenal hypersecretion of glucocorticoids due to an adrenal 
adenoma or carcinoma; ectopic ACTH secretion by other 
tumors or exogenous administration of cortisol. The cutane-
ous manifestations of Cushing’s syndrome are centripetal 
obesity, wasting of the extremities, purple striae and thin, 
fragile skin. The skin may peel after being covered with 
adhesive tape (Liddle’s sign)  [  4  ] . In addition, the loss of sub-
cutaneous tissues leads to easy bruising after minimal 
trauma. 

 In regards to skin cell physiology, the dermal effects of 
corticosteroids include the inhibition of epidermal cell divi-
sion, decreased collagen synthesis, thinning of the stratum 
corneum, and a loss of subcutaneous fat  [  22  ] . The accumula-
tion of adipose tissue in Cushing’s syndrome leads to what 
has been characterized as moon facies (cheeks), buffalo 
hump (dorsocervical), supraclavicular fat pads (supraclavic-
ular fossae), and exophthalmos (retro-orbital fat). Fat also 
accumulates internally in the mediastinum and mesentery 
 [  23,   24  ] . 

 Purple striae are wide (>1 cm) and are most commonly 
located on the abdomen and lower fl anks, but may be also 
present on the breasts, axillae, and upper thighs  [  4  ] . These 
are due to the reduced tensile strength of dermal structures 
and the loss of underlying connective tissue caused by excess 
cortisol. 

 If hypercortisolism is secondary to ectopic ACTH secre-
tion, hyperpigmentation may also be present with a general-
ized pattern similar to that found in Addison’s disease. If the 
patient has Cushing’s secondary to an adrenal carcinoma, the 
concomitant androgen excess leads to hirsutism, acne, tem-
poral balding, and signs of virilization  [  4  ] . 

 Hirsutism is defi ned as the presence of terminal coarse 
hairs in females in a male-like distribution. It is a common 
clinical condition seen in female patients of all ages. It affects 
around 5–10% of women and is a common presenting com-
plaint in the dermatological outpatient department for cos-
metic reasons. The cause is mainly hyperandrogenism, which 
may be ovarian or adrenal. It may be part of a rare metabolic 
syndrome, drug induced, or just idiopathic. Hirsutism 
requires indepth clinical evaluation and investigation for 
treatment  [  25  ] . 

 A study comparing ovarian morphology and prevalence 
of polycystic ovary syndrome (PCOS) in reproductive aged 
women with or without mild acne and hirsutism showed 
that the prevalence of PCOS was 17.1% (19/111) in all 
women included in this study. In the acne group, the preva-
lence of PCOS was 26.9% (14/52), and signifi cantly more 
prevalent than in control group 8.4% (5/59). Total ovarian 
volume was signifi cantly larger and stromal thickness of the 
ovary was thicker in women with acne than women without 
acne  [  26  ] . 

 Addison’s disease, or cortisol defi ciency, is most com-
monly caused by autoimmune destruction of the adrenal 
glands by cytotoxic lymphocytes  [  27  ] . Other causes of adre-
nal destruction are hemorrhage, infection, or metastases from 
solid tumors. Hyperpigmentation is the most common skin 
manifestation of Addison’s disease, caused by increased 
melanin content in the skin. The hyperpigmentation is gener-
alized, but most noticeable in areas exposed to sunlight (face, 
neck, and hands), friction or pressure (elbows, knees, knuck-
les), and palmar creases (Fig.  7a ). In dark skin individuals or 
those living in tropical countries, it is best to identify the 
hyperpigmentation on the buccal mucosa, under the tongue, 

  Fig. 7    ( a ,  b ) Addison’s disease: ( a ) hyperpigmented skin is most 
noticeable in areas exposed to the sun; ( b ) hyperpigmented macules on 
the oral mucosa       
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on the hard palate, and in the anal and vaginal mucosa 
(Fig.  7b ). Scars acquired during the untreated disease will be 
permanently pigmented until the disease is treated. Those 
scars acquired before the disease or during treatment, remain 
unpigmented  [  28  ] .  

 The skin cell physiology of the hyperpigmentation is due 
to increased melanin content in the skin. Melanin is synthe-
sized in epidermal melanocytes located in the basal layer of 
the epidermis and is stored in secretory structures, called 
melanosomes  [  28  ] . ACTH production within the pituitary is 
preceded by POMC (propiomelanocortin), a large precursor 
protein which is later cut in several fragments, producing 
ACTH, MSH (melanocyte stimulating hormone), and  b -lipo-
protein. Due to low levels of cortisol, POMC production 
augments, resulting in higher levels of ACTH and MSH, 
resulting in melanocyte stimulation and the hyperpigmenta-
tion typical of Addison’s disease. Patients may also have 
androgen defi ciency leading to loss of secondary sex charac-
teristics, such as axillary and pubic hair.  

   Conclusion 

 There are multiple cutaneous manifestations of endocrine 
disorders which both the dermatologist and the primary care 
physician must have a thorough understanding of in order to 
diagnose, treat or refer the patient to an endocrinologist for 
the appropriate management of the underlying condition.      
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 In this chapter, an attempt is made to examine the wide 
 spectrum of cutaneous manifestations related to internal malig-
nancies and the most important paraneoplastic syndromes. In 
medicine, cutaneous manifestations are an invaluable marker 
because they may well be the presenting manifestation of an 
underlying neoplasm. Primary care specialists, as well as spe-
cialty and subspecialty doctors, would greatly benefi t from 
knowing the most common cutaneous manifestations associ-
ated with malignancies. Increased clinician awareness could 
prove benefi cial for the patient by promoting earlier screening 
and diagnosis, as well as increased intervention measures, 
thereby signifi cantly affecting the chances of survival and/or 
improving the quality of life of the patient. 

 Cutaneous manifestations of internal malignancies can be 
classifi ed into a number of ways. One can look at dermato-
logic involvement as direct malignant involvement or as 
symptoms of internal malignancy. Common malignant signs 
include xerosis, pruritus, pallor, ecchymoses, Sister Mary 
Joseph nodule, Paget’s disease of the breast, or paraneoplas-
tic dermatoses. The following discussion will focus on those 
cutaneous lesions which involve metastasis to the skin from 
internal malignancies, cutaneous signs and symptoms of 
internal malignancies, and some of the most important and 
well-recognized paraneoplastic syndromes. 

   Cutaneous Metastasis of Internal Malignancies 

 Internal malignancies rarely metastasize to the skin. 
The  estimated prevalence has been reported to vary from 0.7 
to 10.4% of all patients with cancer  [  1–  4  ] . In contrast to 

 paraneoplastic syndromes, metastatic lesions are rarely the 
presenting sign in patients with internal malignancies. These 
lesions usually develop months to years after the primary 
diagnosis and their reappearance may be an indicator of dis-
ease recurrence. The morphology and behavior of the meta-
static lesions tends to be similar, despite place of origin. 
Although, specifi c characteristics have been identifi ed cor-
responding to its organ of origin  [  4  ] . The most common 
metastatic malignancies in men are carcinoma of the lung, 
colon, and kidney, while in women breast and colon carci-
noma are most common  [  1,   5  ] . 

 Malignancies may metastasize to the skin through differ-
ent pathophysiological mechanisms. Direct tumor invasion, 
extension through the bloodstream or lymphatic vessels, and 
accidental implantation at surgery. Direct invasion may pres-
ent with unspecifi c symptoms of infl ammation such as ery-
thema, pain, or edema. Metastatic lesions tend to be multiple 
and affect skin at location close to primary tumor  [  6  ] . 

 The scalp is a primary site of distant tumor metastases, 
with lesions that appear either nodular or as circumscribed 
areas of hair loss, also known as alopecia neoplastica  [  7  ] . 
Direct metastases occur in association with neoplasms of the 
lung or kidney in men and breast in women  [  8  ] . These can 
also present with ulceration of the overlying skin  [  9  ] . 

 The cutaneous metastases that present as solitary or mul-
tiple nodules tend to have a predilection for areas of old sur-
gical scars  [  1,   6  ] . They are usually fi rm or rubbery, but they 
may also show ulceration; they vary in color from fl esh col-
ored, pink, brown, or black  [  9  ] . The location of the metasta-
ses can give an idea of what is the possible organ of origin 
 [  4  ] . The majority of tumor cell metastases develop in regions 
close to the primary malignancy. For example, lesions found 
on the skin of the chest wall tend to arise from carcinomas of 
the lung or breast, while lesions found on the abdominal wall 
usually arise from cancers of the gastrointestinal, genitouri-
nary, or reproductive systems  [  9,   10  ] . 

 Cancers of the breast as well as cancers of the oral cavity 
usually metastasize directly to the skin (Fig.  1 ). Breast metas-
tases are particularly intriguing because of their mechanism. 
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The lymphatic obstruction from tumor cells leads to exten-
sive thickening of the skin, and fi brosis of the dermis and 
subcutaneous tissue (Fig.  2 ). Other histopathology  fi ndings 
include the presence of neoplastic cells within the dermis 
between the collagen bundles arranged in a linear pattern 

(“Indian fi le”) (Fig.  3 ). The term carcinoma en  cuirasse is 
applied when these changes are seen, because the lymph sta-
sis and fi brosis results in a hard and infi ltrated plaque with a 
characteristic leathery or woody appearance  [  6,   11  ] . 
Carcinoma en cuirasse is usually a sign of recurrence in 
breast cancer after mastectomy with tumor spreading well 
beyond the limits of standard surgical or radio therapeutic 
boundaries  [  12,   13  ] .    

 Infl ammatory carcinoma, also known as carcinoma ery-
sipelatoides, is described as a tender, erythematous, and 
edematous area which may be the presenting sign of an 
underlying breast malignancy  [  6  ]  (Fig.  4 ). Aside from breast 
cancer, infl ammatory carcinoma has also been seen with 
metastases from the uterus and lung  [  9  ] . The suspicion of 
infl ammatory carcinoma of the breast should arise in any 
patient with a primary diagnosis of cellulitis of the breast or 
erysipelas, which does not show an adequate response to 
antibiotic therapy  [  9,   13  ] . In the absence of systemic therapy, 
nearly all patients with a diagnosis of infl ammatory carci-
noma die within 5 years of the initial diagnosis  [  13  ] . 
Preoperative chemotherapy in patients with infl ammatory 
breast carcinoma produces a response rate of almost 80%, 
with the majority of patients achieving subsequent surgical 
resection with clear margins  [  13  ] .  

 Although the appearance of cutaneous metastases is a 
poor prognostic factor, the period that extends from initial 
detection and treatment of the primary tumor to the onset of 

  Fig. 1    Breast cancer metastases presenting clinically with nodules on 
the anterior wall of the chest       

  Fig. 2    ( a ,  b ) Breast metastases. Lymphatic obstruction by tumor cells, resulting in extensive thickening of the skin with fi brosis of the dermis and 
subcutaneous tissue       

 

 



61Cutaneous Manifestations of Internal Malignancy and Paraneoplastic Syndromes

metastases can be particularly long  [  1,   6,   14  ] . Previously 
published studies have reported a delay from the recognition 
of primary malignancy to the development of metastases 
from 5 to 10 years in cancers of the ovaries, bladder, larynx, 
and colon  [  9,   15  ] . 

 Ocular melanoma has also been shown to metastasize as 
late as 32 years after the removal of the primary tumor  [  9  ] . 

 Treatment of the primary tumor takes precedence over the 
management of skin lesions  [  1,   16  ] . If cutaneous metastases 
are present, surgical treatment is necessary and the lesions 
need to be excised. In contrast to skin lesions observed with 
paraneoplastic syndromes, it is important to know that the 
management of the internal malignancy does not entail a 
resolution of skin metastasis since these two entities do not 
necessarily follow a parallel course.  

   Sister (Mary) Joseph’s Nodule 

 Sister Mary Joseph’s nodule is a broad term that refers to any 
malignant metastatic nodule near the umbilical area, with the 
primary sites of origin most commonly being malignancies 
of the stomach, colon, ovaries, pancreas, gallbladder, and 
lymphomas  [  17  ] . Although extremely rare, Sister Mary 
Joseph’s nodule has also been found in association with car-
cinomas of the lung and endometrium  [  18,   19  ] . The term was 
coined by Sir William Bailey in honor of Sister Mary Joseph, 
a scrub nurse of the well-known physician William Mayo, 
because she was the fi rst to notice the association between 
palpable umbilical lymph node enlargement and advanced 
stage cancer  [  20  ] . The clinical presentation of a Sister Mary 
Joseph’s nodule is variable. In a study of 85 patients with 
tumors metastatic to the umbilicus, skin lesions were observed 
as fi rm, indurated nodules, with fi ssuring or ulceration  [  21  ] . 
Lesions can also present with hyperpigmentation, erythema-
tous, or non-erythematous changes, without  discharge  [  22  ] . 
The histology of the nodule depends on the primary site of 
the tumor, but is most commonly an adenocarcinoma  [  21, 
  22  ] . The clinician should be aware that the differential diag-
nosis of Sister Mary Joseph’s nodule can include epidermoid 
cysts, seborrheic keratosis, dermal nevi, polyps, congenital 
malformations of the omphalomesenteric duct or urachus, 
foreign bodies, talc granulomas, pyogenic granulomas, 
angiokeratomas or lymphangiomas, and basal cells epithe-
liomas or melanomas, although these rarely occur as primary 
tumors of the umbilicus  [  22  ] . Since benign tumors of the 
umbilicus are uncommon, it is recommended that all lesions 
near this area be biopsied  [  17  ] . 

 A number of mechanisms have been proposed as the 
pathophysiologic basis of metastasis to this region. The most 
common route of metastasis is direct tumor extension from 

  Fig. 3    ( a ,  b ) Breast metastases. Histological examination of breast 
metastases showing the characteristic  Indian fi le  pattern of tumor cells       

  Fig. 4    A tender and erythematous plaque simulating an infectious pro-
cess (cellulitis)       
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the anterior peritoneal surface, since most of the tumors 
 originate in the abdominal area  [  20  ] . Other possibilities 
include arterial, venous, and/or lymphatic spread. Another 
interesting possible route is through the ligaments of embry-
onic origin such as the round ligament of the liver or the 
median umbilical ligament of the urachus  [  22  ] . 

 The prognosis of patients with umbilical metastases is 
generally poor because the appearance of such lesions is usu-
ally indicative of advanced metastatic disease  [  22  ] . Some 
studies report that the mean survival period in patients pre-
senting with umbilical metastases is 10 months, with the 
majority of tumors being inoperable at the time of initial 
diagnosis  [  21,   22  ] . However, other studies have suggested, 
depending on the site of the primary tumor, a more aggres-
sive approach, such as combining surgical interventions with 
chemotherapy and radiotherapy, may result in improved 
 survival  [  17,   21  ] .  

   Cutaneous Manifestations of Internal 
Malignancies: Symptoms, Signs, and Other 
Distinct Disease Entities 

 Even though there is a great variety of conditions that can cause 
pruritus, primary physicians and subspecialists should recog-
nize that pruritus could be a sign of an occult malignancy  [  23  ] . 
Generalized pruritus may be the initial symptom present in 
patients with solid tumors  [  24  ] . The origin of pruritus is com-
plex and a lot is unknown about the mechanisms responsible 
 [  23  ] . It can be either peripheral or central in origin. The pro-
duction of pruritogenic mediators such as histamine, sero-
tonin, eicosanoids, and cytokines stimulate the free nerve 
endings of specialized C fi bers found in the skin, which then 
transmit information to the central pathways  [  24  ] . Pruritus is 
commonly found in hematologic malignancies. Nearly 50% 
of patients with a diagnosis of polycythemia vera experience 
itching, while almost 30% of patients with Hodgkin’s lym-
phoma report itching  [  25  ] . Pruritus in non-Hodgkin’s lym-
phoma is rare, with the exception of Sezary’s syndrome, in 
which the incidence is nearly 100%. A localized itch may 
offer a diagnostic clue to an underlying malignancy, for exam-
ple: (1) scrotal itch may be associated with prostate cancer; 
(2) nostril itching associated with brain tumors infi ltrating the 
fl oor of the fourth ventricle; (3) vulval itch with cervical can-
cer; and (4) perianal itch with colon or rectal cancer  [  24  ] . 
Although localized pruritus is fairly uncommon, in patients 
with an already established history of cancer, localized pruri-
tus may portend a worse prognosis  [  1  ] . 

 The use of corticosteroids or H2 receptor blockers, such 
as cimetidine, is not useful in the treatment of pruritus asso-
ciated with solid tumors  [  24  ] . Twycross et al. proposed a 
treatment ladder for the management of pruritus in these 
patients, the fi rst step of which consists of using paroxetine 

5–20 mg daily  [  22  ] . The drug of choice for the treatment of 
polycythemia vera is low-dose aspirin. Platelet degranula-
tion is increased in polycythemia vera releasing pruritogenic 
mediators such as serotonin and prostanoids. Therefore, it is 
theorized that the antipruritic effect of aspirin could be 
related to its action over platelet function  [  24,   26  ] . 

 Hematologic malignancies often show numerous other 
skin signs that are rather nonspecifi c; however, their pres-
ence should alert the astute physician to search for their 
cause as they may suggest the presence of cancer. Examples 
of such nonspecifi c lesions associated with leukemia and 
lymphomas include: petechiae, pruritus, pallor, ichthyosis, 
urticaria, bullous eruptions, erythema nodosum, alopecia, 
stomatitis, and phlebitis, among others. Pallor and ecchy-
moses are more frequently observed in patients with leuke-
mia due to the underlying anemia and/or thrombocytopenia. 
Ichthyosis and pruritus are more commonly found in patients 
with Hodgkin’s lymphoma  [  6,   27  ] . The localization and dis-
tribution of skin lesions may also give a clue in determining 
the primary malignancy. Skin lesions localized on the 
extremities and face are more common in acute and chronic 
lymphocytic leukemia, whereas truncal lesions are more 
common in chronic granulocytic leukemia  [  6,   27  ] . Gingival 
hypertrophy and bleeding are common fi ndings in acute 
monocytic leukemia  [  6,   27  ] .  

   Paget’s Disease of the Breast and 
Extramammary Paget’s Disease 

 Paget’s disease of the breast and extramammary Paget’s dis-
ease are both recognized as skin markers of internal malig-
nancies. Paget’s disease was fi rst described in 1874 by Sir 
James Paget, who recognized that this condition usually fol-
lowed the development of breast cancer within 1 year of diag-
nosis  [  13  ] . Paget’s disease of the breast is a rare form of breast 
cancer that typically affects the nipple and areola and is char-
acterized clinically by the appearance of erythematous, kera-
totic patches with crusting or weeping  [  13  ]  (Fig.  5 ).  

 The diagnosis of Paget’s disease should be considered in 
patients with a diagnosis of atopic eczema or atopic dermati-
tis not responsive to topical therapy. When Paget’s disease is 
diagnosed, the clinician should examine both breasts care-
fully because the occurrence of cancer in one breast is a pre-
disposing factor for the development of cancer in the 
contralateral breast  [  6  ] . Aside from the clinical presentation 
and results of mammography, the diagnosis of Paget’s dis-
ease is also made based on histological fi ndings found on 
biopsy of an eczematous lesion. These include the presence 
of Paget’s cells, which are large cells with large nucleoli and 
a pale cytoplasm, located within the epidermis  [  13  ]  (Fig.  6 ). 
In a study of 104 patients with Paget’s disease of the breast, 
nearly 93% of patients had an underlying carcinoma. A total 
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of 33% were ductal carcinoma in situ (DCIS), while 36% had 
multifocal disease  [  26  ] . Researchers from this study con-
cluded that their fi ndings were similar to those published by 
previous studies, and thus confi rmed the high frequency of 
underlying carcinoma associated with Paget’s disease  [  28  ] .  

 Extramammary Paget’s disease is most commonly seen in 
the anogenital region (Fig.  7 ). Evidence of perianal involve-
ment has been reported to be associated with underlying 
 cancer in 25–35% of patients, whereas only 4–7% of those 
with genital involvement are associated with cancer  [  9,   29  ] . 
If evidence of perianal involvement is found, the presence of 

rectal cancer should be excluded. In contrast, if the genital 
area is affected, cancers from the urogenital or reproductive 
tracts should then be excluded  [  9,   29  ] .  

 Clinicians may confuse the diagnosis of extramammary 
Paget’s disease as eczema, candidiasis, leukoplakia, or lichen 
simplex chronicus  [  6  ] . Therefore, a thorough and pertinent 
patient history and assessment of possible risk factors for the 
development of cancer should be obtained. 

 Although the treatment of extramammary Paget’s disease 
is primarily targeted towards the underlying malignancy, the 
management of Paget’s disease of the breast has been more 
controversial, because it presents either in conjunction with 
an underlying invasive cancer, DCIS, or without any under-
lying malignancy. Treatment varies from total mastectomy to 
breast conserving surgery with adjuvant radiotherapy, 
depending on the tumor type, size, and level of lymph node 
involvement  [  29  ] . Previous studies have shown that mastec-
tomy was not associated with increased survival outcomes 
when compared with patients who had undergone breast 
conserving therapy with central lumpectomy  [  28–  30  ] . 
However, the use of radiotherapy is strongly recommended 
in patients undergoing breast conserving therapy to ensure 
adequate local control of malignant disease  [  30,   31  ] . 
Furthermore, the use of sentinel lymph node biopsy (SNLB) 
has also been recommended for all cases of Paget’s disease 
in which the evidence of invasive cancer is confi rmed to eval-
uate for the involvement of the axillae  [  32  ] . The use of SLNB 
in patients with DCIS or Paget’s disease alone continues to 
be questionable  [  32  ] . 

 Ultimately the decision of choosing breast conserving 
therapy versus mastectomy should be made on an individual 
basis. Some researchers argue that even though breast con-
serving therapy may seem a feasible alternative for patients 
with Paget’s disease, fi ndings on clinical examination and 
mammography results may underestimate the true extend of 
underlying disease  [  33,   34  ] . In a study of 40 cases with a 

  Fig. 5    Paget’s disease of the breast. Erythematous scaly plaque affect-
ing the right areola       

  Fig. 6    Histopathological examination of Paget’s disease. Clear cells 
with large nuclei (Paget cells) are seen throughout the epidermis       

  Fig. 7    Extramammary Paget’s disease. A pruritic, erythematous, and 
well-demarcated plaque with erosions and white crusts       
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benign mammogram and no evidence of a palpable mass, 
these researchers found evidence of invasive cancer or DCIS 
of 5 and 68%, respectively  [  33  ] . Most recently, the use of 
MRI has been considered as an appropriate imaging modal-
ity to help in the selection of patients with Paget’s disease 
and no evidence of a palpable mass or other abnormal mam-
mography fi ndings  [  34  ] . The prognosis in Paget’s disease of 
the breast is related to the staging of breast disease and is 
similar to those seen in other types of breast cancer  [  13  ] . 
Although Paget’s disease of the breast remains a rare form of 
breast cancer, it is a neoplasm nonetheless and should be 
treated accordingly  [  30  ] . In the event that invasive breast 
cancer is found, the use of adjuvant systemic chemotherapy 
should be used following the same guidelines, similar to 
those of other types of breast cancer  [  13  ] .  

   Paraneoplastic Syndromes: A Brief Overview 

 Paraneoplastic syndromes affect a wide variety of systems, 
including the endocrine, nervous, and dermatologic systems 
 [  35  ] . The primary focus of this discussion will be those syn-
dromes with cutaneous manifestations. Curth et al. was fi rst to 
establish a group of characteristics needed to be met before 
one could suggest that a particular skin disease is part of a 
paraneoplastic syndrome. These included: (1) both conditions 
start at approximately the same time; (2) both conditions 
 follow a parallel course; (3) in syndromes, neither the onset, 
nor the course of either condition is dependent on the other; 
(4) a specifi c tumor occurs with a specifi c skin manifestation; 
(5) the dermatosis is not common in the general population; 
and (6) a high percentage of association is noted between the 
two conditions  [  36  ] . Although the criteria for diagnosing a 
cutaneous manifestation as a paraneoplastic syndrome per se 
has varied throughout the years, a current review of the literature 
demonstrates that only two criteria are essential for the diagnosis 
of a paraneoplastic syndrome: (1) both entities follow a paral-
lel course and (2) the development of the dermatosis occurred 
after the formation of the malignant tumor  [  1,   37  ] . Furthermore, 
an abrupt appearance or rapid changes in skin lesions may 
suggest a paraneoplastic phenomenon, for example, the sudden 
worsening of multiple seborrheic keratosis is the sign of Leser–
Trélat  [  35  ] . It is understood that many of the pathological 
processes or malignancies causing paraneoplastic phenomena 
are diffi cult to recognize because they produce subtle physio-
logic changes  [  38  ] . Studies have shown that almost 15% of 
patients with cancer present with a paraneoplastic syndrome at 
the moment of their initial diagnosis and almost 50% of all 
patients with cancer will develop a paraneoplastic syndrome 
during the course of their disease  [  39,   40  ] . Therefore, it is of 
utmost importance to recognize these cutaneous signs because 
failure to do so may delay the diagnosis of cancer and thus 
adversely affect therapeutic interventions  [  41  ] .  

   Acanthosis Nigricans 

 In simple terms, acanthosis nigricans is defi ned as hyperpig-
mentation of the skin that primarily affects the fl exural areas. 
It is a clinical diagnosis based on the appearance of small 
hyperkeratotic papules with a velvety texture  [  39,   42,   43  ] . 
Hyperkeratosis alone, not an increase in melanin production, 
is what gives rise to the hyperpigmentation of acanthosis nig-
ricans  [  39  ] . Transforming growth factor-1 (TGF-1) has been 
considered a likely culprit of the development of such lesions. 
A product of tumor secretion, TGF-1, promotes the prolif-
eration of keratinocytes and thus the appearance of the 
lesions  [  41,   42,   44  ] . 

 Acanthosis nigricans can be classifi ed into three different 
subgroups: the hereditary benign acanthosis nigricans, acan-
thosis nigricans related to obesity, or malignant acanthosis 
nigricans  [  9  ] . When suspecting the diagnosis of acanthosis 
nigricans in an obese patient, it is usually benign and related 
to an increase in insulin resistance. A family history of endo-
crinopathies, as well as chronic steroid use, may also lead to 
its development in benign cases  [  1,   9,   39  ] . 

 Causes for concern are the rapid development of lesions, 
a lack of family history of acanthosis nigricans, and exten-
sion beyond that of the typical intertriginous regions, such as 
the neck, axillae, antecubital, and popliteal fossae. When 
areas such as the palms, soles, anus, periocular areas, lip ver-
milion, and oral mucosa (including the gingival areas) are 
affected, the suspicion of malignant acanthosis nigricans 
should prompt a meticulous investigation for related malig-
nancies  [  39,   42,   45  ]  (Fig.  8 ).  

 As a paraneoplastic syndrome, the occurrence of malig-
nant acanthosis nigricans has been associated with gastroin-
testinal malignancies, specifi cally gastric adenocarcinoma in 
45–95% of cases. It has also been found to occur in relation 
to other malignancies, such as hepatocellular carcinoma, 
cholangiocarcinoma, lung cancer, endometrial carcinoma, 
ovarian cancer, non-Hodgkin’s lymphoma, and mycosis fun-
goides  [  39,   41,   46,   47  ] . Malignant acanthosis nigricans may 
precede the diagnosis of malignancy by as much as 5 years, 
although this may vary considerably. Malignant acanthosis 
nigricans may have a simultaneous onset with cancer in 
approximately 60% of cases, 20% may occur almost 2 years 
after the cancer is diagnosed and almost 18% may precede 
the diagnosis  [  9,   45  ] . Cancers associated with acanthosis 
nigricans, as well as other paraneoplastic phenomena, are 
generally highly aggressive malignancies. The average sur-
vival period varies from 12 to 24 months  [  9,   45  ] . 

 Once the diagnosis of malignant acanthosis nigricans is 
established, the primary focus of treatment is directed at the 
underlying malignancy. Topical and systemic agents may 
also be used to control the additional symptoms of pruritus 
and improve the patient’s quality of life  [  39  ] . To the best of 
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our knowledge, the use of systemic photochemotherapy for 
the treatment of malignant acanthosis nigricans was used 
successfully in one patient. Treatment consisted of therapy 
with oral 8-methoxypsoralene (8-MOP) and a total UVA 
dose of 52 J/cm 2 , with a fi nal exposure of a maximum dose 
of 4 J/cm 2 . This treatment has been found to alleviate the 
pruritus and cause signifi cant regression of the pigmented 
lesions. Although systemic chemotherapy has also been pro-
posed, others contend that no effective treatment exists for 
malignant AN as the underlying malignancy involves a gen-
erally poor prognosis  [  39,   44,   48–  51  ] .  

   The Sign of Leser–Trélat 

 The sign of Leser–Trélat is believed to have fi rst been 
described by two European surgeons. By defi nition, it is used 
to refer to the acute onset of multiple seborrheic keratoses 
with or without pruritus  [  39,   41,   52,   53  ] . Seborrheic kera-
toses are a common fi nding in the elderly population and are 
usually described as waxy, dark papules which have a “stuck 
on appearance.” These lesions are generally located on the 
trunk and especially the back. As a paraneoplastic syndrome, 
it is most commonly associated with gastric or colon adeno-
carcinoma, gallbladder carcinoma, bile duct adenocarci-
noma, leukemia or lymphoma, breast, lung, ovarian, or 
uterine cancer  [  44,   45,   47,   53–  58  ] . 

 The pathogenesis of the sign of Leser–Trélat is similar to 
that of acanthosis nigricans; transforming growth factor- a  
(TGF- a ) production by tumor cells, similar to epidermal 
growth factor (EGF), and the subsequent disruption of the 
regulation of epidermal cell turnover promotes the develop-
ment of these and other paraneoplastic lesions  [  41,   45,   59  ] . 

 As a paraneoplastic syndrome, its validity has been 
 routinely questioned. Some argue that because of their high 
prevalence in the elderly population as well as in pregnancy, 
they provide no adequate role in the clinical diagnosis of 
malignancies  [  1,   45,   53,   60,   61  ] . However, it is not the  quantity 

of lesions but the precipitous onset which should alert the 
physician to the possibility of an internal malignancy. 

 There is no specifi c therapy for the sign of Leser–Trélat, 
however when found in association with a malignancy, treat-
ment of the underlying disease may result in the regression 
of seborrheic keratoses in almost 50% of cases  [  41,   60  ] . They 
may also serve as a marker for relapse after tumor treatment. 
Interestingly, one study describes the case of a patient with 
an adenocarcinoma of the colon whose lesions almost com-
pletely resolved with chemotherapy for the primary tumor, 
and then reappeared when the tumor began to expand 
6 months later  [  9,   61  ] . 

 The majority of patients who present with multiple sebor-
rheic keratoses are not at an increased risk for internal malig-
nancies. However, if these lesions begin to develop or expand 
rapidly, and if other paraneoplastic phenomena such as 
malignant acanthosis nigricans and tripe palms are noted, a 
thorough search for internal malignancies should be under-
taken  [  40,   44,   45  ] .  

   Tripe Palms (Pachydermatoglyphy) 

 The term tripe palms are derived from its resemblance to the 
rugose surface of tripe found in the bovine foregut. It is 
defi ned as hyperkeratotic palms with accentuation of normal 
skin dermographics creating a wrinkled, velvety appearance 
(Fig.  8b ). It is a distinct paraneoplastic sign, and over 90% of 
cases of tripe palms are found to be associated with malig-
nancies  [  42,   62,   63  ] . The dermatopathology of tripe palms is 
characterized by hyperkeratosis, acanthosis, dermal mucin 
deposition, and an increase in the number of dermal mast 
cells  [  42,   62  ] . 

 Tripe palms is occasionally grouped within the spectrum 
of papulosquamous disorders, which may also include the 
sign of Leser–Trélat, malignant acanthosis nigricans and 
other fl orid cutaneous dermatoses because it often occurs 
in conjunction with other paraneoplastic manifestations. 

  Fig. 8    ( a – c ) Acanthosis nigricans and “tripe palms.” Hyperpigmented, velvety skin on the forearms, palms and dorsum of the hands       
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Some consider tripe palms to be a subset of malignant 
 acanthosis nigricans due to their histological resemblance, 
but unlike malignant acanthosis nigricans, it is not common 
for tripe palms to affect the soles  [  45  ] . Malignant acanthosis 
nigricans is present in about 72% of cases of tripe palms and 
almost 10% are associated with Leser–Trélat  [  45,   62  ] . Tripe 
palms are most commonly associated with lung cancer when 
no other paraneoplastic phenomena are present  [  41,   63,   64  ] . 
The appearance of malignant acanthosis nigricans in con-
junction with tripe palms is most suggestive of gastric adeno-
carcinoma  [  41  ] . Interestingly, a case of early stage ovarian 
cancer in a 52-year-old female was recently described as 
 presenting with all three entities: tripe palms, malignant 
acanthosis nigricans, and the sign of Leser–Trélat  [  47  ] . 

 Although the pathological mechanisms involved in the 
development of tripe palms are still unknown, the role of 
cytokines in the development of lesions is highly probable, 
and TGF- a , again, appears to be the most likely candidate. In 
a previously published case report of a patient with systemic 
mastocytosis and associated tripe palms, the level of TGF- a  
produced by the abnormal mast cells was found to correlate 
with the severity of skin lesions. The systemic mastocytosis 
was successfully treated with interferon- a  (IFN- a ), and the 
tripe palms completely regressed  [  65  ] .  

   Acrokeratosis Paraneoplastica 
(Bazex’s Syndrome) 

 Bazex’s syndrome was fi rst described by Gougerot and 
Rupp in 1922  [  66  ] . It is a rare paraneoplastic syndrome 
characterized by the development of papulosquamous 
plaques, resembling psoriasiform dermatitis, primarily 
localized on the nose, hands, feet, and acral surfaces of the 
ears, such as the helix  [  41  ] . Nail changes are also a common 
fi nding, characterized by subungual    hyperkeratosis with 
onycholysis, nail thickening and discoloration, and longitu-
dinal or horizontal ridges. Because the diagnosis of Bazex’s 
syndrome is mainly clinical, physicians should familiarize 
themselves with the classic distribution of skin lesions to 
make the correct diagnosis  [  67  ] . It is also of great impor-
tance to talk about risk factors such as smoking, alcohol use, 
and family history, because of their high association with 
internal malignacies  [  38  ] . The differential diagnosis of 
Bazex’s syndrome includes acral psoriasis, pityriasis rubra 
pilaris, systemic lupus  erythematous, treatment-resistant 
eczema, and superfi cial skin infections  [  39,   41,   68,   69  ] . 
Patients diagnosed with Bazex’s syndrome are usually white, 
middle-aged men  [  23,   122,   123,   125,   126  ] . The histological 
examination of Bazex’s syndrome is characterized by vacu-
olar degeneration of keratinocytes, acanthosis, parakerato-
sis, and a lymphocytic perivascular infi ltration of the 
superfi cial dermis  [  68  ] . 

 The malignancies most likely to be associated with 
Bazex’s syndrome are those related to the oropharynx, lar-
ynx, lung, or esophagus. Although rare, it has also been asso-
ciated with cancers of the stomach, colon, bladder, and 
prostate  [  70–  74  ] . Most recently, a case of infi ltrating ductal 
carcinoma of the breast was found in association with Bazex’s 
syndrome  [  70  ] . The most common tumor histology encoun-
tered in these patients was squamous cell carcinoma, but 
poorly differentiated carcinomas as well as adenocarcinomas 
were also observed  [  66  ] . In a signifi cant number of reported 
cases, however, the primary site of malignancy was unknown 
 [  75  ] . Almost 60% of patients with Bazex’s syndrome dem-
onstrate symptoms of this disorder prior to the diagnosis of a 
malignancy  [  1,   41,   69,   70,   76,   77  ] . 

 Similar to other paraneoplastic syndromes, there is much 
speculation about the pathogenesis of Bazex’s syndrome. 
Most studies agree with the theory of a tumor-derived growth 
factor which stimulates abnormal proliferation of keratino-
cytes  [  41,   78  ] . Other proposed mechanisms include antigen 
cross-reactivity with the basal membrane as well as a T cell-
mediated response to antigens present in the epidermis 
 [  66,   69,   75  ] . An autoimmune mechanism has also been pro-
posed because Bazex’s syndrome has been found in associa-
tion with other autoimmune diseases such as alopecia areata 
and vitiligo  [  68,   79  ] . 

 Defi nitive treatment of Bazex’s syndrome is dependent on 
the removal of the primary tumor. However, studies also 
report the use of adjuvant therapy, such as systemic or topical 
steroids, vitamin D, psoralen, and ultraviolet A light (UVA) 
 [  68,   70,   76,   80  ] . If one suspects the diagnosis of Bazex’s 
 syndrome, the physician should have a high clinical suspi-
cion for malignancy and work up the patient as indicated. 
A study published by Valdivielso et al. proposed a diagnostic 
algorithm for further evaluation in which the most important 
aspects were the complete history and physical exam, includ-
ing an otolaryngological examination, plus pertinent studies, 
such as a chest X-ray  [  68  ] . If no abnormalities are found but 
clinical suspicion persists, patients should continue to be 
monitored at least every 3 months for the occurrence of 
 possible malignancies.  

   Necrolytic Migratory Erythema 

 Necrolytic migratory erythema (NME) is a paraneoplastic 
sign which has generally been regarded as part of a paraneo-
plastic syndrome known as the glucagonoma syndrome 
 [  1,   81  ] . The fi rst reported case of NME was seen in a patient 
with a pancreatic islet cell tumor and was reported by Becker 
et al. in the year 1942. In 1966, more than 20 years later, the 
association between NME and hyperglucagonemia was 
established; but it was not until 1973 that Wilkinson fi rst used 
the term NME to describe these typical skin lesions  [  82,   83  ] . 
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Glucagonoma syndrome is extremely rare, with an estimated 
incidence of 1 in 20 million; for which it also carries a very 
poor prognosis (5-year survival rate is usually less than 50%). 
Because of its rarity, the time elapsed until a correct diagno-
sis is made is usually prolonged, even up to 12 years  [  82  ] . 
NME is the presenting problem in nearly 70% of patients 
with a glucagonoma, even so, NME often goes undiagnosed 
for prolonged periods of time  [  41,   84–    86  ] . Because almost 
75% of glucagonomas are already metastatic at the time of 
diagnosis, the physician should be highly aggressive when 
clinical suspicion of NME arises  [  41,   87–    89  ] . Glucagonoma 
syndrome is often described as the constellation of NME, 
diabetes mellitus, stomatitis, cheilitis, weight loss, and diar-
rhea. Glucagonoma syndrome is also commonly referred to 
as the 4D syndrome because of the common fi ndings of der-
matosis, diarrhea, deep vein thromboses, and depression  [  86  ] . 
The term pseudoglucagonoma syndrome is used when skin 
lesions suggestive of NME are found in patients with other 
types of pancreatic cancers, malabsorption syndromes, 
chronic pancreatitis, jejunal adenocarcinoma, or liver cirrho-
sis  [  82,   90  ] . Furthermore, thromboembolic events, such as 
deep vein thrombosis or pulmonary embolism, have been 
found in nearly 30% of patients with a glucagonoma  [  39  ] . 

 Skin lesions in NME are characterized by widespread 
areas of erythema over the face, abdomen, buttocks, thighs, 
perineum, and other intertriginous areas (Fig.  9 ). They typi-
cally begin as erythematous macules which then progress 
into fl accid, central bulla that rupture, leaving an area of 
denudation and crusting. New lesions form simultaneously, 
with progressive spreading of bullae, vesicles, and skin 
desquamation  [  9  ] . Once healing has occurred, post-infl am-
matory hyperpigmentation is usually evident. The disease 
waxes and wanes, with most lesions running a 1–2-week 
course. The clinician must be able to recognize the natural 
course of lesions in NME because the correct diagnosis is 

often missed due to its resemblance to other dermatoses such 
as pemphigus, psoriasis, pellagra, contact or seborrheic 
eczema, and acrodermatitis enteropathica  [  82  ] .  

 The hallmark histological fi ndings of NME are necrolysis 
of the upper epidermis and vacuolated keratinocytes which 
leads to the formation of areas of confl uent necrosis  [  85,   91  ]  
(Fig.  10 ). A perivascular lymphocytic infi ltrate is also present 
in the papillary or upper dermis. Another histological pattern, 
which is not commonly observed, is psoriasiform hyperpla-
sia of the epidermis with areas of parakeratosis  [  1,   92  ] .  

 The pathophysiology of NME is not well understood. 
Multiple theories have been proposed, but none have proven 
to be mutually exclusive of the others. Most recently, NME 
has come to be recognized as a true defi ciency dermatosis 
 [  85  ] . The metabolic effects of glucagon are variable. In sim-
ple terms, hypoglycemia stimulates glucagon secretion, 
which results in increased fat and muscle protein catabolism, 
inhibition of glycogen synthesis and glycolysis, and an 
increase in hepatic gluconeogenesis and glycogenolysis; 
fi nally resulting in increased blood glucose levels. Skin man-
ifestations in hyperglucagonemia are thought to result from 
depletion of the Vitamin B complex, due to increased carbo-
hydrate metabolism, and a decrease in the essential fatty 
acids, due to increased lipolysis  [  85,   93–  95  ] . NME has also 
been suggested to occur by the direct action of glucagon 
because when glucagon secreting tumors are surgically 
removed or treated with a glucagon antagonist, such as soma-
tostatin or octreotide, skin lesions resolve  [  95,   100,   101  ] . 

  Fig. 9    Necrolytic migratory erythema. Annular erythematous plaques 
with central clearing affecting the extremities       

  Fig. 10    A lesion in the early stages of the glucagonoma syndrome 
reveals pale-vacuolated keratinocytes in the upper epidermis       
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Defi ciency of amino acids is also considered a possible 
theory for the development of NME. In previous studies of 
patients with glucagonoma and/or pseudoglucagonoma, 
researchers have observed that patients have low total protein 
levels or selective amino acid defi ciencies in which replace-
ment of said amino acids results in the resolution of NME 
 [  97  ] . Furthermore, specifi c amino acid defi ciencies such as 
histidine and tryptophan defi ciency are also known to cause 
a scaly, erythematous rash  [  96  ] . Zinc defi ciency has also been 
considered as a possible cause of NME because the clinical 
and histologic fi ndings of inherited zinc defi ciency (acroder-
matitis enterohepathica), and acquired zinc defi ciency are 
very similar to those changes seen in NME  [  96,   98,   99  ] . 
Patients with NME and low zinc levels show improvement of 
skin rashes once therapy with 200 mg oral zinc three times 
daily for 3–6 weeks is given  [  96,   98  ] . The release of infl am-
matory mediators also appears to play a role in the pathogen-
esis of NME. When glucagon levels are elevated, there is 
also an increase in the levels of infl ammatory mediators in 
the epidermis such as arachadonic acid, prostaglandins, and 
leukotrienes. With additional trauma to the skin, these infl am-
matory mediators are released causing infl ammatory lesions 
such as those observed in NME  [  96,   103  ] . The direct injec-
tion of these mediators to the skin produces local induration, 
erythema, increased vascular permeability, and infi ltration of 
the skin with neutrophils  [  96,   102  ] . 

 As with the majority of paraneoplastic syndromes, an 
early diagnosis is essential for successful treatment. Surgery 
is considered the gold standard for the treatment of solitary 
glucagonomas. Most cases of NME have rapid resolution of 
lesions once the primary tumor is excised  [  41,   82,   85,   110  ] . 
In addition, palliative therapy with somatostatin analogs, 
IFN- a , and the supplementation of essential fatty acids, zinc, 
and amino acids can improve the patient’s skin lesions  [  85, 
  96,   104–  109  ] .  

   Erythema Gyratum Repens 

 Erythema gyratum repens is a rare paraneoplastic syndrome 
which is sometimes grouped in conjunction with NME as 
part of a much broader category of annular erythemas. Skin 
lesions in erythema gyratum repens are characterized by the 
acute development of intensely pruritic annular rings of ery-
thema, primarily localized on the trunk and proximal extrem-
ities  [  41,   111,   112  ] . These lesions may migrate up to 1 cm/
day and such extension has been described as giving the skin 
a “wood-grained” appearance  [  1  ] . The estimated prevalence 
of an internal malignancy in patients with erythema gyratum 
repens has been found to vary between 77 and 82%  [  1,   113, 
  114  ] . Erythema gyratum repens is commonly associated with 
malignancies of the breast, lung, pharynx, esophagus, stom-
ach, colon, bladder, anus, and cervix  [  41,   112  ] . 

 In a report of 21 cases associated with cancer, the most 
common malignancy was bronchial carcinoma (41%)  [  1,   114  ] . 
Erythema gyratum repens has been shown to precede the diag-
nosis of malignancy in 60–80% of cases, with men affected 
twice as commonly as women  [  1,   41,   112,   115,   116  ] . 

 The histological fi ndings in erythema gyratum repens 
include hyperkeratosis, parakeratosis, spongiosis, acantho-
sis, and a perivascular infi ltrate primarily localized within 
the papillary dermis. Because direct immunofl uorescence 
studies have demonstrated the presence of IgG and/or C3 
deposits in the basement membrane, an immune mechanism 
of action has been theorized. Patients with bronchial carci-
noma often have tumor invasion of the pulmonary basement 
membrane, which exposes previously protected antigens to 
the immune system. This may, in turn, induce the production 
of antibodies that cross-react with those antigens present in 
the basement membrane of the skin, resulting in these char-
acteristic lesions  [  1,   117,   118  ] . 

 Although no specifi c therapies for erythema gyratum 
repens exist, as with other paraneoplastic syndromes, 
improvement and resolution of symptoms is observed with 
the management of the underlying malignancy. No specifi c 
complication has been found associated to cutaneous mani-
festations of erythema gyratum repens. The morbidity and 
mortality are directly related to the malignancy causing the 
syndrome  [  38  ] .  

   Acute Febrile Neutrophilic Dermatosis 
(Sweet’s Syndrome) 

 Sweet’s syndrome, or acute febrile neutrophilic dermatosis, 
was fi rst described by Dr. Robert Sweet in 1964 and was also 
known as Gomm-Button’s disease in honor of the fi rst two 
patients identifi ed with the disease  [  119,   120  ] . Sweet’s syn-
drome, is an entity characterized by the development of pain-
ful, erythematous papules, nodules, and/or plaques, with an 
associated fever (>38°C) and increased neutrophil count. 
A polymorphonuclear or neutrophilic infi ltrate localized 
within the upper dermis can be seen histologically. It can be 
divided into classical or idiopathic Sweet’s syndrome, malig-
nancy-associated Sweet’s syndrome, and drug-induced 
Sweet’s syndrome. All three categories are briefl y described, 
but for the purposes of our discussion, we will be mainly 
focused on malignancy-associated Sweet’s syndrome. 

 The skin manifestations in malignancy-associated Sweet’s 
syndrome are frequently localized to the face, neck, and upper 
extremities  [  119–  121  ]  (Fig.  11 ). These lesions begin as 
extremely tender, erythematous plaques, or nodules which may 
develop into bullae and become ulcerated, similar to pyoderma 
gangrenosum  [  119,   122,   123  ] . Multiple lesions can coalesce to 
form larger plaques in a period of days to weeks. These lesions 
usually heal without marked evidence of scarring.  
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 As with other cases of Sweet’s syndrome, the histopatho-
logical fi ndings in malignancy-associated Sweet’s syndrome 
are characterized by edema of the dermis and an infi ltrate of 
mature neutrophils primary localized within the papillary 
dermis (Fig.  12 ). Fragmentation of neutrophil nuclei, also 
known as karyorrhexis or leukocytoclasia, swelling of the 
endothelial cells, and dilation of blood vessels are all com-
mon fi ndings  [  119,   120  ] . Other characteristics once consid-
ered exclusionary for Sweet’s syndrome, such as fi brinoid 
degeneration of vessels and vascular infl ammation, have also 
been seen in a number of cases  [  124–  130,   134  ] . Most recently, 
a new variant of Sweet’s syndrome has been proposed, named 
“histiocytoid Sweet syndrome”  [  129,   134  ] . This entity is 
characterized by clinical signs and symptoms similar to those 
of Sweet’s syndrome, but the histology is marked by a 
 predominantly mononuclear dermal infi ltrate. The main 
 differential diagnosis of “histiocytoid Sweet syndrome” is 

 granulocytic sarcoma, also known as leukemia cutis and 
extramedullary myeloid tumor  [  129,   134  ] . Granulocytic sar-
comas have been found to be associated with a number of 
hematologic malignancies, including acute myeloid leuke-
mia, myelodysplastic syndromes, and myeloproliferative 
disorders  [  134  ] . Sweet’s syndrome colonized by circulating 
leukemic cells can be diffi cult to distinguish from leukemia 
cutis or differentiated granulocytic sarcoma  [  124,   130,   134  ] . 
Therefore, cases in which “histiocytoid Sweet syndrome” is 
suspected, long-term follow-up is recommended to exclude 
the possibility of granulocytic sarcoma  [  134  ] .  

 Classical Sweet’s syndrome is more commonly found in 
women ages 30–50  [  119,   131  ]  (Fig.  13 ). The diagnosis of 
classical Sweet’s syndrome requires that both major criteria 
and at least two of four minor criteria are met  [  14,   119,   132  ] . 

  Fig. 11    ( a ,  b ) Sweet’s syndrome. A patient with a history of laryngeal cancer presents with well-demarcated erythematous plaques       

  Fig. 12    Sweet’s syndrome. Histopathological examination in Sweet’s 
syndrome demonstrates numerous neutrophils infi ltrating the superfi -
cial dermis, and signifi cant edema of the papillary dermis       

  Fig. 13    Sweet’s syndrome. Well-demarcated erythematous plaques 
affecting the dorsum of the hands       
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The major criteria are (1) acute development of painful 
 erythematous papules or nodules and (2) neutrophilic infi l-
tration of the dermis without leukocytoclastic vasculitis. The 
minor criteria are (1) a recent history of an upper respiratory 
tract infection, gastrointestinal infection, or vaccination or an 
association with underlying malignancy, infl ammatory dis-
ease, or pregnancy; (2) fever (>38°C); (3) excellent response 
to treatment with systemic corticosteroids or potassium 
iodine; and (4) at least three of four laboratory values signifi -
cant for an increase in erythrocyte sedimentation rate more 
than 20 mm/h; a positive C-reactive protein; and an increase 
in leukocytes more than 8,000 consisting of more than 70% 
neutrophils  [  119  ] . Drug-induced Sweet’s syndrome has 
been found to occur in patients exposed to antibiotics, anti-
epileptic drugs, anti-thyroid hormones, contraceptives, non- 
steroidal anti-infl ammatory drugs, and colony-stimulating 
factors  [  119  ] . In drug-induced Sweet’s syndrome, there is a 
concurrent relationship between drug ingestion and the clini-
cal presentation, with the resolution of lesions once the 
offending agent is removed or the patient is treated with 
 systemic  corticosteroids  [  119,   131  ] .  

 Malignancy-associated Sweet’s syndrome follows the 
same diagnostic criteria as classical Sweet’s syndrome. 
However, the suspicion of malignancy-associated Sweet’s 
syndrome should arise in those patients with the characteris-
tic skin lesions who are older in age, have hematologic disor-
ders and develop ulcerations of the oral mucosa, and whose 
complete blood counts demonstrate anemia, a normal to low 
neutrophil count, and/or an abnormal platelet count  [  1,   119, 
  120,   131,   133  ] . 

 Cases associated with malignancy are not usually pre-
ceded by upper respiratory tract infections and it equally 
affects men and women  [  119  ] . The most common cancers 
found in patients with malignancy-associated Sweet’s syn-
drome are hematological malignancies, such as acute myel-
ogenous leukemia (AML)  [  119,   134,   135  ] . In a series of 41 
patients with malignancy-associated Sweet’s syndrome, the 
most common non-hematological cancers were genitouri-
nary (37%), breast (23%), and gastrointestinal carcinoma 
(17%); with the most common histological type being an 
adenocarcinoma (57%)  [  119,   136  ] . 

 Malignancy-associated Sweet’s syndrome has also been 
diagnosed in patients with adenocarcinoma of the lung  [  137  ] . 
Malignancy-associated Sweet’s syndrome preceded the diag-
nosis of hematologic, recurrent or asymptomatic metastases 
in 61% of cases of those patients with solid tumors  [  136  ] . 

 The evaluation of patients with new onset Sweet’s syn-
drome, in which malignancy is suspected, should include a 
complete history and physical examination with emphasis on 
the thyroid, lymph nodes, oral cavity and skin; digital rectal 
examination; breast, ovary, and pelvic examination in 
women; and prostate and testicular examination in men  [  41  ] . 
Further evaluation should be based on previously established 

guidelines for early cancer detection, including age- 
appropriate screening procedures. Since a number of cases 
of Sweet’s syndrome associated with hematologic malignan-
cies were diagnosed within 11 years of the appearance of 
skin lesions, it has been proposed as reasonable to order a 
complete blood count with differential every 6–12 months 
until a more precise diagnosis can be made  [  136  ] . However, 
because most non-hematological malignancies were diag-
nosed within 12 months of the appearance of skin lesions in 
previously cancer-free patients, keep in mind that it is highly 
unlikely that a subsequent detection of Sweet’s syndrome 
associated with a solid tumor will be made following 1 year 
of continued evaluation  [  136  ] . 

 Although numerous theories regarding the etiology of 
malignancy-associated Sweet’s syndromes, as well as other 
acute febrile neutrophilic dermatoses have been proposed, 
the exact pathological mechanisms are still unknown. 
Circulating antigens, immune complexes, human leukocyte 
antigens, dermal dendrocytes, and cytokines (granulocyte 
colony-stimulating factor, granulocyte–macrophage colony-
stimulating factor, interferon- g , interleukin (IL)-1, IL-3, IL-6, 
and IL-8) have all been considered as plausible causes. The 
production of granulocyte colony-stimulating factor may be 
responsible for the dermatological lesions in patients with 
malignancy-associated Sweet’s syndrome  [  119,   138–  140  ] . 

 Spontaneous resolution often occurs in patients whose 
malignancy is treated successfully  [  141  ] . Treatment with 
systemic corticosteroids is one of the primary modalities of 
therapy  [  120  ] . A review of 79 patients with malignancy-
associated Sweet’s syndrome, in which the most common 
malignancy was AML, showed marked improvement in the 
skin lesions of all patients treated with corticosteroids, 
regardless of the effi ciency of tumor-directed therapy  [  142  ] . 
Intralesional and high-potency topical steroids have also 
been used successfully in the treatment of individual lesions, 
but the response varies depending on the underlying malig-
nancy  [  141  ] . Potassium iodide and colchicine are also effec-
tive treatment options when the use of corticosteroids is 
contraindicated. The use of cyclosporine in a patient with 
myelodysplastic syndrome showed marked resolution of skin 
lesions and lack of progression of the hematologic disease 
 [  141,   143  ] . Cyclosporine has also been used as a second-line 
agent or in patients where corticosteroid use is also not indi-
cated  [  141,   143–  145  ] . Treatment with cytotoxic chemother-
apy and antimetabolic drugs, including methotrexate, are not 
routinely used for the management of Sweet’s syndrome, 
except when combined with systemic corticosteroids. The 
successful use of etretinate and IFN- a  in patients with malig-
nancy-associated Sweet’s syndrome has also been reported. 
Etretinate was used in a patient with idiopathic myelofi brosis 
or agnogenic myeloid metaplasia that did not improve after 
therapy with 100 mg/day of methylprednisolone, potassium 
iodine, or clofazimine. After 5 days of therapy, there was 
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marked improvement not only of plaque lesions but also of 
his general medical condition. IFN- a  was used as adjunct 
therapy with corticosteroids in a patient with chronic myel-
ogenous leukemia. The patient experienced resolution of 
skin lesions, but the effect was only transient  [  141,   146  ] . To 
the best of our knowledge, these represent isolated cases and 
further studies are indicated to determine the true effi cacy of 
the treatment options.  

   Acquired Ichthyosis 

 Acquired ichthyosis is a rare paraneoplastic syndrome whose 
diagnosis should alert the clinician to the possibility of inter-
nal malignancies. It is characterized by the presence of rhom-
boidal scales, localized to the extensor surfaces of the 
extremities, often sparing the fl exural areas, palms, and soles. 
Histological changes include hyperkeratosis with a decreased 
or absent granular layer. The most common malignancies 
associated with acquired ichthyosis are lymphoreticular 
malignancies such as Hodgkin’s or non-Hodgkin’s lymphoma 
 [  38  ] . Kaposi’s sarcoma, multiple myeloma, breast cancer, 
lung cancer, and female reproductive tract cancers have also 
been found in association with acquired ichthyosis  [  1,   41, 
  147–  149  ] . Acquired ichthyosis can be caused by systemic ill-
nesses such as lepra, hypothyroidism, and acquired immuno-
defi ciency syndrome. It has also been associated with the use 
of nicotinic acid, triparanol, and butirofenones  [  38  ] . 

 The clinical and histological presentation is very similar 
to that of ichthyosis vulgaris. Unlike ichthyosis vulgaris, an 
autosomal-dominant disease, acquired ichthyosis, is not 
hereditary and usually manifests after the detection of cancer 
 [  1  ] . The pathological mechanism is unknown, but the secre-
tion of TGF- a  by tumor cells is considered the primary sus-
pect in the development of this condition  [  1,   150  ] . 

 Improvement of the skin lesions in acquired ichthyosis 
occurs with adequate treatment of the underlying malig-
nancy. Keratinolytics and emollients can be used palliatively. 
Inadequate resolution of this condition should prompt a 
search for disease persistence or tumor recurrence since 
acquired ichthyosis follows a parallel course with its under-
lying malignancy.  

   Paraneoplastic Pemphigus 

 Paraneoplastic pemphigus was fi rst proposed as a distinct 
paraneoplastic syndrome by Anhalt and colleagues in 1990. 
In their land mark study of fi ve patients with a previous diag-
nosis of cancer, Anhalt et al. proposed a defi nition of para-
neoplastic pemphigus based on the following fi ve criteria: 
(1) painful mucosal ulcerations and polymorphous skin 
lesions with the progression to blister formation and erosion 

most commonly of the trunk, extremities, palms, and soles in 
the context of a confi rmed or occult neoplasm, (2) intraepi-
dermal acantholysis, necrosis of keratinocytes, and vacuolar 
interface changes, (3) IgG and complement deposition in the 
epidermal intercellular spaces, (4) autoantibodies that bind 
the cell surface of the skin and mucosa similar to other types 
of pemphigus, but in addition they also bind to simple, 
columnar, and transitional epithelia, and (5) a four protein 
complex immunoprecipitated from keratinocytes consisting 
of 250, 230, 210, and 190 kDa, respectively  [  151  ] . 

 Throughout the years, researchers have come to propose a 
reorganization of the criteria used in the diagnosis of para-
neoplastic pemphigus  [  151,   153  ] . Camisa et al. proposed a 
stratifi cation of these criteria into major and minor subdivi-
sions. The three major criteria include: (1) polymorphous 
mucocutaneous eruption, (2) concurrent internal neoplasia, 
and (3) characteristic serum precipitation fi ndings. The three 
minor criteria include: (1) positive cytoplasmic staining of 
rat bladder epithelium by indirect immunofl uorescence, (2) 
intercellular and basement membrane zone immunoreactants 
on direct immunofl uorescence of perilesional tissue, and (3) 
acantholysis on biopsy specimen from at least one anatomic 
site of involvement  [  152  ] . Patients who fulfi lled all three 
major criteria or two major and two or more of the minor 
criteria were considered likely candidates for a diagnosis of 
paraneoplastic pemphigus. Most recently revised criteria 
have expanded to include: (1) identifi cation of newer autoan-
tigens such as envoplakin (210 kDa), periplakin (190 kDa), 
plectin, and desmoglein 3 and 1; (2) lack of correlation of 
mucocutaneous disease with anti-desmoglein 3 and 1; (3) 
respiratory involvement; and (4) a lichenoid variant of dis-
ease  [  153  ] . Most importantly, other key features such as 
intractable stomatitis, antiplakin antibodies, associated B 
cell-specifi c lymphoproliferative neoplasms and progres-
sively worsening disease are refractory to treatment with a 
fatal outcome in the majority of cases  [  153  ] . Intractable 
stomatitis is most frequently the fi rst sign of disease and is 
the least likely to respond to treatment  [  41  ] . Furthermore, a 
retrospective study of 22 patients with paraneoplastic 
 pemphigus also found that lympho-proliferative disorders, 
indirect immunofl uorescence of rat bladder, and the immu-
noblotting recognition of envoplakin and/or periplakin were 
both sensitive and specifi c features in the diagnosis of para-
neoplastic pemphigus  [  154  ] . In a review of 163 cases of 
paraneoplastic pemphigus diagnosed between 1993 and 
2006, 84% of cases were associated with hematologic neo-
plasms. Non-Hodgkin’s lymphoma was found in 38.6% of 
cases, chronic lymphocytic leukemia in 18.4% of cases and 
Castleman’s disease in 18.4% of cases. Of the 16% of cases 
that was associated with non-hematologic malignancies, 
8.6% were carcinomas of epithelial origin, 6.2% were sarco-
mas of mesenchymal origin, and 0.6% of cases were associ-
ated with malignant melanoma  [  155  ] . 
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 The basic pathophysiologic mechanism responsible for the 
development of skin lesions in paraneoplastic pemphigus is 
still under debate. Some studies suggest that circulating 
autoantibodies are pathogenic, while others propose that cyto-
toxic T-lymphocytes are also partially responsible  [  156–  159  ] . 

 In the majority of cases, treatment of paraneoplastic pem-
phigus is usually disappointing because treatment of the 
underlying malignancy is not always associated with the 
improvement of skin changes  [  1,   41  ] . Treatment with high-
dose corticosteroid therapy, usually 1–2 mg/kg/day helps 
improve cutaneous lesions, but stomatitis rarely shows 
improvement. The use of cyclophosphamide, azathioprine, 
gold, dapsone, plasmapheresis, or photopheresis is generally 
ineffective when used alone  [  156,   157  ] . Long-standing clini-
cal remission has been achieved with combination therapies 
using high-dose corticosteroids, cyclophosphamide, and 
intravenous immunoglobulins  [  156,   159  ] . Most recently, the 
use of rituximab has also been considered as a possible ther-
apeutic option. A review of fi ve patients could not establish 
whether rituximab was effective in treating paraneoplastic 
pemphigus due to the small number of cases and differences 
in protocol used, although 2/5 patients showed recovery and 
marked improvement of mouth lesions  [  156,   160,   161  ] . In an 
additional study by Schmidt et al., two patients treated with 
rituximab showed clinical remission with no further therapy 
necessary, whereas one additional patient showed partial 
remission  [  162  ] . Rituximab has been proven successful in 
the treatment of other autoimmune diseases mediated by 
autoantibodies  [  156  ] . The precise mechanism of action of 
rituximab is still unknown, but it is believed to deplete nor-
mal and abnormal B lymphocytes, thereby decreasing the 
abnormal immune response which is presumed to be the 
basis of paraneoplastic pemphigus  [  156  ] . 

 Clinicians should be aware that the presence of progres-
sive diffuse and persistent oral ulcerations or mucocutaneous 
lesions that are resistant to treatment may suggest that the 
presence of internal malignancy. Therefore, an extensive 
malignancy workup should be performed to search for occult 
neoplasm including a complete blood count, chemistry pro-
fi le, serum protein electrophoresis, and a CT scan of the 
chest, abdomen, and pelvis in addition to physical examina-
tion of the spleen, liver, and lymph nodes  [  41,   155  ] . 
Furthermore, because the full spectrum of signs or symptoms 
of paraneoplastic pemphigus may not be present initially, 
multiple biopsies, direct and indirect immunofl uorescence 
studies, and indirect immunofl uorescence on murine bladder 
are also required for diagnosis  [  155  ] . Previous cases pub-
lished such as lichen planus pemphigoides with associated 
underlying malignancy, lupus erythematosus with thymoma, 
erythema multiforme with unusual antibodies, and lichen 
planus associated with Castleman’s tumor may all represent 
examples of neoplasia-induced pemphigus  [  152,   163–  166  ] . 
The importance of early recognition is paramount because 

paraneoplastic pemphigus is associated with a poor progno-
sis. The mortality rate is almost 90%, with most patient 
deaths occurring during 1 month to 2 years after diagnosis 
 [  156,   157  ] . Death is usually secondary to sepsis, bleeding, 
and respiratory failure  [  41,   167  ] .  

   Conclusion 

 Physician awareness regarding the most common cutaneous 
manifestations associated with internal malignancies ulti-
mately results in a greater benefi t for the patient. Adequate 
screening, leads to earlier intervention, which in the end 
helps to determine a more appropriate course of action. 
Paraneoplastic syndromes may well be the fi rst sign of an 
occult neoplasm and their persistence may signal disease 
progression or recurrence. Most importantly, adequate man-
agement of these situations may not always result in the pro-
longation of survival, but an honest attempt can be made 
towards improving a patient’s quality of life.      
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 Skin infections account for a signifi cant portion of 
 dermatologic diseases. Infections of the skin and subcutane-
ous tissues are highly diverse in respect to incidence, 
 etiologic organisms, and clinical manifestations. Most cases 
are potentially treatable, thus, it is vital for the clinician to 
become familiar with the cutaneous expression of local and 
systemic processes. This chapter covers the clinical presen-
tation, diagnosis, and treatment of the most common bacte-
rial, viral, and fungal mucocutaneous infections encountered 
in internal medicine. 

   Bacteria, Spirochetes, and Mycobacteria 
(Table  1    )    

   Bacteria 

   Impetigo 
 Impetigo is considered the most common superfi cial bacte-
rial skin infection in children 2–6 years)  [  2  ] . It may be clas-
sifi ed as bullous or non-bullous and is frequently caused by 
 Staphylococcus aureus  or  Streptococcus pyogenes  (see 
Fig.  1 )  [  3  ] . For more information on impetigo, refer to the 
Cutaneous Disorders in the Intensive Care Unit chapter.   

   Folliculitis 
   Introduction 
 Infl ammation of the hair follicle is referred to as folliculitis. It 
is categorized by the depth of involvement of the follicle 
(superfi cial versus deep) and the etiology of the infl ammation.  

   Incidence and Prevalence 
 Superfi cial folliculitis is common. Due to its self-limited 
nature, patients rarely present to the physician with this 

 complaint. Therefore, the incidence is unknown and can be 
estimated only with cases of recurrent or persistent superfi -
cial folliculitis and deep folliculitis, for which patients more 
commonly seek medical attention  [  3  ] .  

   Etiology 
 Hair follicles may become infl amed by physical injury, 
chemical irritation, nutritional defi ciencies, or an infectious 
origin as in syphilitic, fungal, viral, parasitic, and bacterial 
folliculitis. There are numerous predisposing factors that 
lead to bacterial folliculitis and they include: follicular 
occlusion, maceration, hyperhydration, nasal harboring of 
 S. aureus , pruritic skin diseases, vigorous application of top-
ical corticosteroids, exposure to oils and certain chemicals, 
shaving against the direction of hair growth, diabetes melli-
tus, and exposure to heated or contaminated water  [  4,   5  ] .  
S. aureus  is the most frequent cause of infectious folliculitis 
 [  4,   6,   7  ]  but  Streptococcus ,  Pseudomonas ,  Proteus , and coli-
form bacteria have also been implicated  [  8  ] .  

   Clinical Features 
 The most common infectious form is superfi cial folliculitis. 
It manifests as a pustule on the follicle orifi ce over an ery-
thematous base and it heals without scarring (see Fig.  2 ). 
Multiple (Impetigo of Bockhart) or single lesions mostly 
appear in hair bearing areas of the skin, predominantly the 
head, neck, trunk, buttocks, axillae, and groin  [  4  ] . Clinically, 
lesions may be tender or painless; however, pruritus is the 
most common complaint. Systemic symptoms or fever rarely 
coexist  [  5  ] .  

 Deep folliculitis results from the involvement of portions 
of the follicle beyond the isthmus  [  3  ] . Clinically, these lesions 
are tender, erythematous papules or nodules that may scar, 
unlike superfi cial folliculitis. Major forms of deep folliculitis 
are furuncles, sycosis (barbae, lupoid, and mycotic) (see 
Fig.  3    ), pseudofolliculitis barbae, acne keloidalis, and 
hidradenitis suppurativa  [  5  ] .  

 Pseudomonal folliculitis, also known as “hot-tub 
 folliculitis,” is caused by  Pseudomonas aeruginosa . It is 
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 characterized by multiple follicular papules or pustules asso-
ciated with bathing in hot-tubs, whirlpools, or swimming 
pools. Lesions may appear as early as 6 h after bathing in 
contaminated or poorly contained waters and are usually 

self-limiting in immunocompetent individuals lasting up to 
14 days  [  3,   5,   9,   10  ] . Lesions are pruritic and may be accom-
panied by symptoms such as earache, painful eyes, sore 
throat, headache, fever, malaise, and abdominal pain  [  3,   10  ] .  

   Diagnosis 
 The diagnosis of bacterial folliculitis may be established 
clinically; however, in complicated, recurrent, or treatment-
resistant cases, a swab of the pustule contents may be neces-
sary for Gram stain or culture to guide treatment  [  4  ] .  

   Pathology 
 On histology folliculitis presents with infl ammatory cells in 
the wall and ostia of the hair follicle (see Fig.  4 ). The infl am-
mation may be limited to the superfi cial aspect of the follicle, 
involving the infundibulum or it can affect both the superfi cial 
and deep aspect of the follicle. The types of infl ammatory cells 
vary depending on the etiology of the folliculitis and/or the 
stage at which the biopsy specimen was obtained. For exam-
ple, a neutrophilic infi ltrate can be seen in more acute cases, 
whereas more chronic cases may have histocytic cells  [  11  ] .   

   Differential Diagnosis 
 The differential diagnosis consists of noninfectious folliculi-
tis, acne vulgaris, acne rosacea, milia, acneiform eruptions, 
dermatologic manifestations of renal diseases, cutaneous 
candidiasis, coccidioidomycosis, and others.  

   Complications 
 Complications, although uncommon, include cellulitis, 
furunculosis, scarring, and permanent hair loss  [  4  ] .  

   Table 1    Characteristics of some common skin and subcutaneous bacterial infections   

 Terminology  Subgroups  Location  Etiology 

 Pyoderma  Non-bullous impetigo  Superfi cial skin of the face (perioral and perinasal) 
or extremities 

  Staphylococcus aureus  ( S. aureus ), 
 Streptococcus pyogenes  ( S. pyogenes ) 

 Bullous impetigo  Superfi cial skin of the face, trunk, perineum or 
extremities 

  S. aureus  

 Folliculitis (pustulosis)  Skin, hair follicles   S. aureus  
 Folliculitis (sycosis) barbae  Skin, hair follicles of the beard   S. pyogenes ,  S. aureus  
 Hot-tub folliculitis  Skin   Pseudomonas aeruginosa  

 Abscesses  Furuncle (boil, subcutaneous 
abscess) 

 Subcutaneous tissue   S. aureus  

 Hidradenitis suppurativa  Multiple furuncles in sweat glands: axillae, groins   S. aureus  and other bacteria, including 
gram-negative bacilli and anaerobes 

 Carbuncle  Dense group of furuncles in areas of thick skin: 
back of neck, shoulders, buttocks 

  S. aureus  

 Cellulitis  Skin and subcutaneous tissue   S. aureus ,  S. pyogenes , Group C and G 
streptococci,  P. aeruginosa ,  Haemophilus 
infl uenzae , or gram-negative bacilli 

 Erysipelas  Skin   S. pyogenes  
 Ecthyma  Skin and subcutaneous tissue   S. pyogenes ,  S. aureus  or both; 

 P. aeruginosa  
 Ecthyma gangrenosum  Skin and subcutaneous tissue in neutropenic patients   P. aeruginosa  

  Table adapted from  [  1  ]   

  Fig. 1    Non-bullous impetigo. Classic stuck-on, honey-colored crusts 
overlying confl uent erythematous papules. Vesicles and erosions might 
also be present       
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   Treatment 
 Treatment of superfi cial bacterial folliculitis consists 
cleansing the affected areas thoroughly the affected areas 
with  antibacterial soaps three times daily  [  12  ] . Topical 

 antibacterial ointments such as mupirocin are advised for 
up to 10 days  [  5,   12  ] . In recurrent, treatment-resistant, or 
deep lesions, fi rst generation cephalosporins, penicillinase-
resistant penicillin, macrolides and oral clindamycin may 
be used based on the results of the culture  [  3,   5,   12  ] . Some 
patients may be chronic carriers of  S. aureus  and would 
consequently benefi t from mupirocin ointment application 
to the nares, axillae, and/or groin twice daily for 5 days and 
routine washing of towels, linens, and clothing in hot water 
 [  4  ] . If the culture does not reveal any organisms, tetracy-
cline or doxycycline is preferred for their anti-infl ammatory 
properties  [  5  ] . 

  Fig. 2    Folliculitis. Multiple erythematous papules and pustules over trunk and upper extremities       

  Fig. 3    Folliculitis barbae   . Multiple pustules on the orifi ces of the fol-
licles in the beard area accompanied by crusting in an erythematous 
base       

  Fig. 4    Histopathologic fi ndings of a folliculitis. Suppurative process 
involving both the superfi cial and deep portion of the follicle       
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 “Hot-tub” folliculitis treatment is directed at prevention 
by maintaining the appropriate chlorine level and the clean-
ing of the water source  [  3  ] . When the course of the disease 
does not follow its self-limiting nature or manifests with 
constitutional symptoms, an oral third generation cepha-
losporin or fl uoroquinolone may be benefi cial  [  12  ] .   

   Furuncles and Carbuncles 
   Introduction 
 Folliculitis may progress to form subcutaneous infl amma-
tory abscesses known as furuncles, or boils, which usually 
drain and resolve spontaneously; however, they may coalesce 
to form more extensive collections involving multiple hair 
follicles called carbuncles  [  1  ] .  

   Clinical Features 
 A furuncle presents as an erythematous, painful, and fi rm 
nodule in hair bearing skin, especially those areas exposed to 
friction or minor trauma (see Fig.  5 )  [  1,   3,   5  ] . The incidence 
tends to increase after puberty, with  S. aureus  being the most 
common causative agent  [  1,   3,   13  ] . The lesion may progress 
into a fl uctuant mass that will eventually rupture into the 
skins surface. This drainage of the purulent content dimin-
ishes the pain. If multiple or recurrent furuncles (furunculo-
sis) are present, one should suspect chronic  S. aureus  
colonization  [  5  ] . Constitutional symptoms in furunculosis 
are rare, in contrast to carbuncles.  

 Carbuncles present clinically as tender, erythematous, 
edematous, and multiple draining sinus tracts. They extend 
deep into the subcutaneous tissue. These lesions occur most 
often in areas where the dermis is thick such as the nape of 
the neck, lateral thighs, and back (see Fig.  6 ). Malaise, chills, 
and fevers are usually present. Severe infections can result in 
extensive scarring and are more likely to develop complica-
tions such as cellulitis or septicemia  [  1,   3,   5  ] .   

   Etiology 
 As mentioned above, conditions compromising the integrity 
of the skin are portals for the entry of  S. aureus  thus predis-
pose to the formation of furuncles and subsequently carbun-
cles. These are most commonly associated with systemic 
conditions such as diabetes mellitus, eczema, obesity, alco-
holism, malnutrition, and immunodefi ciency states (Hyper-
IgE syndrome)  [  5,   12,   13  ] . Nonetheless, healthy individuals 
with no risk factors can also develop these infections.  

   Diagnosis 
 Cultures of pus isolates, gram stains, and antibiotic sensitivi-
ties all support the clinical diagnosis and aid in management. 
They are generally obtained in cases of recurrent abscesses, 
therapy response failure, systemic toxicity, immunocompro-
mised patients, gas-containing abscesses, and involvement 
of the face, muscle, or fascia  [  5  ] .  

  Fig. 6    Carbuncle. Erythematous, edematous, indurated skin with 
draining sinus, and multiple pustules in a patient that arrived to the hos-
pital for non-resolving fever       

  Fig. 5    Furuncle. Erythematous fi rm nodule in hair bearing skin of 
areas exposed to friction or minor trauma which may progress into a 
fl uctuant mass that eventually ruptures and suppurates. This particular 
case was caused by MRSA       

  



81Cutaneous Manifestations of Infectious Diseases

   Pathology 
 The furuncle is a pyogenic infection with its origin at a hair 
follicle extending into the deep dermis and possibly to sub-
cutaneous tissue. The carbuncle is visualized as a furuncle 
with additional loculated abscesses  [  13  ] .  

   Differential Diagnosis 
 Among the differential diagnosis of furuncles and carbun-
cles the most common are hidradenitis suppurativa (see 
Fig.  7 ), ruptured epidermoid or pilar cysts and soft tissue 
infections  [  13  ] .   

   Complications 
 Most cases resolve after treatment, but some cases are com-
plicated by seeding to the bones, heart valves, or other organs 
as a result of bacteremia  [  1  ] .  

   Treatment 
 The treatment of furuncles and carbuncles ranges from 
warm compresses that accelerate the resolution of simple 
furuncles to surgical and/or medical management for the 
more complicated cases. Incision and drainage are often 
adequate therapy in immunocompetent patients. Fluctuant 
furuncles and carbuncles should be opened and drained with 
caution so as to avoid rupturing the pseudo-capsule  [  3  ] . In 
addition, the loculations should be broken with a curette or 
hemostat and the wound packed to encourage complete 
drainage  [  1,   3  ] . 

 Early in the course of furunculosis, antistaphylococcal 
antibiotics alone may have been useful; however, they have 
little effect once the lesion is fl uctuant. Antibiotics can speed 
the resolution in healthy individuals and are essential in 
treating immunosuppressed patients. Oral penicillinase-
resistant penicillin or fi rst generation cephalosporins are the 
mainstay in the outpatient setting. Severe cases should be 
treated with a parenteral antibiotic that provides empiric 
coverage for Gram-positive pathogens including  MRSA , 
Gram-negative, and anaerobic organisms. Culture and sus-
ceptibility results will aid in targeting the antibiotic therapy 
 [  12,   13  ] . 

 Despite treatment, patients with recurrent furunculosis 
may be experiencing autoinoculation of a pathogenic strain 
of  S. aureus . Eradication should be attempted as described 
previously. If treatment fails, rifampin daily for 10 days com-
bined with cloxacillin four times a day may eradicate the 
carrier state  [  12,   13  ] .   

   Cellulitis 
   Introduction 
 Cellulitis is defi ned as an infection of the deep dermis and 
subcutaneous tissue.  

   Incidence and Prevalence 
 The incidence of lower-extremity cellulitis reaches 199 per 
100,000 people/year. The incidence of cellulites increases 
signifi cantly with age, but there is no statistically signifi cant 
difference between the sexes  [  15  ] .  

   Etiology 
 Gram-positive pathogens are implicated in the majority of 
cases of cellulitis with   b  -hemolytic streptococci being the 
most common causative agent, followed by  S. aureus , 
 MRSA , and Gram-negative aerobic bacilli  [  16,   17  ] . These 
pathogens gain access through abrasions on the skin, burns, 
bites, surgical incisions, and intravenous catheters  [  1,   18  ] . 
Toe web  tinea pedis  is the most common portal of entry. 
There are multiple variants of cellulitis that are caused by 
specifi c pathogens of which some are briefl y discussed in 
Table  2 .   

  Fig. 7    Hidradenitis suppurativa. Cysts, infl ammatory nodules, scarring 
and draining sinus tracts of the chronic, and suppurative infl ammatory 
disease. It most commonly affects axilla and groin because it affects 
apocrine gland bearing areas       
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   Clinical Features 
 The clinical features of cellulitis include a localized area of 
skin of variable size that is painful, erythematous, edema-
tous, and warm with non-palpable and ill-defi ned borders 
(see Fig.  8 ). Patients may present with malaise, fever, and 
leukocytosis  [  3  ] . The area is usually indurated and shows pit-
ting upon pressure. In severe cases, vesicles, bullae, ecchy-
moses, petechiae, pustules, and necrotic tissue may be 
observed. Cellulitis may also present with lymphangitis and 
infl ammation of regional lymph nodes that can damage the 
lymphatic vessels thus leading to recurrent cellulitis. 
Cellulitis may affect any part of the body, but most com-
monly involves the lower extremities in adults, followed by 
the face and hands  [  3,   23  ] .   

   Diagnosis 
 Cellulitis is a clinical diagnosis. In immunocompetent 
patients, neither blood cultures nor secretion cultures are 
needed to confi rm the diagnosis. Conversely, it may be 
appropriate to obtain a blood culture, needle aspiration of the 
leading edge, or a punch biopsy in pediatric cases, immuno-
compromised patients, lesions with suspected atypical organ-
isms, or states of persistent infl ammation. Despite proper 
needle aspiration or biopsy techniques, these cultures are 
positive in only 20% of cases thus implying that cellulitis is 
mainly an infl ammatory response of the host elicited by a 
small number of organisms  [  1  ] . Gram-stains and cultures can 
provide a defi nitive diagnosis in those lesions that are open, 
draining or have an obvious portal of entry. Radiographic 
studies are useful for distinguishing cellulitis from osteomy-
elitis, necrotizing fasciitis, or gas gangrene but should not be 
used as routine examination  [  24  ] .  

   Pathology 
 The pathology of these lesions shows mild-to-moderate 
 leukocytic infi ltration of the dermis possibly extending into 
the subcutaneous fat with dilation of the blood vessels and 
lymphatics. Proliferation of bacteria or other causative organ-
ism may be visualized with the appropriate stains  [  1  ] .  

   Differential Diagnosis 
 Rapidly progressive lesions with accompanying signs of 
 systemic toxicity include more severe infections on the dif-
ferential diagnosis, such as necrotizing fasciitis, gas gangrene, 
toxic shock syndrome, osteomyelitis, and erythema migrans. 
Several noninfectious disorders may also resemble cellulitis 
including thrombophlebitis, Baker’s cysts, contact dermatitis, 
drug reactions, gouty arthritis, and malignancy  [  25  ] .  

   Complications 
 Complications are more common in immunocompromised 
adults and children. These include abscess formation, 
involvement of adjacent bones, osteomyelitis, gangrene, and 
sepsis among others. Recurrence is common if risk factors 
are neglected  [  5  ] .  

   Treatment 
 Empiric antibiotic therapy for the management of cellulitis 
should have activity against   b  -hemolytic streptococci and 
 S. aureus . Patients presenting with the fi rst episode of a limited 
cellulitis and without signifi cant comorbidities can be treated 
with a 10-day course of oral penicillinase-resistant penicillin, 
fi rst generation cephalosporin, amoxicillin–clavulanate, or 
macrolide (i.e., dicloxacillin or cephalexin)  [  26,   27  ] . Marking 
the margins of erythema with ink is a quick and helpful tech-
nique for accessing the progression or regression of the cellu-
litis to a given treatment. If signs and symptoms do not improve 
after 1–2 days of treatment, cultures and sensitivities should be 
obtained and antibiotics adjusted accordingly. The antibiotics 
should be maintained for at least 3 days after the acute infl am-
mation resolves  [  27  ] . 

 Limited disease can be treated orally, but initial parenteral 
therapy is required for cases of extensive cellulitis, signs of 
systemic toxicity, erythema that has rapidly progressed, or 
facial cellulitis. A parenteral second- or third-generation 
cephalosporin (with or without an aminoglycoside) should 
be considered  [  27  ] . 

 Empiric therapy for  MRSA  should be initiated in 
patients with recurrent infections in the setting of underlying 

  Fig. 8    Cellulitis. Warm localized 
area of the leg with erythema, 
edema, induration, and 
non-palpable, ill-defi ned borders. 
In adults the lower extremities 
are the most affected area of the 
body       
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 predisposing conditions, risk factors for  MRSA  infections, in 
communities where the prevalence of  MRSA  is greater than 
30%, previous episode of documented  MRSA  infection, and 
if systemic toxicity is present. Empiric treatment includes 
linezolid, clindamycin, or penicillin plus TMP-SMX or 
doxycycline (if outpatient). If parenteral antibiotic therapy is 
needed, vancomycin (30 mg/kg per 24 h in two divided 
doses) should be used. For patients who fail to respond to 
vancomycin or cannot tolerate its side effects, linezolid 
(600 mg every 12 h) or daptomycin (4 mg/kg once daily) is 
adequate alternatives  [  28,   29  ] . 

 Management of cellulitis should also include immobili-
zation and elevation of the affected area. Maintaining the 
lesion suffi ciently hydrated, especially if bullae are present, 
helps avoid dryness and cracking. Tetanus immunization 
should be considered based on patient history. Pain relief 
medication should be used with caution since they mask the 
intense pain of a process such as necrotizing fasciitis, which 
requires emergency surgical attention. As a preventive mea-
sure, patients should also be treated for the underlying 
 conditions that predispose them to developing recurrent 
 cellulitis ( tinea pedis , lymphedema, and chronic venous 
insuffi ciency)  [  18  ] . 

 These guidelines for empiric antimicrobial therapy should 
be modifi ed in the setting of known pathogens, underlying 
conditions such as diabetes, and special circumstances such 
as animal bites and water exposure. Management of patients 
in these settings is discussed in Table  2 .   

   Methicillin-Resistant  S. aureus  
   Introduction 
 Methicillin-resistant  S. aureus  (MRSA) was initially described 
in the1960s in hospitalized populations (HA-MRSA). While 
patients with community acquired MRSA (CA-MRSA) were 
fi rst described later in the 1980s. Today, these two are diffi -
cult to distinguish from each other because of the introduc-
tion of CA-MRSA into the health care setting as well as 
HA-MRSA being introduced into the community by health 
care providers. However, given that the strains isolated from 
CA-MRSA and HA-MRSA are genetically different, it is best 
to refer to them as “community-type strains” and “health care 
type strains,” regardless of where the infection was actually 
acquired  [  30  ] .  

   Incidence and Prevalence 
 In the USA surveillance report of nosocomial  S. aureus  
infections, isolates with methicillin resistance increased from 
22 to 57% from 1995 to 2001, respectively  [  31  ] . CA-MRSA 
was initially reported among intravenous drug users (IVDU) 
and has since become the most frequent cause of skin and 
soft tissue infections presenting to the emergency depart-
ments and ambulatory clinics in the USA, with an incidence 
of 15–75% by 2004  [  32,   33  ] .  

   Etiology 
 MRSA’s resistance to methicillin and other beta-lactams 
antibiotics can be attributed to the production of PBP 2a; an 
altered penicillin binding protein (PBP) to which these 
 antibiotics have less affi nity  [  34  ] . 

 The risk factors for HA-MRSA infection include MRSA 
colonization, proximity to patients with MRSA colonization 
or infection, prolonged hospitalization (especially if in the 
intensive care unit), recurrent antibiotic use, and hemodialy-
sis or other invasive procedures. 

 The risk factors that both HA-MRSA and CA-MRSA 
infections share are MRSA colonization and proximity to 
others with MRSA colonization or infection (including 
domestic animals). The other risk factors for HA-MRSA 
infection are IVDU, shaving, tattoos, skin trauma, HIV 
 infection, and crowded living conditions (i.e., imprison-
ment). However, many patients with CA-MRSA have no risk 
 factors  [  30  ] .  

   Clinical Features 
 HA-MRSA is associated with serious invasive disease of the 
skin, soft tissues, blood, and/or lungs, while at least 85% of 
CA-MRSA infections present as folliculitis, furunculosis, or 
abscesses . Less likely, CA-MRSA can manifest as cellulitis, 
impetigo, scalded skin syndrome, necrotizing fasciitis, 
 osteomyelitis, otitis, urinary tract infections, endocarditis, or 
 bacteremia  [  30  ] .  

   Diagnosis 
 MRSA should be suspected when infectious skin lesions do 
not respond to the initial antimicrobial treatment directed 
toward  S. aureus  (methicillin susceptible), mainly in com-
munities with high-MRSA prevalence. For confi rmation, 
bacterial cultures and sensitivities should be performed  [  34  ] .  

   Treatment 
 When treating skin and soft tissue infections, the initial 
selection of antibiotics should be based upon the severity and 
the epidemiology in the area. 

 In all patients with severe, life-threatening infections, 
empiric antibiotics should be started before sensitivity results 
are available. However,   b  -lactam antibiotics are no longer 
reliable empiric therapy, given the increasing prevalence of 
MRSA as both a nosocomial and community-associated 
pathogen. Parenteral therapy with vancomycin is the optimal 
treatment; new alternative agents, linezolid, daptomycin, 
tigecycline and quinupristin–dalfopristin have all been FDA 
approved for the treatment of severe skin and soft tissue 
infections. Other treatments, such as telavancin, a novel lipo-
glycopeptide antibiotic with rapid bactericidal activity 
against a broad spectrum of clinically relevant gram-positive 
pathogens, may be a promising treatment option in the near 
future  [  5  ] . 
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 For localized skin and soft tissue MRSA infections, 
the fi rst-line treatment options include clindamycin, 
trimethoprim–sulfamethoxazole, tetracycline or linezolid, 
which are limited by cost, toxicity, and potential for resis-
tance  [  30,   34  ] . 

 Abscesses caused by MRSA should undergo surgical 
treatment because oral antibiotics are an insuffi cient thera-
peutic option. For abscesses smaller than 5 cm, therapy with 
incision and drainage may be suffi cient but management of 
larger abscesses with or without systemic signs of infection 
should include antimicrobial therapy  [  35  ] . Intranasal mupi-
rocin and chlorhexidine washes have proven decolonization 
in some cases, preventing further episodes of infection. 
However, colonization may recur  [  33  ] .   

   Erysipelas 
   Introduction 
 Erysipelas is defi ned as an acute infection of the upper der-
mis and superfi cial lymphatics characterized clinically by 
the sudden onset of bright red, edematous, and indurated 
plaque. The plaque has sharply demarcated, raised, and 
advancing borders which cause intense pain (see Fig.  9 ). In 
most patients, constitutional symptoms such as fever are 
present, generally apparent before skin symptoms, and are 
more common in erysipelas than in cellulitis or fasciitis  [  36  ] . 
The most common sites of involvement are the legs, arms, 
and face  [  37  ] . The complete blood count may reveal neutro-
phil leukocytosis.   

   Etiology 
 Erysipelas is most commonly caused by   b  -hemolytic Group 
A streptococci with occasional cases of Group C and Group 
G Streptococci  [  1,   3,   38  ] . The predisposing factors and diag-
nosis are similar to those of cellulitis.  

   Pathology 
 Pathology reports for erysipelas generally show neutrophilic 
infi ltration of the dermis with accompanying edema. 
Separation of the dermis from the epidermis can be seen 
along with dilation of the lymphatic  [  5  ] .  

   Differential Diagnosis 
 In establishing a differential diagnosis, erysipelas can be 
confused with contact dermatitis, angioedema, scarlet fever, 
lupus erythematosus, acute tuberculoid leprosy, venous 
thrombosis, compartment syndrome, and many infl amma-
tory infectious diseases  [  12,   38  ] .  

   Complications 
 Localized abscesses are not rare and should be considered 
whenever acute erysipelas does not respond to antibiotics. 
Septicemia and thrombosis are rare complications. 
Recurrences of erysipelas are relatively high  [  38  ] .  

   Treatment 
 Penicillin continues to be the standard of treatment in uncom-
plicated erysipelas given the near exclusivity of   b  -hemolytic 
Group A streptococci as the causative pathogen. Treatment 
is administered for 10–20 days  [  38  ] . Parenteral antibiotics 
are reserved for children, immunocompromised patients, and 
patients with severe constitutional symptoms due to the fact 
that oral and intravenous effi cacy has been found to be equiv-
alent in immunocompetent patients  [  39  ] . In patients allergic 
to penicillin, macrolides may be used. Some clinicians prefer 
using macrolides, cephalosporins and fl uoroquinolones, 
especially in complicated cases or when the lesion cannot be 
clearly differentiated from cellulitis. However, due to the 
increasing resistance of streptococci to macrolides, these 
antibiotics should be used with care  [  40  ] . 

 In patients with recurrent episodes of erysipelas, prophy-
laxis with penicillin V or erythromycin has resulted in a sig-
nifi cant reduction of relapses  [  41  ] . Nonetheless, risk factor 
management is more effective in reducing relapses, morbid-
ity, and costs.   

   Ecthyma 
   Introduction 
 Ecthyma is an ulcerative pyoderma of the skin that extends 
into the dermis, thus often being referred to as a deeper form 
of non-bullous impetigo  [  42  ] .  

  Fig. 9    Erysipelas.  Red , edematous indurated plaque with sharply 
demarcated, raised advancing borders       
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   Incidence and Prevalence 
 The incidence of ecthyma remains unknown. However, it is 
known that ecthyma has a predilection for children and the 
elderly  [  43  ] .  

   Etiology 
 Group A   b  -hemolytic streptococci initiate the lesion or sec-
ondarily infect preexisting ulcerations. The spread of skin 
streptococci is augmented by crowding, poor hygiene, high 
temperatures, and humidity. Prior tissue damage, such as 
excoriations, insect bites, and dermatitis, predispose to 
ecthyma. It is most commonly seen in children, neglected 
elderly, and immunocompromised patients such as diabetics. 
Lesions are often contaminated with staphylococci espe-
cially in HIV patients and IVDU  [  5,   13,   43  ] .  

   Clinical Features 
 Ecthyma begins as a vesicle or pustule over an infl amed area 
of skin which then deepens into a dermal ulceration with an 
overlying thick hemorrhagic crust. The crust differs from 
that of impetigo in that it is thicker and harder. A punched-
out ulceration is apparent when the crust is removed. Ecthyma 
commonly manifests as less than 10 lesions that remain fi xed 
in size or progressively enlarge to 0.5–3 cm in diameter. 
Lesions are painful and may have associated regional lymph-
adenopathy, even with solitary lesions. Ecthyma usually 
arises on the lower extremities, most commonly on the ankle 
and dorsum of the foot. Ecthyma can resolve without treat-
ment, but heals slowly, taking several weeks, and generally 
producing a scar  [  42–  44  ] .  

   Diagnosis 
 The diagnosis of ecthyma is based on clinical features; how-
ever, Gram stains and cultures may be performed to confi rm 
Gram-positive cocci infection.  

   Pathology 
 The heavy crust covering the surface of the ecthyma ulcer 
contains superfi cial and deep granulomatous perivascular 
infi ltrate with endothelial edema. The dermis is affected by 
necrosis and infl ammation  [  5  ] .  

   Differential Diagnosis 
 The differential diagnosis of ecthyma is extensive and includes 
the following conditions: ecthyma gangrenosum, pyoderma 
gangrenosum, leishmaniasis, lymphomatoid papulosis, sporo-
trichosis, tungiasis,  Mycobacterium marinum  infection, papu-
lonecrotic tuberculids, excoriated insect bites, venous or arterial 
insuffi ciency ulcers, cutaneous diphtheria, and other bacterial, 
viral, and deep fungal infections of the skin  [  12,   13  ] .  

   Complications 
 It is unusual for ecthyma to cause systemic involvement or 
bacteremia. Secondary lymphangitis, cellulitis, gangrene, 

and osteomyelitis can occur but are very rare. Poststreptococcal 
glomerulonephritis occurs with an incidence of approxi-
mately 1%  [  42  ] .  

   Treatment 
 Treatment of ecthyma begins by maintaining the lesion clean 
using bactericidal soap and removing crusts by soaking or 
using wet compresses. For localized ecthyma, consider topi-
cal therapy with mupirocin ointment twice daily  [  45  ] . 
However, more extensive lesions may require systemic anti-
biotics.   b  -Lactamase resistant penicillin, such as cloxacillin, 
should be adequate to cover possible secondary  S. aureus  
infections or a fi rst generation cephalosporin may also be 
used  [  44,   46  ] . Consider parenteral antibiotics in the event of 
widespread involvement.   

   Ecthyma Gangrenosum 
   Introduction 
 Ecthyma gangrenosum (EG) is an uncommon cutaneous infec-
tion in critically ill and immunocompromised patients, most 
often associated with bacteremia from  P. aeruginosa   [  49  ] .  

   Incidence and Prevalence 
 EG develops in 1–13% patients with  P. aeruginosa  sepsis 
 [  47  ] .  

   Etiology 
 EG is typically caused by  P. aeruginosa ; however, EG-like 
lesions have been documented in case reports of patients 
with other bacterial and fungal infections). EG occurs in 
patients who are immunocompromised by hematologic 
malignancies, immunodefi ciency syndromes, severe burns, 
malnutrition, immunosuppressive therapy, or other chronic 
conditions such as diabetes mellitus. Catheterization and 
instrumentation procedures such as long-term intravenous 
catheters, indwelling urinary catheters, or surgical proce-
dures can also predispose to pseudomonal sepsis and thus 
EG  [  48,   49  ] .  

   Clinical Features 
 The primary cutaneous lesion of EG undergoes a rapid trans-
formation. It begins as a painless, round, and erythematous 
macule that becomes pustular with a surrounding halo of ten-
der infl ammation. The initial macule then develops a hemor-
rhagic vesicle or bulla that ruptures and turns into a gangrenous 
ulcer with a central gray/black eschar (see Fig.  10 )  [  50  ] .  

 The patient may have a single lesion or multiple lesions 
grouped closely. These lesions are usually found on the glu-
teal area or extremities but may appear on any location of the 
body  [  51  ] .  

   Diagnosis 
 The lesion of EG described above is unique and distinguish-
able from most other diseases; therefore, EG should be 
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 suspected if the typical lesion is accompanied by a predispos-
ing clinical picture showing a compromised immune system. 
For a quick approach to diagnosis, one can analyze the gram 
stains of the fl uid in pustules, vesicles, or the tissue beneath 
the eschar. Since EG is usually a manifestation of sepsis, 
blood cultures should be performed, preferably during fever 
peaks. Cultures of urine and the contents of vesicles or pus-
tules in bacterial, fungal, and mycobacterial media should 
also be completed to narrow the differential diagnosis and to 
assure effective antibiotic use by sensitivity studies  [  51,   52  ] .  

   Pathology 
 Histologic examinations of EG lesions show necrotizing 
hemorrhagic vasculitis. Multiple gram-negative rods are seen 
within the media and adventitia of the necrotic vessels but 
not in the intima. Extravasation of blood, edema, and necro-
sis are typically seen around the involved vessels  [  52,   53  ] .  

   Differential Diagnosis 
 The differential diagnosis includes infectious and noninfec-
tious conditions. EG lesions may be mimicked by septic 
emboli of other organisms, cryoglobulinemia, polyarteritis 
nodosa, pyoderma gangrenosum, and necrotizing fasciitis  [  5  ] .  

   Complications 
 EG mortality rates vary signifi cantly, ranging from 15.4% in 
non-bacteremic patients and up to 96% in bacteremia patients 
 [  47  ] . The factors associated with a dismal prognosis are mul-
tiple lesions, delayed diagnosis and treatment, neutropenia, 
and a high bacterial load  [  53  ] .  

   Treatment 
 Despite pending culture or biopsy results, treatment must 
be initiated when EG is suspected. It requires parenteral 

antipseudomonal penicillin, such as piperacillin, in conjunc-
tion with an aminoglycoside. The antibiotic selection can be 
subsequently guided by blood culture and sensitivity results, 
when feasible  [  48,   49,   51  ] .   

   Staphylococcal Scalded Skin Syndrome 
   Introduction 
 Staphylococcal scalded skin syndrome (SSSS), also known 
as Ritter’s disease, is a generalized and superfi cial exfoliative 
infectious disease.  

   Incidence and Prevalence 
 SSSS usually affects neonates, infants, and children under 
age of 5. Few cases have been reported in adults; since the 
causative staphylococcal toxin is excreted by the kidneys, 
these cases have been associated with renal impairment or 
immune defi ciency. When compared with adult patients, 
children have a greater recovery rate. The mortality rate in 
children is less than 5% but over 50% in adults  [  54  ] .  

   Etiology 
 SSSS is caused by exfoliative toxins of the phage II  S. aureus  
strain. These toxins act as epidermolysins by splitting the 
epidermis within the granular layer by binding to desmog-
lein 1, the same desmosomal adhesion molecule targeted in 
pemphigus foliaceous  [  55,   56  ] . The predisposing factors are 
an impaired immunity and renal insuffi ciency. Due to the 
immaturity of both the immune and renal systems, the neo-
nate has an increased risk of SSSS  [  54  ] .  

   Clinical Features 
 Patients with SSSS may fi rst experience prodromal constitu-
tional symptoms (fever and malaise) or symptoms of an 
upper respiratory tract infection (purulent rhinorrhea or/and 
conjunctivitis). Erythema ensues cephalad and then general-
izes, sparing the palms, soles, and mucous membranes. The 
skin becomes tender and Nilkosky’s sign may become posi-
tive. Exfoliation starts 1–2 days later. In the more common 
and localized form of SSSS, the skin appears wrinkled with 
superfi cial erosions on red and moist bases, along with facial 
edema and/or perioral crusting (see Fig.  11 ). In less common 
but more severe forms of the disease, tender, sterile, and fl ac-
cid bullae develop in the superfi cial epidermis. After a couple 
of days, the bullae rupture exposing moist and denuded skin. 
Finally, desquamation ensues in fl exural areas initially and 
then generalizes  [  5,   54,   57  ] .   

   Diagnosis 
 SSSS can be diagnosed clinically. Leukocytosis may be pres-
ent on CBC. Blood cultures are usually negative in children 
but may be positive in adults. Contrary to bullous impetigo, 
cultures taken from intact bullae are negative  [  57  ] . Children 
usually rapidly improve thus histology is not necessary. 

  Fig. 10    Ecthyma gangrenosum. The lesion starts as a round erythema-
tous macule that becomes pustular with a surrounding halo of tender 
infl ammation. It then develops a hemorrhagic vesicle or bulla that rup-
tures and turns into a gangrenous ulcer with a central  gray/black  
eschar       
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However, in those poorly responding adults, confi rmation of 
the diagnosis may be benefi cial. Frozen-section histology of 
a blister roof is a rapid method for differentiating toxic epi-
dermal necrolysis (TEN), where the roof comprises the 
whole epidermis, from SSSS, where the cleavage is in the 
stratum granulosum. Slide latex agglutination and enzyme-
linked immunosorbent assay (ELISA) are confi rmatory test 
that identify the exfoliative toxins  [  54  ] .  

   Pathology 
 Pathology of SSSS shows cleavage at the stratum granulo-
sum of the epidermis (see Fig.  12 ). Due to its toxin-mediated 
origin, these lesions lack infl ammatory infi ltrates or organ-
isms in both the dermis and bullae  [  5  ] .   

   Differential Diagnosis 
 The distinction between SSSS and TEN is vital for the man-
agement of either disease. SSSS is also confused with other 
disorders depending on which of the three stages of SSSS the 
patient presents. These conditions include sunburns, toxic 
shock syndrome (TSS), viral exanthema, erythema multi-
forme, drug-induced TEN, extensive bullous impetigo, graft-
versus-host (GVH) disease, and pemphigus foliaceous. Child 
abuse or elderly abuse can also be included in the differential 
diagnosis when pertinent  [  12  ] .  

   Complications 
 If left untreated or treated poorly, SSSS patients can develop 
serious and potentially life-threatening complications such 
as cellulitis, dehydration, electrolyte disturbance, sepsis, 
shock, and involvement of other body systems  [  56  ] .  

   Treatment 
 Treatment includes systemic anti-staphylococcal antibiotics 
such as the penicillinase-resistant penicillin, dicloxacillin. 
Severe cases require hospitalization and parenteral adminis-
tration of antibiotics. Oral antibiotics should be adequate for 
mild localized cases. Evidence suggests that parenteral anti-
biotics are more effective in treating SSSS than oral antibiot-
ics, thus hospital admission is almost always advised due to 
the rapid progression of this infection. With appropriate 
treatment, skin lesions resolve within 2 weeks  [  57  ] . 

 Pain management is favorable because the lesions are 
often painful. Oral anti-histamines may be used to control 

  Fig. 11    Staphylococcal scalded skin syndrome (SSSS). In the exfoliation of SSSS skin appears wrinkled with superfi cial erosions on red and 
moist bases, along with facial edema and/or perioral crusting       

  Fig. 12    Histopathological fi ndings of Staphylococcal scalded skin 
syndrome. Subcorneal blister with some acantholytic cells. Bacteria not 
present in the blistering toxin-induced lesions       
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itching. Skin lubrication with emollients is benefi cial. Fluid 
and electrolyte replacement may be necessary. Body tem-
perature should be carefully monitored  [  58  ] . 

 Infection control measures include: isolating the patient 
while they remain infectious during the 48 h after initiating 
antibiotic treatment, taking culture swabs from the equip-
ment used in the patients room, using gloves and masks at all 
times, and testing the nursing and medical staff for potential 
carriers when hospital acquired cases occur  [  58  ] .   

   Toxic Shock Syndrome 
   Introduction 
 TSS is a capillary leak syndrome caused by the immunologi-
cal response to a toxin-mediated infection.  

   Incidence and Prevalence 
 It was fi rst formally described in 1978; however, major inter-
est did not grow until 1980 when a signifi cant number of 
staphylococcal TSS cases were reported in healthy young 
women using high absorbency tampons during menstrual 
periods  [  59  ] . Cases of menstrual TSS have decreased from 
9/100,000 women in 1980 to 1/100,000 women since 1986. 
The menstrual TSS case-fatality rate has also declined from 
5.5% in 1979–1980 to 1.8% in 1987–1996  [  60  ] . 

 Currently, more than 50% of reported TSS cases are not 
related to menstrual tampon use, but rather are seen after sur-
gical procedures, post-partum infections or cutaneous infec-
tious processes, among others  [  61  ] . Furthermore, the 
case-fatality rate for non-menstrual TSS has remained con-
stant at 5% over the past several years, contrary to the decline 
seen with menstrual TSS cases  [  60  ] . 

 TSS has been traditionally associated to  S. aureus , how-
ever, it is known today that group A streptococci causes a 
similar disease. Group A streptococci (GAS) TSS has been 
reported with increasing frequency to an estimated 3.5 cases 
per 100,000 persons and a case-fatality rate of 36%  [  62,   63  ] .  

   Etiology 
 TSS is caused by bacterial superantigens (SAGs) secreted 
from  S. aureus  and group A streptococci. SAGs bypass normal 
antigen presentation by binding to class II major histocompat-
ibility complex (MHC) molecules on antigen presenting cells 
and to specifi c variable regions on the   b  -chain of the T-cell 
antigen receptor. By binding to only one of the fi ve variable 
elements that conventional antigens need for recognition, 
SAGs activate T cells at higher orders of magnitude causing 
massive cytokine release. Cytokines are believed to be respon-
sible for the most severe symptoms of TSS, including hypoten-
sion, shock, and multi-organ failure  [  61  ] . 

  Staphylococcal  TSS may be classifi ed by its etiology: 
either menstrual or non-menstrual. Menstrual TSS is asso-
ciated with the prolonged use of high absorbency tam-
pons. Non-menstrual TSS can be seen in several patient 

populations including post-surgical, post-respiratory tract 
viral infections, use of contraceptive diaphragms or intra-
uterine devices, postpartum, concomitant skin infections 
or lesions, burn patients and after the use of foreign bodies 
such as nasal packing  [  61,   64  ] . 

 Toxic shock syndrome toxin-1 (TSST-1) is the exotoxin 
believed to be responsible for essentially all cases of men-
strual-associated TSS, because of its ability to cross intact 
mucosa  [  63  ] . In most cases of non-menstrual TSS where 
skin integrity is compromised, TSST-1 and staphylococ-
cal enterotoxin serotype B (SEB) and C (SEC) have been 
found to be involved  [  64,   65  ] . 

 M types 1 and 3 group A streptococci and streptococcal 
pyrogenic exotoxins (SPE) serotypes A and C have been 
strongly associated with most cases of streptococcal TSS. 
However, cases were necrotizing fasciitis and myositis has 
caused TSS have not been associated with either SPE A or C 
implying other streptococcal superantigens involvement 
 [  66  ] . For streptococcal TSS to ensue the mucosal or skin bar-
rier must be compromised as in chickenpox, wounds, phar-
yngitis, postpartum, and after viral infections  [  61,   67,   68  ] . 

 Nonetheless, not every patient exposed to a virulent 
staphylococcal or streptococcal strain develop TSS. This is 
because the main determining is the lack of antibodies to 
SAGs  [  61  ] .  

   Clinical Features 
  Staphylococcal  TSS is characterized by the sudden onset of 
high fever, chills, headaches, vomiting, diarrhea, and muscle 
aches. It generally begins with a severe localized pain out of 
proportion to the injury and typically found in an extremity. 
Other initial symptoms may be present: fl u-like, fever, chills, 
muscle aches, sore throat, lymphadenopathy, confusion, vom-
iting, and diarrhea. Skin manifestations are rarer than in 
Staphylococcal TSS, but a generalized blanching and macular 
erythema may be present. A macular erythematous eruption 
commences on the trunk and spreads centripetally (see 
Fig.  13 ). Contrary to SSSS, the palms, soles, and mucous 
membranes develop erythema. Non-pitting edema of the 
palms, soles, and occasionally throughout the body occurs. 
This condition can rapidly progress to severe and intractable 
hypotension with multisystem dysfunction. When fever is 
persistent, hypotension and shock may develop and lead to 
multiorgan failure, myositis, fasciitis, or disseminated intra-
vascular coagulation (DIC). If the patient recovers, desquama-
tion can occur 1–2 weeks after the onset of the illness in 20% 
of patients, affecting predominantly the palms and soles  [  61, 
  67,   68  ] . Nail and hair shedding may also occur  [  61,   62,   69  ] .   

   Diagnosis 
 The diagnosis criteria for TSS is currently defi ned by the 
Center for Disease Control (CDC) and outlined in Table  3 . 
However, patients who do not meet the strict CDC criteria 
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but who clearly have a compatible staphylococcal or strepto-
coccal TSS illness should be managed similarly  [  70  ] .   

   Pathology 
 On histology, one can see a lymphocytic and neutrophilic 
infi ltrate within the upper dermis and edema of the der-
mal papillae. Other fi ndings may include subepidermal 
 vesiculation, epidermal spongiosis or confl uent epidermal 
necrosis  [  5  ] .  

   Differential Diagnosis 
 A comprehensive differential diagnosis of TSS includes the 
following conditions: viral exanthema, Kawasaki’s disease, 
scarlet fever, drug eruptions, Rocky Mountain spotted fever, 
systemic lupus erythematosus, early TEN, SSSS, leptospirosis, 
meningococcemia, and severe adverse drug reactions  [  5,   13  ] .  

   Complications 
 Multiple complications have been reported in cases of TSS 
including: renal failure, adult respiratory distress syndrome, 

vocal cord paralysis, paresthesias, arthralgias, DIC,  gangrene, 
and even death  [  62  ] .  

   Treatment 
 Adequate treatment may result in complete recovery.  
 b  - Lactamase resistant systemic antibiotics are required to 
eradicate organisms and prevent recurrences. Some physi-
cians believe in using antibiotics, such as clindamycin, 
because it suppresses toxin production by inhibiting protein 
synthesis, especially in streptococcal TSS  [  61  ] . 

 Vigorous fl uid therapy should be used to treat hypoten-
sion with complementary vasopressors as needed. Removal 
of the foreign body or causative agent is necessary. If a skin 
infection is the etiology, drainage of the infected site, debri-
dement, fasciotomy, or even amputation may be required. 

 The use of corticosteroids in the management of TSS has 
been in recent debate. Keh in 2004 reported benefi t of low-
dose corticosteroid use in cases unresponsive to antibiotics. 
However, many clinicians do not recommend corticosteroid 
treatment in TSS because of the limited clinical data. 

  Fig. 13    Toxic shock syndrome (TSS). Denudation of the skin accom-
panied by hypotension in a critically ill patient       

   Table 3    Toxic shock syndrome   

  Fever  
 Temperature > 38.9°C (102.0°F) 
  Hypotension  
 Systolic blood pressure  £ 90 mmHg for adults or less than 5th 
percentile by age for children <16 years; orthostatic drop in diastolic 
blood pressure  ³ 15 mmHg 
  Rash  
 Diffuse macular erythroderma 
  Desquamation  
 1–2 weeks after onset of illness, particularly involving palms and soles 
  Multisystem involvement (three or more of the following organ 
systems)  
 GI: Vomiting or diarrhea at onset of illness 
 Muscular: Severe myalgia or CPK elevation >2 times the normal 
upper limit 
 Mucous membranes: Vaginal, oropharyngeal, or conjunctival 
hyperemia 
 Renal: BUN or serum creatinine >2 times the normal upper limit, or 
pyuria (>5 WBC/hpf) 
 Hepatic: Bilirubin or transaminases >2 times the normal upper limit 
 Hematologic: Platelets <100,000/mm 3  
 Central nervous system: Disorientation or alterations in consciousness 
without focal neurologic signs in the absence of fever and hypotension 
  Negative results on the following tests  
 Blood, throat, or cerebrospinal fl uid cultures for a pathogen that is not 
 S. aureus  
 Serologic tests for Rocky Mountain spotted fever, leptospirosis, or 
measles 

  Information taken from CDC 1997 case defi nition  
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Treatment with intravenous immune globulin (typically, 
400 mg/kg in a single dose administered over several hours) 
has proven to reduce mortality in severe cases of early TSS 
that has not responded to fl uids and vasopressors, particu-
larly in GAS TSS  [  71  ] . Because individuals with lack of 
immunity to SAGs are at greater risk for TSS, a toxoid vac-
cine that targets the TSS toxin is under investigation  [  61  ] . 

 The CDC defi nes  probable TSS  as any case which meets 
the laboratory criteria and where four of the fi ve clinical fi nd-
ings described above are present. A  confi rmed TSS  is defi ned 
by meeting the laboratory criteria and positive fi ndings for 
all fi ve of the clinical features described previously; includ-
ing desquamation (unless the patient dies before desquama-
tion occurs)  [  70  ]  (Table  4    ).  

 The CDC defi nes  probable Streptococcal TSS  as any case 
that meets the clinical case defi nition in the absence of 
another identifi ed etiology and with the isolation of group A 
streptococcus from a non-sterile site (i.e., throat, vagina, 
sputum, or superfi cial skin lesion). CDC defi nes  confi rmed 
Streptococcal TSS  as any case that meets the clinical case 
defi nition with isolation of group A streptococcus from a 
normally sterile site (i.e., blood or cerebrospinal fl uid or, less 
commonly, joint, pleural, or pericardial fl uid)  [  70  ] .   

   Blistering Distal Dactylitis 
   Introduction 
 Blistering distal dactylitis (BDD) is an uncommon superfi -
cial infection of the distal palmar fat pad of the fi nger 
described classically in children.  

   Incidence and Prevalence 
 Although initially described in children, BDD has also been 
reported in both immunocompetent and immunocompro-
mised adults.  

   Etiology 
 BDD can be caused by the Gram-positive bacteria group A 
  b  -hemolytic streptococcus or  S. aureus . A group of bullae 

may be a clue of  S. aureus  being the causative agent  [  72  ] . 
BDD can coincide with a gram-positive infection or coloni-
zation of the anus, nasopharynx, or conjunctiva due to auto-
inoculation, prior abrasion, bite, or burn  [  73  ] .  

   Clinical Features 
 BDD manifests as an acral tense blister 10–30 mm in diam-
eter. Most commonly occurs on the volar fat pads of the fi n-
gers but can occur on the nail fold, proximal phalangeal, and 
palmar areas of the hands and rarely on the feet and toes. 
BDD is usually associated with hyperpigmentation of the 
surrounding skin. Hyperpigmentation may even occur weeks 
before the eruption of the blister. The blister may evolve into 
erosions over the course of several days  [  74  ] .  

   Diagnosis 
 BDD can be diagnosed based on the clinical presentation and 
confi rmatory bacterial cultures or gram stains, although the 
latter are not necessary.  

   Differential Diagnosis 
 The differential diagnosis of BDD includes burns, parony-
chia, bullous impetigo, and herpetic whitlow  [  13  ] .  

   Treatment 
 The blisters should be incised and drained; wet to dry com-
presses may be used in the eroded areas. Patient should be 
started on a 10-day treatment with a   b  -lactam antibiotic. 
Nevertheless,   b  -lactamase-resistant antibiotics are com-
monly used when  S. aureus  exhibits antibiotic resistance in 
the area. Systemic therapy is useful in eradicating a focus of 
inoculation  [  5,   74  ] .   

   Necrotizing Soft Tissue Infections 
   Introduction 
 Necrotizing soft tissue infections (NSTI) are a dangerous 
group of rapidly progressive infections that cause necrosis of 
the skin and underlying subcutaneous tissues. These are 

   Table 4    Streptococcal toxic shock syndrome   

  Hypotension  
 Systolic blood pressure  £ 90 mmHg for adults or less than 5th percentile by age for children <16 years 

  Multi-organ involvement characterized  ³ 2 of the following  
 Renal impairment: Creatinine  ³ 2 mg/dL ( ³ 177  m mol/L) for adults or more than or equal to twice the upper limit of normal for age. In patients 
with preexisting renal disease, a greater than twofold elevation over the baseline level 

 Coagulopathy: Platelets  £  100,000/mm 3  or disseminated intravascular coagulation 
 Liver involvement: ALT, AST, or total bilirubin levels more than or equal to twice the upper limit of normal for the patient’s age. In patients with 
preexisting liver disease, a greater than twofold increase over the baseline level 
 Acute respiratory distress syndrome: Acute onset of diffuse pulmonary infi ltrates and hypoxemia in the absence of cardiac failure or by the 
evidence of diffuse capillary leak manifested by acute onset of generalized edema, or pleural or peritoneal effusions with hypoalbuminemia 
 Rash: A generalized erythematous macular rash that may desquamate 
 Soft-tissue necrosis: including necrotizing fasciitis or myositis, or gangrene 
  Isolation of group A streptococcus  

  Information taken from CDC 1996 case defi nition  [  70  ]   
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divided by depth of involvement, anatomic location, and 
causative organism or predisposing conditions, but they all 
share similar pathophysiology, clinical features, and treat-
ment approaches  [  75  ] . In this chapter, the most important 
specifi c disease entities will be discussed with emphasis on 
three categories: myonecrosis, necrotizing cellulitis, and 
necrotizing fasciitis. 

 Formerly known as gas gangrene,  clostridial myonecrosis  
is the most severe form of NSTI. Muscle necrosis and gas 
formation are prominent as its name implies. Most cases 
arise after deep wounds or surgery involving muscle tissue, 
and rarely spontaneously. This condition is caused by the 
species of the genus  Clostridium , particularly  C. perfringens , 
although other gram-positive rods have been described. The 
severity of the infection can be explained by the versatility of 
 C. perfringens ’   a   (alpha) toxin, which causes tissue necrosis, 
leukocyte inactivation, red blood cell hemolysis, and direct 
depression of the cardio-respiratory system. Leukocyte inac-
tivation prevents host response thus predisposes the patient 
to a fulminant course. This aggressive condition advances in 
a couple of hours and, unlike other NSTI, there is little 
infl ammation on histologic examination  [  76  ] . 

 Of the NSTI’s, the category of  necrotizing cellulitis  is 
characterized by more superfi cial and insidious involvement, 
except for  synergistic necrotizing cellulites,  which may also 
be considered a variant of necrotizing fasciitis  [  77  ] . This 
condition and other types of necrotizing cellulitis are briefl y 
discussed in Table  5   [  78  ] .  

  Necrotizing fasciitis (NF) is a  rapidly progressing deep 
necrotizing infection involving the subcutaneous tissue and 
fascia. There are approximately 3.5 cases per 100,000 per-
sons, with a case fatality rate of 25%  [  79  ] .  

   Etiology 
 Most NSTI are caused by synergistic aerobic and anaerobic 
bacteria  [  75  ] . Some necrotizing infections are caused by a 

single organism, as is the case in clostridial myonecrosis and 
NF type II caused by group A streptococci. 

 NF is divided, principally, into four groups according to 
the causative organism and clinical features  [  80  ] . NF type I, 
the most common, is a mixed aerobic–anaerobic bacterial 
infection that arises generally after trauma or surgical proce-
dures  [  75  ] . NF type III is caused by gram-negative bacteria, 
often marine-related and NF type IV is usually trauma asso-
ciated with fungal etiology  [  80  ] . As in non-clostridial anaer-
obic cellulitis and synergistic necrotizing cellulitis, patients 
with NF type I predominantly suffer from a predisposing 
systemic illness, such as diabetes. NF type II, as mentioned 
above, is an infection caused by virulent group A strepto-
cocci. Factors predisposing to NF type II include varicella 
lesions, a blunt or lacerating trauma, surgical procedure, 
exposure to a streptococcal-infected person, and some claim 
that NSAID use also predispose to NF type II by attenuating 
the host immune response  [  75,   77,   81,   82  ] . In contrast to NF 
type I, which is generally associated with a systemic illness, 
NF type II occurs in healthy patients of any age  [  82  ] . It 
evolves more rapidly than NF type I and may progress from 
group A streptococcal infection to streptococcal TSS.  

   Clinical Features 
 Necrotizing fasciitis (NF) is a rapidly progressive, treatment 
resistant and extremely painful cellulitis. Early recognition 
of this condition is critical given its rapid progression and 
extensive tissue destruction. In some patients, the signs and 
symptoms are not apparent initially and it may spare the 
overlying skin. In diabetic patients suffering from neuropa-
thy, the exquisite pain typical of necrotizing fasciitis may be 
absent. Furthermore, if a patient is recovering from trauma 
or surgery and is receiving pain medications, the symptoms 
of NF may be disguised  [  83  ] . 

 Most NSTI occur in the extremities. Diabetic patients are 
in greater propensity to develop NF in other less usual areas 

   Table 5    Necrotizing soft tissue infections (NSTI)   

 Type of necrotizing 
cellulitis  Etiology  Clinical characteristics  Gas content  Risk factors 

 Clostridial cellulitis   Clostridium perfringens   Superfi cial  Prominent in skin; 
no involvement of 
fascia or muscle 

 Preceded by local trauma 
or surgery 

 Non-clostridial 
anaerobic cellulitis 

 Mixed anaerobic and aerobic 
bacteria 

 Foul odor; often leads to 
septicemia 

 Present  Diabetes mellitus 

 Meleney’s synergistic 
gangrene 

 Centrally  S. aureus  and 
peripherally microaerophilic 
streptococci 

 Slowly expanding indolent 
ulcer; confi ned to superfi cial 
fascia 

 Absent  Preceded by surgery 

 Synergistic necrotizing 
cellulitis 

 Polybacterial: anaerobes and 
facultative bacteria 

 Rapid course; systemic 
toxicity; skin, muscle, fat, 
and fascia involvement 

 25% of cases  Diabetes mellitus 

  Created with information from  [  78  ]   
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such as: head and neck region (Ludwig’s angina) and perineal 
area (Fournier’s gangrene); these tend to be polymicrobial 
necrotizing fasciitis  [  81–  83  ] . 

 In the fi rst 24–48 h, a red-violaceous area changes to a 
gray-blue hue with overlying blisters and bullae; however, 
they may also develop over apparently non-affected skin. 
Initially, the bullae contain clear fl uid, but this can progress 
to hemorrhagic fl uid (see Fig.  14 ). Crepitus can be present 
in some necrotizing infections as gas enters the soft tissue; 
however, its absence does not exclude the presence of 
NSTI. Following the extensive underlying soft tissue 
destruction, a foul-smelling watery discharge ensues, and 
the patient usually exhibits signs and symptoms of systemic 
toxicity. As the infection progresses, anesthesia rather than 
tenderness is characteristic due to the cutaneous nerve 
destruction  [  83  ] .   

   Diagnosis 
 A rapidly evolving condition along with the aforementioned 
clinical features should raise suspicion of an NSTI. 
Laboratory fi ndings generally are nonspecifi c. In NF, blood 
tests typically demonstrate coagulopathy, leukocytosis with 
a marked left shift, and elevations in serum lactate, creatinine 
kinase, and creatinine concentrations  [  81,   85  ] . Clinical fi nd-
ings with laboratory abnormalities are suffi cient to prompt 
urgent surgical exploration. Surgical exploration should 
never be delayed for imaging studies. MRI is not sensitive 
enough to warrant a delayed surgery, nonetheless, it can 
delineate the depth of infection and it can rule out NSTI 
when the clinical picture is ambiguous  [  24,   86,   87  ] . 

 During surgical exploration, the presence of gas, tissue 
integrity, and depth of invasion are evaluated. For example, 
upon entering the muscle compartment in myonecrosis, the 
muscle is edematous, pale gray, without blood or contrac-
tion, and has an obvious release of gas. A tissue biopsy for 
histologic examination and cultures is more reliable than 
samples of skin or bullae. Local anesthesia and a small 

 incision may be suffi cient for diagnostic purposes; however, 
since aggressive surgical debridement is the gold standard of 
therapy, surgical exploration may be performed simultane-
ously for both  [  75  ] .  

   Pathology 
 Histologic examination of tissue samples generally show 
neutrophilic infi ltrates, thrombosis of blood vessels, abun-
dant bacteria in the upper dermis (polymicrobial in NF type I 
vs .  monomicrobial in NF type II) and widespread necrosis of 
the subcutaneous fat and fascia while sparing the muscle. 
Gas may or may not be present in NF type I, but is highly 
unusual in NF type II  [  75  ] .  

   Differential Diagnosis 
 It is important to distinguish NSTI from cellulitis or other 
superfi cial tissue infections that do not present such hazard-
ous prognoses. When approaching a suspected NSTI, also 
consider conditions such as aspergillosis, pyomyositis, viral 
myositis, arthritis, bursitis, phlebitis, hematoma, trauma, and 
bites  [  75,   77  ] .  

   Complications 
 Even with appropriate treatment, the probability of develop-
ing shock, multiorgan failure or dying is high. Among the 
most important prognostic factors are: the time from the 
onset of infection to treatment, extent of surgical debride-
ment, and location of the lesion. Furthermore, the mortality 
rate of NF type II is higher than in NF type I because of the 
possible development of Streptococcal TSS  [  88  ] .  

   Treatment 
 Treatment of NSTI requires early and aggressive surgical 
debridement with excision of all necrotic tissue. Incision and 
drainage approach is not suffi cient  [  75  ] . Parenteral empiric 
antibiotic coverage should be started immediately with broad 
spectrum antibiotics and anaerobic coverage until informa-
tion is gained by surgical exploration and confi rmed with 
Gram stain or culture results. A number of antibiotic combi-
nations may be used; options include: (1) ampicillin and gen-
tamicin or (2) ampicillin–sulbactam plus clindamycin or 
metronidazole as good fi rst-line choices. In previously hos-
pitalized patients, gram-negative and pseudomonal coverage 
should be improved by using (3) ticarcillin–clavulanate 
or piperacillin–tazobactam, instead of the ampicillin or 
 ampicillin–sulbactam. If group A streptococcal infection is 
 suspected, (4) clindamycin and penicillin may be used  [  75, 
  77,   84,   89  ] . 

 Use of hyperbaric oxygen therapy is controversial and 
should never delay surgical management and antibiotic 
administration. In specifi c conditions, such as gas gangrene, 
hyperbaric oxygen is of greater advantage because of its 
effects in arresting toxin production  [  80,   90  ] . 

  Fig. 14    Gas gangrene. From the beginning, the  red -violaceous area 
changes to a  gray-blue  hue with overlying blisters and bullae that con-
tain clear fl uid but can progress to hemorrhagic fl uid       
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 Administration of intravenous immunoglobulin (IVIG) 
has been reported to be benefi cial in cases of severe group A 
streptococci infections, as discussed previously in TSS. 
Additional studies, however, are needed before a strong 
 recommendation can be made regarding their use in NSTI.   

   Rhinoscleroma 
   Introduction 
 Rhinoscleroma is a chronic granulomatous, slowly progress-
ing, and disfi guring infection predominantly affecting the 
upper respiratory tract.  

   Incidence and Prevalence 
 Rhinoscleroma is a rare disease without accurate national or 
international incidence data. More than 16,000 cases have been 
reported since 1960  [  91  ] . Most cases are from Central Europe, 
Middle East, Central America, and tropical Africa  [  92  ] .  

   Etiology 
 The causative agent is the encapsulated gram-negative bacilli 
 Klebsiella rhinoscleromatis . Due to the fact that it is associ-
ated with poor hygiene, malnutrition, and population over 
crowding it usually affects lower social and economic popu-
lation classes  [  92  ] .  

   Clinical Features 
 Rhinoscleroma affects most areas of the upper respiratory 
tract, for which the nose is involved in 95–100% of cases 
 [  92  ] . Clinically the disease progresses in three stages:
    1.    The catarrhal stage: symptoms of rhinitis that progress to 

foul-smelling purulent rhinorrhea, crusting, and nasal 
obstruction which may last for months.  

    2.    The hypertrophic stage: formation of granulation tissue 
causing deformity and enlargement of the nose, upper lip, 
and adjacent structures. This lesion appears as a rubbery 
bluish-purple granuloma that evolves to a pale-indurated 
mass. Most cases are diagnosed in this because of com-
plaints of epistaxis, anosmia, hoarseness, or anesthesia of 
the tissues.  

    3.    The sclerotic stage: fi brotic tissue surrounds the granu-
lomatous area with extensive scarring and laryngeal and 
nasal stenosis  [  92,   93  ] .      

   Diagnosis 
 The distinctive clinical features of the disease along with the 
patient’s living conditions are the two most important assess-
ments needed for diagnosis. Histopathological and bacterio-
logical analyses with PAS, Giemsa, and Warthin–Starry 
stains confi rm the diagnosis  [  93  ] . Radiographic studies are 
of value in assessing the extension.  

   Pathology 
 As the clinical stages progress, so do the histologic features 
of the disease.
    1.    The catarrhal stage: atrophic mucosa with squamous 

metaplasia and a subepithelial infi ltrate of neutrophils 
with some granulation tissue.  

    2.    The hypertrophic stage: pseudo-epitheliomatous hyper-
plasia with hypertrophic collagenous tissue and chronic 
infl ammatory cells including Mikulicz’s cells (foamy 
macrophages containing bacilli) and Russell bodies 
(eosinophilic structures within plasma cells).  

    3.    The sclerotic stage: fi brous tissue, Mikulicz’s cells, and 
Russell bodies are diffi cult to see at this stage  [  92,   93  ] .      

   Differential Diagnosis 
 The differential diagnosis depends greatly upon the site and 
extent of infection. Conditions to consider include the follow-
ing: tuberculosis, actinomycosis, syphilitic gumma, leprosy, 
rhinosporidiosis, histoplasmosis, blastomycosis, paracoccid-
ioidomycosis, mucocutaneous leishmaniasis, sarcoidosis, 
Wegener’s granulomatosis, and neoplasms  [  92–  94  ] .  

   Complications 
 Extensive disfi gurement of the face may result from erosions 
over the infection. Damage may be widespread enough to 
cause complete obstruction of the airways resulting in death 
 [  92  ] .  

   Treatment 
 Treatment consists of prolonged antibiotic therapy. 
Fluoroquinolone antibiotics prove to be the most effective 
due to their increased penetrance. Surgical debridement or 
carbon dioxide laser are used to reduce symptoms of obstruc-
tion if necessary. Corticosteroids are also useful in the early 
stages to reduce the infl ammatory symptoms  [  92–  94  ] .    

   Spirochetes 

   Leptospirosis 
   Introduction 
 Leptospirosis is the most common zoonosis in the world 
 [  95,   96  ] .  

   Incidence and Prevalence 
 The majority of clinical cases occur in the tropical and sub-
tropical areas  [  97  ] . In the USA, leptospirosis is prevalent 
year-round with half of the new cases occurring between 
July and October. Nevertheless, the incidence is unknown 
since leptospirosis was removed from the list of nationally 
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reported diseases in 1994, remaining reportable only in 
Hawaii. Epidemics occur mostly following natural disasters 
such as cyclones and fl oods  [  98  ] .  

   Etiology 
 This systemic disease is caused by various strains of the aerobe 
spirochetes  Leptospira  spp. bacterium. There are various spe-
cies of the  Leptospira  genus, one of which,  Leptospira interro-
gans , has two serovars with characteristic clinical manifestations; 
serotype icterohaemorrhagiae for icteric  leptospirosis, and sero-
type autumnalis for anicteric leptospirosis. Humans most often 
become infected after exposure to animal urine, contaminated 
water or soil, or infected animal tissue. Spirochetes gain entry 
via wet skin, abrasions, mucous membranes, or conjunctiva 
 [  12,   96  ] .  

   Clinical Features 
 The disease may manifest as a self-limited systemic infec-
tion, a subclinical illness followed by seroconversion, or a 
potentially fatal illness accompanied by multiorgan involve-
ment. Two major clinically recognizable syndromes have 
been described: anicteric leptospirosis, which is the most 
common, and icteric leptospirosis, the most severe and 
potentially lethal form. After an incubation period of 1–2 
weeks, each syndrome has two phases: the acute septic phase 
(4–7 days) and the delayed immune phase (4–30 days)  [  99  ] . 

 Anicteric leptospirosis, also called Pretibial fever or Fort 
Bragg fever, has a septic phase characterized by high fevers, 
headaches, myalgias of the lower back and calf muscles, 
anorexia, nausea, vomiting, and abdominal pain. The immune 
phase is characterized by a more mild fever, more intense 
headaches, aseptic meningitis, conjunctival suffusion, 
uveitis, hepatosplenomegaly, and pulmonary involvement. 
During the immune phase, the characteristic cutaneous man-
ifestation of non-pruritic erythematous patches or plaques on 
the pretibial areas can occur. Skin manifestations resolve 
spontaneously after a week  [  12,   99  ] . 

 Icteric leptospirosis (Weil’s syndrome) is unique in that 
the two phases of the illness are often continuous and indis-
tinguishable. Initial phase starts with the sudden onset of 
high fever and chills, marked jaundice, hematuria, proteinu-
ria, and azotemia. Petechiae and/or purpura may be found on 
the skin and mucous membranes  [  12  ] .  

   Diagnosis 
 The diagnosis of leptospirosis is suspected on the basis of 
clinical manifestations, laboratory fi ndings, disease course, 
and epidemiological features. Conjunctival suffusion, when 
present, is one of the most reliable distinguishing features 
since it rarely occurs with any infectious illness other than 
leptospirosis  [  100  ] . Laboratory studies of patients with  mild  
disease generally reveal the following anomalies:

   Elevated erythrocyte sedimentation rate  • 
  Leukocytosis with a left shift  • 
  Mild elevation of aminotransferases, serum bilirubin, and • 
alkaline phosphatase in blood  
  Proteinuria, leukocytes, erythrocytes, and hyaline or • 
granular casts in urine  
  Neutrophilia, normal glucose, normal pressure, and nor-• 
mal or elevated protein in CSF    
 Laboratory studies of patients with the  severe  form of the 

disease exhibit:
   Mild thrombocytopenia and marked leukocytosis  • 
  Elevated prothrombin time and creatinine phosphokinase  • 
  Modestly elevated transaminases  • 
  Azotemia and renal failure  • 
  Electrocardiographic (ECG) abnormalities  [  • 95  ] .    
 Since the clinical features and routine laboratory fi ndings 

of leptospirosis are not specifi c, the organism can be cultured 
to arrive at a diagnosis, although, the defi nite diagnosis is more 
frequently made by serologic testing  [  101  ] . This is due to the 
fact that cultures may be negative if drawn too early or too 
late. Serologic tests include: microscopic agglutination test 
(MAT), macroscopic agglutination test, indirect hemaggluti-
nation, and ELISA  [  102,   103  ] . Therapy may be initiated on the 
basis of clinical manifestations since cultures may take several 
weeks to grow, and only specialized laboratories perform the 
serological tests, which do not yield a positive result for 
roughly a week after the onset of the illness  [  103  ] .  Leptospira  
can be found in blood and CSF during the septic phase but are 
found in urine and aqueous humor during the immune phase.  

   Pathology 
 On histology, skin lesions show edema and nonspecifi c 
perivascular infi ltrate  [  12  ] .  

   Differential Diagnosis 
 Leptospirosis may resemble the following different infec-
tious illnesses which share endemic areas and clinical fea-
tures: dengue, malaria, scrub typhus, rickettsial diseases, 
salmonella typhi, ehrlichiosis, and infl uenza  [  5,   12  ] .  

   Complications 
 Most cases of leptospirosis are self-limited, but the compli-
cations can include: uveitis, myocarditis, hemorrhage due to 
DIC, rhabdomyolysis that may result in renal failure, acute 
respiratory distress syndrome (ARDS), septic shock and 
multiple organ failure. Liver failure may ensue but is gener-
ally reversible  [  98  ] .  

   Treatment 
 Supportive therapy along with management of hematologic, 
renal, hepatic, and CNS complications are essential in the 
treatment of leptospirosis  [  99  ] . Dialysis and blood component 
transfusions may be necessary. Treatment with antibiotics 
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should be started as soon as possible since this has been 
proven to shorten symptom duration. For anicteric leptospiro-
sis, doxycycline, ampicillin, or amoxicillin may be used 
 [  100  ] . For icteric leptospirosis, the primary therapy is penicil-
lin G  [  104  ] . Animal vaccination has been available for years, 
however, these preparations were too reactogenic to be used 
in humans and thus have not been approved in countries other 
than Japan, China, and Vietnam  [  96  ] . Since no human vac-
cines are available yet, prophylaxis may be achieved while 
visiting an endemic area by administering a weekly dose of 
doxycycline  [  98  ] .   

   Lyme Disease 
   Introduction 
 Lyme disease is an infectious disorder involving multiple 
systems when advanced, but given its classic cutaneous man-
ifestation, this condition can be diagnosed promptly and 
cured effectively.  

   Incidence and Prevalence 
 Despite worldwide prevalence, the incidence of Lyme dis-
ease is highest in areas of middle Europe and the northeast 
and Midwest USA. In 2007, reported cases of Lyme disease 
in the USA totaled 27,444, with most occurring during the 
summer months  [  105  ] .  

   Etiology 
 The symptoms of Lyme disease are due to the body’s immune 
response to an infection with the spirochete  Borrelia burg-
dorferi , transmitted by the bite of the Ixodes tick. Three sero-
types of  Borrelia burgdorferi  sensu lato have been found:

    • B. burgdorferi  sensu stricto is the most common cause of 
Lyme disease in the USA  
   • B. afzelii  and  B. garinii  are also present in Europe causing 
acrodermatitis chronica atrophicans and neurologic Lyme 
disease, respectively  [  106  ] .    
 In addition to distinct strains manifesting with different 

clinical presentations, varying immune responses lead to 
diverse clinical scenarios and sometimes even seroconver-
sion without the onset of symptoms  [  105  ] .  

   Clinical Features 
 Lyme disease is generally divided into three clinical stages: 
early localized, early disseminated, and late disease 
(described briefl y in Table  6 )  [  107–  110  ] .  

  Early localized disease  is distinguished by the emergence 
of the classic skin lesion of erythema migrans (EM), which 
may be accompanied by constitutional symptoms. EM occurs 
in more than ¾ of Lyme disease patients, predominantly in 
the areas of the groin, axillae, and popliteal fossa  [  111  ] . The 
disease may start as a papule in the area of the tick bite that 
expands slowly to an erythematous annular plaque reaching 
a median size of 15 cm, and the lesion usually clears in the 

center creating a bull’s-eye appearance (see Fig.  15 )  [  108  ] .
As the lesion centrifugally advances, the non-scaly edge may 
become crusted or vesicular. Patients do not complain of 
pain, but rather an occasional burning sensation. Erythema 
migrans is self-limited and can disappear in several weeks 
without treatment; however, failure to properly manage this 
condition may lead to systemic complications  [  109  ] .  

 Multiple smaller disseminated EM lesions may result 
with spirochetemia. In addition to the multiple erythema 
migrans lesions,  early-disseminated disease  is characterized 

   Table 6    Clinical manifestations of Lyme disease   

 Early localized disease 
 Erythema migrans 

 Constitutional symptoms (fatigue, malaise, lethargy, headache, 
myalgias, arthralgias, and local lymphadenopathy) 

 Early disseminated disease 
 Cardiac involvement 

 AV block 
 Cardiomyopathy 
 Myopericarditis 

 Neurologic involvement 
 Cranial neuropathy (most often Bell’s palsy) 
 Meningitis 
 Encephalitis 
 Peripheral neuropathy 
 Radiculoneuropathy 

 Musculoskeletal involvement 
 Migratory polyarthritis 
 Polyarthralgias 
 Myositis 

 Cutaneous involvement 
 Multiple erythema migrans lesions 
 Borrelial lymphocytoma (in Europe) 

 Lymphadenopathy 
 Renal involvement 

 Microhematuria 
 Proteinuria 

 Ocular involvement 
 Conjunctivitis 
 Iritis 
 Retinitis 

 Hepatic involvement 
 Hepatitis 

 Late/chronic disease 
 Musculoskeletal manifestations 

 Monoarticular or polyarticular arthritis 
 Neurologic manifestations 

 Encephalopathy 
 Encephalomyelitis 
 Peripheral neuropathy 

 Cutaneous manifestations 
 Acrodermatitis chronica atrophicans (in Europe) 
 Morphea scleroderma-like lesions (in Europe) 
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by neurologic and/or cardiac fi ndings occurring weeks to 
months after the onset of infection  [  5,   111  ] . 

  Late/Chronic Lyme disease  is typically associated with 
arthritis involving the large joints, predominantly the knees, 
and/or severe neurologic problems from months up to a few 
years after the initial infection. In Europe, this chronic stage 
may present with the rare cutaneous lesions of Acrodermatitis 
chronica atrophicans predominantly on the extensor surfaces 
of hands and feet of women. It manifests as bluish-red 
 crinkled thin skin, which progresses chronically to fi brous 
nodules and even to ulcerations or carcinoma  [  109  ] .  

   Diagnosis 
 The most sensitive technique for the diagnosis of Lyme dis-
ease is the recognition of the skin manifestation in a patient 
exposed to an endemic area. If the erythema migrans (EM) 
is recognized early in a high-risk individual, no further labo-
ratory test are required to arrive at a diagnosis since serol-
ogy remains negative until several weeks after the onset of 
infection. In contrast, patients suspected of early dissemi-
nated or late disease must undergo serologic antibody detec-
tion testing by ELISA and then confi rmed with western blot. 
PCR of CSF or synovial fl uid may be performed to confi rm 
late disease  [  110  ] .  

   Pathology 
 On histology, erythema migrans (EM) may reveal  spirochetes 
when using Warthin–Starry stain. An infi ltrate of plasma 
cells, lymphocytes, and eosinophils may be seen in the 
 interstitium and around vascular endothelium. Eosinophils 
predominate if the biopsy is taken from the center of the 
EM lesion  [  12  ] .  

   Differential Diagnosis 
 Erythema migrans should be differentiated from fi xed drug 
eruption, erysipelas, cellulitis, dermatitis, and other tick 
rashes as in Southern tick-associated rash illness (STARI). 
When presenting as a systemic disease: fi bromyalgia, menin-
gitis, reactive or rheumatoid arthritis, and SLE should be 
ruled out  [  5,   12  ] .  

   Complications 
 A Jarisch–Herxheimer reaction may be experienced as an 
abrupt, but transient worsening of symptoms caused by the 
killing of spirochetes during the fi rst hours of antibiotic treat-
ment for early Lyme disease  [  107  ] .  

   Treatment 
 A highly effective method of prevention is to inspect for 
ticks after outdoor activity, since the tick needs to be attached 
more than 24 h to transmit the disease. Nonetheless, if 
treated in its early stages, Lyme disease is completely cur-
able. For early erythema migrans, 10–21 days of oral doxy-
cycline, amoxicillin, or cefuroxime may be used; doxycycline 
being preferred in all patients except pregnant women or 
children under 8 years  [  112,   113  ] . In early disseminated dis-
ease, if the patient has isolated facial palsy, oral doxycycline 
for 14–21 days is enough  [  107  ] . However, if early, dissemi-
nated stage is manifested by carditis, AV block, meningitis 
or any other acute neurologic involvement, parenteral treat-
ment with ceftriaxone or penicillin G for 10–28 days is nec-
essary  [  113  ] . Patients with late disease manifested by 
arthritis alone may be treated with oral doxycycline therapy, 
but if neurologic fi ndings with or without arthritis are pres-
ent, parenteral ceftriaxone or penicillin therapy for 14–28 
days is recommended  [  113  ] . Antibiotic prophylaxis in 
asymptomatic patients who have suffered a tick bite is very 
controversial. Currently, a single dose of doxycycline antibi-
otic is used as prophylaxis in patients who meet all of the 
following criteria:

   The tick has been attached   • ³  36 h  
  The patient is within 72 h of tick removal  • 
  The tick has been identifi ed as  • Ixodes scapularis   
  The bite occurred in an endemic area, and  • 
  Doxycycline is not contraindicated  [  • 113,   114  ]        

  Fig. 15    Lyme disease. The disease starts as a papule in the area of the 
tick bite that expands slowly to an erythematous annular plaque that 
clears in the center creating a bull’s-eye appearance known as erythema 
migrans       
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   Mycobacteria 

   Hansen’s Disease 
   Introduction 
 Hansen’s disease, commonly known as Leprosy, is a chronic, 
disabling, and deforming infection that has been stigmatized 
by society for many centuries.  

   Incidence and Prevalence 
 The prevalence of leprosy at the beginning of 2008 consisted 
of 212,802 cases, while in the early 1980s exceeded the 
12 million  [  115  ] . In the USA, its reporting began in 1824 and 
its incidence has never risen above 500 cases  [  116,   117  ] . 
Although this is certainly a positive sign of progress, the 
World Health Organization (WHO) has not yet reached its 
goal of reducing the prevalence to <1 case per 10,000 popu-
lation in all endemic countries. Nepal, India, Brazil, 
Madagascar, Myanmar, and Indonesia have the highest rates 
of Leprosy contributing to more than 80% of the world’s 
cases. Even though most of these countries are tropical or 
subtropical regions, it is believed that the poor hygiene and 
living conditions have a stronger relationship with preva-
lence than climate  [  118  ] .  

   Etiology 
 Infection with  Mycobacterium leprae , an obligate intracel-
lular acid-fast bacillus with an affi nity for macrophages and 
Schwann cells, causes leprosy. Contrary to popular belief, 
Leprosy is not a highly infectious disease nor is it contagious 
by contact with intact skin. It is principally transmitted by 
oral or nasal droplets from the infected individual to the 
exposed nasal or oral mucosa of the recipient. The incuba-
tion period can range from several months to over 40 years, 
with longer periods for lepromatous leprosy (LL) than for 
tuberculoid leprosy (TT). The areas most commonly affected 
are the cooler regions of the body: superfi cial peripheral 
nerves, skin (predominantly of the earlobes and nose), 
mucous membranes, bone, anterior chamber of the eyes, 
liver, and testes  [  115  ] . 

 The clinical form of the disease, the granuloma forma-
tion, depends on the strength of the host’s immune system 
and the development of immunologic complications (leprae 
reactions) rather than in the variations of the organism sero-
types, as seen in Lyme disease. Hansen’s disease is classifi ed 
by a clinical severity spectrum with tuberculoid leprosy (TT) 
being the mildest form of the disease and lepromatous lep-
rosy (LL), the most severe. The majority of the individuals 
exposed to  M. leprae  develop an effective immune response 
that is curative, while a small percentage of exposed indi-
viduals develop a chronic infection with any form within the 
clinical spectrum depending on immunological response. 
Strong cell-mediated immunity (CMI) (IFN-  g   and IL-2) 
results in mild forms of disease (TT), with possibly only a 

few well-defi ned nerves involved and lower bacterial loads. 
A strong humeral response (IL-4 and IL-10) and weak CMI, 
results in LL with widespread lesions, extensive skin and 
nerve involvement, and high bacterial loads. Borderline, or 
“dimorphic,” leprosy (BB) and the intermediary regions (BT 
and BL) between the two ends of the spectrum, refl ect the 
variation of host immune response  [  118  ] . 

 Leprae reactions are also attributed to the immunological 
response against leprae infection. A sudden increase in T-cell 
immunity is responsible for type I reversal or downgrading 
reactions. Type II reactions result from the activation of TNF-
  a  , the deposition of immune complexes in tissues with neu-
trophilic infi ltration, and complement activation in organs 
 [  119  ] .  

   Clinical Features 
 Due to the wide spectrum of clinical fi ndings in Leprosy, 
various classifi cation protocols have been created to catego-
rize patients within a particular zone of the spectrum and 
facilitate treatment directives. There are two main classifi ca-
tions. The Ridley–Jopling classifi cation divides the spectrum 
into fi ve groups based on the immunologic response: tuber-
culoid (TT) at the mild end, borderline tuberculoid (BT), 
borderline–borderline (BB, in the middle), borderline lep-
romatous (BL), and lepromatous (LL) at the severe end. 
Meanwhile, the WHO classifi cation divides the gamut into 
three groups based on the number of cutaneous lesions: sin-
gle-lesion leprosy (one skin lesion), paucibacillary leprosy 
(2–5 skin lesions), and multibacillary leprosy (>5 skin 
lesions). The Ridley–Jopling classifi cation is more com-
monly used with revisions adding an Indeterminate (I) 
 category for patients in an early stage of the disease with 
insuffi cient clinical or histological features to fulfi ll a defi ni-
tive category. In general, Hansen’s disease primarily involves 
the skin and nervous system. In addition to cutaneous changes 
in pigmentation with possible anesthesia of the lesions, 
peripheral nerves can become enlarged and palpable  [  115  ] . 
Table  7  contains a brief description of each category  [  115, 
  120  ]  (Figs.  16 – 21    ).         

   Diagnosis 
 The diagnostic evaluation for leprosy includes a complete 
physical examination with thorough skin observation, neuro-
logical examination and skin smears, and/or biopsies. In 
1997, the WHO Expert Committee on Leprosy established 
that one or more of the following three cardinal signs was 
enough for a diagnosis of leprae: (1) hypopigmented, ery-
thematous, or hyperpigmented skin lesions with sensory 
loss, (2) nerve enlargement (predominantly great auricular 
nerve in the neck, median and superfi cial radial cutaneous 
nerves at the wrist, ulnar nerve at the elbow, and common 
peroneal nerve at the popliteal fossa), and (3) the presence of 
acid-fast bacilli on a skin smear  [  115  ] . At the present time, 
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diagnosis is based on clinical criteria plus skin smears or 
biopsy since it is known that multibacillary leprosy may not 
present with sensory loss and paucibacillary leprosy may be 
negative in skin smears  [  118  ] . Other tests (PCR, histamine, 
pilocarpine, and Mitsuda tests) can aid in diagnosis but are 
performed with less frequency due to unavailability or 
complexity.  

   Differential Diagnosis 
 It is important to assess sensation of the cutaneous lesions of 
a patient at risk of leprae since these numerous conditions in 
the differential diagnosis to rule out: tinea versicolor, tinea 
corporis, pityriasis rosea, congenital nevi, granuloma annu-
lare, tuberculosis, sarcoidosis, psoriasis, secondary syphilis, 
leishmaniasis, fi xed drug eruption, neurofi bromatosis, and 
others  [  121  ] . The differential diagnosis for rare cases of iso-
lated neural involvement (neuritic leprosy) are: diabetic neu-
ropathy, carpal tunnel, amyloidosis, and poliomyelitis. By 
recognizing the specifi c extent of neural involvement such 
that leprae never involves upper motor neurons, deep tendon 
refl exes, proximal muscles or proprioception may the differ-
ential diagnosis be narrowed  [  118  ] .  

   Complications 
 Some patients develop leprae reactions, an acute hypersensi-
tivity to  M. leprae . These are especially prominent during the 
treatment phase if a patient is pregnant or suffering from 
another infection. It can occur with any form of leprosy, 
except for the indeterminate leprosy category  [  118  ] . The 
clinical features of the major types of infl ammatory reactions 
are described in Table  8   [  115  ]  (Fig.  22    ).    

  Fig. 16    Tuberculoid leprosy. Scaling patches with decreased sensation       

  Fig. 18    Histopathological features of tuberculoid leprosy. Tuberculoid 
granulomas with a tendency to be linear along cutaneous nerves       

  Fig. 17    Tuberculoid leprosy. Erythematous infi ltrated plaque       
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   Treatment 
 Early diagnosis and treatment is the key to curing the disease 
effectively before it creates stigma and disability. The WHO 
and US treatment regimens are the two main therapeutic pro-
tocols against Leprosy, each indicated in Tables  9  and  10 , 
respectively  [  118,   122  ] . Only the WHO has a recommended 
treatment for single skin lesions; nonetheless, both are mul-
tidrug therapies (MDT) that prevent dapsone resistance, 
eliminate contagiousness with the fi rst dose, and reduce 
relapses  [  122  ] .   

 Close follow-up is important to ensure patient  compliance 
and monitor CBC and liver function tests, which are 
 negatively affected by the medications. Educating patients 
about ways to minimize nerve damage helps prevent 
deformities.   

   Atypical Mycobacteriosis 
   Introduction 
 Mycobacteria are a family of small rod-shaped bacilli that cause 
a gamut of infectious conditions, of which the most notorious 
are  mycobacterium tuberculosis  and  mycobacterium leprae . 
Nevertheless, there is a large proportion of mycobacteria that 
do not cause tuberculosis nor leprosy, known as atypical myco-
bacteria; also referred to as  Mycobacteria other than tuberculo-
sis  (MOTT) or  Non-tuberculous mycobacteria  (NTM). To this 
day, a vast number of mycobacteria species have been identi-
fi ed and classically categorized based on the speed of growth, 
morphology, and pigment production, but this chapter will be 
limited to those with cutaneous manifestations  [  14  ] . Details on 
 Mycobacterium avium intracellulare  are included in the 
Cutaneous Manifestations of HIV Disease chapter   .  

  Fig. 19    Lepromatous leprosy. Erythematous plaques on the (a) trunk and (b) extremities (widespread and symmetric distribution) associated 
with (c) amyotrophy, contracture of fi ngers and ulcers on the hands       
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   Incidence and Prevalence 
 Cutaneous infections with atypical mycobacteriosis (ATM) 
are rare in the USA and worldwide; however, have gained 
attention because the number of reported cases is increases 
 [  123  ] . ATM infections are more common in immunocom-
promised patients whom also have a greater risk of disease 
dissemination  [  13  ] .  

   Etiology 
 These saprophytic (obtain nourishment from products of 
organic breakdown) organisms are found in water, soil, veg-
etation, and domestic and wild animals  [  14  ] . Atypical myco-
bacteria cannot pass through intact mucosa or skin, therefore 
are transmitted by inhalation, percutaneous penetration, or 
by ingestion  [  124  ] .  

  Fig. 20    Lepromatous leprosy. 
Diffuse infi ltration of the face with 
leonine facies ( a ) and madarosis 
( b ), “Papal hand” fl exion 
contractures of the fourth 
and fi fth fi ngers (ulnar nerve 
involvement) ( c )       

 



103Cutaneous Manifestations of Infectious Diseases

   Clinical Features 
 ATM present with variable signs and symptoms. They prin-
cipally affect the lungs, lymphatics, skin, and soft tissue 
(see Figs.  23  and  24 ). See Table  11  for further details on the 
variable cutaneous manifestations.     

   Diagnosis 
 Because of the subtle and variable clinical presentations, 
cutaneous atypical mycobacterial infections are frequently 
misdiagnosed. They should be suspected when patients are 
immunosuppressed or have been exposed to a predisposing 

environment and present with lesions in a  sporotrichoid  
 pattern and/or painless ulcers, nodules, or plaques. ATM 
infections are confi rmed by sampling the affected tissue and 
performing cultures at multiple temperatures (25, 37, and 
42°C) to ensure growth of all possible pathogens. Infections 
involving the lungs, such as in  M. kansasii , diagnosis come 
by examining and culturing sputum samples  [  124  ] .  

   Treatment 
 ATM infections cause little mortality but can lead to signifi -
cant morbidity when left undiagnosed or treated poorly. 
Therapy varies according to the organism and extent of infec-
tion. It may require a surgical procedure and/or treatment for 
3–6 months  [  14  ] . See Table  11  for more information.     

   Fungal Infections 

   Superfi cial Mycoses 

 Superfi cial fungal infections are the most common of all 
mucocutaneous infections. Many of these fungi are com-
mensal organisms that colonize normal epithelium. Changes 
in the microenvironment of the skin can trigger these fungi to 
overgrow leading to symptomatology. These mycoses only 
invade the stratum corneum of the epidermis, hair, and nails 
thus remain superfi cial. Three genera are responsible for the 
majority of superfi cial mycoses:  Candida  species,  Malassezia  
species, and dermatophytes. They are subdivided accord-
ing to the degree of infl ammation triggered when causing 
 disease  [  13  ] . 

  Fig. 21    Histopathologic features of Lepromatous Hansen’s disease. 
Diffuse infi ltrate of predominantly foamy histiocytes, clumps of bacilli 
called globi       

   Table 8    Characteristics of leprae reactions   

 Type 1: Reversal reaction  Type 2: Erythema nodosum leprosum (ENL) 

 Type of leprosy  Occurs in borderline leprosy (BB, BT, BL)  Occurs in borderline lepromatous and lepromatous leprosy 
 Pathophysiology  Type IV delayed-type hypersensitivity reaction, 

acute exacerbation of CMI 
 Antigen–antibody immune complexes formation 

 Clinical features  Constitutional symptoms 
 Existent lesions become erythematous and 
edematous, and may ulcerate 
 Edema of affected extremities and face 
 Acute nerve tenderness and damage 
 Emergence of new erythematous lesions 

 Constitutional symptoms 
 Crops of erythematous tender nodules appear (extremities and 
face) (see Fig.  22 ) 
 Edema of face, hands, and feet 
 Orchitis 
 Lymphadenitis 
 Epistaxis 
 Proteinuria 
 Severe joint and peripheral nerve swelling 
 Iridocyclitis 

 Course  Occurs during 6–18 months of treatment and 
persists for a few months 

 May occur before treatment but tends to occur after and, lasts for a 
few days but may recur 

 Treatment  Oral prednisone, NSAID’s  Thalidomide, NSAID’s, increase clofazimine dose 

   CMI  cell-mediated immunity 
 Adapted from  [  115  ]   
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   Infl ammatory Superfi cial Mycoses 
   Dermatophytoses 
   Introduction 
 Dermatophytoses sometimes are referred by the patient as 
“ringworm.” They are unique in that they infect tissue by 
metabolizing keratin. They infect skin (epidermomycosis), 
nails (onychomycosis), and hair (trichomycosis) producing 
diverse presentations named as “Tinea” followed by its loca-
tion in Latin  [  13,   126  ] .  

   Incidence and Prevalence 
 Dermatophyte infections are very common, accounting 
for over 5 million medical visits per year, with an average 
cost of over $200 million dollars. With the exception of tinea 

  Fig. 24    Atypical mycobacteria. Irregular violaceous plaque with 
 silvery scaling and excoriations       

  Fig. 22    Erythema nodosum leprosum (type 2 reaction). Appearance of multiple  red  papulonodules in a patient with lepromatous leprosy       

   Table 9    World Health Organization Recommendations for Treatment 
of Leprosy   

 WHO recommendations for treatment of leprosy 
 Single skin lesion: Single dose of rifampin 600 mg + ofl oxacin 
400 mg + minocycline 100 mg a  
 Paucibacillary: Dapsone 100 mg daily + rifampin 600 mg once a month 
(6 cycles in 9 months) 
 Multibacillary: Dapsone 100 mg daily + rifampin 600 mg once a 
month + clofazimine 300 mg once a month + clofazimine 50 mg daily 
(for 1 year) 

   a Abbreviated as ROM treatment  

   Table 10    United States Recommendations for treatment of Leprosy   

 US recommendations for treatment of leprosy 
 Paucibacillary: Dapsone 100 mg daily + rifampin 600 mg once a month 
(for 1 year) 
 Multibacillary: Dapsone 100 mg daily + rifampin 600 mg daily + clo-
fazimine 50 mg daily (for 2 years) 

  Fig. 23    Atypical mycobacteria. Erythematous violaceous indurated 
verrucous plaque on the elbow       
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capitis, which is more common in children, dermatophytoses 
are more common in postpubertal individuals with tinea 
pedis being the most common worldwide  [  127,   128  ] .  

   Etiology 
 Several species of dermatophytes affect humans; these are 
classifi ed into three genera:  Epidermophyton ,  Trichophyton , 
and  Microsporum   [  128  ] .Contrary to the other two genera of 
superfi cial mycoses, dermatophytes are not normal fl ora of 
our skin. The infection may spread from person to person, 
animal to person, or soil to person. Furthermore, immuno-
suppression does not lead to an increased frequency of der-
matophyte infection, although it increases its severity. The 
details of specifi c etiologies, clinical presentations, risk 
 factors, and differential diagnoses can be seen in Table  12  
(Figs.  25  and  26    ).     

   Diagnosis 
 Clinical examination is often suffi cient for diagnosing der-
matophytoses, however, because of its variable presentation 
and vast differential diagnosis, confi rmatory tests are useful. 
Wood’s light (UV light) examination is used, mainly for the 
diagnosis of tinea capitis. Direct microscopic examination of 
skin scrapings, plucked hair, or nail specimens with potas-
sium hydroxide (KOH) can reveal hyphae. For precise iden-
tifi cation of the species, fungal cultures are necessary  [  13  ] .  

   Pathology 
 Histology is not necessary; however, biopsy fi ndings may 
demonstrate spongiosis, parakeratosis, and a superfi cial 
infl ammatory infi ltrate in the stratum corneum. Branching 
hyphae are often seen in the stratum corneum. Fungal stains, 
such as the periodic acid Schiff (PAS) stain, aid in rapid 
identifi cation. For example, infections by tinea unguium are 
visible with PAS staining as hyphae and/or arthroconidia in 
the nail plate and bed  [  5,   13  ] .  

   Complications 
 The most common complication of dermatophytoses is 
caused by interdigital infection from tinea pedis. The fungus 
can produce a breach in the skin thus allowing for the inocu-
lation of opportunistic bacteria, predisposing to cellulitis of 
the lower extremities. Rarely, extensive skin disease, subcu-
taneous abscesses, and dissemination occur in patients with 
impaired CMI  [  127  ] .  

   Treatment 
 Preventive measures such as maintaining areas dry, frequent 
nail clipping, and repeated washing or discarding of fomites, 
help prevent and extinguish infections. The fi rst-line thera-
peutic option is topical antifungals (azoles and allylamines). 
Systemic antifungal therapy (itraconazole, fl uconazole, and 
terbinafi ne) is required to cure tinea manuum, barbae,  capitis, 

and unguium, since topical therapy is ineffective. Systemic 
antifungal therapy, however, are associated with more severe 
and frequent side effects, this modality must be used with 
extreme caution. The appropriate duration of topical therapy 
for dermatophytic infections depends in each patient. A cou-
ple of weeks may be suffi cient for dermatophytic infections 
of tinea corporis and cruris. However, tinea pedis may require 
treatment for as long as 8 weeks  [  129,   130  ] .   

   Mucocutaneous Candidiasis 
   Introduction 
 Infection with  Candida  species has a wide spectrum of 
 clinical presentations and ranges from local superfi cial 
mucocutaneous infections to widespread dissemination with 
multiorgan failure.  

   Etiology 
 The yeast  Candida albicans  is the most frequent cause of 
candidiasis followed by  Candida tropicalis. Candida  species 
may colonize the gastrointestinal tract, oropharynx, and/or 
vagina of healthy individuals as part of their microfl ora; 
however, it is not normal permanent fl ora of the skin. 
Colonization may turn to widespread disease when the 
microfl ora environment is altered. Some predisposing fac-
tors for mucocutaneous candidiasis include: prolonged 
broad-spectrum antibiotic treatment, corticosteroids use, 
diabetes mellitus, and other endocrinopathies, immunosup-
pression, obesity, xerostomia, hyperhydrosis, maceration, 
occlusion by clothing or dressings, indwelling catheters, oral 
contraceptives, and malnutrition, among others  [  13,   14  ] .  

   Clinical Features 
 In immunocompetent individuals, candidiasis occurs as a 
localized infection of the skin or mucosal membranes, 
including the oral cavity, pharynx, gastrointestinal tract, uri-
nary bladder, or genitalia. In immunocompromised individu-
als, the disease may infect the esophagus, tracheobronchial 
tree, and/or blood  [  14  ] . The most common presentations and 
differential diagnoses of mucocutaneous candidiasis are 
mentioned in Table  13  (see Fig.  27 ).    

   Diagnosis 
 The diagnosis is established by the presence of yeast forms 
and pseudohyphae on KOH direct microscopy examination 
of scrapings and by a positive fungal culture in a patient with 
symptomatology (cultures also useful to test sensitivities) 
 [  14,   131  ] .  

   Treatment 
 The most important step in treating mucocutaneous candidi-
asis is the identifi cation and mitigation of risk factors 
(i.e., keeping affected areas dry in intertrigo). Topical agents 
are frequently used as fi rst choice to manage localized or 
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superfi cial forms of candidiasis. Topical azole antifungals 
and topical polyenes (amphotericin B and nystatin) are 
the most widely used. These preparations are available as 
creams, troches, and vaginal suppositories or tablets. For oral 
 therapy, azoles, especially fl uconazole, are the preferred 
treatment  [  131  ] .    

   Non-infl ammatory Superfi cial Mycoses 
 There are three main superfi cial mycoses that cause disease 
without an infl ammatory reaction:  Tinea nigra ,  piedra,  and 
 pityriasis versicolor . Pityriasis versicolor is highly prevalent 
in many areas of the world and is further discussed in this 
section. 

   Pityriasis Versicolor 
   Introduction 
 Pityriasis versicolor, an asymptomatic superfi cial mycoses of 
the epidermis, is caused by a member of the normal cutane-
ous fl ora  [  132  ] . It is commonly referred to as tinea versicolor, 
but it is not a dermatophyte infection. This condition is very 
common and follows a chronic and benign course  [  132  ] .  

   Incidence and Prevalence 
 The causative agent is found within the normal fl ora in 18% 
of infants and 90–100% of adults. Even though the exact 
prevalence remains unknown because many affected yet 
asymptomatic individuals do not seek medical attention, the 
reported prevalence is 2–8% of the general population being 
more prevalent in tropical climates  [  13  ] .  

   Etiology 
  Malassezia furfur , also known as pityrosporum orbiculare or 
ovale, is responsible for causing pityriasis versicolor and has 

   Table 13    Clinical presentation and differential diagnosis of cutaneous candidiasis   

 Disease  Clinical features  Differential diagnosis 

 Pseudomembranous 
candidiasis (Thrush) 

 White creamy adherent plaques on any oral mucosal surface  Oral hairy leukoplakia, condyloma acuminatum, 
geographic tongue, lichen planus 

 Angular cheilitis 
(Perlèche) 

 Erythematous fi ssuring angles of the mouth may have 
underlying creamy exudate 

 Iron defi ciency anemia, Plummer–Vinson syndrome, 
ribofl avin or vitamin B2 defi ciency, chapped lips 

 Intertrigo  In intertriginous zones: pustules on an erythematous base which 
may erode and become confl uent, progresses to eroded patches 
with superfi cial pustular lesions at the periphery (satellite 
pustulosis) 

 Streptococcal intertrigo, inverse pattern psoriasis, 
erythrasma, dermatophytoses, pityriasis versicolor 

 Erosio interdigitalis 
blastomycetica 

 Maceration, erythematous fi ssuring of the interdigital space 
with underlying creamy exudates 

 Interdigital tinea pedis or tinea manum 

 Chronic paronychia  Painful, indurated and erythematous proximal nailfold, possible 
purulent discharge 

 Bacterial paronychia, trauma, cellulitis, contact 
dermatitis, pemphigus vulgaris, squamous cell 
carcinoma, Herpetic Witlow 

 Vulvovaginitis  Pruritus, burning, dyspareunia, erythema, and edema of vulva, 
white discharge, white removable plaques on vaginal walls, 
cottage cheese appearance 

 Trichomonas infection, atrophic vaginitis, bacterial 
vaginosis, lichen planus, lichen sclerosus et atrophicus 

  Information extracted from  [  13,   14  ]   

  Fig. 25    Tinea profunda. Annular well-circumscribed erythematous 
plaque with scaling and mild central clearing       

  Fig. 26    Tinea faciei. Annular scaly erythematous plaque in the nose       
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also been implicated in seborrheic dermatitis and  Malassezia  
folliculitis. The condition is not contagious. Various factors 
may trigger its conversion to the mycelial or hyphal form 
associated with clinical disease; these include sun exposure, 
hyperhydrosis, immunosuppression, malnutrition, hot humid 
weather, the use of oils or oily skin, steroid treatment, and 
genetic predisposition, among others  [  132,   133  ] .  

   Clinical Features 
 Pityriasis versicolor is usually asymptomatic causing only 
mild pruritus if at all, thus most patients seek medical atten-
tion merely because of cosmetic concern.  M. furfur  mani-
fests as macules of varying size with fi ne scaling, especially 
after scrapping, however, partially treated lesions lack scales. 
These macules may be confl uent and predominate on the 
upper trunk and proximal upper extremities. The term “ver-
sicolor” refers to the variety of colors present in this disease. 
Colors may range from hypochromic in tanned individuals to 
hyperchromic in the dark skinned  [  13,   14,   134–  136  ] .  

   Diagnosis 
 Diagnosis is mainly clinical, with confi rmation from direct 
examination of scrapings in KOH preparations showing the 
classic fi nding of “spaghetti and meatballs” (hyphae and 
spores) pattern. Wood’s lamp inspection of the affected skin 
shows positive fl uorescence  [  13,   14  ] .  

   Pathology 
 Budding yeast and hyphae can be detected by hematoxylin 
and eosin (H&E), PAS, or methenamine silver stain in the 
stratum corneum (see Fig.  28 ). The epidermis reveals mild 
hyperkeratosis and acanthosis with a possible chronic infl am-
matory infi ltrate  [  134  ] .   

   Differential Diagnosis 
 The differential diagnosis can be divided by the changes in 
pigmentation and scaling, and these include: vitiligo, pityri-
asis alba, post-infl ammatory hyperpigmentation, tuberculoid 

leprosy, secondary syphilis, tinea corporis, seborrheic der-
matitis, nummular eczema, guttate psoriasis, and pityriasis 
rosea  [  13  ] .  

   Treatment 
 In patients with limited and localized disease, 2 weeks of 
topical antifungal therapy is the treatment of choice. These 
include (1) selenium sulfi de 2.5% shampoo or lotion, (2) 
azoles, and (3) terbinafi ne 1% solution  [  135  ] . 

 For patients with extensive disease, oral medications are 
more convenient and effective. Most oral antifungal agents 
(itraconazole, ketoconazole, and fl uconazole) may be used, 
with the exception of griseofulvin and terbinafi ne with a 
duration of days to weeks depending on the agent used. 

  Fig. 27    Patient with paronychia by 
 Candida  ( a ) and erosio 
interdigitalis blastomycetica ( b )       

  Fig. 28    Pityriasis versicolor. Numerous budding yeasts and short 
hyphae are present in the stratum corneum       
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For example, ketoconazole for 5 days is a typical regimen for 
this condition  [  135,   137  ] . 

 Recurrence is common  [  137  ] . Patients who experience 
frequent recurrences can use topical or oral therapy, particu-
larly during the warm weather months to prevent even more 
relapses. Prophylaxis with topical selenium sulfi de solution 
2.5% applied to the entire body for 10 min every 2–3 weeks, 
which is just as effective as oral ketoconazole or itraconazole 
once a month  [  135  ] .     

   Subcutaneous Mycoses 

 Subcutaneous mycoses are invasive fungal infections caused 
by numerous organisms that generally originate as localized 
cutaneous infections, but extend deeper when the integrity of 
the skin is breached. They rarely disseminate or produce sys-
temic disease  [  12  ] . These include: mycetoma (see Fig.  29 ), 
chromomycosis (chromoblastomycosis) (see Figs.  30  and  31 ), 
sporotrichosis, lobomycosis, rhinosporidiosis, zygomycosis, 
and phaeohyphomycosis. In the following section, sporo-
trichosis will be discussed.    

   Sporotrichosis 
   Introduction 
 Also known as Rose gardener’s disease, sporotrichosis is a 
granulomatous infection that usually involves the skin and 
superfi cial lymph nodes.  

   Incidence and Prevalence 
 Sporotrichosis incidence has not been properly established. 
Although the causative agent is present in the soil throughout 
the world, this infection is endemic to Mexico, Central and 
South America, South Africa, and rarely occurring in Europe. 
In the USA, it is most commonly found in the Missouri and 

Mississippi River Valleys. All age groups are affected, but it 
is more common in adults  [  138  ] .  

   Etiology 
 This infection is caused by the fungus  Sporothrix schenckii , 
which is found in soil, sphagnum moss, certain animals, and 
thorny plants. It is most commonly acquired from cutaneous 
inoculation. As a result, farmers, gardeners, fl orists, and 
some animal handlers are at greatest risk  [  139  ] .  

   Clinical Features 
 Sporotrichosis may present with various types of clinical 
manifestations depending mostly on the host immune 
response. Cutaneous sporotrichosis limited to the site of 

  Fig. 29    Mycetoma, also known as Madura foot, is a indolent localized 
suppurating chronic infection characterized by the presence of grains in 
the purulent drainage  [  13,   14  ]        

  Fig. 30    Chromomycosis, also known as chromoblastomycosis, is a 
chronic indolent localized infection characterized by a verrucous plaque 
that developed from papules that coalesce usually on the lower 
extremities       

  Fig. 31    Chromomycosis.  Round golden brown  cells (medlar bodies) 
can be seen in a suppurative granulomatous process in the dermis       
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inoculation is commonly referred to as plaque sporotrichosis 
(see Fig.  32 ). The most common cutaneous manifestation 
(80% of cases) is a lymphocutaneous or “sporotrichoid” 
 pattern, in other words, a lesion at the primary inoculation 
site with a direct spread of the infection along the lymphatic 
drainage creating a visible linear pattern (see Fig.  33 ). Plaque 
sporotrichosis is more common on the hands and face, 
whereas lymphocutaneous sporotrichosis is more common 
on the arms and upper extremities since they contain the 
majority of the lymphatic vessels. Extensive cutaneous dis-
ease with or without systemic involvement is also possible in 
the immunocompromised host  [  140  ] .   

 The initial presentation of plaque sporotrichosis is a 
 painless papule, pustule, or nodule at the location of injury 
several weeks after inoculation. The lesion rapidly ulcer-
ates, becoming erythematous and indurated, yet remains 
painless. The lesion continues localized but draining lymph 

nodes may become infl amed and suppurative. In the 
 lymphocutaneous pattern, additional lesions appear as der-
mal and subcutaneous nodules and ulcers along the path of 
lymphatic drainage  [  139,   140  ] .  

   Diagnosis 
 The condition may be diagnosed clinically, if there is a strong 
suspicion from the history and physical examination. 
Contrary to many other fungal infections,  Sporothrix 
schenckii  organisms are not usually seen by KOH; therefore, 
cultures taken from tissue or secretions in Sabouraud’s 
medium are often required for confi rmation. At the present 
time, the use of PCR assay for diagnosis is increasing  [  139  ] .  

   Pathology 
 On histology, sporotrichosis is a mixed granulomatous and 
pyogenic process. Granulomatous Langhans-type giant cell 
and microabscesses are visualized. In immunocompetent indi-
viduals, organisms are not seen under the microscope while, 
on the contrary, the immunosuppressed present with numer-
ous organisms, often as cigar-shaped forms of yeast  [  13  ] .  

   Differential Diagnosis 
 The differential diagnosis for the sporotrichoid pattern 
includes: atypical mycobacterial infection (i.e.,  M. mari-
num ), leishmaniasis, cat-scratch disease, and  Nocardia . 
While the differential diagnosis of plaque sporotrichosis 
includes: cutaneous tuberculosis, atypical mycobacterioses, 
tularemia, foreign body granulomas, and other infectious or 
infl ammatory granulomatous diseases  [  13  ] .  

   Treatment 
 Itraconazole for 3–6 months is the treatment of choice for 
lymphocutaneous or local cutaneous sporotrichosis. 
Fluconazole is the second choice since ketoconazole has 
been shown less effective. A saturated solution of potassium 
iodide was commonly used in the past because of its low 

  Fig. 32    Plaque sporotrichosis. Initial presentation is a painless papule, 
pustule, or nodule at the location of inoculation which rapidly ulcerates, 
becoming erythematous, indurated, and may scale; yet remains painless 
and localized       

  Fig. 33    Sporotrichoid pattern. Lesions appear as dermal and subcutaneous nodules and ulcers along the path of lymphatic drainage       
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cost, but has been found less effective than the oral  antifungal 
agents  [  141  ] . Amphotericin B may be used in disseminated 
disease.    

   Systemic Mycoses 

 Systemic mycoses are fungal infections that originate within 
deep tissue and organs which then disseminate throughout 
the body causing widespread symptomatology. Many of 
these systemic mycoses have cutaneous manifestations and 
will be discussed further in this section. They can be classi-
fi ed into two main groups: endemic respiratory infections 
(true fungal pathogens) and opportunistic infections. The 
former can cause infection in immunocompetent individuals, 
while the latter in an immunocompromised host  [  12  ]  
(Table  14  and Figs.  34 – 37    ).      

 Endemic respiratory infections:
    • Histoplasma capsulatum  (histoplasmosis)  
   • Coccidioides immitis  (coccidioidomycosis)  
   • Blastomyces dermatitidis  (blastomycosis)  
   • Paracoccidioides brasiliensis  (paracoccidioidomycosis)    
 Opportunistic infections
    • Candida  species (candidiasis)  
   • Aspergillus  species (aspergillosis)  
   • Cryptococcus  (cryptococcosis)  
   • Zygomycetes  (zygomycosis)    

   Diagnosis 
 All systemic mycoses can be diagnosed via direct examina-
tion (with KOH or Calcofl uor) of dermal samples and/or cul-
tures of infected tissue, pus, or bodily fl uids. In some systemic 
mycoses (i.e., coccidioidomycosis and histoplasmosis), sero-
logic testing, exoantigen testing, and PCR assays can also 
help in the diagnosis  [  14  ] .  

   Treatment Histoplasmosis 
 Intravenous Amphotericin B should be used for severe or 
life-threatening histoplasmosis. In mild or moderate local-
ized disease, itraconazole is the preferred treatment, but 
ketoconazole can also be used. In some asymptomatic cases, 
the disease may be self-limited and treatment may not be 
necessary  [  142  ] .  

   Treatment Coccidioidomycosis 
 Similar to histoplasmosis, amphotericin B is required for 
severe or disseminated coccidioidomycosis. The only azole 
approved by the FDA for non-life-threatening coccid-
ioidomycosis is ketoconazole; however, itraconazole and fl u-
conazole are commonly used by clinicians especially with 
skeletal or meningeal involvement, respectively  [  143  ] .  

   Treatment Blastomycosis 
 Amphotericin B is the treatment of choice when blastomyco-
sis is severe or progressive. In mild-to-moderate disease not 
involving the central nervous system, itraconazole is the 
treatment of choice with ketoconazole and fl uconazole as 
alternative medications  [  142  ] .  

   Treatment Paracoccidioidomycosis 
 Paracoccidioidomycosis requires prolonged therapy with the 
same antifungals used for the systemic mycoses previously 
mentioned with the addition of sulfonamides among the treat-
ment options. In disseminated disease, systemic therapy with 
amphotericin B is indicated. Itraconazole is the  preferred treat-
ment for non-life-threatening paracoccidioidomycosis  [  144  ] .    

   Viral Infections 

   Varicella-Zoster Virus 

   Introduction 
 Varicella-zoster virus (VZV) infection causes two distinct 
forms of disease: varicella (chickenpox) and herpes zoster 
(shingles). The latter is the reactivation of latent varicella 
infection.  

   Incidence and Prevalence 
 Varicella is prevalent worldwide with the peak incidence dur-
ing the spring. Varicella most commonly occurs during child-
hood. Vaccination against varicella began in 1995. This 
brought down the four million cases of chickenpox that 
occurred annually in the USA and that affected 90% of chil-
dren by the time they reached 10 years  [  145  ] . There is a 20% 
lifetime chance of developing herpes zoster in individuals 
with a past history of varicella. In the USA, nearly one mil-
lion individuals per year develop shingles, although this num-
ber is expected to diminish since the varicella vaccine will 
also alter the incidence of herpes zoster  [  146  ] . The severity 
and the incidence of shingles increase signifi cantly with age.  

   Etiology 
 Varicella is highly contagious and is transmitted through air-
borne droplets or contact with cutaneous lesions. The patient 
is contagious starting 4 days prior to the cutaneous manifes-
tations until all lesions have crusted. In addition to invading 
the skin, VZV infects dorsal root ganglion cell bodies, where 
it becomes dormant for a lifetime or until stress, trauma, or 
immunosuppression permit its reactivation into herpes zoster. 
A patient with herpes zoster can infect a susceptible person 
with varicella, but a person with varicella cannot infect some-
one with herpes zoster  [  14  ] .  
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   Clinical Features: Varicella 
 Symptoms begin approximately 10–20 days after the patient 
has been exposed to varicella  [  147  ] . Mild fever, malaise, 
muscle pain, and/or pharyngitis usually herald the cutaneous 
eruption that starts on the scalp, face, and oral mucosa and 
then spreads caudally. Crops of diffuse, pruritic, and ery-
thematous macules and papules rapidly evolve into serous 
fl uid containing vesicles with an erythematous base. The 
vesicles progress into pustules and crusted erosions. Lesions 
in all stages of development can present at the same time 
 [  14,   147  ]  (see Fig.  38 ).   

   Clinical Features: Herpes Zoster 
 A cutaneous eruption following a unilateral dermatomal dis-
tribution in an individual with a past history of primary vari-
cella is considered herpes zoster until proven otherwise. The 
painful, pruritic, and erythematous papules rapidly evolve 
into crops of vesicles or bullae that occasionally become 
hemorrhagic. Herpes zoster often begins with a prodrome of 
intense pain and hyperesthesia over the affected area  [  148  ] . 

  Fig. 34    Disseminated histoplasmosis. In immunocompromised 
patients histoplasmosis manifests as mucocutaneous erosions, multiple 
erythematous necrotic hyperkeratotic papules, or nodules as seen here 
in face ( a ) and trunk ( b )       

  Fig. 36    Disseminated aspergillosis. In immunocompromised patients 
 Aspergillus  affects the skin by forming papules that enlarge into ulcers 
with necrotic base and surrounding erythematous halo, it has propensity 
to invade blood vessels       

  Fig. 35    Histopathological features of histoplasmosis. Diffuse mixed 
dermal infi ltrate composed of neutrophils, lymphocytes, and histio-
cytes. Numerous small spores surrounded by a clear space 
(pseudocapsule)       
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 The most common areas involved are the thoracic der-
matomes followed by the facial dermatomes, a distribution 
of the fi rst branch of the trigeminal nerve  [  146  ]  (see Fig.  39 ). 
In some patients, multiple adjacent dermatomes may be 
involved, but generally do not cross the midline. In immuno-
competent hosts, the entire course takes approximately 
2 weeks with lesions no longer contagious by the end of the 
fi rst week. Therefore, if the patient presents with new lesions 
after a week, an underlying immunodefi ciency should be 
suspected  [  148  ] . Contrary to varicella, herpes zoster may 
recur in 5% of patients and most often affects the same 
 dermatome  [  14  ] .   

   Diagnosis 
 The history and physical exams are generally enough to 
make the diagnosis. When a diagnosis is uncertain, however, 
a Tzanck smear or direct fl uorescent antibody (DFA) test can 
be performed. DFA is more specifi c, thus permits distinction 
from Herpes simplex virus (HSV). Lesion biopsy, immuno-
histochemical staining, viral cultures, serology, and PCR are 
techniques also available for making the diagnosis  [  149  ] .  

   Differential Diagnosis 
 The differential diagnoses of varicella includes: other vesic-
ular viral exanthems (i.e.,  cocksackie virus ), disseminated 
HSV infection,  pityriasis lichenoides et varioliformis acuta  
(PLEVA), rickettsial pox, bullous impetigo, drug eruptions, 
contact dermatitis, and insect bites  [  5  ] . 

 If severe enough, the pain of the prodromal stage of her-
pes zoster can be misdiagnosed as a migraine, myocardial 
infarction, pleural disease, or acute abdomen, depending on 
its location. The cutaneous manifestation must be differenti-
ated from  zosteriform HSV , erysipelas, cellulitis, bullous 
impetigo, and localized contact dermatitis  [  5,   13  ] .  

   Complications 
 In children, varicella is usually self-limited. The most com-
mon complication is secondary bacterial infection of the 
lesions. Scarring, Reye’s syndrome, encephalitis, and acute 
cerebellar ataxia can also occur  [  70  ] . 

 When varicella occurs in adults, especially those immu-
nosuppressed, the severity and complications increase and 

  Fig. 39    Herpes zoster. Erythematous papules develop into clusters of 
vesicles or bullae that could turn hemorrhagic. Most commonly, affects 
thoracic dermatomes, as we see in this patient       

  Fig. 38    Varicella. Serous fl uid-fi lled vesicles in an erythematous base 
progress to pustules and crusted erosions. Typically, varicella lesions 
are at different stages       

  Fig. 37    Aspergillosis. Numerous septate hyphae with branching at 
acute angles in the dermis (PAS stain)       
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may involve other body systems. Adults have an increased 
number of lesions, greater dissemination, and can develop, 
although rare, pneumonia, glomerulonephritis, optic neuri-
tis, arthritis, myocarditis, pancreatitis, orchitis, hepatitis, and 
vasculitis  [  147  ] . In pregnant women, especially during the 
fi rst trimester, the infection can pass through the placenta 
and lead to congenital varicella infection. The infected fetus 
will suffer from low birth weight, scarring skin lesions, ocu-
lar abnormalities, cortical atrophy, psychomotor retardation, 
and hypoplastic limbs  [  5  ] . 

 Herpes zoster is also a self-limited disease in immuno-
competent individuals but with increasing age and diminish-
ing immunity, the probability of complications increases. 
The most common complication of herpes zoster is post-
herpetic neuralgia, which as defi ned by the FDA is pain that 
has not resolved 30 days after disease onset  [  149,   150  ] . Other 
complications include: scarring, changes in pigmentation, 
secondary bacterial infection, zoster ophthalmicus, acute 
retinal necrosis, aseptic meningitis, encephalitis, Ramsay–
Hunt syndrome, pneumonitis, and hepatitis. An immuno-
compromised host can have lesions that persist or recur 
multiple times and then disseminated cutaneous disease 
(defi ned as more than 20 vesicles outside the area of the pri-
mary or adjacent dermatomes) may ensue  [  5,   13,   149,   150  ] .  

   Treatment 
 The best management modality for varicella is prevention. 
Live attenuated VZV vaccine is highly recommended for 
children, adults who live or work in settings where transmis-
sion of VZV is probable, and women of childbearing age 
who are not pregnant  [  70  ] . The vaccine has been proven 
highly effective in decreasing the severity of the disease, and 
fairly effective in preventing its occurrence. Passive protec-
tion with varicella zoster immunoglobulin (VIG) is also 
available for immunosuppressed patients, pregnant women 
exposed to VZV and for newborns of infected mothers 
shortly before birth  [  148  ] . VIG should be administered 
within 96 h of exposure and provides protection for approxi-
mately 3 weeks  [  5  ] . 

 Once infected, children <12 years old should be treated 
symptomatically with calamine lotion, antihistamines and 
frequent baths to alleviate the pruritus. If the patient is febrile, 
acetaminophen rather than aspirin should be given as needed 
since aspirin use in viral infections increases the risk of 
Reye’s syndrome. Acyclovir, given within 72 h of symptom 
onset, has been approved by the FDA to lessen the severity 
and duration of varicella in immunosuppressed children, 
children >12 years old, and all adults  [  70,   150–  152  ] . 
Intravenous administration of acyclovir is recommended in 
immunosuppressed and complicated cases of varicella and 
herpes zoster. 

 Acyclovir, valacyclovir, and famciclovir, within 72 h of 
symptom onset, are all FDA approved for the treatment of 

herpes zoster to decrease the duration and pain. Although 
controversial, systemic corticosteroids within 72 h have been 
demonstrated to improve the quality of life of patients by 
accelerating healing and decreasing acute pain  [  150  ] . The 
FDA has also recently approved the varicella zoster vaccine 
as prophylaxis for herpes zoster in patient’s   ³  60 years old 
with a past history of varicella but no prior episode of 
 shingles  [  146  ] .        
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 HIV is an enveloped RNA retrovirus that can lead to the 
acquired immunodefi ciency syndrome (AIDS), a condition 
characterized by the depletion of T-lymphocyte (CD4+) 
cells, leading to life-threatening opportunistic infections. 
Since it was fi rst recognized in 1981, it has taken a toll of 
more than 25 million deaths. It is estimated that about 0.6% 
of the world’s living population is infected with HIV  [  1  ] . 

 Patients with human immunodefi ciency virus (HIV) are 
prone to a variety of cutaneous abnormalities, including 
infl ammatory conditions, infections, and neoplastic pro-
cesses. Their manifestations can be different when compared 
with normal hosts due to the loss of T-lymphocyte (CD4+) 
cells of the immune system. The frequency and distribution 
of skin complications in persons affected by HIV, or its late 
stage AIDS, can vary widely. Certain skin conditions, namely 
bacillary angiomatosis, diffuse interstitial lymphocytosis 
syndrome, Kaposi’s sarcoma, and proximal white subungual 
onychomycosis, are characteristic of HIV infection. Other 
conditions are not specifi c, but occur with an increased prev-
alence. These include bacterial and viral infections such as 
staphylococcus, herpes simplex virus (HSV), human papil-
lomavirus (HPV), varicella-zoster virus (VZV), and mollus-
cum contagiosum. Psoriasis vulgaris, seborrheic dermatitis, 
vitiligo, alopecia, lymphoma and dermatofi bromas, among 
many others are also prevalent although not specifi c. 

 This chapter reviews some of the most common and 
 characteristic skin lesions in this population, including the 
exanthem of primary HIV infection, bacillary angiomatosis, 
VZV, seborrheic dermatitis, oral hairy leukoplakia, mucocu-
taneous candidiasis, onychomycosis, Kaposi’s sarcoma, and 
molluscum contagiosum. 

   Exanthem of Primary HIV Infection 
(Acute Retroviral Syndrome) 

 The exanthem of primary HIV infection is defi ned as the 
cutaneous eruption that occurs due to HIV viremia before 
one can detect HIV antibodies by ELISA. Cutaneous mani-
festations occur in up to 70% of the cases of HIV during the 
acute retroviral syndrome phase. The exanthem is an erup-
tion of erythematous macules and papules that may become 
confl uent. Occasionally, the eruption progresses into papules 
and vesicles. This exanthem typically involves the trunk, but 
there can be involvement of the palms, soles, oral mucosa, 
and genital mucosa  [  2  ] . The histology is generally nonspe-
cifi c, and is not helpful in establishing the diagnosis. It shows 
normal epidermis and a sparse perivascular, lymphocytic/
histiocytic infi ltrate around vessels of the superfi cial plexus 
 [  3  ] . Although rarely seen in clinical practice, it is imperative 
to be familiar with the acute retroviral syndrome to establish 
the diagnosis.  

   Bacillary Angiomatosis 

 Bacillary angiomatosis (BA) is a bacterial skin and visceral 
infection caused by either  Bartonella henselae  or  Bartonella 
quintana .  Bartonella  species are usually vector born, but can 
also be transmitted by animal scratches or bites  [  4  ] . Bacillary 
angiomatosis is most commonly seen in patients with AIDS 
(CD4+ < 100 cells/ m L), and a history of a cat scratch or bite. 
A cat carrying  B. henselae  may be asymptomatic, yet be bac-
teremic for weeks to years. Infection is more common in 
young cats. 

 Cutaneous bacillary angiomatosis (BA) presents as single 
or multiple lesions on or under the skin. These may be  papules 
or nodules which are red-purple, globular, and non-blanching, 
with a vascular appearance, or they can appear as a violaceous 
plaque. Although vascular proliferation can be similar to 
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Kaposi’s sarcoma, angiosarcoma or pyogenic granuloma, the 
diagnosis of  Bartonella -associated infections can be confi rmed 
by histopathology analysis of biopsy specimens, culture of tis-
sue samples, blood culture, and serology  [  5  ] . However, its 
diagnosis is complicated as the organism needs to be cultured 
for at least 21 days, and serology studies are often unreliable, 
requiring confi rmation of diagnosis through histologic staining 
with the Warthin–Starry stain  [  6  ] . The classic histologic pre-
sentation of bacillary angiomatosis involves three components: 
a lobular proliferation of capillaries with enlarged endothelial 
cells, neutrophilic debris, and clumps of fi nely granular mate-
rial identifi ed as bacteria with staining techniques  [  7  ] . The 
Warthin–Starry stain demonstrates clumps of bacilli. 

 Bacillary angiomatosis may be fatal, as it can affect bones 
and viscera  [  8  ] . But the organism can be effectively eradicated 
by the use of antibiotics such as erythromycin, azithromycin, 
ciprofl oxacin, doxycycline, tetracycline, or minocycline.  

   Varicella-Zoster Virus 

 The VZV is a virus belonging to the Herpesviridae family. 
Primary VZV infection results in chickenpox and may reacti-
vate later, producing a disease known as herpes zoster or shin-
gles. It may occur at any stage in an HIV-infected patient as 
well as in immunocompetent persons. HIV-infected children 
are more likely to suffer from complications, such as pneumo-
nia, than non-HIV-infected individuals. Herpes zoster is com-
mon in the early stages of HIV infection and may be the fi rst 
clue of HIV infection in an otherwise young, healthy adult. 

The clinical appearance of herpes zoster among HIV pos-
itive individuals does not differ from those of HIV negative 
individuals. The lesions are usually unilateral and in a der-
matomal distribution; they may be crusting, erythematous, 
pustular, or vesicular depending on the stage of disease 
(Fig.  1 ). Multidermatomal lesions are more frequent in 
advanced HIV disease (Fig.  2 ). Interestingly, herpes zoster 
may develop during the immune reconstitution syndrome, as 
the CD4+ count rises to 300 cells/ m L. However, based on 
incidence-rate data from studies on the incidence of VZV 
during pre- and post-HAART therapy periods, others argue 
that this occurrence may be better explained by a depressed 
level of VZV-specifi c cell-mediated immunity and not due to 
an immune reconstitution syndrome, as the depression of 
VZV-specifi c immune responses and not increased responses 
determines VZV reactivation  [  9  ] .   

 The initial test of choice for diagnosis is a Tzanck smear, 
where characteristic multinucleated epithelial giant cells are 
observed under light microscopy (Fig.  3 ). A skin biopsy will 
demonstrate epidermal necrosis, enlarged and pale keratino-
cytes (ballooning), acantholysis, and multinucleated kerati-
nocytes (Fig.  4 ). Viral culture is the most specifi c test but not 
the most sensitive.    

 Ophthalmic zoster is a severe complication with 20–70% 
developing associated ocular disease including blindness 
(Fig.  5 ). Those patients that develop herpes zoster ophthal-
micus usually present with periorbital vesicular rash distrib-
uted according to the affected dermatome, while a minority 
of them may also develop conjunctivitis, keratitis, uveitis, 
and ocular cranial-nerve palsies  [  10  ] . Coexisting infection 
with HIV should be suspected in a young patient with oph-
thalmic zoster, if multiple dermatoses are affected and if 
there is a presence of peripheral retinal perivasculitis, chronic 
dendritic infection, serious neurologic disease, or ocular 
 disease sine herpete (ophthalmic zoster without its character-
istic cutaneous manifestations)  [  11  ] .  

 Treatment of VZV in uncomplicated cases is done with 
oral acyclovir (800 mg fi ve times/day). In the disseminated 
infection, or when intraocular involvement occurs, intrave-
nous acyclovir (10 mg/kg/day) is the preferred treatment. A 
live attenuated VZV Oka/Merck strain vaccine is now avail-
able  [  12  ] . The live varicella virus vaccine (Varivax) has been 
proven to be effective in preventing varicella infection in 
healthy individuals, and when breakthrough infections do 
occur illness is typically mild  [  13  ] . There is also a live 

  Fig. 1    ( a ,  b ) Presentation of herpes-zoster in a dermatomal distribution       
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 vaccine for the prevention of shingles, called Zostavax, 
designed to elicit an immune response in the elderly whose 
immunity to VZV wanes with advancing age  [  14  ] . Inactivated 
vaccines are generally safe and are benefi cial for HIV-
infected patients. However, live vaccines should be used with 

caution since some of the vaccines may be harmful to patients 
with severe immunologic suppression  [  15  ] .  

   Seborrheic Dermatitis 

 Seborrheic dermatitis is a skin disorder affecting the scalp, 
central areas of the face, and trunk. It usually causes scaly, 
fl aky, pruritic, and erythematous patches, and plaques that 
waxes and wanes. It occurs in up to 3% of the general popu-
lation and up to 50% of the HIV-infected population. The 
prevalence and severity increases as the CD4+ cell count 
declines. The cause of seborrheic dermatitis is not com-
pletely understood. The yeast known as  Malassezia furfur  
(formerly  Pityrosporum ovale ) is thought to play a role, but 
the causative factor has not been successfully elucidated with 
fi rm evidence  [  16  ] . 

 Flare-ups of this condition often occur when the affl icted 
individual is recovering from a severe illness. It responds 
quickly to low-mid-potency topical corticosteroid therapy. 
Chronic treatment with topical corticosteroids may lead to 
permanent skin changes, such as atrophy and telangiectasias 
 [  17  ] . Although it is clear that seborrheic dermatitis is not 

  Fig. 2    Varicella-zoster virus. Disseminated form of herpes-zoster in child-infected with HIV       

  Fig. 3    Tzanck smear showing multinucleated epithelial giant cells       
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diagnosed exclusively in patients with HIV, it occurs with 
such frequency in patients with this condition that some 
investigators have even found an association between 
 seborrheic dermatitis and the advanced progression of HIV 
disease  [  18  ] .  

   Oral Hairy Leukoplakia 

 Oral hairy leukoplakia (OHL) is a disease of the mucosa fi rst 
described in 1984 that involves the formation of white leath-
ery spots on the mucous membranes of the tongue and inside 
of the mouth. It affects less than 1% of the population and is 
most common in adults within the 50 to 70-year-old age 
group. It is not a specifi c entity and may cause lesions similar 
in appearance to oral candidiasis and lichen planus. 

 It is associated with Epstein–Barr virus (EBV) and occurs 
mostly in people with HIV. The cause in most cases is 
unknown, but it is thought to be related to chronic factors of 
irritation  [  19  ] . OHL associated with HIV does not appear to 
place patients at increased risk of developing oral cancer.  

   Mucocutaneous Candidiasis 

   Oral Thrush 

 Oral candidiasis is an infection caused by  Candida , usually 
 C. albicans , in the mucous membranes of the mouth. It 
appears as thick white or cream-color plaques (Fig.  6 ). 
Angular cheilitis may also accompany the thrush. Underlying 
the deposits, the mucosa of the mouth may appear infl amed. 
It is one of the most common forms of yeast infections in 
HIV patients. Treatment includes eliminating the pathogenic 
organism. Antifungals are the treatment of choice and include 
clotrimazole troches for oral thrush, and anticandidal creams 
for the affected lips. Other common antifungal agents include 
nystatin oral suspension. Patients who are immunocompro-
mised may often require systemic treatment with orally or 
intravenously administered antifungal (fl uconazole, itracon-
azole, amphotericin B, or caspofungin) depending on the 

  Fig. 4    A biopsy of a varicella-zoster lesion showing characteristic 
multinucleated epithelial giant cells and epidermal necrosis       

  Fig. 5    ( a ,  b ) The initial 
presentation of ophthalmic 
herpes-zoster ( a ) that rapidly 
disseminated ( b ), in an 
immunocompromised patient       
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severity of disease  [  20  ] . In patients with AIDS, treatment of 
the underlying HIV infection with highly aggressive antiret-
roviral therapy (HAART) is critical for preventing and man-
aging these infections.   

   Intertriginous Infections 

 Infections of the skin folds may be caused by either  Candida  
or  Tinea . These usually involve the axillary, groin, or infra-
mammary areas. In these areas, candidiasis presents as a 
bright red, vesicopustules, which enlarge and rupture, caus-
ing maceration and fi ssuring in the depths of the folds. Small 
pustules may appear, especially at the edges of the rash. The 
surface is wrinkled and a white membrane may coat the 
eroded surface. A hallmark of this rash is scattered satellite 
pustules extending out from the central eroded areas. 
Diagnosis of skin infection by  Candida  is based upon the 
clinical presentation and demonstration of budding yeast and 
psuedohyphae on potassium hydroxide preparation or 
culture.   

   Onychomycosis (Tinea Unguium) 

 Onychomycosis is defi ned as a fungal infection of the nails, 
commonly caused by dermatophytes, such as  Trichophyton 
rubrum . It may also be caused by non-dermatophyte yeasts 
such as  Candida . 

  Candida  frequently affects the tissue around the fi nger-
nails, presenting as a paronychia (infl ammation of the tissues 
surrounding the nail). Symptoms include tenderness,  erythema, 
and bogginess of the proximal nail fold (Fig.  7 ). This type of 

infection tends to be chronic, in which case the cuticle is lost, 
and the nail plate may become ridged or dystrophic. 
Onycholysis, loosening of the exposed portion of the nail from 
the nail bed, may also occur. The nail plate itself is usually not 
invaded but nail plate thickening and opacity may be present. 
Candidal paronychia has been associated to frequent immer-
sion of the hands in water, such as in dishwashers and laundry 
workers. There is also a higher incidence of paronychia among 
diabetics and immunocompromised  people  [  21  ] .  

 Proximal subungual onychomycosis is an uncommon 
form of onychomycosis that usually refl ects a state of immu-
nosuppression, most commonly HIV infection (Fig.  8 ). It 
results from a direct invasion under the proximal nail fold, 
most commonly caused by  T. rubrum .   

   Kaposi’s Sarcoma 

 Kaposi’s sarcoma (KS) is a neoplasm of endothelial cells 
involving the skin and internal organs and is associated to 
the human herpesvirus 8 (HHV-8)  [  22  ] . This condition 
became more widely known as one of the AIDS defi ning 
illnesses in the 1980s. While in Africa, (where HHV-8 virus 
is endemic), men, women and children are all commonly 
affected, in western countries HIV-related KS is primarily a 

  Fig. 6    Oral candidiasis (thrush). Thick, white plaques on the dorsum of 
the tongue in an immunocompromised patient       

  Fig. 7    ( a ,  b ) Candidal paronychia. Infl ammation of the nailfold pro-
ducing redness, edema, and tenderness associated with thickening and 
 yellow-brownish  discoloration of the nail plate       

  Fig. 8    Proximal subungual onychomycosis in a patient with HIV          
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disease of homosexual men  [  8  ] . However, most people 
infected with HHV-8 do not get Kaposi sarcoma, and 
those who are most likely to develop Kaposi sarcoma are 
 immunocompromised  [  23  ] . 

 It initially appears as red-purple macules that can prog-
ress to papular nodules; the color can vary from red, purple, 
and brown to black (Fig.  9 ). The skin lesions most commonly 
affect the lower limbs, face, mouth, and genitalia. The mouth 
is involved in about 30% of cases, especially the hard palate 
and gums (Fig.  10 ). Visceral involvement tends to occur in 
patients with advanced HIV disease and Kaposi’s sarcoma, 
most often affecting the gastrointestinal tract and lungs 
  [  24–  26  ] . The gastrointestinal lesions may be silent or cause 
weight loss, pain, nausea, vomiting, diarrhea, bleeding, mal-
absorption, or intestinal obstruction  [  27  ] . Histopathology 
demonstrates a dermal vascular proliferation of slit-like ves-
sels (Fig.  11 ).    

 Treatment for epidemic Kaposi sarcoma combines treat-
ment for Kaposi sarcoma with treatment for AIDS. There are 
four types of standard treatment for Kaposi sarcoma: radia-
tion therapy, surgery, chemotherapy, and biologic therapy. 
The evolution in the treatment of AIDS has infl uenced the 
incidence of KS, which has decreased signifi cantly over the 

years. A recent study has described a decrease of 87% in the 
5-year cumulative incidence of Kaposi sarcoma in AIDS 
patients for the years 1996–2006 (HAART era), when com-
pared with those diagnosed in the 1980s, time at which HIV 
was fi rst described  [  28  ] .  

   Molluscum Contagiosum 

 Molluscum contagiosum (MC) is a superfi cial cutaneous viral 
infection caused by the molluscum contagiosum virus (MCV) 
that usually presents as fl esh-colored umbilicated papules. 
Characteristically, a faint whitish core is at the center of each 
papule, causing it to have an umbilicated appearance. It may 
affect any area, except the palms and soles. In children, lesions 
occur mainly on the trunk and proximal extremities. In adults, 
lesions occur on the trunk, genital areas, and inner thighs. In 
HIV patients, lesions tend to occur along the beard lines in 
males, or anywhere on the face  [  29  ] . The diagnosis of MC is 
typically made by its clinical appearance and can be con-
fi rmed by histological demonstration of intracytoplasmic 
eosinophilic inclusions in the epidermis (Fig.  12 ); however, 
the virus cannot routinely be cultured  [  30  ] . 

The lesions tend to persist for 2 months and then spontane-
ously resolve when the host develops resistance to the virus. 
However, the disease usually persists for 6–9 months, and may 
persist in individuals with impaired cell-mediated immunity, 
such as HIV patients  [  29  ] . It occurs in approximately 5–18% 
of HIV-infected persons, and once the CD4+ counts fall below 
200 cells/ m L, the molluscum contagiosum lesions tend to pro-
liferate  [  29  ] . They often grow in numbers greater than 100. 
Extensive molluscum contagiosum disease is a cutaneous 
marker of advanced HIV (CD4+ < 100 cells/ m L)  [  31,   32  ] .   

  Fig. 9    Kaposi’s sarcoma. Violaceous plaques on the extremities in a 
patient with AIDS       

  Fig. 10    Kaposi sarcoma.  Red-violet  plaques on the palate       

  Fig. 11    Histopathology of Kaposi sarcoma. A dermal vascular prolif-
eration: slit-like vascular spaces lined by spindled endothelial cells. 
Promontory sign may be present (small blood vessel projecting like a 
promontory into a vascular space)       
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   Summary 

 In summary, patients with HIV are prone to a multitude of 
dermatological problems. These include viral, fungal, and 
bacterial infections, infl ammatory conditions and malignan-
cies. Noninfectious cutaneous manifestations are not prog-
nostic of rapid progression of immunosuppression, but they 
may be specifi c markers of the stage of HIV disease. These 
cutaneous changes may be the initial signs of immunosup-
pression, and recognition of HIV-related skin changes can 
lead to an early diagnosis and initiation of the appropriate 
therapy.      
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 Cutaneous disorders in the intensive care unit (ICU) may 
develop as a consequence of life-threatening diseases or as 
complications from treatment regimens. Few studies report 
the prevalence of cutaneous conditions in ICUs. According 
to current data available, the most common dermatological 
disorders in this setting are: pathogen-related (35%), periph-
eral vascular disease-related (27%), and drug reaction-related 
(21%). The objective of this chapter is to provide a practical 
pathophysiological and clinical overview of the most com-
mon dermatological conditions observed in the ICU. Further 
research needs to be conducted to study the prevalence, man-
ifestations, and complications of skin disorders in the ICU in 
a prospective manner, in a larger number of hospitals, and in 
different geographical locations. 

   Introduction 

 The skin is often affected by many pathological processes, 
including life-threatening diseases that lead to hospitalization 
in intensive care units (ICUs). Skin disorders also arise fre-
quently as a complication in patients undergoing treatment in 
ICUs  [  1  ] . Few studies, however, analyze the prevalence of 
cutaneous conditions in the ICU, engage in prospective stud-
ies, or provide guidelines for their diagnosis and management 
 [  1–  4  ] . Badia et al., in a 2-year prospective study of dermato-
logical conditions in patients (of all ages) in an ICU, deter-
mined that the overall prevalence of dermatoses was 10.4% 
 [  1  ] . The study also found that critically ill patients with cuta-
neous disorders had a higher degree of severity and a longer 
ICU stay than critically ill patients without dermatological 
conditions. Despite the signifi cant prevalence, the higher 

degree of severity, and the associated longer hospitalization 
time of ICU patients with dermatological conditions, skin 
disorders often go unrecognized and untreated in ICUs  [  1  ] . 

 This practical overview of the most common dermato-
logical disorders observed in the ICU will provide epidemio-
logic information, common presentations, and course of 
illness, etiology, diagnostic signs, symptoms, and tests, pos-
sible differential diagnoses, current management options, 
prognoses, risk factors, potential complications, and related 
factors to patient monitoring. This chapter is ultimately 
intended to introduce medical professionals to current prin-
ciples regarding the diagnosis and management of skin dis-
orders in the ICU based on a wide revision of literature. 

 The prevalence of the cutaneous conditions is principally 
obtained from the work by Badia et al., who classifi es the 
dermatoses according to etiology. In this study, the most 
common dermatological disorders in ICUs were pathogen-
related (35%), peripheral vascular disease-related (27%), 
and drug reaction-related (21%). Skin disorders associated 
with allergic contact dermatitis (10%) or pre-existing derma-
tological conditions not associated to the cause of admission 
(6%) were not discussed. Of note, Badia et al. excluded 
 pressure ulcers, burns, and other dermatological conditions 
because they were considered irrelevant in the context of the 
patient and are not discussed in this chapter either. 
Nonetheless, these skin conditions contribute to overall patient 
morbidity and mortality and should be taken into account in 
the comprehensive treatment of critically ill patients. 

 Among the pathogen-related skin disorders, most com-
mon conditions include dermatomycosis due to  Candida  and 
pyoderma due to impetigo. Of the peripheral vascular disease-
related dermatoses observed in the ICU, the two most fre-
quent, both of which are due to underlying systemic infections, 
are meningococcal septicemia and ecthyma gangrenosum 
 [  1  ] . In the category of drug reaction-related cutaneous disor-
ders, the three most prevalent and, coincidentally, the most 
severe manifestations include: hypersensitivity syndrome, 
also known as Drug Reaction with eosinophilia and Systemic 
Symptoms (DRESS), Steven–Johnson syndrome and toxic 
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epidermal necrolysis (SJS and TEN, respectively), and 
 hypersensitivity vasculitis, also known as  leukocytoclastic 
 vasculitis (LCV).  

   Pathogen-Related Skin Disorders 

 The most common cause of cutaneous disorders in the ICU 
is direct infections of the skin by fungi, bacteria, and viruses, 
of which we consider the two most common in this section: 
fungal and bacterial infections  [  2  ] . Viral pathogens, although 
not discussed in this chapter, usually elicit cutaneous 
 manifestations via viral reactivation, most commonly herpes 
simplex 1 and 2, and varicella zoster.  

   Dermatomycoses: Mucocutaneous Candidiasis 

  Candida  is the most common type of dermatomycosis. In a 
prospective study, dermatomycoses comprised 20% of all 
ICU dermatological disorders, of which  Candida  was the 
causative fungal agent in 100% of the cases detected. 
According to recent studies,  Candida  is the fourth most com-
mon nosocomial bloodstream isolate in the USA, with 
slightly more than half of the cases occurring in the ICU  [  5  ] . 

  Candida  infections affect skin, mucosa, and appendages. 
The most common pathogenic form in humans is the albi-
cans species. In humans,  Candida  species are part of the 
endogenous fl ora of the gastrointestinal and genitourinary 
tracts, however, in states of altered physiological environ-
ments,  Candida  can colonize the skin or appendages patho-
logically.  Candida  typically becomes pathogenic in three 
circumstances: increased colonization, due to the use of 
broad spectrum antibiotics; normal mucosal and skin barrier 
breakdown by the use of chronic indwelling devices, recent 
surgery or trauma; and immune system dysfunction, usually 
neutropenia  [  5  ] . These conditions are commonly found in 
critically ill patients and can lead to invasive candidiasis, 
with widespread dissemination. The conversion of  Candida  
from its commensal to its pathogenic form in critically ill 
patients is favored by local factors such as humidity, macera-
tion, and high temperatures and by systemic factors such as 
diabetes, leukemia, AIDS, and the use of corticosteroids  [  1  ] . 
In the general population, neonates and immunocompro-
mised patients are considered high-risk groups for candidia-
sis. The frequency of infection is rising due to HIV infection 
and increased resistance to antifungal agents  [  6,   7  ] . 

 The most frequent locations of mucocutaneous candidiasis 
infections arise in the intertriginous regions (submammary, 
genitocrural, and subaxillary regions)  [  1  ]  (Fig.  1 ). Pustules are 
formed which are quickly macerated by opposing skin layers, 
thus presenting as red papules with intact, non-macerated pus-
tules extending just beyond these areas. Candidal skin lesions 

may also present within intertriginous regions as confl uent 
erythematous, macerated, glistening plaques, with long, well-
delimited borders. The classic, diagnostically useful “satellite 
lesions” of cutaneous candidiasis consists of pinpoint pustules 
located just beyond the borders of these plaques. The inter-
triginous lesions commonly develop painful fi ssures  [  8  ] . The 
differential diagnosis includes dermatophytosis, pityriasis 
versicolor, psoriasis, and erythrasma.  

 In immunocompromised patients, such as patients receiv-
ing cancer treatment or steroids, or with diseases such as 
AIDS or leukemia,  Candida  can disseminate and become life-
threatening. Organs that may be affected are the blood, brain, 
eye, kidney, heart, and less commonly, the lungs, liver, and 
spleen.  Candida , for example, is the leading cause of esophagi-
tis in people with AIDS  [  9  ] . The use of devices that penetrate 
the skin, such as urinary catheters, IV ports, and IV drug 
injections, provide an access point for the entry of  Candida , 
and should be minimized to decrease the risk for infection. 

 Cutaneous candidiasis may be diagnosed by obtaining a 
sample from an infected region and observing the classic 
nonseptate hyphae and pseudohyphae in a 10% potassium 
hydroxide (KOH) microscope slide preparation. Cultures 
should also be done.  Candida  esophagitis can be diagnosed 
by endoscopy   , by the identifi cation of fi stulas or the classic 
“cobblestone” appearance of the esophageal mucosa, and 
more defi nitively, by endoscopic biopsy  [  10  ] . 

 Primary intertriginous lesions are treated by maintaining 
the infected area dry, and using topical azoles and polyenes, 

  Fig. 1    Oral candidiasis (trush) and Angular cheilitis (perlèche), 
  grayish-white  membranous plaque on the tongue, and maceration and 
transverse fi ssuring of the oral commissures       
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including clotrimazole, miconazole, and nystatin. Invasive 
candidiasis can be treated with IV caspofungin, amphoteri-
cin B, fl uconazole (IV or oral), or fl uconazole combined with 
amphotericin B. More severe infections are treated with fl u-
cytosine and amphotericin B  [  11  ] .  

   Pyoderma: Impetigo 

 Impetigo is the most common type of pyoderma. It is a com-
mon, contagious, bacterial infection of the superfi cial epider-
mis. In one series, pyodermal infections represented 8% of 
all ICU dermatological disorders, and  Staphylococcus aureus  
was the causative agent in every case  [  1  ] . Like the dermato-
mycoses, bacterial infections of the skin are also promoted 
by both local and systemic factors commonly found in criti-
cally ill patients in the ICU. In the general population, impe-
tigo is most common in children aged 2–5 years  [  12  ] . It 
presents in two forms: bullous and nonbullous impetigo, the 
latter of which is also known as impetigo contagiosa. 
Nonbullous impetigo represents approximately 70% of all 
cases. Its causative agents are either  S. aureus  or  Streptococcus 
pyogenes , although coinfection is relatively common. The 
causative agent of all bullous impetigo infections and of the 
majority of nonbullous infections is  S. aureus . In nonbullous 
impetigo,  S. pyogenes , which in the past was believed to be 
the principal infectious agent, is present alone, or in combi-
nation with  S. aureus   [  13  ] . Methicillin-resistant  S. aureus  
(MRSA), whether hospital or community acquired, is an 
alarmingly increasing cause of impetigo  [  14,   15  ] . Patients 
with nonbullous impetigo commonly spread the infection by 
excoriation of infected skin lesions. The peak incidence of 
bullous impetigo is in the summer, and it is more prevalent in 
warm climates, areas with poor hygiene, and in crowded liv-
ing conditions  [  13  ] . In patients in the ICU, impetigo appears 
in areas of pressure zones and skin folds, or in patients with 
broken skin due to prior lesions or indwelling devices. 

 Nonbullous impetigo lesions begin as a single, erythema-
tous macule or papule. The initial lesions quickly develop 
into a vesicle, which easily rupture and dry out, producing 
fi rmly attached, occasionally pruritic, characteristic “honey-
colored” crusts (Fig.  2 ). In the immunocompetent host, the 
lesions typically resolve without scarring in a few weeks 
without treatment. A subtype of nonbullous impetigo, called 
“common,” “impetiginous,” or “secondary” impetigo devel-
ops in areas of skin breakage due to, for example, varicella or 
herpes simplex virus infections, which can have the same 
presentation as that of nonbullous impetigo  [  13  ] .  

 Bullous impetigo lesions are caused by toxin-producing 
 S. aureus  and are considered to be a localized form of staph-
ylococcal scalded skin syndrome (SSSS)  [  16  ] . Bullous impe-
tigo begins as vesicles and pustules near a hair follicle, 
arising between the corneal and granulosum layers of the 

epidermis  [  1  ] . The lesions fi rst appear over intact skin as 
vesicles which rapidly progress to fl accid, enlarging bullae 
with well-demarcated margins and without surrounding ery-
thema. The clear content of the bullae tend to turn cloudy and 
then collapse, releasing a yellowish exudate, while retaining 
fl uid at the rim of the lesions. 

 The center of ruptured bullae can develop a thin, fl at, and 
“honey-colored” or “varnish-like” crust, which if removed, 
displays an erythematous, infl amed, oozing, and moist base. 
The surrounding fl uid-fi lled rim usually transforms into the 
pathognomonic “collarette” of scale, or “tinea-like scaling 
border.” The surrounding scales link forming contiguous, 
enlarged lesions. Non-ruptured bullae display a negative 
nikolsky sign. This contrasts with the lesions of pemphigus 
vulgaris, in which the epidermal layers above the basal layer 
can be separated and rubbed off by pressing the lesions with 
a sliding motion (positive nikolsky sign)  [  8,   13  ] . 

 In the ICU, the pathogens responsible for impetigo are 
mainly transmitted through direct hand contact or fomites, 
entering through broken skin due to prior skin infections, 
burns, surgery, trauma, or radiation therapy. It also arises in 
this setting in those patients on immunosuppressive drug 
therapy, such as systemic corticosteroids, oral retinoids, or 
chemotherapy or those patients with systemic diseases, such 
as HIV, diabetes mellitus, or dialysis  [  1  ] . 

 A deeply ulcerated form of impetigo is termed “ecthyma.” 
This ulcerative pyoderma of the skin extends into the dermis 
and is caused by group A beta-hemolytic streptococci. It may 
be the result of a direct inoculation by the bacteria or a 
 secondary infection of a preexisting wound. 

  Fig. 2    Nonbullous impetigo. Eroded plaques with honey-colored crusts       
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 Impetigo is chiefl y diagnosed based on history and clini-
cal presentation. Cultures reveal the usual causative agents 
but are rarely performed. Gram stains of sampled vesicles 
reveal gram-positive cocci  [  8  ] . Anti-streptolysin O titers are 
usually low in streptococcal impetigo, but anti-DNAse B lev-
els have been found to be consistently elevated  [  17  ] .
Streptococcal antibody assays may be used to confi rm recent 
streptococcal infection in patients suspected of having post-
streptococcal glomerulonephritis, a rare complication of 
nonbullous impetigo characterized by a sudden onset of 
edema, hypertension, hematuria, and/or proteinuria. Acute 
poststreptococcal glomerulonephritis affects between 1 and 
5% of patients with nonbullous impetigo and cannot be pre-
vented by antibiotic therapy. Other rare complications 
include sepsis, osteomyelitis, arthritis, endocarditis, pneu-
monia, cellulitis, lymphangitis or lymphadenitis, guttate pso-
riasis, toxic shock syndrome, and SSSS  [  13  ] . Rheumatic 
fever, commonly associated  S. pyogenes  infections, is not a 
signifi cant consequence of nonbullous impetigo. 

 Since  S. aureus  is the causative agent of bullous impetigo, 
as well as of the majority of cases of nonbullous impetigo, 
treatment should include penicillinase-resistant penicillins, or 
fi rst-generation cephalosporins  [  17  ] . MRSA infections may 
be treated according to a reported empiric antibiotic therapy 
schema with antibacterials such as vancomycin, clindamycin, 
co-trimoxazole, linezolid, minocycline, ordaptomycin, while 
results of bacterial cultures are pending. Erythromycin, which 
in the past was the drug of choice for treating impetigo, is no 
longer recommended due to a high prevalence of erythromy-
cin-resistant strains of  S. aureus   [  17  ] .  

   Peripheral Vascular Disease-Related 
Skin Disorders 

 In patients presenting to the ICU with a systemic infectious 
disease, skin vasculature may be affected by direct injury or 
via hypersensitivity reactions. These reactions produce char-
acteristic cutaneous lesions that are useful aids in the early 
diagnosis of the underlying disease. The etiological treatment 
usually leads to the improvement of the skin lesions  [  1  ] .  

   Meningococcal Septicemia 

 The most common cause of skin disorder in the ICU is 
meningococcal septicemia. In one study, meningococcal 
septicemia represented up to 24% of all ICU dermatological 
disorders, and 86% of all ICU skin lesions attributable to an 
underlying systemic infection  [  1  ] . 

 Meningococcal septicemia, or meningococcemia, is 
defi ned as the presence of  Neisseria meningitidis , a gram-
negative diplococcal bacterium, in the bloodstream. Acute 

meningococcemia kills faster than any other known infec-
tion. Chronic meningococcemia presents with arthritis and 
dermatitis, similar to gonococcemia, but is a rare presentation 
 [  8  ] . Infection with  N. meningitidis  usually presents in four 
clinical situations: (1) asymptomatic nasopharyngeal coloni-
zation, (2) asymptomatic benign bacteremia, (3) meningitis, 
and (4) meningococcemia. Asymptomatic nasopharyngeal 
colonization is the most common form, present in 5–10% of 
the population in the USA. Asymptomatic benign bacteremia 
usually represents a stage of clinical improvement, following 
an untreated infection that still yields positive blood cultures. 
Meningitis is associated with the classic fi ndings of fever, 
headache, and nuchal rigidity, with a 5% mortality rate in 
children less than 5 years, and a 10–15% mortality rate in 
adults, despite adequate medical treatment. Meningococcemia 
is the most severe clinical manifestation, characterized by a 
petechial or purpural rash, hypotension, anorexia, dissemi-
nated intravascular coagulation (DIC), and multiorgan sys-
tem failure, which if untreated, can lead to a fulminant death 
in as little as 12–24 hours  [  18,   19  ] . The most common and 
feared clinically relevant presentations of meningococcal 
disease are meningitis and meningococcemia. 

 The incidence of meningococcal disease in the general 
population of the USA is between 2,500 and 3,000 cases per 
year. The prevalence of the disease varies according to age 
groups: rates are high in young infants, drop in infancy, 
increase in adolescence and early adulthood, and once again 
drop after early adulthood. However, the highest rates have 
been observed to occur in people aged 23–64 years  [  20  ] . In the 
ICU, meningococcemia is the most common systemic infec-
tious disorder that can lead to cutaneous lesions. Skin lesions 
in meningococcemia are highly conspicuous and aid in estab-
lishing a prompt diagnosis. Immediate medical intervention is 
life-saving thus high-index suspicion is crucial  [  1,   19  ] . 

  N. meningitidis  is transmitted via respiratory secretions 
and can enter the bloodstream following a viral infection. 
Flu-like symptoms or a mild upper respiratory illness are 
possible prodromal manifestations  [  18  ] .  N. meningitidis  
invades the endothelium of small blood vessels using spe-
cialized pili, the release of a unique lipooligosaccharide 
endotoxin and other antigens, and autolysis by the induc-
tion of endothelial cells, monocytes, and macrophages to 
release infl ammatory cytokines  [  20  ] . The release of infl am-
matory cytokines can initiate a pathophysiological cascade 
of severe hypotension, lowered cardiac output, decreased 
endothelial permeability, organ hypoperfusion, and mas-
sive DIC, which can ultimately end in multiple organ fail-
ure, shock, and death. This pathogenic chain of events 
incorporates decreased endothelial permeability and throm-
bosis resulting in cutaneous infarction, manifesting cutane-
ously as irregular patterns of small areas of purpura or the 
larger purpura fulminans, characterized by ecchymoses  [  8  ]  
(Fig.  3 ). Less conspicuous, non-hemorrhagic cutaneous 
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lesions are a late sign of  meningococcal disease most prev-
alent in  children with meningococcemia and can consist of 
purpuric lesions (60%), erythematous papules (32%), faint 
pink macules (28%), or conjunctival petechiae (10%)  [  21–
  23  ] . The classic presenting petechial or purpural rash in 
pediatric patients with meningococcal meningitis is com-
posed of 1–2 mm, non-blanchable, macular lesions occur-
ring on the mucous membranes, trunk, legs, and areas of 
increased pressure, such as beneath waistbands. Larger 
numbers of petechiae correlate with increased severity of 
disease  [  18  ] .  

 The majority of patients with meningococcal disease have 
a left shift on laboratory fi ndings. Additional laboratory fi nd-
ings, which vary according to the severity of the infection, are 
metabolic acidosis, proteinuria, elevated urine specifi c grav-
ity, cerebrospinal fl uid (CSF) white blood cell counts of more 
than 90% segmented neutrophils, elevated levels of CSF pro-
tein, and CSF glucose <60 mg/dl or less than half of the 
patient’s normal blood glucose level. A gram stain of lesion 
samples can identify the encapsulated gram-negative caus-
ative agent, but has a low specifi city. The defi nitive diagnosis 
of meningococcal disease depends on culture isolation and 
identifi cation of  N. meningitidis  from blood or CSF  [  18  ] . 
Additional diagnostic techniques involve commercial kits to 
identify antigens in CSF, serologic testing with enzyme-
linked immunosorbent assays, and polymerase chain reaction 
(PCR), which can detect serogroup-specifi c strains of  N. men-
ingitidis  DNA  [  20  ] . The differential diagnosis includes Rocky 
Mountain spotted fever, echovirus and coxsackie virus infec-
tions, toxic shock syndrome, gonococcemia, Henoch–
Schönlein purpura, and LCV  [  8  ] . 

 Meningococcal disease is considered a medical emer-
gency due its high risks of severe illness and death, and thus, 
antibiotics should be administered to patients with suspected 

infection without delay  [  19  ] . Treatment with penicillin is the 
recommended fi rst-line therapy for identifi ed meningococcal 
infections, despite reports outside of the USA of specifi c 
strains with intermediate resistance to penicillin. However, 
within the USA, penicillin is rarely used as the initial treat-
ment of a patient presenting with meningitis or sepsis. Rather, 
empirical therapy is initiated with third-generation cepha-
losporins, mainly cefotaxime or ceftriaxone, due to the high 
prevalence of penicillin-resistant  Streptococcus pneumoniae , 
particularly in children  [  20  ] . Supportive care, to manage the 
possibility of septic shock, includes the continuous monitor-
ing of vital signs and urine output, ready intervention with 
ventilatory equipment, inotropic agents, intravenous fl uids, 
fresh frozen plasma in cases of DIC, and debridement or skin 
grafting in the case of cutaneous and tissue complications  [  8, 
  18  ] . Health care workers must be aware of the possibility of 
the deadly complication Waterhouse–Friderichsen syn-
drome, which is massive, usually bilateral, adrenal hemor-
rhage  [  20  ] . 

 Risk factors for the development of meningococcemia 
are: defi ciencies of complements (C5–C8), functional or 
anatomical asplenia, a defi ciency of properdin, and HIV 
infection  [  20  ] . Prophylaxis with rifampin, ciprofl oxacin, or 
ceftriaxone is recommended for household and close con-
tacts of patients with meningococcal disease. A relatively 
new meningococcal conjugate vaccine containing serogroups 
A, C, Y, and W-135 is recommended for 11 to 12-year-old 
adolescents, adolescents beginning high school, freshmen 
students living in college dormitories, and persons 11–55 
years who belong to high-risk groups, such as recruits in 
training centers and travelers  [  24  ] .  

   Ecthyma Gangrenosum 

 Ecthyma gangrenosum (EG) is a less common, but equally 
feared, cutaneous manifestation associated with systemic 
infections. In one series, only one patient presented with EG, 
representing 7% of all ICU skin lesions attributable to an 
underlying systemic infection  [  1  ] . The patient was admitted 
to the ICU for neutropenia and septic shock of unknown eti-
ology. The progression of the patient’s skin lesions revealed 
early signs of  Pseudomonas aeruginosa  septicemia and 
alerted the medical staff as to the nature of his condition: 
multiple purple macules located in the trunk and gluteal 
regions, which subsequently evolved to necrotic nodules 
with a central black crust. 

 EG has a classic skin manifestation and is considered to be 
pathognomic for  P. aeruginosa  septicemia  [  25  ] . Less com-
monly EG may be due to infection with  Klebsiella pneumo-
niae, Pseudomonasmaltophilia and Burkholderia cepacia 
complex     [  26  ] . EG may also arise without an initial bactere-
mia, via direct inoculation of  P. aeruginosa  into the skin. 

  Fig. 3    Disseminated intravascular coagulation (DIC). Sudden appear-
ance of large ecchymotic areas which progressed to acral hemorrhagic 
skin necrosis. Lesions followed an acute infectious process       
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Inadequate treatment of skin lesions in this scenario,  however, 
may lead to secondary invasion into the bloodstream  [  25  ] . EG 
occurs in 1.3–6% of patients with  P. aeruginosa  septicemia, 
and much less frequently if no bacteremia is present  [  8  ] .  P. 
aeruginosa  septicemia is an alarmingly lethal condition, with 
mortality rates ranging from 20 to 70%. The non-septicemic 
presentation of EG has mortality rates that range from 7 to 
15%  [  27  ] . Fortunately, prompt diagnosis and immediate treat-
ment with appropriate antibiotics can be life-saving  [  28  ] . 

 EG presents acutely, progresses rapidly, and occurs princi-
pally in patients with neutropenia. It also presents in immu-
nocompromised patients due to neoplasia, leukemia, HIV, 
immunosuppressive treatment, grafts, malnutrition, diabetes, 
burns, or patients previously treated with penicillin (decreased 
natural inhibitory effect of gram-positive cocci present in 
endogenous bacterial fl ora)  [  8,   25–  27  ] . The emergence of 
HIV has signifi cantly impacted the epidemiology and mortal-
ity of  P. aeruginosa  bacteremia. In one study, infection with 
HIV was identifi ed as the most common underlying disease 
(15%) and the second most fatal risk factor (mortality rate of 
32%) for patients with  P. aeruginosa  septicemia  [  29  ] . Clearly, 
knowledge about EG is essential for the management of 
patients in the ICU with such predisposing conditions. 

 Skin lesions in EG begin as isolated, painless and red or 
purpuric macules, usually numbering less than 10, that sub-
sequently indurate, enlarge, and elevate to become vesicular 
lesions. In as little as 12 hours, they can progress into hemor-
rhagic papules or bullae, which can remain localized or, more 
commonly, extend over several centimeters. The central 
regions of the lesions proceed to rupture and become necrotic. 
Lastly, the lesions slough and acquire their characteristic 
appearance: multiple noncontiguous or solitary gangrenous 
ulcers with a “gray-black eschar” surrounded by an “ery-
thematous halo”  [  8,   25–  28  ] . Patients with septicemia simul-
taneously present with high temperatures, chills, hypotension, 
tachycardia, and tachypnea  [  8  ] . EG lesions can appear any-
where on the body, but the initial presentation is usually on 
the gluteal or perineal regions (57%), and it subsequently 
metastasizes to the extremities (30%), trunk (6%), and face 
(6%)  [  8,   26  ] . 

 The pathogenesis of the skin lesions in EG is not com-
pletely understood. Colonization by  P. aeruginosa  starts in 
the gastrointestinal tract and then spreads to moist cutaneous 
sites such as the axilla and perineum  [  30  ] . Pathophysiological 
theories include a vasculitis caused by bacilli within the ves-
sel wall, circulating immune complexes, and/or the effect of 
bacterial exotoxins or endotoxins  [  8  ] . The vasculitic mecha-
nism postulates that bacterial multiplication in the walls of 
cutaneous vessels at sites of involvement result in arterial 
and venous thrombi which lead to dermal necrosis  [  30  ] . The 
 bacterial toxin mechanism proposes that EG skin lesions 
represent sites where numerous  P. aeruginosa  bacteria aggre-
gate in the walls of  underlying cutaneous blood  vessels, 

 dissolve the vessel’s elastic lamina using elastase, enter into 
and proliferate in the adjacent subcutaneous tissue, and 
fi nally, produce exotoxin A and proteases which result in the 
hemorrhagic, ulcerative lesions surrounded by reactive ery-
thema  [  31  ] . 

  P. aeruginosa  is a well-known opportunistic pathogen 
that can thrive in water, resist temperature extremes, and 
resist antiseptics, and is thus a common nosocomial patho-
gen  [  30  ] . This gram-negative aerobic rod prefers humid envi-
ronments, and only transiently forms part of the endogenous 
fl ora of human skin. In immunocompromised and hospital-
ized patients,  P. aeruginosa  gains access to the body when it 
circumvents normal mechanical barriers: via skin fi ssures 
and erosions, venipuncture sites, nasogastric and endotra-
cheal tubes, and urinary catheters  [  8  ] . Sites of infection 
exude and produce a classic “fruity odor.” Recommendations 
for the diagnosis of EG include: (a) a deep skin biopsy 
(4–5 mm) and histopathologic studies for tissue infections; 
(b) a more superfi cial biopsy and culture for skin lesions, or 
a needle aspiration and Gram stain if a rapid diagnosis is 
warranted; and (c) blood culture, particularly during fever 
spikes, for suspected cases of septicemia  [  8  ] . The differential 
diagnosis of EG are infections by organisms that can give 
rise to EG-like lesions: bacterial pathogens such as  S. aureus, 
Serratia marcescens, Klebsiella species, Escherichia coli, 
N. meningitidis, Aeromonas hydrophila, Stenotrophomonas 
maltophilia    , and fungal agents such as  Aspergillus, Candida, 
Fusarium , and  Rhizopus species [  30  ]  (Fig.  4 ).  

 Treatment of the septicemic form of EG can include use 
of a fl uoroquinolone, such as ciprofl oxacin, an aminoglyco-
side in combination with an antipseudomonal penicillin, cef-
tazidime, or imipenem. The nonsepticemic form of EG can 
be treated with topical therapy, such as 5% silver nitrate, 5% 
acetic acid, or silver sulfadiazine cream. Incision and drain-
age of subcutaneous abscesses may be indicated, if skin 
lesions persist  [  8,   27  ] . Skin lesions take an average of 4 
weeks to heal  [  8  ] . There exists controversy regarding factors 
associated to poor prognosis. Studies suggest that a poor 
prognosis is associated with severe underlying disease, sur-
gery, pneumonia, and sepsis but not with neutropenia  [  29  ] . 
Another study, however, reports that neutropenia does cor-
relate with clinical outcome where the majority of patients 
died if their absolute neutrophil count was less than 500/
mm 3 , despite receiving the appropriate therapy  [  32  ] .  

   Drug Reaction-Related Skin Disorders 

 Cutaneous reactions are considered the most common 
adverse reactions to drugs. Sevensson et al. found that among 
hospitalized patients the incidence of these skin reactions 
ranges from 1 to 3%  [  33  ] . Recognition of the cutaneous man-
ifestations of reactions to drugs is of great importance due to 
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the large degree of variation of its consequences: from mild 
discomfort to life-threatening situations. Drug reactions 
commonly initiate cutaneously as a result of metabolic and 
immunologic activity of the skin. Assessment of drug allergy 
must start with a precise and exhaustive history, including 
clinical symptoms and their timing and duration in relation 
to the contact with the drug. Most of the time, there is no 
specifi c treatment for these allergic reactions, other than 
symptomatic relief. Most reactions are self-limited, and, 
therefore, prompt recognition of the distinctive skin manifes-
tations and early withdrawal of all suspected drugs are the 
most important preliminary measures.  

   Hypersensitivity Syndrome or Drug Reaction 
with Eosinophilia and Systemic Symptoms 

 Most cutaneous manifestations to drugs are caused by a vari-
ety of hypersensitivity reactions. DRESS syndrome refers to 
a distinct, severe, unexpected and multi-systemic reaction 1–8 
weeks after the drug exposure  [  34  ]  (Table  1 ). Hematological 
abnormalities, especially eosinophilia and atypical lympho-
cytosis are common consequences. Despite the fact that in 
most cases total recovery is possible, DRESS syndrome is a 
potentially life-threatening disease, with a mortality rate of 
approximately 10%  [  35  ]  (Table  1 ).  

 DRESS syndrome is characterized by the clinical triad of 
fever, rash, and internal organ involvement, which may 
include the liver, heart, kidneys, or lungs. After exposure to 
the offending agent, the patient may present with a high fever 
and facial edema. This usually precedes a widespread papu-
lopustular or erythematous skin eruption that often pro-
gresses to an exfoliative dermatitis (Fig.  5 ). Internal organ 
damage may remain asymptomatic or be life-threatening. 
Eosinophilia and atypical lymphocytosis are common, occur-
ring in up to 30% of cases. Due to its risk for mortality in 
10% of patients, those presenting with these symptoms 
should be further assessed with a complete blood test, liver 
function tests, serum creatinine level and urinalysis  [  35  ] .  

 Although a role of viral co-infection is often suspected, by 
defi nition drugs are the causal agents  [  36  ] . The pathogenesis of 
DRESS syndrome involves accumulation of the reactive drug 
metabolites  [  34  ] . Among the most common drugs to cause 
DRESS syndrome are aromatic anticonvulsants and the sul-
fonamide group of antibiotics. For phenytoin, carbamazepine, 

  Fig. 4    ( a – c ) An immunocompromised patient with disseminated  Fusarium  infection. He presented with erythematous areas that developed 
necrotic centers. Ecthyma gangrenosum and other fungal infections can produce similar lesions       

   Table 1    Time intervals from the exposure to onset of symptoms and 
mortality rates of DRESS and SJS/TEN   

 Disease  Time interval from exposure to onset  Mortality (%) 

 DRESS  15–40 days  10 
 SJS/TEN  7–21 days  5, SJS; 30, TEN 
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and phenobarbital, the incidence of this reaction has been esti-
mated to be one reaction per 5,000–10,000 exposures  [  37  ] . 
The disease, however, is not limited exclusively to these drugs. 
A variety of other drugs commonly used in the ICU have also 
been implicated, include: allopurinol, nonsteroidal anti- 
infl ammatory drugs (NSAIDs), captopril, calcium channel 
blockers, metronidazole, mexiletine, fl uoxetine, dapsone, and 
antiretroviral drugs. 

 The most common differential diagnoses for DRESS syn-
drome includes Steven–Johnson syndrome (SJS), toxic epi-
dermal necrolysis (TEN), Kawasaki disease, and systemic 
onset juvenile rheumatoid arthritis. Cutaneous features of 
DRESS syndrome are distinguishable among these other 
conditions. DRESS syndrome is characterized by facial 
edema, widespread papulopustular or erythematous skin 
eruption, exfoliative dermatitis, and thigh blisters. Kawasaki 
disease is characterized by conjunctival infection, palmar 
erythema, polymorphous exanthema, and strawberry tongue 
 [  38  ] . Systemic onset juvenile rheumatoid arthritis also known 
as Still’s disease, presents with intermittent fever, a salmon-
colored rash, and infl ammation of the joints. Neither in Still’s 
disease nor in Kawasaki disease do patients have a previous 
history of drug exposure attributable to their respective 
 manifestations. SJS/TEN is characterized by blisters and 
mucocutaneous eruptions that will be described later in 
this chapter. 

 The only way to treat DRESS syndrome is the prompt 
withdrawal of the offending drug, or, if unknown, of all sus-
pected drugs. In the case of delayed diagnosis, supportive 

therapy and therapies aimed at accelerating the elimination of 
the causative drug should be initiated. Skin care should include 
the use of topical steroids to alleviate and improve symptoms 
 [  8  ] . If exfoliative dermatitis has occurred, the main therapy 
should include: warming the patient to prevent hypothermia, 
the use of local moisturizing ointments and/or lotions, correc-
tion of electrolyte imbalances, high caloric intake, and mea-
sures to prevent secondary infections and sepsis. Antipyretics 
should be prescribed to reduce the effects of fever. Systemic 
steroids are reserved for patients with life-threatening visceral 
manifestations, such as interstitial pneumonitis or nephritis, 
for which they should be initiated as soon as the diagnosis of 
DRESS syndrome is confi rmed; otherwise it may have no 
benefi t. Caution should be taken, if the patient has septic man-
ifestations, since systemic corticosteroids can elicit further 
complications in patients with sepsis  [  39  ] . 

 According to Sullivan et al., genetic factors are suspected 
in DRESS syndrome. First-degree relatives should be alerted 
to their elevated risk of developing hypersensitivity reactions 
to the same drugs. Also, cross-hypersensitivity reactions are 
common between the three main aromatic anticonvulsants: 
phenytoin, carbamazepine, and phenobarbital  [  39  ] . Therefore, 
these drugs must be avoided in patients who have experienced 
DRESS syndrome with any one of these medications. Cross-
reactions may also occur with nonsteroidal anti-infl ammatory 
agents. Patients should be monitored closely for systemic 
complications such as renal failure, liver failure, pulmonary 
fi brosis, and endomyocardial damage and should be treated 
accordingly if these complications develop  [  34  ] .  

  Fig. 5    ( a ,  b ) Drug reaction with eosinophilia and systemic symptoms (DRESS) syndrome. Characterized by facial edema and confl uent, edema-
tous, and erythematous papules and accompanied by elevated liver enzymes       
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   Steven–Johnson Syndrome and Toxic 
Epidermal Necrolysis 

 SJS, also known by some as erythema multiforme major, is 
an immune-mediated hypersensitivity disorder that may be 
caused by many drugs, viral infections, and malignancies. 
SJS and TEN are considered by many authors as different 
parts of a spectrum of the same disease. For this reason, 
many refer to the entity as SJS/TEN. SJS/TEN is a serious 
systemic disorder with the potential for severe morbidity and 
even death. Differentiation between cases of SJS and TEN 
depends on the extent of body area involvement. The initial 
manifestations are similar, starting with a prodrome of mal-
aise and fever, followed by the rapid onset of erythematous 
or purpuric macules and plaques. Although similar skin 
manifestations are present between SJS and TEN, SJS is 
characterized by epidermal detachment involving less than 
10% of the total body skin area, while TEN is defi ned by 
epidermal detachment greater than 30%. Based on case reg-
istries and observational studies, the incidence of SJS is one 
to three cases per million inhabitants per year  [  40,   41  ] . The 
incidence of TEN is estimated to be 1–1.4 cases per million 
inhabitants per year  [  40  ] . TEN is considered to be a more 
dangerous disease that may include all organs, leading to 
potentially life-threatening processes. The total mortality 
rates observed by Bastuji-Garin et al. were found to be 5% in 
SJS and 30% for overlap SJS/TEN  [  42  ]  (Table  1 ). 

 Several signs and symptoms following exposure to a drug 
or drug regimen can alert the physician to a potentially 
 serious skin manifestation that may progress to SJS/TEN. 

These symptoms include confl uent erythema, facial edema, 
skin pain, palpable purpura, skin necrosis, blisters, urticaria, 
tongue swelling, and/or mucous membrane erosions. The 
skin lesions usually appear days after unspecifi c symptoms 
of fever, odynophagia, and eye discomfort  [  41  ] . Cutaneous 
manifestations begin most of the time as ill-defi ned, ery-
thematous macules with purpuric centers distributed sym-
metrically on the face and thorax before spreading to other 
areas. Vesicles and fl accid bullae then form, which spread 
laterally with pressure. The skin sloughs off rapidly within 
days, but typically ceases after 2–3 days. Skin pain may be 
prominent and out of proportion to medical fi ndings, espe-
cially in TEN. In SJS, the skin lesions progress to epidermal 
necrosis and sloughing that is limited to less than 10% of the 
body surface. TEN leads to full-thickness epidermal necrosis 
and sloughing involving a total surface area greater than 
30%. The ultimate appearance of the skin in TEN has been 
described as similar to that of widespread thermal injury. 
Mucosal membranes in SJS are affected in 92–100% of 
patients, while TEN involves mucous membranes in nearly 
all cases. Most commonly, mucosal involvement usually 
occurs at two of three distinct sites which may include ocu-
lar, oral, and genital areas  [  41,   43  ]  (Fig.  6 ).  

 Although few cases have been caused by infections or 
remain unexplained, SJS/TEN is essentially a drug-induced 
reaction  [  44  ] . Medications cause 30–50% of cases of SJS 
and up to 80% of cases of TEN. The most common imput-
able drugs for SJS/TEN are antibacterial sulfonamides, anti-
convulsant agents, NSAIDS, and allopurinol, but may also 
be caused by quinolones, cephalosporins, and penicillins 
 [  39,   41  ] . Immunosupression and HIV infection increases the 

  Fig. 6    ( a ,  b ) Skin and mucosal 
involvement in Steven-Johnson 
syndrome induced by phenytoin, 
which evolved from ( a ) to ( b ) 
over a 24 hour period       
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risk for SJS/TEN. Autoimmune disorders, such as systemic 
lupus erythematosus, and an HLA-linked genetic suscepti-
bility have also been implicated as possible etiological con-
ditions and as risk factors for the development of SJS/TEN 
 [  41,   45  ] . 

 The differential diagnosis for SJS/TEN may include a long 
list of dermatological diseases manifesting with blistering, 
skin sloughing, and mucosal involvement. Among the most 
common diseases that could be confused with SJS/TEN are: 
erythema multiforme, DRESS syndrome, pemphigus diseases, 
SSSS, toxic shock syndrome (TSS), acute generalized exan-
thematous pustulosis (AGEP), and disseminated fi xed bullous 
drug eruption  [  41  ] . Erythema multiforme is associated with a 
viral infection in more than 50% of cases, and although it may 
be due to the same pathological process as SJS/TEN, its mini-
mal mucosal involvement, as well as less than 10% epidermal 
detachment, distinguishes it from SJS/TEN  [  46  ] . 

 Pemphigus vulgaris is an autoimmune disease causing 
blistering of the skin and the oral mucosa. Patients often pres-
ent with fl accid bullae and erosions on the face and trunk that 
usually are not associated with recent ingestion of drugs. This 
produces painful, raw areas of the skin and mucous mem-
branes that will not heal. In some cases, these sores can cover 
a signifi cant area of the skin. The defi nitive diagnosis of pem-
phigus vulgaris is made with skin biopsy  [  47  ] . DRESS syn-
drome is characterized by the previously described clinical 
triad of fever, rash, and internal organ involvement. SSSS is 
caused by epidermolytic toxins produced by certain strains of 
Staphylococci, which presents clinically with fever, irritabil-
ity, and a generalized, erythematous, micromacular to macu-
lopapular rash. SSSS usually affects newborns and children, 
but adults are less commonly affected due to improved renal 
function which allows elimination of the toxins from the 
body. SSSS is best differentiated from SJS/TEN by the lack 
of history of drug exposure and the skin biopsy revealing 
only limited thickness epidermal sloughing and minimal 
keratinocyte necrosis  [  47  ] . Similarly, TSS, a disease caused 
by  S. aureus  that develops acutely in individuals without an 
identifi ed disease also lack a previous history of drug expo-
sure. The clinical manifestations of TSS, such as fever, 
hypotension, and skin manifestations, are caused by the acti-
vation of a large number of T lymphocytes by bacterial toxins 
that act as super-antigens  [  48  ] . In comparison to SJS/TEN, 
TSS presents with more involvement of multiple organ sys-
tems which include diarrhea, vomiting, mental status changes, 
and elevations of creatinine phosphokinase, transaminases, 
and creatinine  [  48  ] . Despite the strong association of SJS/
TEN with drug ingestion, eosinophilia is unusual. Patients 
with TEN commonly present with anemia and lymphopenia. 
Neutropenia is noted in about one-third of patients and is cor-
related with a poor prognosis. Mild elevations in serum ami-
notransferase levels occur in one-half of patients, while overt 
hepatitis occurs in just 10% of patients  [  49  ] . 

 SJS and TEN are clinical diagnoses supported by histo-
pathologic fi ndings. Early lesions on skin biopsy show a 
superfi cial and perivascular lymphocyticinfi ltrate associated 
with edema along the dermoepidermal junction. These 
lesions are closely associated with degenerating necrotic 
keratinocytes. As the lesions progress, discrete and confl uent 
zones of epidermal necrosis occur with connecting blister 
formation. The stratum corneum may exhibit some parakera-
tosis, but for the most part has maintained its normal pattern 
 [  50  ]  (Fig.  7 ). Once the diagnosis of SJS/TEN has been con-
fi rmed by skin biopsy, internal organ involvement should be 
ruled out by complete blood count tests, liver enzyme tests, 
and chest radiographs  [  43  ] .  

 The only defi nitive treatment is the discontinuation of the 
offending drug, followed by supportive measures  [  8  ] . Patients 
who have developed SJS/TEN should not be rechallenged 
with the suspected causative drug, nor should they undergo 
desensitization to the medication  [  39,   42  ] . When epidermal 
detachment and fl uid losses are extensive, electrolyte imbal-
ances can result. Therefore, fl uid and nutritional replacement 
are essential in managing SJS/TEN complications. Further 
systemic complications can include superinfection, which 
can lead to sepsis. Signs of infection include sudden decreases 
in temperature, rapid clinical deterioration, positive cultures, 
and increased quantities of bacteria from cultured skin, cath-
eters, or gastric and urinary tubes. Sterile techniques and 
wound care are essential  [  39  ] . Prophylactic antibiotics are 
not usually employed, but topical antibiotics may be benefi -
cial in preventing sepsis. Because of the strong association of 
sulfonamide antibiotics with SJS/TEN, these must be avoided 
and prescriptions should be specifi ed according to laboratory 
culture result  [  51  ] . 

  Fig. 7    In this histopathologic specimen of TEN, one can see that there 
is impending formation of a subepidermal blister. The epidermis con-
tains multiple necrotic keratinocytes. The stratum corneum exhibits 
some parakeratosis, but for the most part has maintained its normal 
pattern       
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 Because of the highly morbid complications associated 
with mucous involvement, medical consultations and atten-
tive care is essential. Involvement of tracheobronchial epi-
thelium and less often, gastrointestinal epithelium causes 
high morbidity. When the trachea and bronchi are involved, 
intubation and mechanical ventilation are recommended 
 [  39  ] . Additionally, antacids may be used to reduce the inci-
dence of gastric bleeding. The use of corticosteroids in SJS/
TEN is controversial since no randomized trials support this, 
or any other, treatment modality  [  52  ] . 

 There are no established scoring systems for prognosis 
estimation. However, a specifi c score, SCORTEN, developed 
by Sylvie Bastuji-Garin et al. has been recently elaborated 
and validated, which can be applied to all TEN patients, 
based on variables available upon patient admission  [  42  ]  
(Table  2 ). The variables indicative of a poor prognosis are: 
greater than 40 years of age, presence of malignancy, heart 
rate greater than 120 beats per minute, initial percentage of 
epidermal detachment greater than 10%, BUN levels greater 
than 10 mg/dl, serum glucose levels greater than 14 mmol/l, 
and bicarbonate levels lesser than 20 mmol/l. Patients with a 
SCORTEN score of 0–1, greater or equal to 2, greater or 
equal to 3, greater or equal to 4, and totaling 5 or more, have 
a 3.2%, 12.1%, 35.3%, 58.3%, and a greater than 90% 
increased rate of mortality, respectively (Table  2 ). 
Ophthalmologic complications are the most feared. They 
progress from months to years and follow-up is mandatory to 
monitor for the development of sicca syndrome, keratitis, 
corneal lesions, and severe impairment of vision. Patients 
who survive SJS/TEN should not be reexposed or desensi-
tized to the medication  [  39,   42  ] .   

   Hypersensitivity Vasculitis or Leukocytoclastic 
Vasculitis 

 Hypersensitivity vasculitis, or LCV, is the most common 
vasculitis encountered in clinical practice. Due to a great 
inconsistency of defi nitions among physicians, the American 
College of Rheumatology proposed in 1990 the following 
fi ve criteria for the classifi cation of hypersensitivity vasculi-
tis: (1) age should be greater than 16 years, (2) use of a pos-
sible offending drug in temporal relation to the symptoms, 
(3) presence of palpable purpura, (4) maculopapular rash, 
and (5) biopsy of a skin lesion showing neutrophils around 
an arteriole or a venule. The presence of three of these crite-
ria has sensitivity and specifi city of 71%, but when more 
than three criteria are met, the sensitivity and specifi city 
increases to 84%. It is important to recall that these criteria 
do not distinguish hypersensitivity vasculitis from Henoch–
Schönlein purpura, a systemic vasculitis characterized by the 
deposition of IgA in skin lesions  [  53  ] . Hypersensitivity vas-
culitis represents an immune complex process. Evidence for 
circulating immune complex formation includes: the recog-
nition of soluble complexes, hypocomplementemia, and the 
deposition of immunereactants in vessels. Immune com-
plexes are detected more frequently in early, rather than late, 
lesions  [  51  ] . 

 In most patients, the associated signs and symptoms begin 
7–10 days after antigen exposure. This amount of time is 
necessary to produce a suffi cient quantity of antigen–anti-
body complexes. Once these immune complexes have 
formed, palpable purpura is the most common presentation 
of small vessel vasculitis  [  53  ] . Lesions are commonly round, 
measuring approximately 1–3 mm in diameter. These lesions 
may coalesce to form plaques and can eventually ulcerate. 
The legs are most commonly involved but any cutaneous sur-
face can be affected (Fig.  8 ). In addition to skin manifesta-
tions, patients can present with fever, urticaria, arthralgias, 
and/or lymphadenopathy  [  39  ] . Biopsy of the lesions demon-
strates infl ammation of the small blood vessels that is most 
prominent in the postcapillary venules. The change is limited 
to infi ltration with neutrophils. The nuclei of the neutrophil’s 
become fragmented as they follow the vessel wall and exhibit 
“nuclear dust.” There is fi brinization of the walls of venules 
 [  50  ]  (Fig.  9 ). Internal organ involvement is not often observed, 
but can be severe. In most cases, the assessment of noncuta-
neous organ involvement is diffi cult  [  45  ] . Glomerulonephritis, 
interstitial nephritis, and varying degrees of hepatocellular 
injury have all been described. Involvement of the lung, 
heart, or central nervous system has been rarely reported.   

 When a physician encounters a clinical scenario of hyper-
sensitivity vasculitis, it is important to remember that more 

   Table 2    ( a ,  b ) SCORTEN scoring system designed by Bastuji-Garin 
et al.  [  40  ]    

 SCORTEN parameter  Score 
 ( a ) 
 Age > 40 years  Yes = 1, no = 0 
 Malignancy  Yes = 1, no = 0 
 Tachycardia > 120/min  Yes = 1, no = 0 
 Initial surface of epidermal detachment > 10%  Yes = 1, no = 0 
 Serum urea > 10 mmol/l  Yes = 1, no = 0 
 Serum glucose > 14 mmol/l  Yes = 1, no = 0 
 Bicarbonate < 20 mmol/l  Yes = 1, no = 0 

 SCORTEN (sum of scores)  Predicted mortality (%) 
 ( b ) 
 0–1   3.2 

 2  12.1 
 3  35.8 
 4  58.3 

  ³ 5  90 
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than 70% of cases are due to an underlying pathological pro-
cess, while 30–50% of cases are idiopathic  [  51  ] . However, a 
diagnosis of idiopathic vasculitis should be made only after 
all other possible causes have been properly ruled out. 
Common causes of hypersensitivity vasculitis include, but 
are not limited to: medication exposure, infection, malig-
nancy, primary systemic vasculitis, or connective tissue dis-
ease  [  54  ] . Drugs are of the most common causes, acting as 
haptens that stimulate an immune response. However, drug-
induced vasculitis is a weekly defi ned disorder, since prov-
ing causality is diffi cult. Beta-lactam antibiotics are the most 
common type of drugs implicated in this disease, but NSAIDs 
and diuretics are also common. However, almost all drugs 
are potential causes  [  54  ] . 

 A good history and physical examination is important for 
accurately diagnosing hypersensitivity vasculitis because 
although most patients experience itching, burning, or pain, 
some may have asymptomatic lesions  [  54  ] . Physicians should 
assess all possible risk factors such as medication intake, 
intravenous drug abuse, systemic diseases (particularly con-
nective tissue diseases), and recent infections. The physician 
must rule out any underlying systemic disease because of its 
implications on the patient’s prognosis. No routine diagnos-
tic test has been established, but should include complete 
blood cell count, erythrocyte sedimentation rate, urinalysis, 
and a blood chemistry panel for all adults. Also a stool guaiac 
test should be obtained in patients with cutaneous vasculitis. 
Additionally, serologic studies, such as for antinuclear anti-
bodies, ANCA (cytoplasmic ANCA, perinuclear ANCA, or 
atypical ANCA), and rheumatoid factor, should be obtained 
in patients without an obvious cause for their condition. 
A skin biopsy of a reasonably new lesion should be obtained 
in most, if not all, adult patients  [  54  ] . In cases of severe vas-
culitis, muscle, nerve, or visceral organ biopsies may be 
required. However, patients with drug-induced vasculitis do 
not commonly require these tests. 

 The differential diagnoses of drug-induced vasculitis in 
the case that there is no previous history of an offending drug 
includes all the aforementioned risk factors: infection, malig-
nancy, primary systemic vasculitis, or connective tissue dis-
ease (Fig.  10 ). The differential diagnosis of hypersensitivity 
vasculitis also includes systemic vasculitis conditions such 
as Wegener’s granulomatosis, polyarteritis nodosa, and 
microscopic polyarteritis. The presence of systemic signs 
and symptoms, evidence of internal visceral target organ 
involvement, and ANCA positivity, in combination with the 
lack of evidence of immune deposits, may be helpful in iden-
tifying these syndromes  [  54  ] .  

 As with all drug-induced cutaneous reactions, discontinua-
tion of the inciting drug should lead to resolution. The signs 
and symptoms should disappear in approximately 2 weeks. 

  Fig. 8    ( a – c ) Manifestations of leukocytoclastic vasculitis: palpable purpura in the dependent areas of the body       

  Fig. 9    In the histopathology of LCV, there is a moderate perivascular 
and interstitial infi ltrate with neutrophils, with evidence of “nuclear 
dust” of neutrophils. There is fi brinization of the walls of venules and a 
few extravasated erythrocytes       
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After the drug has been retired, the diagnosis can be made 
within a period of days to a few weeks. Patients with urticarial 
lesions may be treated with antihistamines. If the patient only 
has a disease of the skin, with or without joint manifestations, 
colchicine or dapsone may be administered. For patients with 
severe visceral involvement, high doses of corticosteroids, with 
or without an immunosuppressive agent, should be adminis-
tered. The successful treatment in two patients with rituximab, 
who had severe, progressive, cutaneous, small-vessel vasculitic 
conditions, was recently reported  [  55  ] . Further studies of ritux-
imab treatment in well-defi ned patient groups are necessary. 

 The prognosis of LCV is generally good, but if the kid-
neys, gastrointestinal tract, lungs, heart, or central nervous 
system become involved, death is possible.  

   Conclusion 

 Skin disorders are a signifi cant component of the diseases 
occurring in patients in the ICU. Common dermatological 
conditions seen in the ICU can arise from direct fungal, 

 bacterial, or viral invasion of the skin, or as adverse reactions 
to drugs administered to patients in the ICU. Additional skin 
manifestations, beyond the scope of this chapter, can also be 
observed in the ICU: allergic contact dermatitis reactions, 
preexisting dermatological conditions not associated to the 
cause of admission, pressure ulcers, and burns. Skin disor-
ders in the ICU can be due to a wide range of factors and 
present in multiple modalities. It is essential that careful 
inspection and effective treatment of skin manifestations in 
critically ill patients become an integral part of patient man-
agement in the ICU.      
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