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  Pref ace   

 Case-based inpatient pediatric dermatology is an approach to pediatric skin disease 
specifi c to hospitalized children. The idea for the book initially came from doing a 
talk on interesting inpatient dermatology cases and realizing there was no specifi c 
resource book for this niche of pediatric dermatology. 

 Skin problems make up to one third of patient complaints, and although derma-
tology is primarily an outpatient specialty, there are specifi c cutaneous diseases that 
are more commonly seen in hospitalized children. 

 The book is geared as a reference toward a diverse audience including hospital-
ists, emergency and inpatient clinicians, pediatricians, dermatologists, residents, 
and medical students. 

 The book is organized into a question-and-answer format that should make it 
more interactive and helpful for those that are studying for exams and to learn spe-
cifi c teaching pearls. 

 There are 14 chapters with associated images to provide you clinical examples. 
 To make this book possible, I have been blessed by the help from many brilliant 

and generous colleagues from across the country and overseas, who have contrib-
uted their time and expertise to writing chapters. I thank them for their great efforts 
in creating this book. Thanks to Connie Walsh, developmental editor, for her invalu-
able assistance. I also thank my mentors, who have taught me academic pediatric 
dermatology, and my patients, who are a daily inspiration. 

 I hope that you will fi nd this book to be a valuable resource and guide.  

  Los Angeles, CA, USA     Marcia     Hogeling     
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    Chapter 1   
 Atopic Dermatitis and 
Papulosquamous Disorders                     

       Sarah     Asch       and     Megha     M.     Tollefson     

    Abstract     It is not uncommon to encounter certain papulosquamous diseases in an 
inpatient setting in general pediatrics. At times, the skin disease is the primary rea-
son for admission; while in others, recognition of the skin disease may be relevant 
to ongoing care, such as continued appropriate topical therapy for a patient’s atopic 
dermatitis. Skin disease is not an uncommon reason for admission, and patients 
occasionally acquire a skin problem in the hospital, such as severe diaper dermatitis. 
Recognition of dermatologic diseases early on may shorten hospitalizations over 
all, and should lead to better management with appropriate consult and coordination 
of care.  

  Keywords     Psoriasis   •   Atopic dermatitis   •   Diaper dermatitis   •   Allergic contact der-
matitis   •   Wiskott–Aldrich   •   Omenn  

      Case 1.1. Atopic Dermatitis 

 A 4-year-old child with a known history of moderate atopic dermatitis, allergic 
rhinitis, and mild asthma returns from weeklong camping trip to the Arizona desert 
in February. During vacation, family was unable to apply moisturizer daily, but did 
apply 1 % hydrocortisone as recommended on most days. Patient took only one 
shower during the trip and no baths. The patient did not swim while away.  Patient’s   
atopic dermatitis fl ared slightly while on trip, but a few days after return the fl are 
continued and is now out of control 2 weeks later. 

 She saw her  PCP   who prescribed a course of oral antibiotics for impetiginized 
areas, but patient has only improved slightly. Patient currently waking each night 
to scratch, fi nding blood on sheets in the morning; weeping patches at ankles, 
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wrists, as well as popliteal fossae and antecubital fossae are persistent and unre-
sponsive to topical steroids and ointment moisturizer. Patient is co-sleeping due to 
all the discomfort and unable to go to daycare due to itching and the weeping 
 plaques   (Fig.  1.1 ).

      Labs 

 Cultures of skin have shown  Methicillin-sensitive Staphylococcus Aureus      in the past.  

    Questions 

     1.    What, if any, further workup would you perform?   
   2.    What  systemic treatments   would you employ for this patient?   
   3.    What is the role for  topical treatment   in patients with this severity of atopic der-

matitis fl are?      

  Fig. 1.1    ( a ), ( b ). A 4-year-old child with fl are of  moderate   atopic dermatitis       
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    Discussion 

 Atopic dermatitis (AD) is a common  chronic infl ammatory condition   that affects all 
age groups and disproportionately affects the pediatric population. AD is an issue of 
paramount importance to clinical practice of pediatricians and dermatologists alike. 
 Pediatric   atopic dermatitis can disrupt normal growth and development of affected 
children, lead to secondary infection, signifi cantly affect the quality of life of fami-
lies with affected children, and be fi nancially burdensome [ 1 ,  2 ]. The importance of 
 evidence-based treatment guidelines   for this chronic illness was highlighted by the 
publication in 2014–2015 of a 4 part series in the Journal of the American Academy 
of Dermatology entitled: Guidelines of care for the management of atopic dermati-
tis. A summary and review with practical tips for  primary care pediatricians   includ-
ing a succinct treatment algorithm was published in Pediatrics in 2015 [ 3 ]. 

  Treatment   of all pediatric atopic dermatitis has fi ve components that must all be 
addressed simultaneously in order to heal the skin and prevent fl ares.

    1.    Repair the skin barrier   
   2.    Treat infl ammation   
   3.    Treat superinfections   
   4.    Identify and remove triggers   
   5.    Educate the patient and caregivers about the nature of this chronic remitting and 

relapsing disease    

     Roles of Topical Treatments: Barrier Repair and Infl ammation 

  Barrier repair   is the cornerstone of atopic dermatitis care. When patients leave the 
hospital, it is critical that they have the tools and understand the importance of main-
taining the barrier. In the hospital, this can be well accomplished with moisturizing 
the skin. In general in dermatology practice, ointments (clear, greasy substances 
such as white petrolatum) are preferred for sealing moisture into skin. The  soak and 
smear method   is commonly employed in outpatient dermatology and can be trans-
lated to the hospital setting. The basics are a soak for 10–15 min in a comfortable 
temperature bathtub, then to apply the medicated ointments and then a layer of 
emollient. The absorption can be increased with occlusion and often putting damp 
dressings (or pajamas) over the ointments, followed by warm blankets to keep the 
patient comfortable. At Mayo Clinic, wet dressings have been used for many years 
for inpatient atopic dermatitis (Fig.  1.2 ) and involve applying medicated creams 
(white substances) and then applying wet to dry dressings, to which dilute acetic 
acid may be added to help treat superinfections. This is repeated every 3–4 h, and 
can include treatment to the face as  well   [ 4 ].

    Infl ammation   is a driving force in atopic dermatitis, and providing adequate 
treatment especially through  skin-directed therapy   can be challenging at all ages. 
When patients are hospitalized, demonstrating that  skin-directed therapy   is safe and 
effective is important for outpatient success. Topical steroids are the mainstay of 
treatment of infl ammation in atopic dermatitis. In the hospitalized patient, one com-

1 Atopic Dermatitis and Papulosquamous Disorders
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mon challenge is obtaining suffi cient quantities for application due to miscommuni-
cations between physicians and bedside staff or the pharmacy. The physician must 
pay close attention to the quantities ordered to ensure suffi cient amounts are deliv-
ered to the bedside. A helpful trick can be to order a 1-lb (454 g) jar to the bedside 
for the body application; this should be enough to treat an adult body surface area 
twice daily for 1 week. In children and infants, these quantities are less (~250 g for 
a child, ~100 g for an infant) [ 3 ]; however, medications in larger jars are often easier 
to apply than those in smaller tubes. Medicated ointments or creams should be 
applied prior to moisturizers to help increase penetration into the skin. The medica-
tions are generally felt to be absorbed within 30  min  .  

    Roles for  Systemic Therapies  :  Pruritus   and Infection 

 A second key part to barrier repair is to prevent scratching or rubbing, thus bringing 
mechanical damage to the barrier. The most effective way to do this is to repair the 
barrier, which improves itch dramatically. Itch is often the most diffi cult symptom to 
treat. Use of sedating antihistamines at bedtime to prevent overnight scratching is uti-
lized during acute fl ares; while these medications do not effectively treat the itch, they 
are useful in assisting in undisturbed sleep. Daytime non-sedating or lower dose sedat-
ing antihistamines are not recommended because they are less effective than direct 
barrier repair and treatment of the infl ammation as the itch is not directly histamine 
driven [ 5 ]. If the skin is not markedly improved after aggressive topical therapy for 48 
h, oral antibiotics may also be added depending on culture results (see below)   .     

  Fig. 1.2    ( a ), ( b ). A 6-year-old child with atopic dermatitis in  wet   dressings       
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    Role of  Infection   and Further Workup: Surveillance Cultures 

 In the pediatric patient who has been hospitalized for their atopic dermatitis, infection 
is a common reason for fl are. Infection is most commonly from S. Aureus ( MSSA   or 
 MRSA  ), but viral superinfection with HSV (eczema herpeticum) or coxsackie (eczema 
coxsackium) can also lead to fl ares. In contrast to the usual teaching in pediatrics, 
dermatologists will frequently swab areas that do not appear overtly impetiginized for 
surveillance cultures. This allows therapy to be tailored more accurately if the patient 
is not improving with barrier repair and treatment of infl ammation. Skin infection in 
atopic patients may require primary treatment with oral antibiotics, specifi cally an 
antibiotic that has adequate coverage of Gram-positive bacteria. Should the patient 
have a history of MRSA, cultures of the skin should be taken and used to tailor ther-
apy. If needed, coverage for MRSA can be utilized; however, it is important to remem-
ber that while TMP-Sulfa methoxazole is often used for MRSA, it has less adequate 
Streptococcal coverage and thus is not generally used fi rst line in these patients. 

     Bleach baths   have become widely used and are now the standard of care in the 
management of atopic dermatitis. However, even in the best-collected clinical evi-
dence evaluated by a panel of experts in dermatology, evidence-based guidelines for 
bathing were still diffi cult to establish. At this time, we recommend approximately 
½ cup of regular household bleach to a full bathtub (approximately 40 gal) of water. 
Regular household bleach has recently increased in concentration from 6 to 8.25 %, 
and thus some experts now recommend only about 1/3 cup of bleach to a full bath-
tub. One must caution parents to never apply bleach directly to the child’s skin, as 
this can cause a chemical burn [ 6 ]. 

    Identifi cation of triggers can be challenging and is often best addressed on an 
outpatient basis. Common triggers include change of seasons, new more humid or 
drier environment, stress, airborne allergens, fragrances, and skin infections. Food 
allergy requires special comment, as parents often remove whole classes of foods to 
attempt to control atopic dermatitis, and strict elimination diets without proper nutri-
tional guidance can lead to poor growth due to inadequate nutrition. In general, 
atopic dermatitis is rarely directly related to food allergy [ 7 ]. An expert panel spon-
sored by the  NIAID   (National Institute of Allergy and Infectious Diseases; a branch 
of the  National Institutes of Health (NIH))   recommends testing for milk, egg, peanut, 
wheat, and soy in children under 5 years of age with moderate to severe atopic der-
matitis, only if the child has persistent AD  in spite of optimized management  and 
topical therapy; or if the patient has a reliable history of an immediate reaction after 
ingestion of a specifi c food. The expert panel specifi cally recommends against avoid-
ing  potential  allergenic foods as a means of controlling atopic dermatitis [ 8 ]. Should 
food allergy be a consideration for exacerbation of an individual’s atopic dermatitis, 
we recommend referral to an allergist for appropriate testing to determine if true food 
allergies are present, so that the child’s diet is not unnecessarily restricted. 

    Education of caregivers and the patient is critical to control of atopic dermatitis. 
Daily ongoing moisturization of the barrier is key for many patients, and adjusting 
this with age-appropriate considerations is important [ 3 ]. For example, a 4-year-old 
is often more likely to tolerate an ointment preparation than an adolescent. However, 
each person is truly individual and it is most helpful to ask, as a tube of medicine 

1 Atopic Dermatitis and Papulosquamous Disorders
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kept in a drawer (and hence not applied to the skin) is not effective for any skin 
disease. 

 There are times when oral immunosuppressive drugs are required to manage 
chronic uncontrolled atopic dermatitis. However, the vast majority of patients can 
be managed with aggressive topical treatments as outlined above.      

    Answers 

     1.     Surveillance cultures  .   
   2.    Sedating antihistamines. If skin not markedly improved in 2 days, then oral anti-

biotics based on culture results and clinical exam.   
   3.    Topical treatments with goal of barrier repair and decreasing infl ammation are 

the mainstay of therapy. Wet dressings can be helpful adjunct both inpatient and 
modifi ed therapy as outpatient.       

    Case 1.2. Pustular Psoriasis 

 A 2-year-old girl presents with acute onset of a widespread pustular eruption after 
recovering from a viral illness. She has been using topical creams at home for the 
last week, without improvement. She has been treated for cradle cap and intertrigo 
intermittently since 5 months of age. At age one, she had hand-foot-and-mouth 
disease, after which she  developed   a pustular eruption similar to the current fi nd-
ings, but with more limited involvement. She had a biopsy at that time consistent 
with pustular psoriasis. 

     Physical Exam   

•     T 38.5 °C, vital signs otherwise within normal limits for age  
•   General: tired, but nontoxic appearing child, seated on mom’s lap  
•   Skin exam elicits some tenderness of her skin. She has a widespread erythema-

tous eruption consisting of sharply demarcated pink-red thin plaques. Some of 
the plaques are studded with tiny pustules. Her fi nger and toenails are not 
involved. She has geographic  tongu  e (Fig.  1.3 )

           Labs   

 CBC with differential, electrolytes including calcium, and liver function tests are 
within normal range.  

S. Asch and M.M. Tollefson
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    Questions 

     1.    What is the role of  systemic steroids   in psoriasis?   
   2.    What laboratory value should be closely monitored in patients with pustular pso-

riasis  fl ares  ?      

    Discussion 

 Pustular psoriasis is an uncommon but severe form of psoriasis, often requiring 
 hospitalization and systemic treatment  . It can often be complicated by cutaneous 
infection or even sepsis. A second severe form of psoriasis is erythrodermic or  exfo-
liative   psoriasis. Together these two forms occur in about 1 % of pediatric psoriasis 
patients [ 9 ]. Patients with either of these presentations may have failure to thrive 
due to excessive energies spent on their skin disease. As opposed to adults, who 
often carry a preexisting  diagnosis   of psoriasis, infants and children can present 
with pustular psoriasis as their initial episode of skin disease—as early as 1 week of 
life. Pustular psoriasis commonly recurs with increasing severity and accordingly, 
worsening prognosis. However, the disease can remain quiescent for decades, only 
to recur unexpectedly without identifi able trigger. The cause of pustular psoriasis in 
children is unknown, although there is likely a genetic basis [ 9 ]. 

 Pustular psoriasis is usually generalized and presents with sudden onset of fever, 
malaise, and anorexia. The accompanying skin rapidly develops superfi cial 1–3 mm 
pustules, often overlying erythematous annular plaques or patches. The pustules can 
coalesce and form sheets or lakes of pus, especially in fl exures, genitals, interdigital 
spaces, and periungually.  Nails   are often affected and can become thickened or 
separate from the nail bed with pus. Oral lesions including the tongue are not 
uncommon and resemble geographic tongue [ 10 ]. As the infl ammation resolves, the 
pustules crust and affected skin will slough. 

  Fig. 1.3    ( a ), ( b ). A 2-year-old child  with   pustular psoriasis       
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 Acute  erythrodermic      or pustular psoriasis are considered dermatologic emergen-
cies and require hospitalization for treatment.  Skin biopsy and laboratory testing   
can be helpful in distinguishing this from other causes of widespread pustules. The 
 differential diagnosis   includes cutaneous Candidiasis,  Staphylococcal infection  , 
 Herpes simplex  ,  Acute Generalized Exanthematous Pustulosis (AGEP)  ,  Eosinophilic 
folliculitis  , and  Defi ciency of Interleukin 1 Receptor antagonist (DIRA).   

  Management   often includes supportive care, sometimes in an ICU setting, as 
well as skin-directed and systemic therapies.  Hypocalcemia      can occur and calcium 
should be monitored. If topical treatments with corticosteroids and wet dressings or 
compresses fail, systemic therapy is warranted. 

 Similar to  treatment   for atopic dermatitis, wet dressings have been used for many 
years at Mayo Clinic. This skin-directed treatment involves applying medicated 
creams (white substances) such as  topical triamcinolone     , and then applying wet to 
dry dressings, to which dilute acetic acid may be added to help treat superinfections. 
This is repeated every 3–4 h and can include treatment to the face as well [ 4 ]. This 
requires signifi cant nursing care, and thus sometimes patients can be more easily 
treated in an ICU setting in some institutions where nurse to patient ratios are lower. 
This is particularly appropriate for patients with pustular psoriasis who can be quite 
ill at baseline and warrant close monitoring. 

  Dermatologists   warn strongly against use of systemic corticosteroids in treat-
ment of plaque psoriasis due to signifi cant rebound fl ares or even inducing pustular 
psoriasis; however, in ICU and other settings where the child is quite ill,  occasionally 
corticosteroids are very judiciously used while initiating other therapies.  Acitretin 
and isotretinoin   are oral retinoids (Vitamin A derivatives), which have been used as 
fi rst-line therapy for pustular psoriasis.  Cyclosporine      is another commonly used 
systemic agent in pustular psoriasis, due to its high rate of effi cacy and quick onset 
of action.  Methotrexate      is sometimes utilized in this setting, but has slower onset of 
action; thus, it is often used in conjunction with an agent that has a more rapid onset 
of action.  Biologic therapies   are now increasingly becoming fi rst- line therapy for 
severe and recurrent cases, but onset of action is also slower, and evaluation for 
latent infections including TB and Hepatitis must be completed prior to initiation of 
therapy [ 9 ,  10 ]. 

 Another treatment that is extremely effective, but is not widely available, is 
 Goeckerman therapy     . This employs daily phototherapy followed by application 
of crude coal tar mixtures to the entire body including the scalp. Patients are 
then wrapped in plastic and shower caps, followed by pajamas or scrubs. While 
very effective, it is only performed at a few locations around the country, includ-
ing Mayo Clinic, University of California, San Francisco and University of 
Michigan. It has fallen out of favor due to the labor-intensive nature of the ther-
apy, for both patient and provider; however, it remains an excellent therapy for 
psoriasis and induces long remissions in most patients without the need for sys-
temic treatment [ 11 ].  

S. Asch and M.M. Tollefson
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    Answers 

     1.    Generally, we discourage use of  systemic steroids   in psoriasis, due to risk for 
rebound fl are, with pustular psoriasis as the most notable exception to this rule 
of thumb.   

   2.     Calcium   is the most well known associated derangement. Patients should also be 
monitored for electrolyte imbalances and adequate hydration in keeping with 
standard supportive measures in very ill patients.       

    Case 1.3. Allergic or Irritant Contact Dermatitis 

 A 6-year-old male has had molluscum for several months. He has been treated with 
topical imiquimod without effect, thus this was discontinued 2 months ago. Mom 
noted new spots behind his left ear and on his neck a few days prior to admission. 
She applied  topical Neosporin  , as she would do for any skin breakage, at least twice 
daily for 2 days. The patient then developed erythema, erosion, and edema in the 
areas where the  Neosporin   was used (Fig.  1.4 ).

  Fig. 1.4    A 6-year old 
male  with   allergic contact 
dermatitis to neomycin       
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       Labs   

 Culture of vesicles is negative for bacteria and herpes simplex virus.  

    Questions 

     1.    What are three common  causes   of contact dermatitis in hospitalized patients?   
   2.    What is the  timing and natural history   of allergic contact dermatitis?      

    Discussion 

 Contact dermatitis is an umbrella term that refers to dermatitis after coming into 
contact with a chemical agent. Both irritant and allergic contact dermatitis are seen 
in the inpatient setting. There are distinguishing  features   that are helpful clues in 
making a correct diagnosis. Irritant dermatitis is much more common, is often the 
basis of  diaper dermatitis  , and can also be from irritation from adhesive tape, or 
antiseptics used for procedures, such as  chlorhexidine  . Allergic contact dermatitis is 
much less common, especially in the inpatient setting. Allergic contact dermatitis is 
a  delayed-type IV hypersensitivity reaction   that requires sensitization (meaning 
exposure to the allergen prior to the current exposure). Delayed-type hypersensitiv-
ity sensitization can take days to years to develop and may happen suddenly despite 
years of exposures. But after sensitization, reexposure leads quickly to a rash often 
characterized by itching/pain, weeping rash, or even blisters in some cases [ 12 ]. 

  Neomycin   is a common allergic contact allergen, well known to dermatologists, 
and was the 2010 Contact Allergen of the year. It has been implicated in numerous 
studies of both pediatric and adult patients of contact dermatitis [ 13 ]. Many patients 
have already been sensitized to neomycin after use on cuts and scrapes in the USA 
and thus, a reaction within 1–2 days of reexposure is not unexpected. Of note, 
patients with neomycin allergy may also have co-sensitivity to bacitracin (likely due 
to similar exposure patterns).    Also relevant to inpatient medicine, neomycin is an 
aminoglycoside and can cross-react with medicines in the same class including gen-
tamicin and tobramycin. 

 Patterns in contact allergy change with time and exposures at the population 
 level  , thus research into an updated list of contact allergens can be helpful when 
evaluating a patient with a known exposure [ 14 ]. There a several  resources   for con-
tact allergen information, including the American Contact Dermatitis Society and 
the North American Contact Dermatitis Group Patch test results are published regu-
larly [ 15 ]. Several groups have conducted studies to assess for  prevalence   of various 
contact allergens; the most recent lists of pediatric contact allergens contain nickel, 
fragrance mix, neomycin, and formaldehyde. Other common offenders in pediatrics 
include  cocamidopropyl betaine      (used as a surfactant for “no tear” formulations and 
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other foaming cleansers), Balsam of Peru, and methylisothiazolinone (found in 
many baby wipes) [ 16 ]. 

  Chlorhexidine      is an emerging contact allergen in the hospital. Chlorhexidine 
baths for all ICU patients is becoming the standard of care in some intensive care 
units both in adult and pediatric hospitals to lower central line infections and bacte-
remia [ 17 ,  18 ]. While data is still out on whether this is a truly effective intervention 
[ 19 ], there may be an increased risk for irritant or allergic contact dermatitis. 
Another common cause of irritant contact is from  iodine (Betadine)   that does not 
get completely washed from the skin after a surgical procedure [ 20 ]. It often under-
lies the edges of drapes and can take on a variety of geometric patterns. A thorough 
history regarding specifi cs of patient positioning during procedures can be extremely 
helpful in elucidating this diagnosis.  

    Answers 

     1.     Chlorhexidine  ,  Betadine  , and  tape     
   2.    Slow onset after initial exposure (10 days–2 weeks), subsequent exposures are 

much faster with rash within 1–2 days       

    Case 1.4. Eczematous Eruptions as Sign of Underlying Disease 

 You are consulted to evaluate a 2-month-old male, admitted with fever, decreased 
urine output, tachycardia, and purulent umbilical drainage.  Blood cultures   grew 
  Enterococcus faecalis    and   Staphylococcus aureus   . The patient was born at full term 
with unremarkable birth history and good prenatal care. Prior to admission, his pri-
mary care physician diagnosed eczema due to a red scaly rash, and his formula was 
changed several times, due to concern for milk allergy. 

 On exam, he is an unwell, small appearing infant with red skin and slight scale 
from scalp to feet, somewhat sparing the diaper area. Scalp has signifi cant yellow 
scale. No blisters or erosions are noted.  Hepatosplenomegaly         is noted on palpation 
of his abdomen (Fig.  1.5 ).

       Labs   

•     White blood cell count 49 (6–14 K/μL)  
•   Eosinophils: 10.8 (0.1–1.6 K/μL)  
•   IgE: 2339 (<17 K/μL)  
•   IgG, IgM, IgA: low  
•   TRECS (T-cell receptor excision circles):    absent     
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    Questions 

     1.    What are  genetic syndromes      or disorders in the  differential diagnosis   for eczem-
atous rash in infants? What is the  diagnosis   for this case?   

   2.    What laboratory evaluations should you initially review or recommend to clarify 
the  diagnosis  ?      

    Discussion 

 Individually, the underlying  genetic disorders   that lead to eczematous eruptions are 
rare. However, pediatricians may face these challenging diagnoses at some point in 
their careers.  Wiskott–Aldrich syndrome  , Hyper IgE Syndrome ( HIES  ),  Omenn 
syndrome  ,  DiGeorge syndrome  ,  Netherton’s syndrome  , selective IgA defi ciency, 
and metabolic disorders such as phenylketonuria can all present with eczematous 
eruptions. Table  1.1  helps to differentiate some of these  diseases   by the accompany-
ing fi ndings of each disorder [ 9 ,  21 ]. Final diagnosis will involve not only dermatol-
ogy but may also require input from Immunology, Genetics, and/or Hematology 
colleagues [ 22 ].

   A specifi c type of  seborrheic dermatitis      with severe generalized erythema and 
scale (called  Leiner’s phenotype  ) should trigger an evaluation for underlying 
immune defi ciency. This was once thought to be a separate disease, but is now 
known to be a presenting sign of complement defi ciencies,  HIES  ,  SCID   (especially 
 Omenn syndrome  ) and  X-linked agammaglobulinemia   [ 9 ]. In this patient, the labo-
ratory values of eosinophilia, elevated IgE and absence of  T cell excision circles 

  Fig. 1.5     Infant   with eczematous eruption due to underlying immunodefi ciency       
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(TRECS)   suggested a diagnosis of Omenn syndrome, which is a type of severe 
combined immunodefi ciency ( SCID  ). A gene panel for  SCID   was ordered, and a 
mutation in Rag 2 was identifi ed, confi rming the diagnosis of Omenn syndrome. 
The patient was treated with wet wraps with topical triamcinolone and petrolatum 
initially, and then received an unrelated donor hematopoietic stem cell transplant, 
with signifi cant improvement in his rash post-transplant. 

  Treatment   of the underlying immunodefi ciency with transplant can be helpful in 
some cases. One pitfall is that eczematous reactions can look very similar on skin 
biopsy to grade 1–2 graft versus host disease (GVHD) [ 23 ]. As children with some 
of these disorders are treated with bone marrow transplantation, it can be diffi cult to 
assess if the eruption is due to their underlying disease or harbingers onset of 
 GVHD  . The timing of rash with relation to transplant and changes in immunosup-
pressive medications, as well as distribution of the affected areas can sometimes be 
helpful in differentiating, but is not always possible. 

  Treatment   of eczematous eruptions associated with underlying immunodefi -
ciency follows the same principles as those of “garden variety” atopic dermatitis 
with skin-directed treatment including topical corticosteroids and sedating antihis-
tamines at night, as well as a regimen of moisturizers and bathing (see Atopic 
Dermatitis case for more discussion of treatment). However, treatment of the skin 
disease associated with these conditions should not be taken lightly, as impaired 
barriers leave these patients at risk for infection and increased metabolic demands 
from the skin can impair growth.  

    Answers 

     1.     Wiskott–Aldrich syndrome  ,  Omenn syndrome  ,  HIES   (Hyper IgE syndrome), 
 DiGeorge syndrome  ,  Netherton’s syndrome  , selective IgA defi ciency, and meta-
bolic disorders such as phenylketonuria. The  diagnosis   for this case is Omenn 
syndrome.   

   2.     CBC   with differential for thrombocytopenia and eosinophilia; Total IgE. TRECS 
(T cell receptor excision circles—screen for severe combined immunodefi -
ciency) are part of some state routine newborn screens. If considering this diag-
nosis, it is important to verify what your state newborn screen includes, as 
newborn screening is not nationally standardized.       

    Case 1.5. Severe Diaper Dermatitis 

 A 6-month-old infant girl with chronic diarrhea is undergoing evaluation for causes 
of her chronic diarrhea as an inpatient. She also requires  management   of the follow-
ing diaper dermatitis. Parents have tried several different diaper creams, triple anti-
biotic ointment and have been using baby wipes and scrubbing down to clean  skin 
  between every change (Fig.  1.6 ).
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       Labs   

•     Swab of the pustules is positive for Candida Albicans.     

    Questions 

     1.    Name two systemic conditions that commonly involve the diaper area.   
   2.    What is a key initial step in treating any diaper dermatitis?      

    Discussion 

  Treatment   of signifi cant diaper dermatitis can be very challenging. Severe diaper 
dermatitis goes by several different names, all largely felt to be on a spectrum of 
disease.  Erosive   diaper dermatitis,  Pseudoverrucous papules   and nodules, 
 Granuloma gluteal infantum  , and  Jacquet’s erosive diaper dermatitis   all have similar 
presumed etiology [ 9 ,  21 ]. 

  Fig. 1.6    A 6-month-old 
 infant with pustules and 
erythema   in the diaper area       
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 Most diaper dermatitis is multifactorial; it is often a compound problem of  bar-
rier breakdown  ,  low-grade superinfection  , the  immature nature of newborn skin  , 
and a diffi cult  wound healing environment   [ 24 ].  Irritants   in diaper dermatitis usu-
ally affect the convex surfaces and relatively spare the folds, thus distinguishing 
irritant diaper dermatitis from other causes of diaper dermatitis. The barrier in the 
diaper area is constantly exposed to irritants from urine and stool, and these are 
often kept under occlusion (diapers), further irritating the area. Bile acids in acute 
diarrheal illness or chronic diarrhea are a signifi cant irritant.  Topical cholestyramine   
added to an ointment or zinc oxide base can bind bile acids and lessen the irritant 
potential from this component [ 25 ].  Contact dermatitis   is another known cause of 
diaper dermatitis. Baby wipes with high levels of methylisothiazolinone have been 
implicated in some cases of diaper dermatitis, as well as the blue dye from diapers 
(more commonly seen along back at waistline). Another common contact allergen 
is neomycin, which is found in triple antibiotic ointments and while not frequently 
used in the diaper area, should always be on your list of questions, especially when 
parents may have been treating for a suspected infection. 

  Gentle skin care   in the treatment of diaper dermatitis is of paramount impor-
tance. A key point to educate families and caregivers is that barrier creams must be 
put on very thickly (like cream cheese or frosting) and should not be completely 
removed with diaper changes, as this level of friction and scrubbing can irritate the 
skin. To remove these creams, mineral oil can be used to emulsify cream and wipe 
off gently, which allows for removal with less traumatic irritation to the area. When 
possible, leaving the diaper area open to air is desirable, but this is often impractical 
with children of diaper-wearing age or special needs. Thus, we often recommend 
dry diaper area thoroughly with air, by waving of hand or use of small handheld fan, 
and then replacing ointments or creams. 

 The debate of which  diaper cream   is superior rages on in dermatology clinics, 
hospital wards, and daycares. The medical consensus is that a thick barrier is needed 
and should prevent irritants from coming into contact with the skin [ 24 ]. Most pre-
ferred diaper creams have zinc oxide in them at varying strengths. One pitfall is that 
some diaper creams can sometimes become gritty and cause physical irritation; thus 
having caregivers monitor for a gritty sensation during changes and switching to a 
different product can be helpful. 

  Concomitant infections   with yeast are common; when this happens it usually 
involves the moist, dark, warm environment of the folds. Dermatologists generally 
prefer antifungal creams over powders as powders pose an inhalational risk to 
infants and can contribute to irritation with grittiness.  Streptococcal and staphylo-
coccal infections   are both possible, and often require oral treatment [ 26 ]. Treatment 
for Gram negative and anaerobic bacteria in ulcerated skin can be approached with 
topical metronidazole, but care should be taken when making this diagnosis, as 
these organisms are common contaminants of the diaper area. 

 In the correct clinical context, the differential for diaper dermatitis may also 
include systemic conditions including  zinc defi ciency  , (which can be seen in breast 
feeding patients with insuffi cient maternal zinc or premature infants on parenteral 
nutrition, and rarely as an inherited disorder),  Langerhans cell histiocytosis   (pres-
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ents with seborrhea-like rash, in addition to erosive type rash in diaper area and 
fl exures) and  Coxsackie virus      (or hand-foot-and-mouth; usually presents as a viral 
syndrome with fever and mouth sores) [ 26 ]. Other causes of diaper area rash are too 
extensive to address here, and can include early birthmarks, such as infantile hem-
angiomas, psoriasis, drug eruptions, staphylococcal scalded skin, or unusual inges-
tions. For example, a few case reports exist of erosive diaper dermatitis caused by 
children eating chocolate fl avored laxatives intended for adults [ 27 ,  28 ]. 

 In summary, diaper dermatitis is often multifactorial and a very common pediat-
ric issue both in the inpatient and outpatient settings. Using all the necessary tools 
to provide protection, treat infections and allow the area to heal is key to successful 
treatment. It is important, when dealing with refractory diaper dermatitis, to keep 
less common diagnoses on the differential.  

    Answers 

     1.     Langerhans cell histiocytosis  ,  psoriasis  ,  zinc defi ciency  .   
   2.    Protecting from further irritation and repairing the barrier.          
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    Chapter 2   
 Viral Infections                     

       Patrick     McMahon       and     Robert     James     Smith    

    Abstract     Cutaneous manifestations of viral infections in pediatric patients can pro-
vide the fi rst critical clues to disease development. While often self-limiting, viral 
infections can cause serious morbidity and mortality in vulnerable pediatric popula-
tions. In this chapter, we review the clinical presentation, differential diagnosis and 
treatment of hand foot mouth disease, neonatal herpes simplex virus infection, dissemi-
nated varicella zoster in an immunocompromised patient and Lipschütz ulcers.  

  Keywords     Viral exanthem   •   Coxsackievirus   •   Enterovirus   •   Herpes simplex virus   • 
  Varicella zoster virus   •   Epstein–Barr virus   •   Lipschütz ulcer   •   Acyclovir  

      Case 2.1 

 A 13-month-old female is admitted to the hospital for a severe fl are of atopic der-
matitis ( AD)     . Her parents report that this fl are began 2 days ago with a fever ( T  max  
101°F) and fussiness. She has been able to drink, but has been eating less solid 
foods. She has developed blisters and sores on the arms, legs, buttocks, and around 
her mouth. They especially noticed redness and sores within the areas affected by 
AD, including her antecubital and popliteal fossae. She has had both increased itch-
ing of the arms and legs as well as tenderness in some of the areas with open sores. 
Today, they noticed a few new bumps on the hands and feet. The patient has had 
mild AD since the age of 6 months that has been controlled well on low potency 
topical steroids until this fl are. They have not applied medications or emollients 
since this fl are began due to perceived discomfort upon attempted applications. The 
patient is otherwise healthy. There were no known sick contacts and no contact with 
active cold sores or herpes virus. However, today the mother began noticing painful 
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blisters on her own palms. On physical exam, the child appears nontoxic, but fussy 
with scattered intact individual vesicles noted on the arms, legs, and buttocks; vesi-
cles, crusting, and erosions around the mouth and within the antecubital and popli-
teal fossae; three vesicles noted on the soft palate and several papulovesicles on the 
dorsal hands, dorsal feet and on the soles. The vesicles are mostly not clustered, but 
in and around the scaly pink plaques of the antecubital and popliteal fossae the ero-
sions appear accentuated and more  concentrated   (Fig.  2.1 ).  

    Questions 

     1.    What is your differential diagnosis?   
   2.    How would you treat the rash?   
   3.    What are some delayed sequelae of this infection?     

     Presentation   

  Hand, foot, and mouth disease (HFMD)   is a common pediatric illness due to  entero-
virus   that typically presents with fever, painful erosions on the oral mucosa, and 
small, gray-white, oval vesicles on the palms, soles, and buttocks [ 1 ]. While the 
most common culprits of HFMD are Coxsackievirus A16 and enterovirus 71, start-
ing in 2012, the Center for Disease Control reported a growing number of severe, 
atypical cases of HFMD attributed to a different stain of the virus,  Coxsackievirus 
A6 (CVA6)   [ 2 ]. In addition to classical HFMD symptoms of low-grade fever, 

  Fig. 2.1    Scattered vesicles 
and erosions on  legs   with 
accentuation in the 
popliteal fossae       
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 malaise, and gastrointestinal or respiratory complaints, patients with CVA6 often 
present with more extensive cutaneous lesions [ 1 ]. Outbreaks have been reported in 
Asia, Europe, and the United States [ 3 ,  4 ]. While classical HFMD affects children 
under the age of 6, CVA6 manifests in adults as well [ 4 ,  5 ]. Transmission occurs via 
oral or respiratory droplets with viral replications occurring in the pharynx and 
intestine. Subsequent viral amplifi cation within the lymphatics results in viremia 
with distant multiorgan spread, including the skin. 

 The cutaneous manifestations of CVA6 infection are characterized by widespread 
vesiculobullous and erosive lesions extending beyond the palms and soles to include 
the trunk, extremities, and perioral region [ 1 ,  6 ]. A concurrent enanthem also consists 
of small vesicles and erosions on the oral mucosa. Perioral involvement may, in fact, 
be a hallmark of CVA6 infection [ 7 ]. In patients with a history of atopic dermatitis, 
as with the patient in presented case, lesions tend to concentrate in areas most affected 
by the individual’s eczema, leading to the specifi c diagnosis of “eczema Coxsackium” 
or “eczema enteroviricum” [ 8 ,  9 ]. In these individuals, lesion morphology can appear 
quite similar to eczema herpeticum, except that in “eczema coxsackium” the vesicles 
tend to be less clustered and involvement of the palms and soles can be a clue that the 
patient has HFMD. Eruption patterns reveal a predilection for the virus to congregate 
in areas of previous trauma, friction or irritation, which may explain  why   disease 
severity is often worse on the palms, soles, and buttocks [ 1 ,  8 ].  

    Differential Diagnosis (Table  2.1 )    

    The differential diagnosis for HFMD depends on the general presence or absence of 
cutaneous involvement. When there is only involvement of oral mucosa, the differ-
ential for these lesions includes orolabial HSV infection, aphthous stomatitis, and 
primary herpangina [ 8 ]. When there is widespread cutaneous involvement, other 
entities to consider within the differential for “eczema Coxsackium” include eczema 
herpeticum (HSV), varicella (VZV), disseminated zoster, bullous impetigo, ery-
thema multiforme major, and bacterial superinfection of atopic dermatitis [ 5 – 8 ].  

    Diagnosis, Management, and  Sequelae   

 Diagnosis of Coxsackie A6 HFMD is based primarily on clinical presentation. The 
diagnosis of an enteroviral infection can be confi rmed via  polymerase chain reac-
tion (PCR)   detection of the virus within the vesicle fl uid, crusting or an erosion. For 
confi rmation of the A6 serotype, nucleotide sequencing can be performed on PCR- 
positive specimens [ 1 ]. A skin biopsy is usually not necessary. If performed, it may 
reveal a spongiotic dermatitis, focal interface dermatitis with areas of subepidermal 
separation, and edema of the papillary dermis [ 1 ]. In patients with suspected 
“eczema Coxsackium,” given the similarity in morphological appearance to eczema 
herpeticum, it is prudent to collect a sample of vesicular fl uid for HSV PCR and 
consider empiric treatment with  acyclovir   if the eruption is severe [ 7 ]. 
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 The course of the illness is acute and self-limited. Treatment of concurrent atopic 
dermatitis with topical steroids and emollients may be indicated. Systemic symp-
toms typically resolve within a few days, and skin lesions resolve without scarring 
within days to weeks. Serious systemic complications in otherwise healthy patients 
are rare, but can include dehydration and viral meningoencephalitis. A known 
sequelae of CVA6 infection is delayed onychomadesis due to temporary arrest of 
the nail matrix, typically occurring 3–8 weeks after disease onset [ 6 ]. Patients typi-
cally experience full  regrowth   of their nails [ 9 ]. Patients may also experience des-
quamation of the palms and soles in the weeks following resolution of the 
vesicobullous eruption [ 1 ,  6 ].    

    Case 2.2 

 A 10-day-old male is admitted to the neonatal intensive care unit with fever, leth-
argy, and a widespread eruption. His parents report that he was born via normal 
spontaneous vaginal delivery at 39 weeks after an uncomplicated pregnancy. He 
was discharged home with his mother on day 2 of life and had been feeding well 
until yesterday when he began appearing excessively sleepy and refused to feed. 
Overnight, they noticed a small cluster of blisters on his abdomen. This morning he 
has several more blisters forming on his body, felt hot to the touch, and was found 
to have a temperature of 103°F. The mother has a remote history of genital herpes, 
but has not had any known active lesions for several years and, therefore, has not 
been on antiviral treatment recently. He was brought into the emergency department 
and underwent a full sepsis work-up for neonatal fever. Swabs were sent for viral 
and bacterial cultures from the vesicles on the skin. On physical exam, the child is 
found to be very irritable with widespread bright red clusters of erosions with scal-
loped borders on the abdomen, fl anks, back, arms, legs, scalp, and buttocks. Upon 
close inspection he is also found to have intact clustered vesicles on the abdomen 
and an individual vesicopustule on the right  forearm   (Fig.  2.2 ).  

    Questions 

     1.    What are the three types of presentation of this disease?   
   2.    What is your differential diagnosis?   
   3.    What is your treatment?     

     Presentation   

 Neonatal herpes simplex virus (HSV) is a herpetic infection that manifests within 
the fi rst 28 days of life. While rare, with about 1500 cases annually, the infection 
carries signifi cant morbidity and mortality [ 10 ]. Neonatal HSV can be transmitted 
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in three distinct periods: intrauterine, peripartum, and postnatal [ 11 ]. The majority 
(85 %) of neonatal HSV infection are acquired in the perinatal period when infants 
are directly exposed to HSV infection in the mother’s genital tract. An additional 
10 % of patients acquire the infection postnatally, typically via transmission from a 
caretaker with HSV-1. The remaining 5 % of patients acquire the infection through 
intrauterine transmission [ 11 ]. 

 For purposes of treatment and prognosis, neonatal HSV infections are divided 
into three types: localized “skin, eye, and mouth” (SEM) disease, central nervous 
system (CNS) disease, and disseminated disease. All three forms of neonatal HSV 
can be caused by either HSV-1 or HSV-2, though HSV-2 infections have been asso-
ciated with poorer outcomes [ 11 ]. 

 Localized SEM  disease   accounts for 45 % of neonatal HSV cases and classically 
presents with clustered, coalescing small 2–4 mm vesicles on an erythematous base 
[ 12 ]. Lesion morphology can also take the appearance of pustules, blisters, or ulcer-
ations. While it can occur at any point within the fi rst 6 weeks of life, lesions will typi-
cally manifest within the fi rst 2 weeks [ 13 ]. Early signs of HSV infection of the eye 
include excessive watering, conjunctival erythema, and crying from apparent eye pain. 
Keratoconjunctivits from HSV can progress to chorioretinitis and cataracts, causing 
permanent vision impairments [ 14 ]. HSV of the oropharyngeal cavity is characterized 
by ulcerative lesions of the mouth, tongue, and palate. While benign appearing, treat-
ment is critical to prevent progression to CNS or disseminated disease. If antiviral treat-
ment is initiated prior to development of further disease, outcomes are favorable. 

 CNS neonatal  herpes  , also described as HSV meningoencephalitis, accounts for 
1/3 of neonatal HSV infections [ 14 ]. It can occur through either hematogenous spread 
from disseminated disease or localized retrograde spread from the nasopharynx and 
olfactory nerves to the brain. CNS disease typically presents in the second or third 
week of life and can occur with or without localized or disseminated diseases. 
Clinical manifestations include seizures, irritability, poor feeding, tremors, full ante-
rior fontanelles, and temperature instability [ 15 ]. Lumbar puncture for cerebrospinal 

  Fig. 2.2     Widespread 
cropped erosions   with 
scalloped borders on the 
torso of a neonate 
(Photograph courtesy of 
Paul Honig, M.D.)       
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fl uid [CSF] may appear normal early in the disease course, but classically shows a 
mononuclear cell pleocytosis, normal glucose, and mildly elevated protein. An  elec-
troencephalogram   is often abnormal early in the disease course, showing multifocal 
periodic epileptiform discharges [ 11 ,  16 ]. Of note, without vesicular skin fi ndings, it 
may be impossible to distinguish HSV meningoencephalitis from other forms of neo-
natal meningitis. If clinical and laboratory fi ndings are suggestive or inconclusive for 
aseptic meningitis, treatment with  acyclovir   is recommended [ 17 ]. 

 The least common form of neonatal HSV is  disseminated disease  , accounting for 
25 % of cases. Disseminated illness can involve multiple organs, including the liver, 
lungs, and adrenals, in addition to CNS and/or SEM disease [ 14 ]. These neonates 
typically present in the fi rst week of life with signs and symptoms of neonatal sep-
sis, including fever or  hypothermia  , irritability, poor feeding, lethargy, abdominal 
distension, and respiratory distress [ 11 ]. Disseminated disease progresses quickly, 
often resulting in respiratory failure, necrotizing enterocolitis, acute liver failure 
secondary to hepatitis, meningoencephalitis, and/or shock, similar to multiorgan 
involvement of bacterial sepsis. Since most (80 %) patients with disseminated ill-
ness have vesicular skin fi ndings, the identifi cation of skin fi ndings can be signifi -
cant for halting disease progress [ 14 ].  

     Differential Diagnosis   

 The differential diagnosis for vesicular skin fi ndings in neonates includes other 
infectious etiologies, such as varicella zoster virus (VZV), enteroviral infection, 
group B streptococcal (GBS) infection, staphylococcal skin infection, listeriosis, 
and other congenital “TORCH” infection (toxoplasmosis, syphilis, rubella, cyto-
megalovirus) [ 12 ,  18 ]. The  differential diagnosis   also includes bullous mastocyto-
sis, bullous impetigo, incontinentia pigmenti, and other blistering disorders.  

     Treatment and Management   

 Given the severity of disease progression, prompt recognition and treatment of neo-
natal herpes is of critical importance in infants with mucocutaneous vesicles, CNS 
abnormalities, or sepsis-like syndromes. Detection of HSV may be achieved through 
isolation of HSV in viral cell culture, detection of viral DNA via  polymerase chain 
reaction (PCR)  , or rapid  direct fl uorescence antibody (DFA)  . However, negative 
cultures, PCR, or DFA cannot always rule out neonatal HSV. Alternatively, a Tzanck 
smear can be conducted to provide rapid diagnosis via visualization of multinucle-
ated giant cells, though a positive result will not distinguish between HSV and VZV, 
and it may be unreliable due to interpreter variability [ 12 ]. 

 Mortality exceeds 80 % in patients with untreated disseminated HSV disease, 
and serious morbidity can result, even with patients who receive early intervention 
[ 12 ]. The recommended antiviral treatment for suspected neonatal HSV is intrave-
nous acyclovir [ 19 ]. Localized infections should be treated for a minimum of 
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14 days, while CNS and disseminated disease should be treated for a minimum of 
21 days. Since the advent of antiviral therapy, mortality for CNS disease has 
declined from 85 to 29 % and for disseminated disease from 50 to 4 % [ 19 – 21 ]. 
Early treatment of localized disease effectively prevents the disease course from 
progressing to CNS or disseminated illness [ 22 ]. Following parenteral treatment, 
suppressive oral therapy of  acyclovir   should be administered for 6 months. 

 While approximately 20–30 % of pregnant women in the United States are 
infected with HSV-2, most neonates with HSV are born to mothers without a known 
prior history of the infection [ 12 ,  23 ]. Risk of maternal-fetal transmission is much 
higher [25–50 %] in women who acquire primary genital HSV during their preg-
nancy compared to women with long-standing HSV-2 infections who experience 
viral reactivation in their genital tract at term [<1 %] [ 24 ]. As such, infants born to 
mothers with high suspicion of primary HSV should  be   treated empirically [ 25 ].    

    Case 2.3 

 A 16-year-old female with a recent diagnosis of  acute lymphoblastic leukemia 
(ALL)      presents with spreading pink papulovesicles on the hands, arms, and now 
trunk. The lesions were fi rst noticed 2 days ago on the bilateral forearms and have 
since spread. The patient is currently undergoing consolidation chemotherapy and 
is pancytopenic. She has been afebrile, denies pain or itching associated with 
these lesions, and denies having any lesions in the mouth or genital region. Besides 
the new diagnosis of ALL, the patient has no other past medical history and was 
fully immunized. Upon physical exam, she is tired, but well appearing and has 
scattered individual pink intact papules and papulovesicles accentuated on the 
bilateral arms and hands with limited involvement of the trunk and two papulo-
vesicles noted on the buttocks. The lesions are in a linear distribution on the right 
forearm and some are crusted. Upon palpation of these lesions, the patient denies 
pain. There are not relevant fi ndings in the oral or genital mucosae. Follow-up 
physical exam the following day revealed several new lesions on the trunk, arms, 
and legs, frank vesiculation of several lesions on the distal arms, and crusting of 
two lesions on the trunk. A diagnostic swab was sent from one of the  vesicles   
(Fig.  2.3 ).  

    Questions 

     1.    What are the differences in presentation of this virus for  immunocompetent and 
immunosuppressed patients  ?   

   2.    What is your differential diagnosis?   
   3.    What is your treatment?     
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     Presentation   

 Varicella zoster virus (VZV) is a herpes virus that classically manifests as two dif-
ferent disease syndromes: primary infection ( chickenpox  ) and reactivation (“herpes 
zoster” or “shingles”   ) [ 26 ]. Primary infection is characterized by the presence of 
lesions in various stages of development on the face, trunk, and extremities that 
transition from macules to papules, pustules, vesicles, and crusts [ 26 ]. Lesions are 
typically most abundant on the central trunk and proximal upper extremities with 
relative sparing of the distal and lower extremities.  Pruritus   is an almost universal 
symptom associated with the lesions, along with fever and malaise [ 27 ]. Primary 
varicella is typically a self-limited disease in immunocompetent children, lasting 
about 7–10 days. However, complications can occur, such as bacterial superinfec-
tion, central nervous system (CNS) involvement (such as Reye’s syndrome, 
Guillain–Barré, acute cerebral ataxia, and encephalitis), and varicella pneumonia 
[ 28 ,  29 ]. 

 Primary VZV can have signifi cant morbidity and mortality in immunocompro-
mised hosts [ 30 ]. These patients may experience a prolonged febrile period, persis-
tent viremia, and a more severe cutaneous presentation, often with purpuric or 
hemorrhagic lesions. These patients are also more likely to have involvement of the 
lungs, liver, and CNS [ 27 ]. Primary VZV can occur in previously immunized 
patients if their immunity has waned. 

 Herpes zoster is caused by reactivation of dormant varicella virus residing in the 
dorsal ganglia of previously infected patients. The zoster syndrome characterized 
by a painful, unilateral, dermatomal rash consisting of erythematous macules and 
papules, which then progress to vesicles, pustules, and crusts [ 31 ]. While the rash is 

  Fig. 2.3     Linear crusted papulovesicles   on the arm ( left ), and scattered violaceous to pink papules 
on the chest ( right )       
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preceded by intense pain and paresthesia in greater than 90 % of adults with this 
condition, lack of pain or limited pain is common in children with herpes zoster 
infections. Regional lymphadenopathy may or may not be present. Complications 
associated with zoster infections are rare in children, but include persistent regional 
pain, known as post-herpetic neuralgia [PHN]   , and ocular disease in patients with 
ophthalmic zoster [ 28 ]. 

 As with primary VZV infection, the pain and rash associated with zoster may be 
more severe in immunocompromised patients [ 32 ]. Zoster can disseminate in up to 
20–40 % of affected individuals [ 30 ]. Disseminated cutaneous  zoster      is defi ned as a 
patient having 20 or more vesicles  outside  of the primary affected and adjacent 
dermatomes. Visceral involvement of the lungs, liver, and CNS subsequently affect 
10 % of these patients. Of note, as in the patient presented, atypical presentations 
and morphologies are possible in an immunocompromised host—specifi cally reac-
tivated disseminated zoster is not always dermatomal in distribution, resembling 
acute varicella infection, and may be painless.  

     Differential Diagnosis   

 The differential for primary VZV infection includes other viral exanthems (general-
ized herpes simplex virus, disseminated herpes zoster, Kaposi’s varicelliform erup-
tion, or  enterovirus  ), bacterial infections (bullous impetigo), drug eruptions 
( Stevens–Johnson syndrome  ), papular urticaria, pityriasis lichenoides et variolifor-
mis acuta (PLEVA), Langerhans cell histiocytosis, guttate psoriasis, scabies, and 
dermatitis herpetiformis [ 26 ,  27 ]. In an immunocompromised host with atypical 
papular lesions, infectious etiologies such as disseminated candidiasis or atypical 
mycobacteria should also be considered. 

 The differential diagnosis for classical herpes zoster infections includes derma-
tomal HSV infections, contact dermatitis, localized viral or bacterial infections, 
arthropod reactions, and burns [ 26 ]. For disseminated zoster, the  differential   will be 
similar to that of disseminated primary varicella.  

     Diagnosis   

 Diagnosis is of primary varicella is often clinical based on characteristic lesion fi nd-
ings and a history of recent exposure to the virus within the previous 2–3 weeks. 
However, the diagnosis can also be confi rmed through a number of laboratory meth-
ods [ 26 ]. The initial test of choice for patients with vesicular lesions in various 
stages of development is a viral PCR for HSV and VZV. Tzanck smear can also be 
done for rapid detection of multinuclear giant cells; however, the Tzanck will not 
distinguish VZV from herpes simplex virus [HSV] [ 12 ]. Viral culture and serologi-
cal tests are alternative laboratory options. Serology may be helpful for distinguish-
ing between primary VZV infection and reactivation, particularly when a history of 
primary chickenpox is uncertain [ 33 ].  
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     Management   

 In healthy pediatric patients with uncomplicated primary varicella, treatment is 
symptomatic with antipyretics, antihistamines, and cool compresses [ 26 ]. In con-
trast, in immunocompromised pediatric patients, the treatment of choice for either 
primary varicella or herpes zoster is intravenous acyclovir [ 34 ,  35 ]. Early antiviral 
treatment prevents visceral dissemination of the virus [ 30 ,  32 ,  35 ]. To monitor the 
development of varicella complications in immunocompromised patients, labora-
tory evaluation should include a complete blood count, liver function tests, renal 
function test, and a chest radiograph [ 35 ]. Frequent clinical and laboratory evalua-
tion should be rendered to monitor for the development of such complications. In 
otherwise immunocompetent patients who develop complications of varicella infec-
tions, such as pneumonia, encephalitis, or hepatitis, intravenous acyclovir is also 
indicated [ 35 ]. In rare cases of acyclovir-resistant VZV infections,  foscarnet   is the 
best drug available for treatment [ 36 ].  

     Prevention   

 Varicella is highly contagious, with infectivity rates in susceptible, unvaccinated 
patients ranging from 61 to 100 % [ 27 ]. The virus spreads in two forms: (1) via 
aerosolized droplets in the 2 days prior to appearance of skin lesions; and (2) via 
direct skin contact with the lesions 5–7 days after appearance of the rash. In 
immunocompromised hosts, the contagious period can last for several weeks. As 
such, patients in inpatient settings should be placed on droplet precautions. The 
live, attenuated varicella vaccine can safely be administrated to children as young 
as 9 months and is highly effective, with prevention rates typically reaching 
80–85 % [ 27 ]. 

 Passive immunization with varicella zoster immunoglobin may be administrated 
to some susceptible groups who have been exposed to the virus. Eligible patients 
include immunocompromised children and adults for whom live vaccines are 
 contraindicated, pregnant women, premature infants, and neonates whose mothers 
present with varicella infection in the period 5 days prior to 2 days after birth [ 37 ].    

    Case 2.4 

 A 15-year-old otherwise healthy female is admitted to the adolescent medicine ser-
vice due to fever and severe, painful swelling and ulceration of the left labia majora 
and  minora  . The symptoms began 5 days ago with fever ( T  max  102.5°F), mild swell-
ing, and pain and have progressed to include ulceration and extreme dysuria prompt-
ing admission. The patient denies sexual activity. A preliminary work-up for 
sexually transmitted infections is negative including gonorrhea, chlamydia, human 
immunodefi ciency virus (HIV), and a syphilis screen with  rapid plasma reagin 
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(RPR)  . Bacterial swab from the left labial ulcer was negative as was HSV 
PCR. Monospot screening for  Epstein–Barr virus (EBV)   was positive and EBV 
serologies are pending. Upon physical exam, the well-appearing patient is noted to 
have left labial edema with mild pink erythema surrounding an ulceration between 
the labia major and minora with another more shallow ulceration noted on the infe-
rior labia majora. Left inguinal lymphadenopathy is appreciated and painful to pal-
pation. The physical exam overall is incredibly painful for the  patient   (Fig.  2.4 ).  

    Questions 

     1.    What is your differential?   
   2.    What is your management?     

     Presentation   

 Acute genital ulcers, also described as Lipschütz ulcers (LU), ulcus vulvae acutum, 
or nonsexual acute genital ulcers, are characterized by the sudden appearance of a 
single or multiple necrotic, painful ulcerations of the vulva, often in young prepu-
bertal or adolescent women who are typically immunocompetent and nonsexually 
active [ 38 ,  39 ]. The ulceration is frequently large (>1 cm) and deep with a viola-
ceous border, necrotic base, and grayish exudate or eschar. Ulcers can involve the 
labia minora, labia majora, perineum, and lower vagina. The ulceration are often 
preceded and accompanied by fever, dysuria, malaise, and inguinal lymphadenopa-
thy [ 40 ,  41 ].  

  Fig. 2.4    Deep ulceration 
on the  left labia   with clean 
edges and minimal 
surrounding erythema 
(Photograph courtesy of 
Lara Wine-Lee, M.D., 
Ph.D.)       
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     Differential Diagnosis   

 A Lipschütz ulcer is a diagnosis of exclusion. These lesions can be particularly 
distressing for patients, families, and providers, as their morphology and distribu-
tion can be mistaken for sexually transmitted infections and, consequently, as poten-
tial signs of abuse [ 39 ]. As such, their presence warrants a work-up to rule out 
multiple concerning etiologies. The diagnosis for LU should be distinguished from 
other venereal etiologies, such as herpes simplex virus (HSV), syphilis, and chan-
croid, as well as non-venereal infections, such as HIV, ulcerative tuberculosis, and 
paratyphoid fever. The differential also includes physical trauma, rheumatologic 
disease, such as Behcet’s or Crohn’s disease, pyoderma gangrenosum, fi xed drug 
eruption, contact or irritant dermatitis, and autoimmune bullous diseases [ 39 – 41 ]. 

 The cause of Lipschütz ulcers is most often linked to acute infection with EBV, 
though it has been associated with cytomegalovirus (CMV)   , infl uenza A virus, sal-
monella, toxoplasmosis, mycoplasma, Lyme, and paratyphoid fever virus [ 42 ]. In 
most patients, however, no specifi c etiology is ever identifi ed [ 42 ,  43 ].  

     Diagnosis and Management   

 Initial work-up for these ulcers should fi rst include a viral culture swab or poly-
merase chain reaction (PCR) for herpes simplex virus [HSV], as genital herpes sim-
plex is the most common cause of genital ulcers. Serological tests for other causes of 
sexually transmitted genital ulcerations, such as syphilis, chancroid, chlamydia, and 
lymphogranuloma venereum, should also be performed, based on clinical suspicion 
and history. Serological testing for EBV is also indicated. Bacterial cultures of the 
ulcer should be obtained to assess for vulvar cellulitis and bacterial superinfection. 
Biopsy of the site is not initially indicated, as histology will appear nonspecifi c [ 40 ]. 

 The lesion typically resolves without intervention within 2–6 weeks. Treatment 
entails reassurance, wound care in the form of Sitz baths, and pain control with 
acetaminophen, topical anesthetics, and systemic pain medications in severe cases 
or during painful physical exams [ 44 ]. Oral corticosteroids or high potency topical 
steroids may be used for the treatment of particularly painful, deep, or long-lasting 
ulcers [ 45 ]. Recurrence has been reported in up to a third of cases [ 40 ,  44 ].       
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    Chapter 3   
 Bacterial Infections                     

       Catalina     Matiz       and     Emily     Osier    

    Abstract     Cutaneous manifestations of bacterial infections of pediatric patients can 
provide critical diagnostic information. Bacterial infections may cause signifi cant 
morbidity and mortality in the pediatric population. Although often recognized by 
pediatricians, input from dermatologists may be helpful in assessing bullae, ero-
sions, petechia, purpura, and morbilliform eruptions in systemically unwell chil-
dren. In this chapter, we discuss the clinical presentation, differential diagnosis, and 
treatment of ecthyma gangrenosum, toxic shock syndrome, staphylococcal scalded 
skin syndrome, meningococcemia, and  methicillin-resistant Staphylococcus aureus  
skin and soft tissue infections.  

  Keywords     Community acquired  methicillin-resistant Staphylococcus aureus    • 
  Skin infections in children   •   Ecthyma gangrenosum   •    Pseudomona aeruginosa    • 
  Toxic shock syndrome   •    Neisseria meningitidis    •   Meningococcemia  

      Case 3.1    

    History 

 A 2-year-old previously healthy female presented to the emergency department 
with a 3-week history of intermittent fevers, pallor, diffuse petechiae, and nose 
bleeds. Three days prior to presentation to the ED, she developed tender violaceous 
lesions on her arms, legs, and  back   (Figs.  3.1  and  3.2 ). The mother reported the 
lesions were initially red and had been turning more purple and tender over the last 
2 days.
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            Physical Exam   

 Ill appearing child in mild distress. Her blood pressure is 101/56 mmHg, heart rate is 
148/min, and her temperature is 40 °C. She has generalized pallor. No cervical lymph-
adenopathy. Conjunctiva is pale. Oral mucosa is dry and has few petechiae in her buc-
cal mucosae and palate. She is tachycardic and has a systolic ejection murmur. Lungs 
are clear. Her liver is 2 cm below the costal margin and her spleen is not palpable. 

       On skin examination she had erythematous and violaceous nodules on back, 
extremities (Fig.  3.1 ), and buttocks as well as several necrotic plaques on arms and 
legs. She also has diffuse petechiae all over her body.  

     Laboratory Parameters   

•     White blood cell count 520 (4500–10,000 K/μL)  
•   Platelets 5000 (>150,000)  
•      LDH 2000 (110–295 U/L)  
•   Blood Culture-Positive for   Pseudomona aeruginosa     
•      Tissue Culture-Positive for   Pseudomona aeruginosa        

     Pathology   

•     Spongiosis  
•      Intraepidermal vesicle formation  
•   Diffuse dermal necrosis  
•   Subcuticular fat necrosis and extravasation of red blood cells  
•      Innumerable rod-shaped, fi lamentous bacteria, concentrated around blood ves-

sels (Fig.  3.2 )     

  Fig. 3.1           Erythematous 
indurated nodule   with 
central necrotic plaque on 
left arm       
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    Questions 

     1.    What is your  differential diagnosis  ?   
   2.    What  treatments   would you consider?      

    Answer 

    Ecthyma gangrenosum is a deep  cutaneous infection   with associated vasculitis 
affecting the media and adventitia of blood vessels which occurs from secondary 
seeding of a pathogen or direct inoculation through the skin. It is mainly caused by 
a systemic infection with   Pseudomona aeruginosa   , but other bacteria such as 
 E. Coli ,  Staphylococcus aureus , S treptococcus  species, candida species, herpes 
virus, and fungi (Mucor, Aspergillus, and fusarium species) have also been reported 
[ 1 ,  2 ]. It is classically described in patients with  neutropenia   either secondary to 
malignancy as in the case of this patient, or immunosuppressive therapy but cases in 
healthy individuals can also occur [ 3 ]. 

 Clinically, the lesions start as  red macules   that evolve rapidly to papules or nod-
ules and then become hemorrhagic and necrotic.  Biopsy   of the lesions typically 
shows a necrotizing vasculitis with scant neutrophilic infi ltration and extensive bac-
illary infi ltration of the perivascular region. 

    The  differential diagnosis   includes deep fungal infections, mycobacterial infec-
tion, paraneoplastic extensive necrotizing vasculitis, disseminated intravascular 
coagulation, calciphylaxis, septic emboli, loxoscelism, pyoderma gangrenosum, 
livedoid vasculopathy, antineutrophil cytoplasmic antibody (ANCA)-associated 
vasculitis, cutaneous necrotizing vasculitis as a manifestation of familial 
Mediterranean fever, and necrosis secondary to the use of vasoactive drugs [ 4 ]. 

  Fig. 3.2          Pathology. 
Hematoxylin and Eosin. 
×40. Innumerable 
rod-shaped, fi lamentous 
bacteria, concentrated 
around blood vessels in 
deep dermis       
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 The  diagnosis   is made on the basis of clinical history, characteristic lesions as 
well as tissue and blood cultures and fi ndings on skin biopsy. If there is no known 
history of immunodefi ciency or malignancy, a thorough immunodefi ciency workup 
should be performed.  

     Treatment   

    These patients should be started on broad spectrum antibiotics such as fl uoroquino-
lones or B-lactam agents combined with an aminoglycoside. Use of aminoglyco-
sides should be avoided in patients with renal insuffi ciency. Once culture and 
sensitivity results are back, antibiotics should be tailored to the specifi c pathogen 
causing the  infection   [ 5 ].   

    Case 3.2    

    History 

 A 9-year-old girl presented to the  Emergency Department with fever and vomiting  . The 
patient had a spider bite on the buttock for the last 3 days that had increased in size 
despite treatment with cephalexin. Her fever started the day prior to presentation and 
was up to 39 °C. This morning she continued to be febrile and started vomiting and has 
had one watery stool. The family also just noted a new rash on the trunk, arms, and legs.  

     Physical Exam   

 On exam, the patient is lethargic and febrile, and ill appearing. Her blood pressure 
is 60/40 mmHg, temperature is 39 °C, and heart rate is 150/min. 

 Head and neck exam is notable for conjunctival injection that includes the limbus, 
no discharge noted. Lips are dry without cracking; the tongue is smooth and red. Shotty 
anterior cervical adenopathy is appreciated. The patient is tachycardic with a systolic 
fl ow murmur, 2+ pulses, and clear lung fi elds. The liver is palpable below the costal 
margin, no splenomegaly, normal bowel sounds. There is a 3 cm indurated furuncle 
noted on the right buttock with central pustule. The patient has an erythematous macu-
lopapular eruption on the trunk and extremities sparing the palms and  soles   (Fig.  3.3 ).

        Laboratory Parameters   

•     White blood cell count 14,000/μL  
•   72 % segmented neutrophils  
•   20 % lymphocytes  
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•   Hemoglobin 12 g/dL  
•   Platelets 530,000/μL  
•   Creatinine 1.2 mg/dL  
•   ALT 85 units/dL  
•   AST 70 units/dL  
•      Blood and skin cultures pending     

    Questions 

     1.    What is the  differential diagnosis  ?   
   2.    What are the most likely  causative organisms  ?   
   3.    What is the appropriate  treatment  ?   
   4.    What is the expected course?      

    Answers 

 Toxic shock syndrome (TSS) is a serious and under-recognized [ 6 ] systemic reac-
tion to infection with either   Staphylococcus aureus       or   Streptococcus pyogenes       .  
While a bacterial infection is the inciting factor, it is not sepsis that causes the sys-
temic symptoms but rather the bacterial production of superantigens [ 7 ].   S. aureus       
has the ability to produce enterotoxins responsible for toxic shock syndrome, 
including  toxic shock syndrome toxin-1 (TSST-1)  , and  enterotoxins-a        , b, or c [ 7 ,  8 ], 
and  S.    pyogenes    produces M proteins capable of acting as superantigens [ 7 ]. Both 
 staphylococcal and streptococcal superantigens   are able to cross-link the T-cell 
receptor with the MHC-II complex which leads to excessive T cell activation, acti-
vating 20–30 % of T cells versus the usual 0.001 % of T cells that are activated in a 
normal immune response [ 9 ]. This activation in turn leads to overwhelming cyto-
kine production and the resultant systemic symptoms [ 7 ,  9 ]. 

  Fig. 3.3       Erythematous 
macules and edematous 
papules and plaques on 
abdomen and thighs       
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 The  diagnostic criteria   for TSS includes the presence of fever, rash, hypotension, 
and involvement of three or more organ systems, including gastrointestinal, muco-
sal, renal, hepatic, hematologic, or nervous systems. The patient described is febrile, 
hypotensive, has an ill-defi ned rash, and has compromise of her liver and kidney 
function which fulfi lls the criteria for TSS [ 10 ,  11 ]. Desquamation of the palms and 
soles following the acute phase is an additional criterion but is not normally identi-
fi ed when the diagnosis is made. A defi nite case of TSS has all criteria, and a prob-
able case lacks only one criterion [ 10 ,  11 ]. TSS caused by  S.    aureus    has somewhat 
different diagnostic criteria compared with streptococcal toxic shock syndrome 
( STSS  )   . A diagnosis of  STSS   is made in the presence of  S.    pyogenes    obtained from 
a normally sterile site in addition to the presence of fever, hypotension, and rash [ 9 ]. 

 In the 1980s, there was an epidemic of TSS in young women associated with 
menstruation and the use of tampons [ 11 ]. Since then, with changes to menstrual 
care products, the rate of TSS has stabilized and there are now as many  menstrual 
as non-menstrual cases  . The current incidence of streptococcal TSS is equal to that 
of staphylococcal TSS [ 12 ,  13 ].  

     Differential Diagnosis   

 The differential diagnosis of toxic shock syndrome includes bacterial sepsis, sys-
temic immune response syndrome, and Kawasaki  disease   with shock syndrome. 
There is considerable overlap in the symptoms of toxic shock syndrome and 
Kawasaki disease with shock syndrome, a variant  of   Kawasaki Disease (KD), 
including the presence of fever, conjunctivitis, mucous membrane erythema, rash, 
and hypotension [ 14 ]. In a comparative retrospective cohort review, patients with 
TSS were more likely to have elevated creatinine levels while patients with KD 
were more likely to have cardiac abnormalities  on   echocardiography [ 14 ].  

     Treatment   

 Treatment of TSS includes antibiotic treatment of the causative organism, immuno-
modulating therapy and supportive care with IV fl uids and vasopressors [ 7 ,  15 ]. 
Patients with TSS may be presumed to have an infection or be colonized with  S.  
  aureus    ,  yet blood cultures are frequently negative [ 9 ]. Antibiotic choice empirically 
should include a penicillin and coverage for methicillin-resistant staphylococcus 
aureus until culture results are available. Methicillin-resistant  S.    aureus    ( MRSA  )    is 
a possible cause although less commonly reported than superantigen producing 
strains of methicillin-sensitive  S.    aureus    [ 7 ]. The younger age range of patients who 
contract TSS, median age 21.4 years old [ 16 ], is postulated to be due to the lack of 
antibodies produced against superantigens by younger patients [ 7 ,  9 ]. Treatment 
with IVIg can provide antibodies to the causative superantigens and improve 
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survival [ 7 ,  9 ,  12 ,  15 ]. There is speculation that the use of clindamycin, in addition 
to a penicillin for patients with  STSS  , further attenuates the cytokine storm by 
decreasing bacterial protein production as it blocks the 50S ribosome  of   Gram-
positive bacteria [ 7 ,  12 ]. 

 The  course   of TSS can have devastating results, with a mortality rate ranging 
from 3.2 % [ 17 ] to 16 % [ 12 ]. The  morbidities   of TSS can include ischemia of the 
extremities and organ failure, specifi cally renal, myocardial, or pulmonary dysfunc-
tion. Desquamation of the palms and soles is expected 1–3 weeks after symptom 
onset [ 7 ,  11 ]. Patients with staphylococcal TSS can be triggered by their nasopha-
ryngeal or vaginal colonization of superantigen producing TSS. Attempts at decolo-
nization of the family should be considered as patients have been reported with 
recurrent TSS despite a lack of  active   infection [ 18 ].   

       Case 3.3 

    History 

 A 3-week-old full-term male neonate was transferred from routine newborn care to 
the  neonatal intensive care unit   for evaluation and treatment of a new rash. The 
patient was the product of an uncomplicated pregnancy and delivery and was previ-
ously healthy, without a history of eczema. He developed an  erythematous eruption   
on the neck 5 days prior to presentation. The eruption spread to the face and upper 
trunk. The parents applied topical emollients without improvement. The pediatri-
cian evaluated the infant, noting a fever to 38.2 °C and drainage from an erythema-
tous umbilical area. The family reported his 3-year-old brother had a skin infection 
with  blisters and fl uid drainage   on the arm.  

     Physical Exam   

 On exam, the patient was well appearing with diffuse erythroderma. The periumbili-
cal area had moderate erythema. There was maceration and superfi cial desquamation 
of the right scalp, neck, axillae, inguinal folds, perianal area, and inferior scrotum as 
well as several fl accid intact bullae on the upper and lower  extremities   (Fig.  3.4 ).

        Laboratory Parameters   

•     White blood cell count: 6600/μL  
•   Hemoglobin 11.8 g/dL  
•   Normal comprehensive metabolic panel  
•   Normal urinalysis  
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•   Viral culture: negative  
•   Tzanck smear: negative  
•   Wound cultures from the neck, perianal, and umbilical skin:  Staphylococcus 

aureus , methicillin  sensitiv  e     

    Questions 

     1.    What is the  differential diagnosis  ?   
   2.    What is the preferred  treatment   for this condition?      

    Answers 

 Staphylococcal scalded skin syndrome (SSSS) is a blistering  skin condition   most 
frequently seen in children under 5 years of age, caused by  Staphylococcus aureus  
subtypes that produce an exfoliating toxin. Patients typically present with an initial 
area of erythema around the eyes, mouth, or umbilicus. They progress to more gen-
eralized  erythema and bullae formation   [ 19 ]. 

 Both  methicillin-sensitive and methicillin-resistant strains   of  S.    aureus    have 
been implicated in SSSS [ 20 ].  S.    aureus       phage group II, types 71 and 55, produce 
the exotoxins exfoliative toxin A or exfoliative toxin B. These exotoxins target des-
moglein- 1 in the stratum granulosum of the superfi cial epidermis, which leads to 
bullae formation and desquamation [ 20 ]. Because of the fragility of the epidermis, 
patients have a positive Nikolsky’s sign (lesional extension and shearing of skin that 
results from lateral pressure applied to the normal-appearing skin at the periphery 
of a lesion) on physical examination [ 19 ,  20 ]. 

  Fig. 3.4       Neonate with 
diffuse erythroderma, 
 yellow  crusting and 
erythema of periorbital and 
perioral skin. Superfi cial 
desquamation noted on 
chest and neck       
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 Neonates and patients with impaired  kidney function   are at a higher risk for more 
severe disease and poorer outcome, as they are thought to be unable to effi ciently clear 
the toxin [ 20 ]. A  skin biopsy   will show sub-corneal intraepidermal cleavage without 
infl ammation or necrotic keratinocytes, but this is usually not needed [ 20 ,  21 ].  

     Differential Diagnosis   

 The differential diagnosis of a neonate with a blistering skin eruption includes toxic 
epidermal necrolysis ( TEN  )   ,  human enterovirus infection   (specifi cally coxsackie 
virus and enterovirus 71), and less likely drug reaction with eosinophilia and sys-
temic symptoms syndrome ( DRESS  )   , and  staphylococcal toxic shock syndrome   
[ 8 ].  TEN   is differentiated by the presence of mucosal involvement and, on biopsy, 
subepidermal cleavage [ 21 ].  DRESS   is a drug-mediated hypersensitivity reaction 
most commonly associated with antiepileptic drugs that begins with fever prior to 
an erythematous eruption that can blister [ 22 ]. Staphylococcal toxic shock syn-
drome is also caused by an exfoliating exotoxin but has systemic instability as well 
as petechiae or desquamation of the palms  and   soles [ 8 ].  

     Treatment   

 Once the diagnosis is made the patient should be started on IV penicillinase- resistant 
penicillin and clindamycin as empiric treatment until culture susceptibility data are 
available to guide proper antibiotic therapy [ 23 ]. Supportive care is essential includ-
ing monitoring of fl uid and electrolyte status [ 19 ]. Outbreaks of SSSS have been 
reported in neonatal units [ 24 ], in which case identifi cation of the causal carrier is 
important to prevent additional cases. Because of the superfi cial location of the blis-
ter within the epidermis, healing without scar is expected [ 20 ,  21 ]. Application of 
bland emollients such as petrolatum is recommended for the skin care of this patients. 

 In this case, the older brother also had a skin infection that was consistent with 
 bullous impetigo  . Decolonization of the family with intranasal mupirocin and dilute 
bleach baths  was   recommended [ 25 ].   

    Case 3.4    

    History 

 A 17-month-old boy was admitted to the children’s hospital for fever, vomiting, and 
a rash. For 2 days prior to admission, he had rhinorrhea but was otherwise well. The 
evening prior to admission, he had a fever of 103.5 F and later started vomiting. 
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Overnight, he developed a rash on the legs and stomach that progressed to the arms. 
He was taken to the emergency department and subsequently admitted to the hos-
pital. He received  ceftriaxone   and  intravenous fl uids   after blood cultures were 
drawn.  

     Physical Exam   

    The patient was febrile and irritable but awake. He initially had a morbilliform erup-
tion on the arms and trunk in the emergency department that resolved within 
approximately 24 h. After admission, there were scattered erythematous crusted 
papules and hemorrhagic purpuric macules on the arms, legs, and buttocks—includ-
ing the palms and soles (Fig.  3.5 ). A stellate purpuric macule was noted on the but-
tocks (Fig.  3.6 ).    There were scattered petechiae on the legs.

            Laboratory Results   

•     White blood cell count: 26,400/μL  
•   Segmented neutrophils 53 %  
•   Banded neutrophils 23 %  
•   Platelets 226,000/μL  
•   aPTT 37 s  
•   PT 16.8 s  
•   INR 1.4  
•   Fibrinogen: 745 mg/dL  
•      D-Dimer 981     

  Fig. 3.5          Pink papules and 
violaceous angulated 
macules and papules and 
scattered petechiae on legs 
and buttocks       
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       Questions 

     1.    What is the  differential diagnosis  ?   
   2.    What is  purpura fulminans  ?   
   3.    What is the role for  post-exposure prophylaxis  ?      

    Answers 

    The most commonly reported conditions caused by the Gram-negative bacteria 
 Neisseria    meningitidis       are meningococcemia and meningococcal meningitis [ 26 ]. 
   This patient was diagnosed with meningococcemia after the blood culture returned 
positive for  N.    meningitidis    ,  serogroup B. The varying polysaccharide structures of 
 N.    meningitidis    capsules identify the bacterial serogroup. Capsular serogroups A, C, 
W-135, and Y are responsible for causing the majority of meningococcal disease 
and are targeted by routinely administered vaccines [ 26 ,  27 ]. Following recent out-
breaks on college campuses, a vaccine against serogroup B is available for those at 
increased risk [ 27 ].  N.    meningitidis    colonizes the human upper respiratory tract in 
about one-tenth of people and transmission occurs by saliva or respiratory droplets 
[ 26 ]. Invasive disease results if the bacteria penetrate into the bloodstream and/or 
meninges. In patients with invasive meningococcal disease, mortality rates have 
been reported from 10 to 40 % [ 26 ,  28 ]. The morbidities of meningococcal infection 
can include brain damage, deafness,    renal failure, and extremity  amputation   [ 28 ]. 

    Other than meningococcemia, the  differential diagnosis   of a purpuric eruption in 
a febrile child includes  Streptococcus pyogenes  infection, Rocky Mountain spotted 
fever, epidemic typhus, Henoch–Schönlein purpura, acute hemorrhage edema, vas-
culitic drug reaction, rat bite fever, atypical measles, parvovirus B19, and numerous 
bacterial, viral, or fungal causes of  septicemia   [ 29 ]. The morphology of the stellate 
purpuric lesion on the buttock was consistent with previously reported cases of  N.  

  Fig. 3.6          Angulated deep 
 red  macule on dorsum of 
foot       
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  meningitidis    infections [ 29 ]. The correct diagnosis was supported by the acute and 
simultaneous appearance of fever and petechial and purpuric eruption and was con-
fi rmed by a positive blood culture. 

  Purpura fulminans  , which was not present in this case, is a rapidly progressive 
purpura due to hemorrhagic necrosis of the skin [ 30 ]. It occurs most often in acute 
bacteremia with  N.    meningitidis    , S.    pyogenes    , S. pneumoniae, and S.    aureus    ,  and in 
patients with hereditary defects in protein C and S. The pathogenesis of purpura 
fulminans relates to systemic infl ammation, endothelial dysfunction, activation of 
the clotting and complements cascades all leading to disseminated intravascular 
coagulation. Cases can have thrombosis in tissues other than the skin leading to 
muscle necrosis and multi-organ  failure      [ 30 ].  

     Treatment      and Prophylaxis 

 When a patient presents with fever, purpuric and petechial lesions, meningococce-
mia should be highly considered. A blood culture should be performed and the 
patient should be started immediately on systemic antibiotics such as third- 
generation cephalosporins. Waiting to perform a lumbar puncture should not delay 
antibiotic administration. 

    It is common for patients with meningococcal disease to present in shock and for 
this reason they should be managed in a tertiary care medical facility. Adequate 
management with vasopressors and fl uids is required in most cases. 

 Once the patient has been identifi ed as having meningococcal disease, the public 
health authorities should be notifi ed and attention should be paid to post-exposure 
prophylactic treatment of exposed individuals [ 31 ]. There have been cases of meningo-
coccemia in health care workers who did not receive appropriate prophylaxis [ 31 ]. 
Treatment with either rifampin, ceftriaxone, ciprofl oxacin, or azithromycin should be 
initiated within 24 h of the patient being diagnosed with meningococcal disease [ 31 , 
 32 ]. Close contacts, such as household members, child-care workers and attendees, and 
health care workers exposed to a patient’s oral secretions should  be    treate     d [ 31 ,  32 ].   

    Case 3.5       

     History   

 A 16-month-old female is brought to the emergency department by her mother for 
a 9-day history of two “spider bites” on her thigh that were getting larger, tender, 
and hotter despite being treated with cephalexin for the past 4 days by her pediatri-
cian. She also started developing fever in the last 2 days. The mother reported there 
have been other family members with similar lesions at different points in time. The 
mother works in a small hospital as a medical assistant. There are no pets at home.     
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     Physical Exam   

 The patient is febrile at 103.5 F. She is awake and alert. 
 Her heart rate is 120/min. Her blood pressure is 102/65. 
 On skin exam she has two indurated, erythematous, edematous, and hot round 

plaques on her right leg (Fig.  3.7 ). She has enlarged lymph nodes on her right ingui-
nal region.   

        Laboratory Results   

•     White blood cell count 15,000/μL  
•   Segmented neutrophils 80 %  
•   Wound Culture: Methicillin-resistant  Staphylococcus aureus   
•   Blood culture: Methicillin-resistant  Staphylococcus    aureus        

    Questions 

     1.    What is the  diagnosis  ?   
   2.    What are the  risk factors   for this patient?   
   3.    What is the recommended  treatment  ?      

  Fig. 3.7       Erythematous, 
edematous, and crusted 
plaques on right leg       
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    Answers 

  Staphyloccocus aureus  is the most common cultured pathogen causing superfi cial 
skin and soft tissue infections (infections that are localized to epidermis, dermis, or 
both). In children, this bacteria accounts for ¼ of the outpatient offi ce visits and 
emergency department encounters [ 33 ]. 

 With the emergence of Methicillin-resistant  Staphylococcus aureus  ( MRSA  ) in 
the United States the number of cases has dramatically increased specially for  skin 
abscesses  . The gene responsible for antibacterial resistance is the MecA gene 
encoded by the mobile genetic element,  staphylococcal cassette chromosome (SSC)   
which encodes an altered penicillin binding protein [ 34 ]. Other important virulent 
factors of CA- MRSA   include the presence  of   leukocidins such us Panto Vanlentine 
Leukocidin (PV), which has been associated with deep tissue infections as well as 
necrotizing pneumonia [ 35 ]. Other important virulent factors include  α  type phenol- 
soluble modulins (   PSM) and type I argine catabolic mobile element ( ACME  ) which 
promotes growth and survival of clone US300 within the skin and enables this bac-
teria to colonize human skin [ 36 ]. 

  Cellulitis      is an acute superfi cial skin infection that affects the dermis and subcu-
taneous tissue. Clinically, the skin is erythematous, edematous, and tender and has 
spreading irregular borders (Fig.  3.7 ). The most common pathogen causing this type 
of infection has been  Streptococcus pyogenes,  but with the emergence of CA- MRSA  , 
this bacterial has become a common cause of cellulitis specially if associated to 
furuncles and abscesses. In certain occasions, the clinical impression of  cellulitis   
could be diffi cult to differentiate from an abscess and this distinction is of impor-
tance as it can change the clinical management [ 37 ]. 

  Abscesses   are infl amed, “walled-off” collections of purulent exudate that are 
mostly localized. Clinically, these lesions present as a fl uctuant, tender, fi rm ery-
thematous nodules that may have purulent discharge and occasionally can be con-
fused for a “spider bite.” They are mainly caused by CA- MRSA   followed by 
CA-MSSA and less likely  Proteus Mirabilis  and  S.    pyogenes    [ 38 ]. 

  Skin cultures   in patients with suspected cellulitis are rarely positive and blood 
cultures in uncomplicated cases are positive less than 1 % of the time [ 39 ]. If the 
patient is sick and has systemic symptoms, the likelihood for a positive culture is 
about 12.5 % [ 39 ]. When the lesion is purulent as in an abscess, culture of the lesion 
is recommended to guide antibiotic therapy. 

 Some authors postulate the use of ultrasound to differentiate cases of cellulitis 
form an abscess if the diagnosis in question [ 37 ]. 

  Populations   at risk for CA- MRSA   infections include neonates in intensive care 
units, athletes in contact sports, patients with a family or personal history of  MRSA   
SSTI, patients in contact with health care facilities and personnel, patients with 
HIV, and patients in urban underserved communities [ 38 ].  
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     Treatment   

 Recent recommendations suggest treating uncomplicated non-purulent superfi cial 
skin and soft tissue (SSTI) with a  B-lactam antibiotic   that covers for streptococci 
and MSSA [ 25 ]. If there is a failure to the initial empiric therapy as it occurred in 
this patient, coverage for CAMRSA should be undertaken. If the patient is toxic, 
which rarely occurs in patients with cellulitis unless they have a weakened immune 
system, they should be admitted to the hospital and treated with IV antibiotics such 
us clindamycin, vancomycin, linezolid, daptomycin, or telavancin. 

 If the lesion is purulent (abscess), the recommended therapy is incision and 
drainage alone in healthy children. If the patient has a history of immunodefi ciency, 
the presence of any systemic symptoms of infection or failure to respond to I&D 
alone, systemic antibiotic therapy against  MRSA    is   recommended [ 25 ].      
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    Chapter 4   
 Fungal Infections in the Pediatric Age Group                     

       Luluah     Al-Mubarak     ,     Colleen     Cotton     , and     Sheila     Fallon     Friedlander     

    Abstract     Cutaneous fungal infections occur in the pediatric age group and are a 
particular concern when they occur in premature or otherwise immunocompro-
mised children. Clinical manifestations can result from infection with yeasts as well 
as dermatophytes. The most common fungal infection in healthy infants is Candida 
diaper dermatitis, which usually occurs as a secondary phenomenon following the 
development of contact dermatitis from the irritating effects of stool and urine. 
Candida paronychia from thumb-sucking may also occur in this age group. Older 
children are more likely to contract dermatophyte infections, sometimes transmitted 
from pets (e.g., Microsporum canis scalp or skin infections) or from other infected 
individuals (Trichophyton tonsurans). Adolescents are at higher risk for pityrospo-
rum infections (commonly labeled with the misnomer tinea versicolor) and derma-
tophyte infections of the groin, feet, and nails. Systemic infection from any of the 
aforementioned infections does not occur in healthy, immunocompetent infants and 
children. Premature and immunocompromised individuals however are at risk for 
invasive infection with common pathogens such as Candida, pityrosporum, and 
opportunistic fungal pathogens such as Aspergillus. The increased incidence of 
immunosuppressed children, the use of immunosuppressive agents, and broad- 
spectrum anti-infective drugs make life-threatening infections from ubiquitous 
fungi a more common occurrence in children. A high index of suspicion for these 
disorders in at-risk populations, and early recognition of suspicious lesions is cru-
cial to decrease associated morbidity and mortality. In this chapter, we will present 
several representative cases of fungal infections with potential for signifi cant conse-
quences in the pediatric population.  
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            Case 4.1 

    History 

 A 570 g female twin infant was born at the 25th week of gestation by Caesarian 
section with Apgar scores 7, 9, and 9. The  pregnancy   was complicated by maternal 
chorioamnionitis at the time of delivery. The  infant   was intubated, ventilated, and 
received surfactant because of respiratory distress syndrome. An umbilical catheter 
was placed in the fi rst hours of life. Systemic  antibiotic therapy   was initiated with 
cefotaxime which was discontinued at day 7 when she was extubated. You are con-
sulted for evaluation of non-healing cutaneous erosions present on the abdomen and 
left fl ank since birth. These were thought to be secondary to the trauma of child-
birth; however, concern increased when they did not improve over time. Relevant 
history included prior maternal HSV labialis, quiescent at the time of birth. Twin B 
died at 2 days of age.  

        Physical Exam   (Fig.  4.1 ) 

    Vitals: heart rate 153, blood pressure 46/24, O 2  sat 94 %.  

     Laboratory Parameters   

•     Blood cultures: negative  
•   Placental pathology: no organisms noted. Fusion of placenta     

    Questions 

     1.    What is your  diagnosis  ?   
   2.    What are the most likely causative organisms?   
   3.    Would you like any additional tests?   
   4.    What is your  differential diagnosis  ?   
   5.    What  treatment   would you consider?      
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    Answer 

    Cutaneous candidiasis.  

    Discussion 

 At birth,  fetal skin   is functionally incomplete and immature. Keratinization is not 
initiated until 22–24 weeks of gestation and continues over the fi rst few weeks of life 
[ 1 ]. Premature infants have a high risk of developing dermatologic infections as a 
consequence of skin barrier immaturity.    Opportunistic infections are an increasing 
concern in premature infants and neonates. Fungi are a particular concern if the 
patient has received prior and/or prolonged antibiotics. There are many factors that 
increase the  risk of infection   such as immunosuppression, intravenous catheters, iat-
rogenic skin trauma, broad-spectrum antibiotic use, and systemic corticosteroids [ 2 ]. 

 Candida infections can cause benign, local mucocutaneous infections as well as 
invasive  fatal systemic infections   of any organ. Candida albicans accounts for the 
majority of Candida infections  in neonates  , but other species, including C. parapsi-
losis, C. tropicalis, and C. glabrata are also seen [ 3 ]. 

    There are two main  types   of Candida infections in newborns— congenital can-
didiasis  , which is acquired antenatally, and neonatal candidiasis, which is acquired 
during the perinatal or postnatal periods [ 4 ]. Many risk factors for candidiasis 

  Fig. 4.1          A  premature neonate   with superfi cial adherent hemorrhagic dried crust on central mid-
line abdomen with notable circinate sparing of umbilicus. Left fl ank exhibited re-epithelialized 
erosions       
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exist, which include but are not limited to premature infants, in particular those of 
very low birth weight (<1000 g) or less than 27 weeks gestation, the use of inva-
sive devices and procedures (e.g., central venous catheters, mechanical ventila-
tion), the use of broad-spectrum antibiotics, treatment with corticosteroids, 
prolonged use of parenteral nutrition, the presence of  gastrointestinal pathology   
including congenital anomalies and necrotizing enterocolitis, hematopoietic disor-
ders and neutropenia, the use of histamine type 2 receptor blockers, and the pres-
ence of hospital construction and renovation [ 1 ]. Patients are at risk not for only 
cutaneous infection but also for systemic disease, which may include pneumonia, 
meningitis, and sepsis [ 5 ]. 

    Cutaneous Candida infection can have many presentations including papules, 
vesicles, pustules, ecchymosis, crusted lesions, and necrotic plaques.    Premature 
infants and neonates who exhibit rapidly progressive erythema with erosions and 
desquamation are more likely to have systemic involvement (see Fig.  4.1 ). 

 In extremely  low birth weight neonates  , the invasive fungal dermatitis usually 
initially presents as Candida diaper dermatitis and then subsequently experience a 
rapidly progressive erosive dermatitis which can ultimately lead to a systemic infec-
tion. This emphasizes the importance of early diagnosis and monitoring of prema-
ture infants with suspected cutaneous fungal infections [ 6 ]. 

 Most cases of cutaneous Candida infection are usually  diagnosed   by histopa-
thology and culture [ 7 ]. Specimens obtained from patients should be sent for 
 Gram stain  ,  Tzanck staining  ,  acid-fast bacilli (AFB)  , and  potassium hydroxide 
(KOH)/PAS   staining for completeness, as well as bacterial and mycobacterial 
culture [ 2 ]. Also,  blood cultures   are a necessary component of the evaluation of 
immunocompromised patients with fever. The  differential diagnosis   of erosions 
and crusts in neonates includes trauma, infections (Group B strep, Pseudomonas 
aeruginosa, Herpes simplex, Aspergillus, and Zygomycosis), and  genetic disease   
(epidermolysis bullosa, Goltz syndrome) [ 2 ]. In the case of suspected systemic 
candidiasis, premature neonates require systemic antifungal therapy. For inva-
sive Candida infection, intravenous amphotericin B is considered fi rst-line ther-
apy although combination therapy is recommended by some experts for 
protracted or severe cases [ 2 ]. Systemic fl uconazole or itraconazole are alterna-
tive therapies.      

    Case 4.2 

    History 

    A 16-year-old female presented complaining of a  red scaling rash   on the hands for 
almost 6 months. She initially utilized a moderate potency topical corticosteroid 
but discontinued the treatment recently since it appeared to make the dermatitis 
worse.  
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     Physical Exam   (Fig.  4.2 ) 

        Questions 

     1.    What is your  diagnosis  ?   
   2.    What are the most likely causative organisms?   
   3.       Would you like any additional tests?   
   4.    What is your  differential diagnosis  ?   
   5.    What  treatment   would you consider?      

    Answer 

 Majocchi’s Granuloma.  

    Discussion 

     Tinea corporis   is a dermatophytic infection of the skin which occurs mainly on the 
trunk and extremities and is usually restricted to the stratum corneum. Majocchi’s 
granuloma is a deeper form of cutaneous fungal infection which was  fi rst   described 
in 1883 by Domenico Majocchi [ 8 ]. It is a less common infection, sometimes 

  Fig. 4.2        A   healthy teenage girl with multiple annular erythematous scaly plaques noted on bilat-
eral dorsal hands       
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associated with depilation or the inappropriate use of high potency topical cortico-
steroid therapy in an area of tinea corporis mistaken for eczema [ 9 ]. The  pathogen-
esis   of Majocchi’s granuloma is thought to result from a nodular perifolliculitis with 
subsequent formation of a foreign body granuloma, resulting from infection of the 
dermis and subcutaneous tissue by dermatophytes.  Dermatophyte infection   in 
Majocchi’s granuloma causes rupture of the hair follicle infundibulum which leads 
to dermal and subcutaneous tissue infl ammation, resulting in the typical clinical 
fi nding of chronic erythematous and indurated plaques [ 10 ].    In immunocompetent 
patients and as seen in our case (see Fig.  4.2 ).  Trichophyton rubrum      is the most  com-
mon   dermatophyte isolated, but other fungi have been reported including 
 Trichophyton mentagrophytes  ,  Trichophyton violaceum  , and  Epidermophyton fl oc-
cosum   [ 9 ,  11 ].  Follicular invasion   in Majocchi’s granuloma is usually endothrix in 
nature. An endo-ectothrix mosaic pattern can also be detected. There are two  clinical 
forms   of Majocchi’s granuloma [ 12 ]. The fi rst or superfi cial type is formed by  gran-
ulomatous infl ammation   limited to the perifollicular area [ 12 ]. It usually affects a 
healthy individual after localized trauma, chronic use of topical corticosteroid use, 
or chronic foot dermatophyte colonization. It can be seen in young women who 
repeatedly shave their legs or after chronic use of  corticosteroid treatment  . The sec-
ond, or deeper form, is usually seen in immunocompromised patients and is charac-
terized by a  subcutaneous granulomatous   response and  neutrophilic dermal abscesses   
[ 10 ].  Trauma   is also thought to be an initiating factor in some of the deeper cases. 
Cell-mediated immune depression and a blunted infl ammatory response, leading to 
inhibition of response to the dermatophyte, may contribute to progression of the 
disease.  Differential diagnosis   of Majocchi’s granuloma includes atopic dermatitis, 
subcutaneous lupus, and other deep fungal infections and granulomatous disorders. 

    The  diagnosis   is confi rmed through direct mycological examination, culture, 
and/or histopathology. On histopathological examination, one can see giant cell and 
foreign body granulomas which often contain hyphal elements. Culture or KOH 
 evaluation   is important; however, the histopathological as well as mycological 
examination may not reveal fungal elements. Specifi c  fungal stains  ,    such as the 
periodic  acid–Schiff stain   or  Gomori methenamine-silver  , may be necessary to visu-
alize fungal elements in tissues. Systemic  antifungals  , such as  azole antifungals  , 
 griseofulvin   and  terbinafi ne  , are the mainstays of therapy.  Treatment   should be con-
tinued for at least 4–8 weeks, and until all lesions have cleared.      

       Case 4.3 

    History 

 A 3-year-old female presented to the hospital with fever, coryza, diarrhea, and new 
mouth ulcers. A complete blood count ( CBC)   revealed a profound pancytopenia 
with blasts, and she was admitted to the hospital for further workup. A  bone marrow 
biopsy   confi rmed the diagnosis of acute pre B-cell lymphoblastic leukemia. Broad- 
spectrum antibiotic therapy (cefepime and meropenem) was initiated. 
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    Six days after admission, shortly after initiation of her chemotherapy, the patient 
develops erythematous papules at the site of her intravenous catheter (IV). You are 
consulted because over the course of 3 days, the papules have become increasingly 
tender, and dark vesicles with surrounding erythema have developed at the site. 
Today, the patient also developed a fever, after being afebrile for several days. Her 
initial blood cultures obtained at admission were negative.  

     Physical Exam   (Fig.  4.3 ) 

         Laboratory Parameters   

•     White blood count: 1.0 (4.0–10.5 K/μL)

 –    Segmented neutrophils: 5 (45–70 %)  
 –   Lymphocytes: 94 (15–50 %)  
 –   Monocytes: 1 (2–12 %)     

•      Hemoglobin: 8.0 (12.5–16.1 g/dL)  
•   Platelets: 53 (140–440 K/μL)  
•      AST: 133 (15–40 U/L)  
•   ALT: 219 (10–45 U/L)  
•   Blood cultures from 6 days prior showed no growth  
•      Computed tomography (CT) of the chest, abdomen, and pelvis demonstrates 

hepatomegaly, but is otherwise unremarkable  
•   Magnetic resonance imaging (MRI) of the right wrist demonstrates mild edema and 

soft-tissue infl ammation at the radial aspect of the wrist. Diffuse abnormal signal in 
the bone marrow of the hand, wrist, and arm likely represents leukemic infi ltration  

  Fig. 4.3          Physical 
examination reveals three 
erythematous, indurated 
violaceous papules and 
nodules with central 
necrosis on the distal right 
forearm/wrist       
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•      4  mm   punch biopsy of the right wrist demonstrates epidermal necrosis and ulcer-
ation with abundant fungal elements extending to the deep dermis and subcuta-
neous fat with foci of intravascular invasion (Fig.  4.4 )

             Questions 

     1.    What is your  diagnosis  ?   
   2.    What are the most likely causative organisms?   
   3.    Would you like any additional imaging or tests?   
   4.    What  treatment   would you consider?      

    Answer 

    Primary Cutaneous  Mucormycosis  .  

    Discussion 

 Primary cutaneous fungal infections are an  important   diagnostic consideration in 
immunocompromised patients. These infections occur through damage to the 
 epidermis that then facilitates fungal entry into the skin and subcutaneous tissue. 

  Fig. 4.4     H&E stain   
showing necrosis and 
fungal hyphal elements 
invading into the 
subcutaneous fat.  White 
arrow : hyphae are broad, 
infrequently septate, and of 
irregular width       
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The typical presentation is that of  paronychia   in the setting of onychomycosis or 
cellulitis at the site of an IV [ 13 ]. Lesions at sites of trauma are usually a red or 
purpuric plaque containing papules, pustules, or vesicles with subsequent central 
necrosis. The most common  causative agents   include Aspergillus, Candida, and 
Fusarium species, as well as zygomycetes like Mucor and Rhizopus [ 14 ].  Aspergillus 
and Rhizopus   are the classic culprits in IV and arm board lesions [ 13 ]. The  differen-
tial diagnosis   includes bacterial infection, particularly ecthyma gangrenosum, as 
well as leukemia cutis. Cutaneous fungal infections can appear identical to bacterial 
paronychia and cellulitis, but may sometimes be differentiated by the presence of 
purpura or an eschar. Biopsy can be used to distinguish these different entities. 

 The incidence  of   opportunistic fungal infection is highest in children with  hema-
tologic malignancies     , such as acute lymphocytic and myelogenous leukemia, as well 
as those undergoing allogeneic hematopoietic stem cell transplants [ 15 ]. The most 
predictive  risk factor   is the presence of prolonged, severe neutropenia. Other risk 
factors include maceration from tape or occlusive dressings, vascular and urinary 
catheters, broad-spectrum antibiotics, disruption of the mucosal surface secondary to 
trauma or chemotherapy, and graft versus host disease [ 13 ].  Diabetes mellitus and 
systemic immunosuppression   also increase risk, though not to the same degree. 

    Early  diagnosis   and initiation of appropriate antifungal treatment are crucial [ 16 ]. 
 Tissue biopsy   with histology and culture should be performed for any suspicious 
lesions. Often blood and tissue cultures fail to demonstrate the organism, making 
histology the best option in order to rapidly identify the etiology, initiate early treat-
ment and reduce mortality. Parental or child apprehension regarding the procedure 
should not delay biopsy, and conscious sedation may be helpful if it can be arranged 
in a timely fashion [ 17 ]. Demonstration of fungal organisms invading tissue is ideal, 
though not always seen on pathology. The  morphology   of observed fungal elements 
can be used to identify the likely group of species and guide treatment. As many of 
the causative organisms are common in the environment, positive culture alone is 
not proof of infection, though repeat cultures that are positive specifi cally for the 
same organism can be strongly suggestive. A “deep slide prep” may also be per-
formed by smearing a glass slide with only the deep portion of a specimen. 

 Many of these fungal pathogens have a propensity for angioinvasion. The poten-
tial for dissemination is quite high, and these infections demonstrate a 30–80 % mor-
tality rate depending on the organism and referenced study [ 13 ,  18 ].  Mucormycosis  ,    
the offending pathogen in this case, has an especially high risk of dissemination as 
compared to Aspergillus or other fungi [ 18 ]. Additional imaging is required to evalu-
ate deep tissue infection for secondary systemic disease, particularly of the lungs, GI 
tract, and underlying bone and musculature. Although blood cultures are often nega-
tive, they should still be followed, especially if the patient remains febrile.  

        Treatment   

 As stated above, prompt treatment with a systemic antifungal is key to reducing 
morbidity and mortality. Consultation with the Infectious Disease service should be 
initiated early to tailor antifungal therapy to the suspected organism based on 
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histology and/or culture [ 19 ]. Systemic antifungal options include amphotericin B, 
caspofungin, micafungin, fl uconazole, voriconazole, posaconazole, and itracon-
azole. Different fungal organisms respond to each of these medications with varying 
effi cacy. Infected patients who are neutropenic should receive inpatient antifungal 
treatment until their neutropenia resolves [ 13 ]. In this case, the patient underwent 
prompt surgical debridement and was treated with several months of amphotericin B. 

       For primary skin disease, debridement is thought to be helpful. Fungal invasion 
may extend well beyond the borders of the clinically apparent lesion. 
Recommendations differ as to whether patients should undergo urgent debridement 
upon diagnosis, or if they should be pretreated with systemic antifungals for several 
days prior to surgery [ 13 ,  18 ,  19 ]. Surgical excision of affected tissue is especially 
important with Mucormycosis, given a lack of reliable systemic therapies. Systemic 
antifungal treatment should continue for at least 2–3 weeks after debridement to 
avoid recurrence. Total duration should be determined based on clinical signs, 
symptoms, and status of underlying  immunocompromised      [ 19 ].   

          Case 4.4 

    History 

 A 14-year-old male was admitted for management of newly diagnosed acute myelog-
enous leukemia ( AML)     . On the day following completion of a 2-week course of 
intrathecal and systemic induction chemotherapy, the patient developed new skin 
lesions on the buttocks and bilateral thighs. The patient was reportedly scratching 
one of these lesions and it bled earlier in the day. The lesions seem to be spreading. 
He is febrile this morning for the fi rst time in several days, and has had multiple nega-
tive blood cultures. Patient denies any sinus tenderness or shortness of breath, though 
he has had a light cough for the last 2 days. Current  medications   include acyclovir for 
 herpes simplex virus (HSV) prophylaxis  ,  trimethoprim- sulfamethoxazole   for 
 Pneumocystis prophylaxis  , and  cefepime   for neutropenic fever.  

        Physical Exam   (Figs.  4.5  and  4.6 ) 

          Laboratory Parameters   

•     White blood count: 0.5 (4.0–10.5 K/μL)

 –    Segmented neutrophils: 22 (45–70 %)  
 –      Lymphocytes: 30 (15–50 %)  
 –   Blasts: 40 (0–0 %)     
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•      Hemoglobin: 8.1 (12.5–16.1 g/dL)  
•   Platelets: 15 (140–440 K/μL)  
•   AST: 137 (15–40 U/L)  
•   ALT: 225 (10–45 U/L)  
•   Blood cultures from 7, 5, and 4 days prior show no growth  
•   CT scan of chest: punctate nodular opacities throughout the right lung with a 

“tree-in-bud” appearance  
•   Imaging of sinuses, abdomen, and pelvis within normal limits  
•      4 mm punch biopsy of right thigh plaque shows ulcerated skin with invasion of 

fungal hyphal elements of irregular width and right-angle branching extending to 
the mid-dermis (Fig.  4.7 )

  Fig. 4.5       Physical 
examination reveals diffuse 
violaceous 
hyperpigmentation over the 
buttocks with retiform 
purpura, as well as discrete 
violaceous papules and 
plaques on the bilateral 
lower extremities       

  Fig. 4.6       Close-up of the 
right posterior thigh, 
showing multiple 
violaceous papules 
coalescing into a 
7 cm × 4 cm plaque with 
central necrosis and 
surrounding erythema. 
This plaque was tender to 
touch       
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             Questions 

     1.    What is your  differential diagnosis  ?   
   2.    What are the most likely causative organisms?   
   3.    In what ways is this case similar to Case 4.3? In what ways does it differ?      

    Answer 

    Disseminated systemic Zygomycosis: Rhizopus.   

    Discussion 

       Opportunistic systemic fungal infections are an important cause of  morbidity and 
mortality   in immunocompromised patients, though they occasionally can be seen in 
immunocompetent patients as well [ 13 ]. Not all opportunistic fungi disseminate to 
the skin, so an absence of skin lesions does not preclude systemic fungal infection. 
Other causes of  neutropenic fever   should be included in the  differential diagnosis  , 
including  bacterial sepsis  ,  endocarditis  , and  tumor lysis syndrome  . Blood cultures, 
histology, electrolytes, and  lactate dehydrogenase (LDH)   levels can help to distin-
guish these diseases. It is important to remember that the presence of one diagnosis 
(e.g., positive bacterial blood culture) does not preclude the others, and so a full 
work-up should always be completed. 

  Fig. 4.7       H&E stain 
showing right-angle 
branching morphology of 
broad, infrequently septate 
morphology of hyphae. 
 Black arrow : right-angle 
branching;  white arrows : 
additional invasive hyphae       
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 The most likely  causative organisms   that the dermatologist will encounter are 
Fusarium, Aspergillus, and Candida, though zygomycetes, Cryptococcus, and 
Trichosporon beigelii may rarely be seen [ 13 ]. Common initial sites of  infection   
include the GI tract (Candida in particular), sinuses, lungs, primary skin lesions, 
and infected catheters. Cutaneous manifestations of systemic disease may present 
as tender, erythematous macules or plaques that progress to develop areas of 
necrosis and/or vesiculation.  Fusarium infections   tend to have more numerous 
lesions favoring the extremities over the trunk, whereas Aspergillus lesions tend to 
be larger and fewer in numbers [ 20 ]. Skin lesions of Candida fungemia tend to be 
pink dermal papules that may occasionally become purpuric but not typically 
necrotic. 

    The major differentiator between  primary and secondary cutaneous disease   is the 
number of lesions. Solitary lesions at a site of trauma will most likely be primary, 
whereas the presence of multiple lesions is much more suggestive of secondary 
disease. In this case, identifying the initial source of fungemia is critical for initia-
tion of appropriate treatment. Imaging of the sinuses and lungs is required. Early in 
disease, fungal sinusitis may not be evident on CT, making MRI potentially superior 
[ 21 ]. Fungal pneumonia may present with a “tree-in-bud” appearance on high- 
resolution CT scan, representing infectious bronchiolitis, or “halo” or “air-crescent” 
signs representing aspergillosis. In this case, the initial source of disease was a 
Rhizopus pneumonia. 

 Early  tissue biopsy   for histology and culture is crucial for making the diagnosis 
and directing treatment. Microscopic appearance of fungal elements can and should 
guide choice of antifungal therapy [ 19 ]. Broad, irregularly shaped, non-septate 
hyphae with 90°-branching suggests zygomycosis (e.g., Mucor, Rhizopus), while 
septate hyphae branching at a 45° angle is consistent with Aspergillus and Fusarium 
species. Cryptococcus can be identifi ed as yeast-like organisms with a characteristic 
halo representing a capsule. 

    In many cases,  blood cultures   in patients with systemic fungal infections will be 
negative [ 22 ]. The exception is with disseminated Fusarium, though even with this 
organism, the skin lesions may predate positive blood cultures by several days [ 20 ]. 
There are two major  serologic fungal antigens   that can be used in the diagnosis and 
monitoring of systemic fungal infection.  Galactomannan   is a polysaccharide from 
the Aspergillus cell wall and may be used to detect disease early and follow response 
to treatment. However, its use is limited by a high false-positive rate in pediatric 
patients and bone marrow transplant patients, likely due in part to interfering antibi-
otics like piperacillin/tazobactam and amoxicillin [ 22 ]. The other major antigen is 
 1,3-beta- D -glucan  , a cell wall component of several pathogenic fungi. This assay is 
limited by lack of data in the pediatric population, a high rate of false-positives in 
patients with hematologic malignancies, and a high baseline concentration in immu-
nocompetent uninfected children [ 22 ]. Both antigens by defi nition will miss some 
causes of disseminated fungal infections, including Mucor, Rhizopus, and 
Cryptococcus. Real-time polymerase chain reaction (PCR)       studies of whole blood 
show promise, but are not  standardized   [ 22 ]. 
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     Treatment   

 Treatment for  systemic   opportunistic fungal infection is similar to treatment previ-
ously discussed for primary cutaneous disease [ 13 ,  19 ]. Choice of systemic antifun-
gal should be based on the responsible pathogen. Treatment courses usually last 
several months and should continue at least until complete clinical remission is 
achieved. Surgical debridement may be required for skin lesions that are larger or 
more necrotic. Patients with sinusitis require surgery in addition to systemic anti-
fungals for cure. In this case, the patient was treated empirically with voriconazole, 
and then quickly switched to posaconazole and amphotericin B once the fungus was 
identifi ed as Rhizopus. Repeated debridement of the large thigh plaque was required, 
ultimately necessitating a Wound-Vac, and his pneumonia persisted for 2 months. 
Systemic treatment was required for 4 months. 

    The question of chemoprophylaxis has arisen to help prevent the high morbidity 
and mortality associated  with   opportunistic fungal infections. There is a need for 
standardized regimens in high-risk patient groups, such as those with hematologic 
malignancies and those undergoing bone marrow transplant. A few courses of ther-
apy have been proposed, and in general posaconazole and voriconazole are the two 
major drugs of choice [ 19 ,  23 ]. However, the local epidemiology must be consid-
ered, and so a “one-size-fi ts-all” solution is not entirely practical [ 19 ]. In patients 
who have previously contracted and survived  an   opportunistic fungal infection, sec-
ondary chemoprophylaxis is often employed, though there is no strong evidence to 
 support   this  practice   [ 19 ,  23 ].      

  Confl ict of Interest   Dr. Friedlander has conducted research on topical antifungal lacquers for 
Valeant Pharmaceuticals and served as a consultant for Sandoz Pharmaceuticals.  
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    Chapter 5   
 Drug Eruptions and Hypersensitivity 
Syndromes                     
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USC ,   4640 Sunset Blvd., Mailstop 144 ,  Los Angeles ,  CA ,  USA   
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    Abstract     Drug eruptions and hypersensitivity reactions are commonly encoun-
tered diagnoses in inpatient pediatric dermatology and can range from simple cuta-
neous eruptions to severe, life-threatening systemic reactions. Although etiology 
varies by diagnosis, these reactions are most often triggered by medication expo-
sure and/or infectious agents. In this chapter, we review the presentation, pathogen-
esis, diagnosis, and management of the most common and/or severe drug and 
hypersensitivity reactions with emphasis on features distinct in the pediatric popu-
lation. Case discussions include acute urticaria, urticaria multiforme, erythema 
multiforme, Stevens–Johnson syndrome, toxic epidermal necrolysis, morbilliform 
drug eruption, drug reaction with eosinophilia and systemic symptoms, acute gen-
eralized exanthematous pustulosis, and erythema nodosum. Dermatologists, pedia-
tricians, and inpatient pediatric providers should be familiar with the presentation 
and differential diagnoses of these conditions and their unique characteristics in 
children.  

  Keywords     Pediatric   •   Children   •   Hypersensitivity   •   Drug eruption   •   Drug reaction   
•   Acute urticaria   •   Urticaria multiforme   •   Stevens–Johnson Syndrome (SJS)   •   Toxic 
epidermal necrolysis (TEN)   •   Morbilliform   •   Drug reaction with eosinophilia and 
systemic symptoms (DRESS)   •   Acute generalized exanthematous pustulosis 
(AGEP)   •   Erythema nodosum (EN)  
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  Abbreviations 

   AGEP    Acute generalized exanthematous pustulosis   
  ALT    Amino alanine transferase   
  ANA    Anti-nuclear antibody   
  ASO    Anti-streptolysin O   
  AST    Aspartate amino transferase   
  BSA    Body surface area   
  CBC    Complete blood count   
  CMP    Complete metabolic panel   
  Cr    Creatinine   
  CRP    C-reactive protein   
  CMV    Cytomegalovirus   
  DIF    Direct immunofl uorescence   
  DIHS    Drug-induced hypersensitivity syndrome   
  DNAse B    Deoxyribonuclease B   
  DRESS    Drug reaction with eosinophilia and systemic symptoms   
  EBV    Epstein–Barr virus   
  EKG    Electrocardiogram   
  EM    Erythema multiforme   
  EN    Erythema nodosum   
  ENT    Ear-nose-and-throat   
  ESR    Erythrocyte sedimentation rate   
  EN    Erythema nodosum   
  Gamma GT    Gamma glutamyl transpeptidase   
  G-CSF    Granulocyte colony-stimulating factor   
  H    High   
  Hct    Hematocrit   
  HIV    Human immunodefi ciency virus   
  Hgb    Hemoglobin   
  HHV-6    Human herpes virus-6   
  HLA    Human leukocyte antigen   
  HSV    Herpes simplex virus   
  IIF    Indirect immunofl uorescence   
  IL-5    Interleukin-5   
  IV    Intravenous   
  IVIG    Intravenous immunoglobulin   
  LFT    Liver function test   
  L    Low   
  N    Normal   
  NSAID    Non-steroidal anti-infl ammatory drug   
  NUD    Neutrophilic urticarial dermatosis   
  OTC    Over-the-counter   
  PO    Per Os   

N.N. Harter and M. Luu



71

  Plt    Platelet   
  SJS    Stevens–Johnson syndrome   
  SSSS    Staphylococcal scalded skin syndrome   
  TEN    Toxic epidermal necrolysis   
  TNF-α    Tumor necrosis factor-alpha   
  WBC    White blood cells   
  WNL    Within normal limits   

        Case 5.1 

    History 

 A 17-year-old previously healthy male presented to the emergency department with 
a diffuse rash that began 5 days prior to admission, fi rst appearing on the arm and 
subsequently spreading to involve his entire trunk as well as arms and legs. He and 
his parents are not sure whether lesions are transient because they are everywhere. 
He complains of  severe pruritus  , for which he has applied diphenhydramine topical 
cream without relief. He had a mild episode of coughing and congestion approxi-
mately 1 week ago, and he denies shortness of breath, wheezing, facial swelling, lip 
swelling, or joint pains. Medication history is negative.  

    Physical  Examination      (Fig.  5.1 ) 

         Laboratory   

•     Normal CBC with differential, CMP, ESR, and CRP     

    Questions 

     1.    What features of the  physical examination   and history might be important in 
determining the diagnosis?   

   2.    What is the  differential diagnosis   for this patient?   
   3.    What is the  management   for this patient?      
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    Answer 

 Acute urticaria is characterized by sudden appearance of evanescent, edematous, 
pale-pink, intensely pruritic wheals. The eruption is very common, occurring at 
some point in 15–20 % of the general population and in 2.1–6.7 % of children [ 1 – 3 ]. 
Urticaria may be mediated by immunologic or non-immunologic  pathways   [ 4 ]. 
Immunologic urticaria is a type I immediate hypersensitivity reaction characterized 
by binding of IgE to the surface of mast cells. This results in release of histamine 
and vasoactive cytokines, causing increased capillary permeability and extravasa-
tion of fl uid which results in edematous papules and plaques [ 3 ,  5 ]. Non-immunologic 
urticaria occurs when antigens directly trigger mast cell degranulation, seen with 
NSAIDs, aspirin, and opiates [ 2 ,  4 ]. By defi nition, acute urticaria lasts less than 6 
weeks in duration, distinguishing it from chronic urticaria [ 1 ,  3 ]. 

 Clinically, urticaria can take on multiple morphologies, such as formation of annu-
lar, polycyclic, gyrate, or fi gurate patterns, and may range in size from 1 mm to sev-
eral centimeters as lesions coalesce into larger plaques. Individual wheals resolve in 
less than 24 h, a clinical feature that is helpful diagnostically, while the patient may 
continue to develop lesions in new areas [ 1 ,  3 ]. Urticaria may be isolated to one 
region or develop diffusely over the body. In very young children,  bullae   may develop 
within the center of the wheal [ 2 ]. Pruritus may not always be a primary complaint in 
pediatric urticaria, though certain features are reported with greater frequency. In a 
prospective study evaluating acute urticaria in infancy and early childhood 50 % of 

  Fig. 5.1    Annular and 
gyrate, edematous, 
pink-red papules and 
plaques on trunk, upper 
extremities, lower 
extremities. 
 Dermatographism   is 
present. A discrete lesion is 
marked with a pen and 
shows signifi cant 
improvement by the next 
day. Photo courtesy of 
Alexandra Haden, M.D.       
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patients had associated angioedema and 60 % presented with ecchymotic lesions [ 6 , 
 7 ]. In this study, a cause for acute urticaria was identifi ed in 92 % of cases; however, 
this number varies greatly in the literature, with reports from 21 to 90 % [ 3 ,  6 ]. 

 In the pediatric population, the most common  etiology   of acute urticaria is infec-
tion, predominately viral, as in this case, however there have been associations with 
a multitude of infectious agents [ 1 – 3 ,  6 ,  7 ].  Food and medication   are also frequent 
triggers, more often seen in older children and teenagers, with drugs causing up to 
10 % of these eruptions [ 2 ]. The most commonly implicated medications include 
antimicrobials, notably beta-lactams (penicillins, cephalosporins), macrolides, sul-
fonamides, and tetracyclines as well as anticonvulsants, aspirin, NSAIDs, monoclo-
nal antibodies, opioids, and radiocontrast media [ 2 ,  8 ]. Food allergy is notably 
infrequently cited as a cause of acute urticaria in the literature [ 3 ,  9 ]. In a multi-
center study evaluating cutaneous adverse drug reactions in children, urticaria and 
angioedema were the most common adverse events, affecting 51.6 % of the study 
population, with primary triggers including antimicrobials, analgesics, anti- 
infl ammatories, and antipyretics [ 10 ]. There are also reports of urticaria occurring 
secondary to vaccine administration [ 11 ]. 

 Depending on clinical morphology, the  differential diagnosis   may include erythema 
multiforme, urticaria multiforme, or serum-sickness like reaction. If wheals remain 
fi xed beyond 24 h, urticarial vasculitis should be considered in the differential diagnosis 
[ 2 ,  12 ]. Other  vasculitides  , such as Henoch–Schönlein purpura and acute hemorrhagic 
edema of infancy, may also occasionally enter into the differential, especially during 
their early stages. If the child is febrile or displays vital sign or laboratory abnormalities, 
other systemic etiologies should be considered, including cryopyrin-associated periodic 
syndromes and systemic-onset juvenile idiopathic arthritis [ 12 ]. Papular urticaria may 
be considered, which is specifi c to the pediatric population and characterized by pru-
ritic, edematous papules that are secondary to arthropod assault [ 1 ]. 

 As the clinical presentation is usually quite classic, laboratory investigation or skin 
biopsy are rarely required for diagnosis and should only be considered in the patient 
with atypical presentations, if the patient is otherwise systemically ill, or if urticaria 
persists for greater than 24 h to evaluate for urticarial vasculitis [ 13 ].  Histopathology   
of acute urticaria demonstrates vascular dilation, edema, and perivascular infl amma-
tory infi ltrate of lymphocytes, eosinophils, and neutrophils [ 5 ,  7 ].  Blood eosinophils   
may be elevated as well [ 7 ]. Urticarial lesions of auto- infl ammatory syndromes such 
as cryopyrin-associated periodic syndromes show a deeper perivascular and periec-
crine neutrophilic infi ltrate with notably rare eosinophils and the absence of dermal 
edema, for which the term  neutrophilic urticarial dermatosis (NUD)   has been pro-
posed [ 12 ,  14 ]. NUD has also been associated with adult-onset Still disease.  

     Treatment   

 Treatment of acute urticaria involves removing or avoiding the trigger, along 
with symptomatic care. This includes sedating, fi rst-generation H1 antihis-
tamines (hydroxyzine, diphenhydramine) in conjunction with non-sedating, 
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second- generation H1 antihistamines (cetirizine, loratidine, fexofenadine) [ 1 ]. 
Notably, sedating antihistamines may cause paradoxical excitation in infants, 
while non- sedating preparations may be titrated up to fourfold the doses used in 
the treatment of allergic rhinitis, if necessary [ 2 ,  4 ,  7 ,  9 ]. H2 antihistamines may 
also be added (ranitidine, cimetidine) for recalcitrant or severe cases [ 1 ]. For opti-
mum control, treatment should be continued for several weeks beyond clearance 
of urticaria [ 2 ]. In refractory cases, short courses of oral corticosteroids may be 
given [ 1 ].   

    Case 5.2 

    History 

 A 15-month-old otherwise healthy male presented to the emergency department due 
to a  rash   for 3 days. Ten days prior he developed fever, rhinorrhea, and cough. 
Subsequently, 3 days prior to presentation, he developed “hives” on his trunk, which 
progressed to larger “welts” over the next few days. The rash appears to be itchy. 
Two days ago he developed swelling of the hands and feet, and this morning his 
mother noted facial swelling, which prompted her to seek urgent care. 

 Review of systems is signifi cant only for mildly decreased appetite and rhinor-
rhea. He does not have fever, lethargy, shortness of breath, wheezing, cough, diar-
rhea, vomiting, or diffi culty ambulating. His mother reports that he is overall active 
and playful.  

    Physical  Examination      (Fig.  5.2 ) 

         Laboratory   

•     Normal CBC with differential and complete metabolic panel     

    Questions 

     1.    What features of the  physical examination   and history might be important in 
determining the diagnosis?   

   2.    What is the  differential diagnosis  ?      
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    Answer 

 Urticaria multiforme is a benign, self-limited, cutaneous hypersensitivity reaction 
presenting in young children from several months to several years of age often 
occurring 1–3 days after a viral illness [ 6 ,  12 ]. It is considered a subtype of acute 
urticaria; however, the cutaneous presentation is unique and distinguished by char-
acteristic arcuate, polycyclic, and annular urticarial plaques with dusky or ecchy-
motic centers [ 12 ,  15 ]. This annular presentation with  dusky central clearing   is often 
confused with  erythema multiforme (EM)  , thus giving rise to its namesake [ 7 ]. 

 Diagnostic criteria for this eruption have been proposed and include annular or 
polycyclic lesions with transient ecchymotic skin changes, individual lesions last-
ing <24–36 h, angioedema or acral edema, dermatographism, moderately elevated 
acute phase reactants, and positive response to antihistamines [ 7 ,  12 ,  16 ]. Patients 
may have associated fever and report symptoms of antecedent or concomitant viral 
 illness   [ 16 ]. 

 The pathogenesis of  urticaria multiforme   overlaps with that of urticaria as an 
allergic hypersensitivity reaction that may be IgE dependent or independent. In one 
study, 50 % of children <3 years of age presenting with urticaria demonstrated a 
pattern consistent with urticaria multiforme [ 6 ].  Angioedema   is often associated 
and has been described 60–72 % cases [ 6 ,  16 ,  17 ]. Antecedent respiratory viral and 
gastrointestinal viral and bacterial infections are commonly reported; however, this 
is often confounded by recent or concomitant antibiotic use, reported in 44 % of 
patients [ 16 ]. Urticaria multiforme has also been described after vaccine administra-
tion [ 12 ,  16 ,  17 ]. 

  Fig. 5.2    Large and 
confl uent, as well as 
smaller and discrete, 
annular, edematous 
pink-red plaques with 
central clearing and 
gray-dusky  discoloration   
involving the scalp, face, 
back, chest, abdomen, 
arms, legs, and dorsum of 
the hands and feet. Face, 
hands, and feet are 
edematous. There is 3+ 
dermatographism. Oral 
mucosa and conjunctiva 
are clear. Joints do not 
appear swollen       
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 Laboratory analysis for infectious etiology is not recommended as the work-up 
often fails to provide clinically signifi cant information. The diagnosis is made 
clinically from thorough history and physical exam, and therefore, skin biopsy is 
usually unnecessary. Histopathology of urticaria multiforme is not distinct from 
acute urticaria, showing dermal edema and perivascular infi ltrate with  eosinophils   
[ 12 ,  17 ]. 

 The differential diagnosis includes EM; however, there are no true target lesions, 
bullae, epidermal sloughing, or mucous membrane involvement [ 16 ].  Serum-
sickness   like reaction, urticarial vasculitis, and acute hemorrhagic edema of infancy 
may also be considered; however, skin lesions are fi xed in these entities. Patients 
with serum sickness-like reaction have arthralgias, as opposed to swelling of the 
hands and feet seen with urticarial multiforme [ 12 ,  17 ].  

     Treatment   

 Treatment of urticaria multiforme is supportive with sedating and non-sedating 
H1 and H2 anti-histamines, along with antipyretics for fever, and discontinua-
tion of any potential offending medication [ 12 ]. Topical corticosteroids, pramox-
ine, or preparations containing colloidal oatmeal or menthol may be used to 
alleviate pruritus. Short-course systemic corticosteroids should be reserved for 
refractory cases only, with judicious use when infectious etiology is suspected 
[ 16 ,  17 ].   

    Case 5.3 

    History 

 A 12-year-old female with history of  allergic rhinitis   was admitted for evaluation of 
a rash, which began 4 days prior to admission. Two weeks prior to admission, 
patient developed fever, sore throat, and cough. She presented to her primary care 
provider, who prescribed  cephalexin  . One day after starting cephalexin, she devel-
oped lesions on her face, which progressed over the next several days. Cephalexin 
was discontinued, but the rash continued to worsen, prompting evaluation in the 
emergency department and admission. 

 Her review of systems is signifi cant for cough, which is overall improving. She 
denies sore throat, dysphagia, photophobia, shortness of breath, chest pain, abdomi-
nal pain, vomiting, diarrhea, dysuria, or rectal pain. She denies sick contacts, history 
of cold sores, or history of allergy to medications. There are no family members 
with known cold sores.  
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    Physical  Examination      (Fig.  5.3 ) 

         Laboratory   

•     Urinalysis negative  
•   Chest X-ray unremarkable  
•   Mycoplasma Pneumoniae IgM 1140 (H, >950 positive), IgG 1.94 (H, >1.1 

positive)  
•   Lesional HSV PCR Negative     

    Questions 

     1.    What are the  pathognomonic morphologic features   of this condition?   
   2.    What are the most common triggers of this condition?      

  Fig. 5.3     Multiple round papules and plaques   with erythematous periphery, edematous middle 
zone, and central vesicle with widespread distribution including the face, neck, abdomen, arms, 
hands, palms, thighs, legs, and feet. In many lesions, there is central erosion with hemorrhagic 
crusting rather than a vesicle. Areas of confl uence are noted on the neck and arms. Vermillion lips 
are involved, but oral cavity and conjunctivae are intact. Anogenital examination reveals similar 
lesions on the mons pubis, buttocks, and gluteal cleft       
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    Answer 

 Erythema multiforme (EM) is an acute, self-limited mucocutaneous eruption 
characterized by distinct targetoid lesions on the skin. EM is most common in 
 young- adults  , with up to 20 % of cases occurring in children [ 2 ,  18 ,  19 ]. EM is 
considered a cell-mediated immune reaction to an intracellular antigen, which 
leads to local tissue damage [ 20 ,  21 ]. Greater than 90 % of cases occur secondary 
to infection, most commonly herpes simplex virus (HSV) and   Mycoplasma pneu-
moniae   ; however, numerous infectious agents have been cited as triggers [ 22 ]. 
Medications have previously been implicated in <10 % of cases although a recent 
large-scale study performed in a pediatric tertiary care facility found 46 % of 
cases of non-bullous EM were associated with drugs, with this association being 
greatest in the youngest patients [ 23 ]. The most common offending agents include 
NSAIDs, penicillin, sulfonamides, antiepileptics, and other antibiotics [ 23 ,  24 ]. 
Reports have also cited EM occurring subsequent to vaccine administration [ 11 , 
 21 ,  25 ]. 

 EM ranges from a relatively mild cutaneous disease (EM minor) to a severe 
eruption with signifi cant involvement of more than one mucosal surface (EM major) 
[ 18 ]. Previously EM was considered on a continuum with  Stevens–Johnson 
Syndrome (SJS)   and  Toxic Epidermal Necrolysis (TEN)  , however EM is now gen-
erally regarded as a separate entity [ 21 ,  24 ]. It is distinguished from  SJS/TEN   by the 
presence of typical target lesions, inciting infectious stimulus, and more favorable 
prognosis with limited systemic symptoms [ 19 ,  26 ]. 

 Patients may have  prodromal fever and malaise  , which is more often seen with 
EM major and occurs less frequently in EM minor, followed by the development of 
erythematous, edematous papules that favor acral sites although involvement may 
be generalized [ 18 ,  20 ,  21 ]. Although EM is classically defi ned by the presence of 
target lesions, cutaneous lesions may be varied and include erythematous macules, 
papules, vesicles, and bullae, differing between patients and evolving throughout 
the course of presentation [ 18 ]. Lesions rapidly progress, and many, although not 
all, will reach the classic target morphology characterized by three concentric zones 
of color change: a dusky center surrounded by a pale, edematous ring, and fi nally 
an annular, erythematous rim at the periphery [ 18 ,  21 ]. Lesions may coalesce 
 producing a polycyclic or annular appearance [ 18 ]. Atypical target lesions may also 
been seen, defi ned by only two different colors and a less well-defi ned border [ 19 , 
 21 ]. Lesions may be painful, and less commonly pruritic. While any mucosal site 
may be involved,  oral mucosa   is most common and may occur in conjunction with, 
before, or after the cutaneous eruption. Mucosal lesions are present in 25–60 % of 
cases, beginning as erythematous vesicles or bullae that quickly progress to painful 
erosions with hemorrhagic crust, with involvement of two or more mucosal sur-
faces defi ning EM major [ 18 ,  21 ]. Ophthalmologic involvement has been reported 
more frequently in association with infection-related EM than drug-induced EM 
[ 27 ]. 
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 Recurrent EM is common, reported in 22–37 % of cases, and most commonly 
associated with HSV [ 18 ,  22 ,  28 ]. Mycoplasma-associated EM may present with 
more severe mucosal involvement and bullous cutaneous eruptions [ 22 ]. Some 
authors suggest the term “  Mycoplasma -induced rash and mucositis (MIRM)  ” to 
describe this subset of patients who typically have signifi cant mucositis and mini-
mal cutaneous involvement [ 29 ]. Persistent EM is a rare subtype defi ned by con-
tinuous mucosal and/or cutaneous EM lesions, which is most often associated with 
underlying viral infection [ 21 ]. 

 Laboratory tests are directed by history and examination fi ndings. If there is 
concern for HSV, viral studies for HSV types 1 and 2 should be performed [ 21 ]. 
 Mycoplasma serology and PCR   of throat swab may be considered, especially in 
cases of severe mucositis, along with cold agglutinins and chest X-ray. In severe 
cases patients may have elevated ESR, lymphocytosis, and transaminitis [ 21 ]. 
Persistent EM has been associated with low complement levels, and, although rare, 
if EM is persistent or recurrent without an identifi able trigger, evaluation for under-
lying malignancy should be performed [ 21 ]. 

 EM is diagnosed clinically and biopsy is not generally necessary. Histopathology 
is characterized by interface dermatitis with basal vacuolar degeneration, dyskera-
tosis, and superfi cial perivascular lymphocytic infi ltrate. Subepidermal bullae may 
form secondary to vacuolization of the basal layer [ 21 ].  Direct immunofl uores-
cence (DIF)   may be performed to rule out other diagnoses, as it is usually nonspe-
cifi c in EM [ 21 ]. Of note, histopathology does not reliably distinguish EM from 
SJS/TEN; thus differentiation between these conditions must be made on clinical 
grounds. 

 The differential diagnosis should include SJS/TEN, which may initially appear 
with atypical targetoid lesions and erythematous macules with dusky centers, as 
well as conjunctival and mucosal involvement.  SJS/TEN   is further distinguished 
by the development of large bullae that easily slough, leaving widespread areas 
of full- thickness skin denudation. When there is extensive mucosal involvement 
or bullae formation the differential may include auto-immune bullous disease 
(e.g., pemphigus, pemphigoid), which can be diagnosed with  indirect immuno-
fl uorescence (IIF)   studies or skin biopsy for DIF [ 21 ].  Viral exanthems   such as 
hand-foot-and-mouth disease or primary varicella infection should also be con-
sidered, especially if patients complain of a non-specifi c prodrome of fever and 
malaise. Urticaria and urticaria multiforme may be confused with early EM, 
however these lesions are evanescent and fail to exhibit true targets. Vasculitis, 
Sweet’s syndrome, serum- sickness like reaction, and Kawasaki disease are also 
considered in a child with fever, malaise, arthralgias, and erythematous papular 
eruption involving the acral surfaces. Systemic lupus erythematous may present 
with EM-like lesions, which characterizes Rowell’s syndrome, for which an  anti-
nuclear antibody (ANA)   titer should be obtained. Fixed-drug  eruption   may occa-
sionally present with multiple lesions; however there are no true target lesions 
(Fig.  5.4 ).
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        Treatment   

 EM is self-limited with lesions resolving over 2–4 weeks [ 18 ,  20 ]. Treatment 
includes supportive care, appropriate antimicrobials if infection is identifi ed (e.g., 
HSV, mycoplasma), and withdrawal of any potentially inciting medication. EM 
minor generally runs a mild course, and treatment is directed toward symptomatic 
care with topical corticosteroids and oral antihistamines for pruritus. 

 EM major may require more aggressive local wound care as well as pain-control 
for severe mucositis. Oral swish-and-spit preparations containing viscous lidocaine, 
antacid, and diphenhydramine may provide relief. If there is ocular involvement, 
Ophthalmology should be consulted early in the patient’s course given potential for 
scarring and long-term sequelae [ 21 ,  24 ,  27 ]. Mucositis in EM major may lead to 
scarring of mucosal surfaces with potential stricture formation of the oral cavity, 
trachea, esophagus, and urethra. Physical exam and symptoms should guide further 
consultation with ENT or Urology. Although controversial, systemic corticoste-
roids are sometimes considered for the treatment of severe EM, especially in the 
setting of painful mucositis [ 21 ]. Randomized controlled trials are lacking, and in 
general the risks and benefi ts of oral corticosteroid use must be carefully weighed 
in the setting of potential infection [ 30 ]. If employed, systemic steroids are likely 
best given early in the course of illness. 

 If patients have frequent  recurrences  , anti-viral prophylaxis may be recom-
mended. Refractory cases have been treated with azathioprine, mycophenolate 
mofetil, dapsone, immunoglobulin, hydroxychloroquine, thalidomide, and cyclo-
sporine [ 21 ].   

  Fig. 5.4     Fixed drug 
eruption   showing a 
well-defi ned round dusky 
patch with two zones of 
color change       
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    Case 5.4 

    History 

 A 16-year-old female was admitted for a rash that started 4 days prior to admission. 
The patient endorsed a history of  dysuria   and low-grade fever 2 weeks ago, for 
which she was prescribed a 7-day course of trimethoprim-sulfamethoxazole for 
urinary tract infection by an outside urgent care. Three days after fi nishing her 
course of antibiotic, she developed a rash on her face and chest. She presented to an 
outside hospital and was transferred for further care. Over the next few days the 
rash progressed to the rest of her body, and she developed erosions of the lips along 
with high fever, sore throat, and inability to tolerate PO. In addition to those 
 medications mentioned above she endorsed taking acetaminophen and phenazopyr-
idine for her urinary symptoms. This was her fi rst exposure to  trimethoprim-
sulfamethoxazole  .  

     Physical Examination      (Fig.  5.5 ) 

         Laboratory   

•     CBC unremarkable except for Hgb 10.6 g/dL (L) and Hct 31.9 % (L)  
•   Na 141 mEq/L  
•   K 4.1 mEq/L  
•   Chloride 113 mEq/L (H)  
•   CO 2  total 15 mEq/L (L)  
•   BUN 20 mg/dL  
•   Cr 2.38 mg/dL (H)  
•   AST 96 μ/L (H)  
•   ALT 46 μ/L (H)  
•   Glucose 136 mg/dL (H)     

     Biopsy   

•     Fresh frozen section, roof of blister: full thickness epidermal necrosis  
•   Permanent section:  subepidermal   blister with full thickness necrosis, minimal 

infl ammatory infi ltrate     

5 Drug Eruptions and Hypersensitivity Syndromes



82

    Questions 

     1.    What is the  differential diagnosis   for this eruption?   
   2.    What features in the history, physical, and laboratory/pathology help to make the 

diagnosis?   
   3.    How might you manage this condition?      

    Answer 

 Stevens–Johnson Syndrome (SJS) and Toxic Epidermal Necrolysis (TEN) are 
severe, life-threatening mucocutaneous hypersensitivity reactions representing a 
continuum that is graded by extent of cutaneous involvement. Incidence in children 

  Fig. 5.5     Vital signs   were signifi cant for fever to 102.6 F, HR 138, and BP 108/62. She was ill 
appearing and in obvious pain. Skin examination showed large confl uent dusky and violaceous 
patches and fl accid bullae with areas of full-thickness skin detachment involving her face, neck, 
chest, abdomen, back, arms, and legs. Estimated body surface area involved was 75 %. Nikolsky 
sign was positive. Conjunctivae were injected, and vermillion lips had hemorrhagic crusting. 
Genital examination revealed erosions of the labia as well as the perianal skin       
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is estimated at 0.5 cases per million person-years [ 31 ].  Mortality   is estimated at 
1–5 % for SJS and 25–35 % for TEN in adults; however, lower rates have been 
described in children [ 24 ,  32 – 35 ]. 

 SJS/TEN is primarily caused by drugs; however, reports also document myco-
plasma pneumonia and HSV as inciting triggers.  Mycoplasma   is reported to be a 
major cause of SJS in children, while medications remain the primary trigger for 
TEN in children and adults alike [ 2 ,  24 ,  34 ,  35 ]. The most common  culprit drugs   are 
antimicrobials, specifi cally sulfonamides (as in this case), aromatic anticonvulsants, 
benzodiazepines, NSAIDS, corticosteroids, and chemotherapeutic agents [ 8 ,  32 , 
 36 ]. 

 SJS/TEN represents an immunologic reaction to a triggering antigen. Cytotoxic 
T-cell activation and subsequent release of  cell-death mediators   including granzyme 
B, perforin, tumor necrosis factor-alpha (TNF-α), as well as increased Fas-Fas 
ligand interaction, culminate in keratinocyte apoptosis and epidermal necrosis [ 31 , 
 37 ,  38 ]. There is evidence to support genetic linkages between HLA type and spe-
cifi c drugs in the development of SJS/TEN. For example,  HLA-B1502   has been 
associated with the development of SJS/TEN after exposure to carbamazepine in 
the Han Chinese population [ 32 ,  37 ,  39 ]. Recurrent SJS was found in one in fi ve 
children in a study conducted by two large pediatric tertiary referral centers, which 
the study concluded may be suggestive of a genetic predisposition in certain indi-
viduals [ 40 ]. 

  Clinical manifestations   of SJS/TEN usually begin within 1–3 weeks of medica-
tion exposure. Symptoms may be insidious at onset, with fever, eye discomfort, and 
dysphagia, followed by the development of erythematous-to-dusky macules on the 
face and trunk, painful erythroderma, and hemorrhagic erosions of the mucosal sur-
faces. The development of bullae and epidermal sloughing with slight lateral pres-
sure defi nes the  Nikolsky sign  . The extent of cutaneous involvement determines 
diagnosis: <10 %  body surface area (BSA)   in SJS, >10 % and <30 % BSA in SJS/
TEN overlap, and >30 % BSA in TEN [ 2 ,  32 ,  35 ,  38 ]. Patients initially presenting 
with SJS may rapidly evolve to TEN. Ocular involvement generally manifests as 
severe, exudative conjunctivitis. Mucosal erosions may affect the lips, tongue, buc-
cal mucosa, eyes, nose, genitalia, and rectum. Less commonly mucosal sloughing 
extends to the esophageal or respiratory epithelium, thus necessitating mechanical 
ventilation [ 2 ,  31 ]. Some patients may develop even more profound systemic symp-
toms leading to renal failure, hepatitis, myocarditis, pneumonitis, arthritis, and/or 
septicemia [ 2 ,  31 ]. 

 The diagnosis is made clinically although skin biopsy is generally recommended 
to confi rm diagnosis.  Histopathology   of SJS and TEN exists on a continuum, and 
differentiation between these entities requires clinical correlation. SJS shows a lym-
phocytic interface dermatitis with necrotic keratinocytes, while specimens from 
TEN usually reveal full-thickness epidermal necrosis and subepidermal bullae [ 37 ]. 
Two biopsy specimens should be obtained, one for standard formalin fi xation and a 
second for frozen section analysis to allow for more rapid diagnosis [ 37 ,  38 ]. 

 The  differential diagnosis   of SJS/TEN may include  Staphylococcal Scalded 
Skin Syndrome (SSSS)  ,  Kawasaki disease  , EM,  autoimmune bullous diseases  , and 

5 Drug Eruptions and Hypersensitivity Syndromes



84

 Drug Reaction with Eosinophilia and Systemic Symptoms (DRESS)  . Children with 
Kawasaki disease usually have non-purulent conjunctivitis and do not develop bul-
lae or sloughing of mucous membranes. Atypical targetoid cutaneous lesions and 
mucosal erosions may lead to the consideration of EM; however, the latter is by 
defi nition less extensive, is characterized by true target lesions, and is more com-
monly triggered by infection than medication [ 2 ]. TEN is distinguished from auto-
immune bullous disease, such as linear IgA bullous dermatosis, bullous pemphigoid, 
or pemphigus vulgaris, based on negative direct immunofl uorescence (DIF) on per-
ilesional skin biopsy, indirect immunofl uorescence (IIF) serum studies, and the 
severe systemic symptoms seen in SJS/TEN that are less commonly associated 
with immunobullous disease. In SSSS, mucous membranes are spared and the epi-
dermal detachment is superfi cial compared to the full-thickness skin loss in TEN 
[ 2 ,  31 ]. The cutaneous morphology of  DRESS syndrome   may be highly varied 
although DRESS does not involve mucous membranes and histopathology in 
DRESS is not characterized by epidermal necrosis [ 31 ]. Early SJS/TEN may appear 
similar to an exanthematous or morbilliform drug eruption; however, the former 
will involve mucous membranes and rapidly evolve to dusky macules and bullae 
with epidermal sloughing [ 39 ]. TEN-like eruptions have also been observed in 
patients with systemic lupus erythematosus as well as graft-versus-host disease 
[ 39 ,  41 – 44 ]. 

 The most important aspect of management in SJS/TEN is rapid diagnosis and 
subsequent identifi cation and removal of the offending agent.  SCORTEN      is a prog-
nostication tool based on age, presence of malignancy, BSA involved, tachycardia, 
and serum glucose, bicarbonate, and urea values [ 32 ]. This predictive tool has been 
used to assess mortality in adults; however, it has not been validated in a pediatric 
population [ 2 ,  36 ,  37 ]. Recently published data found SCORTEN to be predictive of 
morbidity in pediatric SJS/TEN, with higher scores indicating longer admission, 
increased time until re-epithelialization, longer duration of mechanical ventilation, 
greater requirement for surgical procedures, and increased number of infectious 
complications [ 45 ]. 

 Patients should be managed in a burn or pediatric intensive care unit, with early 
transfer associated with decreased morbidity and mortality [ 35 ]. Compromised epi-
dermal barrier in SJS/TEN leads to thermoregulatory instability, electrolyte abnor-
malities, dehydration, and sepsis.  Stringent wound care   is of the utmost importance 
with non-stick, biologic dressings. Systemic antibiotics are indicated if there is 
clinical or microbiologic evidence of wound infection [ 2 ,  31 ,  38 ]. Ophthalmology 
should be consulted expediently for evaluation given potential for ocular sequelae, 
which occurs in 40–73 % of patients and may result in permanent visual loss [ 2 ,  32 , 
 33 ,  35 ,  37 ]. Cutaneous lesions usually heal without scarring although patients may 
have persistent dyspigmentation or nail dystrophy [ 2 ,  35 ,  39 ,  46 ]. Stricture forma-
tion may result if there is involvement of esophageal, genital, or anal mucosa, thus 
clinical signs and symptoms should dictate consultation with Urology or surgical 
colleagues.  
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     Treatment   

 In general, there is a paucity of evidence-based data, lack of standardized treat-
ment guidelines, and ongoing controversy over appropriate treatment for SJS/
TEN. Multiple systemic therapies have been trialed with limited success in the 
treatment of SJS/TEN [ 8 ]. Given that SJS/TEN is a rare disease, with even lower 
incidence in children, any available evidence on management is largely derived 
from the adult population, and it remains unclear if this data can be generalized to 
pediatric cases [ 36 ]. Systemic corticosteroids have historically been the standard 
of care; however, their use is controversial and generally discouraged given lack of 
evidence for effi cacy and concerns regarding impaired wound healing and 
increased risk of infection [ 2 ,  38 ,  46 ]. Due to its immunomodulatory effect in 
inhibiting Fas- mediated keratinocyte apoptosis, pooled  intravenous immunoglob-
ulin (IVIG)   is currently the most commonly reported treatment for pediatric SJS/
TEN, although studies are confl icting on whether there is true survival benefi t with 
this therapy [ 2 ,  31 ,  35 ,  38 ]. There are case reports  and   small case series citing the 
benefi cial use of cyclosporine A, ulinastatin, plasmapheresis, pentoxifylline, and 
granulocyte colony- stimulating factor (G-CSF) in the treatment of pediatric SJS/
TEN, though reports are limited by small patient population and poor data collec-
tion [ 36 – 38 ]. 

 In the adult population, cyclosporine, cyclophosphamide, and plasmapheresis 
have shown effi cacy, but there is very limited evidence regarding their use in pedi-
atric cases [ 2 ,  37 ,  38 ,  46 ]. Recently, there has been mounting evidence that biologi-
cal therapy with TNF-α inhibitors (i.e., infl iximab, etanercept) may be benefi cial in 
the treatment of SJS/TEN, the pathomechanism of which is supported by the fi nding 
of increased levels of TNF-α in serum and lesional skin of patients with SJS/TEN 
[ 38 ]. Additional studies are necessary to further evaluate the currently confl icting 
data and determine optimal treatment regimen [ 39 ].   

    Case 5.5 

    History 

 An 8-year-old girl with  dermatomyositis   undergoing treatment with prednisone and 
rituximab was admitted for cutaneous disseminated herpes zoster and started on IV 
acyclovir with improvement. However, on day 3 of acyclovir, she developed puru-
lent drainage from some of her lesions. Wound culture confi rmed oxacillin-resistant 
 S. aureus , and IV clindamycin was added for her soft-tissue infection. Six days 
later, she developed a pruritic rash for which Dermatology was consulted. This rash 
began on her abdomen and subsequently spread to the rest of the trunk and 
extremities.  
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    Physical  Examination      (Fig.  5.6 ) 

         Laboratory   

•     CBC signifi cant for:  
•   WBC 9.63 K/μL (N)  
•   Neutrophil 63 % (N)  
•   Lymphocyte 22 % (L)  
•   Eosinophil percentage 7.1 % (H)  
•   Cr and LFT: WNL     

    Questions 

     1.    What is the usual time frame for appearance of this rash?   
   2.    What is the  differential diagnosis   for this eruption?      

    Answer 

 Morbilliform exanthems are a delayed-type hypersensitivity representing a com-
mon form of cutaneous adverse drug reactions [ 8 ,  32 ,  34 ]. In a multicenter study 
evaluating  cutaneous adverse drug reactions   a morbilliform eruption occurred in 
30 % of the study population, most commonly triggered by antimicrobials, followed 
by NSAIDs, barbiturates, and anticonvulsants [ 10 ,  32 ]. These eruptions generally 

  Fig. 5.6     Erythematous 
papules and macules   with 
many areas of confl uence 
on the trunk, arms, and 
legs       
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occur 7–14 days after initiation of the culprit drug, and the incidence is increased in 
patients with concomitant viral infections, specifi cally  Epstein–Barr virus (EBV)   
infections [ 8 ,  34 ]. 

 The eruption consists of  erythematous macules and papules   which often, but not 
always, begin on the trunk and progress to involve the face and extremities. The 
morbilliform eruption is also commonly referred to as “maculopapular” or “ exan-
thematous  .” Lesions may coalesce to produce generalized erythroderma, and 
mucosal surfaces are usually uninvolved. Pruritus is a common complaint. The 
eruption resolves in approximately 2 weeks with hyperpigmentation and desqua-
mation [ 8 ]. 

 A morbilliform morphology can be seen in a variety of other settings, including 
viral exanthems, Kawasaki disease, toxic shock syndrome, and graft-versus-host 
disease. Thus, a thorough history and physical examination are of utmost impor-
tance in the evaluation of a morbilliform eruption. At times, the  differential diagno-
sis   may also include erythema multiforme, SJS/TEN, and scarlet fever. When a 
morbilliform eruption is attributed to a drug, the possibility of DRESS syndrome 
should be ruled out. The latter is a potentially life-threatening drug eruption that 
presents with fever, facial edema, lymphadenopathy, eosinophilia, and systemic 
organ involvement with resultant transaminitis, renal dysfunction, and cardiac and 
thyroid toxicity [ 7 ]. Unlike an uncomplicated morbilliform eruption, the develop-
ment of DRESS syndrome is delayed, with onset generally 2–6 weeks after expo-
sure to the culprit agent [ 7 ]. 

 Physical examination and history of recent drug administration can confi rm the 
clinical diagnosis, thus skin biopsy is not routinely needed.  Histopathology   of mor-
billiform drug eruption is nonspecifi c, demonstrating a perivascular lymphocytic 
infi ltrate that may contain eosinophils and scattered necrotic keratinocytes [ 8 ]. 
Therefore, differentiation from a viral exanthem is often impossible on the basis of 
histopathology alone.  

     Treatment   

 Management involves supportive care and discussion of risks and benefi ts associ-
ated with discontinuation of the culprit medication. If possible, discontinuation of 
the agent with substitution for an alternative is preferred. However, if no reasonable 
substitution can be made, the drug may be continued with careful monitoring. Oral 
antihistamines and topical corticosteroids may be employed for symptomatic relief 
of pruritus [ 8 ].   
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    Case 5.6 

    History 

 A 6-year-old female was treated with  trimethoprim-sulfamethoxazole   for a 
staphylococcus aureus skin infection. Four weeks later she developed a pruritic 
eruption starting on the arms and generalizing to the rest of her body. She was 
admitted to an outside hospital and treated with a 3-day course of prednisone. 
She improved and was discharged home. One day later, she presented to the hos-
pital with a worsening rash, fever, intense pruritus, and complains of abdominal 
and chest pain. Her parents note her face is swollen and that she has swollen 
lymph nodes.  

    Physical  Exam      (Fig.  5.7 ) 

         Laboratory Parameters   

•     White blood count: 18.7 (4.0–10.5 K/μL)  
•   Eosinophils 25 % (0–7 %)  
•   ALT 194 (30–65 U/L)  
•   AST 87 (15–37 U/L)  
•   Gamma GT 426 (5–55 U/L)  
•   Creatinine 0.79 (0.1–1.1 mg/dL)  
•   Pro-Brain Natriuretic Peptide 2583 (<1318 pg/mL)  
•   Troponin <0.02 (<0.05 ng/mL)  
•   Infectious work-up including mycoplasma and hepatitis screen negative  
•   Chest X-ray, EKG, and echocardiogram negative     

    Questions 

     1.    What is the  differential diagnosis  ?   
   2.    What treatment would you consider?      

    Answer 

 DRESS syndrome (Drug Reaction with Eosinophilia and Systemic Symptoms), 
also called  Drug-Induced Hypersensitivity Syndrome (DIHS)  , typically presents 
with an erythematous morbilliform rash that may include the entire skin surface. 
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Onset of symptoms is generally 2–6 weeks after drug administration. Facial edema 
is often noted, with the eruption spreading caudally. The liver is the most commonly 
affected visceral organ. Infl ammation of the heart, lungs, kidney, and central ner-
vous system has been described. Affected patients often demonstrate eosinophilia 
and atypical lymphocytosis. 

 There are numerous drugs reported to cause DRESS including aromatic anticon-
vulsants (carbamazepine, phenytoin, and phenobarbital), sulfonamides, minocy-
cline, lamotrigine, and allopurinol. The diagnosis of DRESS is made from a 
combination of clinical and laboratory fi ndings. Diagnostic criteria have been pro-
posed by Bocquet et al., the  European Registry of Severe Cutaneous Adverse 
Reaction study group  , and the  Japanese Research Committee on Severe Cutaneous 
Adverse Reaction group  , and all include the presence of an acute rash, fever, lymph-
adenopathy, internal organ involvement, and hematologic abnormalities [ 47 – 49 ]. 
The mortality rate is thought to be 5–10 % [ 50 ]. 

 The  differential diagnosis   includes other drug eruptions such as simple drug 
hypersensitivity without organ involvement, viral exanthems such as HHV-6, EBV, 
CMV, Hepatitis A, Hepatitis B, infl uenza, primary HIV, hypereosinophilic syn-
drome, Kikuchi syndrome, and lymphoma. Other diseases with rash, multiorgan 
involvement and eosinophilia are Churg–Strauss, systemic-onset juvenile idiopathic 
arthritis, and Kawasaki disease. The lack of mucosal involvement of DRESS helps 

  Fig. 5.7     Erythematous 
macules and papules   
coalescing into ill-defi ned 
patches and plaques in a 
generalized distribution. 
Her face, hands, and feet 
are edematous. She has 
cervical and inguinal 
lymphadenopathy. Her 
mucous membranes are 
intact       
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distinguish it from SJS/TEN. DRESS less commonly presents with various  cutane-
ous morphologies  , including purpura, chelitis, vesicles, bullae, and targets. 

 The  pathogenesis   of DRESS is incompletely understood, with suspected culprits 
including toxic drug metabolites, viral reactivation, and the subsequent host immune 
response.  Drug detoxifi cation enzyme   abnormalities may result in accumulation of 
toxic drug metabolites. Reactivation of herpes viruses CMV, EBV, VZV, human 
herpesvirus-6 (HHV-6) and -7 (HHV-7) have been implicated in the pathogenesis, 
with multiple studies showing serologic evidence that HHV-6 is the fi rst virus reac-
tivated in DRESS [ 51 ]. Reports hypothesize that drug metabolites may cause a tran-
sient immune suppression which triggers viral reactivation within T-cells. This 
induces production of antiviral T-cells that produce pro-infl ammatory cytokines, 
resulting in end-organ damage that is most prominent at sites, where the virus has 
replicated (liver, skin, heart, kidneys) [ 52 ,  53 ]. Activated T-cells also stimulate the 
development of eosinophils through release of interleukin-5 (IL-5), which may 
cause further end-organ damage. Yet another component is the identifi cation of 
genetic predisposition with certain HLA types predisposing individuals to DRESS 
and other drug hypersensitivity syndromes [ 51 ,  54 ]. 

 Diagnosis is made clinically, and thus skin biopsy is often not necessary unless 
the cutaneous presentation is atypical. Histopathology is often nonspecifi c with a 
perivascular lymphocytic infi ltrate in the papillary dermis and variable presence of 
eosinophils [ 8 ]. Laboratory evaluation of patients with DRESS syndrome should 
include complete blood count with differential, serum chemistry to include renal 
and hepatic function, as well as thyroid function testing and baseline EKG and 
echocardiogram [ 8 ].  Myocarditis   can occur up to 4 months after the acute presenta-
tion of DRESS [ 55 ]. Thyroid function should be repeated every 2–3 months for at 
least 1 year, with prolonged assessment for signs or symptoms of thyroid dysfunc-
tion as there are reports of late thyroid sequelae occurring between 2 months to 3 
years after initial diagnosis of DRESS [ 56 ].  

     Treatment   

 Treatment involves withdrawal of causative drug and supportive care with topical 
corticosteroids and antihistamines to help itching in mild cases. In more severe 
cases with internal organ involvement systemic corticosteroids 1–2 mg/kg/day for 
3–4 weeks with gradual taper to prevent rebound is recommended [ 54 ]. Most 
patients have complete recovery after withdrawal of the causative drug. Sequelae 
from the eruption include an exfoliative dermatitis, and children may have residual 
skin pigmentary changes. There are reports of treatment with IVIG,  plasmapheresis  , 
systemic immunosuppressives, and anti-herpesvirus medications [ 57 ]. Further stud-
ies are required on the effectiveness of treatments.   
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    Case 5.7 

    History 

 A 9-year-old female with past medical history signifi cant for seizure disorder was 
admitted for  fever and rash  . Five days prior to admission she presented to her pediatri-
cian with sore throat and was prescribed amoxicillin. On day 4 of antibiotic therapy, she 
developed a rash that began in her groin area and subsequently spread to her thighs, 
axillae, and trunk. It was mildly pruritic and she had intermittent low-grade tempera-
tures. She has been on valproic acid for years and has had no recent changes in her 
seizure medications. The parents denied any recent use of OTC medications at home.  

    Physical  Examination      (Fig.  5.8 ) 

         Laboratory   

•     WBC 17.6 (H)  
•   Hgb 10.3 (L)  
•   Hct 29.8 (L)  
•   PTL 268  
•   Absolute neutrophils 10.5 × 10 9 /L (H)  
•   Absolute eosinophils: WNL  
•   LFTs: WNL     

  Fig. 5.8    Numerous <1 mm monomorphous superfi cial pustules with underlying  erythema   involv-
ing the intertriginous areas, including the neck, axillae, and groin. Her mucous membranes were 
intact       
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     Skin Biopsy   

•     Spongiosis in the epidermis and subcorneal collections of neutrophils forming a 
pustule.     

    Questions 

     1.    What are the most common causes of this eruption, and what is the usual time 
frame for appearance of rash?   

   2.    What is the  differential diagnosis   for this widespread pustular eruption?      

    Answer 

 Acute generalized exanthematous pustulosis (AGEP) is a pustular hypersensitivity 
reaction that is uncommon in the pediatric population [ 32 ]. Though pathogenesis is 
unclear AGEP is thought to be a delayed-type hypersensitivity reaction to drug 
exposure involving T-cell-mediated keratinocyte destruction and/or deposition of 
drug or infection-induced antigen-antibody complexes [ 19 ,  32 ,  58 ,  59 ]. Unlike the 
adult population, in which medications are the primary culprit, AGEP in children 
may be secondary to viral (e.g., adenovirus, enterovirus, parvovirus, Coxsackie 
virus, CMV, EBV, hepatitis B virus) as well as bacterial infections (e.g.,  Mycoplasma 
pneumoniae ) [ 2 ,  8 ,  32 ,  58 ,  59 ]. Commonly implicated  medications   include Beta- 
lactam antibiotics, macrolides, clindamycin, and vancomycin, among numerous 
other reported culprit drugs [ 32 ,  58 ,  59 ]. Medication-induced AGEP characteristi-
cally occurs within the fi rst 1–5 days of therapy, at times even occurring within 
hours of medication exposure. Its rapid onset in the course of drug administration 
can aid in distinguishing from other drug eruptions [ 8 ,  58 ,  60 ]. There are reports 
related to vaccine administration, mercury exposure, and IV contrast [ 58 ,  60 ,  61 ]. 
Although at times severe in its clinical presentation, mortality in AGEP remains less 
than 5 % [ 32 ]. 

 AGEP presents with the acute development of hundreds of diffusely scattered, 
sterile, non-follicular-based pustules on a background of intense erythema, often 
most notable in intertriginous areas [ 8 ,  59 ]. The eruption is usually accompanied 
by fever, and laboratory evaluation often shows lymphocytosis with neutrophil 
predominance [ 8 ,  32 ,  59 ].  Hypocalcemia and hypoalbuminemia   have been reported 
[ 58 ]. The primary differential diagnosis is acute pustular psoriasis, von Zumbusch 
type. As compared with  pustular psoriasis  , AGEP is characterized by more rapid 
onset, a history of medication exposure or prodromal illness, and at times the 
 presence of variable cutaneous morphologies including purpura, vesicles, bullae, 
or  target lesions, which are not characteristic of pustular psoriasis [ 7 ,  19 ,  58 ]. 
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The differential also includes  subcorneal pustular dermatosis   although the latter is 
very rare in the pediatric population. In extensive cases pustules may coalesce 
leading to the consideration of TEN, although AGEP is not generally associated 
with mucous membrane involvement and the histopathology of AGEP is distinct 
from TEN. DRESS syndrome with pustules is also considered; however, unlike 
AGEP, DRESS occurs at a prolonged interval after medication exposure and is 
characterized by facial edema, lymphadenopathy, eosinophilia, and transaminitis 
[ 19 ].  Pustular miliaria   may be confused with early AGEP although miliaria lacks 
progression or systemic symptoms, and there is often history of excessive heat or 
occlusion of the involved area. 

 A CBC, complete metabolic panel, and skin biopsy are recommended in the 
evaluation of AGEP. Bacterial culture may be considered if other infectious etiol-
ogy is suspected and will be sterile in AGEP [ 60 ]. Histopathology of AGEP shows 
intra- epidermal or subcorneal pustules, papillary dermal edema, and perivascular 
infi ltrates containing eosinophils and neutrophils [ 2 ,  7 ,  32 ]. Leukocytoclastic vas-
culitis and focal keratinocyte necrosis are less commonly seen [ 19 ,  58 ]. On biopsy 
 pustular psoriasis   may demonstrate identical pustule formation to that seen in 
AGEP; however, the former may also demonstrate features consistent with classic 
psoriasis such as papillomatosis and epidermal acanthosis, which assists in differ-
entiation [ 58 ].  

     Treatment   

 Primary treatment is removal of the offending agent in medication-induced erup-
tions and supportive care. Pustules resolve in 1–2 weeks with resultant superfi cial 
desquamation [ 8 ,  59 ]. Topical corticosteroids and antihistamines may aid in relief 
of pruritus if present, and a short course of oral corticosteroids may hasten resolu-
tion in severe cases [ 8 ,  32 ].   

    Case 5.8 

    History 

 A 17-year-old female with well-controlled  type I diabetes   was admitted for workup 
of painful skin lesions. These fi rst appeared 3 weeks prior on the shins but subse-
quently worsened and spread to her feet, thighs, and to a lesser extent her arms. 
They are very painful, and over the past 3 days she has been unable to ambulate due 
to pain. There has been no change in her insulin regimen for the past year. Her only 
new medication is an oral contraceptive pill, which was started 3 months ago. She 
reports no recent fever, malaise, sore throat, cough, rhinorrhea, chest pain, abdomi-
nal pain, vomiting, diarrhea, dysuria, or joint pains.  
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    Physical  Examination      (Fig.  5.9 ) 

         Laboratory   

•     CBC and CMP were unremarkable  
•   ESR 35 mm/h (H)  
•   ASO 200 IU (N)  
•   Rapid strep negative  
•   Urinalysis unremarkable  
•   CXR unremarkable     

     Skin Biopsy   

•     Septal  panniculitis   with superfi cial and deep lymphocytic infl ammation.     

    Questions 

     1.    What is the  differential diagnosis   of EN?   
   2.    What are potential triggers of EN?      

  Fig. 5.9     Numerous 
erythematous  , ill-defi ned, 
exquisitely tender, 
deep-seated nodules on the 
feet, legs, thighs, and to a 
lesser extent the arms. 
Photo courtesy of Ashley 
Crew, MD       
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    Answer 

 Erythema nodosum (EN) is a cutaneous hypersensitivity reaction characterized by 
erythematous, tender, subcutaneous nodules and represents the most common 
form of panniculitis in  children   [ 2 ,  60 ,  62 ,  63 ]. EN is most often seen in adoles-
cents and rarely reported in those under 2 years of age. There is slight female 
predominance in postpubertal cases with equal sex distribution in prepubertal 
patients [ 60 ,  64 ]. Lesions classically occur symmetrically on the pretibial surfaces 
in adults, but in children may be more generalized, extending to thighs, arms, and 
face [ 2 ,  62 ,  65 ]. Tender, erythematous, ovoid nodules, 1–6 cm in diameter with 
poorly defi ned borders are characteristic, which resolve over days to weeks with 
hyperpigmentation or ecchymotic-appearing patches without scarring [ 2 ,  63 ]. New 
lesions may continue to develop with the entire eruption resolving over 3–6 weeks, 
with reports citing shorter duration in children [ 64 ,  66 ]. The onset of cutaneous 
lesions is often associated with fever and malaise.  Arthralgias   are a common fea-
ture in adults, but less commonly reported in children [ 2 ,  60 ,  63 ,  65 ]. A variant of 
EN involving the palms and soles has been reported in children, which presents 
after physical activity as unilateral, erythematous nodules, biopsies of which are 
consistent with EN [ 63 ]. 

 The  pathogenesis   of EN is related to an immune-mediated delayed hypersensi-
tivity reaction to a variety of antigens, causing immune complex deposition in small 
vessels of the reticular dermis and subcutaneous fat [ 63 ]. This activates the comple-
ment cascade, releasing pro-infl ammatory mediators and resulting in local edema, 
erythema, and pain [ 60 ]. In greater than 50 % of cases EN is idiopathic, although the 
most common identifi able trigger in pediatric cases is  streptococcal pharyngitis   [ 2 , 
 60 ,  64 ,  65 ]. There are reports of associations with multiple infectious agents, most 
commonly  Mycoplasma pneumoniae ,  Yersinia enterocolitica ,  Chlamydia pneu-
moniae , respiratory viruses, Epstein–Barr virus (EBV), mycobacteria, coccidiomy-
cosis, and giardia. Potential culprit drugs include oral contraceptives, cephalosporins, 
penicillin, macrolides, sulfonamides, NSAIDs, bromides, and iodides, to name just 
a few among the lengthy list of implicated drugs [ 63 ,  67 ]. EN has also been associ-
ated with infl ammatory diseases, in particular infl ammatory bowel disease, sarcoid-
osis, Behcet’s disease, and collagen vascular disease, as well as pregnancy and 
malignancy [ 2 ,  64 ]. 

 The clinical presentation is often quite characteristic although the differential 
diagnosis includes cellulitis or erysipelas, deep fungal infections, arthropod assault, 
cutaneous vasculitis, and other panniculitis [ 2 ,  68 ].  Cellulitis   is usually localized to 
one site and is uncommonly bilateral although it may be similarly associated with 
fever, systemic symptoms, and lymphocytosis. Deep fungal infection would be con-
sidered in an immunocompromised patient and may necessitate biopsy for tissue 
culture. Arthropod assault may be determined by close inspection for central punc-
tum and linear groupings as well as primary complaint of pruritus, which contrasts 
with the prominent pain seen in EN.  Leukocytoclastic vasculitis   presents with pal-
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pable purpura on the lower legs with proximal progression. Cutaneous polyarteritis 
nodosa also manifests as tender, erythematous subcutaneous nodules, often associ-
ated with livedo reticularis and systemic symptoms. Histopathology differentiates 
this entity from EN by demonstration of a neutrophilic, necrotizing vasculitis of 
small- and medium-sized arteries [ 67 ,  69 ]. Other cutaneous vasculitides, such as 
 Henoch–Schönlein purpura  , often present with palpable purpura, however can be 
diffi cult to differentiate clinically from EN and may warrant biopsy [ 60 ,  65 ,  70 ]. 
 Erythema induratum (nodular vasculitis)   more commonly presents on the posterior 
calves with ulceration and subsequent scarring, with biopsy showing lobular or 
mixed panniculitis with vasculitis [ 2 ,  19 ,  68 ]. Cold-induced panniculitis presents on 
cheeks and outer thighs, while lupus panniculitis often involves upper arms and 
face, with biopsy showing lobular panniculitis, which allows further discernment 
from EN [ 60 ,  67 ,  70 ]. 

 Patients may have  leukocytosis   and elevated ESR. Laboratory evaluation 
should include CBC, ESR and/or CRP, complete metabolic panel, throat culture, 
antistreptolysin- O or DNase B titer, urinalysis, chest radiograph, and evaluation 
for occult tuberculosis infection [ 62 ,  63 ,  68 ]. Further infectious work-up should 
be guided by history and associated symptoms and may include serum analyses 
for Yersinia, chlamydia, mycoplasma, viral infections, and/or stool ova and para-
site examination [ 2 ,  60 ,  62 ,  68 ]. Skin biopsy is not required but may be obtained 
if the diagnosis is in question or presentation is atypical. On histopathology, EN 
is prototypically characterized by  septal panniculitis   with early fi ndings of septal 
thickening and neutrophilic infi ltration, which evolves to a lymphohistiocytic 
infi ltrate with giant cells in established lesions. There is notable absence of vas-
culitis [ 19 ,  63 ,  68 ].  

     Treatment   

 Treatment is dependent upon the underlying cause, with the treatment of coexisting 
streptococcal or other infection, if identifi ed, or discontinuation of any potential 
offending medication. Supportive care is the mainstay of therapy with bed rest for 
2–3 days, elevation of the lower extremities, compression, and restriction of physi-
cal activity for several weeks, which may prevent recurrence or exacerbation [ 63 , 
 65 ]. NSAIDs may be given for pain or arthralgias. Other treatments include colchi-
cine, potassium iodide, or short-course systemic corticosteroids; however, the use of 
steroids must be carefully considered in the setting of potential infection [ 2 ,  60 ,  68 ]. 
Recurrence is possible, and reported as more common in those patients in whom an 
underlying etiology was not identifi ed, or in which EN was associated with an 
upper-respiratory tract infection [ 63 ,  64 ].      
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    Chapter 6   
 Acute and Chronic Graft-Versus-Host Disease 
of the Skin                     

       Hasan     Khosravi     ,     Anar     Mikailov     , and     Jennifer     T.     Huang     

    Abstract     Graft-versus-host disease (GVHD) is one of the most challenging dis-
eases to diagnose and manage in both children and adults. Despite signifi cant 
research and advances, GVHD remains a signifi cant cause of morbidity and mortal-
ity in the post-hematopoietic stem cell transplant population. Given that skin is the 
most common organ affected in both acute and chronic forms of GVHD, it is imper-
ative for dermatologists not only to recognize cutaneous manifestations but also to 
familiarize themselves with fi rst-line therapies for these conditions. In this chapter, 
we describe four unique cases of acute and chronic GVHD, and discuss the differ-
ential diagnosis, diagnostic pearls, and therapeutic approach to these diseases. We 
begin with a case of classic acute GVHD, and review characteristic clinical features, 
risk factors, differential diagnosis, and fi rst-line therapies. We then move on to a 
rare case of toxic epidermal necrolysis-like acute GVHD and discuss second- and 
third-line agents for treatment-refractory disease, including interventions that saved 
the patient’s life. In case 3, we transition to a discussion of chronic GVHD, and 
present a patient with sclerotic disease, reviewing clinical features, risk factors, and 
fi rst-line therapies for this condition. Lastly, we conclude our chapter with a discus-
sion of an atypical nonsclerotic form cutaneous chronic GVHD associated with a 
good prognosis.  
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         Case 6.1. Acute Graft-Versus-Host Disease 

    Presentation 

 A 19-year-old girl who underwent a fully matched unrelated  donor   bone marrow 
hematopoietic stem cell transplant ( HSCT  )       for  acute myeloid leukemia (AML)   pre-
sented with a full body rash 33 days after HSCT. The new rash was fi rst noted at 31 
days after HSCT, initially involving the chest with subsequent spread to the face, 
arms, and legs. She endorsed mild pruritus, and denied skin tenderness, eye discom-
fort, or dysuria. She denied any new medications in the last 2 weeks, upper respira-
tory symptoms, or any sick contacts. She denied abdominal pain, diarrhea, nausea, 
or vomiting. She had received systemic corticosteroids, cyclosporine, and short 
course of high dose methotrexate for prophylaxis against  graft-versus-host disease 
(GVHD)  .  

     Physical Exam   

 On physical examination, the patient appeared ill but in no acute distress. There 
were scattered 1–2 mm  erythematous macules and papules   predominantly on the 
central chest, upper back, face, ears, palms, soles, and legs (Fig.  6.1 ). There was no 
involvement of the oral or ocular mucosa.   

  Fig. 6.1       Scattered 1–2  mm   erythematous macules and papules scattered on face, trunk, and 
extremities with involvement of palms and soles consistent with acute GVHD of the skin       
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        Labs   

•     Aspartate aminotransferase (AST) 72 unit/L (10–40 IU/L)  
•   Alanine transaminase (ALT) 196 μ/L (7–56 IU/L)  
•   Total bilirubin 0.8 mg/dL (0.3–1.2 mg/dL)  
•   Blood urea nitrogen (BUN) 19 mg/dL (5–18 mg/dL)  
•      Creatinine 0.8 mg/dL (0.5–1.2 mg/dL)     

    Questions 

     1.    What are the  risk factors   for acute cutaneous GVHD in children?   
   2.    What are the classic  morphologic patterns   of acute GVHD? What are the other 

primary clinical features?   
   3.    What is the  differential diagnosis   for acute GVHD and what is the utility of skin 

biopsy?   
   4.    What is the  treatment plan  ?   
   5.    What is the prognosis for children with acute cutaneous GVHD?      

    Discussion 

       Pediatric Acute GVHD  Risk Factors   

    The most important risk factor for acute GVHD in children is human leukocyte 
antigen ( HLA)      disparity. Recent data from the  National Marrow Donor Program   
showed an incidence of acute GVHD grade II–IV of 40–85 % among unrelated 
donor, bone marrow  HSCT     , compared to an incidence of 28 % in HLA-identical 
sibling bone marrow HSCT [ 1 ]. Advances in high resolution HLA matching (10 
alleles) has signifi cantly decreased rates of high-grade acute cutaneous GVHD from 
30 to 50 % to about 8 % [ 1 ]. Stem cell source is also an important factor in determin-
ing a child’s risk for acute GVHD. Due to the immunologic naïveté and adaptability 
of umbilical cord blood, more  HLA   disparity is permissible with use of cord blood 
over bone marrow. Thus there is a similar incidence of acute GVHD in those who 
receive 4/6 HLA-matched cord blood HSCT and those who receive a fully matched 
 bone marrow   HSCT [ 1 ]. Other well-established high risk factors for acute GVHD 
in children include older donor age and sex mismatch (multiparous female donor to 
male recipient is the highest  risk     ) [ 1 ,  2 ].  
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     Clinical Presentation   of Acute Cutaneous GVHD 

 Acute GVHD was originally distinguished from chronic GVHD by classic 
signs and  symptoms   that presented within 100 days of HSCT, though recent 
guidelines from the National Institutes of Health deemphasize time-based cri-
teria and instead place much more importance on clinical findings [ 3 ]. Skin is 
the most commonly affected organ, followed by the gastrointestinal tract and 
liver [ 4 ,  5 ]. Gastrointestinal involvement is measured by 24 h stool output, and 
liver involvement by bilirubin levels. Earliest cutaneous findings include ery-
thema or purple discoloration of the ears, face, palms, and soles [ 5 ,  6 ]. This is 
followed by erythematous macules coalescing into patches with  folliculocen-
tric prominence   and symmetrical distribution. While pruritus is a common 
symptom, skin tenderness or pain is not uncommon and can be an ominous sign 
of progressive disease. The most severe presentation of acute cutaneous GVHD 
includes erythroderma, bullae and/or sloughing, reminiscent of toxic epidermal 
necrolysis ( TEN  )   . Additionally, like  TEN  , severe acute cutaneous GVHD can 
involve the mucosal membranes including the eyes and genitalia—further dis-
cussion in Case 6.2. The current case was clinically consistent with mild acute 
GVHD based on the cutaneous findings (Fig.   1.1    ) along with elevated hepatic 
inflammatory markers.     

     Differential Diagnosis   and the Utility of  Skin Biopsy   

 The differential diagnosis for acute cutaneous GVHD includes engraftment syn-
drome, toxic erythema of chemotherapy, viral exanthem, and drug hypersensitiv-
ity [ 5 ,  6 ].  Engraftment syndrome      presents within 1–2 weeks after HSCT with 
fever, morbilliform eruption, and edema. Lung involvement, including pulmonary 
edema, is characteristic. This presentation rapidly responds to systemic cortico-
steroids. Toxic erythema of chemotherapy can present during conditioning and up 
to 3 weeks after transplant. Findings are variable, though acral or fl exural ery-
thema with dysesthesia is most common and this process is self-limited. Viral 
exanthem and drug hypersensitivity are the most challenging diagnoses to differ-
entiate from acute cutaneous GVHD. Skin biopsy is commonly requested; unfor-
tunately, this test has poor ability to confi rm or exclude GVHD [ 5 – 9 ]. Clinical 
fi ndings suggestive of GVHD instead of drug hypersensitivity include acral 
involvement of the face, palms and soles, diarrhea, and hyperbilirubinemia [ 5 , 
 10 ]. In a review by Byun et al., a morbilliform rash that was accompanied by diar-
rhea and hyperbilirubinemia occurred only in the acute GVHD group [ 10 ]. In the 
current case, no skin biopsy was done due to the high clinical suspicion of acute 
GHVD given cutaneous and hepatic manifestations. In rare cases we will consider 
skin biopsy, particularly when an alternative diagnosis, such as a cutaneous infec-
tion, has distinct histologic fi ndings. We may also consider a skin biopsy if the 
clinical presentation is atypical; in this situation, the pretest probability for an 
alternative diagnosis  increases  .     
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     Treatment Plan   

 The initial treatment for acute cutaneous GVHD depends on severity; <25 % 
 body surface area (BSA)   involvement can be managed with topical corticoste-
roids and/or topical  calcineurin inhibitors (CNI)  , whereas greater body surface 
area or any bullous disease requires systemic therapies [ 4 – 6 ]. Topical therapy 
should be considered as monotherapy for low-grade skin limited acute GVHD, 
and as  adjuvant therapy   for acute cutaneous GVHD of any severity or extent of 
involvement. While high potency topical corticosteroids are generally avoided 
on the face, major body folds, and genital region, use can be considered for 
short periods of time in severe cases, particularly with close monitoring. 
 Topical CNI  , such as tacrolimus or pimecrolimus, are an excellent alternative 
in patients who do not improve with topical corticosteroid therapy, and may be 
most effective when used in combination with topical steroids. Topical CNI 
provide immunosuppressive benefit equivalent to a class 4 or class 5 topical 
corticosteroid [ 11 ]. However, it is important to note when using a topical CNI, 
systemic absorption may occur, especially with application to erosions or 
ulcerations. Thus, serum level monitoring should be considered with extensive 
or prolonged  use   [ 12 ]. 

 For acute cutaneous GVHD that involves more than 25 % of BSA (stage 2 or 
higher), systemic corticosteroids at doses of 1–3 mg/kg/day in addition to opti-
mization of preexisting GVHD prophylactic medications are first-line inter-
ventions [ 1 – 6 ]. In the presented case, the patient was started on topical 
corticosteroids (class 3 to the trunk, and a class 5 to the face and genitalia) and 
methylprednisolone 2 mg/kg/day with improvement over the subsequent 2 
weeks. Therapies for more extensive and refractory acute GVHD are discussed 
in Case 6.2.     

     Prognosis   

 Overall patient survival  post-allogeneic   HSCT is associated with grade of acute 
GVHD [ 5 ,  13 ]. Gratwohl et al. reported transplant-related mortality for grades 
0–4 acute GVHD was 28 %, 27 %, 43 %, 68 %, and 92 %, respectively [ 13 ]. In the 
presented case, the patient had grade 1 acute GVHD confi ned only to the skin. 
Unfortunately, this patient passed away about 200 days post-transplant due to dis-
seminated aspergillosis during re-induction chemotherapy for relapsed 
AML. Development of acute GVHD is also strongly associated with development 
of chronic GVHD [ 14 ]. At the time of passing, the presented patient did not have 
fi ndings of chronic GVHD.       
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    Case 6.2    

    Presentation 

 A 15-year-old boy who underwent a fully matched unrelated donor bone marrow 
 HSCT   for acute lymphoblastic leukemia ( ALL)   was admitted to the  pediatric oncol-
ogy   service 50 days post-transplant due to a quickly evolving full body rash. The 
rash was initially pruritic and started on the neck and face 4–5 days prior to arrival. 
On day of admission the patient had erythema involving over 50 % of body surface 
area (BSA) with new  skin discomfort   and  focal tenderness  . He did not have abdomi-
nal discomfort, nausea, vomiting, or diarrhea and initially denied involvement of 
mucosa. He had received prednisone, cyclosporine, and a short course of  methotrex-
ate   for GVHD prophylaxis.  

     Physical Exam   

 On physical examination, the patient appeared ill. He had over 90 % BSA involvement 
with erythematous and purpuric macules and patches (Fig.  6.2a ). Notably, there was 
desquamation on the trunk, arms, and legs. There were multiple areas on the trunk 
which were denuded, but without bleeding or ulcerations (Fig.  6.2b ). There was 

  Fig. 6.2        Erythematous and purpuric macules   and patches involving 90 % BSA, with multiple 
denuded areas on the trunk consistent with  TEN  -like acute GVHD of the skin       
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xerosis and desquamation of his scalp and face (Fig.  6.2c ). There were few erosions 
and ulcerations on his left lateral epicanthal fold and multiple fi ngertips. He endorsed 
diffuse skin tenderness.   

        Labs   

•     White blood cells 660 cells/μL (5240–9740 cells/μL)  
•   Hemoglobin 9.0 (13.5–17.5 g/dL)  
•   Platelet count 62 billion/L (150–450 billion/L)  
•   BUN 19 (5–18 mg/dL)  
•   Creatinine 0.8 mg/dL  
•      AST 30 unit/L (10–40 μ/L)  
•   ALT 58 unit/L (7–56 μ/L)  
•      Total bilirubin 0.2 mg/dL (0.3–1.2 mg/dL)     

    Questions 

     1.    What are the most likely  diagnosis   and  differential diagnosis  ?   
   2.    What  treatment   would you consider?      

    Discussion 

    Stage IV, Acute Graft-Versus-Host Disease 

 The presented patient was clinically  diagnosed   with stage IV acute cutaneous GVHD 
based on the International Bone Marrow Transplant Registry ( IBMTR  )  criteria      [ 15 ]. 
Due to clinical similarity with toxic epidermal necrolysis ( TEN  )   , this presentation is 
sometimes referred to as  TEN  -like acute GVHD.  Differential diagnosis   should 
include  drug-induced TEN      or  Stevens–Johnson Syndrome (SJS)  ,  staphylococcal 
scalded skin syndrome (SSSS)  , and  toxic shock syndrome (TSS)  . Full infectious 
evaluation is a critical fi rst step in any similar case. Subsequent differentiation from 
drug-induced  TEN   may be challenging. Based on the single center experience of 
Goiriz et al., clinical clues that favor stage IV GVHD include gastrointestinal symp-
toms, elevation of hepatic infl ammatory markers, minimal involvement of mucosal 
sites, and history of pruritus with an exanthem that starts acrally [ 16 ].  Skin biopsy   is 
commonly performed when clinical diagnosis is not clear; however, the utility of 
biopsy in this circumstance remains unclear given similar histologic fi ndings that can 
be found in both  TEN   and stage IV, aGVHD. The appropriate diagnosis is paramount 
as mortality for stage IV acute cutaneous GVHD approaches 90 % compared to 
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about 30 % in  TEN  . Management of these conditions also differs [ 16 ,  17 ]. In the 
Goiriz et al. case series, only 2 of 15 patients with  TEN  -like acute GVHD survived; 
the most common causes of death were infection and pulmonary GVHD [ 16 ]. 
Fortunately, and as noted in case 1, the incidence of high-grade GVHD has decreased 
from 30 % to about 8 %, with the introduction of high resolution allele matching [ 1 ].  

    Case Continued and  Treatment   Considerations 

 In the presented case, there was no history to suggest a  TEN  -like drug reaction, and 
no infectious fi ndings or vital sign abnormalities to suggest SSSS or TSS. The fi rst 
6 days of hospital  management   included an immediate transition to high dose intra-
venous corticosteroids at a dose of 1 g/m 2 , continuation of cyclosporine titrated to 
therapeutic trough measurements, addition of topical tacrolimus ointment to the 
face and eyes, and a swish/spit formulation of dexamethasone for oral mucosal 
involvement. Despite the above interventions, the patient’s skin continued to prog-
ress with development of duskiness, bullae, and desquamation. 

     Management   of acute GVHD is multifactorial and was briefl y discussed in Case 
6.1. In 2012, the British Committee for Standards in Haematology developed guide-
lines to standardize a therapeutic ladder [ 5 ]. This committee recommended high dose 
systemic corticosteroids as fi rst-line therapy. For patients who do not appropriately 
respond to corticosteroids within 5–7 days, the guidelines suggest addition of a second-
line agent. Second-line therapies include  mycophenolate mofetil (MMF)  ,  anti-tumor 
necrosis factor (TNF) agents  ,  mammalian target of rapamycin (mTOR) inhibitors  , 
 interleukin-2 receptor antibodies  , and extracorporeal photopheresis ( ECP     )    [ 5 ]. 
Unfortunately, there has been no defi nitive evidence to suggest the most effective sec-
ond-line therapy [ 5 ,  18 ]. Third-line agents include  mesenchymal stem cells (MSCs)  , 
 alemtuzumab  ,  pentostatin  , and low dose methotrexate. Lastly,  antithymocyte globulin 
(ATG)   and  regulatory T cell   infusion have been described as novel therapies [ 5 ]. 

    In the presented case, the patient was started on  ECP      after lack of improvement 
with 6 days of high dose corticosteroids.  ECP   was administered twice per week, and 
the patient’s corticosteroid dose was slowly tapered. Over the next 3 weeks the patient 
dramatically improved with a combination of  ECP  , aggressive wound care, and infec-
tion prophylaxis. He was discharged 5 weeks after hospital admission with full reepi-
thelialization.  ECP   was continued as an outpatient for the next several months. 

       Extracorporeal photopheresis ( ECP  )    is an attractive option in corticosteroid- 
refractory acute GVHD due to a favorable side effect profi le, as compared to the 
other second-line therapies. Although the mechanism is poorly understood, it is 
believed that this therapy induces apoptosis, modulates cytokine production, and 
expands regulatory T cells [ 5 ,  18 ,  19 ].  ECP   is a well-established therapy in chronic 
GVHD and studies in adults with steroid-refractory grades II to IV acute GVHD 
have shown response rates of around 60 % [ 19 ,  20 ]. The side effects  of    ECP   are 
generally mild with the most serious events related to central catheter-associated 
thrombosis or infection [ 19 ,  20 ]. In children, hemodynamic monitoring is particu-
larly important as the volume shifts associated with  ECP   are not adjusted by weight 
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or age. The largest single center series evaluating pediatric use of  ECP   in steroid- 
refractory acute GVHD showed a response rate of 72 % [ 18 ]. In their case series, 
18 % had stage four acute cutaneous GVHD; interestingly, the response to  ECP   
was equivalent regardless of GVHD staging [ 18 ]. The dermatology team can play 
a critical role in the diagnosis of acute GVHD, and as shown in this case, can allow 
the primary team to quickly initiate potentially lifesaving therapies. Based on our 
experience and the reviewed literature,  ECP   is our preferred intervention for severe 
acute  cutaneous   GVHD and dermatologists should be aware of this therapeutic 
option.        

     Prognosis   

 Despite successful treatment of acute GVHD, this patient progressed to develop 
severe cutaneous and pulmonary chronic GVHD leading to a double lung trans-
plant. He subsequently developed respiratory infections and passed away about 2½ 
years from initial HSCT.       

    Case 6.3    

    Presentation 

 A 5-year-old girl who had a fully matched unrelated bone marrow  HSCT         2 years 
prior for relapsed ALL presented with a bright red, pruritic eruption, which started 
about 2 weeks prior. Her mom reported that the initial area of involvement was on 
the face, with subsequent spread to the back and body, along with new scale on the 
scalp. There was no known preceding illness, sunburn, or new medication expo-
sures. Since the onset of the rash, she endorsed loose stools and hair loss. She denied 
burning or itching of the eyes, mouth, and genital region. Of note, she had a history 
of mild  acute gastrointestinal GVHD and   was weaned off systemic corticosteroids 
2 months prior to onset of this eruption. She was not on any other immunosuppres-
sive medications. For this eruption, her oncology team initiated triamcinolone 0.1 % 
ointment once daily with fl uocinolone oil to the scalp, with minimal improvement. 
On the day of our encounter, the patient and mom endorsed new “skin tightening” 
in addition to the ongoing red rash.  

     Physical Exam   

 On physical examination, the patient was well appearing with a Cushingoid body 
habitus. She had multiple violaceous scaly oval plaques on the face and trunk with 
associated hypo- and hyperpigmentation (Fig.  6.3a ). Notably, there was subtle 
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tightening and glistening of the skin along the waistband and hips (Fig.  6.3b ). She 
also had protuberance of the mons pubis with erythema and erosions of the labia 
minora.   

       Questions 

     1.    What is the patient’s  diagnosis  ? What are other  morphologies   seen in the disease 
process?   

   2.    What is the  treatment plan  ? What are other novel treatments that can be 
considered?      

    Discussion 

    Chronic Graft-Versus-Host Disease in Children 

 The presented patient was clinically diagnosed with early cutaneous chronic GVHD 
(cGVHD), exhibiting lichen planus-like and sclerotic features. Early dermatologic 
 diagnosis   of cGVHD ensured quick initiation of systemic therapy by her oncology 
team as described in detail below. The expected incidence of cGVHD after 

  Fig. 6.3       Multiple violaceous scaly oval plaques on the face and trunk and subtle tightening of the 
skin along the waistband and hips, consistent with early sclerotic chronic GVHD of the skin       
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 allogeneic   HSCT in children is 20–50 %, which is lower than the expected inci-
dence in adults of 60–70 % [ 14 ,  21 ]. The  median time   of cGVHD onset in children 
is about 6 months [ 14 ].  Risk factors   for cGVHD are similar to aGVHD with some 
relevant differences. The source  of    HSCT   is an important factor as recent evidence 
shows highest rates of cGVHD after peripheral blood HSCT (PBSCT), and lowest 
rates of cGVHD after matched sibling cord blood HSCT [ 21 – 24 ]. The strongest 
predictor of chronic GVHD is history of acute GVHD, as noted in Case 6.2 [ 21 ]. 
Other risk factors include HLA mismatch, total body irradiation, splenectomy in the 
host, and CMV seropositivity in the donor [ 14 ]. Like aGVHD, the skin is the most 
common organ involved in cGVHD. 

 Based on the  National Institute of Health Consensus Development Project   
 classification   of cutaneous cGVHD, several findings are diagnostic: poikilo-
derma, lichen planus-like lesions, lichen sclerosus-like lesions, morphea-like 
sclerosis, and deep sclerosis [ 25 ]. In our experience, true  lichen planus-like 
lesions   are rare in children, although patients may present with violaceous 
patches and plaques that are reminiscent of a lichenoid eruption.  Sclerotic   
cutaneous cGVHD represents a spectrum of phenotypes as a result of fibrosis 
involving the upper dermis (lichen sclerosus-like plaques), full thickness of the 
dermis (morphea-like plaques), and/or subcutaneous tissue (deep sclerosis or 
fasciitis) [ 21 ,  25 ]. Severe  sclerotic   cGVHD can lead to joint contractures, cal-
cinosis, and poorly healing shallow ulcerations [ 14 ,  21 ]. Other  nonsclerotic 
manifestations   of cutaneous cGVHD include ichthyosiform, papulosquamous, 
psoriasiform, eczematous, and exfoliative lesions. Mucosal findings are com-
mon and thus it is critical to carefully examine the eyes, mouth, and genital 
region [ 21 ,  25 ]. 

  Sclerotic features   were subtle in our patient, with lichen sclerosus-like 
lesions of the inguinal folds, and morphea-like lesions localized to areas of 
pressure along the waistband. The latter is an example of the isomorphic 
response seen in sclerotic cGVHD [ 21 ,  26 ]. Similarly, sclerotic cGVHD may be 
accentuated at other sites of friction or trauma. Thus, in all patients with sus-
pected cutaneous cGVHD, the underwear region should be carefully examined 
for such fi ndings. Detection of subtle fi ndings may allow for early diagnosis and 
prompt treatment. The presented patient also exhibited lichen planus-like skin 
lesions on the face and trunk as well as scarring alopecia. Multiple morpholo-
gies may be present in a single patient with cutaneous cGVHD and thus should 
not deter one away from this  diagnosis  .  

    Initial  Treatment   of Chronic Graft-Versus-Host Disease in Children 

 In the presented case, initial management included initiation of systemic corticoste-
roids at a dose of 1 mg/kg/day in addition to topical tacrolimus ointment and high 
potency topical corticosteroids. Due to ongoing development of sclerotic plaques, 
extracorporeal photophoresis ( ECP  )    was started 3 weeks later on a twice-weekly regi-
men, with stabilization of her disease. However, after tapering of prednisone and  ECP  , 
she developed new sclerotic plaques and worsening of preexisting lesions. She 
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resumed systemic corticosteroids and was enrolled in a trial of low dose subcutaneous 
interleukin-2 (IL-2). Eight months later she was fully weaned off systemic corticoste-
roids while continuing IL-2, with signifi cant improvement. 

    Treatment of cutaneous cGVHD in children shares some similarities to 
aGVHD therapy, with data largely based on adult studies. In general, cGVHD 
therapy is challenging with more than 50 % of patients continuing immunosup-
pression for more than 2 years [ 27 ]. For limited nonsclerotic disease, topical 
corticosteroids and topical calcineurin inhibitors (CNI) represent fi rst-line ther-
apy [ 14 ,  21 ,  25 ].  Lichen sclerosus-like lesions may      also be responsive to topical 
therapy. Other forms of sclerotic disease require systemic therapy, which typi-
cally starts with corticosteroids at a dose of 1–2 mg/kg/day with or without 
cyclosporine or tacrolimus [ 21 ,  22 ,  27 ]. However, topical therapies should also 
be used adjunctively. For quickly progressive or refractory disease (as in the 
presented case), multiple second- and third- line options exist (referred to as 
“ salvage therapy  ”): sirolimus, mycophenolate mofetil, pentostatin, ultraviolet A 
phototherapy ( UVA  ), narrow band ultraviolet B phototherapy ( nbUVB  ),  ECP  , 
rituximab, thalidomide, imatinib mesylate, methotrexate, and other new thera-
peutics [ 21 ,  22 ,  28 ]. However, most of these agents have not shown promising 
results in larger studies. 

    Of note,  UVA   and  nbUVB   are treatment modalities available primarily to the 
dermatologist and should be considered in select patients with cutaneous 
cGVHD. A recent multicenter review found improvement in 17/25 patients (all 
adults) with sclerotic disease, three of whom had complete resolution [ 29 ]. 
Narrow band UVB has shown minimal benefi t in sclerotic disease but promising 
results in lichen planus- like GVHD [ 30 ]. A recent pediatric study by Brazzelli 
et al. showed complete remission of lichen planus-like lesions in 8/10 children 
after 7 weeks of  nbUVB   (also treated concurrently with systemic immunosup-
pression) [ 31 ]. 

    Multiple studies of  ECP      in cutaneous cGVHD have shown favorable clinical 
responses between 40 and 80 % [ 32 – 34 ].  ECP   has not been as effective for 
cGVHD of other organs such as the gastrointestinal tract. As noted in Case 6.2, 
 ECP   is not immunosuppressive and is well tolerated.  ECP   patients typically 
receive infusions twice weekly for 12 weeks, and subsequently spaced to every 2 
weeks. This time commitment along with the requirement for central line place-
ment may preclude many children from proceeding with therapy. In the presented 
patient,  ECP   initially halted progression of sclerotic cGVHD, followed by wors-
ening of disease, prompting therapeutic transition to IL-2. Low dose interleukin-2 
therapy is a novel approach that expands T regulatory cell populations and is cur-
rently in clinical trials. Koreth et al. showed promising results of low dose IL-2 as 
a therapeutic option for sclerotic cGVHD in a phase 1 trial and Kennedy-Nasser 
et al. showed promising results of low dose IL-2 in the prophylaxis of aGVHD 
[ 35 ,  36 ]. This case demonstrates the critical value of dermatologic care in recog-
nizing early cutaneous cGVHD as well as the importance of understanding the 
broad array of therapeutic  options  .       

H. Khosravi et al.



113

    Case 6.4    

     Presentation   

 An 18-year-old girl who had a 9/10 HLA-matched  unrelated      HSCT due to bone 
marrow failure in setting of dyskeratosis congenita presented to our dermatology 
clinic for a new rash about 7 months after HSCT. There was no history of acute 
GVHD. The new rash was pruritic, and started about 1 month prior to evaluation as 
dry patches on the neck, that subsequently spread to involve the face, scalp, trunk, 
and extremities. She denied blisters, or involvement of mucosal surfaces. The rash 
was not preceded by infectious symptoms or new medications, though her dose of 
cyclosporine was decreased about 2 weeks prior to onset of rash. Initial evaluation 
by the oncology team resulted in diagnosis of xerosis due to dry winter weather. 
Prior therapies included multiple emollients without any improvement.     

     Physical Exam   

 On physical examination, the patient appeared well nourished in no acute distress. There 
was generalized and prominent xerosis involving her face, scalp, trunk, and extremities 
(Fig.  6.4a ). There was  ichthyosiform scale   on the trunk and extremities, most promi-
nently on the back and buttocks (Fig.  6.4b ). Xerosis was accentuated around follicles. 
There were superfi cial fi ssures and scaly plaques on the dorsal hands, anterior thighs, 
and ankles. There was prominent hypopigmentation underlying areas of involvement. 
The scalp had prominent scale with generalized thinning of the hair. Subtle ectropion 
was noted bilaterally. The nails, mouth, and genitalia were normal. There were no blis-
ters noted on exam.   

        Labs   

•     AST: 19 (10–40 IU/L)  
•   ALT: 33 (7–56 IU/L)  
•   Albumin: 4.2 (3–6 IU/L)  
•   WBC: 6.7 billion cells/L (3.5–10.5 billion cells/L)  
•      HBG: 11.2 g/dL (12.0–15.5 g/dL)     

    Clinical Questions 

     1.    What is the  diagnosis  ?   
   2.    What is the  prognosis   for ichthyosiform cGVHD of the skin?   
   3.    What is the  management   ladder for this patient?      
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    Discussion 

    Ichthyosiform Cutaneous Chronic GVHD 

 This patient was  diagnosed   with ichthyosiform cutaneous cGVHD, a nonsclerotic 
type of cGVHD. Clinical clues to diagnosis included sudden and rapidly progres-
sive onset in a patient without prior history of ichthyosis, follicular involvement, 
and associated alopecia. In addition, profound dyspigmentation is commonly 
encountered in this variant of cutaneous cGVHD.  Risk factors   for cGVHD are 
reviewed in Case 6.3. Of mention, the use of alemtuzumab in this patient’s condi-
tioning regimen served as a T-cell depleting agent, which may have served a protec-
tive role against severe cGVHD. Chakrabarthi showed that adult patients treated 
with alemtuzumab before allogeneic stem cell transplant had signifi cantly decreased 
rates of cGVHD [ 37 ]. 

  Fig. 6.4       Generalized and 
prominent xerosis 
involving her scalp, face, 
trunk, and extremities with 
ichthyosiform scaling on 
the trunk and extremities, 
consistent with 
ichthyosiform chronic 
GVHD of the skin       
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  Nonsclerotic phenotypes   represent up to 80 % of cutaneous cGVHD cases [ 14 , 
 21 ,  38 – 40 ]. Of note, the historical term “lichenoid” cutaneous cGVHD was applied 
to all nonsclerotic phenotypes, though we recommend this term be reserved for 
histologically defi ned disease given the wide spectrum of nonsclerotic cutaneous 
cGVHD. In adults, the most common nonsclerotic phenotypes include lichen 
planus- like lesions, poikilodermatous (combination of atrophy, telangiectasia, and 
pigmentary changes to the skin), and erythematous maculopapular lesions [ 21 ,  38 –
 40 ]. Ichthyosiform and eczematous variants of cutaneous cGVHD have been 
reported rarely in adults, but may be more prevalent in children [ 40 – 42 ]. In our 
experience, children with these forms of cGVHD are less likely to have visceral 
involvement and have a better prognosis than those with sclerotic cGVHD [ 41 ].    In 
adults, only a minority of patients with nonsclerotic cutaneous cGVHD progress to 
develop sclerotic features [ 39 ,  40 ].  

     Skin Biopsy         Consideration, Therapeutic Plan, and Clinical Course 
Continued 

          Based on the NIH consensus guidelines, clinical fi ndings that are diagnostic for 
cutaneous cGVHD and do not require biopsy include poikiloderma, lichen planus- 
like lesions, lichen sclerosus-like lesions, morphea-like sclerosis, and deep sclerosis 
[ 25 ]. Skin biopsy can be considered in atypical forms of cutaneous cGVHD, and 
may show interface dermatitis with vacuolar changes, and a sparse to dense lichen-
oid infi ltrate. Presence of periadnexal infl ammation would favor the diagnosis of 
cGVHD [ 43 ]. In the presented case, a skin biopsy was offered to the family, who 
opted to pursue a therapeutic trial instead. 

          As discussed in detail in Case 6.3, the therapeutic ladder for cutaneous cGVHD 
consists of topical immunosuppressive agents for limited nonsclerotic cutaneous 
disease, and systemic therapy for more extensive or sclerotic cutaneous disease [ 4 , 
 27 ]. We present our approach to successful topical therapy for nonsclerotic cutane-
ous cGVHD. 

          At the fi rst visit, the patient was started on a combination of topical corticoste-
roids including triamcinolone 0.1 % ointment to the face and fl exural areas, clobeta-
sol 0.05 % ointment to the most active areas excluding the face/fl exures, and 
fl uocinolone oil for the scalp. Prior emollients were discontinued, and instead 
hydrated petrolatum was started and applied twice daily on top of the topical ste-
roids. Occlusion with plastic (Saran) wrap was utilized to improve cutaneous 
absorption, in areas where this was possible (trunk, arms, legs, hands, neck). At 
follow-up visit 2 weeks later, the skin of her face, trunk, and extremities was almost 
fully clear, with residual light brown hyperpigmentation in areas of prior thick scale. 
Based on this response, skin biopsy was unnecessary. At that visit the patient 
stepped down from clobetasol to triamcinolone 0.1 % ointment to any affected area 
for no more than 2 weeks continuously in addition to twice daily hydrated petrola-
tum to the entire body and continued on fl uocinolone 0.01 % oil to the scalp. Over 
the subsequent 8 months we evaluated the patient about once per month and she 
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developed intermittent mild fl ares of eczematous and ichthyotic plaques, with one 
episode of a lichen sclerosus-like plaque. All of these fl ares responded to 1–2 weeks 
of clobetasol 0.05 % ointment under occlusion, followed by every other day triam-
cinolone 0.1 % ointment until full resolution. While erythema and scaling of her 
scalp improved, she had persistent hair thinning that gradually improved over the 
course of 1 year with intermittent use of topical corticosteroids and minoxidil 5 % 
solution. She never developed cGVHD of any other organ system, and never 
required systemic immunosuppression to treat cutaneous cGVHD. The patient is 
now 3 years post-   HSCT and off all systemic immunosuppression, without signifi -
cant complications arising from therapy.          

 Nonsclerotic cutaneous cGVHD is a disease with protean manifestations, and a 
good prognosis. It is critical for dermatologists to recognize the wide spectrum of 
this disease, and intervene early to prevent  morbidity        .       

   References 

         1.    Jacobsohn DA. Acute graft-versus-host disease in children. Bone Marrow Transplant. 
2008;41(2):215–21.  

    2.    Eisner MD, August CS. Impact of donor and recipient characteristics on the development of 
acute and chronic graft-versus-host disease following pediatric bone marrow transplantation. 
Bone Marrow Transplant. 1995;15(5):663–8.  

    3.    Filipovich AH, Weisdorf D, Pavletic S, Socie G, Wingard JR, Lee SJ, et al. National Institutes 
of Health consensus development project on criteria for clinical trials in chronic graft-versus- 
host disease: I. Diagnosis and staging working group report. Biol Blood Marrow Transplant. 
2005;11:945–56.  

      4.    Hymes SR, Alousi AM, Cowen EW. Graft-versus-host disease: part II. Management of cutane-
ous graft-versus-host disease. J Am Acad Dermatol. 2012;66(4):535.e1–16.  

              5.    Dignan FL, Clark A, Amrolia P, et al. Diagnosis and management of acute graft-versus-host 
disease. Br J Haematol. 2012;158(1):30–45.  

       6.    Hu SW, Cotliar J. Acute graft-versus-host disease following hematopoietic stem-cell trans-
plantation. Dermatol Ther. 2011;24(4):411–23.  

   7.    Firoz BF, Lee SJ, Nghiem P, Qureshi AA. Role of skin biopsy to confi rm suspected acute graft- 
vs- host disease: results of decision analysis. Arch Dermatol. 2006;142(2):175–82.  

   8.    Kuykendall TD, Smoller BR. Lack of specifi city in skin biopsy specimens to assess for acute 
graft-versus-host disease in initial 3 weeks after bone-marrow transplantation. J Am Acad 
Dermatol. 2003;49(6):1081–5.  

    9.    Zhou Y, Barnett MJ, Rivers JK. Clinical signifi cance of skin biopsies in the diagnosis and 
management of graft-vs-host disease in early postallogeneic bone marrow transplantation. 
Arch Dermatol. 2000;136(6):717–21.  

     10.    Byun HJ, Yang JI, Kim BK, Cho KH. Clinical differentiation of acute cutaneous graft-versus- 
host disease from drug hypersensitivity reactions. J Am Acad Dermatol. 2011;65(4):726–32.  

    11.    Frankel HC, Qureshi AA. Comparative effectiveness of topical calcineurin inhibitors in adult 
patients with atopic dermatitis. Am J Clin Dermatol. 2012;13(2):113–23.  

    12.    Olson KA, West K, Mccarthy PL. Toxic tacrolimus levels after application of topical tacroli-
mus and use of occlusive dressings in two bone marrow transplant recipients with cutaneous 
graft-versus-host disease. Pharmacotherapy. 2014;34(6):e60–4.  

H. Khosravi et al.



117

     13.    Gratwohl A, Hermans J, Apperley J, et al. Acute graft-versus-host disease: grade and outcome 
in patients with chronic myelogenous leukemia. Working Party Chronic Leukemia of the 
European Group for Blood and Marrow Transplantation. Blood. 1995;86(2):813–8.  

          14.    Baird K, Cooke K, Schultz KR. Chronic graft-versus-host disease (GVHD) in children. Pediatr 
Clin North Am. 2010;57(1):297–322.  

    15.    Rowlings PA, Przepiorka D, Klein JP, et al. IBMTR Severity Index for grading acute graft- 
versus- host disease: retrospective comparison with Glucksberg grade. Br J Haematol. 
1997;97(4):855–64.  

      16.    Goiriz R, Peñas P, Pérez-gala S, et al. Stage IV cutaneous acute graft-versus-host disease. 
Clinical and histological study of 15 cases. J Eur Acad Dermatol Venereol. 
2009;23(12):1398–404.  

    17.    Irvine AD, Hoeger PH, Yan AC. Harper’s textbook of pediatric dermatology. West Sussex: 
Wiley-Blackwell; 2011.  

       18.    Calore E, Marson P, Pillon M, et al. Treatment of acute graft-versus-host disease in childhood 
with extracorporeal photochemotherapy/photopheresis: the Padova experience. Biol Blood 
Marrow Transplant. 2015;21(11):1963–72.  

      19.    Couriel D, Hosing C, Saliba R, et al. Extracorporeal photopheresis for acute and chronic graft- 
versus- host disease: does it work? Biol Blood Marrow Transplant. 2006;12(1 Suppl 
2):37–40.  

     20.    Abu-dalle I, Reljic T, Nishihori T, et al. Extracorporeal photopheresis in steroid-refractory 
acute or chronic graft-versus-host disease: results of a systematic review of prospective stud-
ies. Biol Blood Marrow Transplant. 2014;20(11):1677–86.  

               21.    Hymes SR, Alousi AM, Cowen EW. Graft-versus-host disease: part I. Pathogenesis and clini-
cal manifestations of graft-versus-host disease. J Am Acad Dermatol. 2012;66(4):515.e1–18.  

     22.   Holtick U, Albrecht M, Chemnitz JM, et al. Bone marrow versus peripheral blood allogeneic 
haematopoietic stem cell transplantation for haematological malignancies in adults. Cochrane 
Database Syst Rev. 2014;4:CD010189.  

   23.    Rocha V, Wagner JE, Sobocinski KA, et al. Graft-versus-host disease in children who have 
received a cord-blood or bone marrow transplant from an HLA-identical sibling. Eurocord and 
International Bone Marrow Transplant Registry Working Committee on Alternative Donor and 
Stem Cell Sources. N Engl J Med. 2000;342(25):1846–54.  

    24.    Wagner JE, Kernan NA, Steinbuch M, Broxmeyer HE, Gluckman E. Allogeneic sibling 
umbilical- cord-blood transplantation in children with malignant and non-malignant disease. 
Lancet. 1995;346(8969):214–9.  

        25.    Jagasia MH, Greinix HT, Arora M, et al. National institutes of health consensus development 
project on criteria for clinical trials in chronic graft-versus-host disease: I. The 2014 diagnosis 
and staging working group report. Biol Blood Marrow Transplant. 2015;21(3):389–401.e1.  

    26.    Patel AR, Pavletic SZ, Turner ML, Cowen EW. The isomorphic response in morphea-like 
chronic graft-vs-host disease. Arch Dermatol. 2008;144(9):1229–31.  

      27.    Arora M. Therapy of chronic graft-versus-host disease. Best Pract Res Clin Haematol. 
2008;21(2):271–9.  

    28.    Wolff D, Schleuning M, Von harsdorf S, et al. Consensus conference on clinical practice in 
chronic GVHD: second-line treatment of chronic graft-versus-host disease. Biol Blood 
Marrow Transplant. 2011;17(1):1–17.  

    29.    Connolly KL, Griffi th JL, Mcevoy M, Lim HW. Ultraviolet A1 phototherapy beyond morphea: 
experience in 83 patients. Photodermatol Photoimmunol Photomed. 2015;31(6):289–95.  

    30.    Enk CD, Elad S, Vexler A, Kapelushnik J, Gorodetsky R, Kirschbaum M. Chronic graft- 
versus- host disease treated with UVB phototherapy. Bone Marrow Transplant. 
1998;22(12):1179–83.  

    31.    Brazzelli V, Grasso V, Muzio F, et al. Narrowband ultraviolet B phototherapy in the treatment 
of cutaneous graft-versus-host disease in oncohaematological paediatric patients. Br 
J Dermatol. 2010;162(2):404–9.  

6 Acute and Chronic Graft-Versus-Host Disease of the Skin



118

    32.    Apisarnthanarax N, Donato M, Körbling M, et al. Extracorporeal photopheresis therapy in the 
management of steroid-refractory or steroid-dependent cutaneous chronic graft-versus-host 
disease after allogeneic stem cell transplantation: feasibility and results. Bone Marrow 
Transplant. 2003;31(6):459–65.  

   33.    Foss FM, Divenuti GM, Chin K, et al. Prospective study of extracorporeal photopheresis in 
steroid-refractory or steroid-resistant extensive chronic graft-versus-host disease: analysis of 
response and survival incorporating prognostic factors. Bone Marrow Transplant. 
2005;35(12):1187–93.  

    34.    Greinix HT, Volc-platzer B, Rabitsch W, et al. Successful use of extracorporeal photochemo-
therapy in the treatment of severe acute and chronic graft-versus-host disease. Blood. 
1998;92(9):3098–104.  

    35.    Kennedy-nasser AA, Ku S, Castillo-caro P, et al. Ultra low-dose IL-2 for GVHD prophylaxis 
after allogeneic hematopoietic stem cell transplantation mediates expansion of regulatory T 
cells without diminishing antiviral and antileukemic activity. Clin Cancer Res. 
2014;20(8):2215–25.  

    36.    Koreth J, Matsuoka K, Kim HT, et al. Interleukin-2 and regulatory T cells in graft-versus-host 
disease. N Engl J Med. 2011;365(22):2055–66.  

    37.    Chakrabarti S, MacDonald D, Hale G, Holder K, Turner V, Czarnecka H, Thompson J, Fegan 
C, Waldmann H, Milligan DW. T-cell depletion with Campath-1H “in the bag” for matched 
related allogeneic peripheral blood stem cell transplantation is associated with reduced graft- 
versus- host disease, rapid immune constitution and improved survival. Br J Haematol. 
2003;121:109–18.  

     38.    Chosidow O, Bagot M, Vernant JP, Roujeau JC, Cordonnier C, Kuentz M, et al. Sclerodermatous 
chronic graft-versus-host disease. Analysis of seven cases. J Am Acad Dermatol. 
1992;26:49–55.  

    39.    Skert C, Patriarca F, Sperotto A, Cerno M, Fili C, Zaja F, et al. Sclerodermatous chronic graft- 
versus- host disease after allogeneic hematopoietic stem cell transplantation: incidence, predic-
tors and outcome. Haematologica. 2006;91:258–61.  

       40.    Kim SJ, Choi JM, Kim JE, Cho BK, Kim DW, Park HJ. Clinicopathologic characteristics of 
cutaneous chronic graft-versus-host diseases: a retrospective study in Korean patients. Int 
J Dermatol. 2010;49(12):1386–92.  

    41.    Huang JT, Duncan CN, Boyer D, Khosravi H, Lehmann LE, Saavedra A. Nail dystrophy, 
edema, and eosinophilia: harbingers of severe chronic GVHD of the skin in children. Bone 
Marrow Transplant. 2014;49(12):1521–7.  

    42.    Creamer D, Martyn-simmons CL, Osborne G, et al. Eczematoid graft-vs-host disease: a novel 
form of chronic cutaneous graft-vs-host disease and its response to psoralen UV-A therapy. 
Arch Dermatol. 2007;143(9):1157–62.  

    43.    Shulman HM, Cardona DM, Greenson JK, et al. NIH Consensus development project on cri-
teria for clinical trials in chronic graft-versus-host disease: II. The 2014 Pathology Working 
Group Report. Biol Blood Marrow Transplant. 2015;21(4):589–603.    

H. Khosravi et al.



119© Springer International Publishing Switzerland 2016 
M. Hogeling (ed.), Case-Based Inpatient Pediatric Dermatology, 
DOI 10.1007/978-3-319-31569-0_7

    Chapter 7   
 Autoimmune Skin Disorders 
(Collagen Vascular)                     

       Clayton     Sontheimer      and     Heather     A.     Brandling-Bennett     

    Abstract     Autoimmune connective tissue diseases are frequently in the differential 
diagnosis when patients present with cutaneous eruptions and systemic complaints. 
Systemic-onset juvenile idiopathic arthritis, systemic lupus erythematosus, and 
juvenile dermatomyositis are three autoimmune disorders that may have prominent 
cutaneous fi ndings. Recognition of the characteristic skin manifestations may be 
critical in ordering the appropriate workup and making the correct diagnosis.  

  Keywords     Autoimmune   •   Systemic-onset juvenile idiopathic arthritis   •   Still’s 
 disease   •   Systemic lupus erythematosus   •   Juvenile dermatomyositis  

         Case 7.1 

    History 

    You are asked to see a 4-year-old boy who was admitted for fevers of unknown 
origin. Three weeks ago, he began having spiking fevers up to 104 F every day. The 
fevers initially occurred at any time of the day but recently occur only in the late 
afternoon. During  fever spikes  , he has chills, joint pain, and a pink-red rash over his 
trunk and arms. The joint pain and rash improve after his temperature returns to 
normal. In between fever spikes, he feels well though his parents note that he seems 
to be walking differently.  
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     Physical Exam   

•     Vital signs: T 39.2 C (102.9 F), HR 127, RR 20, BP 105/65.  
•   Skin exam reveals  salmon-pink coalescing macules and papules   on the trunk 

with linear lesions demonstrating Koebner phenomenon (Fig.  7.1 ).
•         He has similar lesions on his legs (Fig.  7.2 ).
•      Small, symmetric, shotty lymph nodes are palpable in cervical chains.  
•         Joint exam shows warm, swollen knees with pain on range of motion.     

     Labs   

•     WBC 25.8 (6.0–15.5 K/mm 3 )  
•   HCT: 31.5 (34.0–40 %)  
•   Platelets: 625 (250–550 K/mm 3 )  
•   CRP 15.8 (nml <0.8 mg/dL)  
•   ESR 87 (0–10 mm/h)  
•   Fibrinogen 662 (230–450 mg/dL)  
•   Ferritin 770 (0–60 ng/mL)  
•      LDH 781 (425–975 IU/L)  
•      Uric acid 2.3 (2.0–6.0 mg/dL)  
•   Infectious workup including blood cultures and viral studies  negative       

  Fig. 7.1             Salmon-pink 
coalescing macules and 
papules on the trunk with 
linear lesions 
demonstrating Koebner 
phenomenon       
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    Questions 

     1.    What is the likely  diagnosis  ?   
   2.    What further  workup and treatment(s)   should be considered?   
   3.       The patient’s clinical picture worsens with now persistent fevers, a new petechial 

rash, and plummeting WBC and platelet levels. What complication should be 
considered?      

    Answers 

    Systemic-onset juvenile idiopathic arthritis ( soJIA)   represents a small subset of 
juvenile arthritis (10 % of JIA cases) but is the most frequently encountered subset 
in the inpatient setting due to the high,  spiking fevers   and often impressive systemic 
manifestations. A similar presentation in patients older than 16 years of age is 
referred to as adult Still’s disease. The  International League Against Rheumatism 
(ILAR) criteria   for  diagnosis   of soJIA requires the presence of arthritis, fever 
>38.5 °C for at least 2 weeks (quotidian for at least 3 days), and one of four addi-
tional criteria:  hepatosplenomegaly     ,  generalized lymphadenopathy     ,  serositis     , and/or 
 evanescent rash     . The rash consists of small (usually <5 mm) salmon-pink macules 

  Fig. 7.2             Salmon-pink 
coalescing macules and 
papules on the leg       
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predominantly over the trunk and proximal extremities. The eruption appears dur-
ing fever spikes and quickly fades after fevers resolve. While not typically pruritic, 
it can be intensely pruritic in some patients, and koebnerization may be a clue to 
diagnosis.  Diagnosis   can be challenging due to the transient nature of the fevers and 
rash as well as because objective arthritis may not be appreciated early in the course 
when systemic manifestations are prominent. 

    The  differential diagnosis   includes infections, malignancy such as lymphoma or 
leukemia, and other rheumatologic etiologies like  Kawasaki disease  . Compared to 
other diagnostic considerations, patients with soJIA are often strikingly well appear-
ing in between fever spikes.  Oncology and infectious disease   services, in addition to 
rheumatology, are often involved in workup and diagnosis. A thorough evaluation 
for malignancy consisting of chest, abdomen, and pelvis imaging and bone marrow 
biopsy are often indicated to rule out malignancy. 

 Macrophage-activation syndrome ( MAS  )       is a life-threatening complication of 
soJIA, and occurs on the spectrum with the systemic features of soJIA [ 1 ]. 
Macrophage-activation shares many features in common with hemophagocytic lym-
phohistiocytosis ( HLH  ) and is thought to represent the same pathophysiologic pro-
cess in rheumatologic diseases [ 2 ].  MAS   is characterized by persistent high fevers 
and rash, cytopenias, elevated ferritin levels (often >2000 ng/mL),  hypertriglyceridemia, 
and low fi brinogen.  MAS   secondary to soJIA requires less aggressive treatment than 
 HLH   and is usually treated with IV steroids and IL-1 inhibitors.  

    Treatment 

     Treatment   of soJIA has advanced signifi cantly in recent years owing to cytokine- 
specifi c inhibition of key infl ammatory mediators IL-1 and IL-6 [ 3 – 6 ]. IL-1 is 
central to the systemic infl ammation of soJIA, and inhibition of IL-1 with 
anakinra or canakinumab is very effective in patients who present with fevers. 
IL-6 inhibition with tocilizumab may be most useful for patients with arthritis 
and minimal systemic manifestations. Corticosteroids, either IV or PO, are 
often used as a short- term adjunct therapy, especially in hospitalized patients. 
Historically, medicines such as methotrexate, cyclosporine, and indomethacin 
were commonly used but have been replaced by cytokine-specifi c biologics.      

       Case 7.2 

    History 

    A 14-year-old female presents with a 6-week history of worsening joint pain, 
fatigue, and rash. Six weeks ago, she developed joint pain in her hands, wrists, and 
knees that is worse in the morning. Her energy level is decreasing, and she is now 
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tired most of the day. Within the last week, she developed intermittent fevers to 
101.5 and a new rash over her  hands and cheeks  . She also reports a 10 lb weight loss 
over the past month.  

     Physical Exam   

•     Vital Signs: T 37.0, HR 85, RR 20, BP 136/71 (normal 90–130/65–83).  
•   Skin exam reveals  an   erythematous malar rash (Fig.  7.3 ) and erythematous 

patches on her dorsal  hands   (Fig.  7.4 ). Nail fold capillaries appear normal.
•          Joint exam demonstrates swelling and warmth to bilateral knees and wrists.        

     Laboratory Results   

•     WBC 2.4 (5.0–11.0 K/mm 3 )  
•   ALC 480 (1100–4500/mm 3 )  
•   Hct 20.6 (36.0–46.0 %)  
•   Platelets 147 (150–450 K/mm 3 )  
•   CRP <0.8 (nml <0.8)  
•      ESR 97 (0–20 mm/h)  
•   Albumin 2.4 (3.8–5.4 g/dL)  
•   PTT 36 (25–35 s)  
•   UA: 3+ blood, 2+ protein  
•   C3 43 (83–203 mg/dL)  
•      C4 < 7 (15–52 mg/dL)  
•      Antinuclear antibody screen (ANA): positive, titer 1:640, speckled/homogenous  
•   Antibodies: positive for anti-dsDNA, anti-Ro/SSA, anti-La/SSB, anti- Smith       

    Questions 

     1.    What is the most likely  diagnosis  ?   
   2.    What further workup is indicated to help guide  treatment   decisions?      

    Answers 

    The patient presents with multisystem disease and laboratory  testing      consistent with sys-
temic lupus erythematosus (SLE). The presence of a  malar rash   in the setting of cytope-
nias in multiple cell lines, positive ANA, and lupus-specifi c autoantibodies (anti-dsDNA, 
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anti-Smith) is highly consistent with SLE and suffi cient to meet diagnostic criteria. 
Though not diagnostic, additional features such low C3/C4 and strikingly elevated ESR 
with normal-to-mildly elevated CRP are also characteristic of SLE.  Diagnosis   of SLE is 
achieved by meeting at least 4 of 11 diagnostic criteria according to the American College 
of Rheumatology 1997 criteria. More recently, the use of the  Systemic Lupus International 
Collaborating Clinic (SLICC) criteria   proposed by Petri et al. [ 7 ] has replaced the use of 
ACR criteria in adults, though the criteria have not been independently validated in chil-
dren and are not yet widely used in pediatric lupus. 

    SLE in children can cause a spectrum of  cutaneous manifestations   similar to 
that seen in adults, with a few notable differences. Isolated cutaneous disease 
consisting of either discoid lupus or subacute cutaneous lupus is much less com-
mon in children, thus children presenting with cutaneous lupus should be evalu-
ated thoroughly for signs of systemic disease [ 8 ]. Similarly, the risk of 
progression from isolated skin disease to systemic disease may be higher in 

  Fig. 7.4          Ill- defi ned 
  erythematous patches on 
the dorsal hands       

  Fig. 7.3           Erythematous 
malar rash         
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children than adults.    Subacute cutaneous lupus is very rare in pediatrics patients. 
This is perhaps owing to the fact that children are uncommonly treated with 
medicines reported to cause drug- induced lupus with the notable exception of 
minocycline. 

    The presence of hypertension, hematuria, and  proteinuria         in the above patient 
suggests the possibility of lupus nephritis and warrant further investigation to 
assess the extent of disease.  Quantitative measurement of proteinuria   (spot 
protein:creatinine ratio or 24 h urine collection) and  kidney biopsy   are indi-
cated. Patients with signifi cant nephritis are treated aggressively by induction 
therapy with either  cyclophosphamide   or  mycophenolate     .  

     Treatment   

    For patients with systemic disease, systemic corticosteroid therapy (PO and/or IV) 
is important in inducing remission though should be tapered to the lowest possible 
therapeutic dose to avoid long-term side effects such as growth failure and osteo-
penia.  Hydroxychloroquine   is used in almost all children with SLE, even in those 
with minimal or absent skin fi ndings. Additional therapy is guided by the extent 
and severity of disease, or other complications such as  MAS  . As mentioned above, 
patients with signifi cant nephritis are commonly treated with  cyclophosphamide   or 
 mycophenolate  . In patients with less severe disease, methotrexate and azathioprine 
are often used as maintenance therapy. Topical or intralesional corticosteroids and 
topical calcineurin inhibitors can be used as adjunctive treatment for cutaneous 
lesions. SLE is a photosensitive condition, and thus counseling regarding photo-
protection is important.         

    Case 7.3    

    History 

    You are asked to see a 5-year-old boy with a 2-month  history   of progressive energy 
loss, weakness, and rash who was admitted for concerns for aspiration risk. His rash 
started on his hands and subsequently spread to his feet, elbows, and knees. His energy 
level has progressively decreased and he tires after minimal activity. Within the past 
week, he has diffi culty with feeding, takes longer to eat, and occasionally coughs with 
liquids. His parents also think that his voice sounds more nasal than usual.  
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     Physical Exam   

 Vital signs: T 36.6, HR 86, BP 106/68. 
    Skin exam reveals  coalescing   erythematous papules over the dorsal MCP, DIP, and 

PIP joints (Fig.  7.5 ) and extensor elbows (Fig.  7.6 ).    Patient also has poorly demar-
cated confl uent erythema surrounding eyelids, cheeks, and nasal bridge. Nailfold cap-
illaries are dilated and tortuous.

  Fig. 7.5           Coalescing 
erythematous papules   over 
the dorsal MCP, DIP, and 
PIP joints consistent with 
Gottron’s papules       

  Fig. 7.6           Coalescing 
erythematous papules   over 
the extensor elbows       
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    Strength exam shows 3/5 strength in neck fl exors, shoulder and hip girdle mus-
culature and 4/5 in distal extremity muscles. Gowers sign is present.     

     Laboratory Results   

•     WBC: 10.2 (5.0–13.5 K/mm 3 )  
•      Hct 29.8 (34.0–40 %)  
•   Platelets 391 (250–550 K/mm 3 )  
•   ESR 44 (0–19 mm/h)  
•      CRP <0.8 (<0.8 mg/dL)  
•   BUN 15 (6–20 mg/dL)  
•   Creatinine 0.2 (0.1–0.6 mg/dL)  
•      AST 82 (5–41 IU/L)  
•      ALT 62 (6–40 IU/L)  
•   Creatine kinase 272 (35–230 IU/L)  
•   Lactate dehydrogenase 1473 (370–840 IU/L)  
•   Aldolase 9 (1–7 units/L)  
•      ANA positive, 1:160 (speckled pattern)     

       Questions 

     1.    What further testing would confi rm the  diagnosis  ?   
   2.    What  treatments   should be considered?      

    Answers 

    The patient presents with classic  features   of juvenile dermatomyositis (JDM) 
including  Gottron’s papules   (erythematous papules over the knuckles), nail fold 
capillary changes, and muscle weakness. Laboratory testing shows elevation in 
muscle markers (CK, AST, ALT, LDH, and aldolase) and signs of systemic infl am-
mation (elevated ESR and anemia of chronic disease). In this patient, the abnormal 
 swallowing symptoms and voice changes   indicate weakness in pharyngeal muscles 
suggesting advanced disease and put the patient at risk for aspiration. In contrast to 
adults, JDM is not associated with increased risk of malignancy.  Interstitial lung 
disease   is much less common in children, but can occur. 

    The  cutaneous manifestations   of JDM are similar to those seen in adults, and 
patients can present with  Gottron’s papules      or  Gottron’s sign   (erythematous mac-
ules and patches over knuckles, elbows, and knees),  heliotrope rash   (violaceous 
erythema on upper eyelids, often associated with edema), malar or more extensive 
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facial rash, and nail fold capillary changes (dilatation, tortuosity, and dropout). 
Erythema or  poikiloderma   over the shoulders and upper back (shawl sign) or central 
chest (V-sign) may also be seen.  Amyopathic DM      can occur but is much less com-
mon than in adults [ 9 ], thus any child presenting with cutaneous fi ndings of JDM 
warrants a thorough evaluation for myositis, especially as muscle weakness may be 
underappreciated. In younger children, myositis may present as irritability or 
decreased activity before muscle weakness is identifi ed. Calcinosis or dystrophic 
 calcifi cation   is more common in JDM than in adults and can occur later in the dis-
ease course [ 10 ]. It can occur without other skin or muscle symptoms, is diffi cult to 
treat and can cause signifi cant morbidity, but is less common with earlier and more 
aggressive treatment. Cutaneous ulcerations are also more frequent in JDM, typi-
cally occurring over areas of calcifi cation or joints. 

    Historically, electromyography studies or muscle  biopsy   showing infl ammation, 
perifascicular atrophy, or degeneration/regeneration was performed to confi rm diag-
nosis. More recently, MRI with STIR (short tau inversion recovery) sequence is 
commonly performed to confi rm muscle infl ammation as it is readily available, 
gives faster results, and is less invasive [ 11 ]. 

 In general,  children   with JDM are treated more aggressively than adults. In addi-
tion to IV and/or PO corticosteroids, methotrexate and IVIG are commonly started 
in new patients with JDM. For severe or refractory cases,  cyclophosphamide   or 
rituximab (an anti-CD20 monoclonal antibody) are sometimes used. Topical corti-
costeroids and calcineurin inhibitors may be used as adjunctive treatment for recal-
citrant skin disease. Ultraviolet light exposure can exacerbate skin involvement; 
therefore patients with JDM should be counseled regarding photoprotection.         
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    Chapter 8   
 Inpatient Neonatal Dermatology                     

       Kimberly     Jablon       and     Erin     Mathes     

    Abstract     This chapter discusses fi ve cutaneous conditions seen in the newborn 
period that have implications for the health of the newborn: subcutaneous fat necro-
sis of the newborn, aplasia cutis, congenital melanocytic nevus, neonatal lupus, and 
incontinentia pigmenti. Neonatal subcutaneous fat necrosis is a disorder that pres-
ents with erythematous nodules in the newborn. It is a self-resolving condition asso-
ciated with neonatal stress or hypothermia, and may be complicated by hypercalcemia. 
Aplasia cutis congenita is a heterogeneous group of disorders with many genetic and 
environmental causes, which all present with absence of the epidermis, and some-
times deeper tissues. Most lesions heal spontaneously with standard wound care, 
although larger lesions may need to be treated surgically. Neonatal lupus is a tran-
sient, passively acquired immune disorder due to maternal antibodies that can affect 
the skin, heart, and blood. The most serious risk is congenital heart block, which can 
be permanent and must be screened for carefully. Giant congenital melanocytic nevi 
are benign proliferations of melanocytes that may be associated with neurocutane-
ous melanocytosis and malignant melanoma. Proper surveillance for complications 
and avoidance of unnecessary prophylactic treatment is crucial. Incontinentia pig-
menti is a rare dominant X-linked genetic disorder that presents with four distinct 
stages of skin lesions following the lines of Blaschko. Other systems that may be 
affected include the central nervous, dental, and ophthalmologic systems.  

  Keywords     Neonatal subcutaneous fat necrosis   •   Neonatal lupus   •   Anti-Ro/La anti-
bodies   •   Lines of Blaschko   •   Incontinentia pigmenti   •   Melanocytic nevus   •   Cutis 
aplasia   •   Hypercalcemia   •   Neurocutaneous melanosis   •   Congenital heart block  
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      Case 8.1 

    History 

 A 1-week-old term baby girl born to a 35-year-old G1P1 mom presents with ery-
thematous nodules over her trunk, arms, buttocks, and thighs, which developed 
within the fi rst week of life. She was born via forceps-assisted vaginal delivery for 
 non-reassuring fetal heart   tracing after 14 h of labor. Apgar scores were 1 and 7 at 1 
and 5 min of life, respectively. She was fl oppy and cyanotic at birth. She recovered 
and cried spontaneously after 30 s of positive pressure ventilation. Her mother has 
a history of  gestational diabetes and deep vein thrombosis   5 years ago, which was 
treated with enoxaparin during pregnancy. The nodules seem painful at times. 
Parents have given her Tylenol with unclear relief. She also has been sleepier in the 
past few days with some hard stools.  

     Physical Exam   (Fig.  8.1 ) 

    Exam reveals an afebrile, well-nourished sleepy infant with multiple erythematous 
nodules on her extensor arms, back, buttocks, and thighs. Some of the nodules are 
fl uctuant centrally.  

     Laboratory Parameters   

•     Platelet count: 145 × 10 3  μL −1  (150–450 × 10 3  μL −1 )  
•   White blood cell count: 12,000 × 10 3  cells/μL (5240–9740 cells/μL)  
•   Eosinophils: 5 %  
•   Calcium: 12 mg/dL (8.5–10.2 mg/dL)  
•    Creatinine   0.79 mg/dL (0–0.7 mg/dL)     

    Questions 

     1.    What are the  risk factors   and  epidemiology   of this condition?   
   2.    What  monitoring   and  treatment   would you consider?      
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    Answer 

 Subcutaneous fat necrosis of the newborn (SCFN) is a rare disorder that pres-
ents with  focal or diffuse nodules   within the first few weeks of life. The nod-
ules usually completely resolve on their own over a few months with no residual 
skin changes, although there may be subcutaneous atrophy. While the progno-
sis is good, the range in severity can be quite broad, and complications like 
 hypercalcemia  , thrombocytopenia, and dyslipidemia can be seen. Rarely, 
 hypercalcemia   may be serious and can cause cardiac arrhythmia, coma, and 
even death. The most common areas involved are the trunk, arms, head and 
cervical areas, and legs. 

 The  pathophysiology   of subcutaneous fat necrosis is not entirely clear. The 
pathogenesis likely involves hypoxemia, cutaneous trauma, or stress, as sug-
gested by the risk factors present in many cases. Newborns often have general 
poor condition around the time of birth including higher rates of infection. 
Specifi c  risk factors   around delivery include the use of forceps, hypoxic isch-
emic events, or hypothermia [ 1 ]. Patients who are treated with therapeutic cool-
ing for hypoxic ischemic encephalopathy are particularly at risk [ 2 ]. Maternal 
 risk factors   include gestational diabetes mellitus and high blood pressure. Some 
patients also have risk factors for increased thrombosis such as family history of 
unexplained deep vein thrombosis, anti-phospholipid syndrome, or dyslipid-
emia which may point to another element of pathogenesis that has not been as 
well described [ 1 ]. There is no effect of gender or race, and patients are usually 
born at term. 

 The  diagnosis   is usually clear given the specifi c age of presentation and exam 
fi ndings, but the differential may include cellulitis and soft tissue infection if local-
ized. SCFN can be diagnosed clinically, although if the diagnosis is unclear, skin 
biopsy can be performed and reveals granulomatous necrosis in the subcutis with 
crystal like structures in the adipocytes.  

  Fig. 8.1       Subcutaneous fat 
necrosis of the newborn       

 

8 Inpatient Neonatal Dermatology



134

     Monitoring      and Treatment 

 Serum calcium levels should be monitored in newborns with subcutaneous fat 
necrosis based on the severity of presentation, as there are no formal recommenda-
tions.  Hypercalcemia   has been detected a few months after diagnosis, which sup-
ports longer term monitoring. Newborns with singular lesions may be monitored 
clinically by their pediatricians, whereas newborns with severe presentations should 
have serum calcium checked up to every 2–4 weeks until age 4–6 months. The exact 
cause of  hypercalcemia   is unknown, but may be due to increased intestinal absorp-
tion due to macrophage release of 1,25-dihydroxyvitamin D3, or osteoclast activa-
tion from increased prostaglandin activity [ 3 ]. Other reported lab derangements 
include hypoglycemia, thrombocytopenia, hypertriglyceridemia, and eosinophilia 
[ 3 ,  4 ]. Mild  hypercalcemia   may be managed with a low calcium and vitamin D diet, 
such as withholding vitamin D supplementation for newborns with active disease. 
For severe cases, IV hydration and systemic treatment may be necessary. Furosemide, 
prednisone, and pamidronate are the most commonly used medications for treat-
ment. Calcium deposits in kidneys, vessels, and other organs have been reported; 
however, there do not seem to be clinical complications from these deposits [ 1 ,  4 ]. 

       In addition to the laboratory studies above, for this patient we would consider 
admission for hydration and monitoring. Given the elevated calcium, ionized cal-
cium should be checked now and with future lab draws. Calcium should be checked 
weekly at fi rst and then monthly until 4–6 months of age once it normalizes.   

    Case 8.2. Aplasia Cutis Congenita 

     History   

 A newborn male infant born to a 28-year-old G1P1 mom presents with a large stel-
late ulceration on his scalp. He is otherwise healthy with Apgar scores of 9 and 9 at 
1 and 5 min of life. The infant’s mother did not take any medications during preg-
nancy. There was no family history of skin disorders or genetic abnormalities.     

     Physical Exam   (Fig.  8.2 ) 

    Exam reveals a non-dysmorphic infant in no acute distress with normal vital signs 
and growth parameters. On the midline scalp there is a 5 cm long and 1.5 cm wide 
ulceration with hemorrhagic crust. To the right of the central ulceration there is 
another 1.5 by 1.5 cm ulceration with hemorrhagic crust. Anterior and to the left 
there are erythematous, alopecic, and atrophic patches. There is relative alopecia 
extending from the frontal scalp to the vertex. There is no skin fragility on the body 
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and no other birthmarks are present. Teeth and nails are normal. The neurological 
exam is normal.  

    Imaging 

•     X-ray of the  skull  : non-ossifi cation of the portion correlating to the skin lesion.  
•    MRI   of the brain showed normal anatomy and development, without sagittal 

sinus thrombosis.     

    Questions 

     1.    What other  abnormalities   can be associated with aplasia cutis congenita?   
   2.    What  diagnostic   investigations should be performed?   
   3.    What are the  management   options?      

    Answer 

 Aplasia cutis congenita (ACC) is a rare  heterogeneous condition   of localized or 
widespread absence of skin at birth. The size of ACC lesions can vary widely from 
small superfi cial lesions, to large defects on the scalp or body. Children can be born 
with atrophic scars if lesions form early in gestation and heal in utero. The cause of 
 disruption in skin development   varies and may include genetic abnormalities, 
embryologic factors, teratogens, vascular disruption, or trauma [ 5 – 7 ]. 

  Fig. 8.2       Aplasia cutis 
(photograph courtesy of 
Marcia Hogeling, M.D.)       
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 ACC can occur in isolation or as part of other  malformations and genetic 
syndromes  . The most common form is isolated membranous aplasia cutis, usu-
ally found on the scalp and thought to be caused by incomplete closure of 
embryonic fusion lines [ 7 ]. It is most commonly sporadic, but can be inherited, 
usually in an autosomal dominant pattern [ 6 ]. Scalp ACC may also be found in 
association with  limb abnormalities     , such as limb reduction, skin tags, cutis 
marmorata, or nail dystrophy. Others have described  scalp lesions   together 
with epidermal and organoid nevi, which are usually caused by sporadic muta-
tions, and may be associated with neurologic or ophthalmologic findings. ACC 
of the extremities (also called  congenital localized absence of skin  ) has been 
reported in isolation and in association with epidermolysis bullosa ( EB)     . In the 
setting of EB, ACC is associated with blistering and skin fragility [ 6 ]. 
 Teratogens      such as varicella, herpes simplex, methimazole, and alcohol can 
lead to ACC [ 6 ,  8 ]. Finally, ACC has been reported in many other genetic syn-
dromes, including trisomy 13, several forms of ectodermal dysplasia, and 4p 
deletion syndrome [ 6 ].  

     Monitoring      and Treatment 

 The diverse group of conditions associated with ACC emphasizes the importance 
of a full medical evaluation, focusing on areas such as the central nervous sys-
tem, other ectodermal structures, and extremities, to ensure no other abnormali-
ties are present [ 6 ,  8 ]. Isolated membranous aplasia cutis on the scalp usually 
requires no further investigation. However, some lesions may be associated with 
underlying CNS defects or sinus connections. Although imaging guidelines for 
ACC are controversial, most dermatologists agree an MRI of the brain should be 
obtained for larger lesions with underlying bony defects, lesions with palpable 
nodules, midline lesions between the vertex and occiput, and lesions associated 
with hypertrichosis, vascular lesions, or dimples [ 7 ]. Referral to a pediatric der-
matologist is recommended in all cases of ACC to determine what additional 
workup is warranted. 

       Management depends on the extent of the lesion and associated complications. 
In the majority of cases with ulceration, simple wound care with daily cleansing 
and application of a petroleum-based ointment is appropriate [ 6 ,  9 ]. Even small 
defects of underlying bone usually ossify without treatment. When lesions are 
greater than 3–4 cm, especially if there is an underlying bony defect, grafting is 
often recommended, as larger lesions are more often associated with hemorrhage, 
venous thrombosis, and meningitis if located on the scalp. Death in cases of ACC 
can rarely occur from sagittal sinus hemorrhage, usually caused by the dura tear-
ing from the tension of an eschar. As mentioned above, imaging of large lesions 
should occur before surgical intervention, as lesions associated with intracranial 
vascular abnormalities or those that affect dura or galea confer higher risk of sur-
gical complications [ 7 ,  9 ]. 
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 For this patient, in addition to the skull X-ray and brain MRI, we would recom-
mend a careful physical examination and medical history, and consider neurology and 
genetics consults to look for any subtle dysmorphic features. Wound care should be 
petrolatum to open areas, covered with Vaseline gauze, and a non-adherent dressing. 
The dressings can be held in place with Flexinet, or a hat. Monitoring for adequate 
healing and wound infection should occur frequently. This ulceration will take at least 
several weeks to heal.         

       Case 8.3. Giant Congenital Melanocytic Nevus 

    History 

 A newborn male presents with a large dark brown lesion extending over most of his 
back, buttocks, and thighs with the greatest diameter measuring greater than 20 cm. He 
was born at term without complications to a 28-year-old G1P1 mother with an unevent-
ful prenatal course. There is no family  history   of congenital nevi or melanoma.  

     Physical Exam   (Fig.  8.3 ) 

    Physical exam reveals a well-appearing infant in no distress with a large heteroge-
neous brown plaque covering most of the back, buttocks, and upper thighs. There 
are multiple dark brown and brown-pink plaques within, and mild hypertrichosis of 
the superior portion. There are approximately 20 0.5–2 cm uniformly pigmented 
light brown papules and plaques that are scattered on the arms, legs, trunk, and face, 
discontiguous with the main nevus. There is a small ulceration in the gluteal cleft.     

     Imaging   

 MRI of the brain and spine reveals no evidence of neurocutaneous melanosis ( NCM  )   , 
or hydrocephalus. There is no evidence of tethered cord or spinal dysraphism.  

    Questions 

     1.    What are the risks  associated   with congenital melanocytic nevi?   
   2.    What  diagnostic investigations   should be performed?   
   3.    What are the  treatment   options?      
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    Answer 

    Congenital melanocytic nevi (CMN) are abnormal collections of melanocytes in 
 ectopic locations   that are present at birth, or develop in the fi rst few weeks of life. 
While a new  classifi cation system   has been proposed, most commonly CMN are 
classifi ed as small if less than 1.5 cm, medium if between 1.5 and 19.9 cm, or giant 
if measuring greater than 20 cm by adulthood [ 10 ]. CMN tend to grow proportion-
ately to the growth of the child, and a nomogram can be used to predict adult size 
[ 10 ]. CMN are common, occurring in about 1 % of all newborns, with higher rates 
in girls than boys [ 11 ]. Fortunately, giant CMN are rare, occurring in approximately 
1 in 20,000 newborns [ 11 ,  12 ]. They present as hyperpigmented macules, patches, 
and plaques, most commonly on the trunk, followed by the extremities, head, and 
neck. They can have varying degrees of color variation, hypertrichosis, nodularity, 
or ulceration. In large CMN,  satellite lesions   (smaller nevi that are discontiguous 
with the main nevus) can be present and can increase in number throughout life. The 
 differential diagnosis   includes other nevi such as epidermal nevus, nevus sebaceous, 
plexiform neurofi bromas, café au lait macules, and dermal melanocytosis. 

 The major  medical risks   of CMN include the development of  NCM  , and malig-
nant melanoma.  NCM   is a rare syndrome in which patients have melanocyte deposi-
tion in the central nervous system in association with either a giant CMN, or three 
or more smaller CMN. Risk factors include multiple satellite lesions (especially 

  Fig. 8.3       Large congenital 
melanocytic nevus 
(photograph courtesy of 
Marcia Hogeling, M.D.)       
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greater than 20), and perhaps location on the posterior axis [ 13 ,  14 ]. Patients may be 
asymptomatic, or present with seizures, hydrocephalus, or developmental delay [ 12 , 
 15 ]. The majority of patients present under 2 years of age, and almost all before age 
5 [ 10 ]. Prognosis varies, although death from neurologic complications is not 
uncommon, ranging from 8 to 21 % [ 10 ].  All   patients with neurologic fi ndings, as 
well as patients with a large CMN with >20 satellite lesions, or three or more inter-
mediate CMNs should have a screening MRI of the brain and spine before 6 months 
of age, as there may be neurosurgical interventions that could alleviate symptoms 
[ 16 ].    Approximately 1/3 of patients with melanosis on imaging are asymptomatic 
[ 10 ]. These patients should be followed by a pediatric neurologist and with repeat 
imaging as clinically indicated [ 12 ,  16 ]. 

 The rate at which CMN can give rise to  malignant melanoma   varies in the litera-
ture, due to differences in follow-up times, inclusion of benign proliferative nodules, 
and distinctions between extra-cutaneous and cutaneous melanoma [ 10 ]. It is esti-
mated that the overall risk of cutaneous melanoma is about 0.7 % for all CMN [ 13 ], 
although the risk of malignancy correlates with greater size of the lesion. The life-
time risk of  malignancy   is reported as less than 1 % in small and medium sized CMN 
[ 14 ], while reports for giant CMN range from 2.5 to 6.3 % [ 13 ,  17 ]. A signifi cant 
number of cutaneous melanomas in larger CMN are diagnosed under age 5 [ 14 ,  15 , 
 18 ]. It is not known whether truncal location is a risk factor independent of CMN 
size. While satellite nevi are associated with  NCM  , they have not shown to increase 
risk for cutaneous melanoma.  Malignant melanoma   can present in the CMN itself, or 
the fi rst symptoms may be of non-cutaneous melanoma in the CNS, or gut mucosa. 

  Management   depends on the size of the lesion, location, and experience of the 
surgeon.  Treatment   goals include decreasing risk of malignant melanoma, and 
improving aesthetics and psychosocial well-being. It is acceptable to monitor CMN 
without intervention in all cases, and especially if excision would cause loss of 
function and in cases of symptomatic  NCM   or CNS melanoma. The most accepted 
treatments are surgical modalities, which include serial excision, tissue expansion, 
and skin grafting. Serial excision has the best risk profi le, but is limited to lesions 
that can be excised in 2–3 stages. Expansion and grafting can provide excellent 
outcomes, but with higher risk of surgical complications like infection or ischemia 
[ 12 ]. Nonsurgical treatments such as dermabrasion, laser, or chemical peels may 
decrease the nevus cell burden, but they do not result in complete cell removal, and 
can create challenges in monitoring for malignant changes posttreatment [ 11 ]. It is 
unclear whether surgical treatment of CMN decreases the risk of melanoma, but it 
is important to remember that complete removal of all of the melanocytes in a giant 
CMN is virtually impossible, and melanomas can present deep to the excised areas.    

 For this patient, in addition to the  baseline MRI   of the brain and spine, we would 
recommend periodic examination by a pediatric dermatologist. If the parents are 
interested in serial excision of the more visible parts of the nevus, they should be 
referred to an experienced plastic surgeon. If fi rm areas, nodules, or other concern-
ing features develop in the lesion, they should be biopsied for histologic evaluation. 
Referral to patient support groups such as Nevus Outreach can be very helpful for 
family and child adjustment.   
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    Case 8.4. Neonatal Lupus 

    History 

 A term newborn male infant born to a 36-year-old G1P1 mom is noted to have cuta-
neous lesions on her face and scalp in the newborn nursery. He is otherwise healthy 
and the delivery was uncomplicated. His mother had no prenatal complications and 
has no medical problems, aside from complaints of dry mouth. There is a  family 
history   of rheumatoid arthritis in the maternal grandmother, and no other autoim-
mune disorders. His mother was not taking any medications.  

     Physical Exam   (Fig.  8.4 ) 

    The infant is well appearing with erythematous to violaceous plaques, some with 
central hypopigmentation and peripheral hyperpigmentation on the face, accentu-
ated around the eyes. Cardiac and abdominal exam are normal.  

     Laboratory Parameters   

•     Platelet count: 70,000 × 10 3  μL −1  (150,000–450,000 × 10 3  μL −1 )  
•   Hemoglobin: 15 g/dL (13.5–17.5 g/dL)  
•   EKG: normal sinus rhythm  

  Fig. 8.4       Neonatal lupus       
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•   Anti Ro antibody IgG positive  
•   Mother  Anti-Ro Ab   IgG positive  
•   AST 223 IU/L (10–40 IU/L), ALT 279 IU/L (7–56 IU/L), total bilirubin 4.7 mg/

dL (0.3–1.2 mg/dL), GGT 278 IU/L (0–30 IU/L),    Alk Phos 286 IU/L 
(35–125 IU/L)     

    Questions 

     1.    What is the  range   of cutaneous fi ndings in this condition?   
   2.    What are the non-cutaneous fi ndings of this disease and what screenings should 

be offered?   
   3.    What are the  treatments   for this condition?      

    Answer 

    Neonatal lupus erythematosus (NLE) is a passively acquired autoimmune disease 
associated with  maternal autoantibodies   that are transmitted across the placenta, 
most commonly Anti Ro/SSA or Anti L/SSB. The major manifestations include 
 cutaneous lesions   and congenital heart block ( CHB  )         . Most cases with  cutaneous 
manifestations   present 2–4 weeks after birth, although some newborns may be 
born with cutaneous lesions. The cutaneous manifestations and other systemic 
fi ndings usually resolve in 6 months when maternal antibodies are no longer pres-
ent in infants, although the cardiac manifestations may last for years [ 19 – 21 ]. The 
incidence of cutaneous symptoms in newborns born to mothers with known SSA 
or SSB  antibody      is reported up to 20 %, with rates of complete  CHB   1–2 % [ 22 , 
 23 ]. More than half of mothers of children with NLE are reported to be asymptom-
atic prior to pregnancy; therefore, the suspicion for NLE should remain in patients 
with characteristic lesions, even if there is no maternal history of autoimmune 
disorders [ 20 ]. 

  Cutaneous lesions   are found in 50–70 % of all newborns with NLE and usually 
present as annular erythematous plaques or patches with fi ne scale, or rarely thick 
crusts. Unlike discoid lupus, there is usually no residual atrophy or scarring once 
healed. Another common manifestation is the distinctive periorbital “owl eye” or 
“eye mask” facial  rash  , which if present can point the examiner towards NLE. Most 
newborns exhibit annular erythematous lesions in sun-exposed areas such as the 
face and scalp, followed by arms and legs, and lastly trunk and groin. Other less 
common cutaneous fi ndings include petechiae, persistent cutis marmorata, discoid 
lesions, or congenital atrophic scarring. The  diagnosis   of neonatal lupus is often 
under-recognized, and lesions are misdiagnosed as tinea corporis or eczema. The 
natural course is complete resolution over 6–7 months with no residual skin changes, 
mild telangiectasia, or dyspigmentation [ 21 ]. 
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 NLE cases involving the heart are often the most severe, with mortality for  CHB   
reported up to 16 % [ 19 ]. Dilated  cardiomyopathy   is another reported cardiac fi nd-
ing associated with NLE, as are various anatomic lesions which may be unrelated to 
 CHB   [ 19 ]. Neonates with  CHB   may require long-term pacing with a pacemaker in 
up to two-thirds of cases [ 19 ,  20 ]. Early screening and detection in gestation can be 
helpful in preventing complications, especially if the mom has known antibodies or 
previous children with NLE. While there are no formal guidelines, these mothers 
are often monitored frequently with fetal echocardiography after the fi rst trimester. 
However, there are still cases of fetal mortality from hydrops. Although the skin and 
heart are the main organs affected in NLE, extracutaneous manifestations also 
include hematologic or hepatobiliary fi ndings.  Hematologic   fi ndings include throm-
bocytopenia and anemia, while liver disease manifests most commonly as transami-
nitis or hepatic cholestasis [ 20 ,  21 ]. Like the cutaneous lesions, hematologic and 
hepatic fi ndings self-resolve at approximately 6 months of age [ 20 ,  21 ]. Rarely, 
 kidney and central nervous system   involvement have been reported, although new-
borns are not routinely screened for these manifestations [ 20 ]. 

  Low-to-mid potency topical steroids   and  sun protection   are the mainstays of 
treatment for cutaneous lesions [ 23 ].  Intravenous steroids   or  IVIG   can be used for 
more severe hepatobiliary or hematologic fi ndings. Pacemakers may be implanted 
for children who do not recover from  CHB  . In the long term, both mothers and 
patients should be monitored for the development of autoimmune disease [ 20 ,  21 ]. 

 For this patient with cutaneous fi ndings suggesting neonatal lupus, and no preex-
isting diagnosis of  CHB  , we would recommend an electrocardiogram, liver function 
tests, a CBC, serum creatinine, and urinalysis. In addition, both baby and mother 
should be screened for antinuclear, anti-double stranded DNA, anti-SSA/Ro, anti- 
SSB/La, and anti-U1-RNP antibodies. This child’s thrombocytopenia and hepatitis 
should be closely followed and treated if necessary, usually with systemic cortico-
steroids. Low potency topical steroids and sun protection should be used to treat and 
prevent the cutaneous lesions.  Pediatric rheumatology and dermatology   should be 
involved in the care of a patient with NLE and systemic fi ndings.   

    Case 8.5. Incontinentia Pigmenti 

    History 

 A 4-day-old female infant born at term presents with linear vesicles and bullae 
developing on her extremities. She was born to a 28-year-old G3P1 with  history   of 
two spontaneous abortions and oligohydramnios in pregnancy. She is otherwise 
healthy with no fevers or other vital sign abnormalities, and adequate weight gain. 
She is being treated with IV acyclovir for presumed HSV, but the lesions are not 
improving.  
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     Physical Exam   (Fig.  8.5 ) 

    Well-appearing infant in no acute distress with hyperpigmented, erythematous and 
crusted plaques, papules and vesicles in a blashkolinear array on her right posterior 
leg, thigh, buttock, and vulva. She also has two 1 cm crusted plaques on her vertex 
and occipital scalp. Neurologic exam is normal.  

     Laboratory Parameters   

•     Eosinophils 4.61 × 10 9  L −1  (0–1.0 × 10 9  L −1 )  
•   WBC 15 × 10 9  L −1  ( 6–14 × 10 9  L −1 )  
•   Skin HSV PCR negative  
•   Bacterial culture  of   skin and blood—no growth     

  Fig. 8.5       Incontinentia 
pigmenti       
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     Histopathology   

 Intraepidermal spongiosis with eosinophilic and neutrophilic infi ltration. Keratinocytes 
are large and dyskeratotic.  

    Questions 

     1.    What are the  stages   of cutaneous changes in incontinentia pigmenti?   
   2.    What additional workup should be performed?      

    Answers 

 Incontinentia pigmenti (IP) is a rare  X-linked dominant disorder   that universally 
affects the skin and can also affect other ectodermal tissues such as teeth, eyes, 
central nervous system, and skeletal system. It is usually lethal to males; therefore 
the vast majority of babies with IP are females. The  skin manifestations   are charac-
terized by mosaicism, an expression of two or more different cell lines [ 24 ]. 
Expression of IP is variable, as the majority of women have non-random X chromo-
some inactivation, with the mutation selected against around the time of birth [ 24 ]. 
The mutation that causes IP is in the gene IKBKG or  NEMO  , which codes for the 
transcription factor NF-kappa B essential modulator, a protein involved in the 
immune system, infl ammation, and apoptosis [ 24 ,  25 ]. 

 The  skin lesions   in IP are in a linear pattern and evolve through four stages, some 
of which may overlap or not develop at all. They begin as vesicles or bullae on an 
erythematous base in the neonate, following the  lines of Blaschko  . The lesions 
evolve into hyperkeratotic verrucous plaques at a few months of life. This is fol-
lowed by  hyperpigmentation      which may or may not correspond to areas of prior 
lesions, and lasts until about 16 months [ 24 ]. Finally, hypopigmentation or depig-
mented  lesions   are seen in adulthood, along with atrophy and absence of hair and 
sweat glands [ 25 ], most commonly on the lower extremities [ 24 ]. The initial lesions 
have  eosinophils  , which are thought to be an infl ammatory response to the cells with 
a defective X chromosome [ 24 ], and may be associated with peripheral eosinophilia 
or leukocytosis [ 25 ]. Nails can be affected with fi ndings varying from fragile nails, 
to yellowish pigmentation, hyperkeratosis, and onycholysis [ 24 ]. The cutaneous 
lesions of IP should be treated with simple wound care while in the vesicular and 
crusted stage. 

 If IP is suspected in the newborn, an urgent ophthalmologic exam and neurologic 
workup are warranted. A  dental exam   should be performed once teeth start to erupt. 
Dental anomalies associated with IP include hypodontia, delayed eruption of teeth, 
conical teeth, or partial anodontia (lack of teeth) [ 24 ].  Ophthalmic anomalies   such 
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as retinal vasculopathy, strabismus, or cataracts are the most common extracutane-
ous fi ndings, occurring in 35–77 % of patients [ 25 ].  Retinal vasculopathy   can lead 
to detachment, bleeding fi brosis, and rarely blindness [ 25 ], thus urgent consultation 
is necessary. Central nervous  system   fi ndings occur in 10–30 %, and may include 
seizures, mental retardation, ataxia, spastic abnormalities, cerebral atrophy, hypo-
plasia of the corpus callosum, encephalitis, ischemic strokes, and hydrocephalus 
[ 24 ]. Other disorders with similar lesions in newborns should be eliminated as part 
of the workup, including neonatal herpes, congenital neonatal bullous disorders, or 
impetigo [ 26 ]. Later lesions of IP can be confused with epidermal nevi, pigmentary 
mosaicism, and other blashkolinear birthmarks. Skin biopsy can usually distinguish 
amongst these conditions. 

  Genetic testing   for mutations in IKBKG is commercially available and can be 
used to confi rm the diagnosis and assess carrier state of unaffected females. 
Approximately 80 % of patients with IP will have a mutation in IKBKG [ 27 ]. 

 In addition to a  skin biopsy   to confi rm the diagnosis, this infant should be referred 
for an urgent ophthalmologic exam and to see genetics and neurology. Genetic test-
ing can be pursued especially for counseling for future family planning. Crusted 
areas can be covered with petrolatum to speed healing.      
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    Chapter 9   
 Neoplastic and Infi ltrative Diseases                     

       Ellen     S.     Haddock       and     Wynnis     L.     Tom     

    Abstract     Several pediatric neoplasms present as nonspecifi c pink, red-blue, or 
purple-colored nodules on the skin. A benign process versus one of malignant 
potential can be diffi cult to determine clinically, making index of suspicion and 
histologic examination important. This chapter highlights four neoplastic condi-
tions that may present in early childhood and uses a case-based approach to discuss 
the appropriate workup.  

  Keywords     Neoplastic   •   Cancer   •   Leukemia cutis   •   Acute lymphoid leukemia   • 
  Acute myeloid leukemia   •   Blueberry muffi n phenotype   •   Neuroblastoma   • 
  Fibrosarcoma   •   Infantile myofi broma   •   Myofi bromatosis  

  Abbreviations 

   ALL    Acute lymphoid leukemia   
  AML    Acute myeloid leukemia   
  BCL    B cell lymphoma   
  CBC    Complete blood count   
  CT    Computed tomography   
  FISH    Fluorescence in situ hybridization   
  GLUT1    Glucose transporter 1   
  HVA    Homovanillic acid   
  LDH    Lactate dehydrogenase   
  MIBG    Metaiodobenzylguanidine   
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  MLL    Mixed lineage leukemia   
  MRI    Magnetic resonance imaging   
  NB84    Neuroblastoma 84   
  NFP    Neurofi lament protein   
  NSE    Neuron-specifi c enolase   
  NTRK3    Neurotrophic tyrosine kinase receptor type 3   
  Pax-5    Paired box 5   
  PCR    Polymerase chain reaction   
  PELVIS    Perineal hemangioma, external genitalia malformations, lipomyelo-

meningocele, vesicorenal abnormalities, imperforate anus, skin tag   
  PGP9.5    Protein gene product 9.5   
  PHOX2B    Paired-like homeobox 2b   
  SMA    Smooth muscle actin   
  TdT    Terminal deoxynucleotidyl transferase   
  TORCH    Toxoplasmosis, other, rubella, cytomegalovirus, herpes   
  TSEB    Total skin electron beam   
  VMA    Vanillylmandelic acid   

        Case 9.1  

    History 

 A baby girl is born at 38 weeks by C-section due to intolerance of labor after an 
uneventful pregnancy.  Her   APGAR (Appearance, Pulse, Grimace, Activity, 
Respiration)    scores at 1 and 5 min were 1 and 3, respectively. She is observed to 
have scattered purplish lesions diffusely on the  skin      (Figs.  9.1  and  9.2 ).

         Physical Exam   

 On physical exam, she has 20 erythematous to violaceous macules, plaques, and 
fi rm nodules over her face, neck, and trunk. The lesions are unchanged with rub-
bing; they do not blanch or become more swollen (negative Darier’s sign).  

    Questions 

     1.    What is your  differential diagnosis  ?   
   2.    What are the next steps?      
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  Fig. 9.1     Multiple 
violaceous nodules   on the 
face of a newborn girl. 
With permission © 2015 
[Alvin Coda, M.D.]       

  Fig. 9.2    Similar lesions scattered on the  trunk  . With permission © 2015 [Sheila Friedlander, 
M.D.]       
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    Answers 

 This newborn baby with scattered erythematous to violaceous skin lesions has a 
“blueberry muffi n”    phenotype. This may be caused by dermal erythropoiesis due to 
congenital infections, including toxoplasmosis, syphilis, rubella, and cytomegalovi-
rus ( TORCH infections)  ; hemolytic disease of the newborn and hereditary sphero-
cytosis; and  twin–twin perfusion syndrome  . The phenotype can also be due to 
 neoplastic infi ltrative processes   such as rhabdomyosarcoma, metastatic neuroblas-
toma, leukemia cutis, and malignant histiocytosis [ 1 ,  2 ]. Leukemoid proliferations 
such as the transient myeloproliferative disorder associated with trisomy 21 or 
exogenous stressors are additional causes [ 3 ,  4 ]. 

 An infant with  blueberry muffi n phenotype   must be worked up for these multiple 
potential etiologies. A white blood cell count with differential and peripheral smear 
can help distinguish congenital leukemia cutis from a leukemoid reaction, as an 
orderly left shift with white blood cells in all stages of maturation would be expected 
in a leukemoid reaction, while in leukemia cutis, blast cells and mature forms would 
be expected to dominate with fewer cells in the middle stages of development [ 4 ]. 
Initial workup should also include enzyme-linked immunosorbent assay to test for 
antibodies to congenital infections,  Coomb’s test   for hemolytic disease of the new-
born, urinary and serum catecholamines to rule out neuroblastoma, and skin biopsy. 
Bone marrow biopsy, cytogenetic studies, and imaging to rule out other extramedul-
lary lesions may be considered later [ 4 ,  5 ].  

     Lab Results   

•     White blood count: 7.7 (normal range 9–29 thousand/μL)  
•   Absolute neutrophil count: 3760 (6000–23,500 μL)  
•   Hemoglobin: 12.1 (14–22 g/dL)  
•   Hematocrit: 36.1 (42–64 %)  
•   MCV: 105.4 (102–115 fL)  
•   Platelets: 224 (140–440 TH/μL)  
•   C-reactive protein: <0.5 (0–0.99 mg/dL)  
•   Total bilirubin: 5.9 (1.1–11.3 mg/dL)  
•   Lactate dehydrogenase (LDH): 7042 (934–2150 U/L)  
•   Uric acid: 7.7 (1.9–7.9 mg/dL)  
•   Urine homovanillic acid (HVA): 27.6 (9.1–36 mg/g creat)  
•   Urine  vanillylmandelic   acid (VMA): <10.5 (5.5–26 mg/g creat)  
•   Blood: type O positive (same as mother’s)  
•   IgM: <5 (1–57 mg/dL)    

     Peripheral Smear   

 The absolute neutrophil count is decreased at 3760. Red cells are normal in number 
and morphology. The white cell count is mildly decreased and notable for 
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hypersegmentation of eosinophils, relative monocytopenia, and mild absolute neu-
tropenia. No defi nitive blast population is identifi ed. Platelets are normal in number, 
with scattered large platelets seen.  

     Abdominal Ultrasound   

 No intra-abdominal or retroperitoneal mass. Adrenal glands are normal.  

    Punch Biopsy from Left Leg  Lesion   

 There are sheets of atypical cells infi ltrating the dermis and subcutaneous fat. The 
atypical cells have high nuclear-to-cytoplasm ratios, hyperchromatic nuclei, irregu-
lar nuclear borders, and scant to moderate amounts of amphophilic cytoplasm. 
Abundant karyorrhectic debris is seen. The mitotic rate is high. There is no evidence 
of necrosis. The neoplastic cells infi ltrate surrounding  adnexal   structures and sepa-
rate collagen bundles.

•    Synaptophysin: neoplastic cells negative.  
•   CD3: neoplastic cells negative.  
•   CD20: neoplastic cells negative.  
•   CD45: neoplastic cells diffusely positive.  
•   CD79a (integrated): neoplastic cells negative.  
•   CD99: neoplastic cells negative.  
•   Myogenin: neoplastic cells negative.  
•   Ki-67: approximately 90 % nuclear positivity in neoplastic cells.  
•   Myeloperoxidase (integrated): neoplastic cells diffusely and strongly positive.  
•   BCL-2 (integrated): scattered cells positive.  
•   BCL-6 (integrated): neoplastic cells negative.  
•   TdT (integrated): neoplastic cells negative.     

    Flow Cytometry of Skin  Cells   

 No immunophenotypic evidence of acute leukemia, high-grade myelodysplastic syn-
drome, or T-cell neoplasm. Minimal population (<1 %) of abnormal lymphocytes.  

     CSF   

 Rare atypical cells of uncertain signifi cance in a background of peripheral blood. 
No cytoplasmic granules or Auer rods.  
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     Bone Marrow Biopsy   

 Hypercellular marrow at approximately 98 % cellularity. Megakaryocytes are 
increased in number and show a generally unremarkable morphology. Relative 
myeloid hypoplasia, with myeloid lineage cells showing hypogranulation and 
nuclear hypersegmentation. No cytoplasmic granules or Auer rods.

•    Blasts: 5 %  
•   Metamyelocytes/myelocytes: 8 %  
•   Bands: 8 %  
•   Neutrophils: 26 %  
•   Lymphocytes: 21 %  
•   Eosinophils: 6 %  
•   Monocytes: 6.5 %  
•   Erythroid precursors: 19.5 %      

    Case Discussion 

 This infant’s IgM screen was negative, ruling out  TORCH infections  , and since she 
had the same blood type as her mother and a normal bilirubin level, hemolytic dis-
ease of the newborn was unlikely. Normal  VMA and HVA   along with a normal 
abdominal ultrasound made neuroblastoma unlikely, but her high LDH was con-
cerning for  tumor lysis syndrome     . Her skin biopsy showed neoplastic cells and 
immunostaining strongly positive for myeloperoxidase, consistent with cutaneous 
myelogenous leukemia. Although peripheral blood smear and bone marrow biopsy 
did not show a signifi cantly elevated blast population, chromosomal analysis of 
marrow cells later confi rmed that she had a t(11;19) translocation with involvement 
of the Mixed Lineage Leukemia (MLL) gene at 11q23, consistent with acute 
myelogenous leukemia. 

 Leukemia cutis is a cutaneous manifestation of leukemia, with infi ltration of the 
skin and subcutaneous tissue by  malignant myeloid or lymphoid blasts   [ 3 ,  6 ,  7 ]. It 
is more common in males than females (2:1) [ 4 ]. Leukemia is the most common 
malignancy of childhood, and leukemia cutis occurs in 2–30 % of patients with 
 acute myeloid leukemia (AML)   and 1–3 % of patients with  acute lymphocytic leu-
kemia (ALL)   [ 6 ,  8 – 14 ]. While congenital leukemia, defi ned as leukemia presenting 
at birth or within the fi rst month of life, is relatively rare (1–8.6/10 6  live births, less 
than 1 % of all childhood leukemia), leukemia cutis is relatively common within the 
small subset of patients with congenital leukemia (25–64 % of patients) and is the 
fi rst sign in half of cases [ 1 ,  3 ,  15 ]. 

 Leukemia cutis has a wide range of presentations, but the most common include 
fl esh-colored, red-brown, or violaceous papules, nodules, and plaques. Lesions occur 
most often on the legs, but the arms, back, chest, scalp, and face are also common [ 6 ,  16 ]. 
They may also develop at sites of previous  skin trauma   [ 8 ,  17 ]. In congenital leuke-
mia, skin lesions are often accompanied by purpura, petechiae, and ecchymoses, 
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creating the blueberry muffi n appearance that was seen in this case [ 3 ,  8 ]. Patients 
may have hepatosplenomegaly, lethargy, pallor, anemia, failure to thrive, and irrita-
bility due to bone pain [ 1 ,  4 ,  6 ,  15 ]. White blood cell count is usually high. 

 The pathogenesis of leukemia cutis is not well understood. Congenital leukemia 
cutis could be an abnormal continuation of the  dermal erythropoiesis   that normally 
occurs during the fi rst 5 months of gestation [ 1 ,  18 ]. Whether blasts originate in the 
skin or are colonized by leukemic blasts from bone marrow has not been established 
[ 7 ]. Leukemia cutis is usually seen in conjunction with systemic leukemia, but in 
<10 % of cases it may be an isolated fi nding without any detectable bone marrow or 
peripheral blood involvement, referred to as aleukemic leukemia cutis. It is possible 
that aleukemic leukemia cutis refl ects metastasis of undetectable bone marrow dis-
ease [ 3 ]. 

  Biopsy   of leukemia cutis typically reveals a dense diffuse or nodular infi ltrate of 
the dermis and subcutis with perivascular or periadnexal involvement [ 6 ,  17 ]. The 
epidermis is usually unaffected, with a Grenz zone between the epidermis and the 
leukemic infi ltrate [ 4 ]. The leukemic blasts are typically medium to large in size 
with a high nuclear-to-cytoplasmic ratio, smooth chromatin, prominent nucleoli, 
and increased mitotic activity [ 1 ,  19 ]. Leukemia cutis may look histologically simi-
lar to lymphomas, blastic plasmacytoid dendritic cell neoplasms, mast cell sarco-
mas, and plasma cell neoplasms. Immunohistochemistry or  cytogenetics   are 
typically required for defi nitive diagnosis [ 3 ,  20 ]. 

 There is no consensus about which  immunohistochemical stains   are most sensi-
tive for identifying myeloid leukemia cutis, and there is signifi cant variability in 
staining results [ 7 ]. Even in the context of systemic leukemia, the diagnosis of leu-
kemia cutis can be challenging because there can be discordance between the 
immunophenotype of leukemic skin cells and bone marrow cells within the same 
individual [ 7 ,  19 ]. Most leukemia cutis stains positive for CD45; however, in young 
children, leukemia cutis may instead stain positive for CD43 [ 21 ]. Expression of 
myeloperoxidase, CD117, and cathepsin-B support a diagnosis of myeloid leuke-
mia cutis, while expression of CD3, CD10, CD20, CD99, paired box 5 (Pax-5), 
terminal deoxynucleotidyl transferase (TdT), and CD179 support a diagnosis of 
lymphoblastic leukemia cutis [ 21 ]. 

  Cytogenetic analysis   can be especially helpful when skin markers differ from 
bone marrow markers and is helpful in prognostication [ 22 ]. Chromosomal abnor-
malities are particularly common in congenital leukemia, with the most common 
being rearrangement of the MLL gene at 11q23, as seen in this case [ 1 ,  5 ]. In a 
Dutch series, this translocation was identifi ed in 30.6 % of congenital leukemia 
cases in which cytogenetics was performed [ 15 ]. 

 In general, the prognosis for leukemia cutis is poor. Congenital leukemia cutis 
carries the same  prognosis   as congenital leukemia overall [ 4 ], with survival at 24 
months being only 23 % in one study of 109 patients [ 15 ]. Survival is higher in 
AML than ALL (24 % versus 14 %) [ 15 ]. Rarely, temporary or permanent spontane-
ous  remission   may occur in congenital leukemia [ 18 ,  23 ]. However, the majority of 
aleukemic leukemia cutis cases progress to systemic involvement within the next 4 
months, and there are no reported cases of spontaneous remission when the 11q23 
translocation is present, conferring poor prognosis [ 1 ,  3 ]. 
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 The baby described in this case presented with blueberry muffi n phenotype and 
skin biopsy consistent with congenital leukemia cutis but no clear bone marrow evi-
dence of disease. By 6 days after birth, her LDH had normalized and her blueberry 
muffi n phenotype was resolving, so she was discharged from the hospital. In light 
of the cutaneous improvement, lack of bone marrow evidence for leukemia, and 
possibility of spontaneous resolution of leukemia cutis in some instances, she was 
followed closely without treatment. The skin lesions resolved completely by the age 
of 3 weeks, and her  complete blood count (CBC)   normalized aside from mild, per-
sistent anemia. 

 However, results from chromosomal analysis of bone marrow cells returned, 
showing translocation (11;19) in 22 % of metaphases.  Fluorescence in situ hybrid-
ization (FISH)   showed involvement of the  mixed lineage leukemia (MLL)   onco-
gene at 11q23. At 4 months of age, the patient developed new reddish papules along 
her hairline, followed by progressive development of bluish papules on her scalp, 
chest, abdomen, and groin, as well as having gum bleeding. She was found to have 
leukocytosis (30.1 thousand/μL) with peripheral blasts (45 %), anemia, thrombocy-
topenia, elevated uric acid (9.9), and elevated LDH (8195). She was admitted to the 
hospital, and bone marrow biopsy showed AML with 62.5 % blasts, the 11q23 
translocation, and tetrasomy 8 (known to be associated with leukemia cutis [ 6 ]). She 
was treated for  tumor lysis syndrome   and started on a chemotherapy regimen 
including cytarabine, daunorubicin, and etoposide. After receiving three rounds of 
 chemotherapy  , she had no evidence of residual disease. In light of her high-risk 
cytogenetics, she underwent stem cell transplant at the age of 8 months when 
matched cord blood became available. Her course has been complicated by recur-
rence of disease half a year after the stem cell transplant. She was found to have 
marrow, extramedullary, and CNS involvement, and she has been treated with 
aggressive chemotherapy and a second hematopoietic stem cell transplant, with no 
disease recurrence to date. 

 In general, if leukemia cutis occurs in the context of systemic leukemia, the 
underlying systemic disease should be treated with intensive chemotherapy [ 6 ]. 
 Cytarabine and anthracyclines   are most commonly used in AML [ 24 ]. There is no 
consensus on treatment for aleukemic leukemic cutis. A recent review by Handler 
et al. recommends that unless the MLL 11q23 translocation is identifi ed, systemic 
therapy should be delayed until systemic leukemia is diagnosed [ 1 ]. However, if the 
 MLL   translocation is identifi ed, chemotherapy should be initiated immediately. For 
patients with the MLL gene rearrangement, hematopoietic stem cell transplant may 
be advised in addition to chemotherapy, although this is controversial as it was not 
associated with improved survival in a study of 756 patients [ 24 ,  25 ]. When chemo-
therapy produces bone marrow remission without resolving the skin involvement, 
 total skin electron beam (TSEB)   therapy can be useful to eradicate the skin lesions, 
which could otherwise re-seed the bone marrow and cause relapse of systemic dis-
ease [ 26 ,  27 ]. Patients with leukemia cutis are predisposed to extramedullary 
relapses and should be followed long term with scheduled physical exams and rou-
tine blood draws [ 27 ].   
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    Case 9.2  

    History 

 A 7-month-old female presents with two bumps, on her left plantar foot and right 
labia majora, which have been growing slowly for the past 4 months. They do not 
seem to be painful or otherwise symptomatic. They are never red, nor do they bleed 
or have exudate. She has no other medical problems.  

     Physical Exam   

 She has a 6 mm fi rm, skin-colored nodule on the left plantar foot, which  transillumi-
nates   (Fig.  9.3 ). She also has a similar 8 mm nodule on the  right labia majora   
(Fig.  9.4 ). A hard mass is palpated in the left lower quadrant of the abdominal cavity.

        Questions 

     1.    What is in your  differential diagnosis  ?   
   2.    What are your next steps?      

    Answers 

 The differential diagnosis for one or more fi rm cutaneous  nodules   in an infant 
includes myofi broma, hemangiopericytoma (now considered part of the spectrum 
of myofi bromatosis), leiomyoma, neuroblastoma, and fi brosarcoma. Detection of 

  Fig. 9.3    Skin-colored, 
slowly growing nodule on 
the  left plantar foot   of a 
7-month-old female. With 
permission © 2015 [Sheila 
Friedlander, M.D.]       
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an abdominal mass supports concern for neuroblastoma and also raises concern for 
a Wilms tumor with metastasis to the skin. 

 The next step should be a biopsy of the lesion and imaging of the abdominal 
mass. 

  Biopsy   showed dermis fi lled with a monomorphic population of small blue cells 
with a high nuclear-to-cytoplasmic ratio and dispersed nuclear chromatin. Focally, 
blue cells were formed into rosettes around a clear center (Homer-Wright rosettes). 
Scattered mitotic fi gures and cells with karyorrhexis were seen.  Computed tomog-
raphy (CT)   imaging of the chest, abdomen, and pelvis showed a large mass 
(10 × 6 × 8.5 cm) in the left lower abdomen, which encased the intra-abdominal 
great vessels and appeared to arise from an extra-adrenal location rather than from 
the adrenals themselves. Additionally, there was metastatic involvement of the liver 
and left paraspinal region. 

 Metastatic neuroblastoma was diagnosed based on these  fi ndings  . Further 
workup included measurement of LDH, uric acid, HVA and VMA, tumor cytoge-
netics, magnetic resonance imaging (MRI) of the spine, bone marrow biopsy, 
Technetium 99 scan, and  metaiodobenzylguanidine (MIBG)   scan. HVA and VMA 
levels were measured and MIBG scan performed because 90 % of neuroblastomas 
secrete catecholamines and take up MIBG [ 28 ].  

     Laboratory Values   

•     Total bilirubin: 0.8 (0.1–1 mg/dL)  
•   Direct bilirubin: <0.1 (0.0–0.6 mg/dL)  
•   LDH: 1301 (550–1000 U/L)  

  Fig. 9.4    Similar nodule on 
the  right labia majora  . 
With permission © 2015 
[Sheila Friedlander, M.D.]       
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•   AST: 81 (20–60 U/L)  
•   ALT: 28 (5–48 U/L)  
•   VMA: 580 (<27 μg/mg Cr)  
•   HVA: 286 (<35 μg/mg Cr)     

     MRI Spine   

 Extensive paraspinal spread with multilevel tumor extension but no frank cord 
compression.  

     Bone Marrow Biopsy   

 Normal marrow cellularity for the patient’s age (90–95 %). Approximately 50 % of 
the core is involved by a metastatic neoplasm composed of islands of small blue 
cells with abundant neuropil formations. The neoplastic cells show a nesting pattern 
and contain occasional mitotic fi gures. 

 A 200 cell differential count revealed:

•    Blasts: 1 %  
•   Promyelocytes: 1 %  
•   Myelocytes: 5 %  
•   Bands/metamyelocytes: 25 %  
•   Segmental neutrophils: <4 %  
•   Lymphocytes: 52 %  
•   Eosinophils: 1 %  
•   Monocytes: 7 %  
•   Erythroid precursors: 4 %     

     Cytogenetics   

 Amplifi cation of the MYCN gene was not observed by FISH analysis.  

     Tc 99 Scan   

 Bony metastasis to left parietal bone.  
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     MIBG   

 Large area of radiotracer uptake in the central abdomen and pelvis. In addition, 
there are multiple areas of focally increased uptake within the osseous structures 
involving the posterior calvarium, right proximal humerus, left distal humerus, and 
multiple areas of the bilateral femurs and tibias. There is also an area of increased 
uptake in the left supraclavicular region.  

    Discussion 

 The patient was diagnosed with intermediate risk stage 4/stage M neuroblastoma. 
 Neuroblastoma is a tumor composed of primitive cells of the sympathetic ner-

vous system [ 29 ]. Approximately half of neuroblastomas develop in the  adrenal 
medulla  , but they may arise from sympathetic nervous system tissue in any part of 
the body, including visceral ganglia or paravertebral sympathetic ganglia [ 29 – 31 ]. 
They are the second most common solid tumor in children and the most common 
malignant tumor in infants, accounting for 30–50 % of malignant tumors in new-
borns [ 29 ,  31 – 35 ]. The prevalence of neuroblastoma is 1 in 7000 live births, and 
there are approximately 700 new cases per year in the United States [ 31 ]. Most 
neuroblastomas are diagnosed in  children   younger than 5 years, but they can also 
develop in adolescents or adults. Neuroblastoma often metastasizes, and 60 % of 
affected infants have metastatic disease at diagnosis [ 33 ]. Although it most com-
monly metastasizes to lymph nodes, bone, and bone marrow, some infants have a 
unique pattern of metastatic spread mainly to the  liver and skin   [ 31 ]. Three percent 
of all neuroblastoma patients have cutaneous metastases, including ~32 % of those 
with neonatal neuroblastoma [ 30 ,  36 ]. Skin lesions may be the presenting sign of 
the disease. Cutaneous metastasis in the neonate often creates a blueberry muffi n 
phenotype, with fi rm, blue-purple papules and nodules [ 29 ,  33 ,  37 ]. A distinctive 
feature of cutaneous neuroblastoma is that when the lesions are rubbed, they ini-
tially become erythematous for 2–3 min and then blanch and remain blanched for 
30 min to an hour [ 37 ]. This distinctive feature may be due to catecholamine release 
by the tumor cells. Other distinctive manifestations of neuroblastoma include peri-
orbital ecchymoses, referred to as “ raccoon eyes     ,” due to metastases to the bones of 
the orbits; variation in the color of the iris, known as heterochromic irides, due to 
involvement of the sympathetic branch of the ophthalmic nerve which affects eye 
color; and  Horner’s syndrome   [ 29 ,  36 ]. Patients often have an abdominal mass, as 
seen in this case, due to metastasis to the liver and may present with fever or failure 
to thrive [ 29 ]. 

 Neuroblastoma is one of several types of  pediatric tumors   composed of small, 
round, blue cells. Most cells are undifferentiated, but some may have neuronal 
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differentiation [ 31 ,  33 ]. Histologically, they may be diffi cult to distinguish from 
Ewing’s sarcoma, leukemia, lymphoma, peripheral neuroectodermal tumors, rhab-
domyosarcoma, and acute mega-karyoblastic leukemia [ 28 ,  38 ]. However, neuro-
blastoma cells tend to clump into Homer-Wright rosettes around a clear center, 
which are not typically seen in other tumor types [ 36 ,  39 ]. Presence of  neuropil   in 
the bone marrow biopsy is a clue indicating nervous system tissue [ 40 ]. Additionally, 
on electron microscopy, vesicles containing a homogeneous inclusion, which are 
thought to be catecholamine granules, may be seen [ 37 ]. 

  Immunohistochemical markers   have limited value for diagnosing neuroblas-
toma. CD65, neuroblastoma 84 (NB84), protein gene product 9.5 (PGP9.5), neuron- 
specifi c enolase (NSE), neurofi lament protein (NFP), and synaptophysin are often 
expressed in neuroblastoma but are also expressed in other small round blue cell 
tumors [ 33 ,  38 ,  41 – 43 ]. CD99 and PHOX2B staining can help distinguish neuro-
blastomas from other small round blue cell tumors; neuroblastoma is positive for 
PHOX2B but negative for CD99 [ 43 ]. Amplifi cation of the c-myc-related oncogene 
MYCN on the short arm of chromosome 2 has a prevalence of approximately 22 % 
and is associated with poor prognosis [ 31 ,  33 ]. 

 Most neuroblastomas are sporadic, but a small subset of patients seems to have a 
familial predisposition to the disease with autosomal dominant inheritance [ 31 ]. 

 Neuroblastoma has a variable course, with the possibility of spontaneous remis-
sion or extensive metastasis. Overall, neuroblastoma has the highest rate of sponta-
neous regression among all malignant tumors [ 44 ]. However, as summarized by 
Brodeur et al., there seem to be two types of neuroblastoma: a biologically favorable 
type that develops in infants and a biologically unfavorable type that develops in 
older patients [ 31 ]. The  International Neuroblastoma Staging System (INSS)   or 
more recent  International Neuroblastoma Risk Group Staging System (INRGSS)   is 
used to stage the disease and determine treatment [ 45 ]. 

 Infants with cutaneous metastasis usually fall into  INRGSS   stage MS, which is 
defi ned as metastatic disease in children younger than 18 months with metastases 
confi ned to skin, liver and/or bone marrow, and bone marrow involvement limited 
to less than 10 % of total nucleated cells [ 29 ,  45 ]. This pattern of disease, which is 
similar to stage 4S under the older staging system, often undergoes spontaneous 
remission or transformation into a  benign ganglioneuroma   [ 31 ,  36 ]. Therefore, 
asymptomatic infants with this pattern typically can be observed without treatment 
[ 28 ,  46 ]. The 5-year overall survival rate for such patients is 91 % [ 47 ]. Children 
older than 18 months are more likely to have extensive or metastatic disease at the 
time of diagnosis, with poor prognosis and requiring more aggressive treatment 
[ 31 ]. All patients with MYCN amplifi cation are considered high risk and should be 
started on an aggressive treatment regimen regardless of age or stage [ 47 ]. 
Chromosome 11q deletion, which negatively affects prognosis, and a hyperdiploid 
karyotype, which positively affects prognosis, may also be considered in making 
treatment recommendations.  
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     Treatment   

 Although most patients with cutaneous metastasis have stage MS (stage 4S) dis-
ease, this patient had widely metastatic stage M (stage 4) disease, considered inter-
mediate risk due to absence of MYCN amplifi cation and favorable histology. 
Chemotherapy with doxorubicin, cyclophosphamide, etoposide, and carboplatin 
was started immediately, and she received a total of eight courses of chemotherapy. 
After chemotherapy, there was no bone marrow evidence of disease, and the size of 
her lesions had decreased signifi cantly. She had no remaining evidence of bony 
metastases, her liver lesions were no longer MIBG avid, and MIBG uptake else-
where was diminished. She underwent debulking of her primary tumor, and pathol-
ogy showed no evidence of active neuroblastoma. She has remained disease free for 
almost 8 years.   

    Case 9.3  

    History 

 A 6-month-old Hispanic boy is referred to  dermatology   by his pediatrician for a red, 
bulbous lump on his right buttock. His parents fi rst noticed “a small bruise” when 
he was 1 month old. By the age of 2 months, it had grown to the size of a dime and 
was slightly raised. It continued to grow and became fi rmer, but the patient did not 
seem bothered by it. Two days ago, it broke open for the fi rst time, oozing a yellow 
liquid and blood. Since then it has bled intermittently.  

     Physical Exam   

 On examination, the child has a 3.5 × 2 cm violaceous, exophytic nodule with cen-
tral erosion and crusting protruding from the right gluteal  cleft   (Fig.  9.5 ). There is 
no palpable pulse or thrill in the stalk of the lesion.

       Questions 

     1.    What is your  differential diagnosis  ?   
   2.    What is your next step?      
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    Answers 

 This rapidly enlarging red, crusted nodule that has begun to bleed might raise concern 
for an infantile hemangioma with ulceration. But the continued growth and smooth 
yet tense (as opposed to lobular) surface also puts other neoplasms in the differential 
diagnosis. These include tufted angioma, kaposiform hemangioendothelioma, rhab-
domyosarcoma, myofi broma, and fi brosarcoma [ 48 ]. The patient underwent expe-
dited workup, including MRI imaging of the lesion to determine etiology and extent, 
and renal and genitourinary ultrasound to assess for features of  LUMBAR/PELVIS 
syndrome   (e.g., genital malformation, lipomyelomeningocele, vesicorenal abnormal-
ities, imperforate anus) which may be associated with infantile hemangioma.  

    Workup 

  MRI   of the lumbar spine and sacrum with and without contrast showed an approxi-
mately 3 × 4 cm mass within the right gluteal region near the midline. The majority 
of the mass was relatively defi ned; however, there were irregular areas of stranding 
surrounding the lesion. The lesion was heterogeneous but primarily T2 hyperin-
tense. The postcontrast images demonstrated irregular nodular and patchy linear 
areas of enhancement; however, much of the lesion did not signifi cantly enhance. 
This would be unusual for infantile hemangioma as typically they diffusely robustly 
enhance and have fl ow voids. 

 Ultrasound of kidneys and  bladder   was normal. Ultrasound of the nodule itself 
showed a solid, hypervascular mass with increased fl ow through the entire lesion. 

 Given the combination of the MRI and ultrasound fi ndings, an  atypical vascular 
tumor  , such as a non-involuting congenital hemangioma, tufted angioma, or less 

  Fig. 9.5    Large,  eroded 
exophytic nodule   on the 
right buttock of a 
6-month-old male.        
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likely a kaposiform hemangioma/hemangioendothelioma was considered most 
likely, but soft tissue sarcoma could not be excluded. 

 Since the  diagnosis   remained uncertain after imaging, an excisional biopsy was 
performed by plastic surgery. The biopsy showed a dense proliferation of spindle 
cells in a herringbone pattern, with up to ten mitotic fi gures per high-power fi eld. 
There were dilated blood vessels, degenerated areas, and collections of blood within 
the tumor. The tumor was seen invading associated fat.  

     Immunohistochemistry   

•     Vimentin: diffusely positive  
•   SMA: negative  
•   Desmin: negative  
•   S100: negative  
•   CD34: diffusely positive  
•   Myogenin: negative    

 Pathology was most consistent with an infantile fi brosarcoma. However, reverse- 
transcriptase polymerase chain reaction (PCR) did not identify the typical t(12;15) 
translocation associated with the ETV6/NTRK3 (neurotrophic tyrosine kinase 
receptor type 3) fusion gene.  

    Discussion 

  Fibrosarcoma   is a rare tumor of fi broblast cells with an incidence of fi ve per million 
infants [ 49 ,  50 ]. After rhabdomyosarcomas, fi brosarcomas are the second most 
common soft tissue sarcomas in children, but they comprise only 1–2 % of all child-
hood malignancies [ 51 ,  52 ]. Fibrosarcoma in young children is less aggressive and 
genetically distinct from that in older children and adults, so it is labeled “infantile 
fi brosarcoma” [ 53 ]. The  Pediatric Oncology Group staging system   for non- 
rhabdomyosarcoma soft tissue sarcoma defi nes infantile fi brosarcoma as occurring 
in a child 4 years or younger [ 54 ,  55 ]. Approximately half of infantile sarcomas are 
congenital, and the majority is diagnosed in the fi rst year of life [ 51 ,  56 ,  57 ]. They 
most often develop on the distal extremities and typically present as a soft tissue 
mass. Overlying skin can be tense, shiny, erythematous, or ulcerated. Their consis-
tency varies from soft to fi rm, and they are often poorly circumscribed. Infantile 
fi brosarcomas may grow rapidly, in some cases doubling in size in weeks to months. 
They often invade surrounding fi brofatty or muscular tissue. 

 It is common for infantile fi brosarcomas to clinically appear similar to heman-
giomas or vascular/lymphatic  malformations  . Even on ultrasound and MRI, these 
lesions may be diffi cult to distinguish and there are no MRI fi ndings specifi c for 
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infantile fi brosarcoma [ 58 ]. A tumor that is fully formed at birth may be a congeni-
tal infantile fi brosarcoma, other malignant neoplasm, or congenital hemangioma. In 
this case, the lesion was not fully formed at birth but rather grew quickly after the 
fi rst month; clinically, it mimicked an infantile hemangioma, but as imaging fi nd-
ings were not consistent with this, histologic examination was warranted. 

 Histology of infantile fi brosarcoma shows immature spindle-shaped cells with 
high cellularity and prominent mitotic activity. Cells are sometimes arranged in a 
characteristic  herringbone pattern   with intertwining fascicles, but histologic diver-
sity has been noted [ 59 – 61 ]. Vascular clefts, myxoid degeneration, hemorrhagic 
necrosis, and a focal hemangiopericytomatous vascular pattern may be present 
[ 56 ,  57 ]. 

 Fibrosarcoma usually stains diffusely positive for vimentin, and may be focally 
positive for actin [ 54 ]. Other markers like CD34 and S-100 protein stain positive 
only in a minority of cases [ 62 ]. The tumors typically are negative for myogenin and 
for GLUT1, the latter being positive in infantile  hemangiomas   [ 63 ,  64 ]. 
Immunohistochemistry may be most useful in ruling out other  malignant tumors   
such as rhabdomyosarcoma. However, 20–30 % of infantile fi brosarcomas stain 
positive for desmin, muscle-specifi c actin (MSA), or myogenin [ 54 ]. This may 
make differentiation from rhabdomyosarcoma diffi cult, in which case ultrastruc-
tural analysis is valuable; any striated muscle differentiation would suggest a 
rhabdomyosarcoma. 

 Most cases of infantile fi brosarcoma have a t(12;15)(p13;q25) translocation, 
which results in the  ETV6-NTRK3 fusion gene   [ 62 ]. The translocation is detected 
in 70–90 % of infantile fi brosarcomas and is also found in  mesoblastic nephromas  ; 
it has not been identifi ed in adult fi brosarcoma or benign infantile lesions [ 51 ,  62 , 
 65 ]. It has been considered to be associated with favorable prognosis and chemosen-
sitivity, but fatal metastatic disease with the t(12;15)(p13;q25) translocation has 
been reported [ 66 – 68 ]. 

 Overall, the prognosis for infantile fi brosarcoma is good, with 10-year survival 
almost 90 % [ 65 ]. Only 7–8 % of infantile lesions metastasize, although axial lesions 
may have higher risk (26 % with metastases in one series of 52 patients) [ 57 ,  69 , 
 70 ].  Lungs and bone   are the most common sites of metastasis [ 51 ]. Despite the rela-
tively low rate of metastasis, local recurrence is common (43 % in one series of 110 
children) and typically occurs within 12 months of initial surgical excision [ 49 ,  70 ]. 
Older children with adult-type fi brosarcoma have higher rates of metastasis (50 % at 
5-year follow-up) [ 65 ,  70 ]. 

    Treatment 

 Surgical excision is the mainstay of treatment for infantile fi brosarcoma. If the 
tumor can be completely removed without signifi cant morbidity, primary surgical 
resection should be performed, without  adjuvant chemotherapy or radiation therapy  , 
as adjuvant therapies do not confer a survival benefi t [ 51 ]. Even when margins are 
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microscopically positive, there is no clear benefi t from adjuvant chemotherapy [ 65 ]. 
If surgical excision is not possible without signifi cant morbidity (such as amputa-
tion), neoadjuvant chemotherapy should be given prior to attempted excision; this is 
required in more than 75 % of cases [ 71 ]. The typical chemotherapy regimen is 
vincristine and actinomycin-D [ 65 ]. Alkylating agents or  anthracycline   can be 
added if response to initial chemotherapy is insuffi cient [ 65 ]. In light of the high risk 
of recurrence, close follow-up is always required, regardless of the initial treatment. 
For palpable residual lesions, monthly physical exams with imaging every 3 months 
have been recommended; more frequent ultrasounds are recommended for non- 
palpable lesions [ 51 ]. If local recurrence occurs, surgical resection should be 
attempted if possible. If the cancer metastasizes, chemotherapy is required; how-
ever, metastatic infantile fi brosarcoma is poorly responsive to chemotherapy. An 
aggressive chemotherapy regimen such as vincristine/doxorubicin/cyclophospha-
mide alternated with etoposide/ifosfamide is warranted for metastatic disease [ 51 ]. 

 This patient underwent wide local excision with negative margins.  Chest CT and 
bone scan   showed no evidence of metastasis, and surveillance with imaging every 3 
months was planned. However, within 9 months a 0.5 × 0.8 cm round enhancing lesion 
recurred on the buttock, and imaging showed metastases to the lungs and the S5 ver-
tebral body. The cancer proved resistant to two rounds of chemotherapy with vincris-
tine, cyclophosphamide, doxorubicin, and ifosfamide. After an assessment of genomic 
alterations, he was started on the biologic agent  Crizotinib  , with some improvement.   

    Case 9.4  

    History 

 A 5-year-old boy presented for evaluation of a non-resolving  pink-red bump   on his 
mid back present for 2 years. It had not changed in size recently and was not painful 
or itchy. It had never bled or leaked fl uid. He had no signifi cant medical history, and 
no one else in the family had a history of a similar lesion.  

     Physical Exam   

 On physical exam he had a 9 mm pink-red, fi rm, well-defi ned papule on his central 
mid  back   (Fig.  9.6 ). He had no other similar lesions on the remainder of his exam.

        Biopsy   

 Given a broad differential diagnosis, excision under sedation was performed. 
Pathology showed a proliferation of spindle cells with ovoid nuclei, largely arranged 
perpendicular to the skin surface. There is a somewhat nodular appearance in the 

E.S. Haddock and W.L. Tom



165

deeper portions of the lesion extending to the lower mid dermis. A grenz zone is 
identifi ed. A branching “staghorn”-like pattern of blood vessels can be seen between 
the nodular portions. Mature myoid cells are seen at the periphery. No cytologic 
atypia or mitotic activity is seen.  

     Immunohistochemistry   

•     CD34: lesion essentially negative, except vascular structures positive.  
•   Factor XIIIa: negative  
•   Smooth muscle actin (SMA): lesion diffusely positive  
•   CD68: negative     

    Questions 

     1.    What is in your  differential diagnosis  ?   
   2.    What workup and treatment is appropriate?      

    Answers 

 The  differential diagnosis   included infantile myofi bromatosis, hemangiopericytoma 
(now considered part of the spectrum of myofi bromatosis) [ 72 ], and Spitz nevus. 
Other  benign tumors   on the differential included dermatofi broma, nodular fasciitis, 
and desmoid tumor/aggressive fi bromatosis. Infantile fi brosarcoma and rhabdo-
myosarcoma were also considered, although felt to be much less likely given the 
lack of growth of the lesion. Histologic exam was consistent with a myofi broma. 

  Fig. 9.6     Pink-red bump   on 
the mid back of a 
5-year-old boy, unchanged 
for 2 years. With 
permission © 2015 [Sheila 
Friedlander, M.D.]       
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 Infantile myofi bromatosis, previously called  congenital fi bromatosis     , is a disor-
der of myofi broblastic proliferation and one of the most common benign fi brous 
tumors of infancy, accounting for 12 % of pediatric soft tissue tumors [ 73 – 75 ]. It 
typically presents as discrete, fi rm or rubbery, fl esh-colored, purple, or red nodule(s) 
ranging in size from less than 1 cm to more than 10 cm. Solitary to multiple lesions 
(up to 100) have been reported [ 76 ,  77 ].  Dermal nodules   may be well defi ned, while 
subcutaneous lesions may be poorly demarcated. They sometimes ulcerate and may 
have telangiectasias or an angiomatous appearance. More than 90 % of infantile 
myofi bromatosis appears before 12 months of age, and 76 % are congenital [ 78 ]. 
However, it can present later in childhood and, rarely, in adulthood [ 74 ,  79 – 81 ]. 
Myofi bromas are categorized into three  clinical types  : (1) solitary cutaneous, (2) 
multicentric without visceral involvement, and (3) generalized with both cutaneous 
and visceral involvement [ 82 ]. The solitary cutaneous type is most common, com-
prising 85 % of cases in one series of 114 patients [ 79 ]. Solitary myofi bromas are 
often found on the head and neck, are painless, and are more common in boys 
[ 78 – 80 ]. The multicentric and generalized types have no clear gender pattern. 
Multicentric lesions may be found in subcutaneous tissue, muscle, and bone, as well 
as skin. The generalized form involves  visceral organs   in addition to the skin. Up to 
57 % percent of those with multiple myofi bromata have visceral lesions [ 73 ,  80 ,  83 ]. 
Although the lesions are benign, they may exert a mass effect, and the generalized 
form can cause signifi cant visceral dysfunction. The most common sites of visceral 
involvement are the lungs (51 %), gastrointestinal system (47 %), heart (37 %), and 
liver (30 %) [ 82 ]. The condition is usually sporadic but may be inherited in an auto-
somal dominant fashion [ 74 ,  84 ]. 

 All three forms of myofi bromatosis have similar histology, with a two-zone pat-
tern consisting of peripheral fascicles of whorled myoid spindle-shaped cells in a 
collagen-rich background and central primitive, polygonal cells with a 
hemangiopericytoma- like pattern [ 75 ,  78 ,  79 ,  81 ]. Fibrosis, calcifi cation, and  hya-
linization   may be seen in the center of the lesion. Mitotic rate varies and is not 
prognostic [ 75 ]. Histology typically rules out other conditions on the differential, 
and immunohistochemistry is confi rmatory. 

 The myofi broblastic cells typically stain positive for smooth muscle actin (SMA) 
and muscle-specifi c actin (MSA). Areas with hemangiopericytoma-like vascular 
pattern stain positive for CD34. In this case, negative staining for CD68 and XIIIA 
made dermatofi broma less likely [ 79 ,  85 ]. Although  nodular fasciitis   also stains 
positive for SMA and MSA, it is more commonly seen in adults [ 75 ,  79 ]. Infantile 
fi brosarcoma tends to have more uniform spindle cells and often has a t(12;15) 
translocation, while there is no characteristic chromosomal or molecular marker for 
myofi bromatosis [ 78 ,  79 ]. 

 Infantile myofi bromatosis without visceral involvement typically regresses spon-
taneously within 1–2 years of diagnosis [ 86 ]. Nodules may leave atrophic scars or 
calcifi cation. Hypothesized mechanisms for the spontaneous regression include 
withdrawal of estrogen after birth, apoptosis, progressive cell differentiation, or fac-
tors modulating angiogenesis [ 74 ,  87 – 89 ]. In some reviews,  mortality rates   in soli-
tary and multicentric forms without visceral involvement are as low as 0 % [ 73 ,  82 , 
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 90 ,  91 ]. Prognosis for the generalized type with visceral involvement is poor due to 
visceral dysfunction, with mortality at 73–93 % [ 73 ,  78 ]. 

 Although no specifi c guidelines exist, patients older than 2 years of age with a 
solitary non-visceral lesion and no signs of multicentric disease generally do not 
need further workup, as most will not progress [ 78 ]. Children younger than two 
with a solitary lesion should be watched closely for the development of  multicentric 
disease   [ 78 ]. Some clinicians recommend screening all patients with multiple skin and/
or subcutaneous lesions for visceral, soft tissue, and osseous involvement [ 82 ,  87 ]. 
Abdominal ultrasound, chest X-ray, skeletal survey, CT or MRI of chest and abdomen, 
and echocardiogram may be considered [ 78 ,  87 ,  92 ].  

     Treatment   

 With high likelihood of spontaneous regression, watchful waiting is preferred to treat-
ment whenever possible [ 86 ]. Symptomatic, easily accessible lesions can be surgi-
cally excised, but there is a risk of recurrence, with 7 % recurring in one review [ 80 ]. 

 No guidelines exist for the treatment of generalized infantile myofi bromatosis. 
Low-intensity chemotherapy has been used successfully in a handful of cases [ 82 ]. 
Methotrexate with vinblastine is the most commonly used chemotherapy treatment 
and appears to be most effective (8 of 8 patients surviving in one review), but 
tamoxifen, actinomycin D, cyclophosphamide, prednisolone, interferon-α, and 
20-chlorodeoxyadenosine have also been used (43 % survival for these regimens 
combined) [ 82 ].      
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    Chapter 10   
 Vascular Anomalies                     

       Sheilagh     M.     Maguiness       and     Christina     L.     Boull     

    Keywords     Infantile hemangioma   •   Kaposiform hemangioendothelioma   • 
  Kasabach–Merritt phenomenon   •   Localized intravascular coagulopathy   •   LUMBAR 
syndrome   •   Propranolol   •   Rapidly involuting congenital hemangioma   •   Sirolimus   • 
  Venous malformation   •   Multifocal lymphangioendotheliomatosis   •   Glomuvenous 
malformation   •   Blue rubber bleb nevus syndrome  

     Introduction 

 Vascular anomalies represent a diverse group of entities, each with unique natural 
history and associated complications. To meet the needs of this challenging popula-
tion, many referral centers now have interdisciplinary clinics devoted specifi cally to 
vascular lesions. 

 Correct diagnosis is essential to anticipate potential complications and deliver 
appropriate treatment, and depends on an understanding of the classifi cation of vas-
cular anomalies. The gold-standard classifi cation schema which was fi rst proposed 
by Mulliken and Glowacki in 1982 is accepted and regularly updated by the 
International Society for the Study of Vascular Anomalies (ISSVA) [1]. This schema 
divides vascular anomalies into tumors and malformations based on their biologic 
characteristics. Vascular tumors such as infantile and congenital hemangiomas 
often change rapidly in size during the fi rst few weeks to months of life. Vascular 
malformations such as venous and capillary malformations are fully formed at birth, 
but gradually enlarge or become more prominent with time. In the fi rst few weeks 
of life, capillary malformations and infantile hemangiomas may appear very similar 
on exam, but the presence of bright red islands of proliferation, prominent veins, 
and detection of elevated blood fl ow with a bedside doppler (all observed in infan-
tile hemangiomas) are useful ways to distinguish the two. 
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 Systemic complications or underlying structural anomalies are uncommon in 
patients with small, focal vascular lesions, but should be considered when lesions 
are large, regional/segmental, or multifocal. 

 The cases described in this chapter represent a small but important sampling of 
vascular birthmarks in children with associated complications that may present in 
an inpatient setting.  

    Case 10.1    

    History 

 An otherwise healthy 3-week-old female is seen in the emergency department for 
evaluation of a large purple nodule on her right posterior shoulder and back. The 
lesion was present at birth and was stable until 1 day ago when it enlarged and 
became dark purple. Parents note bruises on the arms and legs that developed over 
the last day without a history of associated trauma. The infant is feeling well, is 
afebrile.  

    Physical Exam 

 Notable for a purple mass on the  right posterior shoulder and back   (Fig.  10.1 ). 
Scattered purpuric patches are present on the bilateral  fl exor   and extensor upper and 
lower extremities.

  Fig. 10.1    Firm violet  and 
  magenta plaque on the 
right posterior shoulder 
and back (Photo courtesy 
of Dr. Kristen Hook)       
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        Laboratory Parameters   

•     Wbc: 5.7 [5.0–14.5 10e9 L −1 ]  
•   Hgb: 9.2 [10.5–14.0 g/dL]  
•   Plt: 28 [150–450 10e9 L −1 ]  
•   INR: 2.4 [0.86–1.14]  
•   PTT: 53 [22–37 s]  
•   D-dimer: 36.8 [0.0–0.50 μg/mL]  
•   Fibrinogen activity: 62 [200–420 mg/dL]  
•   Peripheral smear: consistent with microangiopathic hemolytic anemia with 

thrombocytopenia and schistocytes     

     MRI   with Contrast 

•     Ill-defi ned enhancing soft tissue mass with cutaneous thickening, soft tissue 
stranding infi ltrating multiple tissue planes.  

•   Multiple fl ow voids are present within the mass.     

    Questions 

     1.    What is the diagnosis?   
   2.    What other entities can present with a similar clinical picture?   
   3.    What are the signs and lab abnormalities associated with Kasabach–Merritt 

Phenomenon?   
   4.    What are possible treatment options?      

    Answer 

 Kaposiform hemangioendothelioma (KHE) is a rare vascular tumor presenting 
shortly after birth or in the fi rst few months of life, and is most commonly located 
on the trunk or extremities. Up to 10 % may be located internally in the  retroperito-
neum    or   intracranially, and show no skin lesions [ 2 ]. Clinically, lesions appear as 
rapidly enlarging singular violet to deep red plaques or nodules. They can be distin-
guished from infantile hemangiomas by several features. Infantile hemangiomas are 
less fi rm to palpation with bright red coloration if superfi cial, or blue discoloration 
if deep. Imaging with MRI can aid in diagnosis and will show enhancement with 
deep tissue involvement, sometimes to the level of bone, with fl ow voids represent-
ing intralesional vascular channels [ 2 – 6 ]. 

 KHE most commonly presents  with   associated Kasabach–Merritt phenomenon 
( KMP     ), a life-threatening consumptive coagulopathy produced by platelet trapping 
within the vascular tumor [ 2 ]. Signs of KMP include rapid enlargement of the vascular 
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tumor with overlying expanding purpura. Laboratory studies for bleeding diathesis 
will show thrombocytopenia, anemia, elevated D-dimer and fi brin split products, low 
fi brinogen, and prolonged aPTT and PT. Schistocytes may be noted on a peripheral 
smear [ 2 ,  6 – 8 ]. As a result of KMP the patient may develop increased bleeding in the 
form of hematuria, hematochezia, or diffuse ecchymoses. Infantile hemangiomas, 
previously thought to be associated with KMP, are now known to be only rarely asso-
ciated with coagulopathies [ 4 ,  5 ]. Tufted angioma, a vascular tumor of infancy which 
may in fact represent a clinical variant of KHE [ 3 ] can also produce KMP, but is less 
commonly associated than KHE. All KHE can produce KMP, but it is less common in 
lesions less than 8 cm in diameter [ 7 ].  

     Treatment   

 Treatment of KHE is challenging and requires a multi-specialty approach. Past 
treatment modalities employed with variable success have included systemic ste-
roids, interferon alpha, embolization, radiotherapy, and various chemotherapeutic 
regimens. In a consensus-derived treatment protocol [ 3 ], initial treatment for 
KHE without KMP is monotherapy with systemic steroids. In the setting of KMP, 
vincristine, a vinca alkaloid chemotherapeutic agent, should be added. With suc-
cessful treatment platelet numbers and clotting measures should improve within 4 
weeks. A more recent review of  KMP   suggests that surgical resection or arterial 
embolization should be considered in small or amenable lesions [ 8 ]. In non-bleed-
ing lesions, the addition of combination antiplatelet therapy  with   aspirin and 
ticlopidine may have added benefi t to other systemic treatments without increas-
ing the bleeding risk [ 9 ]. 

 Per consensus conference recommendations,    platelet transfusions should only be 
given during active bleeding or immediately prior to surgery, as increased platelet 
activation will worsen the consumptive coagulopathy. Fresh frozen plasma, cryopre-
cipitate, or fi brinogen concentrate are preferred in the setting of active bleeding or 
fi brinogen levels <1 g/L. Heparin must be avoided as it increases bleeding risk [ 3 ]. 

 Multiple small case reports have described KHEs, refractory to multiple treat-
ments, that have responded rapidly to systemic sirolimus [ 10 ,  11 ], an inhibitor of the 
PI3/AKT/mTOR pathway.  Sirolimus   is currently a second-line treatment option, 
but further studies may elevate its status in the treatment ladder.   

    Case 10.2. Venous Malformation    

    History 

 A 12-month-old male presents to the emergency department with acute onset leg 
pain and swelling. His mother reports that he stumbled while walking, falling onto 
the right thigh and buttocks. Within a few hours his right thigh began to swell and 
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the child refused to walk. He has no associated bruising. Since birth the patient has 
had increased fullness of the tissues of the right leg with multiple overlying purple 
plaques. They become larger when he is standing or crying.  

    Physical Exam 

 The diameter of the right leg is larger than the left from the level of the thigh to the 
ankle. There is no limb length discrepancy. There are  purple plaques   containing 
dilated vessels on the right buttocks, the upper inner thigh and  over   the right dorsal 
foot (Fig.  10.2 ).    Bedside doppler is negative for pulsatile fl ow within the vascular 
plaques. The child cries with palpation of the right upper thigh.

        Laboratory Parameters   

•     Wbc: 6.6 [5.0–14.5 10e9 L −1 ]  
•   Hgb: 12.2 [10.5–14.0 g/dL]  
•   Plt: 120 [150–450 10e9 L −1 ]  
•   INR: 1.1 [0.86–1.14]  
•   aPTT: 24 [22–37 s]  
•   D-dimer: 2.8 [0.0–0.50 μg/mL]  
•   Fibrinogen activity: 202 [200–420 mg/dL]     

  Fig. 10.2    Purple  patch 
  overlying the buttocks, 
thigh, calf with associated 
fullness to the underlying 
soft tissues       
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     X-ray   of Lower Extremity 

•     Soft tissue thickening with scattered calcifi ed phlebolith.  
•   No bony changes.     

    Questions 

     1.    What are the natural history/growth characteristics for simple Venous Malformations?   
   2.    What further imaging test(s) are recommended?   
   3.    What lab abnormalities would you expect?   
   4.    What are the risk factors for coagulopathy in the setting of a Venous Malformation?   
   5.    Are there measures you can recommend to prevent future similar episodes?      

    Answer 

 Venous malformations (VM) are the most common of the vascular malformations 
[ 12 ]. They present as compressible blue nodules, most commonly on an extremity, 
and are often associated with prominent dilation of surrounding veins. Deep malfor-
mations may infi ltrate muscle or viscera and only a  subcutaneous fullness   or asym-
metry may be noted [ 6 ]. Crying, Valsalva, and gravity will increase the size of VMs. 
In contrast to vascular  proliferations   such as infantile  hemangioma  s, VMs have 
slow blood fl ow and are present fully formed at birth. They are most often diag-
nosed in the fi rst weeks of life, but are also the most likely vascular anomaly to be 
diagnosed after the age of 10 [ 13 ]. They are also often misdiagnosed as other types 
of vascular anomalies. Less than half of patients with VMs seen in a specialized 
vascular lesions clinics had a correct diagnosis prior to referral [ 12 ]. MRI with and 
without contrast is the imaging test of choice to distinguish VMs from other vascu-
lar lesions. 

 In contrast to  vascular proliferations   that have a rapid growth phase, most 
venous malformations grow in proportion to the affected child. Large or multifocal 
lesions, especially when located on the trunk or extremities, are more likely to have 
a progressive nature. They may become more bulky or prominently dilated over 
time and result in bony abnormalities, limb length discrepancy, and disfi gurement. 
Hormonal stimulation of VEGF expression and endothelial proliferation, espe-
cially during adolescence and pregnancy increase the risk for progression or wors-
ening [ 14 ]. Treatment of VM may include observation, compression garments, 
low-dose aspirin, sclerotherapy, or surgery. Almost all patients with venous mal-
formation experience associated pain [ 15 ]. Chronic pain may be produced by many 
factors including compression of adjacent tendons and nerves, venous insuffi -
ciency, and intraosseous or joint involvement [ 16 ]. Two triggers for pain due to 
abnormal clotting are localized intravascular coagulation ( LIC  ) and deep venous 
thrombosis which require more immediate attention. 
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 Venous malformations,  especially      those that are large, intramuscular, or contain 
phleboliths, produce a unique type of LIC due to venous stasis, without systemic 
symptoms [ 17 ]. This differs from the generalized consumptive coagulopathy seen 
in Kasabach–Merritt  phenomenon  . Patients with recurrent episodes of acute pain 
are more likely to have elevated D-dimer levels, a sensitive marker for LIC [ 16 ,  17 ]. 
During times of trauma or surgical resection, LIC may progress  to   widespread con-
sumptive  coagulopathy   in the form of disseminated intravascular coagulation ( DIC  ). 
This can be distinguished from LIC by elevation of PT and decreased fi brinogen and 
platelets  in   conjunction with high D-dimer. Patients will also show evidence of 
hemolytic anemia on peripheral smear. Bleeding complications may be severe [ 16 ]. 

 Deep venous  thrombosis   is another serious cause of acute pain in venous malfor-
mation. Previously described mainly in the setting of  Klippel–Trenaunay syndrome  , 
recent data suggests that those with large VMs may also develop clots with potential 
for pulmonary embolism. A group of patients with VMs with >15 % body surface 
area involvement were found to have signifi cantly higher pulmonary artery systolic 
pressures than matched controls. Pulmonary artery pressure correlated with  D-dimer 
levels  , suggesting that clots within the venous malformations were producing pul-
monary emboli and associated pulmonary hypertension [ 18 ].  

     Treatment   

 In children with large venous malformations and elevated D-dimer or frequent pain 
episodes, low-dose aspirin is a safe and effective treatment. Children with VMs treated 
with aspirin at a dose of 5–10 mg/kg/day had decreased pain and swelling. The main 
side effect was non-life-threatening bruising or bleeding episodes (e.g., epistaxis, 
heavy menses). The authors note that complications of gastrointestinal bleeding and 
Reye’s syndrome occur with only much higher aspirin doses, and that there have been 
no reports of Reye’s in children taking low-dose aspirin. Compression garments are 
another important treatment adjunct, anecdotally reported to decrease pain. They may 
prevent clotting  by   minimizing venous stasis in dilated vessels [ 19 – 21 ]. 

 The risk of progression of localized LIC to  DIC   is particularly high in the setting 
of surgery. For children with large VMs, elevated D-dimer, and low fi brinogen, pre- 
and postsurgical courses of low molecular weight heparin are recommended [ 16 ].   

    Case 10.3. LUMBAR Syndrome    

    History 

 A 3-week-old newborn with a birthmark over the sacrum and buttocks presents with 
associated pain and  peri-anal bleeding  . The infant was born at 36 weeks gestation due 
to premature rupture of membranes, but has been otherwise healthy. The birthmark 
has grown rapidly over the last 2 weeks, and has formed an open sore centrally. The 
infant cries with diaper changes and seems to be in pain.  
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    Physical Exam 

 Skin exam is notable for a large reticulated pink patch overlying the sacrum and 
bilateral buttocks with extension into the  gluteal cleft   (Fig.  10.3 ). There are overlying 
small venules. By bedside doppler you hear loud pulsation within the lesion. There 
are no sacral pits or deviation of the spine. There is an ulceration present centrally 
within the gluteal cleft and peri-anal area with a surrounding rim of pallor.

       Questions 

     1.    What imaging tests are recommended?   
   2.    What is the most common associated anomaly?   
   3.    Compared to other infantile hemangiomas, what is the risk of ulceration in this 

location?   
   4.    What are the treatment options in the setting of ulceration?   
   5.    What is the systemic treatment of choice and recommended dosing?   
   6.    What are the most common side effects and most serious potential side effects of 

systemic treatment?      

    Answer 

  Infantile hemangiomas (IH)  , when presenting in a segmental distribution should 
trigger suspicion for associated complications [ 22 ]. Segmental IHs in the diaper 
area may be diffi cult to recognize and are often initially misdiagnosed  as   capillary 
malformations, diaper rash, or erosions and ulcerations [ 23 ,  24 ]. In this location, a 

  Fig. 10.3    Reticulated red 
patch with overlying 
 vascular papules and 
plaques   extending into the 
gluteal cleft       
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disproportionate number of IHs may display a “minimal growth” pattern and fail to 
proliferate as expected [ 23 ]. Clinicians may observe only a pink reticulated patch as 
opposed to the bright  red vascular plaques   seen in classic IHs. The fi nding of high 
blood fl ow with bedside doppler is very helpful in the diagnosis of IH. 

 The specifi c constellation of fi ndings associated with segmental IHs in the diaper 
area is known as LUMBAR syndrome (Lower body infantile hemangioma, 
Urogenital anomalies, ulceration, Myelopathy, Bony deformities, Anorectal anoma-
lies, arterial anomalies, and Renal anomalies) [ 24 ]. The same entity has also been 
reported in the literature as SACRAL and PELVIS  syndromes         [ 25 ,  26 ]. Most 
patients will not display all associated fi ndings. The most common extracutaneous 
association was tethered spinal cord seen in 57 % of patients [ 27 ]. The risk of under-
lying anomalies varies by the specifi c territory covered by the IH, with those local-
ized to the posterior buttocks more likely to be associated with urogenital, anorectal, 
and renal abnormalities. Those overlying lower limbs may produce arterial anoma-
lies and associated limb atrophy [ 27 ]. 

 Specifi c imaging recommendations are based on the site of the IH. In infants 
younger than 3 months of age initial imaging should include ultrasound of the spine, 
abdomen, and pelvis with Doppler. For children older than 3 months with IH over 
the  lumbosacral spine  , an adjunct MRI is recommended, even in the setting of a 
negative US, due to the high risk of a tethered cord [ 27 – 29 ]. In a prospective study 
of children with IH >2.5 cm in diameter overlying the midline lumbar or sacral 
spine, 51 % of patient were found to have an underlying spinal abnormality. The 
sensitivity for ultrasound detection of these was poor at 50 % [ 28 ]. 

  Perineal   IHs are at an increased risk of ulceration compared to other IHs. In one 
series, 45 % of patients with perineal IHs had ulceration at the time of presentation [ 30 ]. 
Central white pallor is a warning sign of impending ulceration [ 31 ]. Once ulcerated, 
hemangiomas are extremely painful and are at increased risk of scarring. Complications 
of ulceration specifi c to scarring in the diaper area include deformity or functional defi -
cits of the rectum or genitals. Topical treatment adjuncts such as liberal use of petrola-
tum-based emollients, 2–5 % lidocaine ointment, metronidazole cream, and non-adherent 
wound dressing may help to decrease pain and  promote   healing [ 32 ]. Topical timolol 
may also help to expedite healing [ 33 ]. The early introduction of systemic  propranolol   
may halt proliferation and prevent ulceration [ 30 ,  34 ]. In a retrospective cohort study of 
children with genitourinary or perineal  IH  , those seen in the pre-propranolol era (prior 
to 2009) had higher rates of ulceration compared to those treated after 2009 [ 29 ]. 

 A recent randomized controlled trial investigating the optimal duration and dos-
ing of oral  propranolol   for IH found that a dose of 3 mg/kg/day for 6 months duration 
produced the best clinical outcomes [ 35 ]. Potential complications of  propranolol 
therapy   include hypotension and bradycardia, but these adverse effects are rare, 
experienced by <1 % of infants in a large systematic review [ 36 ]. Even at the higher 
dose of 3 mg/kg/day, there was no increase in serious adverse events in treated infants 
compared to the placebo group [ 35 ]. In infants with LUMBAR with IHs overlying a 
lower extremity, imaging of leg vasculature is recommended to ensure that there is 
not severe arterial stenosis that could be exacerbated by propranolol [ 27 ].   
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    Case 10.4    

    History 

 You are called to the neonatal intensive care unit to assess a 1-day-old infant with a 
large nodule on the leg. The child is full term and had a normal spontaneous vaginal 
delivery. There were no complications during pregnancy. Apgars were 8 and 9 at 1 
and 5 min. Vital signs have remained normal. The lesion has not bled and the infant 
does not seem in pain with palpation to the area.  

    Physical Exam 

 Normal faces. Normal tone. No hepatosplenomegaly. Flat fontanelles. The right 
thigh shows a 6 cm purple fl at-topped nodule with a rim of blanching on  the 
   surrounding skin (Fig.  10.4 ). There are central telangiectasias. There are no other 
similar lesions.

  Fig. 10.4     Telangiectatic 
plaque   with overlying 
dilated venules and 
hyporemic rim       
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        Laboratory Parameters   

•     Wbc: 12.3 [5.0–14.5 10e9 L −1 ]  
•   Hgb: 13.8 [10.5–14.0 g/dL]  
•   Plt: 82 [150–450 10e9 L −1 ]  
•   INR: 0.9 [0.86–1.14]  
•   aPTT: 30 [22–37 s]        

    Imaging 

•      Hypoechoic subcutaneous mass      containing tubular vascular structures with 
mixed, but predominantly venous fl ow signal.     

    Questions 

     1.    How would you counsel parents about the progression of this lesion?   
   2.    How can you differentiate this lesion from other congenital vascular prolifera-

tions on exam?   
   3.    What are the histopathologic and immunohistochemical features of this tumor?   
   4.    If this lesion were localized to the liver, what would be the potential complications?      

    Answer 

 The history and exam suggests a diagnosis of rapidly involuting congenital heman-
gioma (RICH). Congenital hemangiomas ( CH     ) differ from infantile hemangiomas 
(IH) as CH are fully formed at birth. They do not exhibit a postnatal proliferation 
phase, but rather proliferate in utero. On exam, RICH, and its counterpart  NICH   
(non-involuting congenital hemangioma), present as  solitary violaceous nodules   
with overlying telangiectasia or fi ne venules and a surrounding white halo. Some 
will have a soft central depression or ulceration. In one series, the mean diameter 
was 6 cm, but they may be considerably larger. RICH are most commonly located 
on the head, neck, or extremities [ 37 – 39 ]. 

 RICH and  NICH      have similar clinical and histological morphology and are 
distinguished by the presence or absence of involution, respectively.    RICH that 
begin to involute, but then halt and stabilize in size are described as PICH (par-
tially involuting congenital hemangiomas) [ 40 ]. RICH involute completely 
within 6–14 months of life, and may begin their involution phase in utero [ 41 ]. 
RICH, NICH, and IH all demonstrate high flow by bedside doppler which 
decreases with involution [ 42 ]. Histologically RICH are composed of capillary 
lobules with endothelial cells and pericytes surrounded by fibrous tissue. 
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Central involution may be noted. Thrombosis, cyst formation, calcification, 
and extramedullary hematopoiesis are also described. Neither RICH nor NICH 
express  glucose transporter-1 protein (GLUT-1)         which is unique to IH [ 39 ] and 
helpful in differentiating the two. 

 RICHs are occasionally identifi ed on routine prenatal ultrasounds, usually in 
the second trimester [ 41 ,  43 ,  44 ]. They may fully involute prior to birth, leaving 
behind a pale atrophic plaque with dilated veins [ 42 ]. Residual fi brofatty tissue 
changes are absent in involuted RICH, but are common in involuted IHs. While 
most RICH require no treatment,  NICH   and PICH require excision if they are 
cosmetically or functionally problematic. In rare instances ulcerated RICH have 
bled severely, and in this situation percutaneous embolization is the treatment of 
choice [ 45 ]. 

 RICH may also arise in the liver, usually in the absence of cutaneous lesions. 
Hepatic RICH are solitary. They are differentiated from the multifocal or dif-
fuse hepatic IH of infantile hemangiomatosis where multiple cutaneous IH are 
also present [ 46 – 48 ]. Hepatic RICH may be discovered on prenatal ultrasound, 
or may become symptomatic within the fi rst few months of life with a triad of 
hepatomegaly, high-output heart failure, and anemia [ 49 ]. Heart failure results 
from high-fl ow hepatic arteriovenous or portovenous shunts that, in combina-
tion with the high blood fl ow demands of the hemangioma, produce a steal phe-
nomenon. Low-grade anemia and thrombocytopenia are caused by intralesional 
thrombosis [ 47 ]. Other common lab abnormalities include elevated bilirubin 
and lactate dehydrogenase. Cases of severe transaminitis with liver failure have 
been reported, but this fi nding is very rare [ 50 ]. Hepatic RICH involute quickly 
and asymptomatic lesions may be simply observed [ 48 ]. In the setting of heart 
failure or liver  failure  , treatment is needed. RICH, unlike IH, do not respond to 
 systemic    propranolol  . First-line treatment includes medical management with 
corticosteroids. If the response is not adequate, percutaneous embolization of 
shunts should be considered [ 47 ,  48 ].   

    Case 10.5. Multifocal Vascular Lesions    

    History 

 This 8-week-old infant is seen in the Emergency room for numerous violaceous 
birthmarks and recent  GI bleeding  . She was born at full term without any prenatal 
or postnatal complications. The family states that the infant has had the skin lesions 
since birth. There is no family history of similar skin lesions in the parents, or other 
family members. The infant has two healthy siblings.    On clinical examination you 
note numerous violaceous vascular papules and plaques randomly distributed 
throughout the body (Fig.  10.5 ).
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       Laboratory  Findings   

•     Hemoglobin 8 g/dL (10.5–14 g/dL)  
•   Platelet count 58 (150–450 10e9 L −1 )  
•   D-dimer 6.1, (<1)  
•   Fibrinogen, INR, PTT were normal     

    Questions 

     1.    What is your differential diagnosis for multifocal vascular birthmarks?   
   2.    What are the histopathologic features of multifocal lymphangioendotheliomatosis?   
   3.    What are the possible complications associated with multifocal 

lymphangioendotheliomatosis?      

    Answer 

  Multifocal lymphangioendotheliomatosis (MLT)  ,  also   known as cutaneovisceral 
angiomatosis, with thrombocytopenia ( CAT)      is a recently described condition char-
acterized by multifocal vascular lesions [ 51 ,  52 ]. Lesions in MLT are GLUT-1 nega-
tive and distinguishable from multifocal infantile hemangiomas which demonstrate 
GLUT-1 positivity on immunohistochemical staining [ 51 ]. MLT presents in the 
neonatal period with numerous, randomly distributed red-brown, violaceous, or 
bluish papules and nodules of varying sizes. There are case reports of patients with 
MLT and sparse or absent cutaneous involvement. Histopathology reveals prolifera-
tion of small thin-walled vessels with hobnailed endothelium. Some vessels also 

  Fig. 10.5    Multiple 
 violaceous papules and 
plaques   over the trunk and 
extremities (Photo courtesy 
of Beth Drolet, MD)       
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demonstrate intraluminal papillary projections and hyalinization of vessel walls. 
Lesions are typically positive for LYVE-1 indicating probable lymphatic differen-
tiation [ 51 ]. Gastrointestinal bleeding due to involvement of the GI tract with similar 
vascular lesions is the most common cause of morbidity and mortality in these 
patients. Outside of the skin and GI tract, intracranial, pulmonary, intraperitoneal, 
and other visceral involvement have been reported [ 53 ]. 

 In the  differential diagnosis   of multifocal vascular lesions presenting in the neona-
tal period, the most common entity is multifocal infantile hemangiomas. While mul-
tifocal  IH   are associated with extracutaneous involvement, most commonly hepatic 
hemangiomas, gastrointestinal involvement or thrombocytopenia are quite rare [ 54 ]. 
In the case of multifocal venous malformations (VM) or glomuvenous malformations 
( GVM     ), lesions would present as blue-hued, compressible nodules.  GI involvement   or 
LIC (localized intravascular coagulopathy) would not be expected but can rarely 
occur in the setting of  blue rubber bleb nevus syndrome (BRBNS)      or large/intramus-
cular VMs, respectively [ 55 ]. Multifocal KHEs may present with profound thrombo-
cytopenia in the setting of Kasabach–Merrit phenomenon, however GI involvement 
would be uncommon. A skin biopsy may be helpful to confi rm the diagnosis. 

 The prognosis and long-term outcomes in patients with  MLT   are poorly under-
stood, however attempts are being made to further characterize the condition and 
follow patients, including a patient registry. In the past  MLT      has been associated with 
signifi cant  morbidity   and mortality mainly related to catastrophic hemorrhage. 
Numerous treatments have been reported with limited success including corticoste-
roids, alpha interferon, IVIG vincristine, thalidomide, and bevacizumab [ 56 ,  57 ]. 
Recently the expanded use of  sirolimus   in the setting of vascular anomalies, particu-
larly those with lymphatic differentiation, has led to use in numerous vascular anoma-
lies conditions. There are promising reports regarding use of sirolimus in MLT [ 58 ].      
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    Chapter 11   
 Abuse and Factitious Disorders                     

       Kirsten     Simonton      and     Kara     N.     Shah     

    Abstract     Recognizing the cutaneous manifestations of child abuse, including 
physical and sexual abuse, is an important component of the medical evaluation in 
both the hospital-based and outpatient setting. Subtle clues on the skin examination 
may indicate the need for further evaluation, and the provider needs to be able to 
distinguish the features of injuries suspicious for non-accidental trauma from acci-
dental skin injuries, medical conditions such as vasculitis, and skin signs of cultural 
practices such as cupping. Clinicians should also be able to recognize the signs of 
child neglect, in particular in high-risk situations or in cases where child abuse is 
also suspected. With regard to anogenital skin fi ndings, sexual abuse should be con-
sidered when the lesions present indicate trauma. Finally, the possibility of self- 
induced skin lesions should always be considered when the history and/or 
examination is not consistent with a defi ned skin disorder.  

  Keywords     Child physical abuse   •   Child sexual abuse   •   Child neglect   •   Ecchymoses   
•   Thermal burn   •   Factitious disorder   •   Pathological skin picking  

      Case 11.1    

    History 

 A healthy 22-month-old male was admitted to the hospital by his primary care pedi-
atrician due to a  petechial rash and lethargy  . He had been acting well at home until 
the day of admission, when his mother noted he was tired appearing, fussy, and had 
developed a rash on his face. He had no fevers, vomiting, cough, abdominal pain, or 
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pruritus. He was home with a babysitter during the day of admission while mother 
was at work. The babysitter did not report any trauma and stated that the rash devel-
oped after she gave him a piece of chocolate, and she thought he was having an 
allergic reaction. After giving him a dose of diphenhydramine with no change in 
symptoms or rash, the babysitter called his mother who came home early and 
brought him to the  primary care pediatrician  . Mother reports that he has met all 
appropriate developmental milestones.  

    Physical Exam 

 On  physical examination  , he is tired appearing and fussy. He is afebrile and mildly 
tachycardic. He has petechiae on his right ear, including the helix, antihelix, and 
posterior pinna, with small underlying  ecchymoses   (Fig.  11.1 ).  Petechiae   are also 
noted in the postauricular area without Battle’s sign. A few scattered petechiae are 
seen just inferior to the right eye. The tympanic membranes are normal without 
perforation or hemotympanum. He has no apparent abdominal pain and no joint 
swelling or tenderness. Neurologic assessment is grossly nonfocal.   

  Fig. 11.1       On physical 
examination, grouped 
petechiae are noted on the 
pinna, helix, and antihelix       
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        Laboratory Parameters   

•     White blood cells: 11.4 (6.0–17.0 K/mcL)  
•   Hemoglobin: 11.7 (11.5–13.5 g/dL)  
•   Platelet count: 215 (135–466 K/mcL)  
•   C-reactive protein: <0.21 (<+0.30 mg/dL)  
•   Activated partial thromboplastin time (APTT): 22.6 (21.7–31.6 s)  
•   Prothrombin time (PT): 11.5 (9.6–12.8 s)  
•   Urinalysis: normal     

    Questions 

     1.    What is your  differential diagnosis  ?   
   2.    What further workup is appropriate for this patient?      

    Answer 

 The differential diagnosis of isolated  petechiae   with or without bruising includes 
inherited hematologic conditions including hemophilia and Von Willebrand (VW) 
 disease     , acquired platelet disorders including idiopathic thrombocytopenic purpura, 
other coagulopathies including vitamin K defi ciency and disseminated intravascular 
coagulation, vasculitic disorders including Henoch–Schönlein purpura ( HSP  )   , and 
oncologic disorders including leukemia. Finally, accidental injury is a consideration 
when the mechanism described fi ts the location and extent of injuries and the devel-
opmental capabilities of the child. 

 In this patient, no history of trauma was provided, and laboratory evaluation 
including normal WBC, platelet count, APTT, and PT excludes the majority of the 
medical conditions on the differential.  HSP   is unlikely in this patient as the bruising 
does not involve dependent areas and he has no palpable purpura, abdominal pain, 
or joint swelling. The location of the petechiae and  ecchymoses  , normal hemato-
logic evaluation, and lack of caregiver explanation for these clinical fi ndings raise 
the suspicion for child abuse. 

  Skin injuries   are the most common manifestations of child abuse, and bruising 
and petechiae are the most common skin injuries in children. Victims of child physi-
cal abuse often sustain trauma to the face and neck. While bruising to the head and 
face can occur from accidental injuries in a mobile child, certain bruising locations 
should prompt suspicion for abuse, including injuries of the auricle. The mnemonic 
“TEN 4” has been suggested to identify bruises that are concerning for abuse; these 
include T = torso, E = ear, N = neck, and 4 = children less than or equal to 4 years of 
age and any bruising in infants under 4 months of age. Bruising of the anterior and 
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posterior pinna is suggestive of pinching or pulling the ear, and bruising to the post-
auricular area and antihelix in particular are uncommon locations for accidental 
injuries in young children [ 1 ]. 

 The American Academy of Pediatrics ( AAP)      has recommended a thorough eval-
uation for  bleeding disorders      in children who have bruising or bleeding as part of 
their manifestation of possible child physical abuse. This includes a complete fam-
ily history, past medical history and review of systems to identify the possibility of 
a bleeding disorder. Without a clear injury history or witnessed trauma, children 
with bruising should undergo initial hematologic testing including PT, APTT, VWF 
antigen, VWF activity, Factor VIII and Factor IX levels and a complete blood count 
including platelet count [ 2 ]. 

 Young children who are suspected victims of child physical abuse should undergo 
evaluation for  occult injuries     . This includes laboratory evaluation for occult abdom-
inal trauma including aspartate aminotransferase ( AST  )    and  alanine aminotransfer-
ase (ALT)  , and radiographic evaluation for occult skeletal trauma, which often 
consists of a  skeletal survey   [ 3 ]. A  skeletal survey      is a systematically performed 
series of 21 radiographic images that encompasses the entire skeleton. Data has sug-
gested that a  skeletal survey   should be obtained in all children less than 24 months 
of age with concerns of physical abuse, and should be strongly considered in chil-
dren as old as 36 months of age [ 4 ]. In children older than 36 months, a  skeletal 
survey      may have utility for children with signifi cant developmental delays and those 
who are nonverbal. Neuroimaging should be obtained to evaluate for intracranial 
injury in young infants, in children with signifi cant head or facial trauma, and 
in those with an abnormal neurologic examination. As our patient sustained injuries 
to the ear and face and was lethargic on admission, computed tomography (CT) of 
the head is indicated.  

    Treatment 

  Treatment   of victims of child physical abuse will vary depending on the extent of 
injuries. Therefore, meticulous evaluation for occult trauma is essential, and will 
guide necessary interventions and follow-up. Children with isolated cutaneous inju-
ries including bruising and petechiae often require no specifi c treatment apart from 
analgesics as needed. When there is uncertainty regarding whether a skin fi nding is 
a bruise rather than a congenital skin lesion or other dermatologic condition, repeat 
examinations can be helpful to follow the natural course of the lesions. Additionally, 
children who received an initial  skeletal survey   to evaluate for occult skeletal trauma 
should receive a follow-up  skeletal survey   10–14 days later to assess for any healing 
fractures that may not have been visible on the initial study [ 1 ]. 

    Defi nitive treatment for these children is removal from the abusive perpetrator 
and/or environment. Physicians are mandated reporters, and therefore are legally 
obligated to report any concerns for child abuse to their local child protective ser-
vices or law enforcement agency. Furthermore, any siblings of the patient should be 
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evaluated with a thorough physical examination and any indicated laboratory or 
radiologic evaluation to assess for the possibility of physical abuse. Children who 
have suffered abuse or neglect warrant close monitoring by caregivers and primary 
care physicians for behavioral problems, physical symptoms, and signs of psycho-
logical stress [ 1 ].  Trauma-focused therapies   have demonstrated utility in children 
who exhibit symptoms related to past traumatic events.      

       Case 11.2 

    History 

    An 18-month-old female was admitted for observation after sustaining a right pari-
etal  skull fracture   and small underlying  subdural hematoma  . Her parents state this 
occurred while she was climbing on playground equipment and fell onto concrete. 
They state that her head impacted the ground and no other injuries were sustained. 
On admission she was overall well appearing with a normal neurologic examina-
tion. Her mother noted that she has had a “ bad diaper rash     ” for the past several days 
that has not been improving with use of a barrier cream. There is no history of diar-
rhea, urinary symptoms, or recent antibiotic use. Mother does note that they have 
been attempting to toilet train the patient recently, but she does continue to wear 
diapers during the day and night.  

     Physical Exam   

    On physical examination she is awake, alert, and mildly fussy. She has right-sided 
scalp edema without overlying lacerations or abrasions, and her neurologic exami-
nation is normal. She has  ecchymoses   to her mons pubis and petechiae on both labia 
majora with underlying  ecchymoses   (Fig.  11.2 ). Internal genitalia are normal 
including the labia minora and clitoral hood, and there is a crescentic hymen. There 
is no vaginal bleeding or discharge present. Perianal examination is normal.   

           Laboratory Parameters   

•     Hemoglobin: 11.9 (11.5–13.5 g/dL)  
•   Platelet count: 450 (135–466 K/mcL)  
•   Activated partial thromboplastin time (APTT): 21.9 (21.7–31.6 s)  
•   Prothrombin  time   (PT): 10.2 (9.6–12.8 s)  
•   Urinalysis: normal     
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       Questions 

     1.    What diagnostic considerations are important in this patient?   
   2.    What further workup is appropriate?      

    Answer 

    The physical fi ndings noted in this patient— ecchymoses   and  petechiae   of the exter-
nal genitalia—indicate trauma concerning for child abuse. Accidental anogenital 
injury is relatively uncommon, particularly in children who wear diapers.  Dermatitis      
is the most common vulvar condition seen in young children, and the most common 
dermatological condition seen in diapered children. Although the manifestations of 
diaper dermatitis can be extensive, including erythema, ulcerations, scaling and 
papules, evidence of  ecchymoses   or petechiae should alert the clinician to the pos-
sibility of trauma. As with other causes of bruising and petechiae, a hematologic 
evaluation is warranted to assess for coagulopathy, vasculitis, or other medical con-
ditions predisposing to bruising. There is no evidence of a  bleeding diathesis   in this 
patient given her normal platelet count and coagulation studies. The indication of 
abusive injury to this child’s external genitalia necessitates a complete evaluation 
for occult injury, including  AST   and ALT levels to assess for abdominal trauma, and 
a  skeletal survey   to assess for skeletal trauma. A more detailed history regarding the 
patient’s head injury and a complete social assessment is also warranted. 

    Children who are victims of physical abuse may sustain injury to the genital or 
anal  areas   through a variety of mechanisms including burns, impact injury, biting, 
or penetrating trauma. Many abusive acts are in response to a child behavior that is 

  Fig. 11.2          On physical 
examination,  ecchymoses   
involving the mons pubis, 
scattered petechiae, and 
faint  ecchymoses   involving 
the labia majora are seen       
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negatively perceived by caregivers, and toilet training is a common trigger for phys-
ical abuse. However, it is important to recognize that children may sustain similar or 
identical injuries following sexual abuse. Therefore, although it can be diffi cult to 
distinguish whether the primary motivation of an injury is sexual in nature, an eval-
uation for further evidence of sexual abuse should be pursued [ 5 ]. 

    When a history cannot be obtained from the patient due to developmental stage 
or other factors, the evaluation of possible sexual abuse includes a thorough  physical 
examination and testing   for evidence of sexual contact.  Genital and anal examina-
tions   in children with concerns for sexual abuse should be performed by providers 
with adequate training and equipment to examine the patient, photo-document rele-
vant fi ndings, and make appropriate referrals. Sexually transmitted infections ( STIs  )       
occur infrequently following sexual abuse in prepubertal children. Therefore, the 
decision to test for  STIs   depends on a risk assessment for each individual child [ 6 ]. 
If evaluation for sexual abuse occurs in the acute setting, forensic evidence collec-
tion may also be indicated. As with any form of child maltreatment, physicians are 
mandated reporters and are legally obligated to report any suspicion of physical or 
sexual abuse to their local child protection services or law enforcement agency [ 7 ].  

    Treatment 

     Treatment   of child abuse involves recognizing and anticipating the physical, emo-
tional, and behavioral consequences that result from this trauma. Primary treatment 
beyond any necessary medical stabilization is removal of the child from the abusive 
perpetrator and/or environment. In cases of prepubertal child sexual abuse, testing 
for  STIs   may be appropriate if certain risk factors are present, including a history of 
genital or anal contact, perpetrator with known  STI  (s), or patient symptoms of an 
 STI  . When testing is performed, confi rmatory testing of any positive results is often 
required in prepubertal children and in any case that involves the legal system. 
Prophylactic treatment for  STIs   in prepubertal children is generally not indicated 
except in signifi cantly high-risk situations. Finally, children who have experienced 
child sexual abuse should be referred to a mental health professional with expertise 
in addressing  childhood    trauma   [ 5 ,  7 ].   

    Case 11.3    

    History 

 A 4-year-old male with a history of  asthma and mild atopic dermatitis   is admitted 
for an acute asthma exacerbation. His mother reports that she “ran out of his 
asthma medications a while ago,” and she has not requested refi lls from his primary 
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care provider. He has been in the ED fi ve times over the last year for asthma exac-
erbations and has required hospitalization three times for asthma. His father smokes 
cigarettes in the home, and his mother notes that smoke exposure is a frequent trig-
ger for his asthma. His mother reports that his  eczema      is generally well controlled 
with emollients, but she has noticed new lesions on his left arm, and is now request-
ing a topical corticosteroid medication. His mother states she noticed the lesions 2 
days ago when she returned home from work. He was home with his father and 
2-year-old sister during the day, and his father stated that he hadn’t noticed the 
lesions until the patient’s mother pointed them out. She states that the lesions were 
never pustular or vesicular, there is no history of any bleeding or drainage, and the 
only change to the lesions over the past 2 days is that some have started to crust. He 
is noted to be delayed on his immunizations, and has received only one dose of the 
varicella vaccine.  

     Physical Exam   

 On physical examination he is receiving nebulized albuterol and is awake and alert 
in moderate respiratory distress. He is noted to be thin, with diffuse xerosis and 
numerous areas of dirt and debris on the skin, in his hair, and under the fi ngernails 
and toenails. His clothing is noted to be dirty and worn. Eczematous patches are 
noted in his antecubital and popliteal fossae bilaterally. Along the lateral aspect of 
the mid portion of his left upper extremity, there are fi ve grouped superfi cial ulcers 
(Fig.  11.3 ). Each lesion is circular with sharply defi ned borders and measures 
5–8 mm in diameter. The lesions have a punched-out appearance and are each sur-
rounded by a ring of erythema. He has poor dentition.   

  Fig. 11.3       On physical 
examination, grouped, 
punched out circular 
superfi cial ulcers with 
surrounding erythema are 
noted involving the left 
arm       
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        Laboratory Parameters   

•     White blood cells: 7.1 (5.0–19.5 K/mcL)  
•   Hemoglobin: 12.2 (11.5–13.5 g/dL)  
•   Platelet count: 350 (135–466 K/mcL)  
•   Bacterial culture (skin lesion): negative  
•   Fungal  culture   (skin lesion): negative     

    Questions 

     1.    What is your  differential diagnosis   for this patient?   
   2.    What is the appropriate treatment?      

    Answer 

 The  differential diagnosis   for grouped round skin lesions consistent with erosions 
and/or superfi cial ulcers is broad. Possible etiologies include infectious conditions, 
excoriations associated with  pruritic disorders   such as atopic dermatitis or contact 
dermatitis, unique cultural practices, and infl icted injury. A careful history, physi-
cal examination, and laboratory analysis help to differentiate these conditions. 
Diagnostic considerations may include impetigo; bacterial or fungal pyoderma; 
viral exanthems, including varicella and coxsackievirus; and certain folk  remedies   
or alternative healing practices such as  moxibustion  , which may result in lesions 
with a similar appearance to infl icted burns. This practice consists of placing 
ground herbs often in conjunction with acupuncture needles and heat on the 
patient’s skin, resulting in blistering and scarring at the site of impact. A careful 
history with specifi c questions regarding healing cultural practices will help 
uncover this diagnosis [ 8 ]. 

 The lesions in this patient are consistent with  infl icted cigarette burns  . Accidental 
contact burns from a lit cigarette classically result in a single ill-defi ned oval or 
wedge-shaped lesion. They do not result in full-thickness skin injury due to the 
refl ex withdrawal to pain of the affected body part. In contrast, infl icted cigarette 
burns have sharp round borders and usually appear in groups. Infl icted cigarette 
burns often produce a deep partial or full-thickness burn that is uniform in depth, 
and typically 5–10 mm in diameter depending on the size of the cigarette and  the 
  length of time it was applied to the skin. Lesions may blister, or may be dry and pale 
in appearance due to thermal coagulation of the involved tissue. These lesions heal 
gradually, often resulting in an atrophic scar with a hypopigmented center and 
hyperpigmented rim. Common locations for infl icted cigarette burns include the 
dorsum of hands and feet, face and limbs, although they  can   occur in any location. 
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 Children with  signs of physical abuse   are also at risk for neglect, which includes 
physical neglect, emotional/psychological neglect, educational neglect, and medical 
neglect. Maltreatment by burning may be secondary to infl icted injury or supervi-
sory neglect. Delayed presentation and lack of wound care prior to seeking medical 
attention are warning signs that a burn may be secondary to abuse or neglect.  Burns   
resulting from abuse or neglect are also more likely to involve deeper tissue and 
require skin grafting [ 9 ]. Although this child’s injury is consistent with intentional 
burning with a cigarette, he also manifests signs concerning for both physical and 
medical neglect including poor hygiene and attire, and a failure to provide appropri-
ate care for his asthma and routine health maintenance.  

     Treatment   

 Children with infl icted burn injuries are at risk for other abusive injuries. In reports 
in the literature, intentional cigarette burns are frequently accompanied by other 
injuries, including blunt force injuries, evidence of sexual abuse, and occult frac-
tures [ 10 ]. Current recommendations are to evaluate children with infl icted burns 
who are less than 24 months of age with a  skeletal survey   to assess for occult skel-
etal trauma [ 11 ]. In this 4-year-old patient, a full cutaneous and musculoskeletal 
examination is warranted to evaluate for any sign of further injuries. 

    When the diagnosis is uncertain, repeat examinations over the course of several 
days can help distinguish the expected progressive resolution of infl icted cigarette 
burns from the evolution of infectious conditions. Children who are verbal and of a 
certain cognitive and emotional maturity may be able to engage in a forensic inter-
view to discuss how the lesions occurred. 

    Treatment of  thermal burns   is often supportive, and may involve analgesics, 
moisturizers, and topical antibiotics such as silver sulfadiazine to prevent and treat 
infections. Defi nitive treatment of child abuse involves removal of the child from 
the abusive perpetrator and/or environment, and anticipating the physical, emo-
tional, and behavioral consequences that may result from the experienced trauma. 

    Neglect has the potential to adversely affect a child’s psychosocial, cognitive, 
and emotional development, and has been shown to be a precursor for other forms 
of maltreatment, including physical abuse. Therefore, early detection of neglect has 
the potential to prevent further neglect as well as subsequent abuse. A multidisci-
plinary assessment is ideal in diagnosing neglect, and may include contact with the 
primary care provider, school, daycare setting, and other services that interact with 
the child. A  social services assessment   of the family including food insecurity, 
fi nancial stressors, and living conditions in the home can signifi cantly aid in the 
diagnosis of neglect. Just as in the diagnosis of neglect, treatment is most effective 
when done as a multidisciplinary effort, and involves addressing both the physical 
and psychosocial aspects of neglect. A treatment team may include the primary care 
physician, child behavioral specialists, social workers, home visitors, parent and 
child educators, and mental health professionals. While a report to child protective 
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services is mandatory in cases of suspected neglect, a determination of removal 
from the home is made on an individual basis, and in some cases, services may be 
provided to the family while the child remains in the home. Appropriate reporting 
and service referral can help ameliorate the signifi cant risks associated with mal-
treatment secondary to  neglect  .   

    Case 11.4 

    History 

 A 16-year-old girl with a history of  anxiety   is admitted with a several month history 
of a chronic, asymptomatic rash on her chest and a 3-week history of right axillary 
lymphadenitis. There is no history of fever or arthralgias. Prior outpatient evaluation 
of the rash was remarkable for methicillin-resistant  Staphylococcus aureus  ( MRSA)      
on superfi cial bacterial culture; prior treatment with both topical mupirocin oint-
ment and oral trimethoprim-sulfamethoxazole as prescribed by her primary care 
provider were of limited effi cacy and the rash has persisted. She denies  symptoms   
such as pain or pruritus, and denies picking or scratching. She is unable to provide 
a history of the eruption. She has a history of anxiety and her grandfather has been 
recently diagnosed with leukemia. Current medications include fl uoxetine and 
clindamycin.  

     Physical Exam   

 She was well appearing and afebrile on examination. Involving the superior portion 
of the breasts, there are several scattered, discrete 5–10 mm erythematous crusted 
round erosions and a few superfi cial ulcers admixed with resolving erythematous 
slightly atrophic macules (Fig.  11.4 ). There is a 3 cm tender, non-fl uctuant mini-
mally erythematous subcutaneous nodule in the right  axillae  .

        Laboratory Parameters   

•     WBC: 7.1 (4.5–13.5 K/mcL)  
•   Erythrocyte sedimentation rate: 8 (<20 mm/h)  
•   C-reactive protein: 0.3 (<1.0 mg/dL)  
•   HSV PCR (skin lesion): negative  
•   VSV PCR (skin lesion): negative  
•   Bacterial culture (skin lesion): negative  
•    Skin   biopsy: ulceration of the epidermis with serosanguinous crust, mild mixed 

infl ammation of the superfi cial dermis     
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    Questions 

     1.    What is your  differential diagnosis   for these clinical fi ndings?   
   2.    What diagnostic clues can facilitate arriving at the correct diagnosis?      

    Answer 

    Diagnostic considerations for localized cutaneous erosions and superfi cial ulcers 
may include infection (more commonly bacterial (e.g., Staphylococcal, Streptococcal 
ecthyma, or other presentation) or viral (e.g., herpes simplex virus, varicella zoster 
virus, or enterovirus), arthropod infestation (e.g., scabies, bedbugs), vasculitis, 
infl ammatory dermatoses such as  pityriasis lichenoides   et varioliformis acuta and 
some presentations of collagen vascular disease, and autoimmune bullous disease 
(e.g., dermatitis herpetiformis). The  differential diagnosis   also includes a self- 
infl icted skin lesion ( SISL  )      , historically referred to as dermatitis artefacta. On the 
basis of the history of anxiety, inability of the patient to provide a concrete history 
for the cutaneous manifestations, clinical features, negative diagnostic testing, and 
skin biopsy supportive of induced trauma, a diagnosis of a factitious skin disorder 
was rendered. 

  SISLs      in children can present a signifi cant diagnostic dilemma, and they are 
often not considered in the differential diagnosis of a cutaneous eruption. The 
European Society for Dermatology and Psychiatry defi nes  SISL   as “any skin lesion 
actively and directly produced by the patient on his/her skin, mucosa or integument 
that is not better explained as a consequence of another physical or mental disorder” 
[ 12 ]. These clinical behaviors are the result of a maladaptive response to one or 
more internal psychological stressors. If the presentation involves the deliberate 

  Fig. 11.4       On physical 
examination, there are 
scattered erythematous 
crusted round erosions, 
superfi cial ulcers, and 
resolving erythematous 
slightly atrophic macules 
on the upper chest       
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invocation of the cutaneous manifestations for secondary gain (e.g., avoidance of 
school or an abusive caregiver), and the behavior is denied, malingering is diag-
nosed; if there is no secondary gain but the behavior is denied, a factitious disorder 
is diagnosed. If the patient readily admits to inducing the skin lesions, a compulsive 
or  impulsive   skin picking/skin damaging syndrome is diagnosed. The presence of 
an associated mental health disorder such as depression or anxiety is common, and 
in adults,  SISL      appears more commonly in women. Examples of common  SISL   in 
children and adolescents include trichotillomania, acne excorièe, and factitial pur-
pura [ 13 ,  14 ]. 

 Clues to the diagnosis may include a vague or “hollow” history;  skin lesions   that 
are bizarre or oddly geometric; involvement of readily accessible areas such as the 
anterior extremities, face, chest, and upper back; lesions that do not conform in 
distribution and morphology to any known dermatologic disease or condition; and 
the appearance that the patient is indifferent to the cutaneous manifestations. 

 Evaluation may necessitate performing a skin biopsy or other diagnostic  testing   
to exclude other diagnostic considerations and to convince the patient and caregiv-
ers of the correct diagnosis. The diagnosis is one of exclusion, although it is often 
suspected clinically.  

     Treatment   

 Perhaps the most critical component of treatment of self-induced skin lesions in 
children is the establishment of a trusting and therapeutic physician–patient–care-
giver relationship [ 13 ]. Patients and caregivers need to feel supported in a nonjudg-
mental manner, which can be a challenge for the provider as many patients and 
caregivers are very resistant to the concept of a self-induced process and are deter-
mined to seek an alternative diagnosis. As such, it may take several encounters with 
the patient and caregiver for the provider to establish the degree of rapport needed 
to be able to introduce the idea of a  SISL   while minimizing the risk of alienating the 
patient and caregiver. Excluding a diagnosis of a primary skin disease or other pri-
mary disorder with cutaneous manifestations is also an important component of 
management. 

    Involving a behavioral health provider such a pediatric clinical psychologist 
early in the process can be helpful, though the initial referral may seek to address 
concerns such as coping or stress [ 13 ]. Cognitive behavioral therapy and other 
forms of psychotherapy are an important component of treatment. 
Psychopharmacologic intervention may be considered for patients with associated 
mental health comorbidities that cannot be adequately addressed with psychother-
apy alone, and should be made with the assistance of a psychiatrist or other mental 
health provider with expertise in this area. Medical therapy consists predominantly 
of wound care, if appropriate, including management of any secondary infection. 
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    The prognosis for  SISL   in children appears more favorable than that in adults, 
and younger children appear to have the best prognosis, although the course may be 
protracted over several years and characterized by chronicity and intermittent 
recurrences.      
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    Chapter 12   
 Bullous Disorders of Childhood                     

       Marion     E.     Tamesis       and     Kimberly     D.     Morel     

    Abstract     Bullous diseases, both inherited and autoimmune, may be encountered 
on the inpatient consultation service. Neonates may be born with blisters and it is 
important to be aware of fi rst and foremost the importance of ruling out an  infectious 
process. The family history and morphology of the lesions may provide important 
clues to the diagnosis. Once infection has been ruled out, in cases without a family 
history of bullous disease, the autosomal recessive forms of genetically inherited 
blistering disease such as epidermolysis bullosa although rare, are more common 
than the autoimmune bullous disease in neonates. Acquired forms of blistering in 
the category of autoimmune remain rare, but become more common as children 
mature. Sudden presentations of large acral blisters in infants should prompt consid-
eration of infantile bullous pemphigoid after hand-foot-mouth disease or other 
infection is ruled out. Linear IgA bullous disease, also known as chronic bullous 
disease of childhood, is often initially mistaken for impetigo and although may be 
superinfected and partially respond to oral antibiotics, the  diagnosis may only 
become clear with the clinical course or the astute clinician recognizing and initiat-
ing a workup for the condition. Regardless of the cause of the blisters, careful 
wound care with non-adherent dressings and monitoring for signs or symptoms of 
superinfection must be performed.  

  Keywords     Autoimmune bullous disease   •   Bullous   •   Chronic bullous disease of 
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      Case 12.1 

    History 

 A 1-day-old full term baby girl is noted to have absent skin on her lower extremities 
at birth. Her nurses have noted blisters and erosions at sites  where   tape and monitor 
leads were placed after delivery. The neonatology team has initiated a rule out sep-
sis workup and performed initial bacterial and viral cultures on the erosions. 
Dermatology is consulted for further evaluation.  

    Physical Examination (Fig.  12.1 ) 

    On  physical examination  , linear erosions were present over her shins and dorsal feet 
bilaterally. Flaccid bullae were present on her heels. Several vesicles were present 
on her abdomen and erosions were present at prior cardiac monitor adhesive sites. 
Nails were absent on the affected toenails.  

     Laboratory Parameters   

•     White blood cell count: 12 (8–30 × 10(9) L −1 )  

  Fig. 12.1    Congenital localized absence of skin of the distal lower extremity and medial foot. 
Small fi rst toe with absent nail       

 

M.E. Tamesis and K.D. Morel



207

•   Hemoglobin: 16.5 (13.5–19.5 g%)  
•   Hematocrit: 49.5 (42–60 %)  
•   Platelet count: 290 (165–415 × 10(9) L −1 )  
•   HSV and VZV DFA: negative  
•   Gram stain or  wound   erosion: no polys, no organisms.  
•   Wound culture: negative to date.  
•   HSV: herpes simplex  virus  ; VZV: varicella zoster virus; DFA: direct fl uores-

cence antibody.     

    Questions 

     1.    What is your differential diagnosis?   
   2.    What  investigations   would you order/how would you approach this patient?   
   3.    What are your typical histopathological fi ndings?   
   4.    What treatment would you consider?      

    Answers 

    Differential Diagnosis 

 Blistering and erosions in the newborn period may be seen in a variety of medi-
cal conditions. The clue in this patient that points towards a diagnosis  of   epi-
dermolysis bullosa is the linear aplasia cutis on the extremities, also referred to 
as congenital localized absence of skin, in association with skin fragility. The 
linear aplasia cutis is not present in all patients with EB but when noted should 
prompt evaluation for this condition. It is important to note that it is not pos-
sible to determine subtype of EB (namely Dystrophic EB, Junctional EB, EB 
Simplex, Kindler syndrome) nor predict outcomes based on the clinical pheno-
type in the neonatal period. 

 As in older children, it is important to fi rst rule out infectious causes which can 
be life-threatening if not promptly treated. Linear erosions and blisters, even 
infections such as HSV and VZV, can mimic EB [ 1 ,  2 ]. Infectious causes that must 
be considered include bacterial infections such as staph scalded skin syndrome 
(SSSS), Group B streptococcus, and pseudomonas and  other   infections such as 
herpes simplex virus, varicella, and syphilis. More often in seriously ill and pre-
mature infants, deep fungal infections such as Aspergillus have also been reported 
to present with vesicles (see below). 

 The differential diagnosis also includes autoimmune causes of blistering 
which in the neonatal period are even rarer than genetically inherited causes 
such as epidermolysis bullosa, especially when there is no maternal history of 
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autoantibodies.  Autoimmune blistering disorders   may occur in the neonatal 
period due to transplacental transmission of maternal antibodies. A maternal 
history is helpful, although absence of maternal history of disease does not rule 
out the disease as rare cases have been reported from an asymptomatic mother. 
Neonatal lupus generally presents with annular lesions, but may present with 
widespread erosions in the neonatal period. Pemphigus vulgaris and pemphi-
gus foliaceous may also present in this manner. Rare cases of  Epidermolysis 
Bullosa Acquisita (EBA)   and chronic bullous disease of childhood have been 
reported. Bullous pemphigoid has been reported in infants, although onset is 
most often after 2 months of age. 

 A number of other noninfectious causes can present with newborn blisters 
(see below). Many are exceedingly rare. An example is cutaneous mast cell dis-
ease. The most common presentation is that of a single or several lesions, masto-
cytomas, which urticate when rubbed (positive  Darier’s sign  ) and secondary 
blistering may occur. Infants with widespread cutaneous lesions may have more 
severe generalized blistering. 

 Differential Diagnosis of the Neonate with Blisters 
  Epidermolysis bullosa   
 Staphylococcal scalded skin syndrome 
 Herpes simplex  virus   
 Other infections: syphilis, GBS, pseudomonas, aspergillus, varicella, other

   CMV, EBV, mycoplasma, Chikungunya virus    

 Autoimmune:

   Transplacental maternal antibodies: pemphigus vulgaris, foliaceous, EBA  
  Chronic bullous disease of childhood—case report  
  Bullous pemphigoid (usually after 2 mo)  
  Neonatal lupus erythematosus—can present with widespread erosions    

 Epidermolytic hyperkeratosis/epidermolytic ichthyosis 
 Kindler syndrome 
 Scabies 
 Diffuse cutaneous mastocytosis 
 Congenital erosive and vesicular dermatosis 
 Congenital self-healing reticulohistiocytosis 
 Toxic epidermal necrolysis—due to intrauterine graft versus host disease or 
neonatal gram negative sepsis 
 Porphyrias 
 Protein C and S defi ciency (hemorrhagic bullae) 
 Incontinentia pigmenti 
 Sucking blisters 
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      The Approach to the Newborn with Blisters 

 The history of the newborn should of course focus on the perinatal history and 
family history. Questions should be sought regarding maternal history of herpes 
simplex virus, syphilis, or other bacterial infections. Maternal laboratory studies 
should be reviewed.    Family history should be obtained including any history of 
skin blistering or skin fragility including transient blistering in the newborn 
period. Nail dystrophy or dental abnormalities in the family should be asked 
about as it can also be a manifestation of certain genetically inherited conditions 
associated with newborn skin fragility. Maternal history of autoimmune disease 
is especially important to inquire about as maternal transmission of transplacen-
tal antibodies can affect the newborn for several months after delivery. On 
 physical examination, the morphology and location of the lesions may provide 
clues to the diagnosis. Infections such as HSV may present with clusters of ves-
icles on an erythematous base, on scalp and presenting parts such as shoulders 
more often than other sites. Erosions even without blisters especially in preterm 
infants may be  a   presenting sign of cutaneous bacterial, viral, or fungal infec-
tions. Linear vesicles can be a clue to other genetically inherited disorders such 
as incontinentia pigmenti. However, do not become too confi dent in your clinical 
assessment, HSV has been reported to mimic the presentation of noninfectious 
bullous disorders and vice versa. If clinical suspicion for infection is high, treat-
ment should be initiated promptly without waiting for results and should be con-
tinued regardless of preliminary results [ 3 ].   

    Typical  Histological Findings   

 When epidermolysis bullosa is suspected, a biopsy of a freshly induced blister 
is the most helpful tool to try to defi ne the subtype of EB in the short term [ 4 , 
 5 ]. The method of inducing a blister can be done by twisting with a gloved fi n-
ger or clean pencil eraser [ 6 ]. Twisting must be performed gently at fi rst as skin 
separation may form with the mildest shearing force in severe cases. Progressively 
stronger twists are performed until at least erythema develops. If a blister is not 
immediately visualized, giving the site time to accumulate fl uid is the next step. 
A punch biopsy is performed to include an edge of intact skin so that the blister 
roof does not completely separate from the sample. The level of split and absent 
or abnormal protein staining including Collagen VII, Type XVII collagen, lam-
inin 332, and integrins can be assessed by  Direct Immunofl uorescence (DIF) 
testing   at select laboratories that perform this testing [Beutner Laboratories or 
Stanford University Dermatopathology]. The results can help determine sub-
type of epidermolysis bullosa. Inability to induce a blister does not rule out EB 
but could indicate a higher threshold for blistering with a milder phenotype or a 
mosaic form of the disease. Also note, performing a biopsy on a previously 
formed blister will not yield diagnostic DIF results due to the infl ammation that 
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occurs, even when a blister may appear to have been of recent onset. A fresh 
blister must be induced as a previously present blister will have infl ammation 
which will interfere with the test results. 

 Routine histology is not generally helpful in determining EB subtype but can 
help in certain other conditions. (Example: in a patient with erythematous tender 
skin and a positive  Nikolsky’s sig  n, separation at the level of the stratum granulo-
sum is supportive of a diagnosis of SSSS or spongiosis with eosinophils as may be 
seen in the linear plaques of Incontinentia Pigmenti.)  There   is no role for indirect 
immunofl uorescence in the diagnosis of inherited epidermolysis bullosa. Advances 
in genetic testing have made it possible to test whole exome sequencing for muta-
tions associated with known subtypes of EB [ 7 ].  

    Treatment 

 Once the diagnosis of EB has been established and there are no signs or symp-
toms of infection, treatment is supportive and geared towards careful wound care 
with non-adherent dressings [ 8 ]. There is currently no available cure for this life-
altering condition. Supportive care is provided with topical antibiotics and non-
adherent dressing to wounds when present. Careful consideration of topical 
ointments to apply must be undertaken. Systemic absorption of topically applied 
substances occurs in neonatal skin, and erosions are even more likely to be asso-
ciated with increased systemic absorption of topically applied substances. For 
example, topical neomycin should be avoided, given the risk of  ototoxicity   with 
systemic absorption [ 9 ]. Multiple specialists are frequently required in the inter-
disciplinary care of this disease. Nursing care and parent education in the careful 
and often time-consuming care are essential from early on. Regardless of the 
cause of the lesions, the body surface area of involvement of blisters and erosions 
must be noted so that the increased fl uid and nutritional requirements can be 
calculated. Gastroenterologists and nutritionists are helpful in managing the 
increased caloric and nutritional requirements to stay ahead of the known risk of 
failure to thrive. Use of a Habermann nipple, pre-moistened before feeds, may be 
helpful. Consultation of a feeding specialist is often recommended from early on. 
Pain management is also important and must be balanced with avoiding over 
sedation which may interfere with feeding and maintaining caloric and nutri-
tional requirements. Adhesives should not come in contact directly with the skin 
lest they cause more blisters and erosions and so securing lines may be diffi cult. 
Pediatric Dermatologists are often called upon to relay information regarding 
care of fragile skin. The Dystrophic Epidermolysis Bullosa Research Association 
( DEBRA  .org) is a helpful resource for patient care questions and families 
affected by this condition. Genetics and genetic counseling are an important 
resource for the option of genetic diagnosis of the known EB subtypes. Options 
for research protocols  underway   can be searched on  clinicaltrials.gov.   
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    Case 12.2 

    History 

 An 8-year-old male presents for evaluation with a 2-month history of intermittent 
vesicular and erythematous annular eruption usually affecting his perioral region, 
trunk, and extremities. The current rash has been present for the past few days, this 
time with extensive yellow crusted plaques and vesicles around his mouth, trunk, 
and upper and lower extremities. He  is   admitted for IV antibiotic administration 
with concern for widespread impetigo. He denies any fever, throat pain, dysuria, or 
other systemic complaints. He denies intake of any medications. Dermatology is 
consulted for further evaluation.  

    Physical Exam (Fig.  12.2 ) 

    On physical examination, vesicles, erosions, and erythematous, annular patches 
and plaques with arcuate and serpiginous borders are present. One erosion on 
his cheek is rimmed by an annular rosette of tense vesicles. He has lesions peri-
orally, on the lower abdomen,    arms, and upper thighs. Nikolsky sign is negative. 
He has mild conjunctival injection but no other ocular fi ndings. No other muco-
sal lesions are present.  

  Fig 12.2    Physical 
examination showed 
grouped vesicles and 
bullae in an annular shape 
similar to a “string of 
pearls.” From Mintz EM, 
Morel KD. Chronic 
bullous disease of 
childhood. Derm Clinics 
2011;29(3):459–462. 
Reprinted with permission 
from Elsevier Limited       
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     Laboratory   Parameters 

•     White blood count: 8.0 (4.0–10.5 K/μL)  
•   Hemoglobin: 13.2 (11.5–13.5 g/dL)  
•   Hematocrit: 39.1 (34.0–40.0 %)  
•   Platelet count: 311 (165–415 × 10 9  L −1 )  
•   HSV and VZV DFA: negative  
•   Tzanck smear: negative  
•   Gram stain of blister fl uid: no organisms  
•   Wound culture: negative to date  
•   Skin biopsy of perilesional skin revealed papillary dermal edema, a subepider-

mal bullae with a mixed infi ltrate of mononuclear cells and neutrophils. DIF 
showed linear deposits of IgA, C3, and IgG at  the   basement membrane zone.     

    Questions 

     1.    What is your differential diagnosis?   
   2.    What investigations would you order?   
   3.    What are the  typical   histopathologic fi ndings?   
   4.    What treatment would you consider?      

    Answers 

    Differential Diagnosis 

 Based on the patient’s history, physical examination, and biopsy results, this patient 
has linear IgA bullous dermatosis (LABD) of childhood also known as  chronic bul-
lous disease of childhood  . This entity was previously thought to be a childhood 
form of dermatitis herpetiformis then later reclassifi ed as bullous pemphigoid of 
childhood. Currently, this condition is widely recognized to be a distinct autoim-
mune mucocutaneous disorder due to IgA antibodies against the basement mem-
brane of the skin and mucous membranes causing a subepidermal blister and 
characteristic immunofl uorescent fi ndings [ 10 ]. LABD of childhood usually occurs 
between 6 months and 6 years of age. An adult form can be seen after puberty, gen-
erally in the seventh decade of life. Some  sources   report a slight female predomi-
nance; however, more recent data suggest a heterogeneous sex ratio worldwide. 
Although most children have self-limited disease that resolves within 3–6 years, 
many require systemic therapy during the active phase to control blistering. 
Evaluation for the possibility of mucosal involvement early in the course of the 
disease is important as ocular involvement with scarring can lead to blindness and 
upper airway involvement leading to stenosis and breathing impairment [ 10 ]. 
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 Typical exam fi ndings include tense, clear, or hemorrhagic vesicles and bullae 
grouped in an annular arrangement similar to a “ string of pearls  .” These may be 
seen on normal skin or on an erythematous or urticarial base and are commonly 
found in the lower abdomen, anogenital region, and lower extremities. A few 
patients may have a sudden onset of a rash with fever and constitutional symp-
toms [ 10 ,  11 ]. LABD of childhood may be idiopathic or caused by an identifi able 
trigger. Precipitating factors that have been reported include medications, sys-
temic illness, ultraviolet light exposure, and other traumatic events. The  patho-
genesis   behind the autoimmune response triggered by the above factors still 
remains unknown. Many antigens have been identifi ed as being involved in the 
pathophysiology of LABD and the targeted antigens are located in the basement 
membrane zone of the stratifi ed squamous epithelium of the skin and mucous 
membranes [ 10 – 12 ]. 

 The differential diagnosis of  bullous eruptions   in childhood is broad. Initially, 
it is most important to rule out an infectious process such as impetigo, herpes 
simplex virus, or varicella zoster virus. After infection has been ruled out or for 
long- standing symptoms, the possibility of autoimmune blistering diseases must 
be considered. The morphology of the rash should also point towards certain 
autoimmune disease even early in the presentation. Autoimmune diseases in 
childhood also include childhood bullous pemphigoid, childhood dermatitis her-
petiformis, and EBA.  Childhood bullous pemphigoid   is much less common in 
children versus adults and usually presents with symmetrical, ungrouped blisters 
of variable size, located primarily on fl exural surfaces of the trunk and extremi-
ties [ 13 ,  14 ]. The childhood form of dermatitis herpetiformis commonly presents 
as a burning or  pruritic papulovesicular eruption   distributed symmetrically espe-
cially on the scalp, buttocks, and extensor surfaces of the extremities [ 12 ]. EBA 
is characterized by skin fragility, predilection for the hands, feet, elbows, and 
knees, and mucosal/extracutaneous involvement [ 12 ]. A non-scarring infl amma-
tory form of EBA may affect children, whereas healing with atrophy, milia, 
scars, and dyspigmentation is seen more often in the adult non-infl ammatory 
form of this condition [ 15 ]. Clues to other bullous disorders in the differential 
diagnosis include the linear nature of poison ivy dermatitis which may present 
with intensely pruritic papules, vesicles, and bullae,  the   non-migratory annular to 
bullous rash that appear in the same body site in a fi xed drug eruption, the sharply 
demarcated borders and geometric shapes in contact dermatitis, and the red to 
brown patches that urticate and blister with rubbing in urticaria pigmentosa 
(cutaneous mastocytosis). 

 Serious bullous disorders such as  Stevens–Johnson syndrome (SJS)  , Sweet’s syn-
drome, and bullous  Henoch–Schönlein Purpura (HSP)   should also be considered. 
SJS more often presents with mucosal lesions and atypical target and purpuric mac-
ules that rapidly progress to large bullae and epidermal necrosis in an ill- appearing 
child [ 16 ]. Sweet’s syndrome commonly involves the hands and other acral sites with 
dark red, thick, well-demarcated plaques that may appear to have vesicles [ 17 ]. HSP 
manifests as palpable purpura that may form hemorrhagic bullae and necrotic ulcers 
in dependent sites such as the buttocks and extensor extremities.   
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     Histopathologic Findings   

 A skin biopsy may demonstrate a  subepidermal vesicle   or bullae with a neutrophilic 
dermal infi ltrate. DIF of perilesional skin shows linear deposits of IgA at the base-
ment membrane zone. The main target antigen is BP 180 (or collagen XVII), a key 
structural component of the dermoepidermal junction adhesion complex [ 11 ]. In 
about 80 % of patients,  indirect   immunofl uorescence demonstrates circulating IgA 
antibodies, as well as C3 and IgG [ 10 ].  

    Treatment 

 LABD of childhood is generally self-limited and usually resolves by puberty. 
Antibiotics with reported success in treating LABD of childhood, especially as 
an initial or temporizing agent, include erythromycin, dicloxacillin, and oxacillin 
[ 18 ,  19 ]. Drug of choice for long-term systemic therapy is dapsone. Dapsone is 
usually started at a low dose (<0.5 mg/kg) and slowly titrated until few to no 
lesions are observed (usually at 2 mg/kg). Alternatively, sulfapyridine may be 
given  at   150 mg/kg/day. Adverse effects of dapsone and related medications 
include hemolysis, methemoglobinemia, agranulocytosis, peripheral neuropathy, 
hepatitis, GI upset, cutaneous hypersensitivity reactions, and dapsone hypersen-
sitivity syndrome. Prior to initiating therapy with dapsone or the alternative sul-
fapyridine, patients should be screened for  G6PD defi ciency  . CBC, LFTs, and 
renal function tests should be monitored carefully while on either medication 
[ 20 ,  21 ]. Prednisone may be added temporarily to control severe disease. The 
long-term nature of this condition makes systemic steroids a less ideal choice for 
maintenance therapy, given its side effects with prolonged use. Alternative thera-
pies for those in whom dapsone or sulfapyridine is contraindicated include col-
chicine and nicotinamide [ 20 ].  

    Conclusion 

 Chronic bullous disease of childhood or LABD of childhood is an  autoimmune 
disorder   due to IgA antibodies against the basement membrane of the skin and 
mucous membranes. Clinically, this presents as tense vesicles and bullae grouped in 
a “string of pearls” confi guration on the lower abdomen, groin, and lower extremi-
ties. Histologically, this causes a subepidermal blister on H&E and characteristic 
linear deposits of IgA at the basement membrane zone on direct immunofl uores-
cence of perilesional skin. This is generally self-limited but severe cases have been 
successfully treated with dapsone.   
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    Case 12.3 

    History 

 A 6-month-old female who presented with a 5-day history of a bullous eruption that 
fi rst appeared as urticarial plaques on her hands and feet then spread to her trunk. She 
was afebrile but was irritable and had decreased oral intake. She was subsequently 
admitted for failure to tolerate PO and dermatology was consulted for evaluation of 
the eruption. She was seen by her pediatrician 1 week prior to the onset of her symp-
toms for her well-baby visit. At that visit, she received her  fi rst   dose of  diphtheria, 
tetanus, acellular pertussis (DtaP)  , Haemophilus infl uenza B, inactivated polio virus, 
and pneumococcal conjugate vaccines. She had no prior history of a similar eruption 
and there is no family history of any chronic skin conditions. There was no intake of 
new medications or use new products. There was no recent travel or ill contacts. 
There was no family history of autoimmune disease or blistering disorders.  

     Physical   Exam (Fig.  12.3 )       

     Laboratory   Parameters 

•     White blood count: 8.0 (5.0–17.5 K/μL)  
•   Hemoglobin: 11.4 (11.3–14.1 g/dL)  
•   Hematocrit: 34.2 (31.0–41.0 %)  

  Fig 12.3    Physical examination revealed tense vesicles with surrounding erythema on the hands. 
Tense bullae were present on the soles and urticarial plaques were present on the trunk. From Weitz 
NA, Mintz EM, Morel KD. Autoimmune Bullous Diseases of Childhood. In: Severe Skin Diseases 
in Children beyond Topical Therapy. Ed. Tom W. Springer 2014. Reprinted with permission from 
Springer       
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•   Platelet count: 250 (150–350 × 10 9  L −1 )  
•   Eosinophils: 7 % (2–6% )  
•   HSV and VZV DFA: negative  
•   Tzanck smear: negative for multinucleated giant cells  
•   Gram stain  of   blister fl uid: no organisms  
•   Wound culture: negative to date  
•    Skin biopsy   of lesional skin revealed a subepidermal bulla with a perivascular 

eosinophilic and lymphocytic infi ltrate  
•   DIF on non-lesional skin revealed linear deposits of IgG and C3 at the basement 

membrane zone     

    Questions 

     1.    What is your differential diagnosis?   
   2.    What  investigations   would you order?   
   3.    What are the typical histopathologic fi ndings?   
   4.    What treatment would you consider?      

    Answers 

     Differential Diagnosis   

 As discussed in “Case 12.2” section, the differential diagnosis of bullous eruptions 
in infants and children is broad. First and foremost, especially in younger children, 
infection must be ruled out. Infections in infants may present with bullae, especially 
bullous impetigo or SSSS.  

    Investigations 

 Appropriate initial tests to perform include a Tzanck smear to evaluate for multi-
nucleated giant cells, viral direct fl uorescent antibody or polymerase chain reaction 
and viral cultures to evaluate for viral illness, a gram stain and bacterial culture to 
evaluate for impetigo. Note that in certain  bacterial infections  , especially SSSS, bul-
lae may be secondary to a toxin at a site other than skin and so additional sources of 
infection other than skin should be considered. SSSS usually presents differently as 
an abrupt onset of erythema, fever, malaise, irritability, skin tenderness, and ery-
thema, followed by formation of large fl uid fi lled bullae and diffuse epidermal des-
quamation [ 22 ,  23 ]. 
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 SJS should be considered especially in children with mucosal lesions. However, 
patients with SJS tend to be ill-appearing, with widespread blisters and erythema-
tous or purpuric macules, and have a relatively more acute and rapidly progressive 
course. Similarly, erythema multiforme may present as a symmetric cutaneous 
eruption that evolve within days to the classic target to bullous lesions with minimal 
or no mucosal involvement [ 16 ]. Linear  IgA dermatosis   frequently appears with the 
string of pearls confi guration of bullae on the lower abdomen, anogenital region, 
and lower extremities [ 10 ]. These conditions may be differentiated by doing an 
H&E, direct and indirect immunofl uorescent studies. 

 Other bullous disorders to consider include contact dermatitis which appear as 
well-demarcated, geometric, or odd-shaped vesiculobullous eruption, bullous 
arthropod reaction which is characterized by pruritic local erythema and edema 
with or without a central punctum or excoriation affecting exposed areas of skin, 
and bullous mastocytosis that typically presents as discrete pigmented papules and 
nodules with leathery induration and positive Darier sign [ 23 ,  24 ]. 

 Based on the patient’s history, physical examination, and skin biopsy with direct 
immunofl uorescent result, this patient was diagnosed with infantile bullous pemphi-
goid. Bullous pemphigoid (BP) is an indolent autoimmune subepidermal blistering 
disorder characterized by large, tense blisters on erythematous or normal-appearing 
skin. This most frequently occurs in the elderly and is rarely seen in infants and 
children. There is no known racial or sexual predilection. 

 Infantile BP, which occurs in patients less than 1 year of age, predominantly affects 
acral skin and spares mucosal and genital surfaces [ 13 ,  14 ].  Pruritus   is common [ 25 ] 
and may precede the appearance of the rash. Typical exam fi ndings include tense bullae 
on erythematous or normal-appearing skin and fi lled with clear or hemorrhagic fl uid 
[ 25 ]. The bullae may heal with milia formation but scarring generally does not occur. 
Nikolsky’s sign is often absent [ 25 ]. Unlike in adults, the prognosis of infantile BP is 
favorable with almost all cases entering remission within 1 year of diagnosis [ 26 ]. 

 Children over the age of 1 year who develop BP tend to have generalized disease with 
symmetrical, ungrouped blisters of variable size. The blisters are located primarily on 
fl exural surfaces of the trunk and extremities. Older children with BP more commonly 
have mucosal involvement [ 14 ,  27 ]. There have been reports of vulvar adhesions and 
penile phimosis in older children with mucosal BP. Ocular involvement has a 25 % risk 
of blindness, whereas laryngeal disease has been known to cause airway compromise. 

 The  pathogenesis   of bullous pemphigoid in adults and children is similar. The 
skin lesions are due to the circulating and tissue-bound IgG autoantibodies directed 
against BP antigens 180 and 230 of the hemidesmosome adhesion complex in the 
basement membrane of the skin [ 13 ,  27 ]. 

 BP has been associated with  vaccination   in infants. The theory is that the vaccine is 
believed to unmask a subclinical BP in genetically predisposed infants via a  non- specifi c 
immune reactivation [ 13 ] while other authors speculate a cross-reaction between 
 epidermal antigens and the immune response against viral or bacterial  antigens [ 28 ]. 
However, review of the current pediatric literature revealed about 100 cases of child-
hood BP [ 29 ], only 18 of which occurred after vaccination [ 13 ]. Most of these patients 
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did not have a recurrence of BP; only three of these patients had recurrence of disease 
on revaccination, all milder than the initial eruption [ 13 ]. Post- vaccination BP is there-
fore not considered a contraindication to repeat vaccination.   

    Histopathologic Findings 

 Skin biopsy taken from lesional skin demonstrates a subepidermal blister with 
eosinophils on H&E [ 27 ]. DIF of a perilesional skin may show  linear   deposition of 
IgG or C3 at the epidermal basement membrane zone [ 27 ]. Salt-split skin shows 
IgG deposition in the roof of the blister. There may also be circulating IgG against 
BP180 and BP230. Peripheral eosinophilia may also be seen.  

    Treatment 

 Infantile BP resolves rapidly upon initiation of therapy. Treatment of choice for infan-
tile bullous pemphigoid is a topical or systemic steroid. For localized disease, topical 
steroids may be suffi cient [ 30 ]. For extensive or severe disease when rapid resolution 
is needed, prednisone at 1–2 mg/kg/day may be started and tapered slowly with clear-
ing [ 3 ,  30 ,  31 ]. A systemic antibiotic may be needed to treat secondarily infected 
lesions and erythromycin (50 mg/kg/day) with or without nicotinamide (40 mg/kg/
day) have also been reported to be helpful for their anti-infl ammatory effects [ 26 ,  30 , 
 32 ]. Supplemental or alternative therapies for severe cases include dapsone (3–6 mg/
kg/day, maximum dose 100 mg/day), sulfapyridine (2 mg/kg/day), and mycopheno-
late mofetil which serve as important steroid-sparing agents [ 26 ,  30 ]. For severe, 
recalcitrant disease, remission has been reported with IVIG or Rituximab (anti-CD20) 
[ 26 ,  30 ]. Extra-corporeal  plasmapheresis   and plasma exchange have also been found 
to be effective in the treatment of drug-resistant autoimmune diseases, although there 
are limited reports in the pediatric literature [ 26 ,  30 ]. As noted above, infantile BP is 
not a contraindication to subsequent vaccination. The family should be counselled 
that BP may recur after a subsequent vaccine as has been seen in a minority of cases. 
If steroids have been given, note that children receiving ≥2 mg/kg per day of predni-
sone, or ≥20 mg/day for 14 days or more, should not receive live virus vaccines for at 
least 1 month after discontinuation of corticosteroid therapy [ 33 ].   

    Conclusion 

 Bullous pemphigoid (BP) is an autoimmune  subepidermal blistering   condition that 
commonly affects the elderly but may occasionally affect infants and children. 
Clinically, the typical eruption is pruritic and is composed of urticarial plaques and 
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large, tense ungrouped blisters of varying size on the fl exural surfaces of the trunk and 
extremities. Histologically, there is a subepidermal blister with eosinophils on H&E 
and linear deposition of IgG or C3 at the epidermal basement membrane zone on DIF 
of perilesional skin. This condition responds well to topical or systemic steroids.   
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    Chapter 13   
 Vasculitis                     

       Marcia     Hogeling     

    Abstract     Childhood vasculitis includes a challenging group of conditions that 
often require multi-specialty care by dermatology, rheumatology, nephrology, car-
diology, neurology, gastroenterology, and general pediatrics. Vasculitis in children 
may be from infection, autoimmune disorders, drug induced, related to malignancy, 
or idiopathic. A skin biopsy is essential for the diagnosis of many types of vasculi-
tis. The most common type of childhood vasculitis is Henoch–Schönlein Purpura. 
This chapter discusses several types of pediatric vasculitis including Henoch–
Schönlein Purpura, Polyarteritis nodosa, and Acute Hemorrhagic Edema of Infancy.  

  Keywords     Vasculitis   •   Leukocytoclastic vasculitis   •   Panniculitis   •   Polyarteritis 
nodosa   •   Henoch–Schönlein Purpura   •   Acute hemorrhagic edema of infancy  

      Case 13.1 

 An 11-year-old previously healthy boy was admitted to hospital with fever and 
weakness. Over the past month, he had developed erythematous to  purple tender 
plaques    and nodules   over his arms and legs, associated with joint pains and 
malaise. Several of these nodules healed leaving atrophic depressions on his 
skin. He denies abdominal pain, Raynaud phenomenon, or chest pain. He is not 
taking any medications. 

     Physical Exam   (Fig.  13.1 ) 

       Vital signs: BP 110/80, HR 80, RR 20, temperature 102 °F. 
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 The child is generally ill appearing but not in acute distress. There are normal 
heart sounds, no heart murmurs, and chest is clear to auscultation. No masses are 
palpated on abdominal exam.  

     Laboratory Investigations   

•     White blood count 15 (4–10.5 K/μL)  
•   ESR 80 (0–20 mm/h)  
•   ANA negative  
•   Antiphospholipid antibodies negative  
•   Negative p-ANCA  
•   Negative c-ANCA  
•   Streptococcal  titers   negative     

    Questions 

     1.    What is your  differential diagnosis  ?   
   2.    How would you treat this patient?      

  Fig. 13.1    ( a ,  b )  Erythematous    to   violaceous indurated tender plaques and nodules over the upper 
arms and legs. Background of livedo reticularis on the legs ( b )       
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       Answers 

  The   differential diagnosis for erythematous nodules involving the arms and legs is 
broad and includes panniculitis such as erythema nodosum, vasculitis such as poly-
arteritis nodosa (PAN), Sweet syndrome, and infection such as disseminated bacte-
rial and fungal infections. Vasculitis may be caused by infection, malignancy, or 
rheumatologic disorders [ 1 ]. 

 An incisional  skin biopsy   of a new lesion was performed revealing fi brinoid 
necrosis and infl ammation of small and medium-sized arteries in the deep dermis 
and subcutaneous fat. Biopsy for direct immunofl uorescence showed deposition of 
IgM and C3, consistent with a diagnosis of PAN. 

    There are several  types   of PAN including PAN with systemic organ involvement 
(PAN) and benign cutaneous polyarteritis nodosa ( BPAN  ). PAN is a necrotizing 
vasculitis of small and medium-sized arteries that is quite uncommon in children 
and is classifi ed as to whether it is limited to cutaneous involvement versus whether 
there is systemic involvement.  Prognosis   is correlated with the degree of additional 
organ involvement, which may include joints, muscles, kidneys, heart, GI tract, and 
rarely cerebral infarcts.  Cutaneous features   may include subcutaneous nodules, pal-
pable purpura, livedoracemosa, retiform purpura, ulcerations, and digital infarcts. 
Nodules may heal, leaving atrophic plaques. Further workup of this child revealed 
lack of internal organ involvement, consistent with the subtype of  BPAN  .  BPAN   is 
limited to the skin and is the most common type of PAN in children. Patients may 
have mild systemic symptoms such as fever, myalgias, and arthralgias. Cutaneous 
PAN may be associated with streptococcal infections. Although  BPAN   may have a 
chronic, relapsing course, it has a better prognosis than systemic PAN. A signifi cant 
complication of  BPAN   is digital or extremity necrosis [ 2 ]. 

       Treatment of  BPAN   is with high-dose systemic corticosteroids initially, (such as 1 mg/
kg/day of prednisone) that is gradually tapered over months. In mild cases,  NSAIDS      may 
be used, but typically systemic corticosteroids are required.  Steroid sparing immunosup-
pressive drugs   such as cyclophosphamide and mycophenolate mofetil may be used sec-
ond line [ 3 ]. There are case reports of treatment with colchicine, dapsone, 
cyclophosphamide, methotrexate, anti-TNF agents, IVIG, and mycophenolate mofetil 
[ 4 – 7 ]. There is controversy over whether cutaneous PAN may be induced by streptococ-
cal infection. Patients with proven  streptococcal infections   are frequently treated with 
long-term penicillin prophylaxis; however, evidence for this is unclear [ 8 ]. For systemic 
disease, treatment in conjunction with a Pediatric Rheumatologist is critical.      

    Case 13.2 

 A 12-year-old Hispanic female presented with a 10-day history of a purplish rash 
that began on her left leg and spread to her abdomen and upper extremities. She had 
associated knee pain, myalgia, abdominal pain, nausea, and non-bloody, non- bilious 
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emesis. Her past medical history was signifi cant for  MRSA abscesses  , the most 
recent of which was treated with  trimethoprim-sulfamethoxazole     ; she fi nished treat-
ment 5 days before the onset of this rash. Family history was signifi cant for her aunt 
who died of systemic lupus.    

    Physical Exam (Fig.  13.2 ) 

        Physical exam   showed erythematous macules and purpuric papules with central 
vesiculation extending up her thighs, lower abdomen, and distal upper extremities, 
associated with edema of her lower extremities and signifi cant pain to palpation. 
There were tense bullae on her distal lower extremities.  

     Laboratory Investigations   

•     CBC normal  
•   ANA-negative  
•   dsDNA-negative  
•   Liver enzymes-normal  
•   Urinalysis-   normal     

  Fig. 13.2             Tense bullae 
superimposed over purpura 
on the lower extremities       
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       Questions 

     1.    What is the  diagnosis  ?   
   2.    How would you treat this patient?   
   3.    What is a potential long-term complication to be aware of with this condition?      

    Answers 

    The  skin biopsy   (Fig.  13.3 ) shows an  intense   inflammatory infiltrate of neutro-
phils around blood vessels within the dermis. These blood vessels showed 
swollen endothelium and narrowing of the vessel lumina. Direct immunofluo-
rescence revealed granular IgA, C3, fibrin, and weak IgM deposits in blood 
vessels in the papillary dermis consistent  with   Henoch–Schönlein Purpura 
(HSP). HSP is a small vessel, leukocytoclastic vasculitis caused by immune 
complex deposition.  Direct immunofluorescence   is positive for granular depos-
its of IgA, which help distinguish it from other types of leukocytoclastic vas-
culitis. The  differential diagnosis   includes other types of leukocytoclastic 
vasculitis and disseminated bacterial and viral infections with petechiae and 
purpura, such as meningococcemia. For this patient, with the history of prior 
infection and antibiotic use, we considered vasculitis caused by infection, or 
hypersensitivity from drugs. Given the family history of autoimmune disease, 
autoimmune causes such as systemic lupus erythematosus were also investi-
gated, and found to be negative.

   This patient has bullae on the lower extremities, superimposed over the purpura, 
a clinical variant of  bullous  Henoch–Schönlein Purpura. Bullous HSP is more com-
mon in adults than children. 

  Fig. 13.3        Perivascular 
infl ammatory infi ltrate   of 
neutrophils around blood 
vessels within the dermis 
with leukocytoclasis 
associated with endothelial 
swelling and narrowing of 
the vessel lumina. 
(Courtesy Daphne 
DeMello, MD)       
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    HSP is the most common type of vasculitis seen in children. It typically affects 
younger children between the ages of 4 and 6, with an incidence of 13 per 100,000 
[ 9 ]. A classic triad includes abdominal pain, arthralgias, and a purpuric eruption. 
Renal involvement is less common. 

  Treatment   for HSP is generally supportive care. Children with mild skin involve-
ment do not need treatment. Systemic steroids may be utilized for severe abdominal 
pain and may reduce the chance of persistent renal involvement. Bullous lesions are 
another indication for systemic corticosteroids although this is somewhat 
 controversial [ 10 ,  11 ]. This patient was treated with prednisone, with improvement 
in skin pain and decreased bullae within several days. 

 A potential long-term complication is  renal disease   which develops within 6 
months of the purpura in the majority of patients; therefore, serial monitoring of 
urinalysis is indicated. Routine blood pressure and urinalysis are recommended  for 
  6 months [ 1 ,  9 ].   

    Case 13.3 

 A 6-month-old previously healthy boy presents to the hospital with a fever, swelling 
of the face and hands, and skin rash affecting the face, ears, and extremities. The 
rash has been present for 2 days, starting as small red-purple spots that are enlarg-
ing. He is irritable and not feeding well. He has not been taking any medications. 
The past week he has had rhinorrhea and some diarrhea. 

        Physical Exam   (Fig.  13.4 ) 

    He is generally well appearing. The facial edema seems to be painful but non-pitting.  

     Laboratory Investigations   

•     Leukocytosis  
•   Elevated ESR  
•   Urinalysis normal     

    Question 

     1.    What is the  diagnosis  ?      
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    Answers 

    The correct  diagnosis   is acute hemorrhagic edema of infancy (AHEI). AHEI is a benign 
vasculitis (leukocytoclastic vasculitis) affecting young children, typically between 4 
months and 2 years of age, that is slightly more common in males [ 12 ,  13 ]. The  etiology   is 
unclear, but involves immune complex deposition. It is thought to be similar to HSP; how-
ever, it can be differentiated by the circular nature of the purpura, as well as the location 
favoring the face and arms, rather than legs and buttocks as seen in HSP. Lesions may be 
described as “cockade” or targetoid consisting of annular lesions with darker centers. Skin 
biopsy fi ndings do not always show IgA deposition, (as opposed to HSP) leading to the 
controversy of whether this condition is separate from HSP, or an infantile variant [ 13 ]. 

 The  differential diagnosis   includes infection such as meningococcemia, causes 
of ecchymosis such as child abuse, Kawasaki disease, and HSP. 

    There is often a preceding history of  upper respiratory infection  , or  GI symptoms   such 
as diarrhea or vomiting. While the rash is dramatic, the infants often appear otherwise 
well. There is often facial swelling, and ecchymotic purpura of the face and extremities. 

 Given the self-limited nature of the disease, with no long-term effects on renal 
function, treatment is unnecessary. 

    The condition has a good prognosis and the skin eruption generally resolves 
within 1–3 weeks [ 1 ].      

  Fig. 13.4          Multiple 
circular red-purple 
ecchymotic papules and 
plaques, coalescing into 
polycyclic and annular 
plaques, over the face, 
ears, arms, and legs       
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    Chapter 14   
 Skin Signs of Systemic Diseases                     

       Adam     Bartlett      ,     Pamela     Palasanthiran      ,     Marcia     Hogeling      , and     Orli     Wargon     

    Abstract     This chapter discusses examples of neutrophilic dermatoses and pannic-
ulitides, which represent a spectrum of non-infectious infl ammatory conditions of 
the epidermis, dermis, and subcutaneous tissue. They can be associated with sys-
temic diseases, including malignancies, and autoimmune and autoinfl ammatory dis-
orders. Histopathological examination of the lesions is integral to the diagnosis of 
these cutaneous or subcutaneous infl ammatory conditions. Treatment includes man-
agement of the associated systemic disease, in conjunction with a range of anti-
infl ammatory and immune-modulatory therapies.  

  Keywords     Neutrophilic dermatosis   •   Sweet’s syndrome   •   Pyoderma gangrenosum   
•   Panniculitis   •   Cutaneous fi ndings of systemic disease  

      Case 14.1 

    History 

          A 13-year-old girl diagnosed with acute myeloid leukemia ( AML  )       2 weeks prior, cur-
rently admitted for induction chemotherapy, developed multiple well- demarcated, 
 erythematous and tender plaques on her left fl ank. She had been febrile for the previous 
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3 days without evidence of sepsis. Her medications at the time included ondansetron, 
metoclopramide, gentamicin, piperacillin–tazobactam, trimethoprim–sulfamethoxa-
zole, and liposomal amphotericin. She had completed a 10-day cycle of chemotherapy 
(cytarabine, daunorubicin, and etoposide) the day before. No granulocyte- colony stim-
ulating factor ( G-CSF)      was given. Within 24 h more lesions of a similar nature had 
developed on her left thigh, left hip, and back.  

     Physical Examination   (Fig.  14.1 ) 

       On examination, there were multiple tender, warm, erythematous plaques (six in 
total) measuring 2 × 2 cm on her left fl ank, left thigh, left hip, and back. The lesions 
were slightly raised and indurated, but non-fl uctuant. She was febrile and had rig-
ors. There was no evidence of mucosal lesions or visceromegaly.     

     Investigations   

•     Hb 105 g/L (115–165 g/L)  
•   WCC 2.30 × 10 9  L −1  (3.50–11.00 × 10 9  L −1 )  

  Fig. 14.1       Photo of 
 bilateral infra-orbital 
lesions   which developed 8 
days after original skin 
lesions       
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•   Platelets 37 × 10 9  L −1  (150–450 × 10 9  L −1 )  
•   Neutrophils 1.9 × 10 9  L −1  (1.7–7.0 × 10 9  L −1 )  
•   Lymphocytes 0.3 × 10 9  L −1  (1.5–4.0 × 10 9  L −1 )  
•    Eosinophil  s 0.00 × 10 9  L −1  (0.04–0.44 × 10 9  L −1 )     

    Questions 

     1.    What would you include in your  differential diagnoses  ?   
   2.    What further  investigations   would you order?   
   3.    What  treatment   options would you consider?      

     Patient Progress   

 The patient’s antibiotic regimen was changed to  meropenem   and  vancomycin  ; 
the  liposomal amphotericin   was increased from prophylactic to treatment doses; 
and her prophylactic trimethoprim–sulfamethoxazole was continued. Serial 
blood cultures remained negative, and an autoimmune screen (ANA and eNA) 
was unremarkable. A CT of her chest, abdomen, and pelvis demonstrated con-
solidation and ground glass opacifi cation in the upper lobe of the right lung, 
suggestive of fungal infection. 

 A biopsy of one of the skin lesions on her fl ank demonstrated epidermal 
spongiosis, hyperkeratosis, and acanthosis, with a light neutrophilic infi ltrate. 
 Intraepidermal and subcorneal pustules   containing neutrophils, as well as an 
interstitial and perivascular mixed infl ammatory (neutrophilic and lymphocytic) 
infi ltrate in the superfi cial dermis, were also evident. These features are 
 consistent with a spongiotic and pustular dermatitis, suggestive of an  infection   
or neutrophilic dermatosis. Fungal spores (with a morphological appearance 
consistent with  Malassezia furfur ) were seen in the most superfi cial layers of 
the stratum corneum, with no extension into the epidermis or dermis. No other 
bacterial, fungal, or acid-fast organisms were identifi ed on histopathology, 
microscopy, or culture.    

    Over the subsequent 7 days the lesions on her fl ank, hip, thigh, and back 
settled. On day 8 following the original skin lesion, bilateral infraorbital ery-
thema, swelling, and tenderness developed, which evolved into a purpuric 
appearance, then faded over several days (Fig.  14.1 ). A CT of her sinuses did 
not demonstrate any evidence of sinusitis and her eyesight was not impacted. 
Her fevers settled after 16 days, at which time the antibiotics (meropenem and 
vancomycin) were ceased, and she was commenced on voriconazole for ongo-
ing treatment of an invasive fungal infection.     
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    Answer 

 The  neutrophilic dermatoses   are a group of  noninfectious skin conditions   character-
ized by cutaneous lesions with intense sterile neutrophilic infl ammation [ 1 ,  2 ]. In 
this case, the clinicopathologic diagnosis of acute febrile neutrophilic dermatosis, or 
Sweet’s syndrome, was made. Patients can present with a range of cutaneous mani-
festations, which generally involve tender, well-demarcated, erythematous lesions 
(e.g., papules, plaques, pustules, bullae, nodules) that may become hemorrhagic but 
usually resolve without scarring [ 3 ]. Fever often precedes the skin lesions, while 
conjunctivitis and episcleritis can also occur [ 3 ,  4 ]. Rarely, post-infl ammatory cutis 
laxa-like slack skin with arterial laxity can follow Sweet’s syndrome. Differential 
diagnoses include infection (viral, bacterial, fungal, mycobacterial) and vasculitis. 

 The defi nitive diagnosis of Sweet’s syndrome requires two major and at least two 
minor  criteria   (Table  14.1 ) [ 3 ,  4 ]. Central to diagnosis is biopsy and histopathologi-
cal examination of a skin lesion demonstrating an intense infi ltrate of polymorpho-
nuclear leukocytes localizing to the epidermis, dermis, or hypodermis [ 5 ]. In 
pancytopenic patients receiving chemotherapy, such as in this case, less infl amma-
tory cells may be present. The localization of cutaneous neutrophilic infl ammation 
in association with other systemic and extra-cutaneous manifestations assists in 
specifying a particular neutrophilic dermatosis. However,  overlap   forms and con-
current or successive neutrophilic dermatoses do occur [ 3 ,  6 ].

    Neutrophilic dermatoses   are often  idiopathic   but may be associated with many 
systemic disorders including myeloproliferative disorders, monoclonal gammopa-
thies, infl ammatory bowel disease, and auto-immune and auto-infl ammatory disor-
ders [ 1 ,  3 ,  7 ].  AML   is the most common malignancy associated with Sweet’s 
syndrome [ 8 ]. These secondary causes need to be considered during the diagnostic 
process, as they have signifi cant implications for long-term management and prog-
nosis. Several  medications   (e.g., trimethoprim–sulfamethoxazole, granulocyte 
colony- stimulating factor, all-trans retinoic acid) have been reported with cases of 
Sweet’s syndrome; however these are usually administered in association with 
underlying malignancy or infl ammatory disorders [ 3 ,  9 ,  10 ]. 

   Table 14.1     Diagnostic criteria   for Sweet’s syndrome a    

 Major criteria  Minor criteria 

 • Acute onset of erythematous or violaceous 
plaques or nodules 

 • Preceding fever or infection 

 • Predominantly neutrophilic dermal 
infi ltration without leukocytoclastic 
vasculitis 

 • Accompanying fever, arthralgia, 
conjunctivitis, or underlying malignancy 

      • Responds to systemic corticosteroids, 
but not antibiotics 

 • Raised white cell count 
 • Raised erythrocyte sedimentation rate 

   a Adapted from Dabade and Davis [ 9 ]  
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 A  range of treatment    options   exist for the various neutrophilic dermatoses, and 
include systemic, topical, and intralesional therapies. The main principal of treat-
ment is to manage the infl ammatory process through anti-infl ammatory, immuno-
suppressive, and immunomodulatory agents [ 3 ,  6 ,  9 ]. Systemic corticosteroids are 
usually effective; however with recurrences other agents such as potassium iodide, 
colchicine, and dapsone have been used [ 6 ,  9 ].  Treatment   should be tailored to the 
individual, taking into account the associated systemic disorder and systemic 
involvement during the episode. In some patients with Sweet’s syndrome the lesions 
may spontaneously resolve without therapeutic intervention [ 8 ]. Recurrences may 
occur, particularly in malignancy-associated Sweet’s syndrome, where the lesions 
represent a paraneoplastic phenomenon and may signify a malignancy relapse [ 8 ].   

    Case 14.2 

    History 

 A 17-year-old boy diagnosed with acute lymphoblastic leukemia ( ALL  )       13 months 
prior presents to the Emergency Department with a tender, non-fl uctuant, slightly 
raised, erythematous lesion, measuring 2 cm in diameter on his left upper arm 
(Fig.  14.2 ). Management of his  ALL   had been complicated by asparaginase-induced 

  Fig. 14.2    Erythematous 
plaque on upper left arm       
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pancreatitis, a pulmonary invasive fungal infection, extensive herpes simplex sto-
matitis, and anaphylaxis to liposomal amphotericin. His medications at the time 
included voriconazole, acyclovir, co-trimoxazole, thioguanine, esomeprazole, and 
dexamethasone (recently weaned). He had received cytarabine, cyclophosphamide, 
and intrathecal methotrexate as part of his chemotherapy protocol 4 days earlier.

        Physical Examination   

 On presentation the patient was afebrile and reported abdominal pain. Aside from 
the skin lesion on his left upper arm, the remainder of his examination was 
unremarkable.     

     Investigations   

•     Hb 115 g/L (130–180 g/L)  
•   WCC 0.39 × 10 9  L −1  (3.50–11.00 × 10 9  L −1 )  
•   Platelets 75 × 10 9  L −1  (150–450 × 10 9  L −1 )  
•   Neutrophils 0.1 × 10 9  L −1  (1.7–7.0 × 10 9  L −1 )  
•   Lymphocytes 0.2 × 10 9  L −1  (1.5–4.0 × 10 9  L −1 )  
•   Eosinophils 0.00 × 10 9  L −1  (0.04–0.44 × 10 9  L −1 )  
•   C-reactive protein 212 mg/L (<3 mg/L)     

       Questions 

     1.    What would you include in your  differential diagnoses  ?   
   2.    What  further   investigations would you order?   
   3.    What  treatment   options would you consider?      

     Patient Progress   

 He was admitted to hospital and commenced on broad spectrum antibiotics (piper-
acillin–tazobactam and gentamicin) and continued his regular medications. Within 
24 h of his admission, he developed fevers and the lesion became more painful and 
increased in size. Similar lesions developed on his scalp, both arms and legs, and 
back (total of nine lesions). His  antibacterial and antifungal cover   was broadened 
with meropenem, vancomycin, co-trimoxazole, and liposomal amphotericin (via a 
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desensitization protocol due to his previous anaphylactic reaction). He required 
 opioid analgesia   and was commenced on G-CSF. 

  Ultrasound   of the original lesion on his left upper arm demonstrated diffuse 
edema in the subcutaneous fat plane, without a collection or mass. His lipase 
and amylase were not elevated, serial blood cultures negative, and an autoim-
mune screen (ANA, eNA, dsDNA, ANCA, C3, C4) was unremarkable.  Biopsies   
were taken from lesions on the right and left upper arm. They demonstrated 
identical features of deep dermal and subcutaneous inflammation with a mixed 
lymphocytic and neutrophilic infiltrate, consistent with septal panniculitis. 
 Micrococcus luteus  was identified on culture, which was considered to be non-
pathogenic. No other bacterial, fungal, or acid-fast organisms were identified 
on histopathology, microscopy, or culture. The lesions and fevers settled by 
day 9 of his admission and he was discharged 2 days later with slight residual 
erythema at the site of the lesions.     

    Answer 

 Panniculitis is a condition that is characterized by infl ammation of the subcutaneous 
adipose tissue [ 11 ]. It can occur as a primary phenomenon, a local reaction, second-
ary to medications, or as part of a systemic  disorder   (Table  14.2 ) [ 12 – 15 ]. Despite 
the diverse nature of associated etiologies, patients present in a similar fashion with 
painful and tender erythematous nodules or plaques that are usually located on the 
lower limbs, but can occur anywhere [ 12 ]. Patients may have other  nonspecifi c 
symptoms   such as fever and lethargy, as well as more specifi c features indicative of 
an associated underlying condition.  Differential diagnoses   include infection and 
vasculitis (polyarteritis nodosa).

   Table 14.2     Causes   of panniculitis   

 Erythema nodosum (most common)  Connective tissue disease 
  Beta-hemolytic streptococcus   Systemic lupus erythematosus 
  Mycoplasma   Dermatomyositis 
  Epstein–Barr virus   Polyarteritis nodosa 
  Sarcoidosis  Enzymatic 
  Drugs: oral contraceptives, sulphonamides, penicillin, 
cephalosporins, macrolides 

  Pancreatitis 

 Infections   α 1 -Antitrypsin defi ciency 
  Bacterial  Physical 
  Fungal   Trauma 
  Mycobacterial   Cold 

 Malignancy  Post-steroids 
   Leukemia    Subcutaneous fat necrosis of the 

newborn 
  Lymphoma (T-cell) 
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    Biopsy and histopathological examination   of the lesion is necessary for the defi ni-
tive diagnosis of panniculitis [ 15 ].  Classifi cation systems  , based on the location of 
infl ammation (septal, lobular, or mixed) and other associated features (e.g., vasculi-
tis, necrosis, cellular infi ltrate), assist in guiding the clinician to an underlying etiol-
ogy, however signifi cant overlap exists [ 14 – 18 ]. Given the homogenous clinical 
presentation of panniculitis and the heterogeneity of associated etiologies, an under-
standing of the histopathology is important in determining a cause, and guiding fur-
ther investigations and management. Other investigations will be guided by clinical 
suspicion and suggestive histopathological fi ndings, but may include microbiologi-
cal investigations, lipase, α 1 -antitrypsin, autoimmune antibodies, and investigations 
for autoinfl ammatory disorders. 

  Treatment   of panniculitis is generally supportive in nature in addition to directed 
therapy aimed at the underlying cause.  Anti-infl ammatory agents   (nonsteroidal and 
corticosteroids) are used in select cases [ 12 ]. Some lesions will tend to resolve over 
4–6 weeks without residual scar formation [ 11 ], especially post-steroid panniculitis, 
which develops 2–4 weeks after suddenly stopping systemic corticosteroids. 
Signifi cant  lipoatrophy      can occur with lobular panniculitis, such as seen with systemic 
lupus erythematosus, deep morphoea, and juvenile dermatomyositis [ 18 ]. Lipoatrophy 
is also a feature of associated  autoinfl ammatory disorders   such as  H-syndrome 
(SLC29A3 mutation)   and  chronic atypical neutrophilic dermatosis    with lipodystro-
phy   and elevated temperature (CANDLE)  syndrome   [ 19 ]. Deep necrotic ulceration is 
a feature of α 1 -antitrypsin defi ciency panniculitis seen mainly in homozygotes [ 15 ]. 
Pancreatic panniculitis tends to ulcerate and heal with atrophic scars [ 15 ].   

    Case 14.3 

     History   

 A 12-year-old unvaccinated girl presents to the Emergency Department with a 3-day 
history of a vesiculo-pustular eruption involving the trunk, extremities, scalp, and face. 

 She has a past medical history signifi cant for  MRSA infection   and infl ammatory 
bowel disease. She is taking prednisone for Crohn’s disease and her dose is slowly 
being tapered. A purulent lesion on her right arm was incised and drained in the 
emergency room. It is now enlarging, sloughing, and extremely painful. Due to 
concerns for acute bacterial or viral infection in an immunocompromised patient, 
she was admitted to hospital and started on broad spectrum IV antibiotics, and IV 
acyclovir.     

     Physical Examination   (Figs.  14.3  and  14.4 )        
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     Investigations   

•     White blood cell count 17.1 (4.0–10.5 K/μL)  
•   Neutrophils 13.8 (1.0–8.9 K/μL)  
•   CRP 16.8 (<0.9 mg/dL)  
•   Varicella PCR negative  
•   Viral wound culture negative  
•      Bacterial culture from arm negative     

    Questions 

     1.    What additional investigations would you perform?   
   2.    What is the  diagnosis  ?   

  Fig. 14.3       Vesicles, bullae, 
and pustules distributed 
over the arms and legs       

  Fig. 14.4        Necrotic plaque  , 
studded with peripheral 
pustules, central ulcer with 
undermined border, and 
surrounding rim of 
infl ammation, 
corresponding to the site of 
previous incision and 
drainage       
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   3.    Why did the ulcer on the  wrist   (Fig.  14.4 ) worsen?   
   4.    What  treatment   do you recommend?      

    Discussion 

 Additional investigations to help with  diagnosis   would be to perform a  skin biopsy   
of an active skin lesion with suffi cient depth (to subcutaneous fat) and suffi cient tis-
sue for special stains and culture (bacterial, mycobacterial, fungal and viral). Other 
investigations depending on the  clinical presentation   could include gastrointestinal 
workup with colonoscopy and liver function tests, CBC, serology for ANA, antiphos-
pholipid antibodies, ANCA antibodies, and VDRL. A  skin biopsy   was performed 
from a new pustule, revealing a dense neutrophilic infi ltrate extending to the base of 
the lesion. Stains for bacteria, fungi, and viruses were negative. There was no vascu-
litis seen  on    biopsy   (Figs.  14.5  and  14.6 ). Tissue cultures showed no growth.

    The clinical findings, together with the biopsy findings, are consistent with 
a  diagnosis   of pyoderma gangrenosum ( PG  ), which is a neutrophilic dermato-
sis. Neutrophilic skin infiltrations usually indicate infection, but neutrophilic 
dermatoses are disorders without primary skin infection. The  differential diag-
nosis   includes bullous Sweet’s syndrome (another neutrophilic dermatosis that 
can mimic bullous PG), systemic vasculitis such as periarteritis nodosa, myco-
bacterial and atypical mycobacterial infections, syphilis, brown recluse spider 
bites, and systemic mycoses such as blastomycosis, sporotrichosis, coccidioi-
domycosis, and cryptococcosis. 

  Fig. 14.5    Low power microscopic view  showing   biopsy from edge of ulcer with dense cellular 
infi ltrate extending to the base of the lesion       

 

A. Bartlett et al.



239

 The classic  morphology of   pyoderma gangrenosum is an ulcer. It can present 
with a single lesion or multiple lesions. The initial lesion usually begins as a tender 
papulopustule that undergoes necrosis and ulcerates. It then heals with scarring 
which may be cribriform. It is more common in adults with only 4 % of cases pre-
senting in children [ 20 ]. Clinical variants include bullous, pustular, superfi cial, and 
granulomatous/vegetative morphologies. Painful cutaneous lesions may occur any-
where on the body. Vesiculobullous pyoderma gangrenosum overlaps with superfi -
cial bullous Sweet’s syndrome [ 7 ]. 

 The ulcer on the wrist worsened due to a phenomenon called   pathergy       .  Pathergy 
is the development of lesions at sites of minor trauma, which may occur in up to 20 % 
of cases. Pathergy is more common in childhood disease than in adult PG [ 20 ]. Some 
clinicians are concerned about performing biopsies in children with PG due to induc-
ing pathergy, however biopsy is still recommended, to rule out other conditions. 
Biopsy from the edge of the ulcer can help rule out vasculitis. Biopsy from the ulcer 
itself can be submitted for culture—and in this case there was a high level of concern 
about infection from the primary care team, which was ruled out by the biopsy. 

 Pyoderma gangrenosum usually develops in conjunction with systemic dis-
ease, most commonly  infl ammatory bowel disease  , but can also be seen in 
patients with arthritis, hematologic malignancies (leukemia), immunodefi cien-
cies and autoinfl ammatory diseases such as pyogenic arthritis pyoderma gan-
grenosum, and acne (PAPA) syndrome [ 7 ]. 

  Treatment   of pyoderma gangrenosum includes systemic corticosteroids, and steroid 
sparing immunosuppressive drugs such as cyclosporine and TNF alpha inhibitors. A 
randomized trial in adults comparing prednisone and cyclosporine found that they were 
both about equally effective [ 21 ]. For a single PG lesion, topical or intralesional steroids 

  Fig. 14.6    Higher power microscopic view showing  dense neutrophilic infi ltrate without 
vasculitis         
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or topical calcineurin inhibitors may be used initially. Due to her numerous cutaneous 
lesions, this patient was continued on systemic steroids, and switched to pulsed IV meth-
ylprednisolone.  Infl iximab   was subsequently added to treat both the underlying Crohn’s 
disease and the pyoderma gangrenosum [ 22 ,  23 ]. She had complete healing of her skin 
lesions within 2–3 months of therapy and was tapered off of systemic steroids.      
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 classifi cation  ,   111  
 diagnosis  ,   110   
 HSCT  ,   111  
 ichthyosiform    (see  Ichthyosiform cGVHD )  
 lichen planus-like lesions  ,   111  
 median time  ,   111  
 morphologies  ,   110  
 nonsclerotic manifestations  ,   111  
 physical exam  ,   109–110    
 risk factors  ,   111  
 sclerotic  ,   111     
 treatment plan  ,   110–112        

  Coalescing erythematous papules  ,   126      

  Cocamidopropyl betaine  ,   10   
  Community acquired methicillin-resistant 

 Staphylococcus aureus  (CA-MRSA) 
 abscesses  ,   48  
 ACME  ,   48  
 cellulitis  ,   48   
 diagnosis  ,   47  
 history  ,   46   
 laboratory results  ,   47   
 leukocidins  ,   48  
 physical examination  ,   47    
 populations  ,   48  
 PSM  ,   48  
 risk factors  ,   47  
 skin abscesses  ,   48  
 skin cultures  ,   48  
 treatment  ,   47   ,   49    

  Complete blood count (CBC)  ,   154   
  Computed tomography (CT)  ,   156   
  Congenital fi bromatosis  ,   166   
  Congenital heart block (CHB)  ,   141   ,   142        
  Congenital hemangiomas (CH)  ,   183   
  Congenital melanocytic nevi (CMN) 

 baseline MRI  ,   139  
 classifi cation system  ,   138  
 diagnostic investigations  ,   137  
 differential diagnosis  ,   138  
 ectopic locations  ,   138  
 history  ,   137  
 imaging  ,   137  
 malignancy  ,   139  
 malignant melanoma  ,   139   
 management  ,   139  
 medical risks  ,   138   ,   139   
 NCM  ,   138  
 physical examination  ,   137   ,   138   
 risks association  ,   137  
 satellite lesions  ,   138  
 treatment  ,   137   ,   139    

  Corticosteroid treatment  ,   58   
  Coxsackie virus  ,   17   
  Coxsackie virus A6 (CVA6)  ,   20   
  Cutaneous candidiasis 

 antibiotic therapy  ,   54  
 blood cultures  ,   56  
 congenital candidiasis  ,   55  
 diagnosis  ,   54   ,   56  
 differential diagnosis  ,   54   ,   56  
 fatal systemic infections  ,   55  
 fetal skin  ,   55  
 genetic disease  ,   56  
 infants  ,   54  
 laboratory parameters  ,   54  
 low birth weight neonates  ,   56  
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 Cutaneous candidiasis (cont.) 
 in neonates  ,   55  
 physical examination  ,   54   ,   55  
 pregnancy  ,   54  
 premature neonate  ,   55   ,   56  
 risk of infection  ,   55  
 treatment  ,   54  
 types  ,   55   

  Cutaneovisceral angiomatosis, with 
thrombocytopenia (CAT)   . 
See  Multifocal vascular lesions  

  Cyclophosphamide  ,   125   ,   128    
  Cyclosporine  ,   8     

 D 
  Defi ciency of Interleukin 1 Receptor 

antagonist (DIRA)  ,   8   
  Dermatitis 

 AD    (see  Atopic dermatitis (AD) )  
 allergic/irritant contact    

(see  Allergic/irritant contact dermatitis )  
 diaper    (see  Diaper dermatitis )  
 facticial    (see  Facticial dermatitis )  
 herpetiformis  ,   28   ,   213  
 interface  ,   115  
 pustular  ,   231  
 spongiotic  ,   21   ,   231   

  Diaper dermatitis 
 barrier breakdown  ,   16  
 concomitant infections  ,   16  
 contact  ,   16  
 coxsackie virus  ,   17  
 diaper cream  ,   16  
 erosive  ,   15  
 gentle skin care  ,   16  
 immature nature, newborn skin  ,   16  
 infant with pustules and erythema  ,   14   ,   15  
 irritants  ,   16  
 Langerhans cell histiocytosis  ,   16   ,   17  
 low-grade superinfection  ,   16  
 management  ,   14  
 psoriasis  ,   17  
 streptococcal and staphylococcal 

infections  ,   16  
 topical cholestyramine  ,   16  
 treatment  ,   15  
 wound healing environment  ,   16  
 zinc defi ciency  ,   16   ,   17   

  DIC   . See  Disseminated intravascular 
coagulation (DIC)  

  DiGeorge syndrome  ,   12   ,   14   
  Diphtheria, tetanus, acellular pertussis 

(DtaP)  ,   215   

  Direct fl uorescence antibody (DFA)  ,   25   
  Direct immunofl uorescence (DIF)  ,   79   ,   209   
  Disseminated cutaneous zoster  ,   28   
  Disseminated disease  ,   25   
  Disseminated intravascular coagulation 

(DIC)  ,   179    
  Disseminated systemic zygomycosis 

 AML  ,   62  
 1,3-beta- D -glucan  ,   65  
 blood cultures  ,   65  
 causative organisms  ,   65  
 differential diagnosis  ,   64   
 fusarium infections  ,   65  
 galactomannan  ,   65  
 infection  ,   65  
 laboratory parameters  ,   62–64     
 medications  ,   62  
 morbidity and mortality  ,   64  
 neutropenic fever  ,   64  
 physical examination  ,   62   ,   63   
 primary and secondary cutaneous 

disease  ,   65  
 real-time PCR  ,   65  
 serologic fungal antigens  ,   65  
 tissue biopsy  ,   65  
 treatment  ,   66    

  Drug reaction with eosinophilia and systemic 
symptoms (DRESS)  ,   43   ,   84    

 cutaneous morphologies  ,   90  
 differential diagnosis  ,   88   ,   90  
 drug detoxifi cation enzyme  ,   90  
 erythematous macules and papules  ,   88   ,   89  
 laboratory parameters  ,   88  
 myocarditis  ,   90  
 pathogenesis  ,   90  
 physical examination  ,   88  
 treatment  ,   90–91   
 trimethoprim-sulfamethoxazole  ,   88   

  Drug-induced hypersensitivity syndrome 
(DIHS)  ,   89   

  Drug-induced TEN  ,   107   
  Dystrophic Epidermolysis Bullosa Research 

Association (DEBRA)  ,   210     

 E 
  Ecchymoses  ,   192   ,   193   ,   195   ,   196       
  Ecthyma gangrenosum 

 biopsy  ,   37  
 cutaneous infection  ,   37  
 diagnosis  ,   38  
 differential diagnosis  ,   37   
 erythematous indurated nodule  ,   35   ,   36  
 laboratory parameters  ,   36   
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 pathology  ,   36   ,   37   
 physical examination  ,   36    
 red macules  ,   37  
 treatment  ,   37   ,   38    

  Eczema  ,   198   
  Eczematous eruptions 

 blood cultures  ,   11  
 CBC  ,   14  
 diagnosis  ,   12   ,   14   
 differential diagnosis  ,   12  
 genetic disorders  ,   12   ,   13     
 genetic syndromes  ,   12  
 GVHD  ,   14  
 hepatosplenomegaly  ,   11  
 infants  ,   11   ,   12  
 labs  ,   11   
 SCID  ,   14  
 seborrheic dermatitis  ,   12  
 treatment  ,   14    

  Electroencephalogram  ,   25   
  Endocarditis  ,   64   
  Engraftment syndrome  ,   104   
   Enterococcus faecalis   ,   11   
  Enterotoxins-a  ,   39   
  Enterotoxins-b  ,   39   
  Enterotoxins-c  ,   39   
  Enteroviral exanthem 

 AD  ,   19  
 diagnosis, management and sequelae  ,   21–23   
 differential diagnosis  ,   21   ,   22  
 presentation  ,   20–21   
 scattered vesicles and erosions, legs  ,   20    

  Enterovirus  ,   20   ,   28   
  Eosinophilic folliculitis  ,   8   
  Epidermolysis bullosa (EB)  ,   136  

 autoimmune blistering disorders  ,   208  
 Darier’s sign  ,   208  
 differential diagnosis  ,   207   
 histological fi ndings  ,   209–210   
 history  ,   206  
 laboratory parameters  ,   206–207   
 newborn with blisters  ,   209   
 physical examination  ,   206  
 treatment  ,   210    

  Epidermolysis bullosa acquisita (EBA)  ,   208   
  Epidermophyton fl occosum  ,   58   
  Epstein–Barr virus (EBV)  ,   30   ,   87   
  Erythema multiforme (EM)  ,   75  

 allergic rhinitis  ,   76  
 cephalexin  ,   76  
 fi xed drug eruption  ,   79   ,   80  
 laboratory parameters  ,   77  
 mycoplasma serology and PCR  ,   79  
 oral mucosa  ,   78  

 papules and plaques  ,   77   
 pathognomonic morphologic 

features  ,   77  
 physical examination  ,   77  
 prodromal fever and malaise  ,   78  
 SJS/TEN  ,   78   ,   79  
 treatment  ,   80   
 viral exanthems  ,   79  
 young-adults  ,   78   

  Erythema nodosum (EN) 
 arthralgias  ,   95  
 cellulitis  ,   95  
 children  ,   95  
 differential diagnosis  ,   95  
 erythema induratum (nodular vasculitis)  ,   96  
 laboratory parameters  ,   94  
 leukocytoclastic vasculitis  ,   96  
 leukocytosis  ,   96  
 numerous erythematous  ,   94   
 pathogenesis  ,   95  
 physical examination  ,   94  
 septal panniculitis  ,   96  
 skin biopsy  ,   94   
 streptococcal pharyngitis  ,   95  
 treatment  ,   96  
 type I diabetes  ,   93   

  Erythema/poikiloderma  ,   128   
  Erythematous and purpuric macules  ,   106   
  Erythematous macules and papules  ,   102    
  Erythematous malar rash  ,   123   ,   124   
  Erythematous patches, dorsal hands  , 

  123   ,   124   
  European Registry of Severe Cutaneous 

Adverse Reaction study group  ,   89   
  Evanescent rash  ,   121   
  Extracorporeal photopheresis (ECP) 

 acute GVHD  ,   108   ,   109    
 cutaneous cGVHD  ,   111   ,   112      

 F 
  Facticial dermatitis 

 anxiety  ,   201  
 differential diagnosis  ,   202    
 laboratory parameters  ,   201   
 MRSA  ,   201  
 physical examination  ,   201   ,   202   
 SISLs  ,   202   ,   203  
 skin biopsy/diagnostic testing  ,   203  
 skin lesions  ,   203  
 symptoms  ,   201  
 treatment  ,   203–204     

  Fluorescence in situ hybridization (FISH)  ,   154   
  Folliculocentric prominence  ,   104   
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  Fungal infection in pediatrics 
 cutaneous candidiasis  ,   54–56        
 Disseminated systemic Zygomycosis  ,   62–66           
 Majocchi’s granuloma  ,   56–58        
 systemic mycoses: primary cutaneous  ,   58–62              

 G 
  G6PD defi ciency  ,   214   
  Gastrointestinal pathology  ,   56   
  Generalized lymphadenopathy  ,   121   
  Genetic syndromes  ,   12   
  Giant CMN   . See  Congenital melanocytic 

nevi (CMN)  
  Glomuvenous malformations (GVM)  ,   186   
  Glucose transporter-1 protein (GLUT-1)  ,   184   
  GLUT-1   . See  Glucose transporter-1 protein 

(GLUT-1)  
  Goeckerman therapy  ,   8   
  Gomori methenamine-silver  ,   58   
  Gottron’s papules  ,   127     
  Gottron’s sign  ,   127   
  Graft-versus-host disease (GVHD) 

 acute    (see  Acute GVHD )  
 chronic    (see  Chronic GVHD )  
 ichthyosis    (see  Ichthyosiform cGVHD )  
  vs.  prophylaxis  ,   102   

  Gram stain  ,   56   
  Granulocyte-colony stimulating factor 

(G-CSF)  ,   230   
  Granuloma gluteal infantum  ,   15   
  Griseofulvin  ,   58   
  GVM   . See  Glomuvenous malformations (GVM)    

 H 
  Hand, foot and mouth disease (HFMD)  ,   20   
  Heliotrope rash  ,   127   
  Hematologic malignancies  ,   61   
  Hematopoietic stem cell transplant (HSCT) 

 ALL  ,   106  
 bone marrow  ,   102   ,   103  
 cGVHD  ,   109   ,   111   
 classic signs and symptoms, acute 

GVHD  ,   104  
 engraftment syndrome  ,   104  
 ichthyosiform cutaneous GVHD  ,   113   ,   116   
 pediatric GVHD  ,   103  
 post-allogeneic  ,   105   

  Hemophagocytic lymphohistiocytosis 
(HLH)  ,   122    

  Hemophilia disease  ,   193   
  Henoch–Schönlein purpura (HSP)  ,   96   ,   193   ,   213    

 diagnosis  ,   225  

 differential diagnosis  ,   225  
 direct immunofl uorescence  ,   225  
 laboratory investigations  ,   224   
 MRSA abscesses  ,   224  
 perivascular infl ammatory infi ltrate  ,   225   
 physical exam  ,   224   
 renal disease  ,   226  
 skin biopsy  ,   225  
 treatment  ,   226  
 trimethoprim-sulfamethoxazole  ,   224   

  Hepatosplenomegaly  ,   11   ,   121   
  Herpes simplex  ,   8   
  Herpes simplex virus (HSV)  ,   62   ,   207   ,   208   
  Herpes zoster/shingles  ,   27   
  Horner’s syndrome  ,   158   
  H-syndrome (SLC29A3 mutation)  ,   236   
  Human enterovirus infection  ,   43   
  Human leukocyte antigen (HLA)  ,   83   ,   90   , 

  103   ,   111   
  Hydroxychloroquine  ,   125   
  Hyper IgE Syndrome (HIES)  ,   12–14       
  Hypercalcemia  ,   133   ,   134     
  Hypocalcemia  ,   8   ,   92     

 I 
  Ichthyosiform cGVHD 

 clinical course  ,   115–116       
 diagnosis  ,   113   ,   114  
 laboratory parameters  ,   113   
 management  ,   113  
 nonsclerotic phenotypes  ,   115   
 physical examination  ,   113   ,   114   
 presentation  ,   113   
 prognosis  ,   113  
 risk factors  ,   114  
 skin biopsy  ,   115–116       
 therapeutic plan  ,   115–116        

  Ichthyosiform scale  ,   113   
  IgA dermatosis  ,   217   
  IH   . See  Infantile hemangiomas (IH)  
  Incontinentia pigmenti (IP) 

 CNS  ,   145  
 dental exam  ,   144  
 eosinophils  ,   144  
 gene IKBKG/NEMO  ,   144  
 genetic testing  ,   145  
 histopathology  ,   144  
 history  ,   142  
 hyperpigmentation  ,   144   
 hypopigmentation/depigmented lesions  ,   144  
 laboratory parameters  ,   143   
 ophthalmic anomalies  ,   144  
 physical exam  ,   143   
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 retinal vasculopathy  ,   145  
 skin biopsy  ,   145  
 skin lesions  ,   144  
 skin manifestations  ,   144  
 stages  ,   144  
 X-linked dominant disorder  ,   144   

  Indirect immunofl uorescence (IIF)  ,   79   
  Infantile hemangiomas (IH)   . See  LUMBAR 

syndrome 
 lumbosacral spine  ,   181  
 perineal  ,   181  
 VM  ,   178   

  Infantile myofi bromatosis 
 benign tumors  ,   165  
 biopsy  ,   164–165  
 clinical types  ,   166  
 congenital fi bromatosis  ,   166  
 dermal nodules  ,   166  
 differential diagnosis  ,   165   
 fi brosis, calcifi cation and hyalinization  ,   166  
 immunohistochemistry  ,   165  
 mortality rates  ,   166  
 multicentric disease  ,   167  
 nodular fasciitis  ,   166  
 physical examination  ,   164  
 pink-red bump  ,   164   ,   165   
 treatment  ,   167  
 visceral organs  ,   166   

  Interleukin-2 receptor antibodies  ,   108   
  International Bone Marrow Transplant 

Registry (IBMTR) criteria  ,   107   
  International League Against Rheumatism 

(ILAR) criteria  ,   121   
  International Neuroblastoma Risk Group 

Staging System (INRGSS)  ,   159   
  International Neuroblastoma Staging System 

(INSS)  ,   159   
  Intraepidermal and subcorneal pustules  ,   231   
  Intravenous immunoglobulin (IVIG)  ,   85     

 J 
  Jacquet’s erosive diaper dermatitis  ,   15   
  Japanese Research Committee on Severe 

Cutaneous Adverse Reaction group  ,   89   
  Juvenile dermatomyositis (JDM) 

 amyopathic  ,   128  
 calcinosis/dystrophic calcifi cation  ,   128  
 children  ,   128  
 cutaneous manifestations  ,   127  
 diagnosis  ,   127  
 electromyography studies/muscle 

biopsy  ,   128  
 features  ,   127  

 history  ,   125  
 interstitial lung disease  ,   127  
 laboratory outcomes  ,   127     
 physical examination  ,   126–127     
 swallowing symptoms and voice 

changes  ,   127  
 treatments  ,   127     

 K 
  Kaposiform hemangioendothelioma (KHE) 

 KMP  ,   175  
 laboratory parameters  ,   175  
 MRI  ,   175  
 retroperitoneum  ,   175  
 right posterior shoulder and back  ,   174   
 treatment  ,   176    

  Kasabach–Merritt phenomenon (KMP)  ,   175   , 
  176   ,   179   

  Kawasaki disease (KD)  ,   40   ,   83   ,   122    
  Klippel–Trenaunay syndrome  ,   179   
  KMP   . See  Kasabach–Merritt phenomenon 

(KMP)    

 L 
  Lactate dehydrogenase (LDH)  ,   64   
  Leiner’s phenotype  ,   12   ,   13   
  Leukemia cutis 

 abdominal ultrasound  ,   151  
 APGAR  ,   148  
 biopsy  ,   153  
 blueberry muffi n phenotype  ,   150   
 bone marrow  ,   152  
 chemotherapy  ,   154  
 Coomb’s test  ,   150  
 CSF  ,   151  
 cytarabine and anthracyclines  ,   154  
 cytogenetic analysis  ,   153  
 dermal erythropoiesis  ,   153  
 differential diagnosis  ,   148  
 fl ow cytometry, skin cells  ,   151  
 immunohistochemical stains  ,   153  
 immunohistochemistry/cytogenetics  ,   153  
 lab outcomes  ,   150–152   
 lesions scattered, trunk  ,   148   ,   149  
 malignant myeloid/lymphoid blasts  ,   152  
 MLL  ,   154  
 multiple violaceous nodules  ,   148   ,   149  
 neoplastic infi ltrative processes  ,   150  
 peripheral smear  ,   150–151  
 physical examination  ,   148  
 prognosis  ,   153  
 punch biopsy, left leg lesion  ,   151   
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 Leukemia cutis (cont.) 
 skin trauma  ,   152  
 temporary/permanent spontaneous 

remission  ,   153  
 TORCH infections  ,   150   ,   152  
 tumor lysis syndrome  ,   152  
 VMA and HVA  ,   152   

  LIC   . See  Localized intravascular coagulopathy 
(LIC)  

  Lichen sclerosus-like lesions may  ,   112    
  Limb abnormalities  ,   136   
  Linear IgA bullous disease (LABD) of childhood 

 autoimmune disorder  ,   214  
 bullous eruptions  ,   213  
 chronic bullous disease  ,   212  
 differential diagnosis  ,   212   ,   213  
 histopathologic fi ndings  ,   214   
 history  ,   211  
 laboratory parameters  ,   212   
 pathogenesis  ,   213  
 physical examination  ,   211  
 pruritic papulovesicular eruption  ,   213  
 string of pearls  ,   213  
 treatment  ,   214   

  Lines of Blaschko  ,   144   
  Lipoatrophy  ,   236   
  Liposomal amphotericin  ,   231   
  Lipschütz ulcer (LU) 

 diagnosis and management  ,   31  
 differential diagnosis  ,   31   
 left labia  ,   29   ,   30   
 presentation  ,   30   

  Localized intravascular coagulopathy (LIC) 
 coagulopathy  ,   179  
 GI involvement  ,   186   

  LUMBAR syndrome 
 genitourinary/perineal IH  ,   181  
 gluteal cleft  ,   177   ,   180  
 and PELVIS syndromes  ,   161   ,   181  
 peri-anal bleeding  ,   179  
 propranolol therapy  ,   181  
 red vascular plaques  ,   181  
 and SACRAL  ,   181     

 M 
  Macrophage-activation syndrome (MAS)  ,   

122   ,   125      
  Maculopapular/exanthematous  ,   87   
  Majocchi’s granuloma 

 antifungals  ,   58  
 clinical forms  ,   58  
 culture/KOH evaluation  ,   58  
 dermatophyte infection  ,   58   

 description  ,   57  
 diagnosis  ,   57   ,   58  
 differential diagnosis  ,   57   ,   58  
 follicular invasion  ,   58  
 fungal stains  ,   58   
 granulomatous infl ammation  ,   58  
 neutrophilic dermal abscesses  ,   58  
 pathogenesis  ,   58  
 physical examination  ,   57   
 red scaling rash  ,   56  
 subcutaneous granulomatous  ,   58  
 trauma  ,   58  
 treatment  ,   57   ,   58  
 Trichophyton rubrum  ,   58   

  Mammalian target of rapamycin (mTOR) 
inhibitors  ,   108   

  Melanocytic nevus 
 CMN    (see  Congenital melanocytic nevus 

(CMN) )   
  Meningococcemia  ,   46–49  

 CA-MRSA    (see  Community acquired 
methicillin-resistant  Staphylococcus 
aureus  (CA-MRSA) )  

 ceftriaxone  ,   44  
 differential diagnosis  ,   45     
 intravenous fl uids  ,   44  
 laboratory outcomes  ,   44   
  N. meningitidis   ,   45   
 physical exam  ,   44   ,   45    
 post-exposure prophylaxis  ,   45  
 prophylaxis  ,   46   
 purpura fulminans  ,   45   ,   46   
 treatment  ,   46    

  Meropenem  ,   231   
  Mesenchymal stem cells (MSCs)  ,   108   
  Metaiodobenzylguanidine (MIBG)  ,   156   
  Methicillin-resistant  Staphylococcus aureus  

(MRSA)  ,   5   ,   40   ,   46–49   ,   201   ,   236           
  Methicillin-sensitive Staphylococcus Aureus 

(MSSA)  ,   2   ,   5   
  Methotrexate  ,   8   
  Mixed lineage leukemia (MLL)  ,   154   
  MLT   . See  Multifocal 

lymphangioendotheliomatosis (MLT)  
  Morbilliform drug eruption 

 cutaneous adverse drug reactions  ,   86  
 dermatomyositis  ,   85  
 differential diagnosis  ,   86   ,   87  
 erythematous macules and papules  ,   86   ,   87   
 histopathology  ,   87  
 laboratory  ,   86  
 physical examination  ,   86  
 treatment  ,   87   

  Moxibustion  ,   199   
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  Mucormycosis  ,   61   ,   62    . See also  Primary 
cutaneous mucormycosis  

  Multifocal lymphangioendotheliomatosis 
(MLT)  ,   185   ,   186   

  Multifocal vascular lesions 
 differential diagnosis  ,   186  
 GI bleeding  ,   184  
 laboratory parameters  ,   185  
 MLT  ,   186  
 violaceous papules and plaques  ,   184   ,   185   

  Mycophenolate  ,   125    
  Mycophenolate mofetil (MMF)  ,   80   ,   108   ,   112   , 

  218   ,   223   
   Mycoplasma pneumoniae   ,   78   
   Mycoplasma -induced rash and mucositis 

(MIRM)  ,   79     

 N 
  Narrow band ultraviolet B phototherapy 

(nbUVB)  ,   112     
  National Institute of Allergy and Infectious 

Diseases (NIAID)  ,   5   
  National Institute of Health Consensus 

Development Project  ,   111   
  National Institutes of Health (NIH)  ,   5   
  National Marrow Donor Program  ,   103   
   Neisseria meningitidis   ,   45   ,   46        
  Neonatal herpes simplex virus (HSV) 

 differential diagnosis  ,   25   
 presentation  ,   23–25   
 treatment and management  ,   25–26   
 widespread cropped erosions  ,   23   ,   24   

  Neonatal lupus 
 family history  ,   140  
 laboratory parameters  ,   140–141   
 NLE    (see  Neonatal lupus erythematosus 

(NLE) )  
 physical exam  ,   140   
 ranges  ,   141  
 treatments  ,   141   

  Neonatal lupus erythematosus (NLE) 
 cardiomyopathy  ,   142  
 CHB  ,   141   ,   142   
 cutaneous lesions  ,   141   
 cutaneous manifestations  ,   141  
 diagnosis  ,   141  
 hematologic  ,   142  
 intravenous steroids  ,   142  
 IVIG  ,   142  
 kidney and central nervous system  ,   142  
 low-to-mid potency topical steroids  ,   142  
 maternal autoantibodies  ,   141  
 owl eye/eye mask facial rash  ,   141  

 pediatric rheumatology and dermatology  ,   142  
 SSA/SSB antibody  ,   141  
 sun protection  ,   142   

  Netherton’s syndrome  ,   12   ,   14   
  Neuroblastoma 

 adrenal medulla  ,   158  
 benign ganglioneuroma  ,   159  
 biopsy  ,   156   ,   157  
 children  ,   158  
 cytogenetics  ,   157  
 diagnosis  ,   156  
 differential diagnosis  ,   155   
 immunohistochemical markers  ,   159  
 INRGSS  ,   159  
 laboratory values  ,   156–157  
 left plantar foot  ,   155   
 liver and skin  ,   158  
 MIBG  ,   158  
 MRI spine  ,   157  
 neuropil  ,   159  
 pediatric tumors  ,   158  
 physical examination  ,   155  
 raccoon eyes  ,   158  
 right labia majora  ,   155   ,   156  
 Tc 99 scan  ,   157  
 treatment  ,   160   

  Neurocutaneous melanosis (NCM)  ,   137–139       
  Neutropenia  ,   37   
  Neutrophilic dermatosis 

 idiopathic  ,   232  
 infection  ,   231  
 noninfectious skin conditions  ,   232  
 PG  ,   238  
 treatment range  ,   233  
 with lipodystrophy  ,   236   

  Neutrophilic urticarial dermatosis (NUD)  ,   73   
  Nikolsky’s sig  ,   210   
  Non-involuting congenital hemangioma 

(NICH)  ,   183   ,   184    
  Non-steroidal anti-infl ammatory drug 

(NSAIDS)  ,   223     

 O 
  Occult injuries  ,   194   
  Omenn syndrome  ,   12   ,   14    
  Opioid analgesia  ,   235   
  Opportunistic fungal infection  ,   55   ,   61   ,   64   ,   66       

 P 
  Panniculitis 

 ALL  ,   233  
 anti-infl ammatory agents  ,   236  
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 Panniculitis (cont.) 
 biopsies  ,   235  
 causes  ,   235    
 classifi cation systems  ,   236  
 differential diagnoses  ,   234   ,   235  
 histopathological examination and 

biopsy  ,   236  
 investigations  ,   234    
 lipoatrophy  ,   236  
 nonspecifi c symptoms  ,   235  
 patient progress  ,   234–235   
 physical examination  ,   234   
 treatment  ,   234   ,   236  
 ultrasound  ,   235   

  Pathergy  ,   239   
  Pathological skin picking  ,   203   
  Pediatric GVHD  ,   103    
  Pediatric Oncology Group staging system  ,   162   
  Pediatrics 

 fungal infection    (see  Fungal infection 
in pediatrics )   

  PELVIS syndrome  ,   181   
  Pentostatin  ,   108   
  Petechiae  ,   192   
  Pityriasis lichenoides  ,   202   
  Pneumocystis prophylaxis  ,   62   
  Polyarteritis nodosa (PAN) 

 BPAN  ,   223   
 cutaneous features  ,   223  
 differential diagnosis  ,   222   ,   223  
 laboratory investigations  ,   222   
 NSAIDS  ,   223  
 and nodules  ,   221  
 physical examination  ,   221–222   
 prognosis  ,   223  
 purple tender plaques  ,   221  
 skin biopsy  ,   223  
 streptococcal infections  ,   223  
 types  ,   223   

  Polymerase chain reaction (PCR)  ,   21   ,   25   
  Post-herpetic neuralgia (PHN)  ,   28   
  Potassium hydroxide (KOH)/PAS  ,   56   
  Primary cutaneous mucormycosis 

 Aspergillus and Rhizopus  ,   61  
 bone marrow biopsy  ,   58  
 causative agents  ,   61  
 CBC  ,   58  
 diagnosis  ,   60   ,   61   
 differential diagnosis  ,   61  
 DM and systemic immunosuppression  ,   61  
 H&E stain  ,   60   
 hematologic malignancies  ,   61  
 laboratory parameters  ,   59–60     

 morphology  ,   61  
 mucormycosis  ,   61  
 paronychia  ,   61  
 physical examination  ,   59   
 risk factor  ,   61  
 tissue biopsy  ,   61  
 treatment  ,   60–62      

  Propranolol  ,   181   ,   184    
  Pruritic disorders  ,   199   
  Pruritus  ,   27   
   Pseudomona aeruginosa   ,   36   ,   37    
  Pseudoverrucous papules  ,   15   
  Pustular psoriasis 

 acitretin and isotretinoin  ,   8  
 and acute erythrodermic  ,   8  
 biologic therapies  ,   8  
 calcium  ,   9  
 cyclosporine  ,   8  
 dermatologists  ,   8  
 development  ,   6  
 diagnosis  ,   7  
 differential diagnosis  ,   8  
 erythrodermic/exfoliative  ,   7  
 fl ares  ,   7  
 Goeckerman therapy  ,   8  
 hospitalization and systemic 

treatment  ,   7  
 hypocalcemia  ,   8  
 labs  ,   6  
 management  ,   8  
 methotrexate  ,   8  
 nails  ,   7  
 physical examination  ,   6   ,   7   
 skin biopsy and laboratory testing  ,   8  
 systemic steroids  ,   7   ,   9  
 topical triamcinolone  ,   8  
 treatment  ,   8   

  Pyoderma gangrenosum (PG) 
 clinical presentation  ,   238  
 dense neutrophilic infi ltrate without 

vasculitis  ,   238   ,   239  
 diagnosis  ,   237   ,   238   
 differential diagnosis  ,   238  
 infl ammatory bowel disease  ,   239  
 infl iximab  ,   240  
 lab investigation  ,   237   
 morphology  ,   239  
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 skin biopsy  ,   238     
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 R 
  Raccoon eyes  ,   158   
  Rapid plasma reagin (RPR)  ,   29–30   
  Rapidly involuting congenital hemangioma 

(RICH) 
 GLUT-1  ,   184  
 heart failure/liver failure  ,   184  
 hypoechoic subcutaneous mass  ,   183  
 laboratory parameters  ,   183   
 NICH  ,   183  
 solitary violaceous nodules  ,   183  
 vascular papules and plaques  ,   180   ,   182   

  Real-time polymerase chain reaction (PCR)  ,   65   
  Regulatory T cell  ,   108   
  Rhabdomyosarcoma 

 adjuvant chemotherapy/radiation 
therapy  ,   163  

 alkylating agents/anthracycline  ,   164  
 atypical vascular tumor  ,   161  
 chest CT and bone scan  ,   164  
 crizotinib  ,   164  
 dermatology  ,   160  
 diagnosis  ,   162  
 differential diagnosis  ,   160  
 eroded exophytic nodule  ,   160   ,   161  
 ETV6-NTRK3 fusion gene  ,   163  
 fi brosarcoma  ,   162  
 hemangiomas  ,   163  
 herringbone pattern  ,   163  
 immunohistochemistry  ,   162  
 lungs and bone  ,   163  
 malignant tumors  ,   163  
 mesoblastic nephromas  ,   163  
 MRI  ,   161  
 physical examination  ,   160  
 vascular/lymphatic malformations  ,   162  
 ultrasound, kidneys and bladder  ,   161   

  Rhizopus   . See  Disseminated systemic 
zygomycosis    
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  SACRAL syndrome  ,   181   
  Salmon-pink coalescing macules and papules  , 

  120   ,   121     
  Salvage therapy  ,   112   
  SCORTEN  ,   84   
  Seborrheic dermatitis  ,   12   
  Self-infl icted skin lesion (SISL)  ,   202–204          
  Serositis  ,   121   
  Severe combined immunodefi ciency (SCID)  , 

  12   ,   14   
  Sexually transmitted infections (STIs)  ,   197         

  Sirolimus  ,   176   ,   186   
  SJS/TEN 

 biopsy  ,   81   
 cell-death mediators  ,   83  
 clinical manifestations  ,   83  
 culprit drugs  ,   83  
 differential diagnosis  ,   82   ,   83  
 DRESS syndrome  ,   84  
 dysuria  ,   81  
 histopathology  ,   83  
 HLA-B1502  ,   83  
 laboratory  ,   81  
 mortality  ,   83  
 mycoplasma  ,   83  
 Nikolsky sign  ,   83  
 physical examination  ,   81  
 SCORTEN  ,   84  
 stringent wound care  ,   84  
 treatment  ,   85   
 trimethoprim-sulfamethoxazole  ,   81  
 vital signs  ,   81   ,   82   

  Skeletal survey  ,   194   ,   196   ,   200        
  Skin biopsy  ,   216   
  Skin infections in children 

 blisters and fl uid drainage  ,   41  
 bullous impetigo  ,   43  
 cellulitis  ,   48   

  Skin signs, systemic diseases 
 panniculitis  ,   233–236      
 PG  ,   236–240          
 Sweet’s syndrome  ,   229–233                            

  Skin, eye and mouth (SEM)  ,   24   
  Skin-directed therapy  ,   3    
  Soak and smear method  ,   3   
  Social services assessment  ,   200   
  SSA/SSB antibody  ,   141   
  Stage IV acute GVHD 

 diagnosis  ,   107  
 differential diagnosis  ,   107   
 ECP  ,   108   ,   109   
 focal tenderness  ,   106  
 IBMTR criteria  ,   107  
 lab investigation  ,   107    
 management  ,   108   
 methotrexate  ,   106  
 pediatric oncology  ,   106  
 physical examination  ,   106–107    
 prognosis  ,   109   
 skin biopsy  ,   107  
 skin discomfort  ,   106  
 treatment  ,   107–109        

  Staph scalded skin syndrome (SSSS) 
 differential diagnosis  ,   42   ,   43   
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 Staph scalded skin syndrome (SSSS) (cont.) 
 erythema and bullae formation  ,   42  
 erythematous eruption  ,   41  
 kidney function  ,   43  
 laboratory parameters  ,   41–42   
 methicillin-sensitive and methicillin- 

resistant strains  ,   42  
 neonatal intensive care unit  ,   41  
 physical exam  ,   41   ,   42   
  S. aureus   ,   42  
 skin biopsy  ,   43  
 skin condition  ,   42  
 treatment  ,   42   ,   43    

  Staphylococcal cassette chromosome (SSC)  ,   48   
  Staphylococcal infection  ,   8   
  Staphylococcal scalded skin syndrome 

(SSSS)  ,   83   ,   107   
  Staphylococcal toxic shock syndrome  ,   43   
   Staphylococcus aureus   ,   11   ,   39   ,   40   ,   42   ,   46        
  Steroid sparing immunosuppressive drugs  ,   223   
  Stevens–Johnson syndrome (SJS)  ,   28   ,   78   ,   

107   ,   213   
  Still’s disease 

 diagnosis  ,   121  
 fever spikes  ,   119  
 labs  ,   120    
 physical exam  ,   120   ,   121    
 SoJIA    (see  Systemic-onset juvenile 

idiopathic arthritis (SoJIA) )  
 workup and treatment(s)  ,   121   

  Streptococcal toxic shock syndrome (STSS)  , 
  40   ,   41    

   Streptococcus pyogenes   ,   39   ,   40   ,   46   ,   48    
  Subcutaneous fat necrosis of the newborn 

(SCFN) 
 diagnosis  ,   133  
 epidemiology  ,   132  
 focal/diffuse nodules  ,   133  
 gestational diabetes and deep vein 

thrombosis  ,   132  
 hypercalcemia  ,   133  
 laboratory parameters  ,   132   
 monitoring  ,   132   ,   134   
 non-reassuring fetal heart  ,   132  
 pathophysiology  ,   133  
 physical examination  ,   132   ,   133  
 risk factors  ,   132   ,   133   
 treatment  ,   132   ,   134    

  Subepidermal vesicle  ,   214   
  Sweet’s syndrome 

 AML  ,   229   ,   232  
 bilateral infra-orbital lesions  ,   230   
 diagnostic criteria  ,   232     
 differential diagnoses  ,   231  

 G-CSF  ,   230  
 investigations  ,   230–231    
 medications  ,   232  
 neutrophilic dermatoses  ,   232   
 patient progress  ,   231     
 physical examination  ,   230    
 treatments  ,   231   ,   233    

  Systemic lupus erythematosus (SLE) 
 cutaneous manifestations  ,   124   ,   125  
 diagnosis  ,   123   ,   124  
 hands and cheeks  ,   123  
 hematuria  ,   125  
 hypertension  ,   125  
 kidney biopsy  ,   125  
 laboratory results  ,   123    
 malar rash  ,   123  
 multisystem disease  ,   123  
 mycophenolate  ,   125  
 physical examination  ,   123   ,   124    
 proteinuria  ,   125  
 quantitative measurement of 

proteinuria  ,   125  
 treatment  ,   123   ,   125    

  Systemic Lupus International Collaborating 
Clinic (SLICC) criteria  ,   124   

  Systemic mycoses   . See  Disseminated systemic 
zygomycosis  

  Systemic-onset juvenile idiopathic arthritis 
(SoJIA) 

 diagnosis  ,   121   ,   122  
 differential diagnosis  ,   122  
 evanescent rash  ,   121  
 generalized lymphadenopathy  ,   121  
 hepatosplenomegaly  ,   121  
 MAS  ,   122  
 oncology and infectious disease  ,   122  
 serositis  ,   121  
 spiking fevers  ,   121  
 treatment  ,   122     
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  T cell excision circles (TRECS)  ,   12–14   
  Teratogens  ,   136   
  Terbinafi ne  ,   58   
  Thermal burns  ,   200   
  Tinea corporis  ,   57   
  Topical CNI  ,   105   
  Topical triamcinolone  ,   8   
  Total skin electron beam (TSEB)  ,   154   
  Toxic epidermal necrolysis (TEN)  ,   43   ,   78   , 

  104   ,   106–108                
  Toxic shock syndrome (TSS)  ,   107  
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 course  ,   41  
 diagnostic criteria  ,   40  
 differential diagnosis  ,   39   ,   40   
 laboratory parameters  ,   38–39   
 morbidities  ,   41  
 non-menstrual cases  ,   40  
 physical examination  ,   38   ,   39   
 staphylococcal and streptococcal 

superantigens  ,   39  
  Staphylococcus aureus   ,   39   
  Streptococcus pyogenes   ,   39  
 STSS  ,   40  
 symptoms  ,   38  
 treatment  ,   39–41      

  Toxic shock syndrome toxin-1 
(TSST-1)  ,   39   

  Trauma-focused therapies  ,   195   
  Trichophyton mentagrophytes  ,   58   
  Trichophyton rubrum  ,   58   
  Trichophyton violaceum  ,   58   
  Trimethoprim-sulfamethoxazole  , 

  62   ,   224   
  Tumor lysis syndrome  ,   64   ,   152   ,   154   
  Twin–twin perfusion syndrome  ,   150   
  Tzanck staining  ,   56     

 U 
  Ultraviolet A phototherapy (UVA)  ,   112    
  Urticaria multiforme 

 angioedema  ,   75  
 antecedent/concomitant viral 

illness  ,   75  
 differential diagnosis  ,   74  
 discoloration  ,   74   ,   75  
 dusky central clearing  ,   75  
 eosinophils  ,   76  
 laboratory  ,   74  
 pathogenesis  ,   75  
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 serum sickness  ,   76  
 treatment  ,   76     
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  Vancomycin  ,   231   
  Varicella zoster virus (VZV) 

 ALL  ,   26  
 diagnosis  ,   28  
 differential diagnosis  ,   28   
 immunocompetent and immunosuppressed 
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 linear crusted papulovesicles  ,   26   ,   27  
 management  ,   29   
 presentation  ,   27–28   
 prevention  ,   29   

  Vascular anomalies 
 KHE  ,   174–176     
 LUMBAR syndrome  ,   179–181    
 multifocal vascular lesions  ,   184–186    
 RICH  ,   182–184     
 VM  ,   176–179      

  Vasculitis 
 AHEI  ,   226   ,   227     
 HSP  ,   224–226           
 PAN  ,   221–223        

  Venous malformation (VM) 
 D-dimer levels  ,   179  
 laboratory parameters  ,   177  
 LIC  ,   178  
 purple plaques  ,   177  
 subcutaneous fullness  ,   178  
 telangiectatic plaque  ,   177   ,   182  
 thrombosis  ,   179  
 treatment  ,   179   
 vascular proliferations  ,   178  
 X-ray  ,   178   

  Von Willebrand (VW) disease  ,   193     

 W 
  Wiskott–Aldrich syndrome  ,   12   ,   14     
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  X-linked agammaglobulinemia  ,   12        
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