Steven W. Martin and Michael R. Anderson

Abstract

Rheumatologic diseases in children compromise a small but sometimes perplexing portion
of patients admitted to the Pediatric Intensive Care Unit. Systemic Lupus Erythematosus
(SLE) is the most variable and indiscriminate vasculitis affecting children. SLE may cause
devastating injury to virtually any organ system and therefore must often be included in the
differential diagnosis of critically ill children. Juvenile Idiopathic Arthritis (JIA) does not
commonly require admission to the ICU in itself, but is associated with macrophage activa-
tion syndrome (MAS). MAS is a spectrum of hemophagocytic lymphohistiocytosis (HLH)
which often calls for intensive care and aggressive therapies. Henoch-Schoenlein Purpura
is a small vessel vasculitis affecting children commonly associated with intussusception,
but may also give rise to significant cardioplulmonary complications. Kawasaki Disease is
the most common vasculitis in children and the recently described Kawasaki Disease Shock
Syndrome may require invasive monitoring and therapies. Antiphospholipid Antibody
Syndrome, Goodpasture Disease, and Wegener’s Granulomatosis while not common, give
rise to complications which also may necessitate critical care. The following chapter dis-
cusses these disease entities and other rheumatologic illness affecting children and common
complications arising from them which may indicate critical care. Included in the discus-
sion are the most widely accepted diagnostic approaches and therapies, and supporting

evidence is described.
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Introduction

In the general pediatric population, rheumatologic diseases
vary greatly in their features and presentation. Thus, despite
their infrequency, these disorders often must be included in
the differential diagnosis when evaluating a critically ill
child. It has been estimated that between 5 and 10,000 chil-
dren within the United States carry the diagnosis of sys-
temic lupus erythematosus [1], the most common connective
tissue disease. In addition, 30,000-50,000 children suffer
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Table 35.1 Systemic lupus erythematosus

Selected manifestations Pathophysiology

Central nervous system

High affinity pathogenic IgG autoantibodies (anti-dsDNA,
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Laboratory abnormalities
Positive anti-dsDNA antibody

anti-Sm, etc.) bind to autoantigens and cause direct

damage via complement activation [6]
Ischemic stroke
Hemorrhagic stroke

Circulating immune complexes overwhelm clearance
mechanisms and deposit in tissues due to their net anionic
charge and/or binding to autoantigens by the antibodies in

Positive anti-Sm antibody
Positive antiphospholipid antibodies

Cerebral vein thrombosis Positive ANA
. the complex. These complexes lead to complement
Seizure L . Low C3
) activation and subsequent tissue damage [6]

Psychosis Low C4

Delirium Low CHsy

Depression Positive anti-centromere antibody
Cardiac Positive anti-SSa antibody

Myocarditis Positive anti-SSb antibody

Cardiomyopathy Proteinuria

Pericarditis
Endocarditis
Pulmonary
Pneumonitis
Pulmonary hemorrhage
Renal
Glomerulonephritis
Hematological
Hemolytic anemia
Leukopenia
Lymphopenia
Thrombocytopenia
Thromboembolism

from juvenile idiopathic arthritis (JIA) [2], the most com-
mon rheumatologic disease. The most common vasculitis in
childhood, Henoch-Schonlein Purpura (HSP), has an esti-
mated incidence of nine per 100,000 children [3, 4]. More
rare rheumatologic diseases affecting children include
antiphospholipid antibody syndrome (APS), juvenile der-
matomyositis (JDM), Goodpasture disease, Wegener granu-
lomatosis, Churg-Strauss syndrome, and scleroderma. The
pediatric intensivist cares for rheumatology patients for
varying reasons, related to the primary disease process,
adverse effects of treatment for the underlying disease, and/
or illnesses that are complicated by the underlying disease
[5]. In the following sections, we will examine selected
rheumatologic diseases affecting children, and will review
their presentation, pathophysiology, complications, and
management.

Systemic Lupus Erythematosus (SLE)

Systemic lupus erythematosus (SLE) (Table 35.1) is the pro-
totypic, and most variable rheumatologic disease described
to date, affecting all organ systems. SLE affects patients of
all ethnicities and ages, but 15-20 % of patients are diagnosed
in the first two decades of life [8]. SLE is extremely variable

Urinary casts (red cell, hemoglobin, granular,
tubular, or mixed) [7]

in presentation, organ system involvement, and disease pro-
gression [9, 10]. Patients with SLE are hospitalized in the
intensive care setting for a wide array of diagnoses. One ret-
rospective study of adult SLE patients requiring intensive
care unit admission found that the primary diagnosis was
infection in 41 % of admissions (the majority of which were
diagnosed with septicemia), renal disease in 21 %, cardio-
vascular disease in 16 %, and coagulopathy (both thrombotic
and hemorrhagic) in 14 % [11].

The pathogenesis of SLE differs depending on which tis-
sues are examined and is best described in renal disease,
which shows inflammation, cellular proliferation, and
immune complex deposition affecting the glomerular
basement membrane (GBM). Deposition of circulating
immune complexes or de novo synthesis of immune com-
plexes on the GBM activates the complement cascade, lead-
ing to cellular damage, cellular proliferation, and matrix
deposition [12]. Tissue classification of lupus nephritis is
complex secondary to the variability of disease expression
among patients and among various glomeruli within one tis-
sue biopsy [12]. The World Health Organization (WHO) has
established a classification scheme based on light micros-
copy, immunofluorescence, and electron microscopy, which
divides lupus nephritis into six classes. Findings range from
class I with normal glomeruli by light microscopy,
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immunofluorescence, and electron microscopy, to class VI
where >90 % of observed glomeruli are sclerotic [12].

The cardiovascular system, including both the heart and
blood vessels, shows pathologic changes due to the ongoing
autoimmune process as well. Inflammation is seen in the peri-
cardium, myocardium,andendocardium. Immunofluorescence
studies have shown complement and immune complex depo-
sition within the myocardial vessels as well as the myocar-
dium itself [13].

CNS Complications of SLE

Approximately 20-30 % of children will develop CNS
involvement, or neuropsychiatric lupus (NPS), during the
course of their SLE, with 75-85 % of these developing dur-
ing the first year [14, 15]. The term neuropsychiatric lupus
describes 19 clinical situations seen in SLE patients, which
may be the consequence of ongoing CNS vasculitis, periph-
eral nervous system involvement, or stroke due to associated
antiphospholipid antibodies [16, 17]. Symptoms range from
headache or memory impairment to psychosis, paralysis, sei-
zures, and coma. When considering serious or life-threatening
CNS lupus only (including seizures, stroke, major cognitive
disorder, chorea, psychosis, major depression, and acute
confusional state) Sibbit and colleagues found that 76 % of
the patients in their series were affected during the 6-year
study period [18]. A similar case series from Spinosa and
colleagues reports nearly 62 % of patients with SLE diag-
nosed before age 16 years had NPS syndromes as defined by
the American College of Rheumatology during their 14 year
study period [19]. CNS disease has been reported as the ini-
tial presentation of SLE in 16-28 % of pediatric patients [15,
20, 21]. However, before CNS symptoms are attributed to the
SLE, other entities such as infection, mass, or hemorrhage
must be evaluated thoroughly.

Seizures

Seizure has been reported as the most common serious CNS
complication of pediatric SLE, occurring in up to 51-61 %
of patients [15, 18, 20, 22]. Seizures may be the initial
presentation of disease [15, 18, 20, 22] and may portend a
more severe disease course when present at diagnosis of SLE
[23]. Seizures associated with SLE are usually easily con-
trolled with standard antiepileptic therapy and remit with
control of SLE, although status epilepticus has been reported
[24]. Mecarelli and colleagues reported a case of SLE
induced status epilepticus requiring barbiturate coma [25].

Cerebral Vein Thrombosis

Cerebral vein thrombosis (CVT), usually seen in association
with antiphospholipid antibodies, has been associated with
pediatric SLE more commonly than in adults [8]. The pres-
ence of a CVT in pediatric patients should be considered

545

when there is a severe unremitting headache, especially
when the patient has known antiphospholipid antibodies
[26]. Head CT images are often normal in the presence of a
CVT, but abnormalities are sometimes identified. The most
common CT finding is the delta sign which appears as a
central dark area in the torcula, corresponding to thrombus,
surrounded by enhancing contrast representing flowing
blood [27]. With early consideration of the diagnosis, imag-
ing, and treatment, reported outcomes have been favorable
[26]. Delays in diagnosis and/or therapy have been associ-
ated with progressive neurological deficits, and death [26].

Supportive medical and neurologic care, including hydra-
tion and seizure control, are the cornerstones of therapy for
CVT in children [27]. Anticoagulation is considered by some
to be appropriate therapy, but remains controversial, and the
most appropriate agent remains unclear. Many studies have
shown the safe use of anticoagulation in adult and pediatric
patients with sinovenous thrombosis, but none has clearly
shown significant benefit [28, 29]. In the acute phase, intra-
venous infusions of heparin have been most widely used [28,
30], but safe and effective use of low-molecular weight hepa-
rin has also been reported in pediatric patients without evi-
dence of preceding intracranial hemorrhage [31-33].
Continued or intensified therapy for the underlying vasculitis
is also appropriate [14]. Data regarding the use of thrombo-
lytics in children with CVT are sparse. Studies regarding the
use of thrombolytics for other forms of thromboses in chil-
dren have shown effectiveness but with a low therapeutic
index [34].

Stroke

Stroke has been reported in 3.4-12 % of pediatric patients
with SLE [15, 20, 22] and in 20—40 % of patients with neu-
ropsychiatric lupus [20, 22]. Strokes seen in pediatric SLE
may be arterial ischemic strokes or sequelae of cerebral vein
thrombosis. Most reports of stroke with pediatric SLE iden-
tify the concurrent presence of antiphospholipid antibodies
(anti-cardiolipin antibody or lupus anticoagulant) [30].
Treatment of stroke in SLE patients is largely supportive,
aiming at maintaining normothermia, hydration, and normal
hemodynamics [30]. Anticoagulation is becoming accepted
practice although the ideal agent remains controversial, but
should be considered in these patients. Patients with antiphos-
pholipid antibodies, particularly lupus anticoagulant, have a
high risk of recurrent cerebrovascular disease [30, 35, 36]
and therefore may be more likely to benefit from anticoagu-
lation. Therapy should also include ongoing or intensified
immunosuppressive therapy provided the absence of a con-
traindication [14].

Psychosis, Delirium, and Depression

Although children who present with depression, psychosis,
delirium, or movement disorders secondary to SLE often
have normal CSF findings and non-focal CT and MRI
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studies, discrete lesions can sometimes be seen on CT and
MRI [37]. If abnormalities are seen on MRI, they are usually
diffuse gray and white matter lesions that dramatically
improve or resolve with aggressive SLE treatment [38].
There are also reports of single photon emission computed
tomography (SPECT) scan abnormalities in the parietal and
frontal lobes [39], as well as diffuse small areas of decreased
uptake [40]. Other than possibly supporting the diagnosis of
neuropsychiatric lupus, the clinical utility of SPECT scan
abnormalities remains unclear as they usually persist despite
clinical improvement [8, 39—41] and may be present in pedi-
atric SLE patients without clinical CNS disease [40].
Favorable outcome of neuropsychiatric SLE in both pediat-
ric and adult patients has been reported after treatment with
intravenous methylprednisolone and cyclophosphamide
[16, 38, 42, 43].

Pulmonary Complications of SLE

Pulmonary involvement in adults with SLE is common, with
infection being the most frequent complication [44]. The
incidence of pulmonary involvement in children with SLE is
difficult to estimate as the literature is limited primarily to
case reports and small series; however published figures
place the incidence anywhere between 5 and 67 % during the
course of the disease, and acute lupus pneumonitis may be
the first manifestation of disease [45]. Pulmonary hyperten-
sion, diffuse interstitial disease, pulmonary hemorrhage,
pneumothorax, acute lupus pneumonitis, and shrinking lungs
have all complicated SLE in pediatric patients [45].

SLE Pneumonitis

Acute lupus pneumonitis is difficult to clinically differenti-
ate from an infectious process, and must be a diagnosis of
exclusion [44, 45]. Mortality in adult patients with acute
lupus pneumonitis is approximately 50 % [44]. Presenting
symptoms include fever, dyspnea, tachypnea, hypoxia,
cough, and occasionally hemoptysis [45]. On blood gas anal-
ysis, hypoxemia and a respiratory alkalosis are often seen
[44]. Initial therapy should consist of corticosteroids; cyclo-
phosphamide, plasmapheresis, or intravenous immunoglob-
ulin may be added if there is no clinical response [44, 46].
One must be cognizant of the fact that treatment with cyclo-
phosphamide has been linked with an increased risk for
opportunistic infections and mortality [11, 47].

Pulmonary Hemorrhage

Pulmonary hemorrhage in SLE is an uncommon, but often
deadly occurrence, with mortality approaching 80 % [45].
Symptoms associated with pulmonary hemorrhage are simi-
lar to those seen in pneumonitis, with cough, dyspnea, tachy-
pnea, and hypoxia seen most commonly, in association with
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a sudden drop in hematocrit. Hemoptysis is an unreliable
indicator of the presence or absence of pulmonary hemor-
rhage [44, 45]. Chest radiography will usually reveal patchy
alveolar infiltrates, particularly in the lower lobes; however,
infiltrates are not universally present [44]. Reported thera-
pies consist of pulse methylprednisolone with or without
cytotoxic agents [45, 48]. Respiratory failure associated with
SLE and pulmonary hemorrhage requires aggressive ventila-
tory and hemodynamic support, and extracorporeal life sup-
port has been used successfully in conjunction with ongoing
immunosuppressive therapy [49].

Cardiac Complications of SLE

SLE Pericarditis

Pericarditis is the most common cardiac complication of
pediatric SLE; throughout the disease process, pericarditis is
seen in up to 25 % of SLE patients, and can rarely be the first
manifestation of disease [50, 51]. In adult patients, pericardi-
tis is present in 645 % of SLE patients, and in autopsy
series, as many as 60-80 % of patients have pericardial
lesions [52]. Pericardial tamponade is a rare, life-threatening,
but usually early complication of SLE [52], occurring in less
than 4 % of pediatric patients [50, 53].

Pericardial fluid in SLE serositis is an inflammatory exu-
date consisting of fibrinous debris and inflammatory cells,
which can mimic bacterial pericarditis [54]. An ANA titer of
>1:160 in the pericardial fluid has been shown to be a sensi-
tive, but not specific, indicator of underlying SLE [55].
While the presence of lupus erythematosus cells (phagocytic
cells which have ingested the nucleus of another cell) in a
pericardial aspirate has been shown to have high sensitivity
and specificity [54, 55].

Therapy for SLE pericarditis is guided by severity. In
pediatric SLE, pericarditis is usually mild, and effusions
small [50]. In this setting, treatment is aimed at the underly-
ing disease and consists of monitoring, steroids, antimalari-
als, and other immune modulators [50, 56]. The presence of
a large pericardial effusion is an indication for ICU monitor-
ing, and may warrant aspiration, particularly when present
with diminished cardiac function or cardiovascular
instability.

SLE Endocarditis

Verrucous endocarditis (Libman-Sacks endocarditis) describes
the valvar vegetations seen in association with SLE. Most com-
monly these involve the mitral valve, but also involve the aortic,
pulmonic, and tricuspid valves in order of decreasing incidence
[50]. The lesions consist of deposits of immune complexes,
cellular debris, and fibrin [57, 58]. In autopsy series, these
nodular lesions have been found uniformly in SLE patients
[59]. However, lesions detectable by echocardiography occur
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generally in older adolescents and adults [50]. Rarely, heart fail-
ure from mitral insufficiency can be the clinical presentation in
SLE, and require mitral valve replacement in childhood [60].

SLE Myocarditis and Cardiomyopathy

Although cardiac processes in association with SLE are
widely recognized, clinically apparent acute myocarditis
is a rare complication of SLE, particularly in infants and
children [61, 62]. Even so, acute myocarditis has been
reported as the initial presentation of SLE [63]. The lit-
erature regarding lupus-associated myocarditis is limited
owing to the rarity of this clinical entity. Therefore, there
is no consensus on the best management of SLE myocar-
ditis [62]. The literature contains reports of poor
responses of SLE myocarditis to steroid therapy [62, 64];
however, James et al. [62] state that further immunosup-
pression seems a reasonable approach in light of the
underlying autoimmune process. In the adult literature,
high dose intravenous corticosteroids are the norm, with
anecdotal reports of other immunosuppressive agents
(azathioprine and cyclophosphamide) and intravenous
immune globulin providing some benefit [13, 65]. Data
from Johns Hopkins suggest that the mortality of myo-
carditis associated with SLE is greater than that of pri-
mary myocarditis [66].

Infectious Complications of SLE

The most frequent complication, reason for admission to the
ICU, and cause of death among SLE patients is infection [11,
67-72]. The rate of infectious complications in these patients
is increased by therapy for the underlying disease [71, 73,
74], although SLE intrinsically increases the risk of serious
infection [70, 73]. Localized infections are usually related to
the underlying disease, while systemic infections are gener-
ally caused by immunosuppression from therapy, in particu-
lar corticosteroids [70].

Glucocorticoid therapy has multiple effects on immu-
nity, including suppressing phagocytic function, cell-
mediated immunity, and humoral immunity [70, 74]. As a
result, the offending agents in infections related to gluco-
corticoid therapy are diverse. Defective phagocytic function
places the patient at risk for gram-positive, gram-negative,
and fungal infections [71, 74]. Ineffective cell-mediated
immunity places the patient at risk for organisms such as
Mycobacterium, Listeria monocytogenes, Salmonella,
and Nocardia, as well as Histoplasma, Coccidiodes, and
Cryptococcus [74]. Protozoal (Pneumocystis, Toxoplasma,
and Strongyloides) and viral (cytomegalovirus, Epstein-
Barr virus, and Varicella-zoster virus) infections are also
related to defective cell-mediated immunity [74]. Multiple
studies have reported that patients maintained on high dose
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corticosteroids, particularly more than 20 mg per day, are
at increased risk for serious infections [75, 76]. In fact,
one series reported that 90 % of infected patients on more
than 40 mg per day of prednisone were bacteremic [76].
Although even lower doses have been shown to increase
the risk [75].

Bacterial pathogens account for more than 90 % of infec-
tions in SLE patients [70], and the most frequently isolated
organisms are S. aureus and enteric gram-negative bacteria
[70, 71, 74]. Gram-negative sepsis or bacteremia was the
cause of death in 32 % of SLE-related deaths in one series of
544 patients [71]. Patients with SLE have been found to be at
increased risk for pneumococcal infections secondary to
functional hyposplenism, hypocomplementemia, impaired
chemotaxis, and defects in opsonization, all secondary to
SLE itself [75].

Renal Complications of SLE

Two-thirds of children and adolescents with SLE will
develop nephritis during the course of their illness, and in
90 % of these, the renal disease is present within 1 year of
diagnosis [8], with diffuse proliferative glomerulonephritis
being the most common form. Unfortunately this form of
nephritis is the form most likely to progress to end-stage
renal disease and/or death [8]. In patients with SLE admitted
to the intensive care unit, renal failure has been associated
with increased mortality [67].

Juvenile Idiopathic Arthritis (JIA)

Juvenile idiopathic arthritis (JIA) (Table 35.2), formerly
known as juvenile rheumatoid arthritis (JRA), is a common
rheumatic disease of childhood, responsible for significant
morbidity. The underlying cause of JIA remains unclear, but
anunderlying immunogenetic susceptibility is likely required
to react to an external stimulus thereby inducing disease
[77]. Approximately 113/100,000 children currently carry
the diagnosis of JIA, with an annual incidence of approxi-
mately 13.9/100,000 children 15 years old or younger [77].

Three types, or onset forms of JIA are currently described:,
oligoarthritis (pauciarticular), polyarthritis, and systemic
onset disease [77]. While oligoarthritis generally affects the
large joints of the lower extremities, polyarthritis affects
both large and small joints, often with 2040 individual
joints involved [77]. Systemic onset disease is characterized
by a cyclical fever which may exceed 39 °C, in conjunction
with a faint salmon-colored evanescent macular rash [77].
Hepatomegaly, splenomegaly, and lymphadenopathy are
present with arthritis. Serositis in the form of pericardial
effusion may be present as well [77].
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Table 35.2 Juvenile idiopathic arthritis

Selected
manifestations

Central nervous
system

Pathophysiology

Unknown etiology,
but likely represents

Laboratory
abnormalities

Leukocytosis (WBC
30,000-50,000/mm?)

Cerebral vasculitis a0l exaggerated Thrombocytosis
Uveitis IMmune response 0 gloyaieq ESR
Cardiac fﬁ;ﬁgﬁ;‘fg‘gger Elevated CRP
Pericarditis children [77] Elevated complement
components
Endocarditis Occasionally RF
positive
Myocarditis/ ANA sometimes
cardiomyopathy positive (usually
Pulmonary homogenous or
Diffuse interstitial speckled pattern) [78]
fibrosis
Gastrointestinal
Hemorrhage
Hepatomegaly
Hepatitis
Hematological
Hemolytic anemia
Anemia of
chronic disease
Macrophage
activation
syndrome
Splenomegaly

Although the overall mortality of JIA is low, when com-
paring affected individuals to non-affected individuals, the
diagnosis of JIA does impart an increase in age-adjusted
mortality [2]. Approximately two-thirds of deaths attribut-
able to JIA are in patients with systemic onset JIA, which
compromises only 10-20 % of all patients with JIA [2].
Deaths due to JIA are most likely secondary to infections,
cardiac complications, and macrophage activation syn-
drome [2].

Infectious Complications of JIA

Similar to SLE, infections in patients with JIA are usually a
complication of therapy for the underlying disease. The
disease modifying drugs used most commonly in JRA include
steroids and methotrexate. Other medications, including aza-
thioprine, cyclosporine, and etanercept, have also been used.
Although these medications have the potential for significant
improvement in the daily function of patients with JIA, sev-
eral of these medications carry risks of serious infectious
complications. As discussed previously, steroid therapy has
multiple effects on immunity, and sustained therapy, particu-
larly at high doses, is associated with increased infection
rates. With other disease modifying drugs available, steroids
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are generally reserved for severe systemic onset disease or
life threatening complications of JIA [2].

Anti-TNF therapy is the newest class of medications cur-
rently being used for the treatment of JIA. Etanercept
(Enbrel; Amgen Inc.) and infliximab (Remicade; Centocor
Inc.) are two such medications. Etanercept is a human fusion
protein of Fc IgG, and the p75 TNF receptor which has been
FDA approved for use in rheumatoid arthritis and psoriatic
arthritis. Its use has proven to provide improvement in patient
functionality and pain, as well as slowed disease progression
[79]. In children, etanercept has been shown to be well toler-
ated and effective in the treatment of JIA, particularly those
with pauciarticular or polyarticular JIA [80]. Placebo con-
trolled trials found no increase in the rate of serious infec-
tions between treatment and control groups [81, 82].
However, post-marketing reports of serious bacterial infec-
tions have been published. Patients who are prescribed etan-
ercept with concurrent steroid therapy are at particular risk
[83] and in patients with active sepsis etanercept has been
shown to increase mortality [84].

Infliximab (Remicade; Centocor Inc.) is a monoclonal
anti-TNF-o antibody which has also shown beneficial in the
management of inflammatory arthritis [79], but is not cur-
rently labeled for use in JIA. In placebo controlled studies
evaluating anti-TNF therapy, several studies have shown a
similar incidence of serious bacterial infections (life-
threatening or requiring hospitalization) to that of placebo
[81, 82]. In post-marketing reports, anti-TNF therapy, inflix-
imab in particular, has been associated with development of
active tuberculosis. This most likely represents activation of
a latent infection and patients should be screened prior to
initiation of infliximab therapy [85].

Cardiac Complications of JIA

Pericarditis is a common complication of JIA, and may be pres-
ent at diagnosis, or precede the development of arthritis [86],
although usually not clinically significant [78]. Pericarditis
occurs in as many as 30 % of patients, and in autopsy series, as
many as 45 % [87]. Pericardial effusions seen with JIA are usu-
ally small and clinically insignificant, but cardiac tamponade
requiring pericardiocentesis or pericadiectomy has been
reported [88, 89]. Non-steroidal anti-inflammatory medications
and intensification of anti-inflammatory therapy are usually
effective [88, 90].

Valvar disease is a well known, but uncommon complica-
tion of JRA [91, 92]. The aortic valve is the most commonly
involved; however, the mitral valve may also be diseased
[93]. In a recent study of patients with HLA-B27-associated
juvenile arthritis, 10 % were found to have aortic regurgita-
tion of varying degrees after a mean of 3 years of illness,
compared with none of the healthy control patients [93].
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Table 35.3 Common features of macrophage activation syndrome

Clinical
Hepatomegaly
Lymphadenopathy
Splenomegaly
Hemorrhage
Persistent continuous fever*
Central nervous system dysfunction
Laboratory
Falling platelet count®
Hyperferritinemia®
Hemophagocytosis on bone marrow examination?
Elevated liver enzymes®
Falling leukocyte count®
Falling ESR®
Hypofibrinogenemia®
Hypertrigyceridemia®
Prolonged clotting times
Increased D-dimer

Based on data from Davi et al. [97]
“Denotes proposed diagnostic criteria

Generally, the severity of valvar disease correlates with artic-
ular disease and the degree of aortic regurgitation may be
such that valve replacement is warranted [92]. Recently, the
presence of rheumatoid nodules in the diseased valve has
been described in a patient without other rheumatoid nodules
[92]. Myocarditis is a commonly cited but rarely seen com-
plication of JIA. It occurs with much less frequency than
pericarditis, but carries higher mortality and severe sequelae.
Patients who recover may be left with residual dilated car-
diomyopathy [94].

Macrophage Activation Syndrome

Macrophage activation syndrome (MAS), also known as
hemophagocytic syndrome, is an uncommon life-threatening
complication of JIA (usually systemic JIA), brought about by
an infection, medications (gold salts, NSAID’s, or methotrex-
ate), or autologous stem cell transplant [2, 95, 96]. MAS is a
form of hemophagocytic lymphohistiocytosis (HLH) charac-
terized by sudden onset of sustained fever, generalized lymph-
adenopathy, hepatosplenomegaly, and coagulopathy [2]
(Table 35.3). Encephalopathy, respiratory distress or failure,
and/or renal failure may develop [95, 98] with a mortality rate
between 11 and 60 % [99, 100].

Laboratory studies which may suggest or support the diag-
nosis of MAS are a falling ESR, pancytopenia, elevated trans-
aminases, increased triglyceride levels, elevated serum ferritin,
and studies suggestive of a consumptive coagulopathy (ele-
vated D-Dimers, PT, and PTT, decreased fibrinogen, and fibrin
split products) [2, 98]. Bone marrow aspirates in MAS provide
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pathognomonic findings consisting of well differentiated mac-
rophage proliferation with active phagocytosis of hematopo-
etic elements of the marrow [98]. Similar infiltration may also
be seen in organs such as the liver and spleen [98, 100].

Differentiation of MAS from systemic JIA is important as
therapy should be initiated early to prevent sequelae and death.
The fever pattern seen with systemic JIA is usually cyclical
with daily or twice daily spikes, whereas with MAS, the fever
is high and unremitting [95, 98]. In MAS, the ESR falls pre-
cipitously, as opposed to systemic JIA, where it will be ele-
vated. Also with MAS, there is a sudden drop in all hematologic
cell lines, in contrast to systemic JIA, which is commonly
accompanied by leukocytosis and thrombocytosis [95, 98].
Hypertriglyceridemia is another feature present in MAS which
is not generally associated with systemic JIA [95].

First line therapy of MAS includes withdrawal of
NSAID’s, disease-modifying antirheumatic drugs and/or
immunosuppressives, and early initiation of high dose ste-
roid therapy (methylprednisolone). Despite initiating ther-
apy, the disease may still progress [99]. Because cyclosporine
has been useful in a familial form of HLH, it has been
investigated in MAS as well. Mouy and colleagues [95]
reported the use of cyclosporine in five children with sys-
temic JIA and MAS with good outcome, and recommended
its use with high dose parenteral steroids. Other authors rec-
ommend cyclosporine for MAS as well, particularly in
patients unresponsive to steroids alone [99].

The prevailing current treatment protocols contain ste-
roids and cyclosporine, but other disease modifying agents
are gaining evidence for effective use in JIA and MAS.
Etanercept (Enbrel; Immunex), a TNF-a blocker, has been
used in JIA with good disease control, and its use for MAS
has been reported with good outcome [101]. Others, how-
ever, have reported a possible link between etanercept ther-
apy and the development of MAS [102]. Anakinra (Kineret;
Amgen), an IL-1 receptor antagonist, is becoming widely
used for maintenance therapy and has been reported as a
treatment of MAS, capable of inducing rapid disease [103,
104]. Tocilizumab (Actemra; Roche), and IL-6 receptor anti-
body has been shown safe, effective, and well-tolerated in a
phase III randomized, placebo-controlled trial in children
with JIA and may prove to be an effective therapy in MAS
complicating JIA [105, 106]. Tocilizumab is currently pend-
ing FDA approval is only available for compassionate use in
the United States.

Henoch-Schoenlein Purpura (HSP)

Henoch-Schoenlein Purpura (HSP) (Table 35.4), the most
common cause of purpura in children with normal platelet
counts, is an idiopathic vasculitis syndrome involving the
small vessels of the skin, gut, and glomeruli most commonly



550

Table 35.4 Henoch-Schoenlein purpura

Laboratory
Selected manifestations Pathophysiology abnormalities
Central nervous Unknown etiology, IgA  Thrombocytosis
system complex mediated small
Cerebral vasculitis ~ vessel vasculitis usually 1 eykocytosis
Seizure seen following a viral - gjeyy(ed ESR
Coma infection [3] Elevated CRP
Intracerebral Antiphospholipid
hemorrhage antibodies
occasionally
Subarachnoid Cryoglobulins
hemorrhage occasionally
Chorea Microscopic
hematuria
Cardiac Urinary casts
Myocarditis Albuminuria
Myocardial necrosis Sterile pyuria
Pericarditis (3, 12]
Pulmonary
Pulmonary
hemorrhage
Interstitial
pneumonia
Gastrointestinal
Hemorrhage
Intussusception

Bowel perforation
Esophagitis
Obstruction
Pancreatitis

Renal
Glomerulonephritis
Nephrotic syndrome

seen following a viral or streptococcal infection [3, 107,
108]. One study has shown a stronger correlation between an
elevated serum Bartonella henselae antibody titer and HSP
than with elevated ASO or anti-DNase B [109] titers, but this
correlation is as yet unsubstantiated. HSP nephritis may rep-
resent a variant of IgA nephropathy [108].

Serious complications of HSP are uncommon, but include
neurologic (seizure, intracranial hemorrhage, coma) [110-
113], gastrointestinal (intussusception, obstruction, perfora-
tion, hemorrhage) [114], and renal (nephritis) [108]. There
are two reported cases of myocardial necrosis associated
with HSP, although there is some question as to whether
another underlying diagnosis may have been present in at
least one of the two cases [115, 116].

CNS Complications of HSP

Most believe that the incidence of neurologic involvement,
from headaches to intracranial hemorrhages, with HSP lies
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somewhere between 2 and 10 %, but estimates have been as
high as 20 % [110, 117]. More than 50 % of patients reported
to have had neurologic complications had seizures, and most
of these were generalized [110]. The etiology of the neuro-
logic complications is unclear. Multiple possible causes,
such as hypertensive encephalopathy, uremic encephalopa-
thy, steroids, cytotoxic drugs, cerebral vasculitis and electro-
lyte imbalances are often simultaneously present in HSP
[110]. Magnetic resonance imaging of patients with HSP
who manifest seizures and/or encephalopathy has shown
lesions consistent with demyelination in the posterior
parieto-temporal region that resolve with clinical improve-
ment [118-120].

Intracranial hemorrhage has been reported in less than ten
patients [121, 122]. Most of the reported cases are intrapa-
renchymal and parieto-temporal in location [121]. It is
thought that in most cases, the vasculitis itself leads to a fri-
ability of vessels, allowing the hemorrhage. However, stud-
ies have linked HSP to a decrease of factor XIII, possibly
contributing to hemorrhage. One recent report documented a
low factor XIII level in a patient with HSP complicated by
intracerebral hemorrhage [123].

Pulmonary Complications of HSP

A rare, but striking and potentially fatal complication of HSP
is pulmonary hemorrhage. A recent retrospective analysis
reported two of 136 patients with HSP experienced pulmo-
nary hemorrhage [124]. Without rapid diagnosis and institu-
tion of treatment, pulmonary hemorrhage can progress to
death [113, 125]. A review of the literature demonstrates that
mortality in patients with HSP complicated by pulmonary
hemorrhage approaches 50 % [113], but other authors sug-
gest that mortality may depend on age, with lower mortality
seen in younger children [126]. The treatment regimen
reported by many authors for pulmonary hemorrhage in HSP
includes aggressive ventilatory support, glucocorticoids, and
occasionally cyclophosphamide, although no controlled trial
has shown clear benefit of immunosuppressives [113, 127].

Gastrointestinal Complications of HSP

Intussusception is the most common, and best described,
abdominal complication of HSP. The lead point is edematous
bowel wall secondary to intramural vasculitis and hemor-
rhage [128]. Unlike spontaneous intussusception, which is
usually ileocolic, intussusception in HSP usually involves
entirely small bowel. This distinction is important as contrast
enema is not useful when the pathology is proximal to the
ileocecal valve. Bowel perforation is rare, and has decreased
dramatically with earlier diagnosis [128]. Gastrointestinal
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hemorrhage has been reported as a common abdominal com-
plication of HSP, occurring in approximately 50 % of
patients. The bleeding is usually minimal and self-limited,
but may occasionally be massive and lead to hypovolemic
shock [128-131].

Nephritis in HSP

Nepritis is the most common serious, long-term complica-
tion of HSP, affecting 85-90 % of children within 1 month of
diagnosis and nearly all children within 6 months to varying
degrees [132]. Rarely does nephritis warrant PICU admis-
sion, however patients with nephrotic range proteinuria may
require admission for correction of fluid and electrolyte
abnormalities. Standard therapy consists of glucocorticoids,
but those resistant to steroids and more severely ill have been
treated with ACE inhibitors, urokinase, plasmapheresis,
cyclosporine A, cyclophosphamide, azathioprine, and myco-
phenolate in various regimens [133, 134]. The outcome of
HSP nephritis is generally good with 1-2 % of all patients
with HSP nephritis developing chronic renal disease [132]
however, those with more severe disease may be at increased
risk for the development of chronic renal disease and even
end stage renal disease.

Kawasaki Disease

First described in Japan in 1967, Kawasaki disease
(Table 35.5) is an acute, self-limited vasculitis affecting
infants and children of all races. It is characterized by high
fever, conjunctival injection, erythema of the oral mucosal,
strawberry tongue, peripheral edema, cervical lymphade-
nopathy, and variable rash [135, 136]. Kawasaki disease
(KD) affects approximately 3,000—4,000 children annually
in the United States [135, 136]. The incidence of KD is
approximately 112/100,000 in Japanese children <5 years
old. In contrast, children <5 years old of Asian or Pacific
island descent have the highest annual incidence in the
United States at approximately 32.5/100,000 children [135].
Many features of KD (such as the presence of epidemics and
seasonality, the age group affected, fever, self-limited course,
and rash) suggest an infectious etiology, although none has
been proven [135, 136].

The vascular inflammation seen with KD affects all ves-
sels, but is more pronounced in the medium arteries, particu-
larly the coronary arteries [136]. Inflammation and infiltration
affects all layers of the arterial wall and results in destruction
of the elastic lamina. Aneurysmal dilatation is a result of this
destruction, and is not limited to the coronary arteries, hav-
ing been reported in many muscular arteries throughout the
body, including the axillary, celiac, femoral, iliac, mesenteric,

Table 35.5 Kawasaki disease
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Laboratory
Selected manifestations Pathophysiology abnormalities
Central nervous system Unknown etiology, =~ Anemia
but may represent an
exaggerated immune
response to an
infectious trigger in
predisposed children
[135]
Irritability/mental Subendothelial and ~ Leukocytosis
status changes medial edema in
Sensorineural affected vessels Elevated ESR
hearing loss precedes neutrophil
Uveitis and then Elevated CRP
Cardiac mononuclear, plasma Abnormal plasma
cell, and ..
\ hocytic lipids
ymphocy
Myocarditis infiltration. Cellular HYpoalbuminemia
Pericarditis infiltration results in Hyponatremia
Mitral insufficiency  the destruction of the Thrombocytosis

internal elastic
lamina which causes
fibroblast
proliferation and

Coronary aneurysms Sterile pyuria
Elevated serum

transaminases

Coronary rupture

. My(?cardial eventual fibrosis Elevated serum
infarction [135] gamma glutamyl
transpeptidase
Hematologic CSF pleocytosis,
Macrophage [135]

activation syndrome
Gastrointestinal

Hydrops of gall
bladder

and renal arteries [135]. Ultimately local scarring leads to
stenosis of the affected vessel [136]. KD will lead to coro-
nary abnormalities in 15-25 % of children if left untreated
[135]. Nearly all deaths attributable to KD are a direct result
of cardiac involvement [135].

Myocarditis, pericardial effusions, coronary rupture, car-
diac tamponade, and myocardial infarction secondary to
coronary thrombosis or stenosis may complicate KD [58,
135-138]. Myocarditis is common and likely universal.
Diminished ventricular contractility is often seen on the ini-
tial echocardiogram [135]. The dysfunction is usually mild
and improves after intravenous immune globulin, but may be
severe [58, 135]. Pericardial effusions are common, seen on
the initial echocardiogram in up to 30 % of patients with KD,
but are generally small and clinically insignificant [58].

Giant coronary artery aneurysms (greater than 8 mm),
seen in only 1 % of appropriately treated children, carry a
mortality rate of approximately 4 % usually secondary to
obstructive disease [58, 139]. Rupture of an aneurysm can
occur and is rapidly fatal secondary to cardiac tamponade.
There are reports of three children who have survived car-
diac arrest after coronary rupture. All three had surgical
intervention at the bedside and were taken to the operating
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room emergently for definitive coronary bypass grafting.
One patient subsequently required heart transplantation
[139, 140]. Macrophage activation syndrome (discussed pre-
viously) has also been reported in the context of Kawasaki
disease [141].

Kawasaki Disease Shock Syndrome

Shock as a presentation of KD has become more widely rec-
ognized in recent years and has been described as Kawasaki
Disease Shock Syndrome [142]. Clinically KDSS may be
difficult to distinguish from toxic shock syndrome (TSS).
Both are characterized by fever, desquamating rash, and
mucous membrane erythema. In contrast, shock is a hall-
mark of TSS, but historically not considered a feature of KD,
and coronary artery abnormalities often associated with KD
are not seen in TSS. Several recent case reports and series
have described KDSS and report that KDSS is more resistant
to IVIG, more likely to require steroid or infliximab therapy,
more likely to have a delayed diagnosis, and more likely to
have coronary artery dilatation than KD without shock.
KDSS has also been more commonly seen with female gen-
der, lower platelet counts, higher band counts, and higher
C-reactive protein measurements than KD without shock
[142-144]. KDSS requires a vigilance to the diagnosis, par-
ticularly in the absence of early coronary artery abnormalities.
IVIG should be considered early even if the diagnosis of TSS
remains a question, as delay in treatment is associated with
increased risk of coronary artery aneurysms.

Kawasaki Disease Management

Management of Kawasaki disease consists initially of sup-
portive care, IVIG (2 g/kg), and high dose aspirin (§0—100 mg/
kg/day divided q 6 h). The aspirin dose is usually decreased
to 3-5 mg/kg/day after the 14th day of illness [136]. Most
experts agree that patients who fail to respond to the initial
dose of IVIG should receive a second infusion of 2 g/kg, and
steroid therapy should be reserved for failures after two
doses of IVIG [135]. Although the exact mechanism of
action is unknown, IVIG has consistently shown benefit if
given within the first 10 days of illness [135]. With IVIG and
aspirin, approximately 5 % of children with Kawasaki dis-
ease will develop transient coronary dilatation and only 1 %
develop giant aneurysms [135]. A trial of dexamethasone
with IVIG found no difference in the number of patients who
developed aneurysms of the coronary arteries, but reported
more rapid clinical improvement (defervescence) and
decrease in C-reactive protein (CRP) [145].

Monoclonal antibodies have recently been used as a part
of the therapy for Kawasaki disease. Abciximab (Reopro®,

S.W. Martin and M.R. Anderson

Eli Lilly and Company), a chimeric human/mouse monoclo-
nal antibody directed against the platelet glycoprotein Ila/
IIIb receptor, has been used to inhibit platelet aggregation in
patients with giant aneurysms secondary to Kawasaki dis-
ease. Short-term outcome was reported as favorable in a case
report with coronary thrombi [146]. In 15 patients with 50
coronary aneurysms, a trial of standard therapy (IVIG 2 g/kg
once with aspirin 80—100 mg/kg/day) versus standard ther-
apy with abciximab administered 24—48 h after IVIG found
greater aneurysmal regression in the abciximab group [147].
However, current evidence lacks sufficient strength to rec-
ommend the addition of abciximab to first-line therapy.

Infliximab (Remicade®, Centocor) has been used in chil-
dren at various centers for refractory Kawasaki disease.
Reports of infliximab’s efficacy are mixed, with some cen-
ters reporting benefit while others reporting no effect [148].
A recent retrospective analysis of 17 patients with refractory
Kawasaki disease treated with infliximab reported rapid
defervescence, often after a single dose [149]. A recent ran-
domized prospective trial of infliximab therapy (5 mg/kg)
versus a second infusion of IVIG in refractory KD found
similar efficacy and safety between the two groups [150], but
as the authors identified, several patients in the second dose
IVIG group also received infliximab which may reduce any
differences between treatment groups. With the growing
body of supporting evidence infliximab is being used more
commonly as a second teir therapy for KD [151]. As with
abciximab, current evidence lacks the strength to recom-
mend infliximab as initial therapy over IVIG.

Antiphospholipid Antibody Syndrome

Antiphospholipid antibody syndrome (Table 35.6) or
antiphospholipid syndrome (APS) is characterized by throm-
boembolic disease or immune thrombocytopenia caused by
antibody-mediated platelet activation in the presence of
antiphospholipid antibodies (aPL) [153]. Several aPL have
been identified to date [154], with lupus anticoagulant (LA)
and anticardiolipin (aCL) antibodies felt to be the most clini-
cally relevant [153, 154]. In adults, the thromboembolic dis-
ease may be worsened by atherosclerotic disease and is
accompanied by recurrent abortions [155]. APS remains a
rare entity in pediatric patients that is often diagnosed after a
clinical event prompts further investigation [153].

Primary APS refers to the above clinical situation with the
presence of aPL antibodies on two occasions at least 6 weeks
apart and the absence of a comorbid condition associated
with aPL antibodies (such as SLE). Secondary APS describes
a scenario with the presence of aPL antibodies, in the setting
of vasculitis (SLE, JRA, HSP, among others), certain chronic
infections (Lyme disease), or certain drug exposures
(quinide, penicillin) [153].
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Table 35.6 Antiphospholipid syndrome

Selected manifestations Pathophysiology

Central nervous system

Stroke

Not completely understood;

(1) Antiphospholipid antibodies may interfere
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Laboratory abnormalities

Antiphospholipid antibodies (lupus anticoagulant,
anticardiolipin, or anti-2- glycoprotein I)
Prolonged activated partial thromboplastin time

with function of proteins involved in
coagulation regulation [152]

Transient ischemic attack

Amaurosis fugax
coagulation [152]

(2) Antiphospholipid antibodies may activate
endothelial cells in turn promoting

Prolonged kaolin clotting time
Prolonged dilute Russell’s viper venom time

Prolonged Texarin time

Seizure (3) Antiphospholipid antibodies may oxidize
low-density lipoproteins which activates
macrophages, ultimately causing
endothelial damage [152]

Chorea (4) Antiphospholipid antibodies may directly

Transverse myelopathy activate platelets [152]
Guillain-Barre syndrome
Psychosis

Cardiovascular
Myocardial infarction
Libman-Sacks endocarditis
Valvar regurgitation
Valvar stenosis

Pulmonary
Pulmonary embolism

Gastrointestinal
Mesenteric artery thrombosis

Renal
Renal artery thrombosis
Thrombotic microangiopathy

Hematologic
Widespread thrombosis
Hemolytic anemia
Evans’ syndrome
Disseminated intravascular coagulation

Endocrine
Addison’s disease

Obstetric
Recurrent fetal loss
Preterm delivery
Preeclampsia
Eclampsia
Placental insufficiency

Several authors have reported the presence of aPL anti-
bodies in asymptomatic individuals. A study of over 700 pre-
sumably healthy adult volunteer blood donors in Indiana
found that 8.1 % were positive for aPL antibodies [154]. In
healthy children, less data is available, and reported frequen-
cies range from 2 to 82 %, depending on testing methods,
cutoff values used, and populations studied [156]. Experts
estimate that the actual frequency most likely lies in the
5-10 % range [156].

In pediatric patients, a strong association between
antiphospholipid antibodies and SLE has been found, and

Thrombocytopenia
Coombs’ test positive [152]

APS occurs most frequently as secondary APS with SLE in
children [156]. Also of note is that children who present with
what appears initially to be primary APS, may later develop
SLE [156]. Similarly, some authors have reported a high
prevalence of aCL antibodies in patients with JRA, unlike
with adult rheumatoid arthritis [157]. Interestingly, aCL anti-
bodies have been found to be the cause of false positive
VDRL tests in some patients with SLE [158]. In a study of
57 Brazilian children and adolescents with SLE, investiga-
tors found that 63 % of the patients tested positive for aPL
antibodies on at least one occasion during the 22 month
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study period [155]. The investigators found that SLE remis-
sion was achieved less often in patients testing positive for
aPL antibodies as well [155]. Other investigators have found
a correlation between neuropsychiatric manifestations in
pediatric SLE and positive testing for aPL antibodies [159].

Most complications of APS are thrombotic, and no major
differences have been found between primary and secondary
APS [154]. APS, much like heparin-induced thrombocyto-
penia, predisposes to both venous and arterial thromboses,
but deep venous thrombosis remains the most common in
both adult [154] and pediatric series [156], affecting 29-55 %
of patients. Subsequent pulmonary embolus may occur in up
to half of these patients [154]. Antiphospholipid antibodies
have been associated with the first arterial ischemic stroke in
children as well as adults [160, 161]. Whether aPL increase
the risk of recurrent acute arterial stroke or TIA, however,
remains unclear [162]. Sinovenous thrombosis has also been
associated with aPL antibodies [32]. A recent study from the
Canadian Pediatric Ischemic Stroke Registry found that the
most common prothrombotic disorder identified in infants
and children with sinovenous thrombosis was the presence
of aCL antibodies (10 of 123 patients) [32].

Catastrophic antiphospholipid syndrome has been used to
describe the minority of patients who present with acute and
widespread vascular occlusions throughout the body [154].
This may be the initial presentation of APS in as many as
46 % of patients [163]. Diagnostic criteria include evidence
of three or more organ system involvement, development of
manifestations simultaneously or within less than 1 week,
histopathologic evidence of small vessel occlusion, and lab-
oratory confirmation of aPL antibodies [164]. The presence
of all four of the above criteria indicates definite catastrophic
APS, with the presence of only three or only two organ sys-
tem involvement indicating “probable” catastrophic APS
[164]. These patients often rapidly deteriorate and mortality
has been reported to be near 50 % secondary to multiorgan
failure [154, 163].

Optimal management of catastrophic APS is not known.
Therapy should be aimed at supporting the involved organ
systems, and suppressing progression of the microvascular
disease [165]. The majority of patients receive a combination
of several treatments that varies by institution [164]. A con-
sensus statement from the Catastrophic Antiphospholipid
Syndrome Registry Project Group published in 2003 states
that patients with clinically suspected catastrophic APS
should be managed with anticoagulation and “high doses” of
steroids with plasma exchange and/or IVIG [164]. A recent
report from the Catastophic Antiphospholipid Syndrome
Registry found a higher recovery rate in patients treated with
anticoagulants, plus steroids, plus plasma exchange, and
some with IVIG [163]. Other authors have recommended
reservation of plasma exchange for patients who do not
respond to anticoagulation and steroids [165]. If such
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Table 35.7 Goodpasture disease

Laboratory
Selected manifestations Pathophysiology abnormalities
Central nervous Autoantibodies Anemia

against a3 chain

of type VI collagen
in alveolar and
glomerular basement

system
CNS vasculitis Elevated blood urea

nitrogen

Seizure Elevated creatinine
. membranes lead to .
Cardiac . . Proteinuria
immune mediated )
Pulmonary destruction Hematuria
[166, 167] (microscopic
or gross)
Alveolar Red cell casts on
hemorrhage urinalysis

Granular casts on
urinalysis [166]

Respiratory failure

Hemosiderin-laden
macrophages on
broncho-alveolar
lavage [167]

Gastrointestinal
Renal
Glomerulonephritis

Oliguric renal
failure

Hematological

Iron deficiency
anemia

treatment fails, patients should be considered for cyclophos-
phamide, prostacyclin, and/or fibrinolytics. Defibrotide, an
investigatory thrombomodulator, may prove a useful adjunct
in recalcitrant catastrophic APS [164].

Goodpasture Disease

Goodpasture disease (Table 35.7) is a rare autoimmune dis-
ease characterized by the presence of autoantibodies directed
against the GBM. These circulating antibodies may attach to
GBM, alveolar basement membrane (ABM), or both depend-
ing on the individual. Why the GBM, ABM, or both are
affected in different individuals remains unclear [168].
Approximately 10 % of patients with anti-GBM antibodies
will have pulmonary disease alone, 20-40 % will have renal
disease alone, and 60-80 % will have both, termed
Goodpasture’s disease or Goodpasture’s syndrome [168].
Unlike systemic vasculitides, the ESR is seldom significantly
elevated. ANA and RF are usually negative as well [168].

In patients with pulmonary disease, almost all will have
hemoptysis at some point during their disease [168]. Alveolar
bleeding is usually minute in volume, however massive bleed-
ing may occur leading to respiratory failure and death.
Massive pulmonary hemorrhage is the most common cause
of death in patients with anti-GBM disease [168]. As dis-
cussed briefly with HSP, management of severe pulmonary
hemorrhage consists of general supportive measures, aggres-
sive ventilatory support, and immunosuppressives. Extra cor-
poreal life support (ECLS) may be required in extreme cases.
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Central nervous system involvement has been reported in
two adolescents with Goodpasture’s disease. The patients
presented with generalized seizures and abnormalities con-
sistent with vasculitis on MRI. Both patients improved with
intensification of immunosuppressive therapy and plasma-
pheresis [169].

Wegener’s Granulomatosis

Wegener’s granulomatosis (WG) is an antineutrophil cyto-
plasm antibody positive necrotizing granulomatous vasculi-
tis affecting the lower and upper respiratory tracts, often
associated with renal disease [170]. WG predominately
affects adults; Hoffman and colleagues found that 15 % of
WG patients seen at their referral center over a 24 year period
were under age 19 [171], while other authors have reported
much lower rates in children and adolescents [170, 172].
Children usually present with fever, anorexia, weight loss,
cough, hemoptysis, and pain (chest pain, myalgia, arthralgia)
[172]. Sinusitis, proteinuria, and hematuria are found nearly
universally during initial evaluation [172].

Pulmonary disease with WG is rapidly progressive in
children. Four of the ten patients in a Swedish study required
admission to the PICU as a result of pulmonary dysfunction,
and two required mechanical ventilation [172]. Pulmonary
hemorrhage has been reported during the course of the dis-
ease, with severity enough to warrant mechanical ventila-
tion, and the successful use of ECMO has been reported
[49]. Isolated subglottic stenosis has also been associated
with WG, more commonly in children than adults, which
may require dilatation [173].

Therapy for WG consists of supportive medical care and
immunosuppression [172]. A high dose pulse steroid (meth-
ylprednisolone) is given acutely, followed by an oral regi-
men. Usually cyclophosphamide is given in conjunction with
steroids, and plasma exchange has been used [172]. In adults,
steroids plus cyclophosphamide is considered standard of
care [173]. With widespread use, steroid and cyclophospha-
mide therapy has changed the prognosis from universally
fatal to quite good. Adult patients are able achieve disease
remission in more than 90 % of cases, and relapse is declin-
ing with newer maintenance treatment protocols [174].

Churg-Strauss Syndrome

Churg Strauss Syndrome (CSS) is an antineutrophil cyto-
plasm antibody positive small vessel vasculitis much like
Wegener’s Granulomatosis, which usually presents with
fever, pulmonary infiltrates, and respiratory distress in a
patient with asthma [173]. Among pediatric patients, CSS is
most commonly seen in adolescent patients, but remains
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rare. In 1984, Lanham published clinical criteria, which
require only asthma, peripheral eosinophilia (>1.5 x 10°/L),
and evidence of systemic vasculitis involving two or more
extrapulmonary organs to make the diagnosis of CSS [175].
However, the diagnostic criteria for CSS, according to the
American College of Rheumatology, requires the presence
of asthma, blood eosinophilia (>10 %), mono- or polyneu-
ropathy, infiltrates on CXR, paranasal sinus abnormalities,
and extravascular eosinophils on blood vessel biopsy [176].
Published reports have implicated a causative role for leukot-
riene modifiers in CSS, while others have found no such link
[177]. A post-marketing analysis confirmed an association
between leukotriene modifier therapy (alone or in combina-
tion with other asthma therapies) and CSS, but could not
speculate on causality [178].

Cardiac Complications of CSS

Pericarditis or cardiomyopathy and congestive heart fail-
ure may also be present at diagnosis of CSS [173, 179,
180]. Cardiomyopathy secondary to coronary artery vas-
culitis is common in adult CSS patients, occurring in
22-26 % of patients, and corresponds to advanced disease
[179].

Pulmonary Complications of CSS

The literature contains multiple reports of serious pulmonary
hemorrhage in patients with CSS [181, 182]. Without treat-
ment CSS is fatal within months, secondary to pulmonary
disease. Widespread use of corticosteroids has significantly
improved survival and become accepted as first-line therapy
[183]. While some authors consider a combination of corti-
costeroids with another immuno-suppressive (cyclophospha-
mide) to be first-line [179], others reserve cyclophosphamide
for those patients who fail corticosteroids alone or have
severe disease [183].

Gastrointestinal Complications of CSS

While abdominal complaints are common, serious abdomi-
nal involvement is rare. Small bowel perforation and perito-
nitis in association with CSS has been reported [184].
Juvenile Dermatomyositis (JDM)

Juvenile dermatomyositis (JDM) (Table 35.8) is a rare auto-

immune inflammatory muscle disease with an incidence of
1.7-3.1 per million children, affecting twice as many females
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Table 35.8 Juvenile dermatomyositis

Selected Laboratory
manifestations Pathophysiology abnormalities
Central nervous Endothelial activation Elevated creatine
system by the class T HLA  kinase
Seizures antigen PQAlfk0501 Elevated aldolase
Pseudoseizures fmd/ or circulating Elevated lactate
immune complexes dehydrogenase
activates complement .- ated ESR
Psychosis legdlng o Elevated CRP
microvascular
Infarction occlusion and local ~ Lymphopenia [185]
Cardiac ischemia [185]
Myocarditis
Pericarditis

Congestive heart
failure

Cardiac tamponade

Myocardial
infarction

Arrhythmia

Pulmonary
Restrictive lung
disease
Interstitial lung
disease

Recurrent

aspiration
Gastrointestinal

Hemorrhage

Esophageal
dysmotility

as males [185-188]. JDM is characterized by proximal
muscle weakness, heliotrope rash, and elevated serum levels
of skeletal muscle enzymes such as creatinine phosphoki-
nase (CPK), aldolase, alanine aminotransferase (ALT),
aspartate aminotransferase (AST), and lactate dehydroge-
nase (LDH) [186, 189]. Muscle biopsy specimens reveal
complement-mediated microvascular endothelial damage,
which leads to local hypoperfusion and perifascicular atro-
phy [187]. Overall mortality rate among children with JDM
is approximately 1.5 % [185].

CNS Complications of JDM

Although extremely rare, CNS complications of JDM are
serious and life threatening. CNS involvement likely repre-
sents manifestation of severe, uncontrolled disease [188,
190]. Reported manifestations include visual disturbances,
seizures, pseudoseizures, psychosis, and brainstem infarc-
tion [186, 190]. Seizures are likely the most common mani-
festation, but are much less common in JDM than in other
vasculitides such as SLE [186]. Immunosuppressive therapy
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has been used with these complications, and has improved
symptoms [190].

Pulmonary Complications of JDM

The most common pulmonary manifestations of JDM are
those secondary to muscle weakness. Asymptomatic restric-
tive lung disease has been reported in up to 40 % of JDM
patients at presentation [188]. Decreased ventilatory capac-
ity may occur in up to 78 % of JDM patients throughout the
course of the illness secondary to respiratory muscle
weakness and decreased chest wall compliance [186].
Dysphagia secondary to esophageal dysmotility and pharyn-
geal weakness is a common symptom in JDM [186, 188],
and may lead to pathologic aspiration severe enough to
require parenteral nutrition and tracheostomy [186, 191].

Interstitial lung disease (ILD) is a well known complica-
tion of dermatomyositis, occurring in up to 65 % of adults
[189, 192]. In children, interstitial lung disease has been less
well described in association with JDM, however, it has been
associated with anti-Jo-1 antibody positive patients [188],
and may be detected early as a decrease in diffusion capacity
[188]. Unfortunately, JDM-associated interstitial lung disease
is often severe and rapidly progressive, with a high mortality
[192]. Interstitial lung disease in children with JDM has been
reported to occur early in the illness, particularly in patients
whom the biochemical markers of ongoing disease (AST,
ALT, aldolase, etc.) do not normalize with steroid therapy
[189, 192]. Interstitial lung disease associated with DM has
been treated with cyclosporine in both adults and children
with promising results [192, 193]. Currently, however, the
pediatric literature is limited to a few case reports and small
series [192]. Cyclosporine is generally reserved for steroid
resistant ILD or rapidly progressive ILD [189, 192].

Cardiac Complications of JDM

Clinically important cardiac involvement is rare; however,
reports have been published of fatal cardiac vasculitis and
cardiac tamponade with JDM [186]. Non-specific ECG
abnormalities and pericarditis have also been reported in
conjunction with JDM, although all of these are primarily
associated with adult DM [188].

Systemic Sclerosis
Juvenile scleroderma is an autoimmune disease of unknown

etiology characterized by hard skin with an onset before the
age of 16 years. Two broad categories have been defined,
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morphea (localized skin sclerosis), and systemic sclerosis
(skin sclerosis with diffuse internal organ involvement)
[194]. Systemic sclerosis (SSc) is rare in children, with only
10-17 % of patients with SSc patients accounted for by those
less than 20 years of age [194, 195].

Mononuclear cell infiltration is a key component of the
lesions of scleroderma. Cytokine liberation by these mono-
nuclear cells leads to immune activation, increased collagen
production, and endothelial damage. Ultimately fibrosis
occurs and microvascular disease results in localized tissue
ischemia [194].

Management of SSc has been challenging, and no ther-
apy as yet has been shown to have significant benefit with-
out significant risk [194, 196]. Methotrexate trials have had
mixed results and steroids have generally been ineffective.
Stem cell transplantation has been studied in adults, with
disease improvement in 70 % of patients, but 19 % of
patients had further disease progression and 17 % died from
complications of the transplant itself [194]. One series
describing the use of etanercept in ten adults with SSc pub-
lished in abstract form showed no clinically important
improvements [196].

Cardiopulmonary Complications
of Systemic Sclerosis

Clinically insignificant cardiac disease is common in SSc,
but severe cardiopulmonary involvement may be a major
cause of morbidity and mortality among SSc patients [194,
195]. Involvement may come in the form of myocardial
fibrosis leading to cardiomyopathy or arrhythmia, valvar
insufficiency, or pericardial disease [194, 197]. Systolic
[198] and diastolic [197, 199] dysfunction have been reported
with SSc. Pulmonary hypertension with or without pulmo-
nary fibrosis is another well-known complication of SSc
[194, 200].

Autopsy series including both children and adults have
shown myocardial fibrosis to be common in patients with
SSc [201]. Myocardial fibrosis may lead to cardiomyopathy
and arrhythmias including atrioventricular block, supraven-
tricular tachycardia, and ventricular tachycardia [194, 197].
Frank cardiomyopathy is uncommon in pediatric systemic
sclerosis, although dilated cardiomyopathy may be more
common in children who have myositis in addition to sys-
temic sclerosis [202]. Rokicki reported finding diastolic dys-
function among SSc patients without cardiac symptoms, as
well as increased left ventricular mass without overt hyper-
trophy [197].

Steroid therapy has proven generally ineffective for the
management of SSc, except in early muscle involvement
or the edematous phase of cutaneous disease, and may be
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associated with renal crisis [194]. Nevertheless, given the
autoimmune component of this disease, authors have
reported the use of glucocorticoids in SSc cardiomyopathy
[203]. In 32 adult patients with scleroderma and secondary
myocardial dysfunction, prednisolone treatment was
shown to increase LVEF, particularly in patients with the
SSc form [198].

Subclinical pericardial disease has been reported as a
common occurrence in autopsy series of SSc patients, found
in 33-72 % of specimens [201]. Clinical pericardial involve-
ment has been reported in 7-20 % of patients during the
disease course [201]. However, Rokicki and colleagues
evaluated 43 children with various forms of scleroderma
and found no pericardial disease by clinical exam or echo-
cardiography [197]. Rokiciki implied that pericardial dis-
ease may be a component of adult SSc as opposed to juvenile
SSc [197].

Conduction abnormalities may occur in up to 60 % of
adult patients with SSc, particularly in patients with concur-
rent myositis [204]. These patients are at high risk for sudden
death; Follansbee and colleagues found retrospectively that
12 of 25 adult patients with SSc and myositis experienced
sudden cardiac deaths [204]. Conduction system disease is
often asymptomatic with the first manifestations being slight
resting tachycardia and a decrease in heart rate variability
attributable to dysautonomia [205].

Pulmonary fibrosis with pulmonary vascular disease has
been reported as the most common cause of death among
adult patients with SSc [200]. In adults, these two entities
generally occur in simultaneously. While this may be the
case in children, isolated pulmonary vascular disease is more
common in young patients with scleroderma, in particular
with SSc [194]. Unfortunately, this isolated pulmonary vas-
cular disease has a much worse prognosis [194]; also, for
reasons that remain unclear, pulmonary arterial hypertension
(PAH) in scleroderma patients carries a higher risk of death
than similarly affected patients with primary pulmonary
hypertension [206]. In SSc patients as a whole, PAH likely
has a prevalence of 12—15 %, but values as high as 50 % have
been published [207-209]. The pulmonary vascular disease
associated with SSc is similar in pathology and management
to primary pulmonary hypertension [206, 209, 210].
Pathologic evaluation shows prominent intimal proliferation,
medial hypertrophy, and adventitial fibrosis [206].

Prostacyclin analogues iloprost [Ventavis®, CoTherix]
[211], epoprostenol [Flolan®, GlaxoSmithKline] [209], and
treprostinil [Remodulin®, United Therapeutics] [212] have
all been evaluated in adults with pulmonary hypertension
secondary to the scleroderma. Improvements in exercise tol-
erance were seen with all; however the greatest improve-
ment in pulmonary hemodynamics was seen with
epoprostenol. Epoprostenol is currently considered the
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“gold standard” for management of pulmonary hyperten-
sion unresponsive to acute vasodilators [213]. Further stud-
ies with treprostinil at optimal doses may show similar
efficacy with greater ease of administration (subcutaneous
infusion) and elimination of the need for indwelling venous
catheters. Systemic sclerosis patients with pulmonary
hypertension which does not respond to prostacyclin ana-
logues have been treated with concurrent burst cyclophos-
phamide with marked improvement in hemodynamic
measurements [214].

Endothelin-1 is a potent vasoactive peptide which acts
through two receptors, “A” and “B”, and has been impli-
cated in various forms of pulmonary hypertension. Bosentan
(Tracleer®, Actelion Pharmaceuticals) is the first orally
available non-selective endothelin receptor antagonist
approved for use in severe pulmonary hypertension.
Channick and colleagues [215] reported significant
improvements in pulmonary hemodynamics and exercise
tolerance in adults with scleroderma and pulmonary arterial
hypertension after 3 months of bosentan therapy. The same
group reported after 1 year of treatment that these improve-
ments had been sustained with ongoing bosentan therapy
[216]. Initial monotherapy for pulmonary hypertension
complicating SSc in adults is generally endothelin block-
ade [210] and successful use of endothelin blockade in
pediatric SSc associated pulmonary hypertension has been
reported [217].

In adult patients with systemic sclerosis and severe lung
disease unresponsive to medical management, lung trans-
plantation has been performed. Several case series have
found that the outcomes of patients with scleroderma who
undergo lung transplantation for severe pulmonary disease
(both with and without pulmonary hypertension) have simi-
lar outcomes to individuals with primary lung disease in the
absence of rheumatologic disease [218-220].

Scleroderma Renal Crisis

Scleroderma renal crisis is the abrupt onset of severe hyper-
tension and rapidly worsening oliguric renal failure occur-
ring in the setting of scleroderma [221]. It is usually
accompanied by left ventricular failure and microangiopathic
hemolytic anemia [221]. The pathophysiology is as yet
unclear; however it likely involves vascular disease of the
small arteries and arterioles of the kidney. This vascular dis-
ease causes decreased perfusion, which in turn leads to
angiotensin-II mediated hypertension [221]. Some authors
have implicated the recent addition of high dose steroids or
non-steroidal anti-inflammatory medications in the develop-
ment of scleroderma renal crisis [221].

Scleroderma renal crisis occurs in 14-18 % of adult
patients with SSc during the course of their disease [221,
222]. With a mortality rate approaching 35 % despite
aggressive antihypertensive management [221, 222],
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Scleroderma renal crisis is the most common cause of
death in adult patients with SSc. Survivors usually have
permanent renal damage, and may be dialysis dependent
[221]. Management consists of aggressive antihyperten-
sive therapy, and the use of ACE inhibitors (specifically
captopril) has proven to improve survival in adult
patients [221].

Behcet’s Disease

Behcet’s disease (BD) is a multisystem vasculitis of
unknown etiology characterized by recurrent oral ulcers,
genital ulcers, and uveitis [223, 224]. A positive pathhergy
test (formation of a papule or pustule 48 h after skin pin-
prick or intradermal saline injection) supports the diagnosis
of BD but is not required [223]. In Japanese and Middle
Eastern patients, HLA-B51 has been associated with BD,
although this association does not hold true for Western
patients [223, 224]. Behcet’s disease is uncommon in child-
hood, generally diagnosed in adults in the third decade of
life, and is most prevalent in Japan, Turkey, Iran, and
Mediterranean countries [223].

Systemic involvement with BD includes nearly all organ
systems, and a wide range of severity. Central nervous
involvement associated with BD includes headaches, asep-
tic meningitis, mild intracranial hypertension [225], organic
psychiatric disturbances, seizures, hemiparesis, and sinove-
nous thrombosis [223]. Pulmonary involvement may include
pleuritis [225], hemoptysis, parenchymal infarction, and
pulmonary vasculitis with inflammatory aneurysms [223,
226]. Rupture of pulmonary artery aneurysms has resulted
in hemorrhage and death [223, 226]. Cardiac involvement
can include myocarditis, arrhythmia [223], myocardial
fibrosis, or endocardial fibrosis [226]. Arterial and venous
vascular thromboses are associated with BD, although more
commonly in adult patients [225]. Multiple thromboses may
be present and can lead to death [223]. Gastrointestinal
manifestations of BD include colicky abdominal pain,
diarrhea, bloody stools, and ulcerative colitis [223, 225].
Supportive medical care with corticosteroids is the mainstay
of therapy for acute exacerbations or complications
of BD [227].

Conclusion

Children with rheumatologic diseases require admission
to the PICU for a multitude of diagnoses, affecting all
organ systems. In addition to the broad spectrum of dis-
ease, the limited number of pediatric trials makes caring
for these patients challenging. Supportive care remains
the cornerstone of therapy in these patients while disease
specific therapies (Table 35.9) continue to evolve.
Continuing research into the pathophysiology of these
diseases and new therapies will improve patient care and
patient outcomes.
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Table 35.9 Selected rhematologic medications

Medication Class

Abciximab (Reopro®, Platelet inhibitor

Lilly, Eli and Company)

Azathioprine (Imuran®, Immunosuppressive
Prometheus Inc.;
others)

Cyclophosphamide Alkylating agent,
(Cytoxan®, Bristol- chemotherapeutic
Myers Squibb; others)  agent

Cyclosporine
(Sandimmune®,
Novartis; others)

Immunosuppressive

Potential adverse effects
Serious bleeding

Intracranial hemorrhage
Alveolar hemorrhage
Thrombocytopenia
Hypotension [228]
Leukopenia
Thrombocytopenia

Bone marrow suppression
Bacterial infections

Fungal infections

Viral infections

Hepatotoxicity
Malignancy-AML and lymphoma
Interstitial pneumonitis [228]
Urinary bladder malignancy
Lymphoproliferative malignancy
Myeloproliferative malignancy
Leukopenia

Hemorrhagic cystitis
Hemorrhagic myocarditis
Hemorrhagic colitis
Congestive heart failure
Opportunistic infections
Interstitial pneumonitis

Interstitial pulmonary fibrosis [228]

Nephrotoxicity
Hepatotoxicity
Lymphoma
Hypertension
Seizures
Sepsis [215]
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Reported use
Kawasaki disease

Acute disease with large coronary aneurysms
[147]

Systemic lupus erythematosus

Myocarditis [13, 44]

Pericarditis [229]

Peripheral neuropathy [230]
Catastrophic antiphospholipid syndrome [164]
Juvenile dermatomyositis

Interstitial lung disease [231]

Systemic lupus erythematosus
Neuropsychiatric lupus [16, 39, 43, 232]
Peripheral neuropathy [230]

Transverse myelitis [44]
Alveolar hemorrhage [44]
Myocarditis [13, 44, 64, 229]
Pneumonitis [229]
Interstitial lung disease [229]

Wegener’s granulomatosis
Central nervous system vasculitis [233]

Kawasaki disease
Treatment resistance [234]

Henoch-Schonlein purpura
Severe nephritis [173]

Antiphospholipid syndrome
Catastrophic antiphospholipid syndrome [164]

Behcet’s disease
Inflammatory aneurysms [235]

Juvenile dermatomyositis
Interstitial lung disease [231, 236]

Churg-Strauss syndrome
Steroid resistance [237]

Cardiac disease [237]
Gastrointestinal disease [237]
Central nervous system disease [237]

Wegener granulomatosis
Acute therapy [173]

Maintenance therapy after remission [237]

Goodpasture’s syndrome
Central nervous system vasculitis [169]
Glomerulonephritis [167, 169]

Juvenile rheumatoid arthritis
Macrophage activation syndrome [95, 99]

Catastrophic antiphospholipid syndrome [95, 164]

Behcet’s disease
Uveitis [238, 239]

Vascular complications (aneurysm,
obstruction, etc.) [238]

Juvenile dermatomyositis
Acute fibrinous organizing pneumonia [240]
Interstitial lung disease [192, 193]

(continued)



560

Table 35.9 (continued)

Medication Class
Etanercept (Enbrel®, TNF modulator

Immunex)

Infliximab (Remicade®, TNF modulator
Centocor)

IVIG Immune globulin
Methylprednisolone Corticosteroid
(Solu-Medrol®, Upjohn;

others)
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