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Juvenile Dermatomyositis: A Clinical

Overview
Lauren M. Pachman, MD*

The questions below should help
focus the reading of this article.

1. What criteria are necessary to es-
tablish the diagnosis of juvenile der-
matomyositis (JOMS) or poly-
myositis?

2. What antibody studies are com-
monly positive in children with JOMS?

3. What are characteristic features of
the rash of JDMS?

4. How are children with JOMS appro-
priately treated?

The spectrum of inflammatory
muscle disease in children includes
juvenile dermatomyositis (JDMS),
polymyositis (PM), inflammatory my-
opathy associated with other connec-
tive tissue diseases, and acute viral
myositis, in addition to inflammatory
myopathies associated with bacterial
and parasitic infection. On a world-
wide basis, most inflammatory my-
opathies accompany bacterial or par-
asitic infections, while in North Amer-
ica a viral etiology is more common.
A review of JDMS and PM in children,
the epidemiology of these diseases,
their clinical and laboratory aspects,
and the most recent evidence of ge-
netic and infectious factors that may
play a role in disease susceptibility is
provided in this article.

The primary clinical feature of both
JDMS and PM is chronic and pro-
gressive proximal muscle weakness.
In the case of JDMS, the vasculitis
and distinctive skin manifestations
are associated with progressive mus-
cle weakness; with PM, the skin is
spared. Fulfilment of the criteria of
Bohan and Peter' is needed to estab-
lish the diagnosis of either JDMS or
PM (Table 1). A child can be diag-
nosed with definite JDMS if, in addi-
tion to the typical rash, 3 of the 4
criteria are found. A definite diagnosis
of PM can be made if 3 of the 4
criteria are found and there is no evi-
dence of skin involvement. Because

* Professor of Pediatrics, Northwestern Univer-
sity, 2300 Children’s Plaza, Chicago, lllinois
60614.

myositis is often a component of
other connective tissue diseases, it is
essential to exclude such conditions
as systemic lupus erythematosus
(SLE), mixed connective tissue dis-
ease, juvenile rheumatoid arthritis
(especially of systemic onset), the
spondyloarthropathies, and Sjogren
syndrome.

EPIDEMIOLOGY

A bimodal age distribution of the
combined populations of patients
with PM and DMS has been identi-
fied. One peak occurs at 5 to 14 years
of age, the other at 45 to 64 years of
age. The combined frequency of
JDMS and PM in the United States is

ANA: Antinuclear antibodies
CK: Creatine kinase
GLA: y-Carboxyglutamic acid
JDMS: Juvenile
dermatomyositis
HLA: histocompatibility locus
antigens
PM: Polymyositis
SLE: Systemic lupus
erythematosus

estimated to be 1 to 3.2 cases in
1 000 000 in whites and 7.7 cases in
blacks. JDMS is 10 to 20 times more
frequent than PM in childhood. In the
case of JDMS, there is a 2:1 female
predominance.

EDUCATIONAL OBJECTIVE

Readers may also want to reread
the article on “Rheumatic Diseases
of Childhood” by Rennebohm, pub-
lished in the December 1988 issue
of Pediatrics in Review (1988;10:
183-190). R.J.H.

28. The pediatrician should have
knowledge to make an appropriate
evaluation of a 4-year-old girl with
progressive muscle weakness, dif-
ferentiating among dermatomyosi-
tis, polymyositis, muscular dystro-
phy, an endocrinopathy (thyroid
disease, Cushing disease), Guil-
lain-Barré syndrome, trichinosis,
toxoplasmosis, myasthenia gravis,
toxic exposure, and a metabolic
disease (hypophosphatemia, hy-
pokalemia), and develop a plan for
management. (Topics, 90/91)

There appears to be a cluster of
the pediatric cases in February
through April of some years. In the
Midwestern United States, there was
an increase in children with definite
JDMS whose symptoms first ap-
peared in the months of June through
January in each of 7 years (1974 to
1980). These children were diag-
nosed within 4 months of the onset
of symptoms, and the seasonal clus-
ter suggested an environmental influ-
ence. There is some ambiguity about

TABLE 1. Ciriteria for Diagnosis of Juvenile Dermatomyositis and
Polymyositis in Childhood*
Juvenile Poly-
Dermatomyositis myositis

Characteristic rash + -
Symmetrical proximal muscle weaknesst + -
Elevated muscle-derived enzymes %+ 1
Muscle histopathologyt + +
Electromyographic changes: inflammatory myopathy + +

ositis.

* In addition to presence (or absence) of characteristic rash and exclusion of
other rheumatic diseases, 3 of 4 criteria must be met to confirm diagnosis.
1 The histology of childhood polymyositis is different from juvenile dermatomy-

1 Exclusion of other rheumatic diseases.
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this point, for others in a different
latitude have looked at children with
PM (including an unknown number
with JDMS) and have not reported a
cluster of onset in any one season.
Although malignancy is reported to
be associated with adult dermato-
myositis and PM, there does not ap-
pear to be any association of malig-
nancy with JDMS or childhood PM.

CLINICAL FINDINGS (Table 2)

Skin Manifestations

The rash characteristic of JDMS
may precede or follow the onset of
proximal muscle weakness. Periorbi-
tal erythema and eyelid telangi-
ectasia, which accompanies perior-
bital edema in 50% to 90% of af-
fected children can be discerned. Te-
langiectasis on the eyelid (and
elsewhere) may persist long after
other signs and symptoms of disease
activity have resolved. The rash has
a violaceous or heliotrope hue and is
often most prominent on the eyelid.
Like the rash seen in SLE, it may
cross the bridge of the nose (Fig 1).
The rash may be precipitated by a
brief unprotected exposure to the
sun, and the child may develop ery-
thema involving the upper torso or
the extensor surface of the arms and
legs. The rash may occur in the ab-
sence of elevation of serum levels of
muscle-derived enzymes. Exposure
to sunlight may cause exacerbation
of skin inflammation alone or may
precipitate activation of the myositis
as well. Recurrent photosensitive
dermatitis may precede muscle
weakness in the case of JOMS. The
skin over the knuckles may be either
hypertrophic or pale red, evolving into
colorless bands of atrophic skin (Got-
tron sign, Fig 2). Similar patches fre-

TABLE 2. Signs Suggesting
Juvenile Dermatomyositis

Symmetrical proximal muscle
weakness

Vasculitis with capillary thrombosis

Nasal speech

Oral ulcerations, abdominal pain,
and weight loss

Persistent rash over pressure
points, shawl! area, and face

Fig 1.  Periorbital rash of juvenile dermatomyositis. Some areas of infarction are present in
nasolabial folds, and capillary thrombosis is present.

Fig 2.  Gottron sign in juvenile dermatomyositis, characterized by erythema and thinning of the
skin over metacarpal and intraphalangeal joints (see arrow). On occasion, there can be a
thickening of involved skin, resulting in redundancy.
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quently occur over the elbows, knees
(Fig 3), and medial malleoli of the
ankles. Inflamed skin over the but-
tocks may make it difficult for the
child to sit on a firm surface. Diffuse
vasculitis (nailbed telangiectasia, in-
farction of oral epithelium, skin folds,
or digital ulceration) is clearly associ-
ated with more severe disease, and
children with such symptoms may ex-
perience an unremitting course as-
sociated with the development of soft
tissue calcifications. These calcifica-
tions, which occurred in approxi-
mately one third of the children in our
series in contrast to 70% in others,
are often located at pressure points
(Fig 4, A and B) and are a conse-
quence of the severity and duration
of the disease.?

Musculoskeletal Symptoms

Proximal muscle weakness as evi-
denced by difficulty in climbing stairs,
getting up from a chair, or combing
hair, or by using hands to push off
body in an attempt to stand (Gower
sign). Neck flexor weakness is a par-
ticularly sensitive indicator of muscle
impairment. In the younger child,
weakened abdominal muscles are

Fig 3.
as well as erythema.

common. Occasionally, there are
complaints of pain on muscle
compression but, unlike bacterial re-
lated myopathies, pain is not a fre-
quent symptom in children with
JDMS. As active inflammation sub-
sides, one of the residual findings on
physical examination is neck flexor
weakness, which may persist for 1 or
2 years after therapy has begun. Usu-
ally, the child is more comfortable
when the limbs are held in the flexed
position. This promotes the develop-
ment of flexion contractures and soft
tissue calcification, often with unfor-
tunate consequences. Combined
medical therapy to suppress inflam-
mation and physical therapy (gentle
passive stretching) is required in the
early phase of the disease, and more
intensive graded physical therapy is
required at later stages in the dis-
ease. The shorter the interval be-
tween onset and therapy, the less
likely the child is to have soft tissue
calcifications, because they appear to
be related to disease severity and
duration. Decreased bone density
(associated with suppressed serum
levels of osteocalcin and significantly
impaired bone mineral analysis) may
also be identified, even in the un-

Involvement of skin over knees in juvenile dermatomyositis, showing thinning and atrophy
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treated child, and may result in an
increased rate of bone fracture.
Scanning with technetium-99m may
reveal early sites of massive muscle
destruction and soft tissue calcifica-
tion, in addition to localized bone
changes that herald early avascular
necrosis or spinal cord compression
fractures.

Gastrointestinal Symptoms

Difficulty in handling secretions is
usually associated with decreased
esophageal motility and can be dem-
onstrated using radiographic contrast
studies, in which one finds retained
barium in a widened atonic pyriform
sinus. An associated finding is nasal,
high-pitched speech, which is easily
detected (for example by asking pa-
tients to recite the alphabet) and
which usually resolves with a de-
crease in the inflammatory compo-
nent of the myositis. The patient may
not be able to swallow liquids com-
fortably; esophageal reflux may result
in aspiration pneumonia, and appro-
priate precautions should be used to
prevent this, including thickened
feedings, elevation of the head of the
bed, and bronchial drainage. In addi-
tion, involvement of the masseter
may be associated with difficulty in
chewing food. Vasculitis can also af-
fect any part of the gastrointestinal
tract in a spectrum that ranges from
decreased D-xylose absorption,
which may be associated with weight
loss, to frank ulceration with perfo-
ration, which can threaten life.

Cardiorespiratory Symptoms

Results from an electrocardiogram
are abnormal in more than half of the
children with definite JOMS. Asymp-
tomatic conduction abnormalities
predominate (for instance, one of our
patients had a complete right bundle
branch block). These conduction de-
rangements often resolve when the
activity of the disease abates. A de-
crease in ventilatory capacity in the
absence of respiratory complaints
was found in 78% of our patients with
definite JDMS. Pulmonary fibrosis
may occur in both adults and children
with inflammatory myopathy, but it is
associated more often with those
who develop antibodies to Jo-1 (dis-
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Fig 4 .

cussed below) and who have symp-
toms of overlap syndrome. One of
our patients, who now has an inflam-
matory myopathy but not JDMS, has
highly positive antinuclear antibodies
(ANA) and a special kind of autoanti-
body, called Jo-1. She was first seen
at the age of 12 years with shortness
of breath and radiographic evidence
of interstitial fibrosis, but she did not
develop myositis until 6 years later.

Ophthalmologic Symptoms

The eye may also be involved in
JDMS, most commonly with evidence

PIR 120

A, soft tissue calcifications (see arrows) in a child with juvenile dermatomyositis. B,
radiological confirmation of soft tissue calcifications seen in left fourth finger in part A.

of thrombosis of vessels at the eyelid
margin. In addition, “cotton wool”
spots may occur as a result of small
vessel occlusion, and intraretinal
edema may result in injury to retinal
nerve fibers, resulting in optic atrophy
and sustained visual loss.

Other Disease Manifestations

Vasculitis involving the central
nervous system may be associated
with depression and sometimes with
wide mood swings. It is not common
for a child with JDMS to have Ray-
naud phenomenon or fever; these

pediatrics in review < vol. 12 no. 4 october 1990

symptoms are more frequently found
in overlap syndrome.

DIFFERENTIAL DIAGNOSIS OF
JDMS

Skin

Laboratory findings in the presence
of JDMS are summarized in Table 3.
Other autoimmune diseases may ex-
hibit some of the cutaneous manifes-
tations found with JDMS. The tend-
ency for sun exposure to exacerbate
the erythema of the skin is seen with
SLE as well as JDMS. A malar rash,
which more commonly crosses the
bridge of the nose with SLE, also
develops in some children with
JDMS. The Gottron sign can be mim-
icked by psoriatic lesions, accom-
panied by healing foci of hypopigmen-
tation found in areas usually unaf-
fected by JDMS, such as the pretibial
region. A further clue that the lesions
are not part of the spectrum of JDMS
is that they clear with exposure to

Assessment of endothelial
cell damage may give an
indication of active disease.

sun rather than becoming more
prominent. Telangiectasia is a prom-
inent feature of scleroderma and oc-
curs in overlap syndromes in which
myositis is a disease component. For
example, a child with mixed connec-
tive tissue disease may have rashes
seen with JDMS as well as proximal
muscle involvement, but can be dis-
tinguished from the child with JDMS
by the presence of antibodies to ri-
bonucleoprotein in their sera.

Muscle-Derived Enzymes

Skeletal muscle is rich in enzymes
and, in the case of an inflammatory
myopathy, damage to the muscle
either as a consequence of reduced
vascular supply or direct immunolog-
ical cytotoxicity results in the release
of enzymes from the sarcoplasm to
the peripheral circulation. Elevation of
enzyme levels does not distinguish
between necrosis of tissue and cell
membrane leak, and sera to be ana-
lyzed must be free of hemolysis.





TABLE 3. Laboratory Findings in Juvenile Dermatomyositis

Antinuclear antibodies
DNA
Smith antigen
Ribonucleoprotein
SSA-Ro/SSB-La

Creatine kinase

Aspartate aminotransferase
Lactic acid dehydrogenase
Aldolase

Erythrocyte sedimentation rate
White blood cell count
Hemoglobin

D-Xylose

Von Willebrand factor-related antigen

Positive speckled
Normal or negative
Normal or negative
Normal or negative
Normal or negative
Elevated

Elevated

Elevated

Elevated

Elevated

Normal or elevated
Normal or elevated
Normal or depressed
Impaired

Functional myopathies and myopa-
thies that are a consequence of de-
nervation are accompanied by de-
creased muscle mass, weakness,
pain, loss of function or paralysis, and
usually result in muscle atrophy. With
these diseases, the serum levels of
creatinine kinase (CK), the muscle (M)
and brain (B) isoenzymes of CK, as
well as pyruvate kinase (PK), lactic
acid dehydrogenase, and aldolase
are normal. In contrast, some forms
of dystrophies may result in CK and
aldolase levels being increased as
much as 30 times normal, and CK-
MB (increased in acute myocardial
infarction, back surgery) also being
elevated with Duchenne muscular
dystrophy. In contrast, the BB form
of CK is elevated with central nervous
system disease and injury to smooth
muscle (as is seen in genitourinary
surgery). The CK-MM isoenzyme can
be elevated as a result of myocardial
and skeletal muscle disease or
trauma.

Trauma to muscle resulting from
vigorous physical exercise (eg, mar-
athon running), surgical and acciden-

All four muscle enzymes
should be measured in the
sera.

tal crush injury, and intramuscular in-
jections can also increase serum lev-
els of CK. Drugs that increase muscle
membrane permeability also may re-
sult in increased levels of CK (ie, ami-
nocaproic acid, o-penicillamine, halo-
thane (hyperpyrexia), and quinidine).

Drug overdose with amphetamines,
barbiturates, ethanol, and heroin all
result in massive increases in CK.
Disorders of the calcium metabolism,
such as hypocalcemia (either isolated
or associated with rickets), hypopar-
athyroidism, and chronic renal failure,
can be associated with increased CK
levels. Once the low ionized calcium
are normalized, the elevated CK lev-
els usually normalize as well.

Aldolase has a short half-life and
can be increased with viral hepatitis,
metastatic liver disease, some pros-
tate tumors, and some forms of leu-
kemia and anemia. Lactic acid dehy-
drogenase has five isoenzymes, the
anodal forms are increased in cardiac
renal erythrocytes and some dis-
eases of skeletal muscle, whereas
the cathodal forms are increased in
dysfunction of skeletal muscle and
liver. Other less specific enzymes that
can also be elevated as a result of
muscle damage are aspartate ami-
notransferase, which frequently is in-
creased in association with liver dam-
age, and alanine aminotransferase.
Myoglobin is present only in skeletal
and cardiac muscle. This oxygen-
binding heme protein is present in the
serum in elevated levels with myopa-
thies; persistent myoglobinuria can
result in renal failure.

Muscle Complaints

Children with JDMS may complain
of muscle cramps or of pain on
compression of the proximal mus-
cles, but proximal muscle weakness
is still the predominant symptom.
Other conditions that may be asso-
ciated with muscle cramps and con-
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tractures include hypothyroidism,
uremia, and electrolyte imbalance
(such as hypokalemia). Pretibial ten-
derness is seen with erythema no-
dosum and not with JDMS; pain that
wakes the child at night should be
investigated for other causes, such
as malignancy, osteoid osteoma, or
osteomyelitis. Muscle weakness can
be seen in hormonal derangements,
either endogenous (eg, adrenal dys-
function) or iatrogenic (eg, adminis-
tration of high-dose steroids). In
addition, thyroid, pituitary, and para-
thyroid dysfunction may be accom-
panied by skeletal complaints. Meta-
bolic muscle diseases include defects
of glycolysis (eg, phosphofructoki-
nase deficiency) and are associated
with contractures, exercise intoler-
ance myoglobinuria, and a positive
ischemic lactate test. There may be
a defect in lipid metabolism, such as
a carnitine deficiency state (which
may be exacerbated by nonsteroidal
anti-inflammatory drugs), or a myalgia
syndrome, which can be documented
by a positive ischemic ammonia test.

Acute infectious viral myositis in
children, most frequently attributed to
Influenza A or B, is distinguished clin-
ically from chronic myositis by its pro-
pensity for calf muscles, severe pain,
and rapid resolution in 1 to 4 weeks.
This acute myositis may be accom-
panied by myoglobinuria, electromyo-
graphic changes, elevation of CK,
and an increase in viral antibody ti-
ters.

Other connective tissue diseases
may insult muscle. Children with sys-
temic onset juvenile rheumatoid ar-
thritis may have spiking fevers and
an evanescent rash. Often they do
not wish to be held and have elevated
levels of muscle enzymes, making the
specific connective tissue diagnosis
imperative. The myositis of SLE is
usually accompanied by an elevated
anti-double-stranded DNA, reduction
in serum levels of complement, and
the presence of immune complexes
to a degree not usually found in
JDMS.

Electromyogram

Evidence of an inflammatory my-
opathy is not specific for JOMS. The
electrodes are placed in an area
where the child has proximal weak-
ness (not the site of a future biopsy),

vol. 12 no. 4 october 1990 PIR 121





Dermatomyositis

and insertional irritability is often ob-
served followed by spontaneous
electrical activity at rest. This may
also be seen with muscular dystrophy
and with early acute inflammatory
myopathy, but may not be present
with chronic acquired iliness. Abnor-
mal early full recruitment of muscle
fibers with moderate effort occurs in
45% of patients with JDMS, and bi-
zarre, high-frequency discharges
may be seen in 15% to 20% of pa-
tients tested. Reduced motor unit ac-
tivity can be seen with Duchenne
muscular dystrophy as well as JDMS.
Furthermore, myasthenia gravis can
coexist with an inflammatory myopa-
thy, resulting in a greater degree of
motor unit potential instability than
found in the uncomplicated inflam-
matory myopathies. The pattern of
inflammation in muscle as detected
by electromyography can be found
with other connective tissue disease,
such as rheumatoid arthritis, progres-
sive systemic sclerosis, SLE, Sjégren
syndrome, and sarcoidosis.

PATHOPHYSIOLOGY OF JDMS

Vascular lesions can occur in the
absence of a prominent inflammatory
component and may be unique to
children with JDMS,® although other
investigators have found lesions with
polymyositis that appear to be similar
to those seen with JDMS. Capillaries,
venules, and small arteries are dam-
aged with loss of muscle capillary
network and structural changes in the
nailfold capillary bed, which may per-
sist despite clinical improvement. The
primary lesion occurs in the endothe-
lial cell, which contains reticulotubular
inclusions that are the site of throm-
bosis and vessel obliteration. In some
cases, increased collagen deposition
in skin has been reported.

We have tested children with active
disease and found that increased
serum levels of muscle-derived en-
zymes may be associated with in-
creased levels of von Willebrand fac-
tor-related antigen released from
damaged endothelial cells. When we
studied 10 children with active JOMS,
we found that increased levels of von
Willebrand factor-related antigen are
usually correlated with decreased
gastrointestinal absorption of p-xy-
lose. This suggests that medication
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given orally will be absorbed poorly
and provides the rationale for the in-
travenous administration of methyl-
prednisolone or other immunosup-
pressive agents.

During active disease, increased
levels of fibrinopeptide A (a measure
of thrombin generation) have been
documented in conjunction with acti-
vation of the complement cascade,
despite normal serum levels of com-
plement components. In addition,
there is some evidence that the ter-
minal attack complex of the comple-
ment system may be involved in dam-
age; the C5b-9 membrane-attack
complex has been localized in the
intramuscular microvasculature in 10
of 12 patients with JDMS.* Several
studies have suggested that immune
complexes may play a role in inflam-
matory myopathies. The usual indi-
cators of an acute phase reaction
may be absent; the sedimentation
rate, white blood cell count, and dif-
ferential are often normal, but they
may be altered in cases of massive
involvement. This suggests that there
are elevated levels of acute early
phase reactants with decreases in
those patients who respond to ther-
apy, and persistence of elevation in
those patients who have soft tissue
calcification. In our own series, chil-
dren with persistent skin inflamma-
tion often have elevated levels of IgE,
despite other evidence that the dis-
ease has become less active. The
muscle pathology in JDMS reflects
vascular compromise and capillary
dropout, with perivasicular atrophy of
both type | and type |l fibers (as op-
posed to steroid-induced myopathy,
in which there is atrophy of type |I
fibers), and inflammatory infiltrates of
mononuclear cells and plasma cells.
Muscle biopsy of some children who
have JDMS with normal serum en-
zyme levels and elevated levels of
von Willebrand factor-related antigen
can reveal a surprising extent of in-
flammation. In contrast, with PM
there appears to be less primary ves-
sel involvement; vessels are normal
in number and structure, and soft
tissue calcification does not occur. In
the case of dermatomyositis, the in-
filtrate is composed of la+ B cells and
the T-4 to T-8 ratio is increased, but
few children have been studied ex-
tensively. There appears to be a close
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relationship between T4+ cells to B
cells as well as macrophages, sug-
gesting a cytotoxic cellular mecha-
nism, perhaps directed against im-
mune complex-modified endothelial

A muscle biopsy may reveal
more extensive disease than
expected clinically.

cells.’ There have been sporadic re-
ports of cellular reactivity of pediatric
mononuclear cells to muscle (or its
fragments), which we were not able
to confirm using cultures of peripheral
blood lymphocytes from five un-
treated children with active disease.
Those children with JDMS who do
develop calcifications may have one
of several outcomes. The calcifica-
tions may resolve spontaneously,
draining as a white cheesy exudate,
leaving dry pitted scars. We and oth-
ers have found that calcifications do
not decrease when chelating agents
are given. In some children with per-
sistent active disease, the calcifica-
tions can progress to become a
sheath in fibrotic muscle, impairing
flexion and function and breaking the
barrier of the skin, which forms a
potential site of entry of infection.
This soft tissue calcification is ac-
companied by urinary excretion of -
carboxyglutamic acid (GLA), which is
a component of the vitamin K-de-
pendent coagulation pathway; this
GLA excretion is increased in com-
parison to controls matched for age
and sex. Increased GLA excretion
was present both in the nine children
with JDMS who had no clinical or
radiological evidence of ectopic cal-
cification and whose mean values for
GLA excretion were twice that of nor-
mal, as well as in seven patients with
JDMS who did have soft tissue cal-
cifications with mean values three
times that of normal. Routine meas-
ures of coagulation (including pro-
thrombin time and activated partial
thromboplastin time) are normal, but
the perturbation of endothelial cells
and thrombin generation may be
linked in an as-yet-undefined manner
to the increased urinary GLA excre-
tion. GLA-containing calcifications
have the same diffraction pattern





seen on x-ray crystallography as
those found in scleroderma. The cal-
cifications are not correlated with the
presence of autoantibody, immune
complexes, or known histocompati-
bility antigens. Treatment with anti-
coagulants has been suggested but
poses a considerable hazard for the
active child, and it has not yet been
proven to be effective in a case-con-
trol study.

If appropriate monitered
therapy is begun once the
diagnosis is confirmed, it is
less likely that soft tissue
calcifications will occur. A
pediatric rheumatologist may
be helpful in management.

GENETIC FACTORS

Reports of JDMS in more than one
family member are sporadic, but the
disease has occurred in monozygotic
twins who developed muscle-related
abnormalities 2 weeks after an upper
respiratory tract infection. In a large
cross-sectional study of children with
JDMS and their families, a marked
increase of the histocompatibility lo-
cus antigens (HLA) B8 (relative risk
2.8, P < .01) and DR3 (relative risk
3.8, P < .01) was found in whites. In
Latin Americans, the relative risk for
DR3 was 18.5 (P < .05).% The asso-
ciation of the supratype, A1, Cw7,
B8, and DR3 suggests that there
might be a genetic component to dis-
ease susceptibility or expression.
Other autoimmune diseases associ-
ated with increased HLA and DR3
include myasthenia gravis, type | (in-
sulin-dependent) diabetes mellitus,
and Graves disease. Tests for a wide
array of antibodies with tissue or or-
gan specificity were negative when
comparing sera from 89 patients with
JDMS to 105 controls matched for
age and sex. Only the ANA and anti-
body to PM-1 were more frequent in
patients with JDMS than controls (P
< .005 and P < .001, respectively).”
There was no association with the
presence of any other tissue- or or-
gan-specific autoantibody and HLA
B8 and DR3 among white patients
with JDMS, documenting that, in this

group, HLA B8 and DR3 were not
associated with generalized nonspe-
cific autoimmunoreactivity. The ANA-
positive sera from these children, un-
like blood from adults with myositis
and pulmonary fibrosis, does not
have specificity for the Jo-I antigen
found in sera from patients with aduit
dermatomyositis. Furthermore, when
sera from 39 children newly diag-
nosed with JDMS were studied, none
had a nucleolar pattern on HEp2 sub-
strate (seen in scleroderma), and over
63% were positive at a titer greater
than 1:80 in a pattern that was pre-
dominantly speckled (53%) (a homo-
geneous pattern was found in 10%
of cases). Assays for antibodies to
nuclear antigens: Scl-70, SSA-Ro/
SSB-La, DNA, RNP, and DNP were
all negative. We have found recently
that sera from children with primary
Coxsackievirus B cardiomyopathy
have an ANA that is similar to that of
JDMS in a speckled and anticytoske-
letal pattern.

Viral Infection and JDMS

A possible infectious relationship in
JDMS is suggested by the observa-
tion that sera from children newly di-
agnosed with JDMS from the Chi-
cago area had increased frequency
of antibodies (both neutralizing and
complement-fixing) to Coxsackievi-
rus B, as well as increased frequency
of the HLA B8 and DR3.8 In a recent
report, an RNA probe was used to
identify Coxsackievirus B2 persist-
ence in muscle of patients with PM
or dermatomyositis, suggesting that
this may be a fruitful approach to this
problem.® Other infectious agents
have been implicated in the case of
chronic myositis, including toxoplas-
mosis and hepatitis B. Both skeletal
and cardiac myopathies have been
found with active human immunode-
ficiency virus infection. Using electron
microscopy and viral isolation,
Coxsackievirus A-9 was identified in
a child with a chronic myopathy. Of
note is that Coxsackievirus A-9
shares a group antigen with the
Coxsackievirus B strains. Coxsack-
ievirus B2 has been isolated from the
stool, the complement-fixing titer of
antibody increased in a child with
chronic myositis, and an increase in
antibody titers to Coxsackievirus B4
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has also been documented by several
investigators. We have just em-
barked on a 3-year nationwide study
of the epidemiology of JDMS to ob-
tain confirmation of the hypothesis
that response to Coxsackievirus B
plays a role in the pathophysiology
of JDMS. Newly-diagnosed cases
(within 5 months of onset) are
sought for this project (Hotline:
312-880-3333).

Newly diagnosed cases of
juvenile dermatomyositis
(within 5 months of onset)
are sought for clinical
research. Hotline: 312-880-
3333.

THERAPY AND COURSE OF
TREATMENT

Steroids are the therapy of choice
for children with JDMS. With severe
gastrointestinal involvement or vas-
culitis, intravenous administration of
methylprednisolone is preferred until
serum levels of muscle-derived en-
zymes have normalized. It is impor-
tant to monitor for some of the known
side effects of prednisone therapy:
retardation of growth, changes in
bone density, cataract formation, and
avascular necrosis (usually of the
femoral head). Several factors may
be used to detect inflammation. Lev-
els of muscle-derived enzymes, CK,
aspartate aminotransferase, alanine
aminotransferase and aldolase may
all be elevated. or a single value may
be abnormal.'® Not uncommonly, the
elevated serum levels of muscle-
derived enzymes will normalize after
the first bout of therapy, but there
may be clues of persistent disease
activity. We have found that the von
Willebrand factor-related antigen is a
reasonable indicator of vasculitis.
Newer assays of macrophage acti-
vation, such as neopterin, may be a
more sensitive indicator of persistent
inflammation.

Assessment of the degree of the
child’s clinical activity and choice
of therapy may require the help of
a pediatric rheumatologist. Pulse
doses of methylprednisolone are ef-
fective (maximally, 30 mg/kg per
dose up to 1 g/d) given every other
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day until muscle enzymes have nor-
malized. On the alternate day, small
maintenance doses of prednisolone
may be needed. On occasion, when
muscle enzymes are normal in the
presence of clinically active disease,
we have continued therapy until von
Willebrand factor-related antigen has
returned to normal levels, thus abort-
ing flares once the steroids are ta-
pered. If there is a prominent cuta-
neous component to the disease,
treatment with hydroxychloroquin (no
more than 7 mg/kg per day) may be
used in conjunction with topical ste-
roids and lubricants. In all children,
use of a sunscreen (level 16 or more)
will diminish exposure to the ultravi-
olet light spectrum, in an effort to
decrease disease activation. Finally,
some children with longstanding
chronic disease have normal levels of
muscle derived enzymes, normal lev-
els of von Willebrand factor-related
antigen and elevated levels of neop-
terin, suggesting immune stimulation.
These children may have too much
fibrosis to benefit from a short course
of steroid therapy and intensive phys-
ical therapy; in these children, a mus-
cle biopsy may be helpful to assess
the potential for repair. Low dose in-
travenous methotrexate has also
been of some use in the treatment of
children with refractory symptoms,
and cyclosporin has been used in
England and France with moderate
success. There have been no com-
parative studies of the efficacy of
these drugs in children in the United
States. Cytoxan has been found to
be ineffective against PM in adults,
and has not been well studied as a
treatment for childhood myositis.
During the past 5 years, we have
been using von Willebrand factor-re-
lated antigen as a guideline to therapy
in conjunction with intravenous meth-
ylprednisone at the onset of therapy.
We have not had the development of
soft tissue calcifications in any of the
11 children managed in this way. A
concern that accompanies the use of
oral steroids is the development of
compression fractures as a conse-
quence of osteopenia. We have
found that children with JDMS have
low levels of osteocalcin and that the
levels of osteocalcin rise when the
disease becomes less active. This
means that bone mineral density
vol
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should be determined and, if it is low,
institution of vitamin D therapy and
an assessment of dietary calcium in-
take should be considered to docu-
ment the need for supplemental cal-
cium. With respect to therapies other
than steroids, a single case report
suggests that intravenous y-globulin
therapy may diminish disease activ-
ity, perhaps in a manner similar to
that documented for Kawasaki syn-
drome. Others have suggested the
evaluation and use of methotrexate.
Evaluation of the use of cyclosporin
for treatment in this country has been
hampered by coexisting therapies.

Children have several types of dis-
ease course (monocyclic, recurrent,
continuous), and it is difficult to pre-
dict outcome at the onset of illness,
although some studies indicate that
prognosis is directly related to the
degree of vasculitis. Overall, the
greatest mortality appears to be in
the nonwhite adult female patient
group; improved survival has been
documented for children, with less
than 7% mortality in the past few
years as compared to over 30% mor-
tality 25 years ago."' Relapse in a
child with an apparent monocyclic
course is not common, but has been
observed 8 years after apparent com-
plete recovery from the initial insuit.
There is sporadic evidence that, de-
spite apparent clinical quiescence,
there may be continued histological
evidence of inflammatory muscle dis-
ease. Graded physical therapy is very
important to loosen contracted mus-
cles. Local skin care and sun protec-
tion using blocking agents (level 16
or more, p-aminobenzoic acid-free
may be needed), as well as avoidance
of strenuous exercise during the ac-
tive phase of disease all hasten re-
covery.

SUMMARY

The child who develops the symp-
toms of the specific rash, proximal
muscle weakness, and fatigue should
seek medical care promptly. With the
advances in physical and medical
therapy, many of the consequences
of the disease can now be amelio-
rated. There are suggestive data that
JDMS and PM may each have a dif-
ferent pathophysiology, but more evi-
dence is needed. The next few years
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should be exciting as there is in-
creased effort to determine if there is,
in fact, a causal relationship between
Coxsackievirus B or other enterovi-
rus and genetic factors that alter the
susceptibility to or severity of the
course of the disease—JDMS.

Self-Evaluation Quiz

12. Similar diagnostic criteria for juvenile
dermatomyositis (JDMS) and polymyositis
include each of the following, except:

A. Characteristic rash.

B. Symmetrical proximal muscle weakness.

C. Elevated muscle-derived enzymes.

D. Electromyogram typical of an inflamma-

tory myopathy.
E. Exclusion of other rheumatic diseases.

13. Assays for which of the following anti-
bodies are commonly positive in children
with JOMS?

Scl-70.

. SSA-Ro/SSB-La.

DNA.

. Antinuclear antibodies.

. Ribonucleoprotein.

14. A T7-year-old girl develops proximal
muscle weakness and a rash. Which of the
following features of her rash would not be
consistent with a diagnosis of JDMS?
A. Periorbital erythema and edema.
B. Eyelid telangiectasia.
C. History of improvement after exposure to
sun.
D. Atrophic skin over knuckles, elbows, and
knees.
E. Violet or reddish purple color.

moow>»

15. True statements about management
and therapy for children with JOMS include
each of the following, except:

A. Corticosteroids are of primary impor-
tance.

B. Systemic corticosteroids increase the risk
for soft tissue calcification.

C. Repeated determinations of the von Wil-
lebrand factor-related antigen are helpful
in monitoring therapy.

D. Physical therapy is helpful.

E. Bone mineral density should be deter-
mined.
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Introduction

Juvenile idiopathic arthritis (JIA) is the most common rheumatic disease of childhood. It
also is one of the more common chronic diseases of childhood, occurring as frequently as
juvenile diabetes mellitus, four times more frequently than cystic fibrosis and sickle cell
anemia, and 10 times more frequently than acute lymphoblastic leukemia, hemophilia, or
muscular dystrophy. JIA is a new classification of juvenile arthritis developed by the
International League Against Rheumatism (ILAR) that is used worldwide; it is replacing
the previous American classification of juvenile rheumatoid arthritis (JRA). The cause of
JIA is unknown, but substantial evidence suggests that the pathogenesis is autoimmune.
The diagnosis of JTA is one of exclusion and is made by using a combination of historical,
clinical, and laboratory data. The disease course is highly variable, and in the past, JIA had
been viewed as a more benign illness than is recognized currently. Recent data reveal that
a substantial number of children diagnosed with JIA have active disease that persists into
adulthood and results in functional limitation. Thus, the management of JIA has become
more aggressive carlier in the course of disease to limit permanent disability.

Definitions

JIA is defined as the presence of objective signs of arthritis in at least one joint for more
than 6 weeks in a child younger than age 16 years after other types of childhood arthritis
have been excluded. Arthritis is defined as the presence of swelling of the joint or two or
more of the following: limitation of motion, tenderness, pain with motion, or joint
warmth. Many causes of arthritis must be excluded before JIA can be diagnosed definitively
(Table 1). These causes include, but are not limited to, infectious and postinfectious
ctiologies (septic arthritis, acute rheumatic fever, Lyme disease), hematologic and neoplas-
tic disease, connective tissue diseases (systemic lupus erythematosus, juvenile dermatomy-
ositis), vasculitis (Henoch-Schonlein purpura), and other inflammatory conditions (sar-
coidosis, familial Mediterranean fever). The clinical features define disease-onset types in
the first 6 months of disease. JIA is divided into eight categories; this new JIA classification
is compared with the old JRA classification in Table 2.

Epidemiology

The incidence and prevalence of JIA vary significantly among different ethnic and
geographically separate populations. The overall prevalence of JIA is estimated to be from
0.07 to 4.01 per 1,000 children, with an incidence of 0.008 to 0.226 cases of JIA per 1,000
children. In urban African-American children, the prevalence of JIA appears to be lower
(26,/100,000) than in the Caucasian population. In particular, oligoarticular JTA, which
accounts for approximately 40% of newly diagnosed cases of JIA in the Caucasian
population, appears much less frequently in African and Asian populations. In populations
other than those of Northern European descent, such as African, East Indian, and the
Canadian aboriginal group, polyarticular JIA is the predominant type of JIA.

Pathogenesis

The pathogenesis of JIA is not understood well. Substantial evidence suggests that JIA is
an autoimmune process, and several aspects of the immune response may be involved.
Many data have been generated demonstrating human leukocyte antigen (HLA) associa-
tions in JIA. The class I gene, HLA B27, long has been associated with enthesitis-related
JIA patients, who may develop a spondyloarthropathy. The class IT genes, HLA DRI and

*Children’s National Medical Center, Department of Pediatrics, George Washington University School of Medicine and Health
Sciences, Washington, DC.
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HLA DR4, are seen in children who are seropositive for
rheumatoid factor and who develop severe erosive adult-
like RA. HLA DQA 0101 is associated with a polyartic-
ular, erosive joint disease. Independently, the haplotype
DRB1104 is strongly associated with uveitis.

In addition to immunogenetic data, evidence sug-
gests that JTA may be caused by abnormal autoimmune
responses. In polyarticular JTA, macrophage-derived tu-
mor necrosis factor (TNF)-alpha has an important role,
and in systemic-onset JIA, high levels of interleukin
(IL)-6 are found. One theory suggests that JIA is
antigen-driven and T-cell-mediated. The data support-
ing this hypothesis include: the presence of activated T
cells in the synovial tissue of children who have JIA, the
presence of specific oligoclonally expanded T-cell popu-
lations in the synovium, and the predominance of the
Thl cytokines in the synovium of the inflamed joints.

Other theories propose that rather than being medi-
ated solely by T-cell responses, JIA may be caused by
innate immunity and the inflammatory response. Im-
mune complexes in children who have JIA difter in size,
composition, and biologic activity. Immune complexes
activate the inflammatory cascade. In vitro, the immune
complexes found in children who have JIA produce a
cytokine profile similar to that seen in an inflamed joint.
Furthermore, it is possible that the immune complexes
trigger the process of endothelial activation and leuko-
cyte recruitment to the joint in JIA. Clearly, the immu-
nopathogenesis of JIA is complex and probably is multi-

collagen vascular disorders juvenile idiopathic arthritis

factorial, involving both T- and B-cell responses as well as
the inflammatory response.

Clinical Features

JIA is divided into eight categories based on clinical
symptoms in the first 6 months of the discase (Table 2):
1) systemic, 2), oligoarthritis persistent, 3) oligoarthritis
extended, 4) polyarthritis rheumatoid factor (RF)-
negative, 5) polyarthritis RF-positive, 6) enthesitis-re-
lated arthritis (the enthesis is the area where tendon
attaches to bone), 7) psoriatic arthritis, and 8) other.
This scheme is used worldwide and is being validated for
clinical homogeneity, immunogenetic stability, and ho-
mogeneity. Each category exhibits distinct clinical pre-
sentations, immunogenetic associations, and outcomes,
supporting the concept that JIA actually represents a
mixture of diseases that have different pathogenetic
bases, resulting in the common clinical expression of
chronic arthritis.

Systemic JIA
Children who have systemic JIA (soJIA) account for 10%
of all cases of JTA. The disease may develop in a child at
any age, but the peak onset is between ages 1 and 6 years,
and soJIA affects boys and girls equally. The defining
characteristic of soJIA is daily or twice-daily high, spiking
fevers. Classically, children experience temperatures
reaching greater than 102.2°F (39°C) in the evening or
early in the morning. The temperature rises rapidly and
returns to normal or below normal rapidly. Early in the
course, children may appear very ill when they are febrile
but appear healthy at other times, and this quotidian
fever pattern may not be observed. The classic transient,
faint pink, blanching macular or maculopapular rash of
soJIA frequently accompanies the fever. Other systemic
features include lymphadenopathy, hepatosplenomeg-
aly, and pericarditis. With persistent disease, osteoporosis
and growth abnormalities such as short stature occur
from active disease and steroid treatment; brachydactyly
(30%) and micrognathia (40%) also are seen.

The systemic features of soJIA may precede the devel-
opment of overt arthritis by weeks to months. The extra-
articular features are self-limiting and resolve in 50% of
cases within 5 years of diagnosis. However, children who
have soJIA may develop rare, life-threatening complica-
tions such as pericardial tamponade, systemic vasculitis,
and macrophage activation syndrome (MAS). MAS is
characterized by persistent high fever, pancytopenia, ab-
normal liver function, encephalopathy, disseminated
intravascular coagulation, and a low erythrocyte sedi-
mentation rate. A late but diagnostic finding, when found,
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table 2. Th€ New Classification of JIA, Clinical Criteria, and Comparison
to JRA*

JIA (ILAR) Clinical Features of JIA as Defined by
Classification ILAR Classification JRA (ACR) Classification General Comments
Systemic arthritis Arthritis with/preceded by daily fever Systemic-onset JRA e 50% remit in year 1
for at least 2 weeks and one/more e 2500 have severe
of: evanescent nonfixed destructive joint disease
erythematous rash, generalized e General growth
lymphadenopathy, hepato/ abnormalities
splenomegaly and serositis. e Macrophage activation
syndrome
Oligoarthritis Arthritis of one to four joints during Pauciarticular (JRA) Type | e Young age onset
the first 6 months of disease. e Uveitis, especially ANA+
e leg length discrepancy
e Persistent Affects no more than four joints
throughout the disease course.
e Extended Affects more than four joints after e Destructive joint disease
the first 6 months. e Therapy as for poly JIA
Polyarthritis Affects five or more joints in the first  Polyarticular JRA (RF does e 10% destructive joint
(RF-negative) 6 months of disease. Tests for RF not alter classification) disease
are negative.
Polyarthritis Affects five or more joints in the first Polyarticular JRA (RF does e Like adult RA
(RF-positive) 6 months of disease. Tests for RF not alter classification) e Seen in late childhood
are positive on two occasions at e Severe destructive joint
least 2 months apart. disease
Enthesitis-related Arthritis and enthesitis or arthritis or Excluded in JRA e Develops into juvenile
arthritis enthesitis with at least two of: classification, but some spondyloarthropathies
sacroiliac tenderness and/or youth in this group at (including juvenile
inflammatory spinal pain, human onset may be similar to ankylosing spondylitis,
leukocyte antigen (HLA) B27- late-onset pauciarticular juvenile psoriatic arthritis,
positive, family history in a first- JRA type Il in JRA Reiter syndrome, and
or second-degree relative of classification arthropathies of
medically confirmed HLA B27- inflammatory bowel
associated disease. disease)
o Acute uveitis seen
Psoriatic arthritis Arthritis and psoriasis or arthritis and Excluded in JRA e Develops into juvenile
at least two of: dactylitis, nail classification spondyloarthropathies
abnormalities, family history of (including juvenile
psoriasis in at least one first- ankylosing spondylitis,
degree relative. juvenile psoriatic arthritis,
Reiter syndrome, and
arthropathies of
inflammatory bowel
disease)
e Acute uveitis seen
Other Arthritis of unknown cause persisting

for at least 6 weeks that either
does not fulfill criteria for any
categories or fulfills criteria for
more than one category

RF=rheumatoid factor, ANA=antinuclear antibody
*Adapted from Gardner-Medwin J, Southwood T. Current developments in juvenile arthritis. Rbheumatic Disease Topical Reviews. 2001(5).
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Taole 3. Comparison of JIA, Acute Rheumatic Fever (ARF), and

Poststreptococcal Arthritis (PSRA)*

Symptoms JIA
Antecedent streptococcal infection No
Latency period from infection to arthritis NA
Arthritis
Symmetry Yes
Migratory No
Axial skeleton Yes
Response to NSAIDs/ASA Slow
Duration of arthritis
Pericarditis Yes
Myocarditis/valvulitis
ASO titers 30%
Anti-DNAse B No
Prophylaxis with antibiotics NA

Prolonged

Up to 6%

ARF PSRA
Yes Yes

2 to 3 wk <2 wk
No Yes
Yes No

No Yes
Prompt Slow
Short Prolonged
Rare Rare
50% Rare
Yes Yes
Yes Yes
American Heart Association 1 year

NSAID =nonsteroidal anti-inflammatory drug, ASA=acetylsalicylic acid, ASO=antistreptolysin O
*Adapted from Shulman ST, Ayoub EM. Post-streptococcal reactive arthritis. Curr Opin Rhenm. 2002;14:564.

is active phagocytosis by macrophages and histiocytes in the
bone marrow. Treatment is aggressive and involves steroids
and immunosuppression with cyclosporin and anti-TNEF-
alpha drugs. A number of triggers have been implicated in
the cause of MAS in soJIA, including viral infections such as
mononucleosis, nonsteroidal anti-inflammatory drugs
(NSAIDs), sulfasalazine, methotrexate, and etanercept, an
anti-TNF-alpha biologic drug. Ultimately, in most cases,
the long-term prognosis for children who have soJIA de-
pends on the severity of the arthritis.

Laboratory findings in children who have soJIA in-
clude leukocytosis, thrombocytosis, anemia, and ele-
vated acute-phase reactants. Antinuclear antibodies
(ANAs) are found in only 5% to 10% of children. RF
rarely is seen (<2%). High levels of ferritin also can assist
with the diagnosis of soJIA.

Diagnosing soJIA can be particularly difficult at the
onset of disease if the arthritis is absent. The possibilities
of systemic infection of bacterial or viral origin, malig-
nancy, inflammatory bowel disease (IBD), acute rheu-
matic fever (ARF), systemic vasculitides such as polyar-
teritis nodosa, or other collagen vascular disease such as
systemic lupus erythematosus need to be considered and
excluded. Knowledge of the subtle clinical differences
between soJIA and these other illnesses aids in rapid
diagnosis. Sepsis tends to result in a hectic fever pattern,
and the temperature tends not to return to normal.
Children who have ARF have persistent fevers that re-
spond dramatically to salicylates (Table 3). Although
children who have JIA have pericarditis, ARF should be

suspected if a patient exhibits endocarditis and a diastolic
murmur in addition to pericarditis. In ARF, the arthritis
is extremely painful, unlike the arthritis of soJIA, and it is
migratory and asymmetric. The arthritis of ARF is tran-
sient and resolves without any sequelae, unlike the arthri-
tis of soJIA. The rash of ARF is erythema marginatum,
and the edge of the rash expands with passing time. In
contrast, the rash of soJIA is nonmigrating and appears
with the fever or if the skin becomes warm, such as after
a bath. In both illnesses, the antistreptolysin O (ASO)
titer may be elevated. For children who have soJIA, the
ASO titer may be a manifestation of the generalized
inflammatory state rather than an indicator of recent
streptococcal infection. More specific antistreptococcal
antibody assays, such as antihyaluronidase, antistreptoki-
nase, or antiDNase B, may be useful in distinguishing JIA
from ARF. Leukemia also can imitate soJRA; 15% of
children who have leukemia can present with arthritis,
and the rash can be indistinguishable (Table 4). Key
findings in leukemia that are not seen in soJIA are low
white blood cell (WBC) and platelet counts and an
clevated lactate dehydrogenase concentration. Distin-
guishing between soJIA and leukemia is particularly im-
portant because treating leukemia with steroids can delay
the diagnosis and, thus, worsen the prognosis.

Oligoarthritis JIA
Children who have oligoarthritis JIA (oligo JIA) experi-
ence arthritis in four or fewer joints in the first 6 months
of disease. Oligo JIA accounts for 40% of all cases of JIA.
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Table 4 COomparison of soJIA With Leukemia

Symptom soJIA Leukemia
Arthritis Less painful, morning stiffness

Rash 90% 10%

Fever High, spiking Low-grade
White blood

cell counts  High
Platelet counts High

Children who have oligo JIA are divided into two addi-
tional groups that are characterized by the course of the
joint disease after the first 6 months: persistent (affecting
no more than four joints throughout the disease) and
extended (affecting more than four joints throughout
the disease). Children who have oligo JIA typically expe-
rience discase onset between the ages of 1 and 5 years.
Girls are affected more frequently than boys (4:1) and are
ANA-positive 75% to 85% of the time. Children who are
ANA-positive are at the greatest risk for developing
uveitis. Overall, 30% to 50% of children who have oligo
JIA develop uveitis. The eye disease tends to be a non-
granulomatous chronic inflammatory process in the an-
terior chamber of the eye that is asymptomatic in 80% of
affected children. Among children who have JIA, those
who have oligo JIA experience the best outcome in terms
of joint function, but chronic uveitis may result in signit-

Table 5. American Academy of Pediatrics Guidelines
for Screening Eye Examinations in JIA*

JRA Onset Age of Onset

Subtype >7y

Systemic Annual

Polyarticular
ANA-positive Every 3 to 4 months for 4 years,
then every 6 months for 3
years, then annually

Every 6 months for 4 years,
then annually

ANA-negative

Pauciarticular
ANA-positive Every 3 to 4 months for 4 years,
then every 6 months for 3
years, then annually

Every 6 months for 4 years,
then annually

ANA-negative

*Reproduced from Lovell DJ. Pediatric rheumatic discases. In: Klippel JH, ed. Primer on the Rheumatic

Diseases. 12th ed. Atlanta, Ga: Arthritis Foundation; 2000:538
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Severe pain, bone pain, night pain

Normal, low, or high with blasts
Normal or low

Annual
Every 6 months for 4 years,
then annually

Every 6 months for 4 years,
then annually

icant morbidity, including corneal
clouding, cataracts, glaucoma,
and visual loss. Appropriate, fre-
quent evaluations of all children
who have JIA, but particularly
those who have ANA-positive
oligo JTA, may prevent serious oc-
ular complications. The American
Academy of Pediatrics has a sug-
gested plan for the frequency of
eye examinations according to the
type of arthritis (Table 5). (Table 5 uses the American
classification of JRA, so refer to Table 2 for the equivalent
ILAR classification.)

Oligo JIA most frequently affects the large lower
extremity joints, especially the knees and ankles. Most
children present with a swollen, warm joint and a limp
that is often worse in the morning and after a nap. Over-
and undergrowth of the long bones is common, re-
sulting in leg length discrepancy. This is most often
due to a sustained increase in blood flow to the growth
plate following chronic inflammation that causes in-
creased growth or early epiphyseal closure. Constitu-
tional symptoms are rare. The differential diagnosis
includes infections, Lyme disease, postviral arthritis,
trauma, and neoplasm. In older children, mechanical
causes of oligoarticular arthritis, such as structural abnor-
malities (eg, discoid meniscus, Legg-Calvé-Perthes
disease, slipped capital femoral
epiphysis, and osteoid osteoma)
should be considered. Joint as-
piration and examination of the
joint fluid is especially important
to rule out infection. If the joint
WBC count is higher than 100X
10 /mcL (100x10°/L) and 90%
are polys, infection is likely. Joint
fluid cultures always should be
obtained if the joint fluid is aspi-
rated.

The group of children who
have oligo JIA and do not
have a good outcome are those
whose arthritis becomes poly-
articular and erosive. This disease
subset is termed extended oligo-
articular JIA, and affected chil-
dren often require treatment
with  the immunosuppressive
drugs used for those who have
polyarthritis JTA.





Polyarthritis JIA
Polyarthritis JTA (poly JIA) is defined as JIA involving
five or more joints within the first 6 months of disease.
Approximately 25% of children who have JIA have the
polyarthritis form. Poly JIA is more common in girls and
may occur at any time during childhood. Children who
have poly JIA may be categorized further into those who
have a positive serum RF finding and those who are
REF-negative. RE-positive youth are usually girls whose
disease onset occurs in later childhood (at least age 8 y)
and are HLA DR4-positive. The arthritis of RE-positive
poly JIA is usually symmetric, small joint arthritis. Chil-
dren who have positive RF are at greater risk for devel-
oping severe erosive joint disease, rheumatoid nodules,
and a poorer functional outcome than are children who
have RF-negative poly JIA. RF-negative poly JIA often
causes an arthritis that involves fewer joints and may not
demonstrate symmetric joint involvement. In addition,
40% to 50% of children who have poly JIA have a positive
ANA finding.

Children who have poly JIA present with morning
stiffness, limited joint mobility, and joint swelling. The
systemic manifestations of poly JIA are less dramatic than
those of soJIA. Children may experience fatigue,
protein-calorie malnutrition, delayed growth, anemia,
and osteopenia. Chronic anterior uveitis develops in 5%
of children. Micrognathia is found in 15% of children
who have poly JTA as well as other growth abnormalities,
such as leg length discrepancies (30%) and brachydactyly
(20%).

The differential diagnosis of poly JIA is considerably
different from that of soJIA. Infectious processes such as
Lyme disease, gonorrhea, or viral infections may cause
polyarthritis. Other collagen vascular diseases, such as
systemic lupus erythematosus, scleroderma, dermatomy-
ositis, and the spondyloarthropathies, must be excluded.
Finally, malignancy may present with joint pain and
swelling due to malignant infiltration of bone or syno-
vium.

Enthesitis-related JIA
Enthesitis-related arthritis is characterized by inflamma-
tion of the enthesis, where tendon attaches to bone, and
arthritis. In addition, affected children tend to have any
two of the following: sacroiliac joint tenderness, inflam-
matory spinal pain, the presence of HLA B27, a positive
family history, acute anterior uveitis, and onset of oligo-
arthritis or polyarthritis in a boy older than 8 years of age.
Ultimately, many such children develop one of the iden-
tifiable spondyloarthropathies that include juvenile anky-
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losing spondylitis (AS), reactive arthritis, and IBD-
associated arthritis.

The diagnosis of AS requires radiographic evidence of
sacroiliitis that may not be evident for many years. Com-
puted tomography scans of the sacroiliac joint may reveal
changes consistent with inflammation earlier than plain
radiography. AS may occur prior to the age of 16 years.
The disease is much more common in boys (male to
female ratio, 6:1), and a large percentage (82% to 95%) of
children who have AS are HLA B27-positive. Arthritis
occurring after a genitourinary or gastrointestinal infec-
tion is termed reactive arthritis and may be associated
with acute conjunctivitis and asymptomatic urethritis. In
children, the most common antecedent infection is gas-
trointestinal. The arthritis is acute, asymmetric, and usu-
ally involves large joints. Children may develop oral
ulcers and keratoderma blennorrhagicum, a rash that
begins as a papular eruption on the soles and palms but
evolves initially into a pustular rash and finally becomes
scaly.

Several patterns of arthritis are associated with IBD.
Overall, 7% to 20% of children who have IBD develop
arthritis. Occasionally, the arthritis precedes the develop-
ment of gastrointestinal symptoms. Usually, children
who have IBD develop asymmetric arthritis of the lower
extremities. Girls and boys develop this pattern of arthri-
tis equally, and there is no obvious association with HLA
B27. However, a subset of children who have IBD
develops axial arthritis as well as peripheral arthritis. This
pattern of arthritis is more common in boys than in girls
(4:1), and 80% of affected children are HLA B27-
positive.

Psoriatic JIA

Psoriatic arthritis is diagnosed in children who have
chronic arthritis and definite psoriasis or two of the
following criteria: dactylitis, nail pitting or onycholysis,
and a family history of psoriasis. Children may develop
peripheral arthritis only or peripheral arthritis and axial
arthritis. HLA B27 is seen in children who have the axial
arthritis and psoriasis. The arthritis can be chronic and
destructive, requiring immunosuppressive treatment
used for children who have polyarthritis JIA.

Treatment

JIA is a chronic illness, and the treatment should involve
a multidisciplinary team to address all areas of normal
growth, social development, and physical functioning as
well as pharmacologic treatment to limit chronic joint
pain, inflammation, and damage. Physical and occupa-
tional therapy are absolutely necessary aspects of treat-
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ment that help maintain strength and mobility and teach
children adaptive mechanisms for the performance of
activities of daily living independently. Splints are fash-
ioned to maintain good joint position and limit the
development of joint contractures. Social workers, rheu-
matology nurses, and the children’s families are essential
to the maintenance of normal social interactions and
academic performance. The youth and family should
keep in contact with their primary physician to have the
appropriate age-related health supervision visits and
health prevention counseling. When a multidisciplinary
approach is used to meet all of the needs of children who
have JIA, the affected young adults have been shown to
function more effectively and surpass their peers in levels
of postsecondary schooling and degree attainment.

With the understanding that JIA is a chronic illness
that has the potential for significant morbidity, the phar-
macologic treatment of the articular and extra-articular
manifestations has become more aggressive and initiated
carlier in the course of disease. NSAIDs are the first-line
treatment for relief of joint symptoms, but are not con-
sidered disease-modifying. Most NSAIDs inhibit both
the constitutive form of cyclo-oxygenase (COX-1) as
well as the inducible form of the enzyme (COX-2) that
are involved in the inflammatory response. Only ibupro-
fen, naproxen, tolmetin, choline magnesium trisalicylate,
and aspirin, all nonspecific COX inhibitors, have been
approved by the United States Food and Drug Admin-
istration (FDA) for use in children. Aspirin no longer is
the first choice for treatment of JIA due to the dosing
frequency and increased toxicity. In cases of mild arthri-
tis, NSAID therapy alone may be sufficient. The average
time to symptomatic improvement with a particular
NSAID is 1 month, but up to 25% of children do not
demonstrate clinical improvement until 8 to 12 weeks.
Approximately 50% of children have symptomatic im-
provement to the first NSAID tried, but of those who do
not respond to the first NSAID, 50% obtain symptomatic
relief with the next NSAID used.

Most children tolerate NSAIDs well. The most com-
mon adverse effects are abdominal pain and anorexia.
The true prevalence of gastritis or gastric ulceration in
JIA is unknown but appears to be less than in adults.
Taking NSAIDs with food and wusing antacids,
histamine-2 blockers, or proton pump inhibitors can
minimize the gastrointestinal toxicity in children who
have JIA. NSAIDs also may have hematologic, renal,
dermatologic, hepatic, and neurologic adverse effects.
Increased bruising is common, although significant
bleeding is rare. Liver enzyme concentrations may in-
crease in 3% to 5% of children treated with nonsalicylate
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NSAIDs and 15% to 20% of children treated with salicy-
lates. Only rarely does functional hepatic damage occur.
Less than 5% of children develop hematuria or protein-
uria from NSAIDs. Central nervous system symptoms
develop in a small number of children receiving NSAIDs
and include mood changes, headaches, and tinnitus.
Naproxen may induce pseudoporphyria, a rash character-
ized by small blister formation that leaves a hypopig-
mented scar on healing. It is seen most commonly in
fair-skinned children in sun-exposed areas. Reye syn-
drome has been reported in children taking aspirin when
they contract varicella or influenza. We recommend chil-
dren stop their NSAIDs if they develop either varicella or
influenza.

At least two thirds of children who have persistently
active joint disease require discase-modifying anti-
rheumatic drugs (DMARDS), agents that retard the
radiologic progression of disease. The child who is tak-
ing immunosuppressive drugs such as methotrexate
(a DMARD), steroids, and biologics is considered im-
munocompromised and should not receive live vaccines.
Before starting immunocompromising drugs, varicella
and measles-mumps-rubella titers (if none or only the
first dose has been given) should be obtained. If the titers
are negative, vaccines should be offered before starting
therapy. Similarly, immunocompromised children should
be evaluated for exposure to tuberculosis (TB) before
starting immunosuppressive drugs because TB has reac-
tivated after starting the immunosuppressive drugs.

Methotrexate is the most commonly prescribed
DMARD for JIA and has been used for more than 10
years, resulting in better clinical outcomes. It is used
most frequently in children who have a polyarticular
onset or course of JIA or soJIA. Approximately 70% of
children demonstrate a favorable clinical response. Chil-
dren who have soJIA and continue to exhibit systemic
features respond somewhat less frequently. The clinical
response to methotrexate may not be apparent for 4 to
6 weeks after therapy has been initiated and may not be
maximal until 3 to 6 months of treatment. If oral meth-
otrexate therapy is not successful, subcutaneous dosing
has been shown to improve markers of active JIA with no
significant increase in toxicity.

In general, methotrexate is tolerated well by children.
Folic acid (1 mg daily) is administered to decrease the
frequency and severity of adverse effects. Gastrointestinal
adverse effects, including oral ulcers, decreased appetite,
and abdominal pain, are the most common toxicities
seen with methotrexate and occur in 13% of children.
Hepatic toxicity has not been a major problem in chil-
dren, and significant liver damage is rare. Most pediatric





rheumatologists monitor blood counts and liver en-
zymes, as recommended by the American College of
Rheumatology for adult patients receiving methotrexate.
This guideline suggests monitoring the complete blood
count, platelet count, aspartate aminotransferase, albu-
min, and creatinine every 4 to 8 weeks. Pulmonary
toxicity from methotrexate is very rare in children who
have JTA. Although methotrexate has been used for more
than 10 years for JIA, long-term data on the teratogenic,
carcinogenic, or immunosuppressive risks in JIA are un-
available. Methotrexate is the mainstay of therapy, but
recently, combination DMARD therapy such as metho-
trexate and leflunomide has been shown to have better
clinical outcomes when methotrexate monotherapy fails.

Understanding that TNF and other cytokines play a
major role in the pathogenesis of JIA, scientists have
developed TNEF-alpha antagonists and other cytokine
inhibitors to treat JIA. Therapies that have been tested
prospectively in adults who have rheumatoid arthritis
often are used in children before their safety and efficacy
have been evaluated fully. At this time, only methotrex-
ate and etanercept have FDA approval for use in JIA, but
many others are being studied.

Etanercept, a TNF receptor antagonist, is the first
biologic to be approved by the FDA for use in JTIA. In a
randomized, prospective, placebo-controlled trial in chil-
dren who had severe JIA not controlled by methotrexate,
ctanercept induced a rapid, significant improvement in
the clinical and laboratory features of JIA. The median
improvements ranged from 40% to 95%. Etanercept is
well tolerated in children, with headache, upper respira-
tory tract infections, and injection site reactions being
the toxicities reported most commonly. Rare but serious
infections such as sepsis and varicella meningitis have
been reported. Unvaccinated susceptible children taking
etanercept who are exposed to varicella should be given
varicella-zoster immune globulin after exposure and acy-
clovir at the earliest sign of infection. Other infections,
such as TB, histoplasmosis, and listeriosis, have been
reported in people taking anti-TNF-alpha drugs. Neuro-
logic disorders, retrobulbar optic neuropathy, cutaneous
vasculitis, and pancytopenia have been reported. Data on
the long-term toxicity of etanercept are not available.
Other anti-TNF-alpha biologics such as infliximab and
adalimumab have been given to children who have JIA,
with improved response. In addition, anti-IL-6R, termed
MRA, has been tried in two children with some success
who had soJIA, as has thalidomide. A few anecdotal
reports indicate good responses to the use of anakinra or
IL-1 receptor antagonist in JIA.

Other, more traditional DMARDS also are used to
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control JIA. In a placebo-controlled trial, sulfasalazine
was significantly more effective in controlling disease
activity than was placebo in children who had JIA. Those
who have enthesitis-related JIA respond better to sul-
fasalazine. Toxicities can be significant, including gastro-
intestinal complaints, leukopenia, and liver transaminase
clevation. Prospective controlled trials of penicillamine,
hydroxychloroquine, and auranofin have been per-
formed in children who have JIA. These medications did
not demonstrate any greater efficacy than placebo. In-
jectable gold results in clinical improvement in 50% to
60% of children, but gold is not used much today because
its efficacy is not as good as that of methotrexate and the
biologics, and the toxicity of injectable gold is significant.

Systemic oral or intravenous pulse corticosteroids are
used for the serious systemic manifestations of soJIA,
including pleuritis, pericarditis, fever, anemia, and MAS.
Because long-term use of corticosteroids results in sig-
nificant morbidity, these agents are not used for long-
term treatment of JIA joint disease. Low-dose steroids
are used for short periods of time for children who have
severe polyarthritis and functional impairment to provide
symptomatic relief while other agents are initiated. The
toxicities of corticosteroids are well known and include
immunosuppression, adrenal suppression, hypertension,
diabetes, cataracts, osteoporosis, avascular necrosis,
mood swings, cushingoid features, and obesity. On the
other hand, intra-articular corticosteroids may be indi-
cated for children whose joint involvement is limited,
such as those who have oligoarticular JTA. Triamcino-
lone hexacetonide is the drug of choice; its use has
resulted in a significant improvement in joint swelling
and function at 6 months in a number of children who
have JIA. Furthermore, magnetic resonance imaging of
the joints injected with corticosteroids has not revealed
cartilage damage.

For those whose joint cartilage is destroyed, surgery is
a viable option. Total joint replacements are being per-
formed with great success for young people who have
JIA. The longevity of the replaced joint must be consid-
ered when embarking on such surgery. In addition, when
intubation is being considered for a surgical procedure,
atlantoaxial instability and limited mouth excursion
should be considered. Reconstructive surgery, such as for
micrognathia, has been successful in older youth.

If all therapies fail, an autologous stem cell transplant
(ASCT) can be considered. These have been performed
on asmall number of patients. As 0of 2003, 29 patients are
registered in the European database, with a follow-up of
3 years. Of these, 16 are in drug-free remission, 8 are in
partial remission or relapse, 1 was a nonresponder, and 4
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died. The early deaths that were related to MAS while the
patients were receiving ASCT have not recurred since the
protocol was changed.

Treatment of the anterior uveitis associated with JTA is
the responsibility of the ophthalmologist. Children need
to be seen frequently so ocular inflammation can be
recognized early. The initial therapeutic agents are dilat-
ing agents and topical corticosteroids. Local subtenon
injections of corticosteroids also are used to control the
ocular inflammation if topical agents are not effective.
On occasion, systemic steroids may be used. For children
who have chronic steroid-dependent uveitis, metho-
trexate has shown efficacy. Trials evaluating the use of
etanercept in the uveitis associated with JTA have been
disappointing, although infliximab seems to be more
promising.

Outcome

The outcome of JIA is difficult to assess. All outcome
studies describe results of treatment begun several years
ago, when the newer regimens were not being used.
Therefore, the data may not reflect outcomes using
current practices. The reported mortality rates from JIA
have ranged from 0.29% to 1.1% of children in the
United States. These rates, while appearing low, are
much higher than the standardized rate of 0.08% for
healthy people between the ages of 1 and 24 years.
Mortality in children clearly is related to the onset type,
with soJIA accounting for approximately 60% of all
deaths in children who have JIA. Many of these deaths
were related to infection.

Disability also is related to disease type. A study pub-
lished in 2000 examining adults who had JIA an average
of 26.4 years after diagnosis revealed that 37% had active
arthritis, with 11% of these adults in Steinbroker func-
tional classes III and IV, indicating that they had consid-
erable difficulty with self-care. Most of them (80%) had
poly JIA or a polyarthritis course such as oligoarthritis-
extended JIA. In a study published in 1984, 8.7% of
children followed for 10 years or more were in Steinbro-
ker functional classes I1I or IV. These children had either
poly or soJIA. Persistent active arthritis is seen in JIA of
all categories: in 22% to 41% of children who have oligo
JIA, 45% to 50% of children who have poly JIA, and 27%
to 48% of children who have soJIA.

In addition to disability from the arthritis, significant
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disability from uveitis still occurs despite improvements
in therapy. Recent studies suggest that as many as 15% of
children who have uveitis develop significant visual im-
pairment, and 10% are blind in at least one eye.

Conclusion

JIA is a common and potentially devastating chronic
disease of childhood. Our understanding of the patho-
genesis is far from complete. Although steadily im-
proving, the current clinical treatment regimens do not
always halt disease progression. With improved under-
standing of the etiology of JIA, new therapeutic modal-
ities will become available. The ability to predict out-
come for an individual patient can help determine which
therapies are appropriate and which toxicities are worth
tolerating. It is hoped that in the near future, JIA will be
recognized earlier in its course, treatment will be more
effective, and disability will be much more limited.
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iagnoses of rheumatologic diseases in
children are based on clinical assessment
of the history and physical examination.
This is evident by the emphasis placed on clinical
parameters in the classification criteria of dis-
eases such as systemic lupus erythematosus,'
Behget's disease,? psoriatic arthritis,® and many
others. However, laboratory tests also play a
maijor role in the evaluation and care of children
with suspected or confirmed rheumatologic ili-
ness. They are used as screening tools, to assist in
diagnosis, to help monitor the status of estab-
lished disease, and to assess for treatment com-
piications.

Screening tests are often employed when a
child presents with vague complaints, such as
arthralgia, fatigue, or fever. Abnormal resulls
increase suspicion of an inflammatory process,
which at this point may be still undefined. More
specific laboratory studies may help support a
diagnosis. Examples of these are antinuclear anti-
bodies in suspected systemic lupus erythemato-
sus or elevated angiotensin-converting enzyme
levels in suspected sarcoidosis. Laboratory tests
are used to assess disease activity. For example,
decreased complement levels in systemic Jupus
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1. Review laboratory findings associated with spe-
cific pediatric rhewnatic diseases,

2. Critically interpret laboratory results with spe-
cial awareness of false-positive results encoun-
tered in commonly ordered analyses.

3. Recognize the values and limitations of labora-
tory assessment in the diagnosis of pediatric
rheumatic diseases.

erythematosus or increased antineutrophil cyto-
plasmic antibody values in Wegener’s granulo-
matosis may suggest disease exacerbation.
Finally, routine laboratory tests, including com-
plete blood cell counts, urinalyses, and renal and
hepatic functions, are performed periodically to
monitor for drug-rejated toxicities.

This article reviews specific laboratory studies
frequently obtained for children with suspected
rheumatologic illness and discusses laboratory
findings in specific diseases. The laboratory
approach to various rheumatologic scenarios
found in primary pediatyic practice is also pre-
sented.

SPEGIFIC LABDRATORY STUBIES
Bcute Phase Reaclants

Acute phase proteins are plasma proteins that
fluctuate in response to inflamnmation (Table 1).4
Synthesis of acute phase proteins, which takes
place primarily in the liver, is affected by
cytokines. Cytokine production, primarily by
macrophages and monocytes, is triggered by a
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variety of conditions, including infection, autoim-
mune disease, and malignancy. Interleukin-6,
interleukin-1-beta, and tumor necrosis factor—
beta are potent inducers of acute phase proteins.
The most conumon acute phase protein tests are
the erythrocyte sedimentation rate {ESR) and C-
reactive protein (CRD).

ESR. Acute phase proteins, primarily fibrino-
gen, interact with erythrocyte membranes to
cause clumping of the cells and thereby affect the
rate at which they fall through plasma. The ESR
has been used for more than 50 years in many
clinical settings with extensive reports in the lit-
erature. Problems with the ESR include its rela-
tively slow change related to patient condition
and the influence of various clinical conditions on
results. The ESR may increase with pregnancy,
renal failure, and anemia, and it may decrease
with congestive heart failure, cryoglobulinemia,
and hypofibrinogenemia.®

CRP. The serum CRP level increases rapidly
after tissue injury or inflammation. Values are
quantitative and can be reported either as mg/L
or mg/dl., so care must be taken when compar-
ing values from different laboratories. An advan-
tage over the ESR is that it changes more quickly
in response to improvement or deterioration of a
patient’s inflammatory condition. Also, the CRY
level is not affected, as is the ESR, by the clinical
situations noted above. Although some have rec-
ommended that the CRP replace the ESR, the lat-
ter still has popular and clinical value. J'or exam-
ple, in systemic lupus erythematosus, the ESR
more accurately reflects disease activity. The CRP
Jevel is often normal in patients with active sys-
temic lupus erythematosus, and its increase may
suggest infection.®

Rheumateid Factor

Rheumatoid factor is an immunoglobulin
directed against the Fc portion of IgG. In clinical
practice, IgM rheumatoid factor is generally mea-
sured, although IgG and IgA isotypes have been
detected. A variety of techniques are used to
detect IgM rheumatoid factor, including latex fix-
ation, sheep red cell agglutination, enzyme-
linked immunosorbent assay (ELISA), and neph-
elometry. Higher titers of rheumatoid factor are
associated with more severe joint disease, extra-
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TABLE 1

Response to Inflammation of Selected
Acute Phase Proteins

Proteins that increase in response to inflammation
C-reactive protein
Fibrinogen
Plasminegen
Ferritin
Complement levels
Cerulopiasmin
Haptoglobin
Hemopexin
Granutocyte colony-stimulating factor
Interleukin-1 receptor antagonist
Serum amyloid A
Alpha-1 antitrypsin
Proteins that decrease in response to inflammation
Albumin
Insulin-like growth factor 1
Transterrin
Alpha-fetoprotein

articular features, and disability. Rheumatoid fac-
tor is deteciable in approximately 85% of adults
with theumatoid arthritis. However, it is found in
less than 10% of children with juvenile theuma-
toid arthritis, usually in older children with poly-
articular disease . Therefore, it is a poor screening
test for juvenile rheumatoid arthritis.” Children
with rheumatoid factor-negative juvenile
theumatoid arthritis rarely convert to theumatoid
factor-positive disease. Children with rheuma-
toid factor-positive juvenile theumatoid arthritis
frequently have aggressive joint disease and
extra-articular manifestations that resemble the
course of adults with rheumatoid factor-positive
arthritis.

Rheumatoid factor is frequently found in other
theumatologic diseases, including systemic lupus
erythematosus and scleroderma, and may also be
found in patients with infection, especially sub-
actite bacterial endocardilis and hepatitis B and C
(Table 2).5

Antinucizar Entibodies (ANAs)

ANAs are autoantibodies directed against var-
jous nuclear components. The classic screening
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TABLE 2

Selected Conditions in Which
Rheumatoid Factor May Be Elevated

Rheumatic diseases
Rheumatoid arthyitis (> 80%)
Juvenile rheumatoid arthritis (5% to 10%)
Systemic lupus erythematosus
Mixed connective tissue disease
Sjogren’s syndrome
Systernic scleroderma
Mixed cryoglobulinemia
Misceltaneous illnesses
Sarcoidosis
Sificosts
Interstitial puimonary fibrosis
Primary biliary cirrhosis
Infections
Subacute bacterial endocarditis
Leprosy
Parasitic disease
Hepatitis 8 and C
Parvovirus B19
Other viral infections
Malignancies

Leukemia

technique to detect the presence of ANAs is the
fluorescent antinuclear antibody test. Serial dilu-
tions of serum are incubated with a cell substrate
(the HEp-2 human larynx epithelioma cancer cell
line is currently used). Fluorescein-tagged
anti-human IgG is added, and the pattern of flu-
orescence and the serum titer at which the fluo-
rescence disappears are reported. Various fluores-
cence patterns are recognized, with homogenous
{or diffuse) and speckled most common (Figure
A-~C). The patterns are not as specific for detect-
ing the various ANA subtypes (see below) as are
specific tests, such as the currently available
ELISA and immuncblotting techniques. Many
laboratories now report an ANA index, which is a
Jess expensive screening test. When results of this
test are positive, the standard immunofluorescent
test should be performed to confirm and quantify
resulls.

ANA titers of 1:40 or greater are considered
positive. The ANA screening test is sensitive: 98%
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to 99% of patients with systemic lupus erythe-
matosus have positive results.’ However, the test
is exceedingly nonspecific. Tan et al. showed that
31.7% of healthy adults (2 to 60 years old) had
positive ANA test results of 1:40, and 5% had pos-
idve resuits of 1:160.1 Furthermore, the ANA test
result may be positive in patients with rheumato-
logic diseases other than systemic lupus erythe-
matosus, organ-specific autoimmune disease, or
certain infections' and in patients taking specific
medications (Table 3). False-positive values in
children are often associated with viral illnesses.

When the results of the ANA screening fest are
positive, especially at a higher titer (> 1:160), and
there is clinical suspicion of an autoimmune dis-
ease, lesting for specific ANAs may be indicated.
Many of these antibodies are described below.

Anti-Double-Stranded DNA. These autoanti-
bodies are agsayed by various techniques, includ-
ing the Farr, crithidia (Figure D), and ELISA
methods.’? They are specific for systemic lupus
erythematosus, and are present in approximately
40% of patients at the onset of systemic jupus ery-
thematosus and 70% of patients during the
course of their disease.'® They are implicated in
the pathogenesis of this disease because they are
found in immune complexes, especially in the
kidneys. A decrease in the anti-double-stranded
DNA titer or quantitative value is often associat-
ed with decreased disease activity.

Anti-Histone Antibodies. These are nonspecif-
ic antibodies seen in systemic lupus erythemato-
sus, but are often associated with drug-induced
lupus when found as the main antibody in a
patient with systemic lupus erythematosus.

Extractable Nuclear Antigens. Antibodies to
extractable nuclear antigens are non-histone anti-
bodies associated with systemic lupus erythe-
matosus and mixed connective tissue disease.
Anti-Sm is specific for systemic lupus erythe-
matosus, although it is not sensitive, being pre-
sent in only 20% of patients.”® Presence of high
titers of anti-Ul ribonucleoprotein in the absence
of anti-double-stranded DNA or anti-Sm is asso-
ciated with the diagnosis of mixed connective tis-
sue disease."

Other Non-Histone Antibodies. Anti-Ro or
anti~S8-A is associated with Sjégren’s syndrome
and may be present in systemic lupus erythe-
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Figure. Indirect immunolldcrescent patterns of antinuclear antibodies (ANAs) on HEp-2 cell line and of anli-double-stranded
DNA by crithidia. (A) Homogenous or diffuse staining of ANAs, often seen in the presence of antihistone antibodies, anti-dou-
ble-stranded DNA, or both. (B) Speckled pattern indicative of autoantibodies directed against Sm and U1 ribonudeoprotein.
The speckled pattern for $5-A and S5-B is less coarse. (C) Anti-centromere patlern with staining of the interphase nuclei, char-
acteristically seen in limited scleroderma {calcinosis, Raynaud’s phenomenon, esophageal dysfunction, sclerodactyly, and telang-
jectasia). (3} Demcnstration of anti-double-stranded DNA using the protozoa Crithidia jucifiae. The kinetoplast at the base of
the flagefium consists only of double-siranded DNA, and therefore immunofluoresces in the presence of anti-double-stranded
DNA and is specific for this autoantibody. (Courtesy of Dr. Mary Smaron and Scott Matushek, University of Chicago

Laboratories.)

matosus. It may be positive even in the absence of
a positive result on ANA testing. It is strongly
associated with neonatal lupus syndrome and is
implicated in the pathogenesis of congenital heart
block in this entity. Anti-La or anti~35-B may be
positive in systemic lupus erythematosus and
Sjogren’s syndrome. It is also associated with
neonatal tupus syndrome, although it is not pre-
sent as frequently as anti-Ro or anti-S8-A (75% vs
> 909’6).15

Anti-Scl70 is seen in approximately 25% of
adults with progressive systemic sclerosis, but is
uncommon in children, Anti-centromere antibod-
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tes are specific for CREST syndrome (calcinosis,
Raynaud’s phenomenon, esophageal dysfunc-
tion, sclerodactyly, and telangiectasia), which is a
variant of scleroderma. Anti-Jo-1 antibodies are
found in approximately 20% of adults with der-
matomyositis or polymyositis, but rarely in chil-
dren (< 5%).7

Cemplement

The complement system consists of more than
30 plasma and membrane proteins that serve as
promoters of inflammatory response and aug-
ment or “complement” humoral immunity.
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TABLE 3

selected Conditions in Which Antinuciear
Antibodies May Be Positive

Healthy individuals

ncreased frequency with aging

Females more than males
Systemic autoimmune disease

Systemic lupus erythematasus

tMixed connective tissue disease

Scleroderma

Polymyositis

Dermatomyositis

Sjégren’s syndrome

Rheurnatoid arthritis

Juvenite rheumatoid arthritis
Organ-specific autoimmune disease

Autoimmune hepatitis

Primary autoimmune cholangitis

Autoimmune thyroid disease
Drugs

Procainarnide

Hydralazine

Isoniazid

Minocycline

penicillamine

Quinidine

Anticonvulsants

Diltiazern

Chigrpremazine

Methyldopa
infections
Epstein-Barr virus
Tuberculosis
Subacute bacterial endocarditis
Malaria
Hepatitis C

-

Complement components are often decreased in
active systernic lupus erythematosus as systemic
consumption outstrips production. The most
frequently assayed components are (3 and C4
A decrease in levels may precede or accompany
an increase in systemic lupus erythematosus dis-
case activity, especially nephritis.!® Depressed
complement levels are not unique to systemic
lupus erythematosus, but may also be seen in
rheumatoid vasculitis, subacute bacterial endo-
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carditis, and post-streptococcal glomeru-
lonephritis, reflecting immune complex forma-
tion. C3 and C4 are also acute phase reactants
and their levels may increase during infection
and other inflammatory conditions that do not
involve immune complexes. Therefore, a rapid
improvement in complement levels in a patient
with active systemic lupus erythematosus may
reflect the presence of infection rather than a
quieting of disease.

The total hemolytic complement (CH,,) screens
the entire complement pathway. It is usually
decreased in active systemic lupus erythematosus,
but may be falsely low because of improper han-
dling of the specimen, which should be kept on ice
or frozen until assayed. Because of specimen insta-
bility, it is not momitored frequently in systemic
lupus erythematosus. However, it is a valuable
screening test for inherited complement deficien-
cies. If the CH,, level is extremely low or zero, the
absence of specific complement components
should be suspected. Complerment deficiendes of
C1q, C4, and C2 (the most common complement
deficiency) are associated with increased risk of
autoimmune disease, especially systemic lupus
erythematosus.]? Deficiencies of terminal comple-
ment components (C5-9), which form the mem-
brane attack complex, are associated with frequent
infection by Neisseria species.

Antiphospholipid fntibodies

Antiphospholipid antibodies are a heteroge-
neous group of antibodies directed against phos-
pholipids or plasma proteins bound to phospho-
lipids. Their presence is associated with an
increased risk of thrombosis (both arterial and
venous) and other clinical manifestations of
antiphospholipid syndrome, such as increased
fetal loss, thrombocytopenia, and hemolytic ane-
mia. Antiphospholipid antibodies are detected
frequently in patients with systemic lupus ery-
thematosus and other rheumatic diseases, and
they are present in individuals without systemic
tupus erythematosus who have primary
antiphospholipid syndrome.’® Antiphospholipid
antibodies are occasionally found in healthy indi-
viduals (transiently in those taking certain med-
ications or having particular viral infections} and
in patients with human immunodeficiency virus
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who have opportunistic infection,” but they are
only rarely associated with thrombosis in these
situations. Four main antiphospholipid antibod-
ies have been used in clinical assessments.

False-Positive VDRL. This occurs because the
substrate used in the reaction contains the phos-
pholipid cardiolipin. Results of specific confirma-
tory tests for syphilis are negative. Because this
test has low sensitivity and specificity, it is no
longer routinely used to assess for the presence of
antiphospholipid antibodies.

Lupus Anticoagulants. This is a misnomer
because these antibodies are not found exclusive-
ly in systemic fupus erythematosus, nor do they
act clinically as anticoagulants. Lupus anticoagu-
lants prolong in vitro clotting assays, such as the
activated partial thromboplastin time, as the anti-
body interferes with the assay. Addition of nor-
mal plasma does not correct the abnormality
because the prolongation is not due to factor defi-
clency.

Anticardiolipin Antibodies. An ELISA tech-
nique is used to detect the isotypes (IgG, IgM,
and IgA) of anticardiclipin antibodies. High titers
of 1gG anticardjolipin antibodies are more fre-
quently associated with antiphospholipid syn-
drome than are the other isotypes. Anticardio-
lipin antibodies associated with infection are
generally of the IgM isotype.

Anti-B2-Glycoprotein 1 Antibodies. p2-glyco-
protein binds phospholipid and is a natural
inhibitor of coagulation and platelet aggregation.
Antibodies directed against this glycoprotein
inhibit its anticoagulant effect.

Antineutrephil Cytoplasmic Antibodies (ANCAs)

The presence of ANCAs is sought in patients
suspected to have a systemic vasculitis. These
antibodies are directed against granule compo-
nents of neutrophils. An indirect immunofluo-
rescent technique identifies two distinct staining
patterns: pertnuclear {(pANCA) and cytoplasmic
(cANCA). The ELISA identifies the target anti-
gens of these antibodies, mycloperoxidase for
PANCA and proteinase 3 for cANCA.

Results of pANCA testing are {requently posi-
tive in patients with microscopic polyangiitis (typ-
ically a small vessel vasculitis with renal and
pulmonary involvement) and Churg-5trauss syn-
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drome. It may also be found in several other
inflammatory conditions, including inflammatory
bowel disease (especially ulcerative colitis), prima-
ry sclerosing cholangitis, and rarely in rheumatoid
arthritis, classic polyarteritis nodosa, and Kawa-
saki disease. This makes pANCA a relatively non-
specific test with Jimited usefulness.

The cANCA test is specific for Wegener’s gran-
ulomatosis (> 80%). However, it i3 less sensitive,
because patients with limited involvement or
inactive discase may be negative for cANCA.
Increasing titers may be associated with disease
exacerbation.’?

Genetic Tests

The major histocompatibility complex genes
located on chromosome 6 encode for human
leukocyte antigen (HLA) class  and class Il mole-
cules. These genes are associated with a variety of
rheumatologic diseases. HLA B27, a class T anti-
gen, is frequently found in patients with spon-
dyloarthropathy, occurring in approximately 90%
of white children with ankylosing spondyiitis
compared with 8% of the general population. It
is also found with increased frequency in reactive
arthritis secondary to enteric infections or chlamy-
dia. The prevalence of HLA B27 in African
Americans and Asians is much fower than that in
whites. The presence of HLA B27 supports a diag-
nosis of a spondyloarthropathy but does not
establish or eliminate this diagnosis, which is
based primarily on clinical parameters.

Class Il antigens are associated with systemic
lupus erythematosus, adult rheumatoid arthritis,
and juvenile thewmatoid arthritis. HLA DR2 and
DR3 increase the risk of systemic lupus erythe-
matosus in whites, whereas DR2 and DR7 are
associated with systemic Jupus erythematosus in
African Americans. In adults and children with
theumatoid factor-positive rheumatoid arthritis,
DR4 is frequently found. The two PR4 alleles,
Dw4 and Dw14, are particularly associated with
theumatoid factor-positive disease. In children
with pauciarticular juvenile rheumatoid arthritis,
DR8 and DR5 are found more frequently.
Currently, class II antigen testing is used primar-
ily in research and is mot indicated for clinical
practice.

During the past few years, exciting progress
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TABLE 4
Laboratory Studies in Children With juvenile Rheumatoid Arthritis (JRA)

Laboratory Stucdy Systemic
Hemoglobin i

White blood cell count 17
Platelets Tt
Erythrocyte sedimentation rate T
Rheumatoid factor MNegative
Antinuclear antibody Negative

Polyarticular JRA

Pauciarticular JRA

Normal or | Normal
Normal Normal
Normal or T Normal
Normal or T MNormal or T
5% to 10% Negative

30% to 40% 40% to 60%

has been made in the identification of gene muta-
tions ‘associated with hereditary periodic fever
syndromes. Genetic studies can now be per-
formed with excelient sensitivity to confirm diag-
nostic suspicions, which are based on a patient’s
clinical course and ethnicity.

Familial Mediterranean fever is caused by
mutations in the MEFV gene, located on the short
arm of chromosome 16. This gene, expressed pre-
dominantly in mature polymorpholeukocytes,
encodes for pyrin, a protein thought to be
involved in the downregulation of mediators of
inflammation. Certain mutations may be associ-
ated with the risk of amyloidosis.

Hyper-IgD syndrome is caused by mutations
in the mevalonate kinase gene located on the long
arm of chromosome 12.

Tumor necrosis factor receplor-associated
periodic syndrome is caused by mutation in the
TNFRSF1A gene. It is located on the short arm of
chromosome 12 and encodes the 55-kDA receptor
for tumor necrosis factor.”!

Synaovial Fluid Assessment

In pediatric rheumatologic diseases, the main
reason to evaluate synovial fluid is fo rule out
infection. Fluid should be senl in a heparinized
tube for cell counts, Gram stain, cultures, and glu-
cose. In a bacterial process, the white blocd cell
count is usually 50,000 to 300,000/ mm?® with more
than 80% neutrophils.® The white blood cell
count is usually less than 50,000/ mm?® in arthritis
secondary to tuberculosis or Lyme disease. In the
latter, resulls of pelymerase chain reaction testing
for Borrelin burgdorferi may be positive in the syn-
ovial fluid, but polymerase chain reaction testing
of synovial tissue has a much higher yield. In
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juvenile rtheumatoid arthritis, the synovial fluid
oftenn has a white blood cell count of 15,000 to
30,000/ mm® with approximately 75% neu-
trophils.” Rarely, crystals may be seen, consistent
with a metabolic disease such as gout.

LABORATORY EVALUATION IN SPEGIFIC
RHEUMATOLOGIC DISEASES
Juvenile Rheumatoid Arthritis

Laboratory assessment of the child with prob-
able juvenile rheumatoid arthritis is helpful to
rule out other possible diagnoses and to support
clinical suspicions. No laboratory studies are
diagnostic for juvenile rheumatoid arthritis.
Many children with pauciarticular and polyartic-
ular juvenile rheumatoid arthritis have normal
laboratory profiles, whereas those with active
systemic onset juvenile rheumatoid arthritis
should have notable changes in their complete
blood cell count and elevation of acute phase
reactants (Table 4). A child thought to have sys-
temic onset juvenile rheumatoid arthritis who
does not have an elevated white blood cell count
or platelet count should be evaluated for malig-
nancy or macrophage activation syndrome, a rare
complication seen in systemic onset juvenile
theumatoid arthritis. Children with pauciarticu-
jar juvenile rheumatoid arthritis and a positive
result on ANA festing are at increased risk of
uveitis.

Systemic Lupus Erythematosus

Of the 11 diagnostic criteria for systemic lupus
erythematosus, only 4 involve laboratory abnor-
malities.! These include positive ANA results,
positive anti-double-stranded DNA or anti-5m or
antiphospholipid antibodies (lupus anticoagulant
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or anticardiolipin antibodies) results, cytopenias,
or urinary abnormalities (urinary protein > 0.3
g/d or cellular casts). In addition to these studies,
many other laboratory tests are often obtained for
a patient with highly suspected or newly diag-
nosed systemic lupus erythematosus to further
define the extent of organ system involvement.
These include liver and renal function tests, serum
albumin, ESR, CRP, direct Coombs’ test, thyroid
function studies, complement levels (CH50, C3,
and C4), SS-A, S5-B, rheumatoid factor, and
anti-B2-glycoprotein 1.

Dermatomyositis

The laboratory hallmark of juvenile dermato-
myositis is muscle enzyme elevation. It is impaor-
tant for diagnosis and also useful for assessing
response to treatment. At diagnosis, more than
90% of patients have an increase in at least one of
four muscle enzymes: creatine kinase, aldolase,
serum  glutamic-oxaloacetic  transaminase
(SGOT), and lactate dehydrogenase.® All shouid
be checked initially to understand which
enzymes may be most helpful in monitoring the
patient’s course. Creatine kinase and aldolase are
more specific to muscle and tend to be used more
often than SGOT and lactate dehydrogenase. ESR
and CRP may be elevaied in active disease. The
ANA test result may be positive. Myositis-specif-
ic antibodies, such as Mi-2 and Jo-1, are rarely
found in patients with juvenile dermatomyositis.

MISCELLANEQUS PEDIATRIC RHEUMATOLOGEC
DISERSES
Pseriatic Brthritis

ANA is present in 30% to 60% of children with
psoriatic arthritis. Acute phase reactants and
platelets may be elevated. Patients may have a
mild anemia.

Polyarteritis Rodosa

Marked elevation of ESR and CRP is common
in polyarteritis nodosa. Anemia, leukocytosis,
and thrombocytosis are expected. Hematuria and
proteinuria are frequently seen.

Henoch-Schénliein Purpura

Serum. JgA is increased in approximately 50%
of patients with this disease.* Platelet and white
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blood cell counts may be elevated. Urinalysis
may show microscopic hematuria and protein-
uria, which is usually mild but can be severe.

Wegener's Granulomatosis

cANCA and anti-proteinase 3 antibodies are
usually present in active disease. The results of
urinalysis are often abnormal, with proteinuria,
hematuria, and red cell casts. Anemia may be sig-
nificant. Increases in platelet count, ESR, and CRFP
are COTMON.

Sarcoidosis

Angiotensin-converting enzyme, produced by
the epithelioid cells of sarcoid granulomas, is ele-
vated in more than two-thirds of patients with
sarcoidosis. Hypercaleuria and hypercalcemia
occur frequently. Other nonspecific laboratory
findings may be increased immunoglobulin lev-
els, eosinophilia, and elevated acute phase reac-
tants,

Behget's Disease

Laboratory studies are particularly unhelpful
in this disease. Antiphospholipid antibodies are
occasionally found. Serum levels of circulating
imumune complexes, immunoglobulins, and acute
phase reactants may be elevated.

Systemic Sclerosis

Results of ANA testing are usually positive,
predominantly in speckled or nucleolar patterns.
Although anti-Scl70 is found in approximately
25% of adults,® it is less frequent in childhood
systemic sclerosis. Other laboratory findings may
include anemia, abnormal results on urinalysis,
and elevated muscle enzymes.

SPECIAL GLINICAL SETTINGS
The Child With Musculeskeletal Pain

Children with musculoskeletal pain  of
unknown etiology often have screening studies
performed, such as a complete blood cell count,
ESR, or CRP If these results are mormal, then
suspicion of a serious inflammatory process is less-
ened. However, because most pediatric theumato-
logic illnesses are diagnosed clinically, normal
results do not rule out disease. The laboratory
approach to the child with one painful joint is dif-
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ferent from that to the child with polyarticular or
diffuse pain complaints.

The differential diagnosis for a child with one
involved joint includes injury, focal infection, bony
tumor, pauciarticular juvenile theumatoid arthri-
tis, psoriatic arthritis, and other enfities. Work-up
should include a radiograph to evaluate for a
tumor or other bony process. If there is concern of
an infection, synovial fluid may be obtained. Lyme
titers may be sent if the child has been in an
endemic area. If the child’s course is suggestive of
pauciarticular juvenile rhewmatoid arthritis or
psoriatic arthritis, ANAs should be checked.

The differential diagnosis for the child with pol-
yarticular complaints includes postinfectious
arthritis, polyarticular juvenile rheumatoid arthri-
tis, systemic lupus erythematosus and other
illnesses, spondyloarthropathy,
malignancy, and other diseases. Laboratory work-
up may include ANA, rheumatoid factor, strepto-
coccal antibody titers (both ASO and anti-DNase
B), Epstein—Barr virus titers, and other studies
depending on clinical suspicions based on the his-
tory and physical examination. Patients with cex-
tain malignancies, espedally leukemia, may pre-
sent with musculoskeletal pain and other physical
and laboratory findings suggestive of diseases
such as systemic lupus erythematosus or juvenile
rheumnatoid arthritis. If a patient’s presentation is
atypical for rheumatic disease and if any concerns
regarding malignancy exist, then uric acid and lac-
tate dehydrogenase testing should be done and
bone marrow and special radiologic studies may
need to be performed.

autoimmune

The Child With a Positive ANA Test Result

Referrals are commonty made to the pediatric
rheumatologist for the evaluation of the child
with a positive ANA test result. If the titer is low,
especially 1:160 or less, and the child has negative
results on history and physical examination, no
further work-up is indicated. Titers of 1:320 to
1:640 may warrant further evaluation, especially
if the review of systems or the examination is con-
cerning. Titers of this level (or lower) are often
seent in juvenile rheumatoid arthritis and psoriat-
ic arthritis. Performing a compiete blood cell
count and ESR or CRP for these patients is appro-
priate. Epstein-Barr virus titers could be checked
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because this infection has been associated with
medium to high titers of ANA._ If there is concern
of multisystem disease, especially if the ANA is
1:1,280 or greater, evaluation of specific ANA,
complement levels, urinalysis, and other studies
may be indicated.

CONCLUSION

Laboratory evaluation of the child with sus-
pected theumatic disease is a valuable addition to
the clinical assessment. Specific laboratory results
can lessen or increase concerns of the presence of
a rheumatologic process. Results may support
one’s working diagnosis and also help to fulfill
diagnostic criteria for cértain diseases. But labo-
ratory tests should not be used alone to confirm
or exclude a rtheumatic diagnosis. Also, it is
important to recognize that commonly used tests
(eg, ANA and rheumatoid factor) often yield pos-
itive results in patients with nonrheumatic dis-
eases. This is critical to avoid misdiagnosis and
inappropriate treatment, as well as to provide
direction for further evaluation of the patient.

During the past few decades, much progress
has been made in understanding the immunolog-
ic processes and the genetics of various rheuma-
tology illnesses. As more knowledge is gained in
these areas, it is likely that laboratory studies will
be developed that will be more specific and diag-
nostic for rheumatic diseases.
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Limb Pain in Childhood

David D. Sherry, MD, FAAP*

The questions below should help
focus the reading of this article.

1. What are typical physical exami-
nation findings in children with joint
hypermobility?

2. What clinical features are helpful in
differentiating between toxic synovi-
tis and septic arthritis?

3. In patients with normal radio-
graphs, what causes of limb pains are
likely to be detected by bone scans?
4. In an adolescent with psychologic
problems and dysfunction of an ex-
tremity, what are helpful clinical fea-
tures in differentiating between reflex
neurovascular dystrophy, psycho-
genic pain, and conversion reac-
tions?

Limb pain during childhood is com-
mon, and its causes range from the
benign, such as joint hypermobility,
to the potentially fatal, such as infec-
tion or tumor. Clues to the diagnosis
are usually evident in the history,
which can then give direction to the
physical examination and, if neces-

TABLE 1.
in Childhood

Il children with limb pain

With severe joint pain
Infectious
Neoplastic
Rheumatic/immune-mediated

Without specific joint pain
Infectious
Neoplastic
Rheumatic
Metabolic

Causes of Limb Pain

Well children children with limb pain
Traumatic
Mechanical
Neoplastic
Hematologic
Infectious
Rheumatic
Psychophysiologic
Miscellaneous

*Assistant Professor of Pediatrics, University of
Washington, Director, Clinical Pediatric Rheu-
matology, Children’s Hospital & Medical Cen-
ter, 4800 Sand Point Way, NE, Seattle, WA
98105.

sary, laboratory investigations. Chil-
dren with limb pain may be either ill
or well (Table 1).

ILL CHILDREN WITH LIMB PAIN
Severe Joint Pain

The majority of ill children with se-
vere limb pain experience an acute
onset and may have associated
symptoms, such as rash, fever, pre-
vious infection (especially skin infec-
tion, sore throat, or diarrhea), con-
junctivitis, dysuria, or weakness (fre-
quently interpreted by the family as
tiredness). The severe nature of the
pain usually renders the limb immo-
bile or prevents even light weight-
bearing. Erythema over the joint is an
important sign because it is rare in
chronic arthritic conditions (Table 2).
The most important possible diag-
noses include: infection, neoplasia,
gastrointestinal disorders, rheumatic
diseases, and cardiopulmonary dis-
ease.

Infection. Septic arthritis (with or
without osteomyelitis) is the most
common cause of severe monarticu-
lar pain. The absence of fever does
not exclude a bacterial process. This
is particularly true of septic sacroilitis
and osteomyelitis of the pelvic and
vertebral bones. Sudden onset of se-
vere joint pain with marked swelling
(and frequently erythema) is charac-
teristic and typically involves the
knee, hip, and ankle. The most com-
mon agent is Staphylococcus in older
children and Haemophilus influenzae
in younger children. Muitiple joint in-
fection can occur with H influenzae
and the Neisseria species.

Septic sacroilitis can be occult and
have an indolent course. Although the
pain may radiate to the hip or leg, the
most intense pain is elicited with
movement of the sacroiliac joint. This
is effected by either compressing the
iliac wings medially or by flexing and
externally rotating the hip while push-
ing downward on the knee when the
patient is supine. If septic sacroilitis
is suspected, the sacroiliac joint
should be palpated by digital rectal
examination.

pediatrics in review

EDUCATIONAL OBJECTIVE

26. The pediatrician should have
knowledge to make an appropriate
evaluation of a 9-year-old boy with
a limp and pain in his left knee and
thigh, differentiating among tran-
sient synovitis, septic arthritis (in-
cluding Lyme disease), osteomye-
litis, Legg-Calve-Perthes disease,
spondyloarthropathy, juvenile ar-
thritis, rheumatic fever, tumor,
slipped capital femoral epiphysis,
and a conversion reaction (Topics,
90/91).

Signs and symptoms of septic ar-
thritis or osteomyelitis cf the foot 2
to 3 weeks after a puncture wound
deserve special mention. Frequently,
the puncturing instrument comes
through the shoe, and the foreign
material must be arduously sought.
In this case, Pseudomonas aerugi-
nosa is a likely infecting organism.

Bone scans are frequently
helpful when plain
radiographs are normal in
infections, occult fractures,
diskitis, reflex neurovascular
dystrophy, Legg-Calveé-
Perthes disease, and osteoid
osteoma.

Certain laboratory findings may
also be helpful in determining whether
or not severe joint pain is caused by
infection. A bone scan may be diag-
nostic long before radiographic
changes have occurred. In the case
of septic arthritis, the synovial fluid
usually has more than 50 000 white
blood cells per cubic millimeter. The
synovial fluid glucose level normally
can be up to 40 mg/dL less than the
serum level; lower levels suggest in-
fection as opposed to inflammation
from rheumatic causes. Measure-
ment of synovial fluid protein concen-
tration is unhelpful. Unfortunately, or-
ganisms are cultured from only 50%
to 70% of septic joints. Therefore,
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Limb Pain

TABLE 2. Conditions With
Which Joint Erythema May Occur

Septic arthritis

Serum sickness

Kawasaki syndrome

Acute rheumatic fever

Leukemia

Systemic lupus erythematosus

Reiter syndrome (reactive
arthritis)

Juvenile rheumatoid arthritis

(extremely rare)

with the clinical findings of septic ar-
thritis, full antibiotic therapy should
be administered. The erythrocyte
sedimentation rate is a useful guide
to monitor therapeutic response.
Neoplasia. Either leukemia or
neuroblastoma can appear as a sin-
gle inflamed joint, usually the hip.
Bone pain, especially over the tibia,
is common. These conditions occur
in younger children, and the age of
onset peaks between 2 and 7 years
of age. A normal complete blood
count does not eliminate these diag-
nosis considerations; a bone marrow
examination or bone scan will be in-
dicated in an obligate number of sick
children with limb pain.
Gastrointestinal Disorders. The oc-
currence of gastrointestinal symp-
toms with joint disease (usually the
lower extremity) is suggestive of in-
flammatory bowel disease. Most pa-
tients will have bloody diarrhea, fever,
and weight loss by the time arthritic
manifestations are present. Previous
infectious gastroenteritis, especially
those caused by Salmonella, Shi-
gella, Yersinia, and Campylobacter
can be followed within 2 to 4 weeks
by a reactive arthritis, including Reiter
syndrome. Reiter syndrome consists
of arthritis, urethritis (which may not
cause dysuria but only a sterile pyu-
ria), and conjunctivitis (transient and
frequently appearing early). Fever is
common, and there may be an asso-
ciated rash, most commonly on the
glans penis (small, painless ulcers) or
soles of the feet (small vesicles pro-
gressing to hyperkeratotic papules).
The signs and symptoms of Reiter
syndrome may not necessarily be
synchronous; it may take a week or
more to arrive at the diagnosis.
Rheumatic Diseases. Acute rheu-
matic fever is seen between the ages
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of 5 and 15 years. It follows a Group
A p-hemolytic streptococcal infection
by 2 to 4 weeks and is associated
with a host of systemic symptoms,
the most frequent being arthritis, car-
ditis, and fever. The Jones criteria
must be met in order to make a defi-
nite diagnosis (Table 3). The arthritis
is quite severe causing exquisite
pain, swelling, and frequently ery-
thema. The arthritis is migratory, last-
ing up to a week in any single joint.

Systemic lupus erythematosus is
more common in female adolescents
than in male adolescents, and it is
associated early with arthritis or ar-
thralgia. When arthritis is present, it
usually causes severe joint pain and
can cause joint erythema.

Systemic onset juvenile rheuma-
toid arthritis typically is associated
with high spiking fevers and marked
systemic symptoms, including debili-
tating myalgia and arthralgia. The ar-
thritis may appear days to weeks
after the onset of systemic symptoms
and is not as severe as the arthritis
of the conditions just mentioned. It
can be monarticular but more fre-
quently is polyarticular.

Serum sickness, which follows 2 to
4 weeks after exposure to an anti-
genic (such as the antibiotic cefaclor),
may be associated with rash, fever,
and peripheral swelling from edema
or arthritis.

In a younger child, Kawasaki syn-
drome can cause limb and joint pain,
but typically it occurs days to weeks
after fever, rash, peripheral edema

Nonsteroidal anti-
inflammatory medications
will not obscure serious
iliness such as malignancy,
infection, or arthritis.

and redness, mucocutaneous in-
volvement, lymphoadenopathy, and
conjunctivitis. An early clue to Ka-
wasaki syndrome is the presence of
iritis on slit lamp examination. This
symptom is found in up to 80% of
cases during the first week of iliness.

Henoch-Schoenlein purpura is as-
sociated with arthritis. However, chil-
dren generally are not very ill, except
for low-grade fever. Signs and symp-
toms may develop over a week or
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TABLE 3. Revised Jones
Criteria for the Diagnosis of Acute
Rheumatic Fever*

Major Minor
Manifestations Manifestations
Carditis Fever
Polyarthritis Arthralgia
Chorea Previous
Erythema rheumatic
marginatum fever
Subcutaneous Previous
nodules rheumatic
heart
disease

* Evidence of a previous strepto-
coccal infection (increased anti-
streptococcal antibodies, positive
culture, or recent scarlet fever) is
required, except when the current
problem is a late complication, such
as Sydenham chorea or low-grade
carditis. Two major criteria or one
major criterion with two minor cri-
ieria are required to fulfill Jones cri-
teria.

two and may last as long as 8 weeks.
These include: arthritis; nonthrom-
bocytopenic purpura, which may be
preceded by urticaria, in dependent
regions of the body (typically, below
the waist and elbows); sharp, inter-
mittent abdominal pain, occasionally
associated with hematochezia; and
microscopic hematuria. Children 4 to
7 years old are usually affected.
Treatment is supportive; nonsteroidal
anti-inflammatory medication relieves
the arthritis. Rare severe sequelae
include intussusception and renal fail-
ure.

Cardiopulmonary Disease. Most
children with new onset hypertrophic
pulmonary osteoarthropathy are
quite ill. They have painful wide-
spread arthritis and may not have
pulmonary symptoms. The etiology is
usually pulmonary neoplasia, such as
lymphoma. New onset clubbing is an
early finding and may be present
months before they become ill. A
chest radiograph should be obtained.

Absence of Specific Joint Pain

Not all children with limb pain will
have their pain limited to the joints.
Careful questioning may lead the phy-
sician to suspect muscle, tendon, or
bone disease. It is important to con-





sider that referred pain may be de-
scribed as limb pain when the pa-
thology is proximal to the pain. The
most common are lateral thigh pain
(with or without medial knee pain)
arising from the hip and spinal pa-
thology in association with leg com-
plaints.

Infection. Limb pain that can be
hard for both patient and physician to
localize can occur with osteomyelitis,
especially in the pelvis. Plain radio-
graphic studies may be normal; if os-
teomyelitis is suspected, a bone scan
is indicated. Pyogenic myositis is
most common in the southern United
States and tropics and is most com-
monly due to Staphylococcus aureus.
It can involve any muscle; and fre-
quently the biceps, quadriceps, glu-
teal muscles, and pectoralis are af-
fected. If an abscess is present, sur-
gical drainage and antimicrobial
therapy are required.

Diskitis can occur at any age; the
average age of onset is 6 to 7 years.
Most children have severe back or
leg pain and refuse to walk. High
fever is uncommon, but most have
elevated erythrocyte sedimentation
rates. Diskitis is most likely infectious,
especially due to S aureus, although
positive cultures are obtained in only
60% of the patients. Treatment is
bedrest using a spica cast or traction
and the administration of antistaphy-
lococcal parenteral antibiotics for 4
weeks.

Neoplasia. Limb pain due to leu-
kemia or neuroblastoma may not
necessarily cause arthritis, as previ-
ously described.

Rheumatic Diseases. Several of the
conditions discussed above may re-
sult in limb pain or arthraigia before
frank arthritis is present. Systemic
onset juvenile rheumatoid arthritis
frequently is associated with severe
myalgia and arthralgia, as is acute
rheumatic fever. In systemic juvenile
rheumatoid arthritis, the neck fre-
quently is involved and may mimic
meningitis. Bilateral calf pain is an
early sign of polyarteritis nodosa, al-
though other signs and symptoms
may develop, such as abdominal
pain, fever, hematuria, hypertension,
and rash over a period of days to
months.

Muscle pain can be a feature of
these rheumatic diseases and is a

prominent feature of dermatomyosi-
tis and polymyositis. Multiple viruses
may cause a transient myositis. Se-
vere muscle pain or cramping after
exercise may indicate a metabolic
dysfunction, such as McArdle syn-
drome (first appearing as inability to
relax the muscle after exercise), car-
nitine palmitoyl transferase defi-
ciency, phosphofructokinase defi-
ciency, and Fabry disease. Elevated
levels of serum creatinine kinase or
other muscle enzymes are found with
most of the conditions mentioned.

WELL CHILDREN WITH LIMB PAIN

The majority of children who have
limb pain are otherwise well on initial
examination. They may have intermit-
tent or continuous symptoms, and
the pain may be well localized or quite
vague. At times, gait abnormalities
are the primary concern rather than
pain.

Trauma. Traumatic injuries are
common to long bones and joints.
Traumatic joint effusions are not as-
sociated with any of the signs of in-
flammation. The synovium does not
feel thick and the fluid is bland, ac-
cumulating during 12 to 24 hours
after either a direct blow or forced
abnormal motion. Chronic effusions
can be associated with overuse, such
as chondromalacia patella. Bleeding
into the joint is much more irritating,
and effusions develop within 2 hours.
The work-up should include investi-
gations for fractures or other major
structural damage. Hemophilia can
cause frequent, repeated hemar-
throsis. With or without trauma, he-
marthrosis is a feature of pigmented
villonodular synovitis. This is a benign
tumor of the synovium; however, it
can be invasive locally, is the source
of repeated bleeding into the joint,
and causes marked inflammation.
Adolescents and young adults are
most commonly affected, and the
knee is the most frequent site. Biopsy
is diagnostic; synovectomy is thera-
peutic, although it may need to be
performed repeatedly. Rarely, a syn-
ovial hemangioma will be the source
of repeated hemarthrosis. This will
cause a periarticular mass that may
decrease when the limb is elevated.
Because plain radiographs are not
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helpful, computed tomography or
magnetic resonance images would
be indicated.

Foreign body synovitis (of the kind
seen when a thorn is imbedded in the
joint, for instance) may lead to
chronic, monarticular synovitis. There
is an asymptomatic period after the
implantation of a few days or longer,
followed by acute synovitis that may
alternately remit and relapse. Syno-
vial fluid is inflammatory and contains
10 000 to 50 000 white blood cells/
mm?;, occasionally, birefringent or-
ganic material may be seen under
polarized light microscopy. Definitive
diagnosis and treatment is excision
biopsy and thorough synovectomy.

Joint hypermobility is a
frequent cause of nocturnal
limb pain in young children

and is amiable to physical
therapy.

Joint hypermobility is a common
cause of evening leg pains, frequently
located in the popliteal fossa. It typi-
cally occurs in younger children and
is defined by having four of the follow-
ing five criteria: thumb abducts to
touch forearm, fingers hyperextend
so they are parallel to the forearm,
elbows or knees hyperextend greater
than 10°, and the child can touch
paims to the floor with knees ex-
tended. Pain may be more intense
after certain activities. Treatment
consists of reassurance and discon-
tinuation of secondary gain; some
children may benefit from a physical
therapy program to strengthen the
knee musculature (being careful not
to hyperextend the knee). Many of
these children sit in a W configura-
tion. Many of these children also have
flat feet; flexible flat feet should not
hurt, although increases in the valgus
of the ankle can place increased
stress on the posterior tibial muscles
and cause severe nocturnal pain. A
medial wedge in the shoe frequently
is therapeutic. Inflexible flat feet is a
condition indicative of tarsal coalition,
which will become symptomatic in
half of the patients beginning in early
adolescence. These children experi-
ence repeated peroneal muscle
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spasm and lateral calf pain. Severe
cases require surgical correction.

Not uncommonly, 3- to 5-year-old
children experience benign nocturnal
musculoskeletal pains, or so-called
growing pains. These occur more fre-
quently in girls than in boys and are
intermittent and localized to the calf,
thigh, popliteal fossa, or groin; rarely
do they involve the arms. Stretching
exercises, reassurance, time, and the
removal of secondary gain are the
only measures that are needed.

Lyme Disease. One to 2 months
after infection with the Lyme spiro-
chete, arthritis or arthralgia may de-
velop. It is generally short-lived and
episodic, but may cause symptoms
through a period of years. Exposure
to endemic areas and a history of
erythema chronicum migrans are
helpful, although many children report
no rash. Lyme serology, especially for
IgM antibodies, is diagnostic; tetra-
cycline, erythromycin, and penicillin
have been shown to be effective.

Septic Arthritis. The hip poses an
especially difficult diagnostic problem
because of its unique anatomy and
because it is too deep for adequate
inspection and palpation. Even in the
child who appears well, early septic
arthritis warrants careful considera-
tion and will be indicated by extreme
pain and hip muscle spasm with any
attempt to move the hip.

Toxic synovitis is most likely a viral
synovitis or postviral reactive arthri-
tis, and it frequently follows an upper
respiratory tract infection. This is the
most common cause of hip pain in
childhood, and it occurs commonly in
children 5 to 10 years of age; boys
are affected more often. Toxic syno-
vitis is invariably unilateral. The onset
of pain is acute and may radiate to
the groin, thigh, or knee, which is
typical for hip pathology. Some chil-
dren have low-grade fever and ele-
vated acute phase reactants, in
which case joint aspiration for study
and culture are indicated. Most chil-
dren are much less symptomatic than
those with septic arthritis, and they
experience a gradually improving
course in 1 to 2 weeks (although in
rare cases improvement takes
months). Treatment is rest and, oc-
casionally, traction. Nonsteroidal anti-
inflammatory medication will be of
symptomatic help. Because Legg-
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Calvé-Perthes disease is a rare late
sequela of toxic synovitis, follow-up
radiographs should be obtained 3 to
6 months after resolution.

Idiopathic Legg-Calvé-Perthes dis-
ease, caused by repeated infarction
of the femoral epiphysis, is character-
istically insidious, leading to an an-
talgic limp with joint stiffness. Pain
may increase with activity and be re-
ferred to the groin, thigh, or knee.
The hip will be tender to palpation
and limited in flexion, abduction, and
internal rotation. At rest, therefore,
the leg will be flexed and externally
rotated. Boys are more frequently af-
fected than girls; this condition is rare
in blacks.

Radiographic changes are usually
evident with radiolucency in the mid-
portion of the femoral head; from the
lateral view, irregularity of the anterior
epiphysis is usually found. In later
stages of Legg-Calvé-Perthes dis-
ease, one may see radiographic pro-
gression to total collapse of the fem-
oral head. Early in this process, a
bone scan will show decreased up-
take, whereas inflammatory condi-
tions such as arthritis or toxic syno-
vitis cause increased uptake. If the
bone scan is equivocal, magnetic res-
onance images should be obtained.
Treatment is dependent on radio-
graphic stage and age and should be
directed by an experienced or-
thopedic surgeon. If bilateral Legg-
Calvé-Perthes disease is found, other
radiographs should be obtained to
assess for multiple epiphyseal dys-
plasia. Aseptic necrosis of the hip
may occur with sickle cell disease,
Gaucher disease, systemic lupus er-
ythematosus, or as a complication of
corticosteroid therapy.

There is both an acute and chronic
presentation of slipped capital femo-
ral epiphysis. This condition typically
affects adolescent boys and may be
bilateral in up to 30% of cases. The
acute form appears upon initial ex-
amination as a fracture with severe
pain, which prevents weight-bearing
and limits motion after minor trauma,
such as running or jumping. The
chronic form is more common, caus-
ing thigh and knee pain with progres-
sive limitation of hip motion. The spe-
cific loss of hip motion depends on
the direction of the slip. If the slip is
medial, the leg adducts to keep the
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head properly aligned in the acetab-
ulum. On examination, the hip gen-
erally externally rotates as one tries
to flex it. Radiographs should include
a frog-leg lateral positioning to visu-
alize a posterior slippage. Prompt
surgical management is required in all
cases.

Protrusio acetabuli may result in
hip pain, decreased hip range of mo-
tion, or both. Adolescent girls are
more likely to develop this condition,
and it is bilateral in half of cases. As
the acetabulum sinks into the pelvis,
a flexion contracture with increased
lordosis develops, along with a loss
in external rotation. Radiographs are
diagnostic and show the femoral
head at first crossing the teardrop line
of Kohler and then bulging into the
pelvis.

Young adolescent girls also seem
to be more likely to develop idiopathic
chrondrolysis of the hip. The symp-
toms of this condition include chronic
anterior hip pain, which is typically
unilateral and may radiate to the
knee. Diagnosis is by radiograph,
which shows regional osteoporosis,
lateral overgrowth of the femoral
head, and marked narrowing of the
joint space (less than 3 mm). Treat-
ment is symptomatic with a nonste-
roidal agent, range of motion exer-
cises, and decreased weight-bearing.
In many cases, the femoral head will
fuse to the acetabulum; surgical re-
construction or replacement may be
required.

An unfortunate cause of hip pain is
undiagnosed or inadequately treated
congenital dislocation of the hip. This
condition is six times more common
in girls and involves the left hip 1.5
times more frequently than the right
(bilateral disease is seen in 30%). Pa-
tients with congenital dislocation of
the hip report hip pain (or referred
thigh or knee pain), progressive limp
with shortening of the involved leg, a
Trendelenburg gait, and gradually in-
creasing limitation of hip range of mo-
tion. Progressive osteoarthritis en-
sues. Radiographs reveal an oblique,
shallow acetabulum with a dislo-
cated, small, and deformed femoral
head. At this point, surgery is the only
treatment option. Prevention, by early
detection and splinting, is critical.
After the first few weeks of life, the
characteristic hip click felt with ab-





duction in a flexed position disap-
pears; thus, the presence of limited
abduction, abnormal thigh creases,
shortening of the femur, or instability
of the hip should be investigated ra-
diographically or, if necessary, by
computed tomography or magnetic
resonance imaging.

Hip pain (or other limb pain) in oth-
erwise well-appearing children may
also be caused by rheumatic disease,
such as juvenile rheumatoid arthritis,
or seronegative spondyloarthropa-
thy. Isolated hip pain is rare with ju-
venile rheumatoid arthritis. Other
joints—especially the knees, ankles,
and elbows—are typically involved
when children have pauciarticular ju-
venile rheumatoid arthritis. The same
is true of children with polyarticular
juvenile rheumatoid arthritis, who are
additionally at risk for synovitis of the
smaller joints of the hand, foot, neck,
and jaw. These two entities most
often affect girls (especially between
the ages of 1 and 3 years) and ado-
lescents. The spondyloarthropathies
also often cause hip pain, and here
boys predominate. However, addi-
tional sites of inflammation are usu-
ally present, especially in the lower
extremities; most common are in-
flamed entheses (sites of tendon and
ligament attachments to bone). HLA-
B27 is present in 70% of the cases.

Osteoid osteomas can be located
anywhere; most frequently they are
in the shafts of the long bones (es-
pecially the femur) and the posterior
elements of the spine. Vague, severe
pain is the predominant symptom,
and it may respond dramatically to
aspirin. Radiographs show character-
istic dense, sclerotic lesions. Small
lesions are easily seen on a bone
scan. Surgical removal, if complete,
is curative.

Localized bone pain in a young
child (less than 10 years of age) may
be indicative of eosinophilic granu-
loma, which would be visualized as a
unifocal lytic lesion within the diaphy-
seal medullary cavity. Depending on
the lesion, surgery, radiotherapy, or
chemotherapy may be necessary.

Malignant tumors, such as osteo-
sarcoma and Ewing sarcoma, cause
bone pain over the lesion, with or
without swelling. Both osteosarcoma
and Ewing sarcoma occur more com-
monly in boys in their second decade.

Metastatic lesions may be heralded
by constitutional symptoms, includ-
ing weight loss, fever, and weakness.
Both are aggressive tumors requiring
equally aggressive combined ther-
apy.

Hemoglobinopathies, such as sic-
kle cell anemia and thalassemia, may
cause bone and joint pain. Anemia is
an early clue; hemoglobin electropho-
resis is diagnostic.

Localized or widespread pain may
be seen with reflex neurovascular
dystrophy. Most children who have
this condition are 9- to 16-year-old
girls; the lower extremity is affected
predominantly. Pain is the prominent
feature reported and may last
months. In half of those who have
reflex neurovascular dystrophy, mi-
nor trauma precedes the pain; the
pain, however, becomes increasingly
severe with time. In addition to pain,
this condition is characterized by hy-
peresthesia (and occasionally numb-
ness), an incongruent affect when ex-
periencing severe pain, marked com-
pliancy about the degree of pain and
dysfunction, and signs of autonomic

An adolescent with severe
disability, hyperesthesia,
complaining of excruciating
pain with a cheerful affect
most likely has refiex
neurovascular dystrophy.

dysfunction that may include cy-
anosis, coolness, diffuse edema, in-
creased perspiration, and decreased
pulse. Almost all children with this
condition have some degree of psy-
chologic overlay. Laboratory evalua-
tion reveals normal acute phase reac-
tants, normal or disuse osteoporosis
on radiographs, and abnormal uptake
on bone scan (typically decreased but
can be increased). Treatment is ag-
gressive physical therapy, which fo-
cuses on function and desensitizing
hyperesthetic areas. Psychologic as-
sessment is helpful, because almost
all children with this condition require
individual or family psychotherapy.
There is a larger population of chil-
dren without overt signs of auto-
nomic dysfunction who are identical
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to those with reflex neurovascular
dystrophy, except that half have in-
termittent symptoms. Diagnostically,
they fulfill criteria for psychogenic
pain. Conversion reactions do not
cause pain but dysfunction, such as
paralysis.

Mechanical problems frequently
lead to pain. Overuse syndromes,
such as tendonitis and bursitis, are
site-specific and are detected by spe-
cifically testing for each by inspection
and palpation and by stressing the
involved muscle or tendon by testing
muscle strength and range. Chondro-
malacia patella, or patellofemoral pain
syndrome, is the most common and
most difficult to diagnose. Adolescent
girls are prone to develop this; pa-
tients with chondromalacia patella re-
port knee pain, crepitus, locking, or
stiffness. Characteristically, pain re-
sults from pressure to the patella,
either by quadriceps contraction
(such as going down stairs) or by the
physician (by exerting downward
pressure on the patella while the knee
is slightly flexed or by pushing down-
ward and caudally on the patella while
the patient first relaxes and then con-
tracts the quadriceps). Gradual but
intensive strengthening of the quad-
riceps, especially the vastus medialis
(which contracts only during the last
10° of knee extension), is vital to a
satisfactory outcome. Nonsteroidal
agents may help. Attention to other
knee mechanics is important, espe-
cially to patella tracking and the Q
angle (the angle of a line drawn from
the anterior-superior iliac crest and
the middle of the patella and a line
from the middle of the patella to the
midtibial tubercle), which should be
no more than 15°. Surgery may be
required.

Tibial pain in athletes is a special
concern and can arise from a variety
of sources. Shin splints are caused
by periosteal inflammation along the
posterior-medial border of the tibia;
pain is elicited by active plantar flex-
ion and inversion of the foot. Rest,
with or without nonsteroidal medica-
tion, followed by nonimpact exercises
usually brings relief.

Anterior and lateral pain brought on
by exercise may be caused by a
chronic compartment syndrome. Dur-
ing exertion, the pressure within the
compartment increases, and pro-
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longed postexercise decompression
leads to pain and even neurologic
symptoms, such as numbness,
weakness, or temporary foot drop.
The diagnosis must be confirmed by
dynamic pressure testing of the com-
partment in question.

Stress fractures of the tibia are not
uncommon in athletic adolescents,
particularly in female adolescents and
especially in runners. Initial radio-
graphs will be normal, but the lesion
will be evident on bone scan. Dis-
crete, tender swelling just over the
fracture site will be found upon ex-
amination. Rest with close follow-up
to ensure compliance and the devel-
opment of a graduated exercise pro-
gram is usually all that is required.

Osgood-Schlatter syndrome is
caused by microavulsion fractures of
the tibial tuberosity at the site of in-
sertion of the infrapatella tendon. This
syndrome usually develops in chil-
dren and adolescents 11 to 15 years
of age during a spurt of growth. Uni-
lateral disease occurs in three quar-
ters of those affected, and boys de-
velop this syndrome more often than
girls. Rest suffices for most, although
the very exuberant child may need
casting. A pseudoarthrosis may form
and require surgical intervention.

In addition to Osgood-Schlatter
syndrome, traumatic osteochon-
droses include osteochondrosis dis-
secans and Sever disease. Osteo-
chondrosis dissecans refers to the
fracturing off of a bit of subchondral
bone, which gradually works through
the cartilage and causes mild aching
pain and swelling. This typically oc-
curs in the knee of 10- to 20-year-old
males, but may occur in the elbow,
hip, or ankle. Sever disease involves
the Achilles tendon insertion into the
os calcis in 6- to 10-year-old children
and is marked by heel pain.

Aseptic necrosis, in addition to
Legg-Calvé-Perthes disease, can in-
volve the tarsal navicular (Kéhler dis-
ease), the carpal lunate (Kienbdck
disease), or the second or third meta-
tarsal head (Frieberg disease). Local
tenderness results; diagnosis is ra-
diographic. Treatment is either sur-
gical or supportive, until symptoms
subside.

PIR 44 pediatrics in review ¢

THE PRACTICE CASE
Problem

A 9-year-old boy complains of uni-
lateral knee and thigh pain.

History

Present lliness. The current overall
state of health is a useful and impor-
tant piece of information. If the boy is
ill, this would heighten suspicion of
infection, which could be of the hip,
pelvis, femur, or knee. Other signifi-
cant points include: duration of pain
(acute or chronic); previous similar
episodes (involving same or different
joint); recent or past trauma and the
nature of injury; presence of joint lim-
itation, morning stiffness, or swelling;
changes in color or temperature of
the extremity; relationship of pain to
activities, including whether or not he
stops any activity because of pain;
intensity of the pain, including
whether or not the leg can bear
weight, and whether or not the pain
causes him to cry or waken at night;
history of previous infections (sore
throat), upper respiratory tract symp-
toms, diarrhea) or use of medication;
and other symptoms (abdominal pain,
dysuria, conjunctivitis, rash, fever,
mucous membrane lesions) or other
musculoskeletal pain (heel, low back,
metatarsal, tibial tuberosity).

Family History. This is frequently
positive when dealing with the sero-
negative spondyloarthropathies. Par-
ents rarely reveal the presence of low
back pain if they feel it is traumatic in
origin. The physician should ask if any
family member has been treated by a
doctor or chiropractor for backache,
even if that person believes he or she
knows the reason for it; falling off of
a roof 20 years ago may not be the
reason the pain persists. A history of
enthesopathy is hard to obtain; it may
be helpful to ask about the presence
of Osgood-Schlatter syndrome or
heel pain. Significant familial diseases
include acute iritis, inflammatory
bowel disease, collagen vascular dis-
eases, psoriasis, and ankylosing
spondylitis.

Social History. Inquiry into family
dynamics, recent life events, school
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problems, and other psychosocial
factors may be important in diagnos-
ing reflex neurovascular dystrophy,
psychogenic musculoskeletal pain, or
in the future management of patients
with chronic disease.

Physical Examination

General Examination. A careful,
thorough examination will help nar-
row the differential diagnosis, espe-
cially in the case of an ill child. In our
9-year-old, the presence of a rash
suggests Henoch-Schoenlein pur-

Hip pain frequently radiates
to the thigh and knee,
therefore, always examine
the joints above and below
the point of pain.

pura, Reiter syndrome, systemic on-
set juvenile rheumatoid arthritis, pso-
riasis, or systemic lupus erythema-
tosus.

Joint Examination. Our 9-year-old
boy's history of thigh pain would in-
crease suspicion of hip disease.
Thigh pain may arise from the mus-
cle, femur, or suprapatellar bursa. In-
spection of the leg position when
flexed, abducted, and externally ro-
tated may indicate hip pathology.
Swelling, range of motion, tempera-
ture, color, tenderness including hy-
peresthesia should be documented.
Always check the joint above and
below and, for those patients with
lower extremity symptoms, also
check the entheses, especially meta-
tarsal heads, plantar fascial insertion,
and the patella at 2, 6, and 10 o’clock.
Leg length should be measured from
the anterior-superior iliac spine to the
middle of the medial malleoli. In-
creased length is evidence of chronic
inflammation, which causes over-
growth; decreased length may signal
hip dislocation. Thigh muscle mass
should be compared; chronic prob-
lems cause wasting. The vastus me-
dialis should be inspected specifically
in those with knee pain, and the Q





TABLE 4. Laboratory Investigations for Limb Pain

Laboratory Study

Conditions Evaluated

Antinuclear antibodies

Biopsy

Bone marrow examination
Bone scan

C-Reactive protein

Complete blood cell count

Erythrocyte sedimentation rate
HLA-B27
Immunoglobulin levels

Lyme titer
Radiographs

Rheumatoid factor
Streptococcal antibody titers
Synovial fluid

Fat globules

Blood

White blood cell count
Less than 2 000
2 000-50 000

More than 50 000

Birefringent particles
Urinalysis

Juvenile rheumatoid arthritis

Systemic lupus erythematosus

Tumor, including pigmented villonod-
ular synovitis

Chronic synovitis

Sarcoid

Leukemia

Diskitis

Infection

Inflammation

Legg-Calvé-Perthes disease

Occult fracture or tumor

Reflex neurovascular dystrophy

Infection

Juvenile rheumatoid arthritis

Hemoglobinopathies

Infection

Juvenile rheumatoid arthritis

Leukemia

Systemic lupus erythematosus

Infection

Inflammation

Reiter syndrome

Spondyloarthropathies

Hypogammaglobulinemia

IgA deficiency

Lyme disease

Acetabuli protrusio

Aseptic necrosis

Chrondrolysis

Dislocated hip

Fractures

Osteochondritis dissecans

Slipped capital epiphysis

Tumor

Juvenile rheumatoid arthritis

Acute rheumatic fever

Fracture

Hemangioma
Pigmented villonodular
Synovitis

Trauma

Trauma

Juvenile rheumatoid arthritis
Reactive arthritis

Reiter syndrome
Spondyloarthropathies
Systemic lupus erythematosus
Infection

Juvenile rheumatoid arthritis
Reactive arthritis

Reiter syndrome
Spondyloarthropathies
Systemic lupus erythematosus
Thorn synovitis
Henoch-Schoenlein purpura
Reiter syndrome

Systemic lupus erythematosus
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angle measured in those with patella
pain.

Toxic synovitis would be typical for
this age, sex, and location. An acute
slippage of the femoral capital epiph-
ysis would render this boy's hip im-
mobile, and a chronic slippage would
reduce range of motion markedly. For
a child this age, Legg-Calvé-Perthes
disease is a possibility. Possible, but
less likely, would be spondyloarthro-
pathy; juvenile rheumatoid arthritis
would be even more rare. Other pos-
sibilities include osteoid osteoma and
idiopathic chrondrolysis.

Initial Evaluation. Hip radiographs
are essential, including both anterior-
posterior and frog-leg lateral views. If

Any child who stops walking
needs prompt attention until
an answer is found.

the child is ill, the most important test
would be joint aspiration for culture,
cell count, and glucose. Additional
studies in a child with hip disease that
may be indicated, depending on the
severity of iliness, include: complete
blood count, erythrocyte sedimenta-
tion rate, urinalysis, antinuclear anti-
bodies, rheumatoid factor, HLA-B27,
blood culture, and bone marrow as-
pirate (Table 4). A bone scan should
be obtained promptly if bone disease
is suspected (eg, osteomyelitis or
Legg-Calvé-Perthes disease).

Diagnosis. This 9-year-old boy had
a one-day history of left knee and
thigh pain, causing an antalgic gait.
He was otherwise well without fever,
rash, recent infection, or preceding
trauma. Review of systems, family
history, and psychosocial history
were unrevealing. Physical findings
were limited to decreased flexion, ad-
duction, and internal rotation of the
hip. He was not tender over the spi-
nous processes, sacroiliac joints, or
pelvic bones. Investigations included
normal blood counts and urinalysis,
slightly elevated erythrocyte sedi-
mentation rate (25 mm/h), and normal
hip radiographs and bone scan. In
light of this information, toxic synovi-
tis of the hip is the most likely diag-
nosis.

» vol. 12 no. 2 august 1990 PIR 45





Limb Pain

Initial Treatment. Initial therapy
would be supportive and directed to-
ward decreasing pressure within the
hip joint and relief of pain. Bedrest,
close follow-up, and anti-inflamma-
tory medication is usually sufficient
and will not obscure chronic, septic,
or neoplastic processes.

A final note: Any child who refuses
ambulation needs prompt attention
and, if the diagnosis is not apparent,
close follow-up or hospitalization is
indicated.

Self-Evaluation Quiz

1. A 4-year-old girl complains of pain in her
popliteal fossae in the evenings. Which of
the following findings would not be consist-
ent with joint hypermobility as a cause of
her symptoms?

A. Thumb abducts to touch forearm.

B. Feet are fiat and infiexible.

C. Fingers hyperextend so that they are par-

allel to forearm.

D. Elbows and/or knees hyperextend more
than 10°.

E. Child has ability to touch palms to floor
with knees extended.

2. A 7-year-old boy has an acute onset of
pain in his right hip. There is no history of
trauma or fever. Other than some limited
range of motion in the hip joint, he appears
well and the physical examination is unre-
markable. The most likely diagnosis is:

. Legg-Calvé-Perthes disease.

. Slipped capital femoral epiphysis.

. Protrusio acetabuli.

. Septic arthritis.

. Toxic synovitis.

moOO o>

3. In a patient with normal radiographs,
bone scans are least likely to be helpful in
the presence of:
A. Benign nocturnal musculoskeletal pains
of childhood.
. Occult fractures.
. Diskitis.
. Osteoid osteoma.
. Legg-Calvé-Perthes disease.

mooOw

4. A 14-year-old girl has had problems with
her right arm for 1 month. Each of the follow-

ing would be consistent with a diagnosis of
reflex neurovascular dystrophy, except:

. Increasingly severe pain through time.

. Hyperesthesia.

. Paralysis without pain.

. Signs of autonomic dysfunction.

. Abnormal uptake on bone scan.

mooO o>
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EDUCATIONAL OBJECTIVE

91. The pediatrician should have
an appropriate awareness of the
cardiac defects associated with
Marfan syndrome. (Recent Ad-
vances, 90/91)
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Cardiovascular Involvement in Marfan Syndrome

The Clinical Course and Echocardiographic Features of Marfan’s Syndrome in
Childhood. Geva T, Hegest J, Frand M. Am J Dis Child. 1987;141:1179-1182.
Mitral Valve Dysfunction in the Marfan Syndrome: Clinical and Echocardiographic
Study of Prevalence and Natural History. Pyeritz RE, Wappel MA. Am J Med.
1983;74:797-807.

Echocardiographic Study of Cardiac Abnormalities in Families of Patients With
Marfan’s Syndrome. Pan CW, Chen CC, Wang SP, et al. J Am Coll Cardiol.
1985;6:1016-1020.

Mitral valve problems and aortic root dilatation are nearly universal in patients with
Marfan syndrome. Using echocardiography, Pan et al demonstrated mitral prolapse in
12 of 12 and aortic root dilatation in 10 of 12 patients with Marfan syndrome. These
lesions are also present in over one fourth of the patients’ first degree relatives. Geva
et al found echocardiographic features of mitral prolapse in 25 of 25 patients with
Marfan syndrome, and aortic root dilatation in 20 (80%).

The studies by Geva et al and by Pyertiz and Wappel demonstrate that mitral valve
dysfunction and aortic root dilatation are progressive. Morbidity and mortality are more
likely to be due to mitral insufficiency in young subjects and to aortic dissection or
aortic insufficiency in older patients.

Comment: Although these studies may be criticized because of selection bias
(undoubtedly many of the patients were referred because of a murmur and were
subsequently diagnosed as having Marfan syndrome), there is no denying the high
incidence of mitral prolapse and aortic root dilatation in patients with Marfan syndrome.
There is consensus that symptoms are often present in infancy and childhood, that
they are progressive, and that athletic participation is contraindicated even in the
absence of symptoms. There is disagreement about the beneficial effects of long-term
B-adrenergic blockade and optimal timing of surgical intervention. (Howard P. Gutge-
sell, MD, University of Virginia Medical School)
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Robert A. Doughty, M.D., Ph.D., and Carlos D. Rose, M.D.

Limp, an uneven, jerky, or laborious gait, is

commonly seen in the presence of musculoskele-
tal disease in children. Careful observation of the
gait and of the anatomic localization of the source
of pain/weakness is crucial for identification of the
involved area. An antalgic gait results from a short
stance phase caused by pain in response to weight-
bearing on that extremity, while a Trendelenburg
gait is characterized by a downward pelvic tilt duz-
ing the swing phase due to weakness or spasm of
the contralateral gluteus (medius) muscle, often as
aresult of hip disease.

EVALUATION
Differential Diagnosis

Of the many conditions (Table 30.1) associated
with limp, the most common cause at any age is
trauma (Table 30.2); a significant injury usually is
noted by an older child or adolescent but may be
overlooked in an active toddler.

The “orthopedic” limps consist of a group of
idiopathic conditions that include slipped capital
femoral epiphysis (SCFE), congenital dislocation
of the hip (CDH), and avascular necrosis (AVN).
Legg-Perthes disease (AVN of the femoral head)
affects children 5 to 9 years of age and, as in SCFE,
the pain often is referred to the knee. Osgood-
Schlatter usually is identifiable by local tenderness
and swelling at the level of the distal infrapatellar
insertion, and occurs primarily in young adoles-
cents. Chondromalacia patellae is a common clin-
ically diagnosable cause of limp and pain in active
adolescent girls. Osteochondritis dissecans, a
punched-out lesion of the hyaline cartilage of the
femoral condyle, is uncommon but can be diag-
nosed with plain films.

Benign hypermobility syndrome is a common
cause of recurrent musculoskeletal pain in chil-
dren. 1t usually presents as 1- to 4-week cycles of
episodic, nocturnal, postactivity, bilateral, ill-
defined pain of the lower extremities.

An increasingly recognized pediatric condition
is reflex sympathetic dystrophy (RSD)—an entity

characterized by intense, ill-defined, generally
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unilateral pain and mottling of the entire ex
Antecedent mild infury or immobilization i
mon. The psychologic background in these(
tients often includes environmental stress an

. Sprain
ondary reinforcement. Contusions/ie
Most children with limp have minor disord ;’:{’:&%‘:‘\%259
that respond to treatment on an ambulatory ba Bursitis
A few patients, however, have more serious cot Intervartebra
tions such as fractures, SCFE, CDH, AVN, i Rhseé"'aﬂon
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ain (severe with fracture, infection, RSD, or
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fome); presence of morning stiffness (typical of
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e). A patient complaint of “jeint locking” sug-
ists orthopedic sources of limp, including inter-
derangement or osteochondritis dissecans with.
intraarticular bodies.

eferred pain always should be considered,
aticularly during the physical examination, A

Yes ‘ No

Negative Initlal

Pursue workup as dascribed avatuation

in text (Table 30.1)

‘Close outpatient
foliow-up for
1-2 weoks

'

Limp persists

Figure 30.1. Approach fo the diagnosis of limp.

slipped or infected disk or a space-occupying
lesion of the spinal canal may cause hip, knee, or
leg pain leading to limp. Hip disease may cause
pain to be referred to the knee, particularly in
Legg-Perthes syndrome and SCFE.

A thorough review of systems should be pes-
formed. A recent history of viral infection or use
of an antibiotic may suggest an immune com-
plex-mediated arthritis (as seen in postinfectious
reactive arthritis), serum sickness {often associ-
ated with oral cephalosporins), or toxic synovitis.
In postinfectious reactive arthritis and in serum
sickness, multiple organ involvement (skin,
mucosal membranes, eyes, and internal organs),
periarticular swelling, migratory arthritis, acute
onset, and systemic features are more typical than
a presentation with simple limp. Acute rheumatic
fever, Reiter’s syndrome, erythema nodosum,
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Table 30.2 Causes of Limp Differentiated by Age
of Presentation

Preschool
Oceult trauma (e.g., muscle/ligament stress, epiphyseal
fracture)
Toxic synovitis
Osteomyelitis
School age
Traumatic lesions
Benign hypermobility syndrome
Aseptic necrosis of the femoral epiphysis (Legg-Perthes)
Adolescent J
Traumatic lesions
Aseptic necrosis of the tibial tubercle (Qsgood-Schiatter)
5lipped capital femoral epiphysis (SCFE)
Reflex sympathetic dystrophy

erythema multiforme, and Henoch-Schonlein
purpura are examples of postinfectious processes.
Toxic synovitis is the most likely to be seen ini-
tially with an isolated limp. Additional findings
are limited range of motion of the hip, a moder-
ately elevated erythrocyte sedimentation rate
(ESR), and a normal-appearing X-1ay. Other perti-
nent concerns the emergency physician should
ask about, especially in examining toddlers,
include asking about the presence of the follow-
ing: (1) recent intramuscular injections; (2) a
recent vaccination (particularly measies-mumps-
rubella); or (3) new, poorly fitting shoes.

Physical examination should include muscular
strength testing; joint examination for warmth,
swelling, tenderness, range of motion, and periar-
ticular atrophy (chronic arthritis); and bone per-
cussion for tenderness (discitis, osteomyelitis,
and malignancy). Skin tenderness, exquisite pain
on palpation, mottling, and decreased tempera-
ture are found in RSD. Gait should be observed,
with shoes off and on, and the patient should be
asked to climb up steps. Leg lengths should be
checked (anterior superior iliac crest to medial
malleolus), and circumferences measured. Brisk
reflexes, borderline Babinski reflex, and a tense
heel suggest mild cerebral palsy. Foot deformities
are seen in Charcot-Marie-Tooth disease, and
tarsal collision and regional weakness can be
found in various muscular dystrophies. Special
areas to check include (1) the soles of the feet and
the area between the toes, for foreign bodies; (2)
calluses or marks on the feet that indicate poorly
fitting shoes; (3) the spine, to elicit referred pain;
(4) the toes, for psoriatic dactylitis or ingrown toe-
nails; (5) the plantar fascia and the Achilles inser-

Table 30.3 Causes of Limp and its Associations

High Morbidity
Fracture
SCFE
AVN
CDH -
Discitis and osteomyelitis
Septic arthritis
Potential Mortality
Bone tumors
Leukemia
Neuroblastoma :
Thrombophlebitis of deep veins {rare}

tion, for enthesopathy (pain at site of inserti
(6) the sacroiliac joints, for tenderness; and (’:‘); i
abdomen for a mass. A rectal examination '
patient should be considered to search for

abscess or a sacral mass,

_ The most useful studies for evaluating limp

(1) the radiograph to rule out fractures, effusion
not evident on physical examination), Wif
lesions, and periosteal reaction; (2) a complel3
blood count as an indicator of infection, inflai}
mation, malignancy, or hemoglobinopathy; i
(3) ESR to help differentiate infectious, infla
matory, and malignant processes from ot
causes of limp. Other potentially useful tes]
include technetium bone scan (for osteomyelit
Legg-Perthes, septic arthritis, bone marrg
tumor, discitis, aseptic necroses, and oste
osteoma), arthrocentesis (complete cell counts i
differentiate septic, traumatic, and rheumataif
arthritides; stains and cultures); arthroscopy (f'
culture, synovial biopsy, and visualization
internal derangements), and gallium scan 0

localize oceult infection or tumor).

When results of the initial history, phys
examination, CBC, BSR, and/or x-rays locali
the site and cause of pathology, the physician i
begin speéiﬁc management. It is not uncommo :
however, for children with recent onset of limp g
remain undiagnosed despite a thorough inifi]
evaluation. Such children may be managed as '
patients without further laboratory work-up

long as close follow-up is assured.
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Lyme Disease
Eugene D. Shapiro, MD*

IMPORTANT POINTS

(arthritis).

istic rash—erythema migrans.

easily.

1. Theclinical manifestations of Lyme disease have three stages: early
localized disease (erythema migrans), early disseminated disease
(multiple erythema migrans, seventh nerve palsy), and late disease

2. Nearly 90% of children who have Lyme disease develop the character-

3. Misdiagnosis is common, primarily because the specificity of serologic
tests for Lyme disease is relatively poor and because tests frequently
are performed on patients who have a low probability of the diagnosis
(eg, those who have only nonspecific symptoms). As a result, false-
positive test results for antibodies are extremely common.

4. Antimicrobial prophylaxisis not indicated routinely for persons bitten
by a deer tick because the risk of Lyme disease from a recognized bite
islow (1% to 2%), and if Lyme disease develops, it usually is treated

5. The prognosis for children who are treated for Lyme disease (what-
ever the stage at the time of presentation) is excellent.

Introduction

Lyme disease is the most common
vector-borne disease in the United
States. A cluster of children in
Lyme, Connecticut, who had unex-
plained arthritis was reported by one
of their parents in the mid-1970s.
Investigation of this “epidemic”

of arthritis led to the description

of “Lyme” arthritisin 1976 and
ultimately to the discovery of its
bacteria etiology. Both the reported
incidence of the disease and its geo-
graphic range have increased dra-
matically in recent years. Perhaps
even more striking has been the
increase in publicity about theill-
ness in the consumer media, which
has been accompanied at times by
near-hysteria about both its risks and
its complications. This publicity,
combined with a very high fre-
quency of misdiagnoses in people
whose symptoms are due to other
causes, has resulted in a degree of
anxiety about Lyme disease (among
both patients and physicians) out of
proportion to the morbidity it causes.

Epidemiology and Ecology
Lyme disease is caused by the spiro-
chete Borrelia burgdorferi, a fastidi-

*Professor of Pediatrics and Epidemiology,
Yale University School of Medicine,
New Haven, CT.
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ous, microaerophilic bacterium that
replicates very slowly and requires
special media to grow in the labora
tory. B burgdorferi is transmitted
by ticks of the Ixodid species—in
the United States, primarily Ixodes
scapularis (previously called Ixodes
dammini), the deer tick. Lyme dis-
ease occurs most commonly in areas
where deer ticks are abundant and
where the prevalence of B burgdor-
feri in these ticks is high (20% to
50%)—southern New England,
southeastern New York, New Jersey,
eastern Pennsylvania, eastern Mary-
land, Delaware, and parts of Min-
nesota and Wisconsin. Lyme disease
is rare in the Pacific states because
although Ixodes pacificus (the West-
ern black-legged tick) can transmit
B burgdorferi, very few (<2%)
of these ticks are infected with
the organism. People who have
increased occupational, recreational,
or residential exposure to tick-
infested woodlands and fields
(the preferred habitat of ticks)
in endemic areas are at increased
risk of developing Lyme disease.
The life cycle of Ixodid ticks
consists of three stages—larva,
nymph, and adult—that occur during
a 2-year period (Fig. 1). Each stage
feeds only once. The adult female
lays eggs in the spring, and the lar-
vae emerge in the early summer.
They overwinter and emerge the
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following spring as nymphs. In the
fall, the nymphs molt and become
adults. The adults spend the winter
on an animal host, a favorite being
the white-tailed deer (hence the
name, the deer tick). In the spring,
the females lay their eggs and die,
completing the 2-year life cycle.

Most larvae (98%) are not
infected with B burgdorferi because
transovarial transmission rarely
occurs. The larvae feed on awide
variety of small mammals (such as
Peromyscus |leucopus, the white-
footed mouse) that are important
natural reservoirs for B burgdorferi
and thereby may become infected.
A tick can acquire infection with
B burgdorferi at each stage in its
life cycle, so the proportion of adult
ticks that is infected is higher than
that of either nymphs or larvae.
However, most cases of Lyme
disease occur after the bites of
nymphal-stage ticks because they
are more abundant than adult ticks,
they are more difficult to detect
due to their small size, and humans
frequently enter tick-infested habi-
tats at times of the year when they
are prevalent.

A number of factors are associ-
ated with the risk of transmission of
B burgdorferi from ticks to humans.
First, atick has to be infected to
transmit the organism. The propor-
tion of infected ticks varies greatly
both by geographic area and stage
of tick in its life cycle. | pacificus
often feeds on lizards, which are
not a competent reservoir for
B burgdorferi. Consequently, only
1% to 3% of these ticks, even in
the nymphal and adult stages, are
infected with B burgdorferi. By
contrast, | scapularis feeds on
small mammals that are competent
reservoirs for B burgdorferi. As a
result, in endemic areas, rates of
infection of | scapularis are approx-
imately 2% for larvae, 15% to 30%
for nymphs, and 30% to 50% for
adults. Infection rates as high as
60% to 90% have been reported
in selected areas.

Lyme disease occurs throughout
the world. In Europe, most cases are
seen in the Scandinavian countries
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FIGURE 1. The life cycle of Ixodes scapularis (the deer tick).

and in central Europe (especially
Germany, Austria, and Switzerland),
although cases have been reported
throughout the continent. The
incidence of Lyme disease varies
tremendously from region to region
and even within local areas. Infor-
mation about the true incidence
of the disease is complicated by
reliance, in most instances, on
passive reporting of cases as well
as by the high frequency of mis-
diagnosis. Further, studies have
indicated that as many as 50% of
patients who develop serologic
evidence of recent infection with
B burgdorferi may be asymptomatic.
In 1995, 11,603 cases of Lyme
disease were reported to the United
States Centers for Disease Control
and Prevention (CDC) by 43 states
and the District of Columbia, which
was the second highest number
reported since surveillance began
in 1982 (athough it was an 11%
decrease from the 13,043 cases
reported in 1994) (Fig. 2). More
than 75% of the reported cases
occurred in just 63 counties (Fig. 3).
In Connecticut, which has the high-
est incidence of Lyme disease in the
United States, the reported annual
incidence of Lyme disease in 1995
was 47.1/100,000 persons and varied
from 7.5/100,000 persons in Hart-
ford County to 129.7/100,000
persons in Wyndham County. In
certain towns in which the disease
is hyperendemic (eg, Lyme), the
annual incidence may be as high as
1,000/100,000 persons or more. The
incidence of Lyme disease is highest
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among children. The reported inci-
dence among children 5 to 10 years
of age in Connecticut in 1995 was
79/100,000 per year. Because not
all cases of Lyme disease are
reported, these figures undoubtedly
are underestimates.

Pathogenesis

B burgdorferi is transmitted when an
infected tick inoculates the organism
into the blood vessels of the skin

of its host. The risk of transmission
from infected deer ticks is related

to the duration of feeding. It takes
hours for the mouth parts of ticks to
implant fully in the host and much

longer (days) for the tick to become
fully engorged. Experiments with
animals have shown that nymphal-
stage ticks must feed for 36 to
48 hours or longer and adult ticks
must feed for 48 to 72 hours or
longer before the risk of transmis-
sion of B burgdorferi from infected
ticks becomes substantial. The
duration of time that atick has fed
can be estimated from indices of
engorgement derived from experi-
ments with animals. Based on
these indices, there is evidence that
approximately 75% of persons who
recognize that they have been bitten
by a deer tick remove the tick fewer
than 48 hours after it has begun to
feed. Indeed, the mgjority of persons
who develop Lyme disease do not
recall atick bite. Unrecognized tick
bites probably are associated with
greater risk because unrecognized
ticks may feed longer. A history of
atick bite is an indication that the
person is at risk and should not be
assumed to be the only exposure.
Like other spirochetes, B burg-
dorferi is a cylindrically shaped
organism, and its cell membrane is
covered by flagella and a loosely
associated outer membrane. The
three major outer-surface proteins,
OspA, OspB, and OspC (which are
highly charged basic proteins of
molecular weights of about 31, 34,
and 23 kd, respectively), as well
as the 41-kd flagellar protein, are
important targets of the immune

Hawaii 0

9
N.H. 29
Mass. 189
R.L 345
Conn. 1493
NJ. 1676
Del. 24
Md. 465
D.C. 2

FIGURE 2. Number of reported Lyme disease cases, by state—United Sates, 1995.

From MMWR. 1996;45:483.

Pediatrics in Review

Vol. 19 No.5 May 1998





North-Central

Northeastern

Cases per 100,000 Population
59 10-29

H >30

FIGURE 3. Reported rates of Lyme disease, by county—north-central and northeast-

ern United Sates, 1995. Excludes counties that have fewer than five reported cases.

From MMWR. 1996;45:483.

response of humans. Differences

in the frequency of certain clinical
manifestations of Lyme disease in
Europe and in the United States

(eg, the greater frequency of neuritis
in European patients) have been
attributed to differences in the
molecular structure of different
strains of B burgdorferi.

After B burgdorferi is inoculated
by the tick into the skin, it begins
to spread locally. The inflammation
results in a single erythema migrans
rash in approximately two thirds of
patients who become symptomatic.
Days to weeks later, the spirochete
may disseminate via either the
bloodstream or the lymphatics to
many other sites, including the skin
(almost 25% of patients develop
multiple erythema migrans), eye,
muscle, bone, synovial tissue, cen-
tral nervous system, and heart.
Although it may be possible to
isolate the organism from cultures
of tissue, the small numbers that are
present and the fastidious nature of
its in vitro growth makes recovery
of the spirochete difficult. Neverthe-
less, B burgdorferi has been isolated
from the blood or from tissue at all
stages of the illness.

The pathogenesis of the symp-
toms late in the course of Lyme
disease appears to be related to
long-term persistence of organisms
in tissues. It is likely that relatively
few organisms actually invade the
host, but mediators of inflammation
amplify the inflammatory response
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and lead to much of the tissue dam-
age. The spirochete prefers cell sur-
faces, but it will adhere to a wide
variety of cell types, which may
explain why it can cause clinical
manifestations in such a broad array
of organ systems. Because the
organism may persist in tissues for
prolonged periods of time, symp-
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toms may appear very late in the
course of infection. The symptoms
of Lyme disease are due to inflam-
mation, mediated by interleukin-1
and other lymphokines, that is a
direct result of the presence of the
organism. However, in a small sub-
set of patients who have refractory
symptoms despite antimicrobial
treatment (such as recurrent Lyme
arthritis), the symptoms may have
an immunogenetic basis. There is
substantial evidence that patients
who have a high prevalence of the
HLA-DR2, DR3, and DR4 allotypes
may be genetically predisposed to
develop chronic recurrent Lyme
arthritis long after the bacteria have
been killed.

Clinical Aspects

The clinical manifestations of Lyme
disease generaly are divided into
two stages. early and late. Early
Lyme disease often is subdivided
further into early localized and early
disseminated disease. The usual clin-
ical manifestations of the different
stages of Lyme disease are shown

in Table 1.

TABLE 1. Clinical Manifestations of Lyme Disease in Children

STAGE OF THE DISEASE

CLINICAL FINDINGS

Early localized disease*

Erythema migrans

Myagia

Fatigue

Headache

Fever

Lymphadenopathy
Arthralgia

Early disseminated disease*

Erythema migrans (single or multiple)

Lymphadenopathy (regiona or generalized)
Conjunctivitis

Neck pain

Cranial neuritis (especialy facial palsy)
Meningitis

Carditis (usually manifests as heart block)
Radiculoneuritis

Fever

Headache
Arthralgia
Myagia

Fatigue

Late disease

Arthritis

*The nonspecific symptoms (eg, headache, myalgia, arthralgia, fatigue) virtually always
accompany more specific manifestations of Lyme disease (eg, erythema migrans).
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FIGURE 4. Uniform erythema migrans
typical of Lyme disease.

EARLY LOCALIZED DISEASE

The skin is the initial target organ
for infection by B burgdorferi. The
first clinical manifestation is the typ-
ical annular rash, erythema migrans.
It usually occurs 7 to 14 days after
the tick bite, although its onset has
been reported as few as 3 days and
as many as 4 weeks later. The rash
may be uniformly erythematous
(Fig. 4) or it may appear as atarget
lesion with variable degrees of cen-
tral clearing (Fig. 5). Occasionaly
there may be vesicular or necrotic
areas in the center of the rash.

The rash may be itchy, painful, or
asymptomatic and may be accompa
nied by systemic symptoms, such as
fever, myalgia, headache, or malaise.
If the patient is not treated, the rash
gradually expands (hence, the name
“migrans’), sometimes to more than
1 ft in diameter. It will persist for
at least 1 to 2 weeks and usually

for longer. Approximately two thirds
of children who have Lyme disease
will have single erythema migrans.

EARLY DISSEMINATED DISEASE

A substantial proportion of children
(nearly 25%) in the United States
who are acutely infected with

B burgdorferi develop multiple
erythema migrans lesions, a mani-
festation of early disseminated
disease that occurs approximately

3 to 10 weeks after initial infection.
The secondary skin lesions, which
may develop several days or even
weeks after the first lesion, are
smaller than the primary lesion.
Fever and myalgia usually accom-
pany the rash. Patients also may
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FIGURE 5. Target erythema migrans
lesion with central clearing.

complain of headache, neck pain,

or malaise, and conjunctivitis and
regional lymphadenopathy may
develop. Occasionally, when the
erythema migrans rash resolves,
new evanescent lesions, which
usually are small (1 to 3 cm) erythe-
matous annular lesions, appear and
disappear over several weeks. These
lesions may appear at different sites
but generally do not expand.

At this stage of the illness, asep-
tic meningitis may occur, athough
it israre (about 1% of al patients).
DNA of B burgdorferi has been
found in the cerebrospinal fluid of
patients at this stage of the illness.
Focal neurologic manifestations,
specifically cranioneuropathies, also
may occur. Seventh-nerve palsy
(facial palsy) is relatively common,
affecting about 3% of children, and
may be the presenting as well as the
only manifestation of Lyme disease.
The palsy usually lasts from 2 to
8 weeks before complete resolution
(with or without treatment). Rarely,
the palsy may resolve only partially
or not at al. Bannworth syndrome
(meningopolyneuritis) has been
reported more commonly as a mani-
festation of Lyme disease in Europe.
Encephalitis, with or without focal
neurologic signs, occasionally occurs.

LATE DISEASE

Arthritis is the classic manifestation
of late Lyme disease, occurring

in about 7% of affected children.
Patients who have arthralgia, a com-
mon, nonspecific symptom that fre-
quently is present among patients
who have early Lyme disease as
well as those who do not have Lyme
disease, should be differentiated
from those who have objective evi-
dence of synovitis (eg, an effusion),
which is the hallmark of late Lyme
disease. The arthritis occurs weeks

Pediatrics in Review

to months after the initia infection.
Primarily the large joints, especially
the knee (which is affected in more
than 90% of the cases), are involved.
Although the affected joint is
swollen and tender, the patient
usualy does not experience the
exquisite pain that is typical of
acute bacterial arthritis. Joint swell-
ing generally resolves within 1 to

2 weeks (although it may last for
several weeks) before recurring,
often in other joints. Although the
large joints are involved most com-
monly, any joint, including small
ones, may be affected. If untreated,
the episodes of arthritis often
increase in duration, sometimes
lasting for months. However, the
disease usually resolves eventualy,
even in patients who are untreated
and who have had many recurrences
of arthritis. Most patients will not
have a history of erythema migrans
because those who have the rash
usualy are treated with antimicro-
bials and do not develop late mani-
festations of disease.

Late central nervous system man-
ifestations of Lyme disease (some-
times termed tertiary neuroborrelio-
sis) rarely have been reported in
children. In adults, chronic demyeli-
nating encephalitis, polyneuritis, and
impairment of memory have been
attributed to Lyme disease, although
there is controversy about the fre-
quency with which such late mani-
festations occur, especially among
patients who have been treated.
Other very rare manifestations of
late Lyme disease include acroder-
matitis chronica atrophicans (a
chronic, atrophic sclerotic lesion of
the skin) and borrelia lymphocy-
toma, a localized, subcutaneous
nodular lesion that usually occurs
in either the earlobe or the breast.

In the largest prospective study
of children who had Lyme disease
(a community-based study of 201
children in Connecticut), the initial
manifestations of disease were: sin-
gle erythema migrans (66%), multi-
ple erythema migrans (23%), arthri-
tis (7%), facial palsy (3%), aseptic
meningitis (1%), and carditis (0.5%).
Erythema migrans was more likely
to occur on either the head or neck
in younger children and on the
extremities in older children, a
finding similar to that recently
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reported from Europe. Only about
one third of the children who had a
single erythema migrans rash had
positive serology for B burgdorferi
at the time of presentation compared
with ailmost 90% of the children
who had multiple erythema migrans.
More than 25% of the children had
early disseminated Lyme disease at
the time that they presented to a
physician, and 89% had either single
or multiple erythema migrans.

CONGENITAL LYME DISEASE

Because clinical syndromes caused
by congenital infection have been
recognized with other spirochetal
infections such as syphilis, the pos-
sible transmission of B burgdorferi
from an infected pregnant woman
to her unborn fetus has been of con-
cern. Although case reports have
been published in which B burgdor-
feri has been identified from several
abortuses and from a few live-born
children who had congenital anom-
dies, the placentas, abortuses, and
tissues from affected children did
not show histologic evidence of
inflammation. In addition, no con-
sistent pattern of congenital malfor-
mations (as would be expected in

a “syndrome” due to congenital
infection) has been identified. In
two small longitudinal studies
conducted by the CDC of pregnant
women who developed Lyme dis-
ease, the adverse outcomes could
not be attributed to infection with

B burgdorferi. Furthermore, sero-
surveys conducted in endemic areas
found no difference in the preva-
lence of congenital malformations
among the offspring of women
who had serum antibodies against
B burgdorferi and those who had
no such antibodies.

To assess the prevalence of clini-
cally significant neurologic disorders
attributable to congenital infection
with B burgdorferi, two investiga-
tors conducted a survey of all pedi-
atric neurologists in areas of the
United States in which Lyme disease
is endemic (Connecticut, Rhode
Island, Massachusetts, New York,
New Jersey, Wisconsin, and Min-
nesota). Of the 162 respondents to
the survey (92%), none had seen a
child who had a clinically signifi-
cant neurologic disorder attributable
to congenital Lyme disease or whose
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mother had Lyme disease during her
pregnancy.

There is no definitive evidence
that B burgdorferi causes congenital
disease, athough the existence of
such a syndrome also has not been
excluded. If it does exist, congenital
Lyme disease must be extremely
rare. Finally, it should be noted
that transmission of Lyme disease
through breastfeeding never has
been documented.

Diagnosis

The diagnosis of Lyme disease,
especialy in the absence of the
characteristic rash, may be difficult
because the other clinical manifesta-
tions of disease are not specific.
Seventh-nerve palsy due to Lyme
disease is indistinguishable from
idiopathic Bell palsy, and Lyme
arthritis may mimic either septic
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Because the sensitivity of cul-
ture for B burgdorferi is poor and
patients must undergo an invasive
procedure such as a biopsy or a lum-
bar puncture to obtain appropriate
tissue or fluid for culture, such tests
are indicated only in rare circum-
stances. Likewise, diagnostic tests,
including the polymerase chain reac-
tion (PCR), that are based on identi-
fication of antigens of B burgdorferi
have not been shown to be suffi-
ciently accurate to be clinically use-
ful under nonexperimental condi-
tions. (However, preliminary studies
in research laboratories suggest
that PCR is very promising.) Con-
sequently, laboratory confirmation
of Lyme disease usualy rests on
the demonstration of antibodies to
B burgdorferi in the patient’s serum.

It is well documented that the
sensitivity and specificity of anti-
body tests for Lyme disease vary

Routine laboratory tests rarely are helpful in diagnosing
Lyme disease. Specific immunologic tests should include a
two-step procedure:; first, an ELISA or |FA and if positive,
a Western blot to confirm the diagnosis.

arthritis or pauciarticular juvenile
rheumatoid arthritis. The clinical
manifestations of Lyme meningitis
may be difficult to distinguish from
those of viral meningitis. Even the
diagnosis of erythema migrans can
be difficult because the rash initially
may be confused with nummular
eczema, granuloma annulare, an
insect bite, ringworm, or cellulitis.
However, the relatively rapid expan-
sion of erythema migrans helps

to distinguish it from these other
conditions.

Routine laboratory tests rarely are
helpful in diagnosing Lyme disease
because the associated abnormalities
are nonspecific. The peripheral
white blood cell count may be either
normal or elevated. The erythrocyte
sedimentation rate usualy is ele-
vated. The white blood cell concen-
tration in joint fluid in patients who
have Lyme arthritis may range from
25,000 to 125,000/mL, often with a
preponderance of polymorphonu-
clear cells. When the central nervous
system is involved, there usualy is
a mild pleocytosis with a predomi-
nance of lymphocytes.
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substantially. The accuracy of
prepackaged commercial kits is
much poorer than that of tests per-
formed by reference laboratories
that maintain tight quality control
and regularly prepare the materials
used in the test. A national study of
the prepackaged commercia kits
was conducted by the Association of
State and Territorial Public Hedlth
Laboratory Directors in conjunction
with the CDC. In this study, differ-
ent state laboratories and the CDC
used the seven “best” commercid
kits (as established by preliminary
testing) to determine concentrations
of antibodies against B burgdorferi
in samples of reference sera (with
known positives and negatives to
which the testers were blinded). The
concordance of the results produced
in the same laboratory with different
test kits as well as the concordance
of the results from different labora-
tories using the same test kit were
poor. The estimates of the mean
sensitivities of the kits ranged from
26% to 57% and mean specificities
ranged from 12% to 60%. The
investigators concluded that with
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these commercial diagnostic test
kits, “serologic testing for Lyme
disease will result in a high rate of
misdiagnosis.” This conclusion is
consistent with numerous other
reports of the poor reproducibility
of most commercially available anti-
body tests for Lyme disease.

The use of Western immunoblots
improves the specificity of serologic
testing for Lyme disease. Officia
recommendations from the Second
National Conference on Serologic
Diagnosis of Lyme Disease (pub-
lished in 1995) suggest that clini-
cians use a two-step procedure when
ordering antibody tests for Lyme
disease: first, a sensitive screening
test, either an enzyme-linked
immunosorbent assay (ELISA)
or an immunofluorescent assay
(IFA), and if that result is positive
or equivocal, a Western immunaobl ot
to confirm the result. If the ELISA
or the IFA is negative, an immuno-
blot is not necessary. The ELISA

headache, fatigue, or arthralgia) may
be manifestations of Lyme disease,
parents of children who have only
nonspecific symptoms frequently
demand testing for Lyme disease
(and some physicians routinely
order tests for Lyme disease on such
patients). Lyme disease will be the
cause of the nonspecific symptoms
in very few, if any, of these children.
However, because the specificity of
even excellent antibody tests for
Lyme disease rarely exceeds 90% to
95%, some of the tests in children
who have no specific signs or
symptoms of Lyme disease will be
positive; the vast majority of these
(>95%) will be false-positive results.
Nevertheless, Lyme disease fre-
quently is diagnosed erroneously,
based on these results, and such
children often are treated unneces-
sarily with antimicrobials.

Even though a symptomatic
patient has a positive serologic test
for antibodies to B burgdorferi, it

Treatment of early Lyme disease in children younger
than 9 years of age should include either amoxicillin

or erythromycin.

provides a quantitative estimate of
the concentration of antibodies
against B burgdorferi. The immuno-
blot provides information about the
specificity of the antibodies; positive
“bands’ mean that antibodies against
specific protein antigens of the
spirochete are present. Most authori-
ties require the presence of anti-
bodies against at least either three
(for immunoglobulin M [IgM]) or
five (for 1gG) specific proteins of

B burgdorferi (at least one of which
is a more specific, low molecular
weight outer surface protein) for the
immunoblot to be considered posi-
tive. Antibody tests are not useful
for the diagnosis of early localized
Lyme disease because only a minor-
ity of patients who have single
erythema migrans will have a
positive test.

The predictive value of antibody
tests (even very accurate tests)
depends on the prevalence of the
infection among patients who are
tested. Unfortunately, because many
people, including some physicians,
have the erroneous impression that
nonspecific symptoms alone (eg,
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is possible that Lyme disease may
not be the cause of that patient’s
symptoms. In addition to the possi-
bility that the test result is falsely
positive (a common occurrence), the
patient may have been infected with
B burgdorferi previously, and the
current symptoms may be unrelated
to the previous infection. Once
serum antibodies to B burgdorferi
develop, they may persist for many
years despite adequate treatment and
clinical cure. In addition, because a
substantial proportion of people who
become infected with B burgdorferi
never develop symptoms, there will
be a background rate in endemic
areas of seropositivity. When
patients who previously had Lyme
disease (whether asymptomatic and
untreated or clinically apparent and
adequately treated) develop any type
of symptoms and are tested for anti-
bodies against B burgdorferi, their
symptoms may be attributed erro-
neously to active Lyme disease
because of the positive serology.
Physicians should not order anti-
body tests for Lyme disease rou-
tinely either for patients who have
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not been in endemic areas or for
those who exhibit only nonspecific
symptoms. In the future, highly
pure, cloned portions of certain pro-
teins of B burgdorferi will become
available for use in diagnostic tests,
which hopefully, will be more accu-
rate than currently available tests.

Treatment

Recommendations for the treatment
of children who have Lyme disease
(Table 2) have been extrapolated
from studies of adults; no clinical
trials of treatment have been con-
ducted among children. Children
younger than 9 years of age should
not be treated with doxycycline
because it may cause permanent
discoloration of teeth. Cefuroxime
aso is effective. Preliminary results
with azithromycin have been disap-
pointing. There is little need for
new agents because the results of
treatment with standard therapy
(amoxicillin or doxycycline) have
been so good.

Symptoms such as fatigue,
arthralgia, and myalgia may persist
after a course of treatment for Lyme
disease has been completed. These
nonspecific symptoms, which may
accompany or follow more specific
symptoms and signs of Lyme dis-
ease but amost never are the sole
presenting manifestations, usually
resolve over several weeks. There
is little evidence that such symp-
toms are related to persistence of
B burgdorferi, and there is no
evidence that repeated courses of
antimicrobials speed their resolution.
Because antibodies against B burg-
dorferi persist even after successful
treatment of symptoms, there is no
reason to obtain routine follow-up
tests of antibody concentrations
against B burgdorferi.

Prognosis

There is a widespread misconception
that Lyme disease is difficult to treat
successfully and that chronic recur-
rences are common. In fact, the
prognosis for treated children is
excellent. The most common reason
for treatment failure is misdiagnosis
(ie, the patient actually does not
have Lyme disease). In a review of
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TABLE 2. Antimicrobial Treatment of Lyme Disease

Early Disease

Erythema migrans and disseminated early disease without focal findings
Doxycycline 100 mg bid for 21 days (do not use in children <9 y) or
amoxicillin 50 mg/kg per day divided tid (maximum, 500 mg/dose)

for 21 days.

For those who cannot take either amoxicillin or doxycycline, erythro-
mycin 30 to 50 mg/kg per day divided gid (maximum, 250 mg/dose)

for 21 days.

Facial nerve palsy of other cranial nerves
Treat as for erythema migrans for 21 to 30 days. Do not use corti-

costeroids.

Carditis

Treat as for late neurologic disease.

Meningitis

Treat as for late neurologic disease.

L ate Disease
Neurologic disease*

Ceftriaxone 50 to 80 mg/kg per day in a single dose (maximum, 2 g)
for 14 to 21 days administered 1V or IM or penicillin G 200,000
to 400,000 U/kg per day (maximum, 20 million U/day) divided q 4 h
administered |V for 14 to 21 days

Arthritis

Initial treatment is the same as for erythema migrans, except treat for
30 days. If symptoms fail to resolve after 2 months or there is a
recurrence, treat as for late neurologic disease.

*For isolated palsy of the facial nerve or of other cranial nerves, see treatment regimen

for facial nerve palsy.

65 children who were treated for
erythema migrans, al were well and
none had developed symptoms of
|ate disease at follow-up a mean of
more than 3 years later. In a larger,
prospective study of 201 children
who had newly diagnosed Lyme dis-
ease (most had either early localized
or early disseminated disease), all
were clinically cured at follow-up a
mean of 2.5 years later. The long-
term prognosis for patients who are
treated for late Lyme disease also

is excellent. Although arthritis

does recur rarely, especially among
patients who have the DR-2, DR-3,
or DR-4 HLA-type, most children
who are treated for Lyme arthritis
are permanently cured. Indeed,
long-term follow-up of children
diagnosed with Lyme disease before
its cause was recognized (most of
whom either were not treated with
antimicrobials or were treated years
after the onset of symptoms) indi-
cated that the arthritis eventually
resolved (after multiple recurrences),
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even in children who never were
treated. One group of investigators
performed neuropsychologic tests
on children up to 4 years after they
were treated and found no evidence
of any long-term sequelae of the
infection. Other investigators who
are conducting a community-based
study of the long-term outcomes of
persons who have Lyme disease
have found no evidence of impair-
ment of normal functioning in chil-
dren 4 to 10 years after diagnosis.

Prevention

In endemic areas it is very common
for children to be bitten by deer
ticks. Such bites often engender
tremendous anxiety. However, the
overall risk of acquiring Lyme dis-
ease is low (approximately 1% to
2%), even in areas in which Lyme
disease is endemic. Furthermore,
treatment of the infection, if it
develops, is highly effective. Con-
sequently, the routine administration
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of antimicrobial prophylaxis (the
efficacy of which is unproved) for
persons who have been bitten by
a deer tick is not recommended.

Determining whether atick is
infected, using tests such as the
PCR, is not useful clinicaly,
although it may provide important
epidemiologic information. The
predictive value for infection of
humans of either a positive or a
negative PCR result is unknown.
The test may be positive even if
only very few organisms are present.
Furthermore, the test provides no
information about either the size
of the inoculum or the duration of
feeding, both of which may be key
determinants of the risk of transmis-
sion. In addition, false-positive and
false-negative test results are quite
common.

A more reasonable approach to
preventing Lyme disease is to wear
appropriate protective clothing (such
as lightweight long pants) when
entering tick-infested areas and to
check for and remove ticks after
spending time in such areas. Insect
repellents may provide temporary
protection, but they may be absorbed
from the skin, and if used frequently
or in large doses, may produce
significant toxicity, especially in
children.

Investigators have attempted to
develop an effective vaccine against
Lyme disease. Antibodies against
outer surface protein A (OspA) pro-
tect against Lyme disease in animal
models. Vaccines employing recom-
binant OspA proteins have been
developed and are being tested in
phase Il trials in humans. Because
the spirochete expresses OspA in
ticks and in later stages of human
illness but not at the time of initial
infection in human skin, it is
hypothesized that the vaccine works
by the tick ingesting human blood
during feeding before it inoculates
the spirochete into humans. Presum-
ably antibody-dependent killing of
B burgdorferi occurs in the tick.
Even if the vaccine is found to be
efficacious, it likely will be used
selectively because the risk of dis-
ease is low in most populations
and poor outcomes among persons
who contract the disease are rare.
Vaccines that use other antigens
are being devel oped.
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PIR QUIZ

1. Which one of the following
statements about risk factors for
acquiring Lyme disease is true?

A. The bite of an infected tick
usually transmits infection.
B. The incidence of disease is
higher in adults than in children.
C. Lyme disease is transmitted most
often by larval-stage ticks.
D. Therisk of infection is appreciable
4 to 6 hours after ticks attach.
Ticks that transmit Lyme disease
are found most frequently in fields
or lawns near wooded areas.

m

2. Erythema migransis a specific sign
of Lyme disease. Which one of the
following statements about this skin
rash is true?

A. Children who have multiple
erythema migrans are more
likely to be seropositive for
B burgdorferi.

. Most children who have arash
will have a positive serology

. Most children will not have a rash
with Lyme disease.

. Most infants will have the rash
on the arms and legs.

The rash rarely persists longer
than 48 hours.

O O @

m

3. A 6-year-old child living in a
high-prevalence area has a history
of tick exposure, multiple ery-
thema migrans lesions, fever, and
a positive Western immunobl ot for
antibodies to B burgdorferi. Which
one of the following therapiesis
most appropriate?

A. If the child cannot take amoxi-
cillin, treat with ceftriaxone in
a single dose.

B. In the presence of arthritis, treat
with amoxicillin for 14 days.

C. In the presence of concomitant
facial nerve palsy, treat with
steroids and amoxicillin for
21 days.

D. Treat the child with amoxicillin
for 21 days.

E. Treat the child with doxycycline
for 21 days.
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tive family history for migraing:
prodrome.
psychogenic headache should
*xclusion only after the afore
itic scheme has been considered

ty of children who present to the
of headache have an assoc ', L
and have considerable relief Wi

e analgesic/antipyretic agents | 8
hen. The child with suspected |
:nsion headache must receiv
istorical, general physical, and
nation as the child with susp
fache,

Adhntls is defined as “swelling of a joint or
fitation of motion of a joint with heat, pain or
demess.” Pain or tenderness alone (arthralgla)
sufficient for the diagnosis of arthritis,
many conditions may be associated with
in without true arthritis,

PIEFERENTIAL DIAGNOSIS

Infectious causes of arthritis include bacteria,
gt and viruses. Major or recurrent trauma may
arthritis, In some conditions such as internal
gement of a joint or osteochondritis, trauma
be the sole cause of the condition. In other
oses (e.g., hemophilia, Ehlers-Danlos syn-
ome, benign hypermobility syndrome), arthritis
esult from mild trauma that would not cause
ficant problems in a normal person.

matic diseases have arthritis as a principal
ng feature. Differentiation among these
ses often is subtle and requires knowledge of
inical and laboratory features of each condi-

g8
hes and Migraine in Childhood, Philadelp

Grath PJ, Ferguson HB, et al: Personality
istics in pediatric migraine. Headache

i Children with brain tumer headaches;
Am J Dis Child 136: 121, 1982,

wehes in children: Part 1. Headache 1: 11, 196
he. In Swaimanm KW (ed): Pediatric Neum{
tetice. Ed 3. St, Louis, CV Mosby, 1989,

¢ immune response to a number of viral and
rial infections may lead to an immune com-
mediated (postinfectious) arthritis. Chronic
tis associated with their disease may develop
patients with hemoglobinopathies (e.g., sickle
ydisease, [-thalassernia). Finally, arthritis
ionally may be a prominent presenting fea-
f malignancy in childhood diseases such as
mia or neuroblastoma.

The most common causes of swollen joints are
ima and postinfectious reactive arthritides
ble 40.1). Septic arthritis is not rare, however,
Imust always be excluded, because it may lead
destruction of a joint. Acute serious disorders
shown in Table 40.2,

Table 40.3 present$ a differential diagnosis of
jditions that are initially seen with a swollen,
| joint, categorized by etiology. This broad
erential diagnosis requires an organized
roach.

40/PAIN—]OINTS

Robert A. Doughty, M.D., Ph.D., and Carlos D Rose, M.D.,

EVALUATION AND DECISION

Figure 40.1 presents an algorithm for evalua-
tion of children with swollen, painful joints. Three
major points to consider in approaching such chil-
dren are (1) presence of fever, (2) history of
trauma, and (3} duration of symptoms.

If there is a history of significant trauma, it is
likely that a hemarthrosis or traumatic effusion is
the cause of the swollen, painful joint. It must be
kept ip mind, however, that the trauma may be
incidental to a preexisting problem. Especially in a
febrile child, one must be wary of accepting a trau-
matic etiology for arthritis without first excluding
infectious arthritis by appropriate studies.

History is important in narrowing the differen-
tial diagnosis of a child with arthritis. Involvement
of multiple joints makes infection, internal
derangement, or osteochondritis dissecans less
likely and increases the likelihood that acute

Table 40.1 Swollen Joint—Common Causes

Septic arthritis
Staphylococcus aureus
Hemophilus influenzae
Neisseria gonorrhoeae

Trauma )
Hemarthrosis (severe trauma)
Postinfectious reactive arthritis
Lyme disease
Benign hypermobility syndrome

Table 40.2 Severe Causes of Arthritis in Children

Septic arthritis

Leukemia

Neuroblastoma

Bone tumor

Systemic lupus erythematosus
Acute rheumatic fever
Kawasaki syndrome
Intraarticubar fracture
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Table 40.3 Swallen Joint--Differential Diagnosis by
Etiology*

Infection
Acute bacterial including Lyme arthritis
Chronic fungal
Mycobacterial
Viral

Trauma/mechanical
Simple
internal derangement
Osteochondritis
Hemophilia
Benign hypermobitity and Ehlers-Danlos syndromes

.Rheumatic diseases and inflammatory cundltmns
Juvenile rheumatoid arthritis
Systemic lupus erythematosus
Scleroderma
Dermatomyositis
Sjdgren’s syndrome
Ankylosing spondylitis
Psariatic arthritis
Inflammatory bowe! disease-associated arthritis
Reiter's syndrome
Behget disease
Polyarteritis nodosa and other necrotizing vascutitides
Henoch-Schintein purpura {anaphylactoid purpura}
Stevens-johnson and erythema muftiforme
Erythemna nodosum-associated arthritis
Kawasaki syndrome
Forelgn body arthritis
Hypertrophic ostevarthropathy
Pigmented villonodular synovitis

Postinfectious reactive arthritis
Viral
Rubetfa, hepatitis B, EBY, CMV, parvovirus
Herpesvirus-6, mumps, enterovirus, adenovirus
Varicella-zoster virus
Bacterial
Streptococcus {Including acute rheumnatic fever)
Lyme borrelia, gonococcus, chlamydia, shigelta,
Campylobacter, meningococcus, streptobacitfus
moniliformis

EPV = Epstein-Barr virus; CMV = cytomegalovirus,

rheumatic fever and chronic inflammatory arthri-
tides are present. Morning stiffness is strongly
suggestive of theumatoid disorders, whereas after-
noon pain more commonly occurs in traumatic
arthritis, internal derangement, myositis (without
true arthritis), and functional conditions. A history
of “joint locking” strongly suggests mechanical
cartilage or ligament injury. The severity of the
pain can suggest a diagnosis. Severe pain is char-
acteristic of septic arthritis. Significant buot less
severe pain is seen in acute traumatic arthritis,

internal derangement, and sickle cell disease. The

pain of rheumatic discases, such as juve
rheumatoid arthritis (JRA) or systemic lupus e
thematosus (SLE), is generally more subacute
insidious. :
There are certain key pomts of physical ex
ination. A thorough joint examination mu
performed on all patients with suspected arthri|
All joints (including cervical and lumbosac
spine, temporomandibular, and sternoclavicu
joints) should be tested for swelling, wa
tenderness, and range of motion (ROM), Re
tion of joint size to surrounding muscle
should be considered. Warmth of a joint e
lishes inflammation, even in the absenc
fever, and may help direct the differential dia
nosis. Extraarticular findings of acute fever iy
rash suggest postinfectious reactive art
(Tables 40.4 and 40.5). The patient shou
specifically examined for alopecia (SLE); p
asis (psoriatic arthritis); uveitis (JRA, sarc
sis, Reiter’s syndrome); nasal or oral ulcera
(SLE, Behget's disease, Wegener’s gra
matosis); lymphadenopathy (tumor, mfecu :
theumatoid disease); pneumonitis (SLE, § -
temic JRA): heart murmur (acute rhew
fever, subacute bacterial endocarditis
embolic septic arthritis); abdominal
(inflammatory bowel disease {IBDI); g
ulceration (Reiter’s and Behget syndrom
peripheral cyanosis or ulceration (SLE, s
derma); nailbed pitting (psoriatic art
bruises (bemophilia); other rashes (SLE, I}
dermatomyositis, gonococcal arthritis); and jo
hypermobility (Ehlers-Danlos and benign hy
mobility syndromes) (Table 40.6). :
Laboratory studies should be performed o
after initial narrowing of the differential diag
Most commonly, a complete blood count (CB
erythrocyte sedimentation rate (ESR), and 1
ographs of the affected joint(s) with contrala
control(s) have the highest yield in deﬁmng
differential diagnosis further. }
If infection is suspected, arthrocentesis is 12
essary for definitive diagnosis. Arthrocentesls‘_
may distinguish traumatic from inflammaiy
arthritis (Table 40.7).
Other laboratory studies may be helpful. P
ence of autoantibodies {e.g., antinuclear antib
rheumatoid factor, or positive Coombs’s tes)
hypocomplementemia suggests SLE. Elev
serum complement is seen in various infectiod
postinfectious, and chronic inflammatory ol
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Table 40.4 Revised Jones Criteria*

Major Minor

Fever ,

Arthralgia

Previous rheumatic
fever or rheumatic
heart disease

Flevated ESR or positive
CRP

Prolonged PR interval

Carditis
Migratory polyarthritis
Chorea

Erythema marginatum

Subcutaneous nodules

aRequires two major of one major and two minor and evidence of
antecedent stréptococcal infection (positive culture, ASO titer, his-
tary of recent scarlet fever) for diagnosis of rheumatic fever. From
Stolleman GH: Jones criteria (revised} for guidance in the diagno-
sis of theumatic fever. Circulation 32: 664, 1965. ESR = erythro-
cyte sedimentation rate; CRP = C-reactive protein.

Table 40,6 Hypermobility Syndrome-—~Diagnostic
Maneuvers

Passive hyperextension of fingers to position them paral-
lel to the forearm

Passive apposition of the thumb to the volar aspect of the
forearm

Elbow hyperextension >10°

Knee hyperextension >10°

Trzncal fexion to full palmar contact with the fioor

Table 40.7 Characteristics of Common Pediatric Synovial Effusions®

- Presence of systemic involvement (fever, malaise, hig

Table 40.5 Findings Suggestive of Postinfectious
Reactive Arthropathy*

Recent symptoms of infection
Recent pneumeonia (mycoplasmal
Recent diarrhea (shigelfa, campylobacter}
Urogenital tract (chlamydia, gonococcus)
Mononucleosis-tike (EBV, CMV)
Fifth disease (Parvovirus)

Acute onset of polyarticufar arthritis

Migratory arthritis ute scrotal swelling in a chil

éd a potential surgical emerg .

ESR) g
auses of acute scrotal sv

Maculopapular, purpuric, multiforme, or urticarial rash;
with palmar compromise and symmetrical distribut

Ocular, renal, gastrointestinal, cardiac, or serosal in-
volvement

‘causes may lead to the rapid
“in diagnosis and treatmen
sts the principal canses ¢

“EBV = Epstein-Barr virus; CMY = cytomegalovirus.

s occurs in boys in the prepul

ut as frequently as does testic

Glucose
Loukoot (Serurf1-1 stimportant differential diagn:
RO N fluid) the usual presenting feature. All
Condition Color Clarity {per mm?) (%) (mg/dh ~associated nausea, vomiting,
Normai Clear or straw-color ~ Transparent =200 10-20 0-10 £5e SymPtomS are l.ess.common
Traumatic arthritis Straw-color or Opacue =2000 10-30 0-10 the testis. If the child is seen ea
bloody ipain, scrotal tenderness and
Aseptic inflammatory arthritis Cloudy, yellowish Translucent  10-50,000  50-80 0-20 Fairt gealized to the area of the twistec.
URA, acute; sheumatic fever; ally on the superior lateral asg
postinfectious arthritis) b ic “blue d
Septic arthritis Cloudy, yetlow, gray ~ Opaque >50,000 90 20-50 Pool though the classic ue

or greenish

1nfarcted appendage may be visib
¢ seen because of overlying ede

sAbbreviations: PMN = polymerphonuclear leukocytes; JRA = juvenile rheumatoid anhriif‘s».

tions. Positive antinuclear antibodies are often
seen in SLE.

In many cases, careful observation and benign
neglect are the most important diagnostic and ther-
apeutic modalities. The primary exception to this
is a case in which bacterial infection is highly sus-
pect. In such cases, arthrocentesis must be per-
formed promptly, and, if results suggest infection,
appropriate antibiotic therapy should be initiated
pending culture results.

“If the examiner is confident i1
orsion of an appendix testis, su
is riot needed. The child should t
analgesics and instructions to res
‘Torsion of the testis, Thisre
mmon cause of acute painful
children. As with torsion of an
gecurs most frequently in the
group. It results from an inadequ
stis to the intrascrotal subcuta
112), resulting in the so-call
deformity. The testis in this defc
producing torsion of the sperm
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Refractory Kawasaki Disease ﬁ

Alexandra F. Freeman, MD and Stanford T. Shulman, MD

Key Words: Kawasaki disease, IVGG

therapy, refractory,

(Pediatr Infect Dis J 2004;23: 463-4064)

Kawasaki disease (KD) is a vasculitis
of early childhood with a striking
predilection for the coronary arteries.
Treatment is directed toward the inflam-
matory response responsible for clinical
and pathologic manifestations. Current
treatment reduces risk of coronary se-
quelac at 1-2 months after discase onset
from 20-25% to 2-4%.! When given
within 10 days of onset of fever, intra-
venous immunoglobulin (IVIG) at 2
g/kg with high dose aspirin (80-100
mg/kg/day) results in rapid deferves-
cence and clinical improvement in
~90% of patients.

Specific guidelines do not exist for
the management of patients who do not
respond with defervescence and subsi-
dence of inflammatory changes to IVIG
(2 g/kg) with aspirin. These nonrespon-
sive or refractory patients are a chal-
lenge because the risk for coronary ar-
tery sequelae increases with prolonged
fever. It is not possible to predict pro-
spectively that a KD patient will not
respond to initial therapy; responders
and nonresponders have comparable
baseline characteristics, such as age, sex
and number of diagnostic criteria. Some
have identified lab predictors of IVIG
nonresponsiveness, such as degree of
anemia, height of C-reactive protein and
lactate dehydrogenase elevation,” but
others found no significant lab differ-
ences between responders and nonre-
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sponders.>* A retrospective study found
that KID patients treated earlier in their
illness were more likely to be refractory
to therapy’; other studies did not repli-
cate this finding.’

INITIAL APPROACH TO THE
REFRACTORY KD PATIENT

Few studies address treatment of
IVIG-refractory KD because only 10—
15% of patients fail initial therapy, and
the disease is self-limited, making it dif-
ficult to ascribe benefit to a therapeutic
intervention without controlled trials
with adequate numbers of patients. Such
studies do not exist.

Most centers, including ours, treat
the KD patient who remains febrile or
has recurrence of fever 48-72 h after
initial 2 g/kg IVIG and high dose aspirin
with an additional 2 g/kg IVIG.® In a
retrospective  study of 179 patients
treated with IVIG, 89% responded to the
first dose of IVIG, and 67% of nonre-
sponders responded to a second dose of
IVIG.? Thus, only 3-4% of KD patients
failed to respond after the second dose
of IVIG with aspirin. Although most US
centers use a second IVIG dose of 2
g/kg, no controlled trials have compared
1 g/kg to 2 g/kg IVIG for retreatment.
The antiinflammatory effect of aspirin
alse may be optimized by monitoring
serum salicylate levels. Judicious adjust-
ment of salicylate dose to 120 mg/kg/
day or more, with monitoring of serum
salicylate concentration to detect im-
pending toxicity, may be helpful. When
treating apparently refractory KD pa-
ticnts, it is also prudent to reconsider the
diagnosis, as no diagnostic test exists for
KD and other illnesses may mimic -its
presentation.

There are various approaches to
the KD patient who remains febrile and

ill after 2 doses of 2 g/kg IVIG, and-

there are very few data on which to base
recommeidations. The most common

The Pediatric Infectious Disease Journal » Volume 23, Number 5, May 2004

approaches are to treat (1) with a third
dose of IVIG (usually 2 g/kg) or (2) with
corticosteroids. We most often give a
third dose of IVIG, although at least
some patients who have failed 2 doses of
IVIG also fail the third. In the previ-
ously cited study, only 2 of 179 patients
received a third dose of IVIG, and both
remained febrile.’ An alternative is to
tredt KD patients who fail 1, 2 or 3 doses
of IVIG with corticosteroids as “rescue
therapy.”

STEROID USE IN KD

Although KD is a vasculitis and
corticosteroids are a mainstay of therapy
for vasculitides, KD is unusual in that
there is strong evidence of an infectious
etiology. Reluctance to use corticoste-
roids for KD dates to Kato’s® study in
1979, in the pre-IVIG era. In this small
stady KD patients treated with oral
prednisolone had & particularly high rate
of development of coronary aneurysms
(11/17, 65%). None of 7 patients in this
study treated with aspirin and pred-
nisolone developed coromary aneu-
rysms, Although this and other early
studies led to caution regarding steroids
in KD, it was a small, nonrandomized
study, and steroids were used as “pri-
mary therapy.” Recent reports of corti-
costerotds ag “rescue therapy” in IVIG-
refractory KD have not shown an
association between corticosteroids and
an increase in coronary aneurysms.
However, caution must still ‘be exer-
cised, because possible adverse effects
of corticosteroids include hypertension
and thrombosis.

KD patients refractory to IVIG
were reported to improve and to defer-
vesce after steroid therapy in several
small series. In 1996 Wright reported 4
children whao had failed 2 doses of IVIG
(2 g/kg followed by 1 g/kg) and who
improved after intravenous 30-mg/kg/
day methylprednisolone pulses for -3
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days without significant worsening of
coronary abnormalities (all had abnor-
mal coronay arteries preceding the ste-
roid doses).” In 2000 Dale reported 7
KD patients who remained febrile de-
spite IVIG and aspirin and were then
treated with oral prednisolone (2 mg/kg/
day) for 2 weeks followed by a 6-week
taper.® Six of 7 patients became afebrile
within 72 h of steroids (5 within 48 h),
and in none of these 6 patients did cor-
onary disease progress. One patient re-
mained febrile for 10 days despite ste-
toids, with progression of coronary
abnormalities. In a small study Hashino
treated 17 patients who were febrile de-
spite aspirin and 2 IVIG courses (2 g/kg
followed by | g/kg), with either pulsed
steroids (9) or additional IVIG (8).° The
9 who received steroidds improved; how-
ever, immediate but transient coronary
dilatation was noted in 3/9 after steroid
therapy. These reporits suggest that cor-
ticosteroids often hasten defervescence
in IVIG-refractory patients. However, a
multicenter trial clearly is needed to as-
sess the relative risks and benefits of
steroids, especially on coronary abnor-
malities, and to determine the most ap-
propriate route of administration and
dose.

OTHER THERAPIES

Even less published experience ex-
ists in IVIG-refractory KD for the use of
other therapies typically used to treat of
other vasculitides. Two KD patients were
treated with cyclophosphamide after con-
tinued fever and other signs of inflamma-
tion despite 2 courses of 2 gikg of IVIG
and 2-4 3-day courses of intravenous
methylprednisolone (30 mg/kg/day).?
Both experienced retumn of inflammation
when corticosteroids were tapered. The
addition of cyclophosphamide to pred-
nisone appeared to be associated with res-
olution of symptorhs and lab abnormali-
ties, and both medications were tapered
slowly over 1.5 and 7 months.

In a recent Japanese study, 50 re-
fractory KD patients improved after
plasma exchange, and coronary abnor-
malities were detected in 20%; 69 re-
fractory patients were treated with addi-
tional IVIG, and coronary abnormalities
were detected in 41%.' Cyclosporin A
was used in a highly refractory patient,

464

who had failed 4 courses of IVIG and 3
days of pulse steroids.!' The patient fi-
nally became afebrile 7 days after addi-
tion of cyclosporin A to steroids, al-
though coronary aneurysms remained.
Although these therapies apparently
have adverse effects, the number of pa-
tients treated is extremely limited, and
the necessary controlled trials have not
been performed. That KD is self-limited
compounds the difficulty of reaching
conelusions regarding efficacy of a spe-
cific therapy without a controlled trial.

Ulinastatin is a neutrophil-elastase
inhibitor available in Japan that is puri-
fied from human urine and used in Japan
for inflammatory conditions such as
Stevens-Johnson syndrome '* and for
refractory KD in small uncontrolled tri-
als.!? Additional studies are needed with
appropriate controls.

Recently infliximab (Remicade), a -
monoclonal antibody against tumor necro-
sis factor-ce (TNF-), was used in a few
IVIG-refractory KID patients. Infliximab is
licensed for treatment of rheumatoid ar-
thritis and Crohn’s disease. It is hypothe-
sized to be bepeficial in KD because
TNF-a¢ may be involved i in the inflamma-
tory process in acute KD."* Burns et al.'®
reported 7 acute KD patients who were
refractory to IVIG and aspirin and then

- treated with 1 infusion of 5 mg/kg inflix-

imab. These patients had failed to respond
to 2 or 3 doses of IVIG, and 3 remained
febrile despite 3—5 doses of methylpred-
nisolone. All improved and defervesced
after one dose of infliximab with no ad-
verse effects. Coronary aneurysms were
noted in all 7 patients before infliximab
therapy, with subsequent normalization in
3/7 patients. Our, experience with inflix-
imab for refractory KD is limited to 2
patients, one who had an 8-day response
but then relapsed and another in whom the
response was indeterminant. To address
the benefit of infliximab in refractory pa-
tients, a multicenter clinical trial is
planned.

CONCLUSIONS
Therapy for KD with IVIG and as-
pirin has reduced the incidence of coro-
nary aneurysms remarkably, from about
20-25% to <5%. However, for nonre-
sponding patients, Hmited data are avail-

able to guide therapy. Although most opt *

to treat such patients with additional IVIG,
some patients remain refractory to therapy
and are treated with corticosteroids and
occasionally more experimerital therapies
such as immunosuppressants (e.g. cyclo-
phosphamide) or infliximab. The relative
value of these rescue therapies is difficult
to assess due to both the self-limited na-
ture of KD} and the limited number of
patients. Multicenter trials are necessary to
assess clinical response® and potential ad-
verse outcomes. Because no diagnostic
test exists for KID, one must always re-
member to remain vigilant for the possi-
bility of an alternative diagnosis in the
patient with apparent refractory KD.
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Rheumatic Diseases of Childhood

‘ Robert M. Rennebohm, MD*

The questions below should help
focus the reading of this article.

1. What are the common clinical char-
acteristics of juvenile rheumatoid ar-
thritis?

2. What are the enthesopathy syn-
dromes?

3. What are typical clinical and labo-
ratory findings in patients with juve-
nile ankylosing spondylitis?

4. What is the association among
Lyme disease, erythema chronicum
migrans, and arthropathy?

5. What is the proposed mechanism
of action of the nonsteroidal anti-in-
flammatory drugs?

The pediatrician frequently encoun-
ters children and adolescents with
musculoskeletal complaints that raise
the possibility of rheumatic disease.
The purposes of this article are: to
review an approach to the evaluation
of “joint” symptoms and to review the
pharmacology, use, and adverse ef-
fects of nonsteroidal anti-inflamma-
tory drugs.

RHEUMATOLOGIC HISTORY

Systematic collection of the histor-
ical details is fundamental in the eval-
uation of “joint” complaints (Table 1).

Age and Sex

The child’'s age and sex provide
initial clues. For example, suspicion
that a young girl (less than 5 years of
age) with knee swelling might have
monoarticular juvenile rheumatoid ar-
thritis is heightened simply because
of her age and sex. (At onset of their
disease, alimost 20% of all patients
with juvenile rheumatoid arthritis are
young girls with pauciarthritis, most
commonly involving the knee.) Sus-
picion that an older boy (10 years of
age or older) with axioskeletal com-
plaints might have an enthesopathy
syndrome is increased, in part, be-
cause of his age and sex. Knowledge

* Associated Professor of Clinical Pediatrics,
Columbus Children’s Hospital and Ohio State
University College of Medicine, Columbus.

of the age and sex predilections of
various rheumatic conditions s,
therefore, helpful.

Chief Complaint

The chief complaint is often direc-
tive. For example, the complaint “his
knees hurt every night” or “his legs
hurt at night” is not characteristic of
children who have juvenile rheuma-
toid arthritis or other well-defined in-
flammatory arthritides. Instead, these
complaints are associated with be-
nign nighttime leg pains. A complaint
that “my back hurts” or “my heels
hurt” raises the possibility of the
enthesopathy/spondyloarthropathy
spectrum. Chief complaints of joint
“swelling” and “stiffness” increase the
likelihood that the child has juvenile
rheumatoid arthritis or one of the
well-defined immune-mediated ar-
thropathies. A complaint of joint
“pain” but not swelling or stiffness, is
not as directive and could be associ-
ated with a broad spectrum of pos-
sibilities, from the benign to the wor-
risome. For example, explanations
for the complaint, “I hurt all over,”
include fibromyalgia, juvenile rheu-
matoid arthritis, lupus, and leukemia.

Location

Exactly which joint or other mus-
culoskeletal areas have been symp-
tomatic? Is the axial or peripheral
skeleton involved? Are there symp-
toms in only one joint region or sev-
eral? Are large or small joints in-
volved? Are there symptoms at
entheses? Is there bone or muscle
pain?

Onset Characteristics

When did the musculoskeletal
symptoms begin? Is the onset va-
guely or sharply recalled? What, ex-
actly, was first noticed? What was
the patient doing at the time? Was
there any trauma or unusual physical
strain at onset? (Presence of trauma
at onset, however, does not rule out
immune-mediated disease.) Was the
onset of musculoskeletal symptoms
accompanied by fever or other symp-
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67. The pediatrician should be fa-
miliar with the pharmacologic
properties of nonsteroidal anti-in-
flammatory drugs (Recent Ad-
vances, 88/89).

24, The pediatrician should have
appropriate ability to manage chil-
dren with Lyme disease (Recent
Advances, 88/89).

113. The pediatrician should have
appropriate ability to recognize the
common pitfalls in the recognition
and management of arthritis in
children (Recent Advances, 88/
89).

toms? Was there sore throat or other
infection, particularly gastrointestinal,
genitourinary, or respiratory, during
the 2 months prior to onset?

Duration

Are the joint symptoms acute (the
differential diagnosis for which may
include trauma, acute rheumatic fe-
ver, other reactive arthritides, tran-
sient synovitis, infectious arthritis,
serum sickness-like reactions, Lyme
disease, etc) or chronic?

Swelling

Presence or absence of joint swell-
ing is an extremely important histori-
cal detail. Has there ever been any
joint swelling? (It is unusual, eg, for
patients with juvenile rheumatoid ar-
thritis to complain of a long history of
arthralgias and deny ever noticing
any joint swelling.) Has the swelling
been episodic (as in Lyme disease,
acute rheumatic fever) or persistent
(as in juvenile rheumatoid arthritis)?
When swelling has been present,
how long has it lasted? If swelling has
been episodic, has the joint truly been
asymptomatic and without swelling
between episodes? Has swelling
been objectively documented by a
physician? How severe has the swell-
ing been? How painful? Has redness
or heat accompanied the swelling?
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TABLE 1. Rheumatologic
History

Age and sex

Chief complaint

Location of musculoskeletal

discomfort

Onset characteristics

Duration of symptomatology

Swelling?

Morning stiffness?

Time of day when most symp-

tomatic

9. Aggravating factors

10. Course, frequency of com-
plaints

11. Severity

12. Associated symptoms

13. Psychosocial history

14. Family history

Wn =

0N b

Morning Stiffness

Morning stiffness is a subjective
feeling, noted upon arising, that a
joint(s) does not move as freely
through its usual range of motion as
it is apt to later in the day. This same
“stiffness” (or gel phenomenon) may
occur after napping or after pro-
longed sitting.

Morning stiffness is a nonspecific
indication of joint region inflamma-
tion. Its presence, although strongly
suggestive, does not assure that a
rheumatic disease is present. Its du-
ration and severity correlate with the
severity of inflammation. The more
spontaneously the patient mentions
morning stiffness and the greater the
duration, severity, and predictability
of it, the more likely it is that a rheu-
matic disease is present.

Time of Day When Most
Symptomatic

During what time(s) of the day is
the patient symptomatic? (Only at
night?, mostly in the mornings?,
mostly after exercise?, throughout
the day?).

Aggravating Factors

Physical Activities. Are symptoms
aggravated by or primarily noted dur-
ing stair climbing, running, prolonged
walking, bicycling, opening jars or
doors, buttoning, prolonged writing,
etc?

Weather

Changes. Barometric
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pressure changes do not actually
worsen inflammatory processes but
often make inflammation more symp-
tomatic.

Course and Frequency of
Complaints

Since onset, how constantly and
how frequently has the child com-
plained of joint symptoms? Has the
problem been evident on virtually a
daily basis (typical of juvenile rheu-
matoid arthritis)? Or, has the patient
only complained intermittently and
variably? If joint symptoms have been
of recent onset, have they been mi-
gratory, rapidly additive, or slowly cu-
mulative? Has there been a recent
trend of worsening or improvement?

Severity

How severe or disabling have
these symptoms been? To what ex-
tent have activities of daily living and
play been affected? How has the
problem affected school performance
and attendance? How have the
symptoms affected the child’s mood.

Associated Symptoms

What other symptoms have ac-
companied joint complaints? (Table
2).

Psychosocial History

Are psychosocial factors playing a
role in the initiation or exacerbation
of joint symptoms?

Family History

Is there a family history of arthritis
or other rheumatic disease? For ex-
ample, it is particularly productive to
ask patients who may have a disease
along the enthesopathy/spondyloar-
thropathy spectrum whether there is
a family history of chronic low back
pain, “arthritis of the spine,” inflam-
matory bowel disease, or psoriasis.

TYPICAL HISTORIES
ASSOCIATED WITH VARIOUS
CLINICAL ENTITIES

Details regarding joint complaints
associated with several common or
otherwise important musculoskeletal
disorders follow. These examples
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TABLE 2. Rheumatologic
Review of Systems

Constitutional
Malaise
Fatigue
Fever
Anorexia
Weight loss
Irritability
Nonrestorative sleep
Skin
Past or present rash
Nodules
Alopecia
Photosensitivity
Vasomotor phenomenon
Raynaud phenomenon
Skin tightening
Increased bruising
History of desquamation

EENT
Red eyes
Dry eyes
Dry mouth
Mouth sores
Nasal mucosal sores
Sore throat
Epistaxis
Parotid enlargement

Cardiopulmonary
Pleuritic chest pain
Chest wall pain
Other chest pain
Dyspnea
Orthopnea
Cough
Syncope
History of wheezing/asthma
History of heart condition

Gastrointestinal
Ulcer symptoms
Heartburn
Abdominal pain
Diarrhea
Nausea
Vomiting
Melena/hematochezia
Dysphagia

Genitourinary
Genital uicers
Urethral discharge
Vaginal discharge

Neuromuscular/Psychiatric
Muscle pain
Muscle weakness
Dysphonia
Headaches
Forgetfulness
Capfusion
Personality change
Depression
Psychosis
Seizures
Paresthesias
Chorea






serve to emphasize the value of col-
lecting the kinds of historical infor-
mation mentioned above.

Juvenile Rheumatoid Arthritis

The arthritis of juvenile rheumatoid
arthritis is typically characterized by
mono, pauci (four or fewer), or poly-
articular (five or more) joint swelling
which is present constantly and daily
for at least 6 weeks and usually per-
sist for months or years. Of patients
with this disease, 70% are girls, and
at least 50% of all patients have a
pauciarticular onset. Of patients with
pauciarticular onset, 43% have onset
prior to § years of age, often while
toddlers.

Juvenile rheumatoid arthritis
is characterized by mono-,
pauci-, or polyarticular
swelling which is present
constantly and daily for at
least 6 weeks and usually
months or years.

The chief complaints of most pa-
tients with juvenile rheumatoid arthri-
tis usually include mention of both
joint pain and joint swelling. It is al-
most always possible to elicit a his-
tory of morning stiffness. Typically,
the child is stiff every morning, then
“loosens up” or “limbers up” as the
day progresses, such that the child
appears normal or near normal in the
afternoon. The child may again ap-
pear stiff after naps and may begin
complaining of joint pain again toward
the end of the day.

Sometimes the onset of arthritis is
acute, but more commonly the proc-
ess develops gradually, such that
days, weeks, or even months pass
before the family fully recognizes that
a genuine problem exists. Often, par-
ents initially assume the joint com-
plaints stem from trauma. The falsely
reassuring observation that the child
seems “fine” by late morning or early
afternoon may dissipate their concern
and postpone the seeking of medical
attention.

Lupus

The joint complaints of lupus differ
from juvenile rheumatoid arthritis in

the following ways: Commonly, pa-
tients with lupus complain primarily
of intermittent arthralgias. Actual joint
swelling may not be noted. When
joint swelling is present, it may persist
for months but is often episodic or
intermittent and may be only fleet-
ingly present. Lupus joint inflamma-
tion is often more acute and painful
than juvenile rheumatoid arthritis in-
flammation, and the pain is often out
of proportion to physical findings. In
contrast, juvenile rheumatoid arthritis
often causes swelling out of propor-
tion to pain. Any joints can be in-
volved in lupus. Finger involvement is
particularly common. Some patients
with lupus have symptoms mimicking
enthesitis. Many state, “I ache all
over” and are unable to localize the
pain.

Acute Rheumatic Fever

The resurgence of acute rheumatic
fever mandates review of poststrep-
tococcal arthropathy. The classical
course of the arthritis of untreated
acute rheumatic fever is as follows.
Approximately 22 weeks (range 1 to
5 weeks) after group A streptoccocal
infection, painful, tender arthritis in
one or more joints develops, usually
starting in the lower extremity. The
inflammation in a single joint rapidly
reaches maximum severity in 12 to
24 hours and then remains maximally
inflammed for the next two to six
days. As arthritis in the initial joint(s)
subsides, fresh arthritis develops in
previously uninvolved joints (migra-
tory arthritis). Often, there is overlap,
such that arthritis in new joints is
developing before arthritis in previ-
ously involved joints has subsided
(rapidly additive arthritis). The arthri-
tis may “migrate” or be rapidly addi-
tive during a period ranging from a
few days to several weeks. Usually,
the entire bout of polyarthritis is se-
vere only for 1 week (in approxi-
mately 66% of patients) or for 2 to 3
weeks (in 33%). Then, it may con-
tinue in milder form for 1 to 2 weeks.
Only rarely do symptoms in one joint
persist for more than 2 to 3 weeks.

Involved joints may be exquisitely
tender, with marked pain during
movement. The pain is often out of
proportion to physical findings.

An important characteristic of the
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arthritis of acute rheumatic fever is
its impressive response to nonsteroi-
dal anti-inflammatory drugs. Most pa-
tients display marked improvement
within 24 to 36 hours after such ther-
apy. Objective evidence of synovitis
is usually gone within five days. Fail-
ure to respond dramatically to non-
steroidal anti-inflammatory drug ther-
apy should raise questions about the
diagnosis.

Caveats regarding diagnosis of
acute rheumatic fever: Although
Jones’ criteria stipulate presence of
arthritis in two or more joints, acute
rheumatic fever may affect only one
joint or the patient may complain of
arthralgias only. A high percentage of
patients have no history of preceding
sore throat and have a throat culture
negative for Streptococcus. Fever
may be absent.

Enthesopathy Syndromes

Enthesopathy is an underrecog-
nized cause of childhood musculo-
skeletal discomfort. The term de-
notes a pathologic condition at an
enthesis—an attachment site of a lig-
ament, tendon, or fascia to bone. En-
thesitis denotes inflammation at an
enthesis. Common enthesopathy
sites are listed in Table 3. Patients
with enthesopathy complain of pain
and tenderness near joints or at non-
articular entheses. Swelling may or
may not be present at involved
entheses.

Entheses are sites of
attachment of ligaments,
tendons, and fasciae to
bone; potential sites of
immune-mediated
inflammation; and sources of
tenderness and pain in the

spondylarthropathies.

The prototype enthesopathy syn-
dromes are the classical spondylar-
thropathies (ankylosing spondylitis,
Reiter syndrome, psoriatic spondy-
loarthropathy, and spondyloarthro-
pathy associated with inflammatory
bowel disease).

Juvenile ankylosing spondylitis pri-
marily occurs in older boys (10 years
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TABLE 3. Enthesopathic Sites

Posterior heel

Plantar heel

Metatarsal phalangeal region
Tibial tuberosities

Peripheral patella

lliac crest

Ischial tuberosity

Back

Cervical spine

Chest wall

Enthesopathy near the following

joints

Fingers

Wrists

Elbows

Shoulders

Knees

Ankles

Toes

of age or more) and is typically char-
acterized by chronic low back pain
and stiffness (due to arthropathy and
enthesopathy of the spine), limited
back mobility, limited chest expan-
sion, sacroiliitis, chronic or episodic
peripheral arthritis (usually in large
joints of lower extremities), peripheral
enthesopathy (eg, at the heels), epi-
sodic acute iritis, and HLA B27 posi-
tivity. A significant percentage of
older boys with apparent pauciarti-
cular onset juvenile rheumatoid ar-
thritis eventually prove to have an-
kylosing spondylitis.

Reiter syndrome is characterized
by axial and peripheral enthesopathy,
plus the triad of conjunctivitis/uveitis,
urethritis/cervicitis, and arthritis.

Psoriatic spondyloarthropathy is
characterized by psoriatic skin le-
sions, nail pitting, and axial and pe-
ripheral arthropathy/enthesopathy.
Spondyloarthropathy/enthesopathy
that is accompanied by chronic diar-
rhea is suggestive of inflammatory
bowel disease.

The seronegative enthesopathy
and arthropathy syndrome is char-
acterized by presence of enthesopa-
thy and arthropathy but absence of
sufficient criteria for a definite diag-
nosis of one of the more specific (and
usually more worrisome) spondyloar-
thropathy syndromes mentioned be-
fore. Patients with seronegative en-
thesopathy and arthropathy also tend
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to be older boys and HLA B27 posi-
tive. They may have arthralgias or
arthritis. Their arthritis may be epi-
sodic or chronic.

Reactive Arthritis

The term reactive arthritis denotes
arthritis which develops during or
soon after infection elsewhere in the
body but is not associated with dem-
onstration of the infectious agent
within the involved joints. It is as-
sumed that the arthritis represents
an immune-mediated reaction to the
microorganism. The prototype reac-
tive arthritides include postenteric
and postvenereal arthritis and rheu-
matic fever. Postviral reactive arthritis
occurs and is probably common. Re-
active arthritis also occurs after infec-
tion with Mycoplasma, Haemophilus
influenzae, Meningococcus, Myco-
bacterium tuberculosis, and a variety
of other organisms.

Postenteric (eg, Shigella, Salmo-
nella, Yersinia, Campylobacter, and
Clostridium difficile infection) and
postvenereal (eg, Chlamydia tracho-
matis and Ureaplasma urealytica) re-
active arthritis are similar clinically.
Typically, a mono- or an asymmetric
pauciarticular (but sometimes poly-
articular) arthritis develops within 1 to
2 weeks after the triggering infection.
During a period ranging from a few
days to 2 weeks, joints become in-
volved in rapid succession. Usually,
no further joints are affected there-
after. The most commonly involved
joints are the weight-bearing joints of
the lower extremities (with predilec-
tion for knees and metatarsal phal-
angeal joints). Enthesopathy is also
common.

Fever usually occurs at the onset
of postenteric arthritis but is less
common in children with postvener-
eal arthritis. Conjunctivitis is common
but may be so transient or so mild as
to be overlooked. Urethritis may also
be present.

The arthritis is usually self-limited,
usually reaches its peak within 2
weeks, and gradually resolves during
2 to 6 months. The postenteric and
postvenereal reactive arthritides re-
spond less dramatically to nonsteroi-
dal anti-inflammatory drugs than
does acute rheumatic fever.
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Lyme Arthritis

Because of its increasing inci-
dence, expanding geographic spread,
and protean manifestations, pediatri-
cians need to be familiar with Lyme
disease. Lyme disease is caused by
the spirochete, Borrelia burgdorferi.
This organism is carried by a variety
of ticks, most notably /xodes dam-
mini. Although Lyme disease devel-
ops after a tick bite, a history of tick
bite is often not recalled. Lyme dis-
ease is multisystemic, and patients
may first seek medical attention dur-
ing any of three clinical phases.

Acute (Initial) Phase. Within three
to 32 days after a tick bite, a slowly
expanding, circular erythema chroni-
cum migrans rash develops at the site
of the bite. The erythema chronicum
migrans lesion typically has a macu-
lopapular border and a flat, some-
times partially clearing, center. It
ranges from 2.5 cm (1 in) to more
than 30 cm (12 in) in diameter and
may be painless, slightly burning, or
pruritic. It usually fades within 3 to 4
weeks.

A variety of symptoms may accom-
pany the rash or precede it by a few
days. Fever, chills, malaise, fatigue,
headaches, and stiff neck are most
common. Other symptoms include
arthralgias, myalgias, backache,
lymphadenopathy, sore throat, and
gastrointestinal complaints. Usually,
these symptoms last only a few days.

Lyme disease can be a
cause of recurrent episodes
of mono- or pauciarthralgia;

migratory polyarthralgias;
recurrent episodes of mono-,
pauci, or polyarthritis; or
chronic arthritis which
resembles pauciarticular
juvenile rheumatoid arthritis.

Subacute (Second) Phase. Within
a few weeks to several months after
appearance of the rash, joint, cardiac,
and/or neurologic symptoms and
signs may occur. The arthropathy is
usually characterized by brief, recur-
rent, self-limited episodes of either
monoarticular, pauciarticular, or mi-
gratory polyarticular  discomfort,
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often without joint swelling. Individual
episodes usually last 1 to 2 weeks
but can last as many as 3 months.
Episodes can recur several times
within several weeks, months, or
years. A common example: Four
weeks after onset of the erythema
chronicum migrans rash, knee swell-
ing abruptly develops, which fully re-
solves within 1 to 2 weeks but recurs
four times within the next 6 months.
The child’s joints are asymptomatic
between episodes.

Chronic (Late) Phase. In 5% to
10% of patients, the episodic course
of pauciarthritis ceases and a chronic
arthritis that strongly resembles pau-
ciarticular juvenile rheumatoid arthri-
tis develops. Also, a chronic phase of
neurologic involvement has been de-
scribed. The chronic phase of Lyme
disease usually occurs months to
years after onset of the erythema
chronicum migrans rash.

Urticaria With Arthritis

A common phenomenon in children
is the development of a self-limited
serum sickness-like illness character-
ized by the acute onset of painful
polyarticular arthritis, urticaria, and/
or erythema of the skin overlying
joints. Joints most commonly af-
fected are the ankles, metacarpal
phalangeals, wrists, and knees. Most
patients with lower extremity synovi-
tis refuse to walk. A minority of pa-
tients have fever, an elevated ESR,
and an increased WBC count. The
average duration of joint symptoms
is six days. In most patients, symp-
toms fully resolve within 2 weeks.
Hypersensitivity to drugs, notably to
penicillin and cefaclor, is a major
cause of this syndrome. In other
cases, the phenomenon appears to
be idiopathic or triggered by viral in-
fection.

Chondropathy of the Patella

Chondropathy of the patella occurs
primarily in older children and adoles-
cents. The chief complaint usually is
“my knees hurt.” Knee pain is primar-
ily noted during running (especially up
hills), bicycle riding, jumping, stair
climbing, and deep knee bending.
The knee pain is usually described as
being on the “undersurface of the

kneecap.” Usually, there is no history
of morning stiffness or swelling. An-
other common complaint is “my knee
gives way.”

Acute Transient Synovitis of
the Hip

The typical patient is a boy, 2 to 7
years of age, who wakes up in the
morning with unilateral pain in the
anterior thigh or hip region or with
referred pain in the knee. He may limp
or refuse to bear weight. There may
or may not be a history of trauma or
upper respiratory tract infection.
Commonly, there is low-grade fever,
rarely high fever, and often no fever.
Often, the pain subsides considerably
by the time the child is seen by the
physician later that day but returns
more impressively the next day.
Symptoms usually resolve within sev-
eral days or 1 to 2 weeks. A small
percentage of children experience re-
currences.

Benign Nighttime Knee Pains

One of the most common muscu-
loskeletal complaints of childhood is
nighttime leg pains. The child typically
screams or cries in the middle of the
night, says “my legs hurt,” and points
to the anterior thighs, knees, or shins.
The child is often awakened from
sleep by these pains. The pain re-
sponds to massage and acetamino-
phen, and he or she feels “perfectly
fine” the next morning.

The key historical features are that
the complaints occur almost exclu-
sively at night or in the evening, and
there is no upper extremity discom-
fort. If there is morning stiffness or
considerable symptomatology during
the day, concern should be raised
that a more significant problem is pre-
sent.

Benign nighttime leg pains can oc-
cur nightly for weeks, months, or ever
a few years. Frequency of complaints
may vary from month to month for a
given patient. The pathogenesis of
benign nighttime leg pains remains
unclear.

RHEUMATOLOGIC PHYSICAL
EXAMINATION

Itis beyond the scope of this article
to discuss the rheumatologic physical
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examination in detail. Only a few
points will be emphasized.

A complete joint examination in-
cludes assessment for joint swelling,
effusion, warmth, erythema, tender-
ness, pain during movement, limita-
tion of motion, and deformity. When
joints appear swollen, it should be
documented whether the swelling ap-
pears to be due mostly to bony en-
largement, synovial proliferation, joint
effusion, swelling of periarticular soft
tissues, or combinations of these. By
definition, objective evidence of ar-
thritis is present when the joint is
swollen, when effusion is present, or
when two or more of the following
conditions exist: limitation of motion,
tenderness or pain during movement,
and increased heat.

The musculoskeletal examination
should also include detection of ten-
derness or swelling at enthesopathic
sites, palpation at “fibrositis” trigger
points, performance of patellar
compression tests, examination of
muscles for tenderness and strength,
and palpation to elicit bone pain.
Avoid the pitfall of assuming a child’s
pain is due to arthralgia or enthesal-
gia, when careful physical examina-
tion would reveal the bone pain of
leukemia. The rheumatologic physical
examination includes thorough gen-
eral physical examination to detect
other stigmata of rheumatic disease.

LABORATORY EVALUATION OF
SUSPECTED RHEUMATIC
DISEASE

A suggested list of initial screening
tests for rheumatic disease is given
in Table 4. The complete blood cell
count, differential, and platelet count
screen, for example, for leukopenia
of lupus or leukemia; leukocytosis of
systemic onset juvenile rheumatoid
arthritis, other acute arthritides, or
leukemia; blast cells of leukemia;
atypical lymphocytes of Ebstein-Barr
virus infection; anemia of chronic in-
flammatory disease, hemolytic ane-
mia of lupus, and leukemic anemia;
thrombocytopenia of lupus or leuke-
mia; thrombocytosis of acute inflam-
matory disorders such as Kawasaki
disease and systemic juvenile rheu-
matoid arthritis.

The urinalysis screens for lupus ne-
phritis and the pyuria of urethritis.
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TABLE 4. Laboratory Evaluation
of Suspected Rheumatic Disease:
Suggested Initial Screening Tests

White blood cell count, differential

Hemaoglobin, hematocrit, mean cor-
puscular volume

Platelet count

ESR

Urinalysis

ANA

Rheumatoid factor

Chemistry screen (renal and liver
function tests, at least)

Quantitative immunoglobulins

CH50 and/or C3 and C4

The ESR is an excellent screening
test for the presence of inflammatory
disease. However, a normal ESR
does not rule out rheumatic disease.
Children with dermatomyositis and
scleroderma typically have normal
ESRs. The ESR may be normal in
children with juvenile rheumatoid ar-
thritis, enthesopathy syndromes, and
lupus.

Chemistry screening tests serve
primarily to determine renal and liver
status. An elevated SGOT value, and
even SGPT, should also trigger
throughts of inflammatory myopathy.
Quantitative immunoglobulins (IgM,
IgG, and IgA) screen for immunode-
ficiency-related arthropathy and the
high levels of immunoglobulins seen
in certain chronic inflammatory
states.

The C3, C4, and CH50 screen for
acquired hypocomplementemia, as in
lupus. The CH50 also screens for
rheumatic disease syndromes asso-
ciated with rare congenital comple-
ment deficiency states, such as C1
or C2 deficiency.

The rheumatoid factor test is much
less helpful in pediatric rheumatology
than it is in adult rheumatology. Only
7% of patients with juvenile rheuma-
toid arthritis will be rheumatoid factor
positive when first tested.

The ANA test is valuable. For ex-
ample, 34% of patients with pauci-
and polyarticular onset juvenile rheu-
matoid arthritis will be ANA positive
when first tested. The ANA is not a
good screening test, however, for
systemic onset juvenile rheumatoid
arthritis, because only 2% of such
patients are positive when first
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tested. The ANA test screens for
presence of abnormally large quan-
tities of any of a variety of antibodies
to nuclear components of cells. So
far, antibodies to at least 30 different
nuclear antigens have been identified
and characterized. To determine
which specific antibody(s) is respon-

An ANA test is more
productive than a rheumatoid
factor test in screening for
childhood rheumatic disease.

sible for a given positive ANA test
result, it is possible to test for anti-
bodies against many of these specific
nuclear antigens. Suggested addi-
tional tests to be done if an ANA test
is positive and lupus is a considera-
tion are listed in Table 5.

NONSTEROIDAL ANTI-
INFLAMMATORY DRUGS

The initial drug of choice for most
rheumatic conditions is one of the
nonsteroidal anti-inflammatory drugs.
The ones most commonly used for
children are listed in Table 6. Of the
nonsalicylate nonsteroidal anti-in-
flammatory drugs, tolmetin and na-
proxen are approved by the Food and
Drug Administration for treatment of
juvenile rheumatoid arthritis.

TABLE 5. Additional Suggested
Tests If Antinuclear Antibody Is
Positive and Lupus Is a
Consideration

Antibodies to specific nuclear anti-
gens:
Anti-ds DNA (double-stranded
DNA)
Anti-RNP (Ribonucleoprotein)
Anti-Sm (Smith antigen)
Anti-SSA (Sjogren syndrome A)
Anti-SSB (Sjogren syndrome B)
Anti-histone and anti-ssDNA (if
drug-induced Lupus is a con-
sideration)
CH50 and/or C3, C4
VDRL
Coombs
Prothrombin time
Partial thromboplastin time
Anticardiolipin antibodies
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The therapeutic and toxic effects
of nonsteroidal anti-inflammatory
drugs appear to be due to their ability
to inhibit prostaglandins. They inhibit
the enzyme cyclooxygenase (Figure).
Cyclooxygenase initiates conversion
of arachidonic acid to thromboxane
A2, prostacyclin (PGI2), and other
prostaglandins (PGE2, PGD2, PGF2).
These prostaglandins are believed to
play a major role in the inflammatory
process, but other roles include main-
tenance of the health of gastroduo-
denal mucosa and maintenance of
appropriate renal blood flow. Inhibi-
tion of prostaglandin synthesis,
therefore, suppresses undesirable in-
flammation but may adversely affect
gastroduodenal mucosa and renal
blood flow.

The therapeutic, as well as
toxic, effects of nonsteroidal
anti-inflammatory drugs
appear to be due to inhibition
of prostaglandin synthesis.

Nonsteroidal anti-inflammatory
drugs have little effect on lipoxy-
genase, the enzyme that initiates
conversion of arachidonic acid to
leukotrienes. However, inhibition of
cyclooxygenase by nonsteroidal
anti-inflammatory drugs may “shunt”
arachidonic acid metabolism into the
lipoxygenase pathway, thereby caus-
ing overproduction of leukotrienes.
Increased leukotriene levels may then
accentuate nonsteroidal anti-inflam-
matory drug toxicity, including gas-
trointestinal effects.

Nonsteroidal anti-inflammatory drug-
induced gastropathy  (gastritis,
esophagitis) represents a major con-
cern. It is unclear whether children
are at less risk for such gastropathy
than are adults. It is also unclear
whether patients receiving nonsteroi-
dal anti-inflammatory drugs should be
treated prophylactically with drugs
such as Hx-receptor antagonists and
sucralfate.

Probably by suppressing the vas-
odilatory role of renal prostaglandins,
nonsteroidal anti-inflammatory drugs
may decrease creatinine clearance
and increase serum creatinine levels.
This is primarily relevant for patients





TABLE 6. Nonsteroidal Anti-Inflammatory Drugs

Dosage

Generic Name (mg/kg/d) Doses/d
Tolmetin sodium 25-30 4
Naproxen*® 10-20 4
Ibuprofen 30-40 4
Aspirin 80-100 4
Choline magnesium trisalicylate* 50-75 2-4

* Available in liquid form.

Figure. Biosynthesis of thromboxane A, prostaglandins, and leukotrienes. HPETE, hydroxype-
roxyeicosatetraenoic acid.

with hypovolemia and impaired renal
function. Interstitial nephritis and ne-
phrotic syndrome may rarely occur
with a number of nonsteroidal anti-
inflammatory drugs.

By inhibiting cyclooxygenase with-
in platelets, most nonsteroidal anti-
inflammatory drugs decrease platelet
aggregation. Aspirin, in dosages as
low as 80 mg daily, irreversibly ace-
tylates cyclooxygenase and de-
creases platelet aggregation for the
rest of the life of the platelet. After
aspirin is discontinued, this platelet
effect persists for ten to 12 days.
Other cyclooxygenase-inhibiting non-
steroidal anti-inflammatory drugs also
decrease platelet aggregation, but
their inhibition is reversible, so that
the platelet effect disappears as soon
as the drug is completely excreted
(within 24 hours, eg, with tolmetin
and ibuprofen.) The nonacetylated
salicylates (eg, choline magnesium
trisalicylate) are poor inhibitors of cy-
clooxygenase and have little or no
effect on platelets.

Other side effects of nonsteroidal
anti-inflammatory drugs include hep-
atotoxicity, diarrhea, headache, tin-

nitus, skin rash, fluid retention, and
rarely bone marrow suppression. The
potential side effects should not be
minimized, and the risk to benefit
considerations should be discussed
thoroughly with the family. A com-
plete blood cell count, urinalysis, and
chemistry profile ideally should be ob-
tained every 6 months to screen for
toxicity.

To date it is difficult to state with
certainty whether one nonsteroidal
anti-inflammatory drug is more effec-
tive or, on balance, any less toxic
than another. Aspirin appears to
cause more gastrointestinal toxicity
and a greater incidence of hepato-
toxicity than the newer drugs. There
is some evidence that aspirin may
predispose to Reye syndrome. There
is no evidence to date that non-aspi-
rin nonsteroidal anti-inflammatory
drugs predispose to Reye syndrome.
Nonacetylated salicylates may create
less gastrointestinal disease than
other nonsteroidal anti-inflammatory
drugs. Sulindac and nonacetylated
nonsteroidal anti-inflammatory drugs
may suppress renal prostaglandins to
a lesser degree. There is no evidence
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that combination nonsteroidal anti-in-
flammatory drug therapy is more ef-
fective than use of a single agent. A
major factor in determining prefer-
ence for one drug over another is
ease of administration. Several of the
newer agents may be administered
once or twice daily. Several are also
available in liquid form.

Although beneficial effects may be-
come apparent in a few days, it may
take 2 to 6 weeks of sustained ther-
apy before maximum benefits occur.
Therefore a 2- to 6-week trial is wise
before abandoning a given nonste-
roidal anti-inflammatory drug, unless
adverse side effects develop.
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Self-Evaluation Quiz

11. Most patients with juvenile rheumatoid
arthritis (JRA) have or are characterized by
each of the following except:

A. Acute onset of the arthritis.

B. Moming stiffness.

C. Both joint pain and joint swelling.

D. Pauciarticular onset.

E. Female gender.

12. Enthesopathy syndromes (classical
spondyloarthropathies) include each of the
following except:

. Ankylosing spondylitis.

. Acute transient synovitis of the hip.

. Reiter syndrome.

. Psoriatic spondyloarthropathy.
Spondyloarthropathy associated with in-
flammatory bowel disease.

moow»
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13. A 13-year-old boy has persistent pain
and swelling in his right knee. Each of the
following associated findings would be typ-
ical of juvenile ankylosing spondylitis ex-
cept:

A. Chronic low back pain.

B. Limited back mobility.

C. Enthesopathy of heels.

D. HLA B27 negativity.

E. Episodic acute iritis.

14. True statements pertaining to erythema
chronicum migrans include each of the fol-
lowing except:

A. It is associated with Lyme disease.

B. It develops at the site of a recent tick bite.

C. Any associated arthropathy typically oc-

curs at the time of onset of the rash.

D. Itis a slowly expanding circular rash with

a maculopapular border.

E. It usually fades within 3 to 4 weeks.

15. Each of the following is a true statement
except:

A. An ANA test is more productive than a
rheumatoid factor test in screening for
childhood rheumatic disease.

B. JRA is characterized by constant joint
swelling which is present daily for at least
6 weeks.

C. Lyme disease can cause recurrent, migra-

tory, or chronic types of arthralgias or
arthritis.

D. The therapeutic, as well as the toxic, ef-
fects of nonsteroidal anti-inflammatory
drugs appear to be due to stimulation of
prostaglandin synthesis.

E. Entheses are sites of attachment of liga-
ments, tendons, and fasciae to bone.
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Systemic

Beth S. Gottlieb, MD,
MS,* Norman T. llowite,
MD*
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llowite did not
disclose any financial
relationships relevant
to this article. All of
the medications
mentioned in this
article for treatment
of lupus are off-label,
with the exception of
aspirin, cortico-

steroids, and

hydroxychloroquine.

After completing this article, readers should be able to:

1. List the most common presenting symptoms of systemic lupus erythematosus (SLE) in
the pediatric population.

Describe the patient who is most likely to have secondary Raynaud phenomenon.
Recognize why antinuclear antibody testing lacks specificity.

Know the specific serologic markers for SLE.

Discuss the treatment for SLE.

o e

Introduction

Systemic lupus erythematosus (SLE) is a multisystem, chronic but often episodic, autoim-
mune disease that is characterized by the presence of antinuclear antibodies (ANA).
Because SLE can present with a number of signs and symptoms, the diagnosis often is
considered in children who have prolonged unexplained complaints.

Epidemiology

Approximately 20% of all patients who have SLE are diagnosed in childhood. The onset of
SLE is rare in those younger than 5 years of age; most pediatric patients are diagnosed in
adolescence. SLE is considered a predominantly female disease, and although most
affected patients are female, the ratio changes with age. Prior to puberty, the female-to-
male ratio is 3:1; after puberty, the ratio becomes 9:1. Aside from this sex difference, there
also are marked racial differences observed in SLE. Native Americans are most susceptible
to developing SLE, followed by African-Americans, Hispanics, Chinese, and Filipinos. The
disease tends to be more severe in African-Americans and Hispanics.

SLE is a multigenic disease. A patient who has SLE is more likely to have a relative who
has either SLE or another autoimmune disease such as thyroiditis or insulin-dependent
diabetes. Epidemiologic, twin, and human leukocyte antigen data suggest a strong genetic
contribution to the etiology of SLE, but the exact cause is unknown. Multiple factors
confer risk, including abnormalities in the metabolism of sex hormones, particular foods
that have been found to be immunostimulatory in animals, and infectious agents. Overall,
it has been suggested that an environmental trigger is necessary in a genetically predisposed
individual to result in the disease.

Clinical Manifestations

The most common presenting symptoms of SLE in teenagers are fever, rash, mucositis,
and arthritis. Other common symptoms include constitutional symptoms such as malaise
and weight loss. Such symptoms, especially when prolonged in an adolescent female,
should prompt evaluation for SLE.

Mucocutaneous
The most recognized sign of SLE is the classic butterfly rash or malar erythema (Fig. 1).
This photosensitive, erythematous rash over the cheeks crosses the nasal bridge, but spares
the nasolabial folds. Although most commonly associated with SLE, this rash is not unique
to the disease; it can occur in dermatomyositis. Unlike rosacea, the malar rash in SLE does

*Assistant Professor of Pediatrics, Albert Einstein College of Medicine; Chief, Division of Rheumatology, Schneider Children's
Hospital, Hyde Park, NY.

*Professor of Pediatrics, Albert Einstein College of Medicine; Chief, Division of Rheumatology, Children’s Hospital at
Montefiore, Bronx, NY.
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Figure 1. Typical butterfly rash in a girl who has SLE. Note
that the malar erythema crosses the nasal bridge.

not have pustules, papules, or telangiectasia. Vasculitic
lesions may be present and frequently are found on the
palms, resulting in palmar erythema. Photosensitive dis-
coid lesions on the scalp or extremities and maculopap-
ular lesions that may occur anywhere also may be seen.
Subacute cutaneous lesions and bullous lesions are un-
common in children. Subacute lesions appear as papulos-
quamous erythematous lesions on the trunk and limbs.
Alopecia in SLE generally begins in the frontal area and is
diffuse. Although a difficult cosmetic issue for adoles-
cents, alopecia rarely is permanent. Mucosal lesions may
take the form of ulcers on the hard palate (Fig. 2).
Because such ulcers are painless, patients generally do not
realize that they are present, but they may be found on
physical examination.

Central Nervous System

Neurologic manifestations of SLE are difficult to diag-
nose because they may be vague and are varied. After
renal disease, central nervous system (CNS) disease is the
second leading cause of serious morbidity and mortality
in SLE. Psychiatric manifestations (including psychosis),
seizures, and headaches are the most common CNS
symptoms. Headaches, difficulty with concentration or
memory, depression, or a decline in school performance
all may be due to lupus cerebritis but also may result from
coping with a chronic illness or an effect of glucocorti-
coid treatment. Chorea, neuropathies, and transverse
myelitis occur less commonly, but are associated more
clearly with active CNS disease. Infection always should
be considered, especially in those receiving immunosup-
pressive therapy. Imaging studies and neurocognitive
testing can help determine if other symptoms are due to
lupus cerebritis.
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Figure 2. Palatal erythema and ulcer.

Cardiovascular
Any layer of the heart may be involved in SLE, although
the pericardium is affected most commonly. Patients
who have pericarditis may complain of chest pain that is
exacerbated when lying down or taking a deep breath.
A friction rub may be heard on auscultation. Myocarditis
may manifest as congestive heart failure or arrhythmia.
Libman-Sacks endocarditis results in sterile verrucous
vegetations. Up to 50% of patients who have SLE have
Libman-Sacks endocarditis, which places them at risk for
subacute bacterial endocarditis (SBE) and suggests the
need for SBE prophylaxis.

Raynaud phenomenon is very common in adolescents
and most often is primary, although it may be secondary
to SLE or other connective tissue diseases. Examination
of the nail-bed capillaries often provides a clue to distin-
guishing primary from secondary Raynaud disease. Di-
lated or corkscrew-shaped nail-bed capillaries or dropout
areas (a large gap between capillaries) is suggestive of
vasculopathy and, therefore, secondary Raynaud syn-
drome. Exposure to cold, emotional stress, caffeine, and
cigarette smoke may exacerbate the symptoms. It is





important to advise patients to dress warmly, in multiple
layers, and to limit exposure to the cold. Patients who
have frequent or prolonged episodes of cyanotic changes
in their digits are at risk for infarction of the digits and,
therefore, may require treatment with a vasodilator (such
as nifedipine) throughout the cold winter months.

Children who have SLE have been found to develop
premature atherosclerosis. Multiple factors contribute.
Glucocorticoids increase concentrations of cholesterol,
very low-density lipoprotein (VLDL) cholesterol, low-
density lipoprotein cholesterol, and triglycerides. SLE
has been implicated in dyslipoproteinemia in adoles-
cents. High concentrations of VLDL and triglycerides
and low concentrations of high-density lipoprotein cho-
lesterol and apoprotein A-I have been demonstrated.
Nephrotic syndrome resulting in hypercholesterolemia
also may contribute to atherosclerosis in some patients
who have SLE. Additionally, there is evidence that in-
creased expression of adhesion molecules by endothelial
and inflammatory cells as well as antiphospholipid anti-
bodies play a role in the development of premature
atherosclerosis. Prevention of complications should be-
gin in the pediatric age group. Some patients require
treatment with statins if diet, exercise, and fish oil cap-
sules fail to result in improvement.

Pulmonary

Pleuropulmonary disease is a frequent manifestation of
SLE in childhood. The most common symptom is pleu-
ritic chest pain due to effusion and may be a presenting
sign of SLE. Approximately 60% of adolescent patients
who have SLE have subclinical pulmonary disease with
abnormal pulmonary function tests in the absence of
symptoms. (1) Shrinking lung syndrome results from a
dysfunction of the diaphragm that elevates this organ,
resulting in decreased lung volume. Other less common
pulmonary manifestations include pneumonitis, pulmo-
nary hemorrhage, and pulmonary hypertension.

Gastrointestinal

Gastrointestinal symptoms in a patient who has SLE may
be difficult to interpret because, like CNS manifestations,
symptoms may be due to the disease, an associated
adverse effect of therapy, or unrelated to either. Abdom-
inal pain may be related to multiple pathologic processes.
Diffuse abdominal pain sometimes accompanied by pain
radiating to the shoulder should raise the suspicion of
pancreatitis, which may be a manifestation of SLE or a
complication of steroid therapy. Mesenteric vasculitis,
peritonitis, and hepatitis have been demonstrated.

systemic lupus erythematosus

Renal
Renal involvement occurs in approximately 75% of chil-
dren who have SLE, most often within the first 2 years of
the disease. (2) Renal disease is a major cause of mor-
bidity in SLE. Early evidence of renal disease may be
suggested by microscopic hematuria and proteinuria.
Patients also may have hypertension, a decreased glomer-
ular filtration rate, and elevated blood urea nitrogen
(BUN) and creatinine concentrations.

Renal biopsy provides much useful information that
affects treatment. Lupus nephritis is classified by the
World Health Organization based on light microscopy:

 Class I: Normal

e Class II: Mesangial proliferation

e Class III: Focal segmental glomerulonephritis

e Class IV: Diftuse proliferative glomerulonephritis
e Class V: Membranous nephritis

* Class VI: Glomerulosclerosis

Histopathology also is helpful in determining the
acuity or chronicity of inflammation, which determines
responsiveness to treatment. Electron microscopy and
immunofluoresence provide details about the location of
immune complex deposits, which affect prognosis.

Musculoskeletal

Most children who have SLE experience arthralgias or
arthritis. Arthritis in SLE typically is nonerosive and
nondeforming. Both small and large joints may be in-
volved. In some cases, arthritis may cause Jaccoud ar-
thropathy, a nonerosive but deforming arthritis that re-
sults from joint subluxation. Myalgias and proximal
muscle weakness may develop in patients who have SLE.
If myositis occurs, it suggests the diagnosis of an overlap
syndrome such as mixed connective tissue discase. Fever
and arthritis in a child also may be present in systemic-
onset juvenile idiopathic arthritis and in acute rheumatic
fever. Associated clinical features and laboratory findings
(such as an elevated antisteptolysin O titer, as found in
rheumatic fever) help to make a definitive diagnosis.

Hematologic
Cytopenias are common at the onset of SLE in children.
All cell lines may be affected. Leukopenia may result from
either neutropenia or lymphopenia. Anemia occurs in
approximately 50% of patients. It most often is a normo-
cytic normochromic anemia consistent with that of
chronic disease. In some cases, the anemia is an autoim-
mune hemolytic anemia. Immune-mediated thrombocy-
topenia also may occur. SLE should be considered espe-
cially in adolescent girls who have chronic idiopathic
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best screening test for SLE is the ANA because it is

The 1997 Revised positive in almost all patients who have active discase.
American COI |ege Of Although the ANA is a sensitive test, it is not specific; it
e - may be positive in up to 33% of the general healthy

Rheu mat0|ogy CI aSS|flcat| on population. (3) One study reported that 71% of patients
Crite ria fO r S LE referred to a pediatric rheumatology center for a positive

ANA did not have any rheumatic disease. (4) This study
also reported that only with titers of 1:1,280 or higher
was there a higher frequency of rheumatologic disease.
Other autoimmune diseases associated with elevated
ANA titers include juvenile idiopathic arthritis, dermato-
myositis, scleroderma, and thyroid disease. Positive ANA
titers also may result from recent infectious illnesses.
Antibodies to double-stranded DNA (anti-ds DNA)
are more specific for SLE because they rarely are positive
in healthy individuals or in other rheumatologic discases.
These antibodies are helpful for monitoring disease ac-
tivity because they tend to be present in high titers during
active disease. They also may be predictive of disease
flares, commonly increasing prior to exacerbation of
symptoms, especially in the kidney. Other specific anti-
bodies for SLE include the extractable nuclear antigens
anti-Sm (Smith) and -RNP (ribonucleoprotein), anti-Ro
(also called SS-A), and anti-La (also called SS-B) (Table
2). Anti-Ro antibodies are most known for their associ-
ation with neonatal lupus erythematosus (NLE) and the

thrombocytopenic purpura or those who have Evans development of congenital heart block. Serologic mark-
syndrome. ers of active disease (reduced levels of C3 or C4, elevated

titers of anti-ds DNA antibodies) are important to follow
Diagnosis and may indicate a need for more aggressive therapy in
There is no specific diagnostic test for SLE; the diagnosis patients who have class III or IV nephritis.

is based on clinical manifestations
and results of laboratory evaluation.

The diagnosis should be considered Table 2. Slg_n Iﬁ ?a n?e an d Freq uency Of
in an adolescent girl who has mul- Autoantibodies in SLE

tisystem disease and demonstrable

autoantibodies. Although there are Antibody Prevalence Association

classification criteria for SLE, these anti-ds DNA 73% SLE (especially when disease is severe or

are not meant to be diagnostic cri- involves the kidney or central nervous

teria in individual patients (Table : ) system) ; ) )

1). These criteria serve as an impor- anti-SSA (Ro) 40% SLE__(_espemaIIy with cutaneous manifestations),
. p . . Sjogren syndrome, neonatal lupus

tant guide for classifying patients in anti-SSB (La) 10% to 15%  SLE, Sjogren syndrome, neonatal lupus

clinical studies; they have not been anti-Sm 20% to 30% SLE

validated for the diagnosis of SLE anti-RNP 15% SLE, mixed connective tissue disease

in pediatric patients. anti-cardiolipin ~ 37% anti-phospholipid antibody syndrome

Data from: Peng SL, Craft J. Antinuclear antibodies. In: Ruddy S, Harris ED, Sledge CB, eds. Kelly’s
Textbook of Rhenmatology. 6th ed. Philadelphia, Pa: WB Saunders Co; 2001:165.
Edworthy SM. Clinical manifestations of systemic lupus erythematosus. In: Ruddy S, Harris ED, Sledge

Laboratory Evaluation

Laboratory assessment is hClpﬁ,ll for CB, eds. Kelly’s Textbook of Rheumatology. 6th ed. Philadelphia, Pa: Saunders Co; 2001:1110.
blishi he di . d f Gedalia A, Molina JF, Garcia CO, et al. Anti-cardiolipin antibodies in childhood rheumatic diseases.
establishing the diagnosis and for Lupus. 1998:7:551.

monitoring the disease course. The
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Testing for antiphospholipid antibodies and results of
a complete blood count, electrolytes, BUN, creatinine,
hepatic enzymes, acute-phase reactants (such as erythro-
cyte sedimentation rate or C-reactive protein), and uri-
nalysis are helpful in the routine monitoring of affected
patients.

Antiphospholipid Antibody Syndrome
Antiphospholipid antibody syndrome may occur as a
primary disease or be secondary when associated with
SLE. This syndrome places patients at risk for both
arterial and venous thrombosis, recurrent fetal loss,
Raynaud phenomenon, and thrombocytopenia. Neuro-
logic involvement also may occur and may include cho-
rea and transverse myelitis. Patients also are at risk for
Libman-Sacks endocarditis. Laboratory features of this
syndrome include the presence of anticardiolipin anti-
bodies, prolonged phospholipid-dependent coagulation
tests (such as partial thromboplastin time, abnormal di-
lute Russell viper-venom time), and circulating lupus
anticoagulant, as documented by a failure to correct the
prolonged coagulation time with mixing studies. One
study revealed that 66% of pediatric patients who had
SLE had positive anticardiolipin antibodies, 62% had
lupus anticoagulants, and 39% had a false-positive VDRL
(a phospholipid-dependent test). (5) In 12% of the pa-
tients, only one of these tests was positive. Therefore, no
one test can be relied on for the diagnosis.

Neonatal Lupus Erythematosus

NLE is a syndrome in infants of mothers who have SLE
that is caused by the transplacental transfer of maternal
antibodies. The most common manifestations are hema-
tologic, cutaneous, hepatic, and cardiac abnormalities.
Almost all mothers who have affected infants are anti-Ro-
or -La-positive. Infants also have positive antibody titers,
if tested early. The most common hematologic manifes-
tation is thrombocytopenia, generally without associated
bleeding. Cutaneous disease may occur immediately af-
ter birth or be delayed for several weeks (Fig. 3). The
lesions generally occur on the face and appear similar to
subacute cutaneous lupus lesions. They resolve without
scarring. Hepatitis may occur in NLE and may be accom-
panied by hepatomegaly.

Most NLE manifestations resolve without sequelae
after an average of 6 months, coinciding with the disap-
pearance of maternal antibodies. Congenital heart block,
however, is permanent because the fetal conducting sys-
tem is damaged during its development. Congenital
heart block may be detected early in pregnancy as brady-
cardia in the fetus. All children require placement of a

collagen vascular systemic lupus erythematosus

Figure 3. Erythematous skin lesions typical of neonatal lupus
erythematosus.

permanent pacemaker. Despite treatment, mortality still
is significant.

Treatment

The long-term prognosis of patients who have SLE has
improved in recent years, which may be attributed to
better monitoring and treatments. The treatment must
be tailored carefully to each patient. The choice of med-
ication depends on the extent of organ system involve-
ment (Fig. 4). Although the disease itself may result in
significant morbidity and mortality, much of the emerg-
ing morbidity in SLE today results from the medications
used to control the disease. Such morbidity includes
infections, atherosclerosis, and osteoporosis. Thus, ther-
apy must be monitored closely and decreased whenever
possible to diminish iatrogenic sequelae.

All lupus patients are advised to use sunscreen for
ultraviolet A and ultraviolet B protection to all skin that is
exposed to the light (indoor or sunlight) year-round to
prevent exacerbation of skin disease and internal organ
disease. Nonsteroidal anti-inflammatory drugs are very
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Initial Management of SLE
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Figure 4. Initial management of SLE. SBE=subacute bacterial endocarditis,

NSAID=nonsteroidal anti-inflammatory drug, GC=glucocorticoids, BUN=blood urea nitro-
gen, CNS=central nervous system, IV=intravenous, MMF=mycophenolate mofetil, *=opti-

mal treatment remains controversial

useful in treating fevers and arthritis. Methotrexate also is
used for more extensive arthritis. Hydroxychloroquine is
used to reduce fatigue, mucocutaneous symptoms, and
alopecia. Due to potential retinal toxicity associated with
this medication, patients must have routine ophthalmo-
logic examinations.

Glucocorticoids are required to treat exacerbation of
internal organ system disease, especially CNS, renal, and
hematologic disease. Glucocorticoids are associated with
cushingoid features, cataracts, glaucoma, osteoporosis,
hypertension, glucose intolerance, aseptic necrosis of
the femoral head, immune suppression, abnormal lipid
handling, and myopathy. Therefore, steroid doses are
reduced as quickly as clinical improvement allows.
Toxicity-sparing strategies include alternate-day or intra-
venous “pulse” doses of methylprednisolone. Intrave-
nous immunoglobulin may be helpful, primarily for the
treatment of chorea and thrombocytopenia.

Immunosuppressive therapy has two important roles: as
steroid-sparing agents and in the treatment of steroid-
resistant disease. Cyclophosphamide has been considered
the therapy of choice for serious organ involvement in
SLE. This medication is used especially for focal segmental
and diffuse proliferative glomerulonephritis and for CNS
disease. Cyclophosphamide has substantial potential toxic-
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less toxicity. MMEF also has been
suggested for maintenance ther-
apy after a course of intravenous
cyclophosphamide. Many bio-
logic agents currently are being
tested for the treatment of SLE. These target specific
cytokines (anti-interleukin-10 monoclonal antibody)
and costimulatory molecules (anti-CD40 ligand) or at-
tempt to enhance B-cell tolerance (LJP 394). Autolo-
gous stem cell transplant is being investigated for severe
SLE refractory to available treatments.

The prognosis of children who have SLE has im-
proved due to advances in medical care. According to
one study, juvenile-onset SLE has a 92% 5-year survival
rate and an 85% 10-year survival rate. (6) The causes of
death in affected children have been renal disease, infec-
tion, and CNS disease. A multidisciplinary team ap-
proach in the care of a child and his or her family is ideal.
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PIR Quiz

Quiz also available online at www.pedsinreview.org.

1. An array of skin and mucous membrane findings have been associated with systemic lupus erythematosis

(SLE). One of the vasculitic lesions frequently found with SLE is:

Bullous lesions.

Erythema multiforme major.
Erythema nodosum.
Fissuring of the lips.

Palmar erythema.

moOw>

. A 15-year-old girl presents to your office with a 3-month history of facial rash, headaches, swollen knees,
and pallor. Urine dipstick analysis shows the presence of protein and blood. You are highly suspicious that
she has SLE. Her parents are seeking as much information as possible as you proceed with her evaluation to
confirm the diagnosis. The organ system involvement in SLE that is most likely to cause the most serious
morbidity and mortality is:

Cardiac.

Central nervous system.
Gastrointestinal.
Hematologic.

Renal.

moOw>

. An obstetrician is closely monitoring a 25-year-old pregnant woman who has SLE. Her pregnancy, even
with the history of SLE, has been stable. You are consulted to advise the woman about the risks for her
newborn. You advise her that her infant is most likely to develop neonatal lupus erythematosus if the
mother has:

. A low C4 concentration.

. Anti-Ro antibodies.

. Anti-Sm (Smith) antibodies.
. Proteinuria.

. Thrombocytopenia.

moow>

. An 18-year-old girl in whom the diagnosis of SLE was confirmed in the past month has developed
increasing signs of altered mental status. You are concerned that she is showing signs of lupus central
nervous system (CNS) involvement. Currently, she is receiving corticosteroids for her disease. The additional
agent that will be most helpful in treating her CNS lupus is:

Cyclophosphamide.
Hydroxychoroquine.
Intravenous immunoglobulin.
Methotrexate.
Mycophenolate mofetil.

moow>
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