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Effect of Initial Corticosteroid Therapy on Coronary Artery Aneurysm
Formation in Kawasaki Disease: A Meta-analysis of 862 Children

Angela C. Wooditch, MD, and Stephen C. Aronoff, MD

ABSTRACT. Objective. Kawasaki disease is an acute
vasculitis of infancy and childhood. When untreated,
15% to 25% of patients develop coronary artery aneu-
rysms. Although the use of aspirin and intravenous im-
mune globulin (IVIG) as initial therapy is well estab-
lished, the role of corticosteroids is uncertain. The
objective of this study was to identify clinical trials that
compared the rate of coronary aneurysm formation after
initial therapy with corticosteroids or an appropriate con-
trol and to determine the overall efficacy of corticosteroid
therapy for the initial treatment of Kawasaki disease.

Methods. Published studies were identified by
searches of the Medline and the Cochrane Central Reg-
ister of Controlled Trials databases as well as hand
searches of selected references. Studies were included
when (1) all subjects had a stated diagnosis of Kawasaki
disease; (2) a corticosteroid preparation was included as
part of the initial management of the disease process; (3)
a therapeutically matched control group was included for
the entire study, or subsets of patients that received a
therapeutic intervention identical to the experimental
group except for the inclusion of a corticosteroid com-
pound could be identified; and (4) 2-dimensional echo-
cardiography or coronary artery catheterization was per-
formed at least 2 weeks after therapy to detect the
presence of coronary aneurysms. Included studies were
evaluated for quality and heterogeneity. Meta-analysis
was performed using a fixed-effects model.

Results. Eight studies fulfilled criteria for inclusion.
Because 2 of these studies provided adequate detail to
permit evaluation of 2 subgroups each, a total of 10
groups were available for evaluation. The significant
heterogeneity that existed among the 10 studies (Q =
21.9, I? = 59.0) was eliminated when 2 studies with mark-
edly different study designs were removed (Q = 5.59, I2
= 0.00). Meta-analysis of the remaining 8 studies re-
vealed a significant reduction in the incidence of coro-
nary artery aneurysms among patients who received cor-
ticosteroid therapy plus aspirin * IVIG compared with
aspirin * IVIG alone (odds ratio [OR] 0.546; 95% confi-
dence interval [CI]: 0.371-0.803); the benefit of corticoste-
roid therapy was maintained when study subsets of as-
pirin alone (OR: 0.601; 95% CI: 0.392-0.921) or aspirin +
IVIG (OR: 0.352; 95% CI: 0.136-0.909) were compared
with matched regimens that contained corticosteroids.
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Conclusion. The inclusion of corticosteroids in aspi-
rin-containing regimens for the initial treatment of Ka-
wasaki disease reduces the incidence of coronary
aneurysms. Pediatrics 2005;116:989-995; Kawasaki dis-
ease, corticosteroids, coronary aneurysms, complications,
therapy.

ABBREVIATIONS. IVIG, intravenous immunoglobulin; OR, odds
ratios; SE, standard error; CI, confidence interval.

ease is an acute vasculitis of infancy and early

childhood characterized by fever of >5 days’
duration, nonpurulent conjunctivitis, rash, unilateral
cervical lymphadenopathy, oropharyngeal mucosi-
tis, and edema or erythema of the hands and feet.!=3
Development of coronary artery aneurysms is the
major cardiac morbidity from this disease.*

Aspirin and intravenous immunoglobulin (IVIG)
reduce the incidence of coronary artery aneurysms in
Kawasaki disease.>® The utility of corticosteroids in
Kawasaki disease is less clear. Shulman® noted that
some reports address “rescue” therapy (corticoste-
roid administration in children who fail IVIG ther-
apy), whereas others address “primary” therapy
(corticosteroid administration as a component of
first-line therapy). The most recent guidelines for the
management of Kawasaki disease do not endorse the
use of corticosteroids as primary therapy?; the Com-
mittee on Rheumatic Fever, Endocarditis, and Ka-
wasaki Disease, Council on Cardiovascular Disease
in the Young, American Heart Association withheld
its recommendation on the basis of the low level of
supporting evidence. Because no systematic review
addressed the use of corticosteroids as primary ther-
apy for Kawasaki disease, the present study was
undertaken to identify clinical trials that compared
the rate of coronary aneurysm formation after initial
therapy with corticosteroids or an appropriate con-
trol and to determine the overall efficacy of cortico-
steroid therapy for the initial treatment of Kawasaki
disease.

I lirst described in English in 1974, Kawasaki dis-

METHODS

Study Identification

The Medline and the Cochrane Central Register of Controlled
Trials databases were searched using both the Ovid and PubMed
search engines, covering the period from 1966 to February 2005.
Search terms included “Kawasaki,” “steroid,” “corticosteroid,”
“treatment,” and “controlled trials.” The reports were screened for
relevance using the title and abstract. The bibliographies of se-
lected articles and editorials were also reviewed.
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Study Selection and Data Analysis

Studies were included when they met the following criteria: (1)
all subjects had a stated diagnosis of Kawasaki disease; (2) a
corticosteroid preparation was included as part of the initial man-
agement of the disease process; (3) a therapeutically matched
control group was included for the entire study, or subsets of
patients that received a therapeutic intervention identical to the
experimental group except for the inclusion of a corticosteroid
compound could be identified; and (4) 2-dimensional echocardi-
ography or coronary artery catheterization was performed at least
2 weeks after therapy to detect the presence of coronary aneu-
rysms. The methods sections from candidate articles were sepa-
rated from the text, all references to the authors or the location of
the study were hidden, and the methods were reviewed by one of
the authors (S.C.A.) for compliance with inclusion criteria. The
other author reviewed the methods section unblinded. Conflicts
were resolved by discussion until consensus was reached.

The quality of each article was rated using the following sche-
ma:

1. Were the criteria for the diagnosis of Kawasaki disease stated
explicitly (defined as (a) a statement that all patients met the
diagnostic criteria of the American Heart Association; (b) a
statement that all patients met the criteria of the Japanese
Ministry of Health, or (c) fever for 5 days plus any 4 of the
following: conjunctivitis, mucositis of the oral pharynx, periph-
eral edema, unilateral lymphadenopathy, and rash) (yes = 1; 0
= no)?

2. Was an experimental study design used (randomized, con-
trolled, prospective, study with defined protocol = 2; con-
trolled, defined protocol only = 1; none = 0)?

3. Was follow-up coronary imaging performed after enrollment
(=4 weeks = 2; 2-4 weeks = 1; not stated = 0)?

4. Was coronary imaging interpreted in a blinded manner (yes =
1; no or not stated = 0)?

Each article was scored by the authors. Conflicts in scoring
were resolved by consensus.

Data Abstraction

Information from each article was abstracted using a standard-
ized tool. For each study, data for a group that was treated with
corticosteroids and data for a comparable control group were
identified. Reports that evaluated multiple therapeutic protocols
were treated as separate studies when appropriate control groups
could be identified. Details of the patient population were re-
corded. For each study, the dosage and the duration of aspirin
therapy and the dosage and the duration of IVIG therapy for the
control group were recorded. For the corresponding experimental
group, the compound, dosage, and duration of corticosteroid ther-
apy were recorded. Only studies or study subsets in which aspirin
and IVIG therapy were identical between the control and experi-
mental groups were included. Additional therapies were permit-
ted when administered to both groups of patients. Outcome data
were expressed as the proportion of patients per group with
aneurysms (maximum number of patients with coronary aneu-
rysms detected during follow-up/total number of patients in the

group).

Statistical Analysis

The proportion of patients who developed coronary aneurysms
in each study was converted to odds ratio (OR), and the variance
was calculated; in cases in which no events occurred in a cell, a
value of 0.5 was used.” The protocol for dealing with heterogene-
ity, publication bias, and method for statistical analysis was de-
termined before the capture of any data.

The inclusion of a subset of studies that differ from the majority
of studies in method, population, or therapeutic specifics affects
not only the model used for meta-analysis but also its outcome.”#
Heterogeneity among the studies and study subgroups was as-
sessed by calculating Cochran’s Q statistic, applying it to a x?
distribution and calculating the associated P value?; P < .05 sug-
gested significant heterogeneity. For determining the percentage
of heterogeneity across studies, I was calculated.'® Outlying stud-
ies were identified from plots of the z statistic versus the reciprocal
of standard error (SE; Galbraith plots) and by linear regression.®!!
Suspected sources of heterogeneity were confirmed by subset
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analysis.!2 If the heterogeneic studies contained significant varia-
tions in protocol or method from the remaining studies, then the
offending studies could be excluded from the database. In the
absence of such explanations, an attempt to combine the studies
would be of questionable validity.®

Assessment of publication bias (the tendency to find published
articles with positive findings more often than those with negative
findings) was determined graphically from a plot of SE versus OR
(funnel plot).’> The number of studies that were needed to in-
crease the P value above .05 (fail-safe N) was also calculated.*

In the absence of significant study-to-study heterogeneity, the
model of Mantel and Haenszel is the method of choice for com-
bining studies.!> This method assumes a fixed treatment effect
from study to study; variations in outcomes among studies are
assumed to be the result of randomness within each study. The
model of DerSimonian and Laird!¢ assumes a random distribution
of treatment effects around an unidentified mean. This method
yields larger SDs than fixed effects methods and ignores the issue
of heterogeneity.

Calculations, forest plots, and funnel plots were performed
with meta-analysis software (Comprehensive Meta-Analysis, Ver-
sion 2 [B]; Biostat, Inc, Englewood, NJ, www.meta-analysis.com).
Linear regression and Galbraith plots were performed with stan-
dard spreadsheet software (Excel Office 2000; Microsoft Corp,
Redmond, WA).

RESULTS
Study Inclusion and Selection

Online searches of public databases and hand
searching of selected bibliographies yielded 168 cita-
tions. Initial screening of titles and abstracts identi-
fied 26 relevant articles. Twelve of these articles did
not contain original data and represented topical
reviews. The methods sections of the remaining 14
articles were analyzed for compliance with the meta-
analysis protocol. Six studies were excluded:

1. Three studies examined the use of corticosteroid
therapy in children who failed initial treatment
with standard therapy.7-1?

2. One study failed to include a control group that
received comparable therapy to the corticosteroid
recipient group.?°

3. One study evaluated the role of corticosteroid
therapy in treating existing coronary aneurysms
secondary to Kawasaki disease.?!

4. One study represented a preliminary report of a
later study that was included in the analysis.??

Eight reports fulfilled criteria for inclusion?*-39; 2
were written in Japanese, and 1 was written in Ger-
man. Two of the studies were separated into 2 sub-
groups each. Kato et al** enrolled 92 patients into 1 of
5 treatment regimens during the first 4 weeks of
illness. One subgroup consisted of 25 patients who
received cephalexin alone (control) and 17 patients
who received cephalexin and prednisolone (experi-
mental). The second subgroup consisted of 36
children who received aspirin alone (control) and 7
children who received aspirin and prednisolone (ex-
perimental). Shinohara et al?® reviewed the records
of 299 patients with Kawasaki disease and divided
them into 4 groups. One subgroup consisted of 42
children who received aspirin, dipyridamole, and
propranolol (control) and 170 children who received
aspirin, dipyridamole, propranolol, and pred-
nisolone (experimental group). The second subgroup
consisted of 25 children who received aspirin, dipy-
ridamole, propranolol, and IVIG (control) and 62
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children who received aspirin, dipyridamole, pro-
pranolol, IVIG, and prednisolone. Table 1 summa-
rizes the 10 groupings included in the analysis.

Quality of Studies

The quality of the 8 studies included in the data-
base is shown in Table 2. The study by Kusakawa et
al?> failed to meet any of the quality criteria. This was
a retrospective report, and none of the patients fol-
lowed a uniform treatment or follow-up protocol.
Only 2 of the studies stated that patients were ran-
domly assigned to treatment arms®’-3%; no statement
as to how patients were assigned treatment was
noted in the remaining studies.

Analysis of Heterogeneity

When all 10 of the groups were combined using
the fixed-effects model, significant heterogeneity as a
result of differences across studies was identified (Q
=219, P = .0009, I? = 59.0). Figure 1 is a plot of the
z statistic (log OR/SE) against a surrogate measure
of sample size (1/SE). Two points appeared as out-
liers from the line defined by the majority of the
studies. Kusakawa et al®® described an aggregate of
cases that were identified retrospectively and re-
ported to the Japanese Welfare Ministry by 13 hos-
pitals spread throughout the country. Although an
aspirin and an aspirin plus corticosteroid group were
reported, the duration and the dosage of medications
were not recorded. There is no description of a uni-
form protocol applied to these patients. A prospec-
tive study that was contained in the same report
compared 3 treatment protocols: (1) aspirin alone, (2)
flurbiprofen alone, and (3) prednisolone plus dipy-
ridamole. Because a matched control for the pred-
nisolone-treated group was not identified, these data
were unacceptable for inclusion in the database. Sub-
group 1 in the study by Kato et al.>* was the only
study not to include aspirin in both arms of the
study. Linear regression of the Galbraith plot of the
remaining 8 studies was significant (slope = —0.56, b
= 0, r = —0.95). The removal of these 2 studies
eliminated all of the across-study heterogeneity (Q =
5.59, P = .588, I? = 0.00).

Publication Bias

Figure 2 is a funnel plot of the remaining 8 group-
ings identified for this study. The increased spread in
outcome with increasing SE is consistent with the
absence of publication bias. Calculation of the fail-
safe N found that 9 studies with no effect would be
needed to raise the P value beyond .05.

Meta-analysis

When the outcomes of the 8 groups were com-
bined using the model of Mantel and Haenszel, sig-
nificantly fewer patients who received corticosteroid
therapy in addition to standard therapy (aspirin with
or without IVIG or other therapies) experienced cor-
onary artery aneurysms than those who received
matched standard therapy alone (OR: 0.546; 95%
confidence interval [CI]: 0.371-0.803; P = .002; Fig 3).
To control for IVIG as a confounding variable, we
also performed subset analyses. Five groups com-

pared aspirin plus prednisolone with aspirin alone.
In this subset, significantly fewer prednisolone and
aspirin recipients experienced coronary artery aneu-
rysms than those who received aspirin alone (OR:
0.601; 95% CI: 0.392-0.921; P = .019). In the remain-
ing 3 groups, patients received aspirin plus IVIG, or
aspirin, IVIG, and corticosteroid therapy. In this sub-
set, fewer patients who received corticosteroid ther-
apy experienced coronary artery aneurysms than
matched control subjects (OR: 0.352; 95% CI: 0.136—
0.909; P = .031).

DISCUSSION

The role of corticosteroids in the initial manage-
ment of Kawasaki disease has not been established.
From the data presented in this meta-analysis, corti-
costeroids combined with aspirin seem to reduce
significantly the incidence of coronary artery aneu-
rysms when used as initial therapy for Kawasaki
disease. This effect is maintained when IVIG is
added to the initial therapy. Individual clinical trials
that evaluated the clinical efficacy of corticosteroid
therapy in Kawasaki disease were not of sufficient
size to draw valid conclusions. The process of meta-
analysis permits the combination of individual trials
into an overall study with markedly increased
power. As such, statistical significance may be dem-
onstrated through meta-analysis when single small
trials were unable to produce results.

The ability of meta-analyses of small trials to pre-
dict the results of large, randomized, clinical trials is
controversial. LeLorier et al®! compared the predic-
tions of 19 meta-analyses of small clinical trials with
the results of 12 definitive, large, randomized, con-
trolled studies. When 40 pairs of outcomes between
meta-analyses and large clinical trials were com-
pared, meta-analyses were found to have positive
and negative predictive values of 68% and 67%, re-
spectively. Statistically significant differences in
point estimates of effects among pairs of meta-anal-
yses and clinical trials occurred in only 12% of cases,
whereas differences in direction of effect occurred in
20% of the comparisons. Cappelleri et al*? identified
101 meta-analyses that contained at least 1 large,
randomized, clinical trial as defined by patient size
(>1000) or power (>0.80). The relative risks of the
meta-analysis:large trial pairs correlated closely (r =
0.75). Fifteen disagreements in outcome between
meta-analysis:clinical trial pairs were observed: 5 re-
sulted from differences in control group event rates,
1 resulted from suspected publication bias, 4 resulted
from significant differences in study protocol such as
comparability of study populations and blinding,
and 5 had no identifiable cause. Finally, Sterne et al'3
noted that meta-analyses may be subject to “small
study effects.” Because studies with statistically sig-
nificant differences are more likely to be published
than those with “insignificant differences,” greater
effect sizes are needed in small studies to achieve
statistical significance. Although none of the small
studies described in the present report achieved sta-
tistical significance on their own, the magnitude of
the clinical effect expected with corticosteroids in a
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TABLE 2.

Quality Assessment of 8 Studies Selected for the Meta-analysis

Study Diagnostic Study Imaging Blinded Total
Criteria Design Follow-up Outcome
Kan, 19902 1 1 2 0 4
Kato et al., 197924 1 1 2 0 4
Kusakawa, 198325 0 0 0 0 0
Neudorf, 19932¢ 0 1 2 0 3
Okada et al., 200327 1 2 2 0 5
Shinohara et al., 199928 1 1 2 0 4
Sone, 1987%° 0 1 2 0 3
Sundel et al., 20033° 1 2 2 1 6
See text for scoring.
80
60

40
20

=20
-40
-60
-80
-100
-120

Fig 1. Galbraith plot of 10 studies identified for
meta-analysis.

Log odds ratio/SE
o

50 100 150 200
1/SE

Fig 2. Funnel plot of 8 studies identified for
meta-analysis.

0.0
&
o O
0.5
O
W10
B
o
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-3 -2 -1 0 1 2 3
Log odds ratio

large clinical trial may be overestimated by this
meta-analysis.

Disparate study design and lack of randomization
and blinding are other potential sources of bias in the
present study. Commentaries by Shulman and New-
burger®3 have noted the variability in outcomes and
the limitations of the method used in most of the
existing studies that examined the use of corticoste-
roids in the initial management of this disease. The
present review, which includes the studies ad-
dressed by both Shulman and Newburger, also

found significant flaws in the study design of most of
the studies included. Only 2 studies used a prospec-
tive, randomized, appropriately controlled de-
sign. 27,30

Finally, only 1 of the studies included in the
present report used currently recommended dosages
of IVIG®0; 2 studies used lower dosages of IVIG, and
the remaining 5 used aspirin alone. Moreover, the
dosage, duration, and form of corticosteroid therapy
varied greatly among the studies included in the
meta-analysis. As such, this analysis does not pro-
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Group by IVIG Study Name Statistics for Each Study MH OR and 95% CI
MHOR Lower Upper P
Limit  Limit

No Shinohara et al,”® 1999 0.599 0.245 1.467 262 —a
No Kato et al** 1979 0.481 0.023 9.942 636 2
No Kan and Hasino,"* 1999 0.542 0.284 1.035 064 ——
No Sone and Suzuki,” 1987 0.732 0.337 1.587 429 —_——
No Neudorf,* 1993 0.359 0.016 8.253 522 i

ASA alone 0601 0.392 0921 019 -
Yes Sundel et al,* 2003 0667 0.180 2463 543 —a—
Yes Okada et al.?” 2003 1308 0.075 22.933 854 T
Yes Shinohara et al,*® 1999 0.052 0.006 0.459 .008 L

ASA +IVIG 0352 0.136 0.909 031 oS

All studies combined 0.546 0.371 0.803 .002 >

0.01 0.1 1 10 100

Favors corticosteroids  Favors standard therapy

Fig 3. Overall meta-analysis (n = 8) and meta-analyses of aspirin (ASA; n = 5) and ASA combined with IVIG (n = 3) subgroups.

vide a basis for a specific drug form, dosage, or
duration.

In summary, IVIG and aspirin remain the standard
of therapy for the treatment of Kawasaki disease. The
present study demonstrates that when combined
with aspirin-containing regimens as initial therapy,
corticosteroids significantly reduce the incidence of
coronary artery aneurysms. An ongoing multicenter
study should provide additional evidence to address
the use of corticosteroids in combination with con-
temporary dosages of IVIG and aspirin as initial
therapy for Kawasaki disease.?
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AWASH IN INFORMATION, PATIENTS FACE A LONELY,
UNCERTAIN ROAD

“A generation ago, patients argued for more information, more choice and more
say about treatment. To a great extent, that is exactly what they have received: a
superabundance of information, often several treatment options and the right to
choose among them. As this new responsibility dawns on patients, some embrace
it with a sense of pride and furious determination. But many find the job of being
a modern patient, with its slog through medical uncertainty, to be lonely, fright-
ening and overwhelming. . .. The job of being a modern patient includes not only
decision making, of course, but, often, coordinating doctors, medical records and
procedures, as well as negotiating with insurance companies, who are often the
ultimate arbiters over which treatment options will be covered. . .. Increasingly,
that soul-healing doctor-patient relationship has become harder to sustain. Whip-
sawed by insurance plans, patients frequently switch physicians. Pressed by di-
minishing reimbursements, those doctors are building ever larger, more unwieldy
practices, with less time for each patient. The strain has left doctors themselves
feeling exhausted, angry and heartbroken. ... Until the late 1960’s, patients per-
ceived doctors, then almost exclusively white men, as unassailable figures of
authority. They knew best. But during the social and cultural upheaval that
ushered in the women’s rights, civil rights and consumers’ rights movements, the
paternalistic authority of the physician became deeply suspect.”

Hoffman J. New York Times. August 14, 2005
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