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Abstract Few data exist evaluating the epidemiology of
Kawasaki disease (KD) resistant to intravenous immuno-
globulin (IVIG) in the United States on a national level,
and characterization of the epidemiology of IVIG resis-
tance may improve patient care. We aim to characterize the
incidence of KD resistant to IVIG therapy and risk factors
for resistance in children’s hospitals in the United States. A
large, administrative database was used to identify pedi-
atric patients admitted with an ICD-9 code for mucocuta-
neous lymph node syndrome (446.1) and a charge for at
least one dose of IVIG. Patients were identified as resistant
to IVIG therapy if there were >2 calendar days between an
initial IVIG dose and a subsequent dose of IVIG, methyl-
prednisolone, rituximab, or infliximab. Patient demo-
graphic and hospital information were collected, as well as
the charges for imaging, laboratory, and medications.
Resistance occurred in 16.3 % (hospital range 8.0-26.8 %)
of the population and was not associated with time or
number of patients admitted with KD. Patients admitted to
hospitals in the highest quartile of resistance were more
likely to be African-American (26.5 vs 20.1 %, p < 0.01),
less likely to have an echocardiogram performed (93.6 vs
97.1 %, p < 0.01), were more likely to have a C-reactive
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protein drawn (93 vs 79.9 %, p < 0.01), and were less
likely to have an erythrocyte sedimentation rate drawn
(87.9 vs 91.6 %, p < 0.01). The incidence of KD resistant
to IVIG is highly variable among pediatric hospitals and
treatment patterns vary between hospitals with high- and
low-resistance patterns. Further evaluation of diagnostic
and treatment patterns at pediatric hospitals is warranted.

Keywords Epidemiology - Kawasaki disease - IVIG -
Resistance
Abbreviations

KD Kawasaki disease

IVIG Intravenous immunoglobulin
IQR  Interquartile range
Introduction

The mainstay of treatment for Kawasaki disease (KD) for
many years has been intravenous immunoglobulin (IVIG)
[8]. The efficacy of IVIG therapy was been well established
in preventing coronary artery aneurysms. However, a sig-
nificant number of patients (10-20 %) with KD experience
‘resistance’ to IVIG therapy, defined as a persistent fever
>36 h after an initial IVIG dose [1, 8]. Multiple doses of
IVIG are recommended in this scenario, and recent litera-
ture has also advocated the use of monoclonal antibody
preparations, such as infliximab or rituximab, or methyl-
prednisolone, in resistant patients [8, 13].

Locally focused studies, primarily in Japan, have been
performed to develop scoring systems to predict patient’s
IVIG resistance, but have not evaluated the epidemiology
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of IVIG resistance on a large scale [3, 5, 7, 10, 11]. In the
United States, increased incidences of IVIG-resistant KD
have been noted in specific regions of the country [14]. We
hypothesized that IVIG resistance is different in various
geographic regions of the United States. These differences
may be due to the potentially variable content of IVIG
preparations, variability in patient care practices or diag-
nostic techniques at pediatric hospitals, and differing racial
and ethnic distributions in the United States. Data gener-
ated from investigating IVIG resistance in this manner may
elucidate patterns useful for prediction of resistance or
serve as a baseline for future investigations. Therefore, our
aim was to characterize the epidemiology of KD resistant
to IVIG therapy in pediatric hospitals in the United States
and identify risk factors which may be associated with
IVIG resistance.

Methods

A retrospective, descriptive study was designed, and
Institutional Review Board exemption was obtained. Data
for this study were obtained from the Pediatric Health
Information System (PHIS), an administrative database
that contains inpatient, emergency department, ambulatory
surgery, and observation data from 43 not-for-profit, ter-
tiary care pediatric hospitals in the United States. These
hospitals are affiliated with the Child Health Corporation of
America (Shawnee Mission, KS), a business alliance of
children’s hospitals. Data quality and reliability are assured
through a joint effort between the Child Health Corporation
of America and participating hospitals. The data warehouse
function for the PHIS database is managed by Thomson
Reuters (Ann Arbor, MI). For the purposes of external
benchmarking, participating hospitals provide discharge/
encounter data including demographics, diagnoses, and
procedures. Forty two of these hospitals also submit
resource utilization data (e.g., pharmaceuticals, imaging,
and laboratory) into PHIS. Data are de-identified at the
time of data submission, and data are subjected to a number
of reliability and validity checks before being included in
the database.

Data were queried for patients discharged from January
1, 2004 to June 30th, 2012 which are the most complete
data available in the PHIS database. Patients were inclu-
ded if they had an International Classification of Diseases,
Ninth Revision (ICD-9) diagnosis code for acute febrile
mucocutaneous lymph node syndrome (446.1), received
IVIG therapy, and were <19 years of age. Hospitals were
excluded if they did not submit data each year of entire
study period or had missing or incomplete data. If patients
were admitted multiple times, the first admission was
used.

Patients were considered to have IVIG-resistant KD if
they received an initial dose of IVIG and a subsequent dose
of IVIG, methylprednisolone, rituximab, or infliximab
>2 days after the initial IVIG dose [12]. Additionally,
patients were considered to be resistant to IVIG if they
were readmitted within 7 days and received a dose of
IVIG, methylprednisolone, rituximab, or infliximab on the
readmission.

Data collection included patient demographics, hospital,
primary attending physician and consult service, length of
stay, medications, laboratory utilization, readmission,
echocardiography, and mortality. Patterns of resistance at
individual hospitals were described. The hospitals were
divided into quartiles and hospitals in the quartile with the
lowest incidence of resistance (low resistance) were com-
pared to hospitals in the quartile with the highest incidence
of resistance (high resistant). Trends in IVIG resistance
were evaluated over time using a statistical process control
(SPC) chart to determine variations in resistance patterns.
Resistance was also evaluated over seasons. Mean and
standard deviation were used for normally distributed data
and median and interquartile range (IQR) was used for
non-parametric data. Student’s 7 test, Mann—Whitney
U test, and Fisher’s exact test were used to determine
differences in patient characteristics between high-resis-
tance and low-resistance hospitals. Analysis was performed
with Chart Runner (PQ systems, Dayton, Ohio) and Stata
IC v.12 (StataCorp, College Station, Texas). A p value of
<0.05 was determined a priori as significant.

Results

A total of 9,721 patients met study criteria from 33 hos-
pitals. Median patient age was 2.7 years (IQR
1.4-4.7 years), 60.7 % were male, and most patients were
Caucasian (51.6 %). Patient length of stay was a median of
3 days (IQR 24 days), 6.9 % were admitted to an inten-
sive care unit, and mortality was <0.1 %. A procedure code
for echocardiography was present in 93.6 % of patients.
Aspirin was used in 89.9 %, and corticosteroids (5.5 %),
infliximab (1.1 %), warfarin (0.7 %), clopidogrel (0.4 %),
pentoxifylline (0.3 %), abciximab (0.05 %), and rituximab
(0.01 %) were also used. Incidence of readmission within
7 days for retreatment was 3.2 %.

The overall incidence of IVIG resistance was 16.3 %.
No increasing trends in resistance to IVIG over time were
identified in a statistical process control chart using process
stability rules. (Fig. 1) Resistance patterns varied signifi-
cantly among hospitals from 8.0 to 26.8 % (p < 0.05)
(Fig. 2). There was no association with hospitals with a
high number of patients admitted with KD and percentage
of patients resistant to IVIG (Fig. 3).
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Fig. 2 Incidence of resistant Kawasaki disease by children’s hospital

Eight hospitals with the lowest incidence of resistance
(lowest quartile) were compared to eight hospitals with the
highest incidence of resistance (highest quartile) to assess
for differences in patient or hospital characteristics. Low-
resistance hospitals had a mean incidence of resistance of
10.8 £ 0.3 % compared to high-resistance hospitals,
22.1 £ 0.4 % (p < 0.01). No differences were noted in age
or gender between high and low-resistance hospitals, but
African-American patients were more prevalent at high-
resistance hospitals (Table 1). Patients admitted to hospi-
tals in the highest quartile for IVIG resistance were more
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Fig. 3 Incidence of resistant Kawasaki disease by number of patients
treated for Kawasaki disease at an institution. No correlation exists
between number of patients treated and incidence of resistance

likely to have been readmitted for therapy (3.7 vs 5.7 %,
p < 0.01). There was not a significant difference in inten-
sive care unit admission (5.3 vs 5.3 %, p = 0.96).
Aspirin was less frequently used at low-resistance hos-
pitals as compared to high-resistance hospitals (89.3 vs
90.2 %, p < 0.01). Patients at a high-resistance hospital
were more likely to receive corticosteroid, and were more
likely to have salicylate level monitoring (2.0 vs 7.3 %,

p < 0.01), but were less likely to have received infliximab
(Table 1).
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Table 1 Comparison of patients admitted to low versus high IVIG
Resistant Hospitals

Category Low High p value
resistance resistance
(n=1824) (n=1837)
Age, years (median, IQR) 2.7 (1.5-4.8) 2.7 (1.3-4.8) 0.13
Age category
Neonates (1-30 days) 11.5 13.7 0.24
Infants (31 days—1 year) 24.6 242
Toddlers (2-5 years) 46.8 46.1
Children (612 years) 16.3 15.2
Adolescents (13-18 years) 0.79 0.93
Male (%) 61.1 61.5 0.78
Race/ethnicity
African-American (%) 20.1 26.5 <0.01
Asian (%) 8.5 9.1
Caucasian (%) 58.2 50.7
Other (%) 13.0 13.2
Medications
Abciximab (%) 0 0.04 0.35
Infliximab (%) 1.5 0.9 0.04
Methylprednisolone (%) 24 5.6 <0.01
Prednisone (%) 1.4 2.6 <0.01
Clopidogrel (%) 0.3 1.3 <0.01

Although the difference is small, echocardiograms were
performed more often in patients at low-resistance hospi-
tals as compared to high-resistance hospitals (97.1 vs
93.6 %, p <0.01). At low-resistance hospitals, fewer
patients had a C-reactive protein drawn (79.9 vs 93.0 %,
p < 0.01) but more had an erythrocyte sedimentation rate
drawn (91.6 vs 87.9 %, p < 0.01).

Discussion

This is largest evaluation regarding the epidemiology of
IVIG-resistant KD. Resistance to IVIG has been well
documented, and the overall incidence data presented here
reflect previous reports from national and local databases
[2, 8, 12]. African-American patients were more prevalent
at high-resistance hospitals, which differs from previous
publications [9].

Overall, our findings demonstrate that IVIG resistance is
not uniform throughout pediatric hospitals in the United
States. Due to the similarities in the patient data extracted,
and the lack of a significant trend of resistance over time,
we postulate that these differences may occur due to var-
iation in evaluation and treatment of KD, and, subsequently
the diagnosis and treatment of IVIG-resistant KD, at
pediatric hospitals.

The diagnosis of KD can be difficult, and increased
diagnosis of incomplete KD after guideline publication has
been noted [4]. Similarly, guidelines for the diagnosis and
treatment of KD may be followed in varying degrees and
may be highly dependent on institutional practices [6].
Additionally, patients diagnosed with KD could have
atypical KD, and would have a different disease progres-
sion and, presumably, differing resistance rates. If the
threshold for diagnosing patients with KD is low, many
patients who do not have KD could be inappropriately
administered IVIG, thus inflating the denominator of
patients diagnosed with KD who may not truly have it in
our study, and reducing the percentage of patients identi-
fied as IVIG resistant.

Other common modalities for evaluation of KD in low-
versus high-resistance hospitals demonstrated some sig-
nificant differences. An echocardiogram was more likely to
be performed in a low-resistance hospital. The discrepancy
in C-reactive protein and erythrocyte sedimentation rate
utilization is important to note, as current guidelines rec-
ommend the utilization of both modalities when diagnosing
KD [8]. The difference in laboratory testing lends support
to the theory that evaluation and thus diagnosis of KD is
highly variable at pediatric hospitals.

Other sources of variation may be present that represent
institutional biases in the treatment of KD, but are unable to
be evaluated using this data source. Medication dose or brand
of IVIG is not present in the database, nor are important
variables such as presence of fever, length of febrile illness
prior to treatment, physical signs and symptoms, or pertinent
laboratory values. These are limitations associated with a
retrospective review of administrative data. Based on the
data presented, we propose that variability in KD diagnosis
and overtreatment with IVIG may be the etiology of resis-
tance patterns demonstrated in this report. Due to the lack of
granularity associated with a large database study, we are
unable to evaluate the etiology of the resistance, and are only
able to postulate a question for future investigation. Clini-
cians are urged to evaluate practices regarding the diagnosis
of KD and IVIG therapy at their institution.

Conclusion

Kawasaki disease resistant to intravenous immunoglobulin
therapy occurs frequently and the incidence of resistance
varies significantly between pediatric hospitals.
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