Pediatr Cardiol (2010) 31:222-228
DOI 10.1007/500246-009-9589-9

ORIGINAL ARTICLE

Pediatric Patients Hospitalized with Myocarditis:

A Multi-Institutional Analysis

Darren Klugman - John T. Berger + Craig A. Sable -

Jianping He - Sachin G. Khandelwal - Anthony D. Slonim

Received: 6 August 2009/ Accepted: 30 October 2009 / Published online: 21 November 2009

© Springer Science+Business Media, LLC 2009

Abstract The objective of this study was to identify the
patient, institutional, and utilization characteristics associ-
ated with outcome in hospitalized pediatric patients with
myocarditis. This was a nonconcurrent cohort study of all
consecutive pediatric discharges from the 35 academic
children’s hospitals that are members of the Pediatric Health
Information System (PHIS): patients from birth through age
21 years discharged from participating hospitals between
January 1, 2005, and December 31, 2005. Patient-level,
institution-level, and utilization variables were examined. A
total of 427,615 patients were discharged, and 216 (0.05%)
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were diagnosed with myocarditis. Common etiologies were
idiopathic (82%), related to other diseases (6%), and bac-
terial or viral (3%). Myocarditis patients required consid-
erable support including intravenous immunoglobulin
(IVIG; 49.1%), milrinone (45%), epinephrine (35%),
mechanical ventilation (25%), extracorporeal membrane
oxygenation (7%), and cardiac transplantation (5%). Even in
patients with extreme illness scores, IVIG use did not impact
survival (P = 0.67). Overall survival of myocarditis
patients was 92%. Myocarditis patients who died presented
with a higher severity of illness and required frequent use of
extracorporeal membrane oxygenation and other ICU ther-
apies. In conclusion, pediatric patients with myocarditis
have considerable variability in their presentations and
outcomes, use more resources, and die more often than
children with other diagnoses. Attempts at using character-
istics that uniformly predict illness severity or survival were
not successful. Despite increased use in the sickest patients,
IVIG conferred no survival advantage.
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Myocarditis is an inflammatory condition of the myocar-
dium characterized by leukocyte infiltration and sub-
sequent fibrosis and necrosis. Although myocarditis is rare,
occurring in 0.05% of children, it causes significant mor-
bidity and mortality, with long-term sequelae including
chronic congestive heart failure (CHF), cardiomyopathy,
and death [3, 5, 10, 19, 22, 24, 30].

Although most cases of myocarditis are preceded by a
viral or flu-like illness, the spectrum of presentation is
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broad and ranges from acute fulminant myocarditis char-
acterized by the sudden onset of severe CHF and cardio-
genic shock [1, 3, 6, 9, 10, 17, 18, 22] to an indolent onset
with progression of symptoms resulting in CHF. Patients
with acute fulminant myocarditis are critically ill, requiring
prolonged intensive care unit (ICU) stays [1, 9, 18, 28] and,
occasionally, extracorporeal membrane oxygenation
(ECMO) [4, 8, 31]. Care for these patients is directed at
respiratory and hemodynamic support while the diagnostic
workup for myocarditis is completed [2, 11, 12].

Prior studies of pediatric myocarditis are limited to
small cohorts or single-institution case series. Therefore,
the purpose of this study was to use a multi-institutional
dataset of discharges from freestanding academic child-
rens’ hospitals to characterize pediatric patients hospital-
ized with myocarditis and determine the characteristics
associated with mortality so that earlier opportunities for
intervention might be identified.

Patients and Methods
Dataset

The Pediatric Health Information System (PHIS) dataset
was used for these analyses. This dataset is available for
the years 1997-2007 and represents detailed hospital-based
inpatient information on all discharges (n = 427,615) from
35 independent, academic, freestanding, childrens’ hospi-
tals in the United States (PHIS). The participating institu-
tions are affiliated with the Child Health Corporation of
America (Shawnee Mission, KS) and supply demographic,
diagnostic, and utilization data for purposes of internal and
external benchmarking. They are heterogeneous with
respect to geographic location, bed number, and average
daily census. Data are submitted to the PHIS and tested for
reliability and validity before inclusion. The data ware-
house function for the PHIS is managed by Solucient, LLC
(Evanston, IL).

Data Checks

The hospitals submit discharge-level data on a monthly
basis from their internal data systems using a standardized
discharge abstract. These data include the hospital identi-
fier, medical record number, and admission and discharge
dates, age, race, gender, payer, and up to 21 diagnoses and
procedures. The data are then assigned an All Patient
Refined Diagnostic Related Group (APR-DRG) severity
level (3 M Center, St. Paul, MN). The medical record
numbers, billing numbers, physician identifications, and
Zip Codes are encrypted to protect the identity of the
patients and assure compliance with federal regulations.

These data are then subjected to a number of reliability and
validity checks before being processed. If a hospital’s
quarterly data are unacceptable according to these limits,
all of its quarterly data are rejected; however, these data
can be resubmitted and re-evaluated for inclusion at a later
time (Solucient). During the study period, all data from
each of the participating institutions met the reliability and
validity thresholds and were included for analysis.

Participant Inclusion and Exclusion

All consecutive pediatric discharges, from birth through
age 21 years, from participating hospitals between January
1, 2005, and December 31, 2005, were included in this
study. The unit of analysis for this investigation was the
individual discharge. Readmissions of individual patients
were considered separate admissions for the purpose of
these analyses.

Study Design
Definitions

Discharges were surveyed for an ICD 9 procedure code
indicative of myocarditis (defined by ICD 9 codes 391.2,
422, 422.0, 422.9, 429.0, 422.90-422.93, 074.23, 398.0,
032.82, 036.43, 093.82, 130.3). From the group of patients
who had myocarditis, procedures and medications were
determined by the presence of an ICD 9 diagnosis code
corresponding to ECMO (39.65), heart transplantation
(37.51), cardiac pacing (37.7), arterial catheters (89.61),
central venous catheters (89.62), Swan Ganz catheters
(89.64), mechanical ventilator use (96.04, 96.71, 96.72),
cardiac catheterization (37.21, 37.22, 37.23), or myocardial
biopsy (37.25) and medication use. The primary outcome
measure of this study was survival.

Variables

We determined the association of myocarditis survival with
the following independent variables obtained directly from
existing data elements in the PHIS dataset or derived from
PHIS data elements: (1) patient characteristics, (2) utili-
zation characteristics, and (3) hospital characteristics. For
each discharge with myocarditis, the demographic and
utilization variables were identified. Patient-level variables
included age, race, gender, payer, diagnosis, disposition,
and survival. The utilization variable was length of stay
(LOS). Institution-level variables included geographic
location, bed size, and average daily census.

The severity variable represents a relative severity score
that is derived by encoding age, diagnostic, and procedural
codes into a computerized algorithm known as the All
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Patient Refined Diagnostic Related Group (APR-DRG).
This variable stratifies severity and risk of mortality into
one of four levels based on the degree of coding. Generally,
risk-of-mortality measures aim to predict mortality after
accounting for clinical attributes at the patient level. As a
result, the APR-DRG is now a standard for benchmarking
inpatient severity of illness, hospital performance, and
hospital quality.

Statistical Analyses

Results are given as representative rates to allow ease of
comparison among and between groups and to allow the
computation of odds ratios (OR’s). The chi-square test was
used for comparison of nominal data. Length-of-stay data
may not be Gaussian in distribution. Therefore, a non-
parametric test, the Mann—Whitney rank sums test was
used for these comparisons. Stepwise multiple logistic
regression analysis was performed to adjust for differences
in case mix among myocarditis patients and to determine
their association with outcomes. In all instances, a P-value
of 0.05 was used as the significance level. Statistical
analyses were performed using SAS (SAS Inc., Cary, NC).
The study used deidentified data and was granted an
exempt status from the Institutional Review Board.

Results

During the study period there were a total of 427,615 dis-
charges from the participating institutions, of which 216
(0.05%) were diagnosed with myocarditis. Table 1 reports
the baseline characteristics of survivors versus nonsurvivors
with myocarditis. Children with myocarditis who survived
had similar characteristics compared to children who died.
There was no statistically significant difference in patient
age, gender, hospital size, or insurance payer. Patients with
myocarditis who died had higher severity-of-illness scores.

Ages of children hospitalized with myocarditis were
evenly distributed, with approximately 53% of children
being <5 years of age and 47% being >5 years of age
(Table 1). There was no significant difference in the pro-
portion of males (56.5%) versus females (43.5%) with
myocarditis (P = 0.064). The majority of myocarditis
patients were Caucasian (63.6%), with another large pro-
portion of patients being African American (24.4%). Pri-
vate (42.6%) or government (34.7%) insurance was the
predominant insurance payer.

A total of 115 (53.2%) patients with myocarditis had a
severity score of major or extreme (Table 1), and consis-
tent with this finding, myocarditis patients were often
admitted to the ICU (N = 116; 53.7%). The average hos-
pital LOS was 14.4 days and the mortality rate was 7.8%.
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Patients with myocarditis who died presented with
severity of illness rated as either major (n = 7; 41.2%) or
extreme (n = 10; 58.8%). There was a significant rela-
tionship between severity and mortality score when strati-
fied by severity level (P = 0.0001). Using multiple logistic
regression analysis of patient demographic factors associ-
ated with outcome, only severity of illness was statistically
significant (OR = 7.84; 95% CI = 2.36, 26.04) (Table 2).

Children with myocarditis often required multiple
invasive procedures and significant pharmacologic support
(Table 3). Eighty-one (37.5%) patients required mechani-
cal ventilation, including 64 (32.2%) of the patients who
survived. Cardiac catheterization and myocardial biopsy
were performed in 18.9% and 18.0% of patients, respec-
tively. A total of 670 microbiologic cultures were per-
formed on these children (mean, 3 cultures/patient) with
56% having bacterial cultures (either aerobic or anaerobic)
and 88% having viral cultures performed. Pharmacologic
therapy was widely used, including intravenous immuno-
globulin (IVIG; 45.4%), inotropes, and antiarrhythmic
medications (Table 3). Milrinone (n = 97; 44.9%) and
epinephrine (n = 76; 35.2%) were used most often for
vasoactive support.

Overall, the use of IVIG was not associated with
severity (all P’s = NS) (Table 4). However, when evalu-
ated by individual severity scores, there was a trend toward
more frequent use of IVIG in patients with extreme
severity scores (n = 27; 27.6%; P = 0.06). Despite the
trend toward increased use in the sickest patients, IVIG did
not confer a survival advantage regardless of the patient’s
severity of illness (P = NS). Of the seven patients with a
major severity score who died, two received IVIG (6.9%),
compared to five patients who did not receive IVIG
(12.8%; OR = 0.5; P = 0.4) (Table 4). Four of twenty-
seven patients (14.8%) with extreme severity scores who
died received IVIG, compared to 6 of 20 patients (30%)
with the same score who died but did not receive IVIG
therapy (OR = 0.4, P = 0.2) (Table 4). Importantly, when
analyzing the same patients with extreme severity scores,
IVIG did not have any impact on mortality (P = 0.22)
(Table 4).

Discussion

The purpose of this study was to improve the understand-
ing of outcomes for patients diagnosed with myocarditis to
determine if risk factors for mortality could be identified.
While pediatric myocarditis presents with significant
morbidity and mortality, the prevalence is rare, the diag-
nosis remains challenging [5, 19, 23, 27], and large multi-
institutional studies are lacking. This study provides a
multi-institutional analysis of children diagnosed with
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Table 1 Demographic characteristics of patients with myocarditis

Variable Survived (N = 199) Died (N = 17) QOdds ratio® P-value®
n % n %
Age
0-30 days 11 5.5% 1 5.9% 1.1 NS
31-365 days 32 16.1% 1 5.9% 0.3 NS
1-5 years 62 31.2% 8 47.1% 2.0 NS
6-12 years 32 16.1% 6 353% 2.8 NS
13-18 years 61 30.7% 1 5.9% 0.1 NS
19-21 years 1 0.5% 0 0.0% 0.0 NS
Gender
Female 116 58.3% 6 35.3% 0.4 NS
Male 83 41.7% 11 64.7% 2.6 NS
Race
Caucasian 122 61.3% 11 64.7% 1.2 NS
African American 47 23.6% 4 23.5% 1.0 NS
Asian 4 2.0% 0 0.0% 0.0 NS
American Indian 1 0.5% 0 0.0% 0.0 NS
Other 18 9.1% 2 11.8% 1.3 NS
Principal insurance
Government 69 34.7% 6 35.3% 1.0 NS
Private 83 41.7% 9 52.9% 1.6 NS
Self pay 2 1.0% 0 0.0% 0.0 NS
Other 45 22.6% 2 11.7% 0.5 NS
Geographic region
Northeast 18 9.0% 3 17.7% 2.2 NS
Southeast 12 6.0% 1 5.9% 1.0 NS
Mid Atlantic 35 17.6% 1 5.9% 0.3 NS
Mountain 2.0% 0 0.0 0.0 NS
New England 5 2.5% 0 0.0 0.0 NS
Pacific 35 17.6% 1 5.9% 0.3 NS
South Atlantic 27 13.6% 2 11.8% 0.8 NS
Northwest 22 11.1% 3 17.7% 1.7 NS
Southwest 41 20.6% 6 35.3% 2.1 NS
Severity score
Minor 48 24.1% 0 0.0 0.0 <0.05
Moderate 53 26.6% 0 0.0 0.0 <0.05
Major 61 30.7% 7 41.2% 1.6 NS
Extreme 37 18.6% 10 58.8% 6.3 <0.05
ICU admit 106 53.3% 10 58.8% 1.3 NS

Note: NS nonsignificant

* Comparing survival vs. death

myocarditis at freestanding childrens’ hospitals. Severity of
illness at presentation was the only demographic charac-
teristic associated with outcome in children with myocar-
ditis. In addition, this study was unable to detect any
survival advantage for myocarditis patients who received
IVIG, a common treatment strategy.

Despite a rigorous attempt to more clearly define patient
and institutional characteristics associated with survival in
hospitalized children with myocarditis, these data suggest
considerable variation in both presentation and outcome.
We were unsuccessful in finding specific patient or hospital
characteristics associated with outcome. The lack of
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Table 2 Results of multiple logistic regression analysis for pediatric
patients hospitalized with myocarditis and patient-level factors asso-
ciated with survival

Demographic Odds ratio 95% CI
Age 1.73 (0.93,3.21)
Gender 1.89 (0.52,6.87)
Race 0.45 (0.14,1.44)
Ethnicity 1.03 (0.46,2.29)
Severity score 7.84 (2.36,26.04)
Principal insurance 0.50 (0.25,0.99)

Note: CI confidence interval
well-defined clinical characteristics in this population

highlights the ongoing diagnostic and clinical challenges
associated with this illness. Endomyocardial biopsy (EMB)

Table 3 Care requirements of patients with myocarditis

is often inaccurate because of patchy involvement of the
myocardium; however, endomyocardial biopsy is more
likely to be positive when performed within 72 h of pre-
sentation [6]. Newer diagnostic modalities such as MRI
have shown promise for diagnosing myocarditis and should
be considered in patients in whom the diagnosis is sus-
pected [13, 20, 26], because they may be helpful in guiding
early therapy and management.

Severity of illness was found to be a significant predictor
of mortality upon initial hospital presentation. The severity
of illness represented by our patient population is consis-
tent with that in prior studies. In a study of children with
acute fulminant myocarditis in France, 100% of the chil-
dren required ICU admission [1]. Lee et al. reviewed 35
biopsy-positive cases of myocarditis, and 66% of the
patients were admitted to the ICU [18]. However, despite

Variable Total (N = 216) Survived (N = 199) Died (N = 17) QOdds ratio® P-value®
n % n % n %

Procedure
ECMO 16 7.4% 9 4.5% 7 41.2% 14.8 <0.05
Heart transplant 4 1.9% 4 2.0% 0 0.0 0.0 NS
Need for pacing 6 2.8% 6 3.0% 0 0.0 0.0 NS
Arterial line 6 2.8% 5 2.5% 1 5.9% 2.4 NS
Central venous catheter 3 1.4% 3 1.5% 0 0 0.0 NS
Swann Ganz catheter 3 1.4% 3 1.5% 0 0 0.0 NS
Ventilator 81 37.5% 64 32.2% 17 100% - 0.95
Cardiac catheterization 41 19.0% 36 18.1% 5 29.4% 1.9 NS
Myocardial biopsy 39 18.1% 36 18.1% 3 17.7% 1.0 NS
Other 171 79.2% 154 77.4% 17 100% - -

Medication
Milrinone 97 44.9% 85 42.7% 12 70.6% 32 <0.05
Epinepherine 76 35.2% 64 32.2% 12 70.6% 5.1 <0.05
Dopamine 73 33.8% 61 30.7% 12 70.6% 5.4 <0.05
Lidocaine 93 43.1% 81 40.7% 12 70.6% 35 <0.05
IVIG 98 45.4% 92 46.2% 6 35.3% 0.6 NS

Note: ECMO extracorporeal membrane oxygenation, NS nonsignificant, /VIG intravenous immunoglobulin

? Comparing survival vs. death

Table 4 Mortality and IVIG use

Severity group IVIG (N = 98) No IVIG (N = 118) Odds ratio 95% CI P-value

Died, n Survived, n Died, n Survived, n

Minor 0 (0.0%) 18 (100.0%) 0 (0.0%) 30 (100.0%) - -

Moderate 0 (0.0%) 24 (100.0%) 0 (0.0%) 29 (100.0%) - -

Major 2 (6.9%) 27 (93.1%) 5 (12.8%) 34 (87.2%) 0.5 (0.09,2.8) 0.43

Extreme 4 (14.8%) 23 (85.2%) 6 (30.0%) 14 (70.0%) 0.4 (0.10,1.70) 0.22

Note: IVIG intravenous immunoglobulin, CI confidence interval
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initial clinical presentation, long-term follow-up studies
have demonstrated that patients with acute fulminant
myocarditis have favorable long-term survival [1, 9, 11, 17,
22]. Therefore, despite an increased likelihood of death
early in their illness trajectory, patients with an acute ful-
minant presentation should be managed aggressively.

Despite the lack of proven efficacy, nearly half of the
patients in our study received IVIG, demonstrating con-
tinued widespread use of immunosuppression in this
patient population. This finding is consistent with the
widely described use of this therapy [7, 14, 16, 21]. In a
prospective trial of high-dose y-globulin for children with
myocarditis, Drucker and colleagues found improved
recovery of left ventricular function, but no statistically
significant improvement in survival, compared to a his-
torical cohort of patients who did not receive IVIG [7].
Currently, there are no prospective, randomized, controlled
trials demonstrating the efficacy of IVIG in this patient
population, and our study confirms that there is a lack of
appreciable survival advantage with IVIG use. Given the
cost and potential side effects of this therapy, additional
prospective studies are necessary to clearly delineate
clinical benefit of high-dose IVIG in the treatment of
pediatric myocarditis.

ECMO has been efficacious in the support of children
with myocarditis [4, 8, 31], and our study continues to
demonstrate the role of mechanical cardiac support in the
treatment of these patients. However, ECMO should only
be considered after routine supportive therapies have
failed. Recently, other mechanical support modalities have
been used to manage cases of pediatric myocarditis. Pul-
satile paracorporeal support systems in pediatrics are being
used more frequently to support children with myocarditis,
and an improvement in outcomes for children with acute
viral myocarditis has been documented in multiple single-
center reports [15, 25, 29]. Hetzer and colleagues have
demonstrated a significant increase, from 35 to 68%, in the
use of ventricular assist devices in patients discharged from
the hospital or bridged to transplant in two time frames,
from 1990 to 1998 and from 1998 to 2004 [15].

There are important limitations to this study. First, the
data were derived from a large administrative database that
depends on the accuracy of coding by the participating
hospitals. While the data are useful for analyzing the
demographics and resource utilization for a population of
patients, they cannot be used to draw inferences or make
clinical decisions for individual patients. Second, using an
administrative dataset limits the availability of routine
culture and myocardial biopsy data. In addition, post-
mortem data are not available, making it likely that the
incidence of myocarditis may be underestimated. It is also
possible that the administrative dataset underestimates the
number of procedures required by each patient and the

severity of illness since it is not based on physiologic
indexes. Finally, we used a single calendar year of data
because our primary outcome of interest was survival at
hospital discharge. However, using a single calendar year
of data limits the time for evaluation of therapies such as
IVIG which might be best evaluated over longer time
periods. Nonetheless, the use of survival as a primary
outcome measure allowed us the opportunity to move
beyond surrogate markers of efficacy such as echocardio-
graphic parameters or functional status and focus on other
important clinical outcomes. These data do, however,
provide a multi-institutional perspective of the demo-
graphics, patient care requirements, and outcomes of
pediatric patients hospitalized with myocarditis free from
the biases associated with single-institution studies.

Conclusion

The variation of presentation in children with myocarditis
made the identification of unique patient characteristics
associated with outcome difficult. Attempts at using char-
acteristics that uniformly predict illness severity or survival
in this cohort were not successful. Nonetheless, when
myocarditis is suspected, early clinical suspicion should be
high and the management should be aggressive. These data
further highlight the need for additional multicenter studies
using IVIG and other immunosuppressive agents for
treating this patient population. While definitive and rapid
diagnosis is important, there remain challenges in using
diagnostic tools like MRI, and further investigations into
easier and more accurate methods of diagnosis are needed.

Acknowledgment Dr. Slonim was supported in part by AHRQ
Grant KO-8 HS-14009-01.

References

1. Amabile N, Fraisse A, Bouvenot J, Chetaille P, Ovaert C (2006)
Outcome of acute fulminant myocarditis in children. Heart
92:1269-1273

2. Aretz HT, Billingham ME, Edwards WD, Factor SM, Fallon JT,
Fenoglio JJ Jr, Olsen EG, Schoen FJ (1987) Myocarditis. A
histopathologic definition and classification. Am J Cardiovasc
Pathol 1:3-14

3. Batra AS, Lewis AB (2001) Acute myocarditis. Curr Opin Pediatr
13:234-239

4. Chen YS, Wang MJ, Chou NK, Han YY, Chiu IS, Lin FY, Chu
SH, Ko WJ (1999) Rescue for acute myocarditis with shock by
extracorporeal membrane oxygenation. Ann Thorac Surg
68:2220-2224

5. Corrado D, Basso C, Thiene G (2001) Sudden cardiac death in
young people with apparently normal heart. Cardiovasc Res
50:399-408

6. Dec GW Ir, Palacios IF, Fallon JT, Aretz HT, Mills J, Lee DC,
Johnson RA (1985) Active myocarditis in the spectrum of acute

@ Springer



228

Pediatr Cardiol (2010) 31:222-228

10.

11.

12.

13.

14.

15.

16.

17.

18.

dilated cardiomyopathies. Clinical features, histologic correlates,
and clinical outcome. N Engl J] Med 312:885-890

. Drucker NA, Colan SD, Lewis AB, Beiser AS, Wessel DL,

Takahashi M, Baker AL, Perez-Atayde AR, Newburger JW
(1994) Gamma-globulin treatment of acute myocarditis in the
pediatric population. Circulation 8§9:252-257

. Duncan BW, Bohn DJ, Atz AM, French JW, Laussen PC, Wessel

DL (2001) Mechanical circulatory support for the treatment of
children with acute fulminant myocarditis. J Thorac Cardiovasc
Surg 122:440-448

. English RF, Janosky JE, Ettedgui JA, Webber SA (2004) Out-

comes for children with acute myocarditis. Cardiol Young
14:488-493

Feldman AM, McNamara D (2000) Myocarditis. N Engl J Med
343:1388-1398

Felker GM, Boehmer JP, Hruban RH, Hutchins GM, Kasper EK,
Baughman KL, Hare JM (2000) Echocardiographic findings in
fulminant and acute myocarditis. J Am Coll Cardiol 36:227-232
Fenoglio 1J Jr, Ursell PC, Kellogg CF, Drusin RE, Weiss MB
(1983) Diagnosis and classification of myocarditis by endomyo-
cardial biopsy. N Engl J Med 308:12-18

Friedrich MG, Strohm O, Schulz-Menger J, Marciniak H, Luft
FC, Dietz R (1998) Contrast media-enhanced magnetic resonance
imaging visualizes myocardial changes in the course of viral
myocarditis. Circulation 97:1802-1809

Gagliardi MG, Bevilacqua M, Bassano C, Leonardi B, Boldrini
R, Camassei FD, Fierabracci A, Ugazio AG, Bottazzo GF (2004)
Long term follow up of children with myocarditis treated by
immunosuppression and of children with dilated cardiomyopathy.
Heart 90:1167-1171

Hetzer R, Potapov EV, Stiller B, Weng Y, Hubler M, Lemmer J,
Alexi-Meskishvili V, Redlin M, Merkle F, Kaufmann F, Hennig E
(2006) Improvement in survival after mechanical circulatory sup-
port with pneumatic pulsatile ventricular assist devices in pediatric
patients. Ann Thorac Surg 82:917-924 (discussion 924-915)
Kleinert S, Weintraub RG, Wilkinson JL, Chow CW (1997)
Myocarditis in children with dilated cardiomyopathy: incidence
and outcome after dual therapy immunosuppression. J Heart
Lung Transpl 16:1248-1254

Kuhn B, Shapiro ED, Walls TA, Friedman AH (2004) Predictors
of outcome of myocarditis. Pediatr Cardiol 25:379-384

Lee KJ, McCrindle BW, Bohn DJ, Wilson GJ, Taylor GP,
Freedom RM, Smallhorn JF, Benson LN (1999) Clinical out-
comes of acute myocarditis in childhood. Heart 82:226-233

. Lipshultz SE, Sleeper LA, Towbin JA, Lowe AM, Orav EJ, Cox

GF, Lurie PR, McCoy KL, McDonald MA, Messere JE, Colan

@ Springer

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

SD (2003) The incidence of pediatric cardiomyopathy in two
regions of the United States. N Engl J Med 348:1647-1655
Mabhrholdt H, Goedecke C, Wagner A, Meinhardt G, Athanasi-
adis A, Vogelsberg H, Fritz P, Klingel K, Kandolf R, Sechtem U
(2004) Cardiovascular magnetic resonance assessment of human
myocarditis: a comparison to histology and molecular pathology.
Circulation 109:1250-1258

Mason JW, O’Connell JB, Herskowitz A, Rose NR, McManus
BM, Billingham ME, Moon TE (1995) A clinical trial of
immunosuppressive therapy for myocarditis. The Myocarditis
Treatment Trial Investigators. N Engl J Med 333:269-275
McCarthy RE 3rd, Boehmer JP, Hruban RH, Hutchins GM,
Kasper EK, Hare JM, Baughman KL (2000) Long-term outcome
of fulminant myocarditis as compared with acute (nonfulminant)
myocarditis. N Engl J Med 342:690-695

Nugent AW, Daubeney PE, Chondros P, Carlin JB, Cheung M,
Wilkinson LC, Davis AM, Kahler SG, Chow CW, Wilkinson JL,
Weintraub RG (2003) The epidemiology of childhood cardio-
myopathy in Australia. N Engl J] Med 348:1639-1646

Phillips M, Robinowitz M, Higgins JR, Boran KJ, Reed T,
Virmani R (1986) Sudden cardiac death in Air Force recruits.
A 20-year review. JAMA 256:2696-2699

Sharma MS, Webber SA, Morell VO, Gandhi SK, Wearden PD,
Buchanan JR, Kormos RL (2006) Ventricular assist device sup-
port in children and adolescents as a bridge to heart transplan-
tation. Ann Thorac Surg 82:926-932

Skouri HN, Dec GW, Friedrich MG, Cooper LT (2006) Nonin-
vasive imaging in myocarditis. ] Am Coll Cardiol 48:2085-2093
Smith NM, Bourne AJ, Clapton WK, Byard RW (1992) The
spectrum of presentation at autopsy of myocarditis in infancy and
childhood. Pathology 24:129-131

Taliercio CP, Seward JB, Driscoll DJ, Fisher LD, Gersh BJ, Tajik
AJ (1985) Idiopathic dilated cardiomyopathy in the young:
clinical profile and natural history. J Am Coll Cardiol 6:1126—
1131

Topkara VK, Dang NC, Barili F, Martens TP, George I, Cheema
FH, Bardakci H, Ozcan AV, Naka Y (2006) Ventricular assist
device use for the treatment of acute viral myocarditis. J Thorac
Cardiovasc Surg 131:1190-1191

Towbin JA, Lowe AM, Colan SD, Sleeper LA, Orav EJ, Clunie
S, Messere J, Cox GF, Lurie PR, Hsu D, Canter C, Wilkinson JD,
Lipshultz SE (2006) Incidence, causes, and outcomes of dilated
cardiomyopathy in children. JAMA 296:1867-1876

Wu ET, Huang SC, Chen YS, Wang JK, Wu MH, Ko WJ (2006)
Children with fulminant myocarditis rescued with extracorporeal
membrane oxygenation. Heart 92:1325-1326



	Pediatric Patients Hospitalized with Myocarditis: �A Multi-Institutional Analysis
	Abstract
	Patients and Methods
	Dataset
	Data Checks
	Participant Inclusion and Exclusion
	Study Design
	Definitions
	Variables

	Statistical Analyses

	Results
	Discussion
	Conclusion
	Acknowledgment
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


