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Abstract The objective of this study was to describe a
contemporary cohort of pediatric patients hospitalized for
clinically suspected myocarditis. A retrospective chart re-
view was performed at seven tertiary pediatric hospitals.
Electronic medical records were searched between 2008
and 2012 for patients <18 years admitted with an ICD-9
code consistent with myocarditis. Patients were excluded if
the admitting or consulting cardiologist did not suspect
myocarditis during the admission or an alternative diag-
nosis was determined. One hundred seventy-one patients
were discharged or died with a primary diagnosis of
myocarditis. Median age was 13.1 years (IQR 2.1, 15.9),
with a bimodal distribution; 24% <2 years and 46%
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between 13 and 18 years. Patients with moderate or severe
systolic dysfunction were younger, had higher BNPs at
admission, but had lower troponin. Mortality, heart trans-
plantation, and readmission did not differ between patients
who received only IVIG, only steroids, IVIG and steroids,
and no immunotherapy. Ninety-four patients (55%) were
discharged on heart failure medications, 16 were trans-
planted, and seven died. The presence at the time of
admission of gastrointestinal (GI) symptoms (p = 0.01)
and lower echo shortening fraction (SF) (p < 0.01) was
associated with death/transplant. Within one year 16% had
a readmission, one underwent heart transplant, and 39%
received heart failure therapy. Pediatric myocarditis has a
bimodal age distribution. The use of IVIG and steroids is
not associated with mortality/heart transplantation. The
presence of GI symptoms and lower echo SF may identify
patients at risk for death and/or transplantation during the
admission.

Keywords Myocarditis - Pediatrics - Outcomes

Introduction

An analysis of the pediatric health information system
(PHIS) utilizing ICD-9 coding showed myocarditis that
accounts for approximately 0.05% of all pediatric admis-
sions to tertiary care hospitals [1]. Despite its rarity,
myocarditis is a significant etiology of acute and chronic
heart failure, often leading to dilated cardiomyopathy and
need for heart transplantation [2].

While the classical myocarditis patient presents with a
preceding viral illness followed by heart failure symptoms,
clinical presentations range from mild chest pain with
normal systolic function to cardiogenic shock and

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00246-017-1638-1&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00246-017-1638-1&amp;domain=pdf

1176

Pediatr Cardiol (2017) 38:1175-1182

electrophysiological disturbances [3-5]. In the recent era,
the role of diagnostic criteria including endomyocardial
biopsy (EMBx), cardiac magnetic resonance imaging
(MRI), and laboratory findings are evolving and remain
controversial. Given the wide range of clinical presenta-
tions and lack of a uniform gold-standard diagnostic
modality, pediatric cardiologists are often left with a dif-
ficult task of making a clinical diagnosis of myocarditis.

Previous studies in pediatric myocarditis have been
small cohort single center institutional reviews or large
multi-center database analyses [6, 7]. Single center reviews
have provided important information; however, the small
number of patients limit further statistical analysis and may
not represent the experience of the community. In contrast,
multi-center databases are often missing specific valuable
data that can also limit further analysis [7]. Also, previous
studies restricting the diagnosis to those confirmed by gold-
standard techniques exclude multiple patients with sus-
pected myocarditis and do not reflect clinical practice. The
aim of this study was to perform a large multi-institutional
retrospective review of inpatient pediatric myocarditis in
order to compare clinical signs and symptoms, diagnostic
tests, therapeutics, short-term outcomes, and risk factors
for poor outcomes.

Methods

Medical records at seven tertiary care children’s hospitals
were searched for inpatient admissions with ICD-9 codes
consistent with myocarditis between the years of
2008-2012. Patients were included if they were admitted
for suspected or confirmed myocarditis, <18 years of age,
and did not have a previous diagnosis of myocarditis.
Medical records were reviewed by each institution’s pri-
mary investigator and patients were excluded if the
admitting or consulting cardiologist did not suspect
myocarditis during the hospitalization or if another etiol-
ogy of heart failure was identified. Outpatient and inpatient
records were reviewed to obtain follow-up data for up to
one year following initial hospitalization.

Institutional review board approval was obtained at each
participating institution. Data were entered into Medical
University of South Carolina’s Research Electronic Data
Capture (REDCap®).

Data obtained from each patient’s chart included
demographics, presenting signs and symptoms, diagnostic
tests, therapeutics, and short-term outcomes. Relevant heart
failure laboratories at admission and peak values were
recorded. The first complete echocardiogram during the
admission was entered into the database. Recorded diag-
nostic tests included cardiac MRI, EMBx, as well as viral
studies (PCR and titers) performed to identify the causative
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agent. Therapies recorded included heart failure medica-
tions, vasoactive or inotropic medications, mechanical
ventilation or circulatory support, anti-arrhythmics, and
immune modulators (IVIG, steroids). Outcome data
included status at discharge (alive, transplanted, death),
medications at discharge, and cardiac readmissions within
1 year.

Patients were stratified by degree of ventricular dys-
function and by the presence of confirmed myocardial
inflammation. Ventricular dysfunction was defined as
severe if ejection fraction (EF) was <30%, moderate if EF
was 30-39%, mild if EF was 40—-49%, and normal for 50%
or higher. If EF was not calculated then shortening fraction
(SF) was used, severe was defined as a SF <14, moderate if
SF was 14-21%, mild if SF was 22-28%, and normal if SF
was >28%. Confirmed myocardial inflammation was
defined by a positive biopsy or MRI with gadolinium
enhancement as defined by institutional standards.

Descriptive statistics were reported as median and
interquartile range (IQR). Risk factor analysis began with
univariate analysis to determine possible associations
between covariates and the outcome of interest. Covariates
that were associated with the outcome in univariate anal-
ysis (p < 0.05) were then evaluated using a logistic
regression model to determine independent associations.
Comparison between groups of patients was performed
using univariate non-parametric statistical tests.

Results
Patients

There were 212 patients who met study inclusion criteria.
Of those 212, 41(19%) were found to have a diagnosis
other than myocarditis prior to discharge. Therefore further
analysis was performed on the 171 patients who were
discharged or died with the primary diagnosis of
myocarditis. Median age was 13.1 years (IQR 2.1, 15.9).
There was a bimodal age distribution, with 24% of
patients <2 years of age and 46% between 13 and 18 years
(Fig. 1). Within this myocarditis cohort, 71 (42%) were
female, 89 (52%) were Caucasian, 44 (26%) were African-
American, 25 (15%) were Hispanic/Latino, and 13 (7%)
were other.

Severity of Ventricular Dysfunction

Of the 171 patients, 164 patients had a recorded EF or SF at
admission. In total there were 67 patients with normal
ventricular function, 23 with mild ventricular dysfunction,
29 with moderate ventricular function, and 45 with severe
ventricular function. Further analysis was performed by



Pediatr Cardiol (2017) 38:1175-1182

1177

Distribution of Age at Time of Admission

30.04

~

o

o
1

Frequency

10.04

Fig. 1 Histogram of the age of admission for patients admitted for
acute myocarditis. X-axis has age in years, Y-axis demonstrates the
number of patients admitted at the particular age

Admission Age (y)

dichotomizing patients based upon degree of ventricular
dysfunction (moderate—severe vs. mild—normal).

Patients with moderate to severe ventricular dysfunction
were more likely to be younger, female, and present with
symptoms of respiratory distress, GI symptoms (including
nausea, emesis, diarrhea, or poor appetite), and
malaise/fatigue (Table 1). Not surprisingly, physical find-
ings of heart failure were more common in patients with
worse ventricular function (Table 1). Patients with normal
or mildly depressed ventricular function were more likely
to present with chest pain.

Comparisons between degree of ventricular dysfunction
and admission laboratories, diagnostic tests, immunother-
apy administered, and hospital outcomes are summarized
in Table 1. Of note patients with moderate—severe dys-
function who presented with lower admission troponin and
higher BNP, were more likely to have positive biopsy and
PCR. Patients with moderate—severe dysfunction were also
more likely to receive IVIG or steroids, have a longer
hospital stay and die, or be transplanted (Table 1). Patients
admitted with moderate—severe ventricular dysfunction had
a median discharge EF of 51 versus 61% for those with
mild-normal function at admission (p = 0.01, Fig. 2).

When evaluating only the 74 patients with moderate—
severe ventricular dysfunction, only nine did not receive
IVIG. Patients who received IVIG at admission did not
differ from those who did not receive IVIG with regards to
age at admission (p = 0.6), admission BNP (p = 0.34), SF
at presentation (p = 0.8), frequency of hospital death (2/9
vs. 5/65, p = 0.2), transplantation (1/9 vs. 11/65, p = 1),
and length of admission (11 vs. 16d, p = 0.16). Patients
who received IVIG did not have different SF at discharge

versus those who did not receive IVIG (29.9 vs. 23.6%,
p = 0.42) or had different SF from admission to discharge
(12.4 vs. 14.5%, p = 0.77).

Confirmed Myocarditis versus Clinically Diagnosed
Myocarditis

Comparisons between patients with evidence of myocar-
dial inflammation (+EMBx or MRI) versus those who had
no evidence of inflammation or were unknown are sum-
marized in Table 2. Patients with evidence of inflammation
were more likely to receive IVIG and anti-arrhythmics, had
a longer length of hospitalization, and more likely to be
sent home on heart failure medication.

Of the 55 patients with confirmed myocarditis, 44
received IVIG. Differences between those who received
IVIG and those who did not are shown in Table 3. Those
who received IVIG were younger, had worse ventricular
function, and longer hospital stay.

Poor Outcome and Readmission

Outcomes were assessed for the initial hospitalization.
There were 149 cases of transplant-free survival to dis-
charge (87%) and 22 cases (13%) of death/transplant. Of
these 22 patients with poor outcomes in the initial hospi-
talization, 16 required transplantation (9%) and seven died
(4%; 1 after transplant). Those with poor outcomes (death
and/or transplant) were younger and more likely to be
female (Table 4). Echocardiographic factors associated
with poor outcome included higher LVEDd z-score at
presentation.

The majority of patients who had transplant-free sur-
vival were discharged home on heart failure medications
(95/149). Most common discharge medications were ACE
inhibitors (72/149, 48%) followed by beta-blockers (32/
149, 21%).

During the one year follow-up, twenty-three (16%)
patients were readmitted for heart failure symptoms, with a
total of 32 admissions. Those readmitted were more likely
to be female (57 vs. 35%, p = 0.048) and had a longer
initial length of stay (11 vs. 5 days, p = 0.03). Groups did
not differ in the use of mechanical circulatory support,
inotropes, or mechanical ventilation. There was no differ-
ence in the use of corticosteroids, IVIg, or other
immunomodulatory therapy. Those who were readmitted
were more likely to be discharged on heart failure medi-
cation (81 vs. 51%, p = 0.01) and followed by an identi-
fied heart failure specialist (65 vs. 34%, p < 0.01).
However, SF at the time of initial discharge did not differ
between readmission groups (p = 0.37). ACE inhibitors
(69 vs. 42%, p = 0.01) were more commonly used in
patients requiring readmission; beta-blockers (35 vs. 18%,
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Table 1 Comparison based upon degree of ventricular dysfunction

Moderate—severe depressed ventricular function Mildly depressed to normal function p Value
(n="174) (n =90)
Female (n, %) 44 (59.5%) 26 (68.1%) <0.01
Age (years) 3.7 (0.7-12.8) 15.3 (12.5-16.6) <0.01
Symptoms at presentation
Chest pain 10 (13.5%) 64 (71.1%) <0.01
Dyspnea 16 (21.6%) 20 (22.2%) 0.76
Respiratory distress 11 (12.2%) 33 (44.6%) <0.01
GI symptoms 31 (41.9%) 15 (16.7%) <0.01
Malaise/fatigue 27 (36.5%) 14 (15.6%) <0.01
Viral prodrome 42 (46.7%) 26 (35.1%) 0.14
Physical exam findings
Hepatomegaly 27 (36.5%) 8 (8.9%) <0.01
Gallop 27 (36.5%) 6 (6.7%) <0.01
Respiratory distress 25 (33.8%) 10 (11.1%) <0.01
Diminished extremity 21 (28.4%) 6 (6.7%) <0.01
pulses
No significant findings 15 (20.3%) 66 (73.3%) <0.01
Labs, imaging, and pathology
Tnl (ng/mL) 1.2 (0.17-12.1) 8.5 (0.97-21.6) <0.01
ESR (mm/hr) 7 (2-33) 12 (7-33) 0.05
CRP (mg/dL) 4.5 (1-13) 4.6 (1.2-16.3) 0.24
BNP (pg/mL) 2241 (773-4000) 144 (68.5-1703) <0.01
Positive biopsy* (n, %) 23 (69.7%) 4 (33.3%) 0.05
Positive MRI” (1, %) 9 (56.3%) 22 (64.7%) 0.78
Positive PCR (1, %) 26 (35.1%) 14 (15.6%) <0.01
Therapies and outcomes
IVIG given (n, %) 65 (87.8%) 46 (51.1%) <0.01
Steroids given (n, %) 28 (37.8%) 21 (23.3%) 0.04
SF at discharge (n, %) 29.4 (20.1-34.8) 33 (31.0-39.0) <0.01
Admission LENGTH (d) 16 (9-34.5) 4.5 (3-7.8) <0.01
Death (n, %) 7 (9.5%) 0 (0%) <0.01
Transplant (n, %) 12 (16.2%) 3 (3.3%) <0.01

Tnl Troponin, ESR erythrocyte sedimentation rate, CRP C-reactive protein, BNP b-type natriuretic peptide, /VIG intravenous immunoglobulin,

EF ejection fraction

4 33 patients with mod—severe dysfunction had biopsy performed, 12 of normal to mildly depressed

° 16 patients with mod—severe dysfunction had MRI performed, 34 of normal to mildly depressed

Values displayed are median (IQR) or n (percent)

p = 0.06) trended towards being utilized more frequently
in readmitted patients.

Discussion

In this large multi-center study of clinically diagnosed

pediatric myocarditis, clinical presentation and risk factors
for poor outcomes, including readmission, death, and heart
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transplant were identified. The study demonstrates the
heterogeneous clinical manifestations of myocarditis;
however, 87% of pediatric myocarditis admissions survive
to discharge without heart transplantation.

The use of clinically diagnosed myocarditis does lead to
possible inclusion of patients who did not have
myocarditis. However, less than half of the patients in our
study underwent “gold standard” biopsy and/or MRI,
highlighting the fact that current “gold standard”
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Fig. 2 Box plot of ejection fraction at time of discharge grouped by
ventricular function at admission. Median ejection fraction for
patients with moderate to severe ventricular dysfunction at admission
had a median EF of 51% at discharge versus 61% for patients with
mild dysfunction to normal function at admission

diagnostics are either clinically difficult to obtain or not are
deemed useful. There were differences between patients
with confirmed myocarditis versus clinical diagnosis, such
as hospital stay and use of anti-arrhythmics. However, the
two groups did not differ in risk for poor outcome or
ventricular function at discharge. Restricting our inclusion
criteria to only confirmed myocarditis by MRI or EMBx
would not reflect actual clinical practice. “Real-World
Evidence” that reflects clinical practice is receiving more
emphasis from important institutions such as the FDA and
NIH [8, 9]. Therefore, our study provides descriptive
statistics and risk factors for poor outcomes that are easily
applied to the clinical setting.

There was an observed bimodal age distribution to
admissions for pediatric myocarditis. This trend has been
reported in previous reports [7]. Patients with moderate—
severe ventricular dysfunction were much younger than
those with normal to mildly depressed ventricular function.
The mechanistic relationship between age and severity of
illness is not well understood. However, hormonal changes
and age have been shown in mice models to affect infec-
tivity of viral myocarditis agents and may thereby influence
the clinical phenotype [10, 11]. It is also plausible that
teenage patients are more likely to come to medical
attention with their ability to articulate symptoms, where as
younger patients are more reliant on caregiver observations
therefore creating a selection bias. Interestingly, our data
suggest that female gender was associated with worse
ventricular function at admission, death/transplant during
admission, and cardiac readmission within 1 year. Animal
models have shown a gender difference in infectivity and
immune system response in Coxsackie myocarditis;

however, these studies have suggested worse outcomes for
males [12]. Future clinical and biological research into
pediatric myocarditis should explore the effect of age and
gender on pathogenicity and treatment.

Though the majority of patients admitted with
myocarditis had a favorable outcome, 13% still suffered
from death or transplantation. Factors associated with poor
outcomes included younger age, female gender, signs and
symptoms of heart failure, and/or poor perfusion with
worse ventricular function on echocardiogram. In adult
myocarditis, worse clinical status and evidence of inflam-
mation are associated with worse outcomes [13]. In our
analysis, myocardial inflammation was not a risk factor for
death/transplant, but it was associated with longer hospital
stay. Of note, only 49% of our patients had an MRI and/or
EMBXx to assess for inflammation, therefore limiting our
analysis of the effect of myocardial inflammation on out-
come. Previous retrospective studies have found an asso-
ciation between the MRI findings of inflammation and poor
outcomes [14].

Most patients survived till discharge with many dis-
charged on oral heart failure medications. Previous adult
myocarditis studies have displayed improved outcomes
with beta blockade; however in this study, the use of heart
failure medications and follow-up with pediatric heart
failure specialists were associated with cardiac readmis-
sions despite no difference in discharge echocardiograms
[13]. These findings likely represent a selection bias of
aggressive treatment and follow-up for high-risk patients
but should be further assessed. Studies with longer follow-
up should help determine any possible benefit to heart
failure medications in patients after pediatric myocarditis.

In the mid 90s, Drucker et al. reported an improvement
in ventricular function in pediatric myocarditis patients
treated with IVIG [6]. This led to rapid adoption of IVIG in
pediatric myocarditis; however, subsequent single center
reviews and multi-center database analyses have not
reproduced a benefit of IVIG”'>~'® IVIG use continues to
be popular with approximately two-thirds of our study
population receiving IVIG. Those who received IVIG and/
or steroids showed no improvement in hospital mortality
and shortening fraction at discharge or cardiac readmission
within 1 year. While there was an increase in heart trans-
plantation in those patients who received IVIG and/or
steroids, this association is likely from a significant selec-
tion bias. Patients who received immunotherapy were more
likely to be younger and have worse ventricular function at
admission. In multivariable analysis, immunotherapy was
not an independent risk factor for poor outcomes. Given the
design of this study, the role that IVIG or other
immunomodulators plays in pediatric myocarditis is still an
area of future clinical research and will likely require a
prospective study.
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Table 2 Evidence of myocardial inflammation

Evidence of inflammation (n = 55) No evidence of inflammation or unknown (n = 116) p-Value
Characteristics
Age (years) 12.7 (2.9-15.6) 13.8 (1.9-16.3) 0.76
Female gender 25 (45.5%) 56 (39.7%) 0.63
Non-caucasian race 32 (58.1%) 50 (43.1) 0.48
Admission SF (%) 20.1 (12-30.7) 23.6 (14.8-31.2) 0.09
Diastolic Z-score 1.0 (0.24-3.2) 0.9 (—-0.49-2.2) 0.27
BNP (pg/nl) 876 (134-2498) 1352 (245-3485) 0.25
Troponin (ng/mL) 5.6 (0.4-29.3) 4.6 (0.38-17.3) 0.12
Creatinine kinase (U/L) 123 (11-880) 293 (60.3-570) 0.4
ESR (mm/hr) 13 (6-35.5) 10.5 (5-32.5) 0.61
C-reactive protein (mg/L) 2.1 (0.6-6.7) 2.9 (0.7-7.9) 0.56
Therapeutics
IVIG 44 (80%) 70 (60.3%) 0.01
Steroids 18 (32.7%) 31 (26.7%) 0.42
VAD 3 (5.5%) 6 (5.2%) 0.93
ECMO 12 (21.8%) 13 (11.2%) 0.07
Inotropes 33 (60%) 62 (53.4%) 0.42
Mechanical ventilation 21 (38.2%) 37 (31.9%) 0.42
Anti-arrhythmics 19 (34.5%) 21 (18.1%) 0.02
Outcomes
Discharge SF (%) 31 (22-34) 32 (25.3-38.8) 0.03
Length of admission (d) 14 (5-23.5) 7 (3-15) 0.01
Transplant 8 (14.5%) 8 (6.9%) 0.11
Death 2 (3.6%) 2 (4.3%) 0.84
HF meds at discharge 38 (69.1%) 57 (49.1%) 0.01
Readmission 9 (16.4%) 17 (14.7%) 0.94

Values displayed are median (IQR) or n (percent)

EF ejection fraction, SF shortening fraction, BNP B-type natriuretic peptide, ESR erythrocyte sedimentation rate, /VIG intravenous
immunoglobulin, VAD ventricular assist device, ECMO extracorporeal membrane oxygenation, HF heart failure

Table 3 Comparison of IVIG
therapy in patients with positive
MRI or biopsy

Limitations

IVIG (n = 44) No IVIG (n = 11) p-Value
Age (years) 10.6 (1.9-14.1) 16.1 (15.3-16.4) 0.01
Female (n, %) 22 (50%) 3 (27.3%) 0.18
BNP (pg/mL) 1102 (185-3425) 77 (27.6-251) <0.01
SF at admission 17.8 (10.4-33.1) 33.6 (25.4-35.4) <0.01
Length of admission (d) 16.5 (7.3-27.3) 4 (3-5) <0.01
Death (n, %) 2 (4.5%) 0 0.47
Transplantation (n, %) 8 (18.2%) 0 0.13
SF at discharge 31 (21.5-33.4) 34 (29.5-34.4) 0.14

BNP B-type natriuretic peptide, SF shortening fraction

Values displayed are median (IQR) or n, percent

While our study showed no association between IVIG and/
or steroids with clinical outcomes, the high frequency in
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which IVIG and steroids were used and the low incidence
of death, transplant, and cardiac readmissions may make
robust statistical analysis more difficult to perform. The
choice of who received IVIG or other immunomodulators
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El?il\)/l:ri:bl\e/ B;Ir;z]ggzt?ésgn;i:;wn Variable Survivor (n = 149) Death/transplant (n = 22) p-Value
poor outcome Median Age (years) 14 (2.3-16.2) 7.75 (0.5-13.5) 0.01
Female 57 (38%) 14 (64%) 0.02
Caucasian 83 (56%) 8 (36%) 0.09
Presenting Sx
Chest pain 77 (52%) 2 (9%) <0.01
Resp symptoms 69 (46%) 15 (68%) 0.06
GI symptoms 34 (23%) 15 (68%) <0.01
Fatigue or malaise 35 (24%) 8 (36%) 0.19
Resp rate (per min) 25 £ 11 29 +£9 0.03
Heart rate(bpm) 110 + 39 139 + 38 0.01
Systolic BP (mmHg) 105 £+ 20 87 £ 18 <0.01
Evidence of congestion 65 (44%) 19 (86%) <0.01
Hepatomegaly 25 (17%) 11 (50%) <0.01
Gallop on exam 25 (17%) 9 (41%) 0.02
Poor perfusion 31 (21%) 11 (50%) <0.01
SF by echo (%) 25 + 10 14+7 <0.01
LVEDd z-score +12+£24 +3.0 + 3.1 0.01

Age is demonstrated as median (IQR) all other continuous data is mean =+ standard deviation

may have included patient characteristics, laboratory find-
ings, or clinician preference that were not collected in this
study and therefore may introduce bias not accounted for.
The follow-up time period for the cohort was relatively
short. Future studies should be performed to assess asso-
ciations between heart failure severity and heart failure
medications.

Conclusion

Pediatric myocarditis is a disease that presents with mul-
tiple symptoms and has a bimodal age distribution. Overall
survival for the index hospitalization is very good. The
presence of worse ventricular function and GI symptoms
may help identify patients at higher risk for death/trans-
plant. IVIG and other immunomodulators were used fre-
quently but their impact on outcomes remains unclear.
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