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Comparison of Clinical Presentation of Acute
Myocarditis Following Smallpox Vaccination to Acute
Coronary Syndromes in Patients <40 Years of Age*

Robert E. Eckart, DO, Eric A. Shry, MD, Samuel O. Jones IV, MD, J. Edwin Atwood, MD,
and John D. Grabenstein, RPh, PhD

Smallpox vaccine–associated myopericarditis may
have a similar presentation to acute coronary syn-
drome (ACS). The clinical records of 78 young pa-
tients (<40 years of age) presenting with ACS (n �
16) or myocarditis after smallpox vaccination (n �
62) were reviewed. Comparisons were made among
clinical presentation, cardiac enzymes, echocardio-
graphic findings, and electrocardiographic changes.

The presence of cardiac risk factors or focal wall
motion abnormalities on echocardiography were as-
sociated with a diagnosis of ACS. There was a trend
toward earlier elevation of troponin-I and creatine
kinase in patients with myocarditis compared with
ACS. �2005 by Excerpta Medica Inc.

(Am J Cardiol 2005;95:1252–1255)

Chest pain is a frequent complaint in young patients
seeking medical attention. Even after initial eval-

uation with histories and physical and laboratory stud-
ies, there is considerable clinical overlap between
young patients with acute coronary syndrome (ACS)
and those presenting with myocarditis.1–4 Recent re-
ports have described the greater than expected inci-
dence of myopericarditis after smallpox vaccination in
United States military personnel,5–7 and all these pa-
tients were identified after presentation for chest
symptoms. However, little information exists to dif-
ferentiate these patients from those with premature
atherosclerosis causing ACS. The purpose of this
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TABLE 1 Electrophysiologic Findings Based on AP Location and Mode of Conduction

Variable

Septal vs Free Wall Left vs Right Overt vs Concealed

Septal Free Wall p Value Left Right p Value Overt Concealed p Value

Anterograde ERP (ms) 291 � 84 292 � 80 0.96 288 � 81 295 � 83 0.69 — — —
Retrograde ERP (ms) 291 � 56 303 � 58 0.34 306 � 59 290 � 54 0.22 304 � 52 297 � 58 0.66
Arrhythmia cycle length (ms) 347 � 58 330 � 54 0.15 322 � 55 352 � 55 0.045* 339 � 40 336 � 59 0.84
Atrial fibrillation (n, %) 12 11 0.35 6 17 0.028* 14 (12.5%) 9 (37.5%) 0.037*
Men/women (n) 29/20 55/32 0.24 46/25 38/27 0.30 67/45 17/7 0.36
Dual atrioventricular nodal

physiology (%)
25% 22% 0.41 20% 25% 0.33 22% 25% 0.47

Concealed (%) 23% 15% 0.251 16% 20% 0.65 — — —
Inducible AVRT (%) 74% 73% 0.728 74% 72% 0.477 68% 73% 0.630

*p value (2-tailed) �0.05 was considered significant.
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study was to contrast patients with postvaccinial myo-
carditis with those with ACS.

• • •
We retrospectively reviewed the consecutive clin-

ical records of all patients �40 years old presenting
with ACS from 1998 to 2003 (n � 16) and the records
of military personnel who had myopericarditis after
their smallpox vaccinations (n � 62). ACS was de-
fined as chest pain consistent with a cardiac origin

associated with elevated levels of cardiac-specific en-
zymes (troponin-I or creatine kinase-MB) and/or elec-
trocardiographic changes. The definition of myocardi-
tis after smallpox vaccination has been previously
described.8 Only those patients with complete histor-
ical, laboratory, and testing data were included in the
evaluation. Demographic, historical, cardiac enzyme,
electrocardiographic, echocardiographic, and cardiac
catheterization data were collected.

Cardiac enzymes were reviewed and directly com-
pared. They were then normalized to initial presenta-
tions and peak values. Statistical analysis was per-
formed using JMP Professional version 5.0.1 (SAS
Institute Inc., Cary, North Carolina). Student’s t test
was used for the comparison of normally distributed
continuous variables. Yates’ corrected chi-square and
Fisher’s exact tests were used for categorical vari-
ables. Analysis of variance with repeated measures
over time was used for the comparison of indexed
data. A p value �0.05 was considered statistically
significant. This study was approved by our hospital’s
institutional review board.

There were 16 cases of ACS from 1997 to 1998 in
patients �40 years old at our institution, and extensive
records for 62 cases of postvaccinial myocarditis that
occurred worldwide were available for review. All
patients were without known preexisting cardiac dis-
ease, and all survived to hospital discharge. Chest pain
was the dominant presenting symptom in every pa-
tient. Patients’ demographic, clinical, and echocardio-
graphic characteristics are presented in Table 1. Pa-
tients with ACS were older and had more cardiac risk
factors than those presenting with smallpox vaccine–
associated myocarditis. Echocardiography during the
index hospital admissions demonstrated similar left
ventricular ejection fractions; however, regional wall
motion abnormalities were present in 85% of patients
with ACS compared with 11% of those with myocar-
ditis (likelihood ratio chi-square 14.0, p �0.001). Of
the 62 electrocardiograms (14 of 16 for ACS, 52 of 62
for myocarditis) available for review, 31 showed ST-
segment changes. The 2 groups had high incidences of
pathologic electrocardiographic findings (86% for
ACS and 58% for myocarditis, p � 0.06).

Cardiac enzyme data from all subjects appear in
Table 2. There was a statistically significant difference
in the peak cardiac enzyme values in patients with
ACS compared with those with myocarditis (tropo-
nin-I, p � 0.012; creatine kinase, p � 0.001). Figure
1 reveals enzymes for patients with ACS normalized
to the presenting cardiac enzyme level and demon-
strates a typical increase and decrease associated with
myocardial infarction in patients with ACS. However,
patients with myocarditis presented at their peak mea-
sured creatinine kinase levels and near their peak
troponin levels. Also, these cardiac enzymes had a
more blunted increase and decrease, compared with
those in patients with ACS. Figure 2 demonstrates the
changes in cardiac enzymes normalized to the peak

TABLE 1 Patient Characteristics and Initial Findings
Comparing Those With Subsequent Diagnoses of ACS and
Postvaccinial Myocarditis

Characteristic
ACS

(n � 16)
Myocarditis

(n � 62)

Age (yrs)* 34.4 � 5.7 26.7 � 5.3
Men/women* 11/5 61/1
Diabetes mellitus* 3 (18.8%) 0 (0.0%)
Hypertension*† 7 (43.8%) 0 (0.0%)
Dyslipidemia*‡ 6 (37.5%) 0 (0.0%)
Smoker* 8 (50.0%) 12 (19.4%)
Family history of premature

atherosclerosis
3 (18.8%) 8 (12.9%)

On presentation
Heart rate (beats/min) 64 � 15 74 � 17
Systolic blood pressure*

(mm Hg)
139 � 31 114 � 11

Diastolic blood pressure
(mm Hg)

80 � 17 73 � 8

Left ventricular ejection
fraction (%)

51 � 10 55 � 8

Focal left ventricular wall
motion abnormality*

11/13 (84.6%) 6/57 (10.5%)

*p �0.01; †hypertension defined as systolic blood pressure �140 mm Hg
or taking any antihypertensive medication; ‡dyslipidemia defined as total
cholesterol �200 mg/dl, low-density lipoprotein cholesterol �140 mg/dl, or
high-density lipoprotein cholesterol �35 mg/dl.

TABLE 2 Comparison of Cardiac Enzymes for Patients With
ACS and Postvaccinial Myocarditis

Variable
ACS

(n � 16)
Myocarditis

(n � 62)

Troponin-I (ng/ml)
Initial 19 � 33 12 � 24
�12 h 28 � 35 10 � 16
�12 to �24 h 27 � 28 11 � 13
�24 to �48 h 17 � 16 10 � 19
�48 h 6 � 9 4 � 4
Peak value* 40 � 42 16 � 26
Time to peak, mean (h)‡ 10 � 9 9 � 13
Time to peak, median (h)‡ 9 3

Creatinine kinase (IU/L)
Initial 846 � 1,305 493 � 339
�12 h 1,408 � 1,784 420 � 282
�12 to �24 h 1,062 � 1,208 422 � 361
�24 to �48 h 691 � 765 287 � 328
�48 h 177 � 235 161 � 172
Peak value† 1,352 � 1,678 477 � 371
Time to peak, mean (h)‡ 7 � 8 9 � 13
Time to peak, median (h)‡ 2

Data are presented as numbers or mean � SD.
*p � 0.012; †p � 0.001; ‡“time to peak” defined as time from initial

specimen collection.
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values and shows the increase and decrease character-
istic of ACS. In contrast, there was a more continuous
release of cardiac enzymes in patients with myocar-

ditis. It should be noted that even in
myocarditis, the enzymes decreased
to �30% of their initial values after
48 hours (Table 2).

• • •
Myocarditis mimicking acute

myocardial infarction has been pre-
viously reported. One study followed
34 patients with initial presentations
consistent with acute myocardial in-
farction but normal coronary angio-
graphic results.1 Eleven of the 34
patients had biopsy-proved myocar-
ditis, of whom 8 had ST-segment
changes and 6 had abnormal echocar-
diographic results. A similar study of
10 patients (initially considered to
have myocardial infarction but subse-
quently diagnosed with myocarditis)
found abnormal echocardiographic re-
sults in 8.2

Previous studies of viral myocardi-
tis mimicking myocardial infarction
have focused on enteroviruses, adeno-
viruses, and parvoviruses and have
been unrelated to vaccinations.2–4 It is
unknown whether the presentations of
those patients would be substantially
different from the ones described in
this study. In our experience with post-
vaccinial myocarditis, regional wall
motion abnormalities were less com-
mon than previously reported.1,2

In contrasting the presentations
and ancillary testing of young pa-
tients with ACS and smallpox vacci-
ne–related myocarditis within our co-
hort, several differences were noted.
The patients with ACS were older,
but admittedly, this is unlikely to be
of clinical utility for diagnosing in-
dividual cases. Importantly, the pa-
tients with ACS did have more iden-
tified risk factors, specifically
hypertension, dyslipidemia, and to-
bacco use. Therefore, in a young pa-
tient without these risk factors, myo-
carditis should be considered more
strongly. In contrast, the presence of a
focal wall motion abnormality on
echocardiography would more
strongly suggest ACS.

The patients with myocarditis
tended to achieve peak enzyme con-
centrations earlier, relative to their
presentation. Possibly, this is related
to delayed presentation for care in
those patients with myocarditis re-
lated to smallpox vaccination. Many

of the patients with myocarditis in our series were
either deployed overseas or in the process of military
deployment. The ability to assay cardiac enzymes is

FIGURE 1. Increase and decrease of cardiac isoenzymes relative to initial values dur-
ing hospitalization for ACS compared with myocarditis. It is apparent that for both
troponin-I (A) and creatine kinase (B), the increase and decrease of cardiac enzymes
is more pronounced and dynamic in ACS than in myocarditis. Troponin-I was noted
to increase to its highest level relative to initial sampling within 24 hours, and creat-
ine kinase remained relatively unchanged from initial values in myocarditis.

FIGURE 2. (A) Increase and decrease of troponin-I relative to peak values during hos-
pitalization for ACS compared with myocarditis. With ACS, the mean value most ap-
proximated the peak value obtained at 12 to <24 hours, whereas the mean value
most approximated the peak value on initial presentation in myocarditis. (B) A similar
trend was noted for creatine kinase, with a mean value approximating the peak
value on initial presentation in myocarditis.
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often more difficult in these scenarios. Although car-
diac enzymes were elevated for a slightly longer time
period after presentation in patients with myocarditis,
enzymatic markers of active myonecrosis had re-
solved in most patients in the 2 groups �48 hours
afterward, suggesting a transient nature of myonecro-
sis and lack of ongoing damage in this group.
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Effect of Transcatheter Atrial Septal Defect Closure in
Children on Left Ventricular Diastolic Function

Alessandro Giardini, MD, Phillip Moore, MD, Michael Brook, MD,
Valerie Stratton, RDCS, and Theresa Tacy, MD

The acute impact of transcatheter atrial septal defect
(ASD) closure on left ventricular (LV) diastolic function
was assessed in 15 consecutive children, and pre-
and postclosure data were compared with those in a
matched group of controls. The data indicate that
transcatheter ASD closure leads to an immediate im-
provement in LV diastolic function as assessed by
septal myocardial Doppler tissue imaging and LV
inflow velocity propagation. The improvement in LV
diastolic properties correlates with the degree of right
ventricular volume overload. �2005 by Excerpta
Medica Inc.

(Am J Cardiol 2005;95:1255–1257)

In patients with atrial septal defects (ASDs), right
ventricular volume overload causes an alteration of

chamber geometry and of left ventricular (LV) func-
tion on the basis of adverse ventricular interdepen-
dence.1–3 Transcatheter ASD closure can acutely re-
model cardiac chamber geometry, leading to improved
LV systolic performance.1–3 The aim of the present
study was to evaluate the acute effects of transcatheter
ASD closure on LV diastolic function using Doppler
tissue imaging (DTI) and M-mode color Doppler
echocardiography.

• • •

From October 2002 to January 2004, a total of 188
patients underwent transcatheter ASD closure at our
institution. In 29 patients (median age 0.5 years, range
0.02 to 3.3), the procedure was guided by transtho-
racic echocardiography, and in 113 patients (median
age 43 years, range 9.8 to 84), it was guided by
intracardiac echocardiography using a 10Fr intracar-
diac probe. In 46 patients (median age 5 years, range
1 to 14), the procedure was guided by transesophageal
echocardiography during general anesthesia. DTI and
M-mode color Doppler assessment of LV diastolic
function were performed in 15 patients who under-
went transesophageal echocardiography, and they rep-
resented the study population.

In all patients, Amplatzer devices (AGA Medical
Corporation, Golden Valley, Minnesota) were used
(median device diameter 16 mm, range 10 to 23), and
no residual shunts were noted immediately after clo-
sure. No patient had additional valvular or vascular
heart disease. Echocardiographic assessments were
performed immediately before and �5 minutes after
device deployment using a transesophageal multiplane
probe (Acuson, Siemens Medical Solutions USA, Inc.,
Mountain View, California) from the 4- or 2-chamber
view. The method of measuring the LV inflow prop-
agation velocity (LVIPV) was modified from the
method described by Garcia et al.4 Doppler color gain
was set at subsaturation levels in all study participants.
The image plane was adjusted to view the maximum
length of LV inflow. An M-mode cursor was positioned
through the center of the inflow, with the cursor line
parallel with flow. The maximum detectable mean ve-
locity moving away from the transducer (Nyquist limit)
was reduced serially until the first isovelocity line of the
mitral E-wave front could be clearly identified. LVIPV
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