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Diagnostic value of ECG-gated multidetector
computed tomography in the early phase
of suspected acute myocarditis. A preliminary
comparative study with cardiac MRI

Abstract The aim of the study was to
determine the potential diagnostic
value of contrast-enhanced echocar-
diogram (ECG)-gated multidetector
computed tomography (MDCT) in the
setting of suspected acute myocarditis
compared with contrast-enhanced
magnetic resonance imaging (MRI).
The study group consisted of 12
consecutive patients admitted for sus-
pected acute myocarditis less than 10
days after onset of symptoms. All
patients had clinical, electrocardio-
graphic signs, and laboratory findings
consistent with the diagnosis. All
patients but one (severe claustropho-
bia) underwent cardiac MRI using
T1-weighted delayed-enhancement
images after injection of gadolinium.
ECG-gated MDCT was performed in
all patients and included a first-pass
contrast-enhanced acquisition and a
delayed acquisition. MRI revealed
abnormal focal or multifocal myocar-
dial enhancement and confirmed the
diagnosis in 11 patients. The first-pass
MDCT acquisition showed homoge-
nous left-ventricle contrast enhance-
ment and absence of coronary stenosis

in all patients. Delayed MDCT acqui-
sition, performed 5 min later without
reinjection of contrast medium re-
vealed multiple areas of myocardial
hyperenhancement in a focal or a
multifocal pattern (six and six pa-
tients, respectively). Extent and loca-
tion of hyperenhancement at MDCT
correlated well with that observed at
MR examination for all 11 patients
evaluated by both techniques
(r=0.9167, p=0.0004). These prelim-
inary results show that ECG-gated
MDCT could be a useful alternative
noninvasive diagnostic test in the
early phase of acute myocarditis.
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Acute myocarditis, defined as inflammation of the heart
muscle, is an infectious or immunological disease that
displays a wide spectrum of clinical patterns. It is usually
an asymptomatic disease, as shown by the results of
postmortem studies, or it can be responsible for acute

chest pain and thus mimic acute myocardial infarction.
However, it can also be responsible for major alterations
to cardiac function, leading to acute cardiac failure and
cardiogenic shock. Diagnosis of myocarditis is often
difficult. Despite the poor sensitivity of endomyocardial
biopsy, histological studies remain the gold standard [1].
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Noninvasive diagnosis tests would be valuable because of
the invasive character and diagnostic limitations of
histological studies, largely due to insufficient specimen
harvest. Indium 111 antimyosin antibody scintigraphy and
contrast-enhanced magnetic resonance imaging (MRI) are
useful in this setting [2, 3]. Contrast-enhanced MRI
provides an accurate assessment of the site and activity of
inflammation and is now routinely used for the diagnosis
of myocarditis vs acute myocardial infarction [4]. Since
the introduction of continuous spiral techniques with
electrocardiogram (ECG) synchronization, computed
tomography (CT) can achieve high-quality image recon-
structions of the left-ventricle (LV) myocardium. ECG-
gated multidetector computed tomography (MDCT) has
shown altered myocardial contrast enhancement patterns
in areas of myocardium necrosis early after myocardial
infarction [5]. However, nothing is known about the value
of MDCT for the diagnosis of acute myocarditis. We then
undertook a preliminary prospective study to evaluate
MDCT myocardial contrast enhancement patterns and to
compare MDCT and MRI results in the early phase of
acute myocarditis.

Methods

Study group

Over a 24-month period, 12 consecutive patients admitted
for suspicion of acute myocarditis based on clinical, ECG,
and biological grounds, were enrolled in the study and
evaluated by MDCT and MRI within 10 days of the onset
of chest pain and within 48 h one from the other in all
patients but one. No patient presented with exclusion
criteria [i.e., iodine allergy, severe renal insufficiency, or
prior myocardial infarction). Topography of ECG signs,
creatine kinase (CK), troponin I, and C-reactive protein
(CRP) peak blood value were recorded. Usual serological
tests [Epstein Barr virus (EBV), cytomegalovirus (CMV),
human immunodeficiency virus (HIV), hepatitis B virus
(HBV), Cocksakie, and Lyme] were performed. To rule out
significant coronary stenosis, nine patients (patients 1–7,
10, and 11) underwent coronary angiography. Follow-up
involved clinical examination 6±2 weeks after admission.
Diagnosis of myocarditis was confirmed by MRI exami-
nation and the absence of alternative diagnosis at follow-
up. All studies were performed according to the guidelines
of the hospital committee on medical ethics and clinical
investigation. Written informed consent was obtained from
all patients.

MDCT protocol

MDCT studies were performed with a multidetector-row
scanner (Siemens AG, Erlangen, Germany) using ECG

synchronized tube modulation. Patients were evaluated by
either 4-slice (patients 1–3) or 16-slice MDCT (patients 4–
12). Patients with heart rate >70/min were given a single
oral dose of 50–100 mg atenolol 1 h before the examina-
tion. During MDCT, a first acquisition (120 kVp, 500 mAs)
was performed following injection at 3.5 cc/s of 1.5 cc/kg
nonionic iodinated contrast medium (Iopamidol 370,
Schering SA, Berlin, Germany). A delayed acquisition
(80 kVp, 500 mAs) was done 5 min later without any
additional injection of contrast medium. Images were
reconstructed retrospectively at the diastolic phase (at 60%
of the start of RR interval). The LV was imaged using two
long axis views (one four-chamber and one two-chamber
view) and two short axis views (basal and medium views).
Variations of myocardial enhancement (hypo or hyper)
were assessed visually for the two phase acquisitions by
two observers to give a consensus reading, using MPR
images, with a slice width of 8 mm. For the nine patients
evaluated with 16-slice MDCT (patients 4–12), the
presence of coronary stenosis was also assessed on thin-
slab maximum-intensity projection (MIP) images for each
main coronary artery (>2 mm in diameter) using the first-
pass acquisition (arterial phase).

MRI protocol

During MRI studies, all patients were examined in the
supine position holding their breath at tidal inspiration.
MRI examinations were performed on a state-of-the-art
1.5-T MRI system (General Electric TwinSpeed, Milwau-
kee, WI, USA) using a dedicated, five-element cardiac
phased-array surface coil. The imaging protocol included:
(a) gradient echo imaging in the three orthogonal planes of
the chest (scout localization imaging) to locate the long
axis, then the short axis and four chamber views; (b) first-
pass perfusion short-axis contrast-enhanced interleaved
gradient-echo single-shot T1-weighted acquisitions with
echo-planar imaging (EPI)-like readout, six to eight slices
encompassing the LV according to the heart rate, time
resolution of two RR intervals; (c) short-axis breath-hold
cine steady-state free precession (SSFP) acquisitions; and
(d) short-axis contrast-enhanced gradient-echo T1-
weighted acquisitions with an inversion time of 175–
240 ms to null the signal of normal myocardium according
to the delay after injection. All acquisitions were cardiac
gated using prospective triggering. All sequences were
acquired at the same slice positions. First-pass perfusion
imaging sequences encompassing the overall LV myocar-
dium were performed after bolus infusion via a power
injector of 0.1 mmol (i.e., 12–20 ml) of gadoterate
dimeglumine (Dotarem; Guerbet, Aulnay-sous-Bois,
France) per kilogram of body weight at a rate of 3–4 ml/s
followed by a 25-ml saline flush at the same rate. The same
amount of gadolinium (Gd) chelate was injected again at the
end of the first-pass study to ensure sufficient contrast

332



between normal and diseased areas on the following
delayed-enhancement sequences. Consequently, the total
dose before late enhancement imaging was 0.2 mmol/kg.
Contrast-enhanced cine SSFP acquisitions were performed
immediately before starting the delayed-enhancement
sequence. Delayed-enhancement study was performed in
diastole 10 min after the second injection.

Image analysis

CT and MR images were assessed by two observers (one
radiologist and one cardiologist) without knowledge of
the results of other corroborative studies. For both
techniques, abnormalities were described following a
segment-by-segment analysis. The LV myocardium was
divided into 17 segments covering the entire LV [6]. The
17-segment-model analysis was used to assess the extent
of contrast enhancement abnormalities in terms of the
number of segments involved. Both enhancement of the
subendocardial/subepicardial/centromyocardial/transmu-
ral location and enhancement pattern (nodular, band like)
were described for each diseased segment. A vascular
distribution was scored as present if any of the following
sites were involved: anterior and/or septal for left an-
terior descending artery, lateral for left circumflex artery,
and inferior for right coronary artery, with a clear
delineation between the vascular area involved and the
remaining myocardium.

Statistical analysis

Myocardial enhancement patterns obtained with the two
techniques were compared segment by segment. Statview
J-5.0 software (Abacus Concepts, Inc. Berkeley, CA, USA)
was used for statistical analysis: analysis of variance
(ANOVA) factorial analyses for quantitative values
expressed as mean ± standard deviation (SD), the chi-
square test for location of abnormalities, and the Mann–
Whitney U test for number of segments involved in each
group. A p value <0.05 was considered significant.

Results

Clinical description and outcome

Clinical features of the 12 patients are summarized in
Table 1. There were 11 men and one woman. No patient
had history of prior myocardial infarction. All patients had
a clinically obvious infectious episode less than 2 weeks
prior to admission. The primary symptom was acute chest
pain in all patients. No patients had dyspnea or sign of
cardiac failure. The mean serum concentration of CK was
460±276 ui/l, troponin I 8.4±6.5 ng/ml, and CRP 81±
35 mg/l. ECG changes in the ST segment (ST elevation in
four and ST depression in six patients) and T waves
(T-wave inversion in eight patients) were observed in the
inferior and/or lateral leads in eight patients and were

Table 1 Clinical characteristics of the study group

Patient 1 2 3 4 5 6 7 8 9 10 11 12 Mean±SD

Gender M M M M M M M F M M M M
Age (years) 42 33 35 17 37 21 21 25 20 20 43 31 29±8
Infectious episode Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Chest pain Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
CHF No No No No No No No No No No No No
ECG changes Diffuse Diffuse inf.,

lateral
diffuse inferior lateral Inf.,

lateral
Lateral Diffuse Inf.,

lateral
Inf.,
lateral

Diffuse

CRP (mg/l) 90 110 15 130 30 103 72 46 91 71 104 110 81±35
CK (ui/l) 976 640 45 473 517 527 753 80 318 655 296 241 460±276
Troponin I (mcg/l) 8 8,8 4 10 8,4 8 28 3,1 4,7 5,7 6,6 5,1 8.4±6.5
Normal LV systolic
functiona

Yes No No No No Yes No Yes No No No No

Wall-motion
abnormalitiesa

No Apical Inferior Apical Inf.,
lateral

No Apical No Inf.,
lateral

Diffuse Inferior Apical

Coronaroangiography Yes Yes Yes Yes Yes Yes Yes No No Yes Yes No
MRI time delay (days) # 9 8 9 2 NA 4 9 4 2 2 6 3 5±3
MDCT time delay (days) 7 2 9 3 2 3 7 3 1 1 5 1 4±3

SD standard deviation, M male, F female, CHF congestive heart failure, ECG electrocardiogram, Inf. inferior, CRP C-reactive protein, CK
creatine kinase, LV left ventricle, NA not applicable, MRI magnetic resonance imaging, MDCT multidetector computed tomography
aECG assessment of LV systolic function and wall-motion abnormalities
bPatient 5 did not undergo MRI
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diffuse in four patients. Echocardiography was normal in
three patients but revealed regional abnormalities of LV
wall motion in nine patients. Coronary angiography
revealed no significant coronary stenosis in the nine
patients tested. All patients were discharged without any
complication; nine were treated with angiotensin convert-
ing enzyme (ACE) inhibitors. At follow-up (6±2 weeks),
no patient had any complication (heart failure, arrhythmias,
or sudden death) or any recurrent chest-pain episode. Final
diagnosis of myocarditis was confirmed at follow-up in all
patients in the absence of any alternative diagnosis.

MDCT study

The 12 patients underwent MDCT evaluation with a mean
delay of 4±3 (range 1–9) days after onset of chest pain. In
all studies, image quality was sufficient for evaluation of
myocardial density changes. MDCT first-pass acquisition
revealed homogenous contrast enhancement of the whole

LV myocardium in all patients (Fig. 1). MIP reconstruc-
tions of the main coronary arteries of the nine patients
evaluated with 16-slice MDCT (patients 4–12) revealed no
significant stenosis in any patient.

MDCT delayed acquisitions revealed myocardial late
hyperenhancement in all patients. Abnormal myocardial
enhancement appeared as nodular or band-like bright areas
within the LV wall (Fig. 1). Abnormal myocardial
enhancement was transmural in some cases and subepi-
cardial in others but never only subendocardial. In four
patients, late enhancement appeared also as thin patchy
nodules within the LV wall. The mean extent of enhance-
ment was 9±2 segments (range 7–12 segments). Late
enhancement was present in the lateral wall of the LV in all
patients and extended to the anterior wall or inferior wall in
seven and two patients, respectively. In four patients, we
observed a mild enhancement of the interventricular
septum (Figs. 2 and 3). Six patients had multiple areas of
enhancement scattered throughout the LV in a nonvascular,
multifocal distribution.

Fig. 1 Iodinated contrast-en-
hanced electrocardiogram
(ECG)-gated multidetector
computed tomography (MDCT)
four-chamber (a, c) and short-
axis (b, d) views in patient 11.
Upper images (a, b) show first-
pass acquisition a few seconds
after iodine injection. Lower
images (c, d) show delayed
acquisition 5 min after injection
(arrowheads in c, d show
subepicardial nodular enhance-
ment). RV right ventricle; LV left
ventricle
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MRI study

MR studies were performed 5±3 (range 2–9) days after the
acute event. One patient (patient 5) with severe claustro-
phobia could not undergo MRI evaluation despite use of
sedative drugs. In this patient, the diagnosis of myocarditis
was based on clinical grounds and the absence of an
alternative diagnosis at either discharge or follow-up. First-
pass perfusion studies were normal in all 11 patients
examined. Delayed-enhancement sequences showed myo-
cardial abnormalities in all these patients, with the mean
number of segments involved being 8.8±2 (range 7–12)
segments. The abnormal enhancement patterns included
hyperenhancing nodules and transmural involvement in a
focal form in six patients and a multifocal form in five
patients. Location of enhancement within the myocardium
was subepicardial, centromyocardial, or mixed subepicar-
dial and centromyocardial. Abnormal delayed enhance-
ment involved the lateral wall of the LV in all patients and

the anterior or inferior wall in seven and two patients,
respectively.

Comparison of MDCT and MRI results

Results are summarized in Figs. 4 and 5. For the 11
patients evaluated by both techniques, MRI and MDCT
studies gave similar results for the extent of late
enhancement (8.8±2 and 9±2 segments, respectively,
p<0.05). There was also a good correlation between the
two methods in the number of segments involved
(Spearman, y=(1.17)×−1.17, r=0.9167, p=0.0004). A
focal distribution of late enhancement was found in six
patients with both MRI and MDCT. Segment-by-segment
comparison showed a high level of correlation (y=
(0.93)×+0.12, r=0.90, p<0.0001). However, there were
some differences between both methods in localization of
detected enhancement: CT showed more enhancement in

Fig. 2 Patient 7 with acute
myocarditis predominating at an
inferior and lateral location.
Short axis images from multi-
detector computed tomography
(MDCT) (a) and magnetic re-
sonance imaging (MRI) (b)
obtained close to the same level
show similar subepicardial en-
hancement. However, the extent
of subepicardial involvement in
a is greater than in b, and a
centromyocardial anteroseptal
band of hyperenhancement is
only seen in a (arrowheads). RV
right ventricle; LV left ventricle

Fig. 3 Patient 6: delayed-en-
hancement four-chamber view
of the heart by multidetector
computed tomography (MDCT)
(a) and magnetic resonance
imaging (MRI) (b). The two
techniques similarly reveal sub-
epicardial nodules of the lateral
wall and the septum (arrow-
heads). RV right ventricle;
LV left ventricle
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apical segments and the anterior wall while MR showed
slightly more involved segments in the inferior and lateral
wall.

Discussion

Our study shows that ECG-gated MDCT demonstrated
constant areas of myocardial delayed hyperenhancement in
cases of acute myocarditis. Moreover, there was a high
degree of correlation between the results of MDCT and
MRI performed less than 7 days after onset of chest pain
and within 48 h of one from the other in all patients but one.

The diagnosis of myocarditis remains difficult and
mostly dependent on clinical suspicion. When acute
myocarditis is revealed by chest pain symptoms, it can
mimic myocardial infarction [7]. In this study, clinical
grounds, ECG, and laboratory and echocardiographic data
were presumptive of the diagnosis, and in nine of the
patients, emergency coronary angiography ruled out acute
coronary syndrome. We did not perform endomyocardial
biopsy, the reference diagnostic technique. Because of its
invasive character and its lack of sensitivity [8], it is not
routinely used in our institution for acute myocarditis.
Several studies [3, 4, 9] have reported the usefulness of
contrast-enhanced T1-weighted MRI acquisitions, which
allow assessment of localization, activity, and extent of
inflammation in cases of acute myocarditis. A recent study
[10] showed that increased myocardial delayed-enhance-
ment with MRI correlated well with the presence of active
inflammation detected by histopathology of samples
harvested from endomyocardial biopsies. Cardiac MRI
showed no abnormalities in precontrast T1-weighted
images and constant myocardial hypersignal in postcon-
trast T1-weighted images in our study group, thereby
confirming the presumptive diagnosis of myocarditis.

Previous studies using dual-phase contrast enhancement
ECG-gated MDCT have reported constant abnormalities of
myocardial contrast enhancement patterns early after acute
myocardial infarction [5, 11, 12]. Early enhancement
defects on the first-pass acquisition as well as late
enhancement on the delayed acquisition were observed in
the area of myocardial infarction. In our study, first-pass
acquisition revealed no myocardial enhancement defect.
However, as myocarditis could mimic acute myocardial
coronary syndrome, this first-pass acquisition was useful to
rule out atheromatous lesions in coronary arteries. Even if
CT is not the gold standard to assess coronary arteries,
high-resolution images obtained with 16 slices ECG-gated
MDCT acquisitions can rule out coronary stenosis with a
specificity of 86–97% and a constant high negative
predictive value (95–99%) [13–15]; therefore, it can be
used in the setting of acute myocarditis to eliminate the
presence of a significant coronary lesion. Normal coronary
arteries on first-pass acquisition may then exclude any
coronary atherosclerosis with a high probability. Our study
showed that CT ruled out coronary artery disease in the
nine patients with normal coronary angiograms; assess-
ment of coronary arteries neither prolonged CT examina-
tion nor increased X-ray or contrast agent dose.
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In the present study, hyperenhancement affected any of
the regions of the LV but was mainly present in the lateral
wall in all patients. This agreed with previous MRI studies
[4, 10] in which delayed hypersignal was mostly observed
in the lateral free wall. Consistent with the myocardial
hypersignal in MRI studies, hyperenhancement could be
transmural, subepicardial, or confined to a layer of the
myocardium wall (as small foci within the myocardium).
Another study [9] reported that the hypersignal evolved
from a focal to a diffuse pattern as a function of the time
delay between onset of chest pain and MRI. As all MDCT
examinations were performed early (less than 10 days after
chest pain in all patients), we could not assess the diffusion
of myocardial enhancement with time.

Histological studies during the early phase of acute
myocarditis reveal interstitial lymphocytic infiltration, cell
damage, interstitial edema, and hyperemia [1]. The inter-
pretation of contrast enhancement as shown by cardiac
MRI has been described by Mahrholdt et al. [10]. Iodine
contrast is a nonspecific contrast agent, such as Gd-chelate,
that concentrates in extravascular space, which explains
that we observed the same results with gadolinium-
enhanced cardiac MRI and iodine-enhanced MDCT.
Myocyte membrane rupture leading to increased extracel-
lular space volume, increased vascular permeability
responsible for an increased distribution volume of iodine
contrast, and diminished clearance could explain why
enhancement persisted longer in regions involved in
myocarditis than in adjacent normal myocardium as
detected by MDCT delayed-enhancement acquisition.
During the myocarditis process, areas of cell necrosis are
small and disseminated throughout the whole myocardium.
This could explain the multifocal pattern of myocardial
enhancement observed in some patients.

Study limitations

This preliminary studied involved, of course, a small
number of patients, limiting the value of statistical results.
We did not perform endomyocardial biopsy because of its
invasive character and its lack of sensitivity, particularly in
the early phase of acute myocarditis. We used cardiac MRI
as the reference diagnostic technique because delayed MRI
hyperenhancement and histological findings have pre-
viously shown good agreement [10]. There was a high
correlation between the MRI and MDCT findings in our
study even though the delayed-enhancement sequences
used with the two techniques were obtained at slightly
different times after contrast injection (5 and 10 min with
MDCT and MRI, respectively): this may explain some
differences in the distribution of abnormalities. Indeed,
little is known about the washin and washout kinetics of
cardiac inflammatory lesions such as in acute myocarditis.
The time after injection of contrast medium is of
importance for detecting late enhancement. A recent

study [4] has shown that a delay of 10 min with MRI
could differentiate acute myocarditis and acute myocardial
infarction. With CT, we arbitrarily chose a standard delay
of 5 min after injection on the basis of initial cases and for
ethical reasons, we did not perform repeated acquisitions at
different times. The same two-phase protocol, with a 5-min
delay between the two acquisitions, has shown to be
adequate in postinfarction LV evaluation [16]. A different
time lag between injection and acquisition may result in
different findings, but this delay was associated with a
good correlation in this preliminary work even if some
slight differences of localization were observed. No
attempt was made to assess LV function with MDCT by
comparison with MRI, but a recent study showed
acceptable agreement between the two techniques [12].

As few as 2% of patients experience claustrophobia with
MRI. In one patient that could not undergo MRI because of
severe claustrophobia but could be evaluated by MDCT
without any problem, the diagnosis of myocarditis was
based on clinical, biological, and ECG data and on the
absence of alternative diagnosis at follow-up.

There are some difficulties to design an optimal protocol
for detection of myocardial late enhancement in CT. Based
on the methods of previous studies assessing MDCT after
acute myocardial infarction, we used a two-phase acqui-
sition protocol. Radiation dose may be high using cardiac
CT (up to 15 mSv), so we used an ECG-pulsing technique
and weight-adapted settings in a systematic manner to
decrease radiation dose by a factor of at least two in the
early phase. In addition, we lowered the kilovoltage to
80 kV for the delayed acquisition to give better visualiza-
tion of contrast uptake in the myocardium (iodine has a
high atomic number, responsible for more attenuation at
lower kV settings) [17]. This 80-kV setting allowed a
further 66% reduction in dose for delayed images, similar
to the dose reduction recently reported [18]. In addition,
radiation dose in the delayed phase was estimated to be
only 2 mSv (typically, dose product length value was 120
mGy/cm for an ECG-gated acquisition at 80 kV and
500 mAs). This low dose acquisition was responsible for
noisy native images, but noise was strongly reduced using
8-mm-thick multiplanar slice reconstructions, making
assessment of myocardial changes possible in all cases of
the series. Although MDCT results in this small study
population were relatively constant, larger studies are
required to assess the clinical value of MDCT in the
diagnosis of acute myocarditis.

In conclusion, this preliminary study shows that two-
phase (early and 5-mn delayed) iodine enhanced ECG-
gated MDCT in the early phase of acute myocarditis
correlated with the results of gadolinium enhanced cardiac
MRI in terms of detection and extent of late enhancement
abnormalities. This late enhancement in myocarditis has
been well established. The potential advantage of MDCT
over MRI is the incremental value of a 2-phase protocol,
i.e.: at first pass, coronary atheromatous lesion may be
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excluded, making myocardial infarction unlikely; evidence
of subepicardial late enhancement on the second phase
supports the diagnosis of myocarditis. Also MDCT
examination time is shorter, and its availability is greater
in emergency situations. ECG-gated MDCT, by ruling out
any significant coronary stenosis and assessing myocardial

contrast enhancement within a single examination, could
be useful in cases of chest pain with non diagnostic ECG.
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