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PURPOSE
The inflammation of the heart muscle is referred to as acute myocarditis. Cardiac magnetic reso-
nance imaging (CMR) has become the primary method for a non-invasive assessment of myocardial 
inflammation. However, there are several drawbacks of CMR. During the last decade, dual energy 
computed tomography (DECT) has been used in cardiac imaging. The current study aims to assess 
the efficacy and feasibility of DECT in acute myocarditis and compare the results to CMR. 

METHODS
This prospective study included patients who had myocarditis but no coronary artery pathology. 
Two observers evaluated the patients for acute myocarditis using DECT and CMR. CMR was per-
formed on 22 patients within 24 hours of DECT, which was administered within 12 hours following 
the onset of chest pain. Inter-observer agreement was tested with Cohen’s Kappa coefficient, and 
Spearman’s correlation was used to examine the possible correlations. A P value of <0.050 was ac-
cepted as statistically significant.

RESULTS
The DECT and CMR agreement was significant for transmural diagnoses, excellent for subepicardial 
and intramyocardial diagnoses, and perfect for nodular and band-like patterns.

CONCLUSION
The findings of this study showed that the dark areas on the color-coded iodine map created with 
DECT were strongly correlated with CMR in acute cases of myocarditis. In addition, DECT is a ro-
bust imaging method that can also be used in the diagnosis of acute myocarditis. Furthermore, it 
provides information about coronary arteries faster and more reliably than magnetic resonance 
imaging without any limitations.
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The inflammation of the heart muscle is referred to as acute myocarditis. The etiology of 
this condition is influenced by infections, toxins, hypersensitivity/autoimmune factors, 
and drugs. Myocarditis can cause a variety of symptoms, including sudden death or 

cardiogenic shock, recent onset heart failure due to ventricular dysfunction, chest pain, ven-
tricular arrhythmias, and atrial arrhythmias.1,2

Electrocardiography (ECG) findings in some cases of focal myopericarditis are indistin-
guishable from myocardial infarction with ST segment elevation.3 

The gold standard for diagnosing myocarditis is an endomyocardial biopsy (EMB).4 The 
role of an EMB in diagnosing pathologic entities has evolved over time. The Dallas criteria 
are controversial because many patients who did not meet the Dallas criteria were eventu-
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ally diagnosed with myocarditis.5 Because of 
the risk of complications and the low sensi-
tivity of histological studies due to the small 
sampling area, non-invasive diagnostic tests 
are required.6 According to one study, in-
creased myocardial delayed enhancement 
with cardiac magnetic resonance imaging 
(CMR) correlates well with the presence of 
an active inflammatory process detected in 
the histopathology of EMBs.7 In patients with 
suspected myocarditis, CMR has become the 
primary method for a non-invasive assess-
ment of myocardial inflammation.7-11 Follow-
ing the introduction of myocardial mapping, 
new Lake Louise Criteria (nLLC) were recently 
published, which redefined imaging diagno-
ses based on the presence of a T1 criterion 
[presence of late gadolinium enhancement 
(LGE) or increased T1 mapping or extracellu-
lar volume values] and a T2 criterion (hyper-
intensity in T2 weighted Short tau inversion 
recovery or increased T2 mapping values). 
Results revealed that nLLC improved the 
CMR diagnostic performance for the diagno-
sis of acute myocarditis, particularly in cases 
with unusual clinical presentation.12 Howev-
er, there are several drawbacks of CMR, such 
as the long scan time, the fact that it is not 
universally available, the high cost, claustro-
phobia, incompatibility with pacemakers, 
and the incompatibility of prostheses with 
this technique.13,14

Dual-energy computed tomography 
(DECT) is a developing technology that pro-
vides information about the material compo-
sition via image acquisition by varying pho-
ton energy levels.15 During the last decade, 
DECT has been used in cardiac imaging.16,17 
When different energy levels of X-ray spectra 
penetrate through iodine as a contrast mate-
rial, it exhibits unique absorption character-
istics. As a result, iodine mapping reveals the 
distribution of iodine in the myocardium,16 
where the dark areas indicate a lack of iodine, 

and DECT precisely detects cardiac perfusion 
defects.18,19

The current study aims to assess the effi-
cacy and feasibility of DECT in acute myocar-
ditis and compare the results to CMR. 

Methods

Study population 

The institutional ethics committee ap-
proved the study (ATAUNI-KAEK-19-1-13). All 
participants were enrolled in the study after 
providing written informed consent, which 
was obtained from the parents in pediatric 
cases. 

This prospective study began with the re-
cruitment of 41 consecutive patients admit-
ted to our hospital over a 30-month period 
for acute chest pain mimicking acute coro-
nary syndrome, with high troponin levels but 
no specific ECG findings indicating typical 
ischemia. 

Exclusion criteria for coronary diseases 
included the following: (1) a history of cardi-
ac bypass surgery (one patient); (2) a history 
of coronary stenting (two patients); and (3) 
the presence of coronary stenosis or occlu-
sion on DECT (two patients). Another five 
patients were ruled out due to chronic renal 
failure an unstable hemodynamic state (one 
patient), and a high heart rate (>80 beats per 
minute) that made them susceptible to DECT 
artifacts (three patients). In addition, seven 
cases (four DECT studies and three CMR stud-
ies) with poor image quality and numerous 
artifacts were eliminated from further con-
sideration. Two patients were ruled out due 
to claustrophobia. The study group included 
22 patients who met the selection criteria 
(13 males, 9 females; median age, 14 years; 
range, 1–22 years).

Study design

Within 12 hours of the onset of chest pain, 
DECT was used to assess these patients. Fol-
lowing DECT, all patients were evaluated by 
CMR within a maximum of 24 hours. All pa-
tients’ creatine kinase (CK), CK-muscle/brain 
(CKMB), troponin I, ECG, and transthoracic 
echocardiography (TTE) results were record-
ed.

To assess the image quality of each cor-
onary segment on DECT, the following five-
point scale was used: 5, no motion artifacts; 
4, minor artifacts (mild blurring); 3, moderate 
artifacts (moderate blurring without dis-
continuity); 2, severe artifacts (doubling or 
discontinuity along the coronary segments); 

and 1, unreadable (vessel structures not dif-
ferentiable). A score of ≥4 was considered to 
indicate acceptable image quality.20

DECT protocol

The DECT examinations were carried out 
using a 64-slice dual-source multi detector CT 
scanner (Somatom Definition Flash, Siemens 
Healthcare, Forchheim, Germany). At a flow 
rate of 5 mL/s, 70 mL of iopromide (ultravist 
370 mg/mL, Bayer Schering Pharma, Berlin, 
Germany) was injected into the right ante-
cubital vein, followed by 60 mL of saline. The 
region of interest (ROI) was located in the left 
ventricle using a bolus tracking technique 
(CARE-bolus, Siemens Healthcare, Forch-
heim, Germany). The data collection began 
at a specific time determined by a single ROI 
system with a trigger threshold of 200 HU in 
the left ventricle blood pool. Data collection 
began 8 s after triggering, with data collect-
ed in the arterial phase. The scan mode was a 
retrospective low-pitch ECG-gated scan with 
ECG pulsing (a prospective protocol could 
not be applied to the artifacts during the du-
al-energy protocol). In the retrospective pro-
tocol, ECG dose modulation was used for all 
patients. For each patient, the CT dose index 
volume and the dose-length product of the 
DECT scans were recorded.

During the procedure, the patients were 
instructed to use the deep-inspiration 
breath-hold technique, and the scan was 
performed craniocaudally from the subca-
rinal level to the diaphragm. For the cardiac 
cycle, the reconstruction window of the ini-
tial axial images was set to 75% (end of di-
astolic phase) and 45% (end of the systolic 
phase).

The high- and low-voltage data were re-
constructed for the myocardial evaluation 
using a dual-energy convolution core (D30f ) 
with a temporal resolution of 140 ms and a 
thickness of 1.5 mm, with 1 mm increments 
used to optimize the signal/noise ratio. The 
reconstructed data sets were then tested 
with a three-material decomposition soft-
ware analysis platform (Syngo Multimodality 
Workplace; Siemens, Erlangen, Germany).

CMR protocol

A 3.0 T magnetic resonance imaging (MRI) 
device (Magnetom Skyra, Siemens Health-
care, Berlin, Germany) with a 16-channel 
cardiac coil was used to examine all the pa-
tients. All the scans were conducted with 
the patient in the supine position, and the 
images were taken during a single breath 
hold. Gadolinium-enhanced T1-weighted 

Main points

• Dual energy computed tomography (DECT) 
is increasingly used for the diagnosis of 
cardiac pathologies with a reasonable radi-
ation dose, including acute myocarditis. In 
addition, DECT is strongly correlated with 
cardiac magnetic resonance imaging in 
acute cases of myocarditis.

• The combination of a computed tomogra-
phy coronary angiography and an iodine 
map with DECT within a single examination 
can accurately diagnose malignant coronary 
artery anomalies, coronary artery disease, 
and acute myocarditis, which can cause 
symptoms of acute coronary syndrome.
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and T2-weighted CMR sequences were ob-
tained by matching with routine short-axis 
images. After bolus infusion, first-pass per-
fusion sequences were obtained by injecting 
0.1 mmol (i.e., 10–20 mL) of gadoterate di-
meglumine (Dotarem; Guerbet, Aulnay-sous-
Bois, France) at a rate of 3–4 mL/s, followed 
by a 30 mL saline flush at the same rate. Next, 
LGE CMR was performed 10 minutes after 
the contrast agent was administered intrave-
nously. A two-dimensional phase-sensitive 
inversion recovery breath-hold sequence 
was used for LGE imaging at least 10 minutes 
after the last gadolinium administration. All 
images were uploaded to the Syngo Multi-
modality Workplace for review.

Image analysis

Two radiologists (M.K. and Ü.B., with 13 
and 6 years of experience in cardiac CT and 
MRI, respectively), who were blinded to the 
clinical data, first independently reviewed 
the CT images using the 17-segment model 
according to the American Heart Association 
classification of the segmentation of the left 
ventricular myocardium. The main coronary 
arteries and branches were also evaluated 
for intraluminal pathologies and anomalies. 
Before evaluating the myocardium using 
DECT, on the workstation, the “DE normal-
ize contrast” procedure was applied to stan-
dardize the visual evaluation to remove any  
bias related to inter-observer variability  
(Figure 1). Arterial phase images were used 
for the myocardial evaluation. The dark areas 
on the color-coded iodine map were accept-
ed as pathological fields and recorded for 
each patient and segment. The two radiol-
ogists reached a consensus for the protocol 
concerning the evaluation of myocarditis 
when examining the CMR findings of the 
patients according to the segments at two-
day intervals after the DECT evaluation of the 
combination of coronary CT angiography and 
iodine map images in a single examination.

A CMR diagnosis of myocarditis was made 
based on the updated LLC (2018) (Table 1). 

The dark areas on the iodine map images 
on DECT and increased signal intensity areas 
on the T2-weighted images and LGE in CMR 

were noted following a segment-by-segment 
analysis and visually compared. The number 
of segments involved, anatomic location 
(transmural, intramyocardial, subepicardial, 
subendocardial), and pattern of involvement 
(nodular, band-like) were also recorded for 
each segment.

Statistical analysis

Statistical analyses were performed us-
ing SPSS v. 20.0 software (SPSS Inc, Chicago, 
IL, U.S.A.). Conformity of the data to normal 
distribution was assessed using the Kolmog-
orov–Smirnov test. Numerical variables with 
normal distribution were shown as mean ± 
standard deviation values, variables without 
normal distribution as median (minimum-
maximum) values, and categorical variables 
as numbers (n) and percentages (%). The sen-
sitivity, specificity, and positive and negative 
predictive values of observer 1 and observer 

2 were calculated according to the segments, 
location, and pattern obtained from the CMR 
results. observers 1 and 2 independently 
evaluated the CT images for the presence 
of myocarditis. Cohen’s Kappa coefficient 
was used to assess the agreement between 
Observers 1 and 2 regarding the myocarditis 
diagnosis in terms of the segments, loca-
tion, and pattern. Accordingly, the degree 
of agreement was evaluated as slight if the 
coefficient was 0 to 0.20, fair if it was 0.21 to 
0.40, moderate if it was 0.41 to 0.60, substan-
tial if it was 0.61 to 0.80, and almost perfect if 
it was 0.81 to 1.00.21 According to the normal-
ity assessment of the Kolmogorov–Smirnov 
test, a Spearman Correlation coefficient was 
performed for Observer 1, Observer 2, DECT, 
and CMR data in terms of the total number 
of segments detected for each patient. A P 
value of <0.005 was accepted as statistically 
significant.

Results
An evaluation was made in a total of 22 

patients, comprising 13 (59.11%) males and 
nine (40.90%) females. The mean age of the 
population and serum concentrations of CK, 
CKMB, and troponin are shown in detail in 
Table 2. An infectious episode less than three 
weeks before admission was reported in 19 
patients. For the remaining patients, the pri-
mary symptoms were restlessness and acute 
chest pain. No patient showed signs of cardi-
ac failure or dyspnea. In the ECG, ST-segment 
elevation was observed in one patient, ST 
depression was found in three patients, and 
T-wave inversion was present in five patients. 
The ECG showed mild tricuspid insufficiency 
in four patients and left ventricular hypoki-
nesia in five patients. All examinations were 
completed on time and without any compli-
cations. One of the patients had a coronary 

Table 1. Updated Lake Louise Criteria (2018)

CMR provides strong evidence for myocardial inflammation with increasing specificity and demonstrates the combination of myocardial edema and 
inflammatory myocardial injury if both of the following criteria (T1 and T2) are present:

• Regional or global increase of native T2 times or regional or global increase of T2 signal intensity

• Regional or global increase of T1 times, regional or global increase of ECV, or regional non-ischemic LGE signal pattern

Supportive criteria: pericardial effusion, pericardial signal abnormalities, or systolic left ventricle dysfunction

CMR, cardiac magnetic resonance; ECV, extracellular volume; LGE, late gadolinium enhancement.

Figure 1. The procedure of “DE normalize contrast” 
(indicated by arrows) in the iodine map on dual 
energy computed tomography using a dedicated 
workstation. DE, dual energy.

Table 2. Distribution of cardiac enzymes and ages in patients

Number Mean ± SD Median (min–max)

CK (UI/L) 22 351.18 ± 75.39 149 (39–3691)

CKMB (UI/L) 22 43.54 ± 3.81 33 (10–203)

Troponin (ng/mL) 22 8.26 ± 2.41 0.15 (0.04–85)

Age (years) 22 13.50 ± 6.62 14 (1–32)

SD, standard deviation; CK, creatine kinase; CKMB, creatine kinase-msucle/brain.
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anomaly. Left anterior descending artery had 
a course between the aorta and the pulmo-
nary artery. A catheter angiography was not 
performed since no intraluminal pathology 
was observed in DECT. All patients were dis-
charged without complications. The patients 
were checked by laboratory tests (troponin 
I) and ECG three weeks after the treatment, 
and no pathology was detected. The cases 
that previously had pathological findings on 
TTE also showed improvement. The effective 
radiation dose of DECT was calculated us-
ing a technique proposed by the European 

Guidelines on Quality Criteria. The radiation 
dose parameters for the DECT scans were 
315 mGy × cm in the dose-length product, 
and 7.05 mGy in volume CT dose index.

The dark areas on the iodine map images 
on DECT and the corresponding increased 
intensity areas on the T2-weighted scans and 
LGE in CMR appeared to be nodular or band-
like with a subepicardial, intramyocardial, or 
transmural anatomical location within the 
left ventricular wall (Figures 2-4). No patient 
had subendocardial involvement. The dark 
and normal areas on the iodine map imag-

es on DECT were measured using ROI. The 
mean value of the dark areas was 125.67 ± 
40.02 HU (range, 68–200), while that of the 
normal areas was 49.08 ± 12.90 HU (range, 
30–70).

The involved segments on DECT and CMR 
are shown in Table 3 according to the evalua-
tion based on the number of segments. Table 
4 shows the sensitivity, specificity, and pos-
itive and negative predictive values of both 
observers for the CT diagnosis based on CMR 
data.

Figure 2. Nodular transmural involvement of acute myocarditis. The dark areas on the iodine map on the dual energy computed tomography image (thin arrows), 
the corresponding edema on the T2-weighted image (thick arrows), and hyperenhancement on the late gadolinium enhancement image (in the circle) in the 
cardiac magnetic resonance image. 

Figure 3. Band-like intramyocardial involvement of acute myocarditis. The dark areas on the iodine map on the dual energy computed tomography image (long 
arrows), the corresponding edema on T2-weighted image (short arrows), and hyperenhancement on the late gadolinium enhancement image (in the circle with 
arrows) in the cardiac magnetic resonance image. The arrows indicate the band-like intramyocardial involvement of acute myocarditis.

Figure 4. Band-like subepicardial involvement of the lateral wall and nodular intramyocardial involvement of the septum of the left ventricle in acute myocarditis. 
The dark areas on the iodine map on the dual energy computed tomography (DECT) image (single long arrow), the corresponding edema on the T2-weighted 
image (double short arrow), and hyperenhancement on the late gadolinium enhancement (LGE) image (in the dark circle with arrows) in the cardiac magnetic 
resonance image (CMR) for nodular intramyocardial involvement of the septum of the left ventricle. The dark areas on the iodine map on the DECT image (multiple 
long arrows), the corresponding edema on the T2-weighted image (multiple short arrows), and hyperenhancement on the LGE image (in the white circle with 
arrows) in CMR for band-like subepicardial involvement of the lateral wall. 
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For observer 1, there was low to moderate 
agreement between the DECT and CMR find-
ings of segments 2 and 3; substantial agree-
ment for segments 4, 8, 9, and 10; and nearly 
perfect agreement for segments 5, 6, 11, 12, 
14, 16, and 17.

For observer 2, there was low to moderate 
agreement between the DECT and CMR find-
ings of segment 9; moderate agreement for 
segment 16; and nearly perfect agreement 
for segments 5, 8, 11, 12, 14, and 17.

According to the evaluation based on 
the anatomic location and pattern, the 
agreement between DECT and CMR was 
substantial for the diagnosis of transmural 
involvement, excellent for subepicardial and 
intramyocardial diagnoses, and almost per-
fect for nodular and band-like patterns for 
both observers.

In segments 2, 3 and 16, there was sub-
stantial agreement between observer 1 and 
observer 2, while nearly perfect agreement 

was found in the remaining segments (coef-
ficient was 0 to 0.20 fair, 0.21 to 0.40 moder-
ate, 0.41 to 0.60 substantial, 0.61 to 0.80; and 
almost perfect 0.81 to 1.00) (Table 5).

There was a statistically significant cor-
relation between the total number of seg-
ments individually identified on DECT and 
CMR by observer 1 and observer 2.

Table 3. Distribution of segments determined by observer 1 and observer 2 on the DECT and consensus MRI findings

Patient Observer 1 segments on DECT Observer 2 segments on DECT Segments on MRI

1 5 5 5

2 4, 5, 6 4, 5, 6 4, 6

3 17, 16, 11, 12, 5, 6 17, 16, 11, 12, 5, 6 17, 16, 11, 12, 5, 6

4 16 16 16

5 6, 12, 4, 10, 2 6, 12, 4, 10, 2 6, 12, 4, 10

6 14, 2 14 14

7 8, 12, 14 8, 12, 14 8, 12, 14

8 14, 8, 9, 3 14, 8, 9 14, 8

9 8, 14, 6 8, 14 8, 14

10 9, 10, 14, 3 9, 10, 14 9, 10, 14

11 2, 3 2, 3 2, 3

12 8, 12 8, 12 8, 12

13 14, 8, 12 14, 8, 12 14, 8, 12

14 12, 14, 1, 2 12, 14 12, 14

15 8, 12 12 12

16 14, 16, 17, 8, 9 14, 16, 17, 8, 9 14, 16, 17

17 12 12 12

18 12, 16 12, 16 12

19 5, 11, 4 5, 11, 4 5, 11

20 11, 12, 16, 8 11, 12, 16 11, 12, 16

21 5, 6, 10, 11 5, 6, 10, 11 5, 6

22 3, 8, 9 3, 8, 9 8, 9

DECT, dual-energy computed tomography; MRI, magnetic resonance imaging.

Table 4. Sensitivity, specificity, and positive and negative predictive values of both observers

Observers Sensitivity (%) Specificity (%) Negative predictive value (%) Positive predictive value (%)

Observer 1 83 87 91 93

Observer 2 89 91 94 96

Table 5. Consensus between observers regarding computed tomograpy segments

 Segment Kappa P value

2 0.621 0.002

3 0.621 0.002

4 1.000 <0.001

5 1.000 <0.001

6 0.861 <0.001

8 0.805 <0.001

9 0.831 <0.001

10 1.000 <0.001

11 1.000 <0.001

12 1.000 <0.001

14 1.000 <0.001

16 0.699 0.001

17 1.000 <0.001
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The inter-observer agreement was sub-
stantial, and the correlation between the to-
tal number of segments on DECT identified 
by both observers was statistically signifi-
cant.

The correlation was found to be statisti-
cally significant in terms of the total number 
of segments diagnosed between the DECT 
and CMR findings for both observer 1 and 
observer 2, as well as in the comparison be-
tween the two observers (P < 0.001) (Table 6). 

Discussion
In this study, the dark areas on the col-

or-coded iodine map on DECT, which rep-
resent pathological myocardial tissue, were 
compared with the increased intensity areas 
on the T2-weighted scans and gadolinium 
enhancement in CMR. 

Acute myocarditis is relatively uncom-
mon, and EMB is the gold standard in diagno-
sis; however, due to its invasiveness and lack 
of sensitivity, non-invasive techniques have 
become more popular.22 Therefore, CMR, 
with T2-weighted imaging and LGE, has be-
come more widely adopted. Previous studies 
have shown that CMR correlates with acute 
inflammation sites histopathologically.7,9,10 
Some studies that use cardiac CT demon-
strated that the delayed enhancement areas 
were similar to those seen on CMR in acute 
myocarditis.7,9,10,23

The DECT technique is used in cardiac im-
aging to provide information about the coro-
nary artery system and myocardial perfusion 
with a single contrast-enhanced CT scan 
obtained within a few seconds using a rea-
sonable radiation dose.18,24,25 The DECT scans 
can be obtained with suitable doses similar 
to single-energy CT.26 A previous study on 
cardiac contusion showed the efficiency and 
feasibility of DECT with a reasonable radia-
tion dose.27 Moreover, the radiation doses in 
the current study were lower than those re-
ported in the literature.28

A case study of two patients with acute 
myocarditis showed focal myocardial hy-
poattenuation areas on an early-phase rou-

tine cardiac CT corresponding to high signals 
on the T2-weighted MR images and LGE,29 
which were attributed to edema. In anoth-
er case report, it was found that abnormally 
delayed iodine enhancement areas on DECT 
showed an excellent topographic match 
with CMR.30

In the present study, DECT was used to 
evaluate coronary arteries and myocardial 
abnormalities. None of the patients had a 
coronary artery anomaly or pathology. Since 
malignant coronary artery anomalies and 
coronary artery disease may lead to simi-
lar clinical features to acute myocarditis, it 
is important to also confirm their presence 
on DECT. Although DECT is not sufficient 
to show intraluminal pathologies in distal 
branches, this study demonstrated its ability 
to easily show coronary anomalies and intra-
luminal pathologies in the main branches. In 
addition, no patient in the current study had 
a history of coronary artery disease, and the 
dark areas observed on DECT did not corre-
spond to a coronary artery territory. 

Both observers noted that more seg-
ments were involved in cardiac DECT than 
CMR. They were both found to have false 
positive results. Some of these segments 
found by observer 1 could be interpreted as 
beam-hardening artifacts where the heart 
muscle was thinner. In addition, the literature 
emphasized that to optimize virtual mon-
oenergetic imaging, the width/length (W/L) 
setting is crucial.31,32 Additional research to 
standardize W/L settings may improve the 
reliability of DECT in myocarditis imaging.

Some patients in this study had black ar-
eas in the late phase on DECT. Early and late 
enhancements of CMR in myocarditis have 
been reported in the literature.33,34 In a com-
prehensive study by Aquaro et al.35, various 
enhancement patterns in different areas 
of myocarditis were detected and found to 
be related to the prognosis. In the current 
study, although these areas were considered 
to correspond to early enhancement areas 
in CMR, the HU values that were measured 
from these areas were higher than those of 
the normal myocardium, which creates con-
fusion. Therefore, a histopathological cor-

relation is needed for a clear understanding 
of this pathophysiology. 

There were several limitations to this 
study, primarily the small patient group. A 
non-trivial number of initially selected pa-
tients were excluded for various reasons, the 
key subcohort of these patients being those 
with an inadequate heart rate or suboptimal 
scan quality. An inadequate heart rate can 
cause explicit artifacts, which can potentially 
limit the wider applicability of this technique 
in this setting. However, this limitation can 
be overcome by the administration of beta 
blockers. Larger multicentric and collabora-
tive investigations are required to define the 
clinical value of DECT and confirm the find-
ings of the current study. Further studies are 
needed to determine the contrast pattern 
of the black areas seen in the late phase on 
DECT. Another limitation was that the distal 
branches of the coronary arteries could not 
be assessed due to the technical incompati-
bility of DECT. Finally, in areas other than the 
left ventricular free wall, the evaluation was 
suboptimal due to the beam-hardening ar-
tifacts. These limitations could be overcome 
using advanced technological developments 
in further DECT studies.

In conclusion, the results of this study 
showed that the dark areas on the col-
or-coded iodine map on DECT were strongly 
correlated with CMR in acute cases of myo-
carditis. The combination of CT coronary an-
giography and an iodine map with a DECT 
in a single examination can accurately diag-
nose malignant coronary artery anomalies, 
coronary artery disease, and acute myocardi-
tis that can cause symptoms of acute coro-
nary syndrome. 
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