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Abstract
AIM: To investigate diagnostic accuracy of high, low 
and mixed voltage dual energy computed tomography 
(DECT) for detection of prior myocardial infarction (MI).

METHODS: Twenty-four consecutive patients (88% 
male, mean age 65 ± 11 years old) with clinically doc-
umented prior MI (> 6 mo) were prospectively recruit-
ed to undergo late phase DECT for characterization 

of their MI. Computed tomography (CT) examinations 
were performed using a dual source CT system (64-slice 
Definition or 128-slice Definition FLASH, Siemens 
Healthcare) with initial first pass and 10 min late phase 
image acquisitions. Using the 17-segment model, re-
gional systolic function was analyzed using first pass 
CT as normal or abnormal (hypokinetic, akinetic, dys-
kinetic). Regions with abnormal systolic function were 
identified as infarct segments. Late phase DE scans 
were reconstructed into: 140 kVp, 100 kVp, mixed 
(120 kVp) images and iodine-only datasets. Using the 
same 17-segment model, each dataset was evalu-
ated for possible (grade 2) or definite (grade 3) late 
phase myocardial enhancement abnormalities. Logistic 
regression for correlated data was used to compare 
reconstructions in terms of the accuracy for detecting 
infarct segments using late myocardial hyperenhance-
ment scores.

RESULTS: All patients reported prior history of docu-
mented myocardial infarction, with most occurring 
more than 5 years prior (n  = 18; 75% of cohort). Fifty-
five of 408 (13%) segments demonstrated abnormal 
wall motion and were classified as infarct. The remain-
ing 353 segments were classified as non-infarcted 
segments. A total of 1692 segments were analyzed for 
late phase enhancement abnormalities, with 91 (5.5%) 
segments not interpretable due to artifact. Combined 
grades 2 and 3 compared to grade 3 only enhance-
ment abnormalities demonstrated significantly higher 
sensitivity and similar specificity for detection of infarct 
segments for all reconstructions evaluated. Evalua-
tion of different voltage acquisitions demonstrated the 
highest diagnostic performance for the 100 kVp recon-
struction which had higher diagnostic accuracy (87%; 
95%CI: 80%-90%), sensitivity (86%-93%; 95%CI: 
54%-78%) and specificity (90%; 95%CI: 86%-93%) 
compared to the other reconstructions. For sensitivity, 
there were significant differences noted between 100 
kVp vs  140 kVp (P  < 0.0005), 100 kVp vs  mixed (P  < 

World Journal of 
RadiologyW J R

Online Submissions:  http://www.wjgnet.com/esps/
wjr@wjgnet.com
doi:10.4329/wjr.v5.i8.295

World J Radiol 2013 August 28; 5(8): 295-303
ISSN 1949-8470 (online)

© 2013 Baishideng. All rights reserved.

295 August 28, 2013|Volume 5|Issue 8|WJR|www.wjgnet.com



Srichai MB et al . Computed tomography in myocardial infarction

0.0001), and 100 kVp vs  iodine only (P  < 0.005) using 
combined grade 2 and grade 3 perfusion abnormali-
ties. For specificity, there were significant differences 
noted between 100 kVp vs  140 kVp (P  < 0.005), and 
100 kVp vs  mixed (P  < 0.01) using combined grades 2 
and 3 perfusion abnormalities. 

CONCLUSION: Low voltage acquisition CT, 100 kVp 
in this study, demonstrates superior diagnostic perfor-
mance when compared to higher and mixed voltage 
acquisitions for detection of prior MI. 

© 2013 Baishideng. All rights reserved.

Key words: Myocardial infarction; Dual energy com-
puted tomography; Cardiac computed tomography an-
giography; Ischemic heart disease; Late enhancement 
computed tomography 

Core tip: Cardiac magnetic resonance (CMR) imaging 
is considered the gold standard non-invasive imaging 
technique for identification of myocardial infarction and 
viability. However, not all patients are eligible for CMR 
due to potential contraindications, especially in patients 
with electronic implants. Although electrocardiogram, 
nuclear imaging and echocardiography have been used 
to identify myocardial infarction, they generally have 
low sensitivity, particular for small scar regions. Cardiac 
computed tomography represents a viable alternative 
to CMR, and low voltage late enhancement cardiac 
computed tomography angiography imaging provides 
the best diagnostic accuracy compared to high and 
mixed voltage acquisitions for identification of myocar-
dial infarct regions.

Srichai MB, Chandarana H, Donnino R, Lim IIP, Leidecker C, 
Babb J, Jacobs JE. Diagnostic accuracy of cardiac computed 
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INTRODUCTION
The identification of  myocardial infarct (MI) is impor-
tant in the clinical evaluation of  patients. Patients may 
present with a variety of  clinical syndromes including 
heart failure, asymptomatic cardiomyopathy, or sudden 
cardiac death, and knowledge of  the underlying myocar-
dial structure is important for directing therapy. Cardiac 
magnetic resonance (CMR) imaging is commonly used 
for evaluation of  MI and viability because of  its ability 
to depict transmural extent of  myocardial fibrosis[1,2]. 
However, not all patients are eligible for CMR given its 
limited availability to specialized imaging centers, and 
potential contraindication in patients with electronic im-
plants. In addition, some heart failure patients may not 

tolerate the somewhat prolonged examination time (30 
min-1 h), or use of  gadolinium based contrast agents (e.g., 
severe renal insufficiency including dialysis)[3] which at 
present are required for adequate visualization of  viable 
and infarcted myocardium. While alternative imaging 
modalities such as nuclear imaging and echocardiography 
provide some information on MI and viability, they do 
not provide the high spatial resolution and tissue charac-
terization seen with CMR[4,5]. 

Cardiac computed tomography angiography (CCTA) 
has emerged as a powerful non-invasive imaging test for 
coronary artery disease (CAD) evaluation. Additional 
diagnostic information can be obtained regarding myo-
cardial function[6,7], valvular structure[8,9], and pericardial 
structure.

Early animal studies have demonstrated the general 
feasibility of  conventional contrast-enhanced com-
puted tomography (CT) for MI imaging[10,11], although 
the single-slice CT systems utilized were inadequate for 
cardiac imaging. The advent of  multi-detector CT with 
improved temporal resolution capable of  diagnostic 
coronary artery imaging stimulated investigation of  the 
potential utility of  CCTA for evaluation of  MI and vi-
ability[12-17]. However, at present there is no consensus on 
the optimal CT imaging parameters (e.g., contrast dose, 
energy voltage, time phase) for MI imaging. 

Mixed voltage (e.g., dual energy) imaging can enhance 
tissue differentiation by taking advantage of  different in-
herent absorption characteristics exhibited by tissues when 
exposed to different X-ray spectra. Early CT implemen-
tation of  dual energy CT (DECT) required two separate 
CT acquisitions at different kVp levels with subsequent 
image co-registration. Technological advances in scan-
ner design have led to the development of  dual source 
CT systems (Siemens HealthCare, Erlangen, Germany) 
in which two X-ray tubes and two detector arrays are 
mounted on the same gantry. Several studies have dem-
onstrated the improved temporal resolution, high image 
quality, and improved diagnostic accuracy for detection 
of  coronary artery disease[18-20] with use of  these dual 
source CT systems when X-ray sources are set to the 
same energy voltage level. When the scanner is operated 
in dual-energy mode, two tubes emit different voltage 
level X-ray spectra that can be simultaneously registered 
in their corresponding detector array. At present, very 
limited data is available on DECT image acquisition for 
assessment of  MI and viability[21]. The goal of  this study 
was to evaluate diagnostic accuracy of  different energy 
voltage reconstructions including low, high, and mixed 
energy voltage for detection of  prior MI using DECT 
acquisition. 

MATERIALS AND METHODS
Study population
Patients referred for clinical CCTA examination for as-
sessment of  CAD or pulmonary vein and left atrial anat-
omy were eligible for study inclusion. Twenty-four con-
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secutive patients (88% male, mean age 65 ± 11 years old) 
with clinically documented prior MI (> 6 mo) were pro-
spectively recruited between October 2007 and March 
2011 to undergo late phase DECT for characterization 
of  their MI. Prior MI was documented either by the 
presence of  pathological Q waves on the electrocardio-
gram (ECG) (11 patients), imaging evidence of  a region 
of  loss of  viable myocardium that is thinned and fails to 
contract (22 patients), or pathological findings of  a prior 
MI (7 patients)[22]. Our study was approved by the medi-
cal center’s Institutional Review Board and was Health 
Insurance Portability and Accountability Act compliant. 
All subjects provided written informed consent.

Image acquisition
CCTA examinations were performed using a dual source 
CT system (64-slice Definition or 128-slice Definition 
FLASH, Siemens Healthcare) (Figure 1). Prior to image 
acquisition, 18- or 20-gauge intravenous access was ob-
tained and ECG leads were placed. All patients referred 
for assessment of  CAD received sublingual nitroglycerin 
prior to scan commencement. Eight percent of  the pa-
tients received beta-blocker pre-medication to optimize 
coronary artery imaging. A test bolus injection method 
was used to calculate scan delay time, and 150 mL of  
370 mg Ⅰ/mL of  nonionic contrast [iopamidol (Isovue 
370, GE Healthcare) or iopromide (Ultravist 370, Ber-
lex Imaging)] was intravenously administered at a rate 
of  5-7 mL/s (mean 6 mL/s) with 50 mL saline chaser. 
First pass CCTA acquisition was obtained from carina 
through the diaphragm, with larger coverage for patients 
undergoing evaluation of  bypass graft patency, using 
thin collimation in conjunction with retrospective ECG 
gating using dose modulation (nominal current reduced 
to 25% during 0%-30% and 80%-100% phases of  the 
cardiac cycle). A second late phase DECT scan was 
performed 10 min after initial contrast administration 

with coverage limited to only the heart. Scan param-
eters for first pass dual source CT scan on 64-slice CT 
system included gantry rotation 330 ms, tube A voltage 
120 kVp, tube B voltage 120 kVp, average tube output 
343 mAs per rotation (automatically adjusted for patient 
body habitus, range 258-438 mAs), retrospective gating 
with pitch automatically adjusted for patient heart rate 
(range 0.2-0.5), ECG-based tube current modulation, 
0.6-mm collimation with z-flying focal spot technique 
for both detectors and 82.5 ms temporal resolution. 
First pass scan parameters on the 128-slice CT system 
were similar with the exception that gantry rotation 280 
ms, average tube output 208 mAs per rotation and 75 
ms temporal resolution. Scan parameters for the 7 pa-
tients who underwent late phase DECT scan on 64-slice 
system included gantry rotation 330 ms, tube A voltage 
140 kVp, tube B voltage 100 kVp, tube A mean output 
92 mAs per rotation (automatically adjusted for patient 
body habitus, range 65-108 mAs), tube B mean output 
132 mAs per rotation (automatically adjusted for patient 
body habitus, range 104-145 mAs), retrospective gating 
with pitch automatically adjusted for patient heart rate 
(range 0.17-0.33), dose modulation, 1.2-mm collimation 
with z-flying focal spot technique for both detectors and 
165 ms temporal resolution. Late phase DECT scan pa-
rameters for the 17 patients on the 128-slice system were 
similar with exception of  gantry rotation 280 ms, tube 
A voltage 140 kVp + Sn filter, tube A mean output 120 
mAs per rotation, range 93-149 mAs), tube B mean out-
put 139 mAs (range 94-169 mAs) per rotation, and pitch 
0.28. 

Image reconstruction
Only late phase DECT scan acquisitions were used for 
evaluation of  myocardial enhancement abnormalities for 
detection of  MI. DECT scans were reconstructed at the 
diastolic phase least affected by motion, using full gantry 
rotation (280 ms or 330 ms effective temporal resolution 
depending on scanner), 3 mm slice thickness, 1.5 mm 
reconstruction increment, and medium-soft reconstruc-
tion kernel (D30) into three image datasets: 140 kVp, 
100 kVp, and a mixed dataset, weighted with 70% of  the 
140 kVp and 30% of  the 100 kVp reconstructions simu-
lating the image contrast of  a single voltage 120 kVp 
acquisition (Figure 1). In addition, dual energy specific 
post-processing software was used to determine relative 
iodine content within the myocardium based on unique 
X-ray absorption characteristics of  iodine at 100 and 140 
kVp[23]. The resultant “iodine-only images” comprised a 
fourth dataset for myocardial late enhancement evalua-
tion (Figure 2)[21,24]. 

First pass CCTA acquisitions were reconstructed with 
0.75 mm slice thickness and 0.5 mm increments at 10% 
phase intervals from 0%-90% of  the RR wave for evalua-
tion of  segmental left ventricular (LV) function. 

Image analysis
Abnormal myocardial enhancement: Each DECT late 
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24 patients with chronic MI

First pass cardiac CTA for 
evaluation of regional function

Late phase dual energy DT for
evaluation of myocardial late
enhancement abnormalities

10 min

Figure 1  Flow chart of computed tomography studies performed on each 
patient. MI: Myocardial infarct; CTA: Computed tomography angiography. 
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phase image dataset (100, 140 kVp, mixed and iodine-
only) was evaluated for myocardial late enhancement 
abnormalities using multiplanar reformations. Datasets 
were evaluated for hyperenhanced regions within the 
LV myocardium using the 17-segment cardiac model[25]. 
Datasets were evaluated in a random order in consensus 
by two experienced cardiac readers (8 years and 3 years) 
blinded to the patient’s clinical information, wall motion 
analysis, and reconstruction type with the exception of  
iodine-only datasets. The presence and severity of  late 
myocardial hyperenhancement (i.e., “bright” regions) 
were evaluated as: 1 = normal, 2 = probable hyperen-
hancement, 3 = definite hyperenhancement, 4 = not 
interpretable due to artifact. Only presence or absence 
of  late enhancement abnormalities was graded, and not 
transmural extent. Segments with late enhancement ab-
normalities limited to the subendocardium were graded 
as abnormal, either grade 2 or 3. Segments with step or 
streak (e.g., related to pacemaker wire) artifact in the late 
phase image were given grade 4 if  the artifact limited 
the ability to interpret myocardial late enhancement. 
Datasets for 7 subjects chosen at random were individu-
ally analyzed by each cardiac reader for evaluation of  
interobserver variability.

Myocardial function: Multiphase first pass CCTA was 
evaluated in consensus by 2 experienced readers (8 years 
and 5 years) blinded to patient’s clinical information 
and late phase image analysis for presence of  left ven-
tricular wall motion abnormalities using the 17-segment 

model[25] and dedicated cardiac analysis software (Siemens 
Circulation, Siemens Healthcare). Segments were graded 
as normal, hypokinetic, akinetic or dyskinetic based on 
qualitative evaluation of  wall thickening and motion 
(contraction pattern). Segments graded as hypokinetic, 
akinetic or dyskinetic with significant wall thinning that 
were deemed unrelated to abnormal conduction or prior 
cardiac surgery were considered abnormal and classified 
as infarct segments. When possible, corroborating infor-
mation regarding myocardial infarct location including 
location of  Q waves on ECG (n = 8), prior revascular-
ization procedures (n = 10), echocardiography (n = 18), 
SPECT (n = 6), or CMR (n = 1) was collected from the 
patient’s electronic medical record. 

Statistical analysis
Logistic regression for correlated data was used to com-
pare reconstructions with respect to the percentage of  
times readers rated segments as non-evaluable for late 
myocardial enhancement abnormalities and in terms 
of  the accuracy of  detecting wall motion abnormalities 
using late myocardial hyperenhancement scores. Specifi-
cally, generalized estimating equations (GEE) based on a 
binary logistic regression model were used to model each 
of  two indicator variables (one identifying segments rat-
ed as non-evaluable, the other identifying segments that 
were correctly diagnosed) as functions of  reconstruction 
type, segment (as identified by the 17 segment model) 
and reader. The correlation structure imparted by the 
inclusion of  multiple observations per patient was mod-
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Figure 2  Example of different late phase image reconstructions in 4 chamber long axis view including iodine-only images in a patient who underwent dual 
energy computed tomography 10 min after contrast administration for evaluation of late hyperenhanced regions (arrows).

100 kVpA 140 kVpB

Mixed “120 kVp”C Iodine overlayD
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eled by assuming data to be correlated when acquired 
from the same patient and independent otherwise. The 
κ-statistic was used to quantify interobserver agreement 
for segmental evaluation of  myocardial hyperenhance-
ment. 

Upon initial analysis, the sample size of  24 patients 
was considered adequate since it provided 90% power at 
the two-sided 5% significance level to detect a 5 percent-
age point difference between reconstruction algorithms 
or between the two diagnostic tests based on perfusion 
score (test positive = definite vs test positive = possible 
or definite for enhancement abnormalities) in terms of  
accuracy for the detection of  infarct segments and al-
lowed diagnostic accuracy for each combination of  al-
gorithm and diagnostic test to be estimated with a preci-
sion no worse than 7 percentage points, where precision 
is the half-width of  the 95%CI.

All reported P values are two-sided and statistical sig-
nificance is defined as P < 0.05. SAS 9.3 (SAS Institute, 
Cary, NC) was used for all computations.

RESULTS
Baseline characteristics are shown in Table 1. All patients 
reported prior history of  documented myocardial infarc-
tion, with most occurring more than 5 years prior (n = 
18; 75% of  cohort). Several patients underwent prior re-
vascularization including coronary artery bypass grafting 
(n = 6) and percutaneous coronary angioplasty with or 

without stenting (n = 5). 
Fifty-five of  408 (13%) segments demonstrated ab-

normal wall motion and were classified as infarct. The 
remaining 353 segments were classified as non-infarcted 
segments. Infarct regions were noted in all vascular ter-
ritories (Table 1). In 16 patients, myocardial infarction 
in CCTA assigned territories was confirmed by one or 
more additional imaging studies [echocardiography (n 
= 15), SPECT (n = 5) or CMR (n = 1). In 7 patients, 
there was evidence of  coronary occlusion and/or prior 
revascularization in the CCTA assigned infarct territory 
including 6 patients without additional imaging studies. 
There were 2 patients who did not have a corroborating 
additional imaging study or X-ray coronary angiogram to 
confirm the infarct regions. 

A total of  1692 segments were analyzed for late 
phase enhancement abnormalities. Ninety one (5.5 per-
cent) segments were not interpretable due to artifact. Ar-
tifacts were more common with iodine-only reconstruc-
tion (7.4%) and least common with mixed reconstruc-
tion (4.2%) although this difference was not statistically 
significant. Interobserver variability for detection of  late 
phase enhancement abnormalities was good (κ  = 0.63 ± 
0.11).

Regardless of  the reconstruction algorithm used, 
the presence of  definite (grade 3) compared to possible 
or definite (combined grades 2 and 3) enhancement 
abnormalities demonstrated similar diagnostic accuracy, 
although higher specificity and lower sensitivity for de-
tection of  infarct segments (Figures 3 and 4). Evaluation 
of  different voltage acquisitions demonstrated the high-
est diagnostic performance for the 100 kVp reconstruc-
tion which had higher diagnostic accuracy (87%; 95%CI: 
82%-90%), sensitivity (67%; 95%CI: 54%-78%) and 
specificity (90%; 95%CI: 86%-93%) compared to the 
other reconstructions (Table 2). Statistically significant 
differences were noted between the diagnostic accuracy 
for 100 kVp compared to 140 kVp (P < 0.01) using 
grade 3 perfusion abnormalities, and between 100 kVp 
compared to 140 kVp (P < 0.0001) and 100 kVp com-
pared to mixed voltage (P < 0.0001) using combined 
grades 2 and 3 perfusion abnormalities. For sensitivity, 
there were significant differences noted between 100 
kVp vs 140 kVp (P < 0.05), 100 kVp vs iodine only (P 
< 0.05), and 140 kVp vs mixed (P < 0.05) using grade 3 
only perfusion abnormalities, and between 100 kVp vs 
140 kVp (P < 0.0005), 100 kVp vs mixed (P < 0.0001), 
and 100 kVp vs iodine only (P < 0.005) using combined 
grades 2 and 3 perfusion abnormalities. For specificity, 
there were significant differences noted between 100 
kVp vs 140 kVp (P < 0.005), and 100 kVp vs mixed (P < 
0.01) using combined grades 2 and 3 perfusion abnor-
malities. 

DISCUSSION
We evaluated the diagnostic performance of  different 
tube energy voltage reconstructions including low, high, 
and mixed energies for detection of  prior myocardial 
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Table 1  Patient characteristics

Clinical characteristics Patients (n  = 24)

   Age (yr)                65 ± 11 (40-86)
   Male gender     88%
   Body mass index 28.4 ± 5.3 (19.2-40.7)
   Hypertension     58%
   Hyperlipidemia     75%
   Diabetes mellitus    37.5%
   Prior tobacco use     29%
   Positive family history    62.5%
   Prior MI > 5 yr ago     75%
   Prior PCI     21%
   Prior CABG     21%
Infarct region
   Anterior   9
   Lateral   4
   Inferior   5
   Septal   7
   Apical   8
Examination characteristics
   Beta-blocker administration   2
   Nitroglycerin administration 15
   Mean heart rate            63 ± 12 bpm
   Mean contrast amount 150 mL
   DECT dose-length product (mGycm)   808 ± 191
   DECT effective dose (mSv) 11.3 ± 2.7 
Left ventricle
   End diastolic volume        173 ± 60 mL
   Ejection fraction   55% ± 17%

MI: Myocardial infarct; DECT: Dual energy computed tomography. PCI: 
Percutaneous coronary intervention; CABG: Coronary artery bypass graft.
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infarct. The use of  dual energy CT enabled direct com-
parison of  different energy voltage reconstructions in-
cluding mixed voltages simulating the image contrast of  
a single voltage 120 kVp acquisition by combining dif-
ferent proportions of  the acquisition energies (100 and 
140 kVp), and new dual energy specific post-processing 
algorithms of  iodine-only images, without the need for 
additional image acquisitions. 

We found that lower voltage (100 kVp in this study) 
performed significantly better than higher voltage (140 
kVp in this study) and mixed voltage acquisitions. Dual 
energy post-processing software generating iodine-only im-
ages did not perform as well as the lower voltage 100 kVp 
dataset. Although in certain cases iodine-only reconstruc-
tions appeared to better depict infarct regions, artifacts 
were more frequently observed (7.4% of  segments with 
iodine-only reconstructions compared to 4.2% of  seg-

ments with the mixed dataset) and limited interpretation 
of  these datasets when evaluated independently. Evalua-
tion of  iodine-only reconstructions in conjunction with 
non-processed datasets may improve diagnostic accuracy 
by better distinguishing between perceived and actual ar-
tifacts within the iodine-only images. 

Early animal studies have demonstrated the general 
feasibility of  conventional CT to identify myocardial 
infarcts[10,11], although the single-slice systems utilized at 
that time were not valuable as a clinical tool for cardiac 
imaging. With the advent of  multi-detector CT systems 
with improved temporal and spatial resolution, there have 
been several studies demonstrating the ability of  car-
diac CT to identify and characterize myocardial infarcts 
including size, transmurality and degree of  collagenous 
scar formation[12,13,26,27]. However, there is no agreement 
concerning the best CT imaging protocol for imaging 
myocardial infarcts in patients, as current studies in the 
literature were performed in infarcts of  varying ages (acute 
and prior), with different scan delay times (early and late 
phase), different contrast administration schemes, differ-
ent scanning energy voltage (80-140 kVp), and different 
reconstruction algorithms[12,16,17,28,29].  

To our knowledge, this is the first study that specifi-
cally evaluated the effect of  different tube voltages on 
infarct conspicuity in a patient cohort with prior myocar-
dial infarct. Our results compare similarly to a previous 
animal study evaluating low dose techniques for depic-
tion of  acute myocardial infarct regions. In that study, 
lower tube voltage (80 kVp compared to 120 kVp) did 
not affect accuracy of  infarct measurement, and although 
image noise was higher, there was significantly improved 
contrast enhancement between viable and non-viable 
myocardium[30]. In addition, given that the radiation dose 
is exponentially related to tube voltage, the use of  lower 
tube voltage should significantly reduce radiation dose 
exposure for the patient[31]. 

Although we corroborated myocardial infarct loca-
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Figure 3  Comparison of sensitivity measurements obtained for low, high, and mixed tube energy voltages. A: There were significant differences noted be-
tween the following pairs using grade 3 only: 100 kVp vs 140 kVp (P < 0.05); 100 kVp vs iodine only (P < 0.05); 140 kVp vs mixed (P < 0.05), and between the follow-
ing pairs using combined grade 2 and grade 3: 100 kVp vs 140 kVp (P < 0.0005); 100 kVp vs mixed (P < 0.0001); 100 kVp vs iodine only (P < 0.005); B: No significant 
differences were noted except between the following pairs using combined grades 2 and 3: 100 kVp vs 140 kVp (bP < 0.01); 100 kVp vs mixed (dP < 0.01).
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tion territories with other available studies, this study was 
not designed to be able to specifically compare the CT 
techniques with these other imaging studies on a segment 
by segment basis. It is well known that ECG and nuclear 
imaging (SPECT) have limited diagnostic accuracy for de-
tection of  myocardial infarction with generally low sensi-
tivity (22% for ECG and 67% for SPECT) although high 
specificity for detection of  myocardial infarction when 
compared to CMR as the reference standard[32], particu-
larly for small infarctions. Similarly, regional wall motion 
abnormalities on echocardiography are not always present 
in prior myocardial infarcts detected by CMR, which may 
be related to small scar regions, non-transmural scar, or 
limited sensitivity of  echocardiography to detect minor 
wall motion abnormalities[33]. In our cohort there were 
18 subjects with available ECG’s for interpretation, with 
7 demonstrating no evidence for pathologic Q waves or 
other findings suggestive of  myocardial infarction de-
spite other correlative imaging evidence demonstrating 
myocardial infarction. Similarly, there were 6 echocar-
diographic studies that demonstrated no regional wall 
motion abnormalities or other findings suggestive of  
myocardial infarction despite other correlative evidence 
including coronary angiography demonstrating prior 
myocardial infarction. Since late phase CCTA imaging 
may provide information similar to late enhancement 
CMR, CCTA may provide additional diagnostic and prog-
nostic information beyond that provided by ECG, echo-
cardiography and SPECT imaging that may be important 
in the management of  these patients. Future studies of  
head to head comparisons of  CCTA with other imaging 
techniques for detection of  prior myocardial infarction 
including safety assessments for development of  contrast 
nephropathy and radiation exposure are warranted.

There are several limitations to our study. First, myo-
cardial infarct segments were determined by presence 
of  wall motion abnormality on first pass CCTA as op-
posed to infarct imaging with CMR or nuclear imaging 
techniques. Although wall motion analysis is not a perfect 
gold standard for depicting myocardial infarct segments, 
it remains the current method for identifying myocardial 
infarct regions by echocardiography and nuclear imaging 
techniques, particularly when combined with concomitant 
perfusion defects. In our study, corroborating evidence 
of  infarct location was made utilizing additional imaging 
modalities which were available for 100% of  patients in 
our cohort. Second, using segmental wall motion abnor-
mality as the reference standard for infarct segments may 
increase false positive interpretation of  small infarct re-
gions that may not manifest as a wall motion abnormality. 
In the setting of  prior myocardial infarction, transmural 
extent of  infarct approaches 50% before contractile dys-
function can be systematically identified[34]. Hence while 
we can be fairly confident that larger, non-viable infarcts 
(> 50% transmural extent) were reliably assessed, the true 
diagnostic accuracy of  CCTA for detecting smaller, non-
transmural infarcts cannot be determined by our study. 
Finally, this study evaluated the ability to detect late phase 
myocardial enhancement abnormalities on a segmental 
basis. The transmural extent of  hyperenhanced regions 
was not assessed nor correlated with detection of  myo-
cardial infarct segments.

In a conclusion, CCTA demonstrates significant po-
tential for detection of  prior myocardial infarct based on 
late phase myocardial enhancement abnormalities. Our 
results suggest that low voltage imaging with 100 kVp 
provides the best diagnostic performance with the lowest 
radiation dose for detection of  myocardial infarct regions. 
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Table 2  Diagnostic accuracy, specificity and sensitivity

Accuracy Specificity Sensitivity PPV NPV

Definite 
(Grade 3) 
Hyperenhancement 
   100 kVp 90.4% 99.4% 35.2% 90.5% 90.4%

95%CI (84.3-94.2) 95%CI (97.7-99.8) 95%CI (19.4-55.0) 95%CI (66.5-97.8) 95%CI (83.6-94.5)
   140 kVp 84.5% 97.1% 9.1% 33.3% 86.6%

95%CI (76.1-90.4) 95%CI (92.5-98.8) 95%CI (2.7-26.6) 95%CI (9.4-70.6) 95%CI (77.5-92.4)
   Mixed 88.0% 97.6% 29.1% 66.7% 89.4%

95%CI (81.1-92.6) 95%CI (94.0-99.1) 95%CI (14.0-50.9) 95%CI (35.6-87.8) 95%CI (81.5-94.2)
   Iodine Only 85.2% 97.5% 11.1% 42.9% 86.8%

95%CI (78.3-90.2) 95%CI (94.2-99.0) 95%CI (4.0-27.0) 95%CI (14.8-76.4) 95%CI (79.3-91.9)
Definite or Possible 
95%CI (Combined Grades 2 and 3)
Hyperenhancement
   100 kVp 86.7% 90.0% 66.7% 52.2% 94.3%

95%CI (82.4-90.1) 95%CI (85.8-93.1) 95%CI (53.6-77.6) 95%CI (34.7-69.2) 95%CI (89.1-97.1)
   140 kVp 75.0% 79.3% 49.1% 28.1% 90.4%

95%CI (68.0-80.9) 95%CI (71.4-85.4) 95%CI (34.1-64.3) 95%CI (15.6-45.2) 95%CI (82.7-94.9)
   Mixed 76.5% 82.7% 38.2% 26.6% 89.1%

95%CI (69.6-82.2) 95%CI (76.1-87.8) 95%CI (22.7-56.5) 95%CI (13.9-44.9) 95%CI (80.9-94.1)
   Iodine Only 83.6% 90.1% 44.4% 42.9% 90.7%

95%CI (77.3-88.4) 95%CI (83.6-94.2) 95%CI (27.7-62.5) 95%CI (24.6-63.3) 95%CI (84.0-94.8)

PPV: Positive predictive value; NPV: Negative predictive value.
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Background
Cardiac computed tomography angiography (CCTA) has emerged as a power-
ful non-invasive imaging test for coronary artery disease evaluation. In addition, 
CCTA represents an alternative method for evaluation of myocardial scar in pa-
tients unable to undergo cardiac magnetic resonance imaging. Several different 
CCTA algorithms have been proposed for assessment of myocardial infarction 
(MI), but none have been demonstrated to be superior to another. In a small co-
hort of patients, authors demonstrate that lower voltage, 100 kVp in this study, 
provided the best diagnostic accuracy for detection of prior myocardial infarct 
compared to higher or mixed voltage (dual energy) acquisitions.
Research frontiers
New applications of CCTA include myocardial scar imaging for assessment of 
myocardial viability. New developments in CCTA such as dual energy imag-
ing can improve tissue differentiation by taking advantage of different inherent 
absorption characteristics exhibited by tissues when exposed to different X-ray 
spectra. Such techniques may lead to improved myocardial tissue characteriza-
tion in patients with chronic ischemic heart disease.
Innovations and breakthroughs
Cardiac magnetic resonance (CMR) imaging is commonly used for evaluation 
of myocardial infarction and viability because of its ability to depict transmural 
extent of myocardial fibrosis. However, not all patients are eligible for CMR 
given its limited availability to specialized imaging centers, and potential con-
traindication in patients with electronic implants. CCTA represents a viable 
alternative to CMR for evaluation of myocardial infarction and viability, and low 
voltage late enhancement CCTA imaging provides the best diagnostic accuracy 
compared to high and mixed voltage acquisitions.
Applications
Late phase, low voltage (100 kVp) CCTA provides a good alternative for evalu-
ation of myocardial scar in patients with ischemic heart disease, particularly 
when CMR is not available or contraindicated.
Terminology
Dual energy computed tomography (CT) imaging refers to the acquisition and 
integration of CT datasets acquired nearly simultaneously at two different volt-
age settings. 
Peer review
This is an interesting manuscript that compares low and high voltage computed 
tomography acquisitions in patients with chronic myocardial infarction.
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