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KEYWORDS: BACKGROUND: Hypoenhanced regions on multidetector CT (MDCT) coronary angiography corre-
Computed tomography; late with myocardial hyperperfusion. In addition to a limited capillary density, chronic myocardial in-
Infarct extension; farction (MI) commonly contains a considerable amount of adipose tissue.

Necrosis; OBJECTIVE: We explored whether regional myocardial hypoenhancement on contrast-enhanced
Perfusion defect MDCT could be identified with standard coronary artery calcium (CAC) scoring acquisitions with non-

contrast CT.

METHODS: Consecutive patients with a history of MI who were referred for contrast-enhanced
MDCT from November 2006 until March 2009 were studied. Noncontrast CT for CAC scoring was
also performed. The correlation between regional myocardial hypoenhancement on contrast-enhanced
CT and regional myocardial hypoattenuated areas on noncontrast CT was defined.

RESULTS: Eighty-three patients (mean age, 61.5 = 12.5 years; n = 67; 81% male) with previous MI
were studied. A total of 1411 myocardial segments were evaluated. Two hundred thirty-nine segments
(17%) showed myocardial hypoenhancement by MDCT and 140 segments (9.6%) by CAC. On a pa-
tient level, noncontrast CT showed a sensitivity, specificity, positive predictive value, (PPV) and neg-
ative predictive value (NPV) of 66% (95% ClI, 0.53-0.77), 100% (95% CI, 0.76-1.00), 100% (95% CI,
0.90-1.00), and 41% (95% CI, 0.26-0.58), respectively, to detect myocardial hypoenhancement. On a
per segment level, noncontrast CT showed a sensitivity, specificity, PPV, and NPV of 58% (95% CI,
0.51-0.64), 100% (95% CI, 0.99-1.00), 99% (95% CI, 0.94-1.00), and 92% (95% CI, 0.90-0.93),
respectively, to detect myocardial hypoenhancement.

CONCLUSIONS: Our findings suggest that chronic MI can be detected with standard CAC scoring
acquisitions.
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Introduction

The rapidly evolving field of multidetector row com-
puted tomography coronary angiography (MDCT-CA) has
led investigators to explore noncoronary applications of the
technique.' In this regard, an emerging application of
MDCT is the evaluation of myocardial perfusion based
on the myocardial kinetics of iodinated contrast media. Par-
allel to gadolinium—diethylenetriamine pentaacetic acid in
contrast-enhanced magnetic resonance (MR), chronic myo-
cardial infarction (MI) and scar formation lead to impaired
delivery of iodinated contrast to the infarct core because of
a diminished capillary density and result in early hypoen-
hancement during contrast inflow.” This approach to detect
MI has shown a good agreement with gated single-photon
emission CT (SPECT) and contrast-enhanced MR and is
highly reproducible.>”” Delayed enhancement of iodinated
contrast by MDCT has been widely validated and is closely
related to hypoenhanced regions with the use of contrast-
enhanced MDCT.”® In addition, both enhancement patterns
are related to left ventricular function recovery.”'°

Coronary artery calcification (CAC) scoring with the use
of noncontrast CT has shown a significant prognostic value
to predict future coronary events independently of estab-
lished risk stratification scores.'’ A standard CAC scoring
acquisition provides an accurate estimate of the presence
and severity of calcification throughout the coronary tree,
requires no contrast administration, and requires a mini-
mum radiation dose (~2 mSv). Regions of chronic MI are
characterized by limited capillary density, but may also
contain a considerable amount of adipose tissue and there-
fore may be detectable through an evaluation of myocardial
attenuation on noncontrast CT.'> We explore whether, in a
population of patients with previous MI, myocardial hypo-
enhanced regions on contrast-enhanced MDCT could also
be identified by noncontrast CT performed with standard
CAC scoring protocols.

Methods

The present was a single-center, observational study of
consecutive patients who were referred for MDCT evalu-
ation at our institution from November 2006 until March
2009. Included patients had previously (>1 month) been
diagnosed with MI. During the same period, patients
without previous MI or revascularization who were evalu-
ated with MDCT because of atypical chest pain or discor-
dant stress tests were selected from our database and
included as the control group. All patients included were
>18 years old, in sinus rhythm, able to maintain a
breathhold for >15 seconds, and without a history of
contrast-related allergy, renal failure, or hemodynamic
instability. Patients with a prescan heart rate > 70 beats/
min received B-blockers either as a single oral dose or in-
travenously. Diagnosis of previous MI was made on the

basis of the history of chest pain lasting >20 minutes asso-
ciated with changes on the electrocardiogram (ST-segment
elevation or depression, pathologic Q waves, new onset of
left bundle branch block) and abnormal levels of cardiac
enzymes.

MDCT-CA acquisition and analysis

Scans were performed with a 64-channel MDCT scanner
(Brilliance 64; Philips Healthcare, Cleveland, OH). Before
MDCT, all patients underwent CAC scoring with the use of a
standard protocol (collimation, 40 X 0.625 mm; gating at
75% R-R interval; reconstructed slice thickness, 2.5 mm; ro-
tation time, 400 milliseconds; 120 kv, 55 mAs) correspond-
ing to an approximate mean radiation dose of 0.67 mSv.
CAC scoring is routinely performed at our institution before
contrast-enhanced MDCT because, aside from its established
prognostic value, it provides a reference to adjust the acqui-
sition from the left main coronary artery up to the posterior
descending artery to adjust scan length. For MDCT acquisi-
tion, a bolus of 80-120 mL of iodinated contrast material
(Optiray; ioversol 350 mg/mL; Mallinckrodt, St Louis,
MO) was injected through an arm vein at 5—6 mL/s. A bolus
tracking technique was used to synchronize the arrival of
contrast at the level of the coronary arteries with the start
of acquisition. Scan parameters of the MDCT acquisitions
were a collimation of 64 X 0.625 mm, rotation time of
0.42 seconds, tube voltage of 120 kV, and tube current of
600-1000 mAs corresponding to an approximate mean radi-
ation dose of 12 mSv. A dose modulation protocol was ap-
plied to reduce radiation dose during systole whenever
deemed possible by the operator,'® with an approximate
dose saving of 42% at a heart rate of 60 beats/min, yielding
an approximate mean radiation dose of 7 mSv in these pa-
tients. An electrocardiogram was recorded simultaneous to
the CT scan to enable retrospective gating of the image
data. A dedicated cardiac gating algorithm was used that
identified the same physiologic phases of the cardiac cycle
while taking into account the nonlinear changes in the indi-
vidual cardiac states with the heart rate variations during
the CT acquisition.'

CAC scoring acquisition was reconstructed at 75% of
the R-R interval with the use of axial planes and multi-
planar reconstructions. Short-axis (from base to apex) and
4-chamber views were obtained, and the presence of
myocardial hypoattenuation was evaluated.

MDCT images were reconstructed at 75% of the cardiac
phase with the use of axial planes, multiplanar reconstruc-
tions, and maximum intensity projections at 1-mm slice
thickness. Short-axis (from base to apex) and 2-, 3-, and
4-chamber views were obtained initially with the use of
5-mm slice reformatted images. The presence of myocar-
dial hypoenhancement was evaluated by consensus of 2
experienced observers and defined as myocardium having a
signal density 2 standard deviations below the mean
myocardial signal density of the remote myocardium. The
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number or segments with myocardial hypoenhancement
was assessed by using the American Heart Association
(AHA) 17-segment model."” Attenuation levels (Hounsfield
unit; HU) of the region of MI, remote myocardium, and
pericardial fat were estimated after averaging measure-
ments at 3 regions of interest. For cases with myocardial
wall calcification, attenuation was measured at noncalcified
regions in the vicinity.

Left ventricular ejection fraction (LVEF) was assessed
by using Simpson’s method of discs,'® and myocardial con-
tractility was evaluated as previously described.'” All anal-
yses were performed with the use of dedicated software
(Comprehensive Cardiac Analysis, Version 3.5), on a CT
workstation (Brilliance Workspace; Philips Healthcare).
The study was approved by our Institution’s Ethics Com-
mittee, and all the patients enrolled gave their written
informed consent.

Statistical analysis

Discrete variables are presented as counts and percent-
ages. Continuous variables are presented as mean = SD or
median (interquartile range), as indicated. Comparisons
among groups were performed with the use of paired sam-
ples ¢ test, independent samples ¢ test, analysis of variance,
Mann-Whitney U tests, chi-square tests, or Fisher’s exact
test as indicated. MDCT served as the reference standard
for the diagnosis of regional MI. Diagnostic performance
and predictive value of CAC for the diagnosis of regions
showing MI compared with the reference standard was
evaluated on a per patient level and per segment level
and expressed as sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) and their
corresponding 95% confidence intervals. We explored cor-
relations between the LVEF and the number of hypoen-
hanced segments with the use of Pearson’s and
Spearman’s correlation coefficients, as indicated. Agree-
ment between observers and methods was compared with
k statistics. A 2-sided P value of less than 0.05 indicated
statistical significance. Statistical analyses were performed
with use of SPSS software, Version 13.0 (Chicago, IL).

Results

One hundred forty-three patients were studied, including
83 patients with a previous MI and 60 controls. The mean
age was 59.4 + 12.1 years, 113 (79%) were male, and 10
(7%) were diabetic. As expected, patients with previous
MI had larger burden of cardiovascular risk factors (Table
1). Sixty-seven patients (81%) with previous MI had previ-
ously undergone percutaneous coronary intervention, and 8
(6%) had previous bypass surgery. Forty-three patients
(52%) were studied for evaluation of revascularization pro-
cedures, 33 (40%) because of chest pain and 7 (8%)
because of discordant stress tests. Among the control

group, 20 patients (33%) were studied because of the pres-
ence of multiple risk factors, 22 (37%) because of atypical
chest pain, and 18 (30%) because of inconclusive stress
tests. Demographic characteristics of patients are presented
in Table 1. Patients in the control group had a median
Agatston score of 0.0 (interquartile range, 0-49), with a
median number of calcified lesions of 0.5 (interquartile
range, 0-3).

Myocardial hypoenhancement detection
with CAC and MDCT

A total of 2431 left ventricular AHA segments were
evaluated, all being judged analyzable by contrast and
noncontrast CT. In the control group, 4 segments (0.4%) in
4 patients (7%) showed myocardial hypoenhancement,
involving the same (inferobasal) segment in all cases. In
addition, those patients had no hypoenhancement on non-
contrast CT. In turn, in patients with previous MI, 239
segments (17%) within 67 patients (81%) showed hypo-
enhancement at MDCT. In those patients, noncontrast CT
detected myocardial hypoenhancement in 140 segments
(9.6%) within 44 patients (53%) (Figure 1, Figure 2, and
Figure 3). Demographic characteristics were not related
to the presence of myocardial hypoenhancement on
MDCT (Table 2).

MDCT identified intraventricular thrombus (Figure 2) in
9 patients (11%) and was calcified in 3 (33%) of 9 patients.
Myocardial wall thinning (Figure 2 and Figure 3) and cal-
cification (Figure 3) was present in 56 (68%) and 3 (4%)
patients, respectively. An apical aneurysm was found in 4
patients (5%). These morphologic findings (Table 1),
despite the presence of calcification, were undetected by
noncontrast CT.

On a per patient level and using MDCT as the reference
standard, noncontrast CT showed a sensitivity of 66% (95%
CI, 0.53-0.77), specificity of 100% (95% CI, 0.76-1.00),
PPV of 100% (95% CI, 0.90-1.00), and NPV of 41% (95%
CI, 0.26-0.58) to detect regions of myocardial hypoen-
hancement on contrast CT. On a per segment level,
noncontrast CT showed a sensitivity of 58% (95% ClI,
0.51-0.64), specificity of 100% (95% CI, 0.99-1.00), PPV
of 99% (95% CI, 0.94-1.00), and NPV of 92% (95% CI,
0.90-0.93) to detect regions of myocardial hypoenhance-
ment on contrast CT. There was good agreement in the
identification of hypoenhanced segments between contrast
and noncontrast CT, respectively, on a segmental basis
(&kappa: = 0.69, P < 0.001).

Patients with concordant contrast and noncontrast CT
findings had significantly older infarcts than patients with
discordant findings (24 months; interquartile range, 10-57
months versus 12 months; interquartile range, 6-24
months; P = 0.016).

To assess interobserver agreement in the detection of
myocardial hypoattenuation, 28 randomly selected cases
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320 Table 1 Demographical characteristics 376
321 377
322 Total (n = 143) Previous MI (n = 83) Control (n = 60) P 378
323 Age, y, mean = SD 59.4 = 12.1 61.5 = 12.8 56.5 = 10.4 0.02 379
324 Male, n (%) 113 (79) 67 (81) 46 (77) 0.68 380
325 Hypertension, n (%) 77 (54) 51 (61) 26 (43) 0.04 381
326 Hypercholesterolemia, n (%) 92 (64) 57 (69) 35 (58) 0.22 382
327 Former smoker, n (%) 42 (29) 27 (33) 15 (25) 0.11* 383
328 Current smoker, n (%) 17 (12) 6 (7) 11 (18) 384
379 Diabetes, n (%) 10 (7) 7 (8) 3 (5) 0.52 385
330 Previous MI, n (%) 83 (58) 83 (100) 0 (0) <0.001 386
Previous PCI, n (%) 67 (47) 67 (81) 0 (0) <0.001
331 previous CABG, n (%) 8 (6) 8 (10) 0 (0) 0.02 387
332 Heart rate, beats/min, mean = SD 60.2 = 6.9 60.6 = 7.0 59.6 = 6.8 0.37 388
333 Infart age, mo, median (interquartile range) 24.0 (7.0-48.0) 389
334 MDCT structural findings 390
335 LVEF, mean = SD 55.1+ 9.6 50.9 = 9.7 61.0 = 5.5 <0.001 391
336 Hypoenhancement, n (%) 71 (50) 67 (81) 4 (7) <0.001 392
337 LV thrombus, n (%) 9 (6) 9 (11) 0 (0) 0.01 393
338 Wall thinning, n (%) 59 (39) 56 (68) 0 (0) <0.001 394
339 Wall calcification, n (%) 3(2) 3 (4) 0 (0) 0.26 395
340 Aneurysm, n (%) 4 (3) 4 (5) 0 (0) 0.14 396
341 Wall motion abnormalities, n (%) 67 (47) 66 (80) 1(2) <0.001 397
342 PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft; LV, left ventricular. 398
343 *Chi-square across group. 399
344 400
345 401
346 402
347 403
348 404
349 405
350 406
351 407
352 408
353 409
354 410
355 411
356 412
357 413
358 414
359 415
360 416
361 417
362 418
363 419
364 420
365 421
366 422
367 423
368 424
369 425
370 426
371 427
372 428

373  Figure 1 Inferior subendocardial infarction assessed by short-axis views (leff) and long vertical-axis views (right) with the use of CAC 429
374  scoring acquisition (fop) and MDCT-CA (bottom). CAC hypoattenuation correlates well with hypoenhancement at contrast-enhanced 430
375  MDCT (arrows). 431
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Figure 2 Anteroseptal transmural infarction assessed by short-axis views (leff) and horizontal long-axis views (right) by CAC scoring
acquisition (fop) and MDCT-CA (bottom). Significant myocardial wall thinning and apical thrombus (black arrow) are observed in
MDCT (bottom).

* ’
L -

DT R R

- -

Figure 3 Inferior transmural infarction assessed by short-axis views (fop) and long vertical-axis views (bottom) by CAC scoring acqui-
sition (leff) and MDCT-CA (right). Myocardial wall thinning and calcification can be detected by both techniques. Calcification of the pos-
teromedial papillary muscle (*) can be appreciated.
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Table 2 Relationship between demographic and procedural characteristics and the presence of myocardial hypoenhancement by MDCT
Present (n = 67) Absent (n = 16) P

Age, y, mean = SD 62.1 +12.4 58.6 + 14.3 0.33
Male, n (%) 54 (81) 13 (81) 0.95
Hypertension, n (%)n 42 (63) 9 (56) 0.78
Hypercholesterolemia, n (%) 47 (70) 10 (63) 0.56
Former smoker, n (%) 21 (31) 6 (38) 0.53"
Current smoker, n (%) 4 (6) 2 (13)
Diabetes, n (%) 6 (9) 1 (6) 0.99
Previous PCI, n (%) 53 (79) 14 (88) 0.73
Previous CABG, n (%) 7 (10) 1 (6) 0.99
Heart rate, beats/min, mean = SD 60.4 *= 6.6 61.6 = 8.6 0.53
LVEF, %, mean = SD 49.9 £10.0 55.3 £ 7.1 0.02
Clinical presentation 0.21*

Control of revascularization, n (%) 32 (48) 11 (69)

Chest pain, n (%) 28 (42) 5 (31)

Inconclusive stress test, n (%) 7 (10) 0 (0)

PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft.

*Chi-square across group.

(476 left ventricular segments) were analyzed indepen-
dently by 2 experienced observers, and a good agreement
was found for both noncontrast CT (k = 0.88, P < 0.001)
and contrast-enhanced MDCT (k = 0.85, P < 0.001).

Difference in attenuation levels between
necrosis and pericardial fat

Attenuation levels in regions of MI were predominantly
negative on both contrast-enhanced and noncontrast CT
(—20.7 £ 37.4 HU versus —10.8 = 29.8 HU; P < 0.001).
Nevertheless, pericardial fat showed significantly lower at-
tenuation levels than did necrotic regions (Table 3).

Attenuation levels in regions remote to the area of MI
were significantly higher than attenuation levels of necrotic
segments with both contrast (112.6 £ 19.4 HU versus
—20.7+ 374 HU; P<0.001) and noncontrast CT
(43.3 = 10.5 HU versus —10.8 = 29.8 HU; P < 0.001) (Ta-
ble 3). The difference in attenuation levels between regions
of MI and remote myocardium was significantly higher

when measured by contrast than by noncontrast CT
(133.3 = 41.1 HU versus 54.2 = 29.0 HU; P < 0.001).

MI, infarct age, and LVEF

The mean LVEF was 55.1% = 9.6% and was signif-
icantly higher in the control group (61.0% = 5.5% versus
50.9% = 9.7%; P < 0.001). Among patients with previous
MI, patients without hypoenhancement had significantly
higher LVEF than patients with myocardial necrosis
(553% = 7.1% versus 49.9% = 10.0%; P = 0.02) (Table
1 and Table 2). Figure 4 shows the significant inverse rela-
tionship between the number of AHA segments with hypo-
enhancement and the LVEF identified with both
noncontrast (r = —0.49, P < 0.001) and contrast-enhanced
CT (r = —0.50, P <0.001). Patients with myocardial hy-
poenhancement on contrast CT had older infarcts than did
patients without hypoenhancement (24 months; interquar-
tile range, 12-48 months versus 6 months; interquartile
range, 3-33 months; P = 0.04). Similarly, results were

Table 3 Difference in myocardial attenuation levels at the necrotic region and at the remote myocardium between CAC scoring
acquisition and MDCT-CA acquisition and difference in attenuation levels between pericardial fat and necrosis measured with CAC and
MDCT
CAC MDCT P Fat CAC P vs MI CAC Fat MDCT P vs MI CAC

Attenuation MI, HU, —10.8 £29.8 —20.7 £37.4 <0.001 —105.4=*14.8 <0.001 —104.6 = 18.2 <0.001

mean = SD
Attenuation remote, 43.3+10.5 112.6 £19.4 <0.001

HU, mean = SD
Difference MI/remote, 54.2 +29.0 133.3*41.1 <0.001

mean =+ SD
P <0.001 <0.001
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80 - y = -2,2757x + 54,73
: r=-0,49, p<0,001
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y =-1,9582x + 56,53
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Figure 4 Relationship between the number of hypoattenuated
segments and the LVEF with the use of CAC (fop) and multidetec-
tor MDCT-CA (bottom).

found with noncontrast CT. Hypoattenuated segments de-
tected by noncontrast CT corresponded to older MIs than
those detected by contrast CT (Table 4).

Discussion

Several studies have established that hypoenhanced
regions on contrast-enhanced MDCT correlate well to
hypoperfused myocardial regions, becoming an accurate
tool to evaluate MI, with a good agreement with gated
SPECT and MR.>”’ Indeed, MDCT allows assessment of
morphologic characteristics and extension of both chronic

Table 4
CAC and MDCT

and acute MIs.*'® In the present study, we hypothesized
that hypoenhanced areas at MDCT could be identified by
standard, noncontrast CT CAC scoring protocols because,
other than a reduced capillary density, healed MIs contain
adipose tissue and should therefore be hypoattenuated on
CAC."”

The main finding of the present study was that
hypoenhanced areas detected with the use of MDCT-CA
in patients with chronic MI can be detected as hypoatte-
nuated areas with the use of standard CAC scoring acqui-
sitions. Despite a moderate sensitivity, CAC showed an
excellent specificity to detect myocardial hypoenhancement
by MDCT. Our results are further supported by the findings
in the control group that show myocardial hypoenhance-
ment in only 0.4% of myocardial segments assessed by
MDCT, all involving the inferobasal segment. Furthermore,
no myocardial hypoattenuation was detected by noncon-
trast CT imaging in control patients. These results are in
keeping with a recent report from our group showing that
beam-hardening artifact from the spine can mimic myo-
cardial perfusion defects that affect particularly those
segments.]9

The histopathologic evolution of MI is not fully eluci-
dated. Su et al'? found that 84% of healed MIs contain ad-
ipose tissue. In keeping with that, we found that attenuation
levels at necrotic regions were predominantly negative,
ranging between —10 HU and -20 HU with the use of
CAC and MDCT protocols, respectively. These attenuation
levels were significantly higher than attenuation levels of
pericardial fat, that were around —100 HU with the use of
CAC and MDCT protocols. In turn, remote myocardium
showed significantly higher attenuation levels that ranged
between 43 HU and 112 HU with the use of CAC and
MDCT protocols, respectively. These findings reinforces
the recent concept that MI is characterized mainly by adi-
pose tissue probably interspersed between fibrotic fibers
and rarely evolves to calcification.'>'" Accordingly,
the concept of myocardial scar, that has been long deemed
mainly dense fibrotic tissue, should probably be revisited.

The presence of myocardial necrosis had a correlate in
left ventricular function, because patients with myocardial
hypoenhancement showed significantly lower LVEF than
patients without myocardial hypoenhancement. In addition,
an inverse relationship was found between the extent of
necrosis and the LVEF. In line with a previous study that

Relationship between infarct age (in months) with the presence or absence of myocardial hypoenhancement with the use of

Myocardial hypoenhancement

Present Absent P
CAC, median (interquartile range) 36.0 (13.3-60.0) 11.0 (4.0-24.0) <0.001
MDCT, median (interquartile range) 24.0 (12.0-48.0) 5.5 (3.0-33.0) 0.04
P <0.001 <0.001
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related the presence of adipose tissue within healed myo-
cardium to older age,'? we found that MI segments detected
by noncontrast CT corresponded to older MlIs than those
detected by contrast-enhanced CT. Twenty-seven percent
of patients with myocardial hypoenhancement on con-
trast-enhanced MDCT did not show hypoattenuation on
noncontrast CT, a finding that could be ascribed to the ab-
sence of adipose tissue in patients with relatively recent in-
farcts. In parallel, 19% of our patients with MI did not show
abnormalities on contrast-enhanced MDCT possibly be-
cause of false negatives or to patients with a smaller ML’

Overall, our findings suggest that chronic MI might be
detected by standard CAC scoring acquisitions. It should be
noted that once it has been established that a patient has a
prior MI, the need to screen for CAC is less clear. Thus, if
routine CAC screening was able to identify prior MI, the
true benefit would be identifying patients with unrecog-
nized prior MI. As expected, contrast-enhanced MDCT
provided much more detail into the evaluation of the
morphologic characteristics, extent, and complications of
MI such as thrombus and aneurysm formation. Neverthe-
less, our results could potentially add prognostic value of
the technique.

Limitations

Because we performed a retrospective evaluation of
patients with previous MI, selection bias may be present
and caution must be taken to interpret predictive values
particularly on a per patient basis because they are influ-
enced by the prevalence of the disease. In addition,
potential for nesting effects within segmental analysis
should not be disregarded. Larger prospective studies
with clinically driven as well as global and regional LV
function parameters at follow-up would provide insight into
the clinical significance of our findings. Finally, although it
has been validated as an accurate tool to identify the
presence and extent of MI, MDCT has been shown to
slightly overestimate infarct size.>” Therefore, studies that
used 99mTc-sestamibi—gated SPECT or cardiac MR as ref-
erence standard are warranted.

Conclusions

Our findings suggest that chronic MI can be detected
with the use of standard CAC scoring acquisitions.
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