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ECG-gated multi-detector row spiral CT
in the assessment of myocardial infarction:
correlation with non-invasive angiographic

findings

Abstract Our objective was to retro-
spectively evaluate the ability of
multidetector-row computed tomog-
raphy (MDCT) to detect previous
myocardial infarctions (MIs) and to
correlate necrosis with the status of
coronary arteries supplying the in-
farcted territory. After having clin-
ically evaluated 187 patients referred
for ECG-gated MDCT of the coronary
arteries, 30 previous MIs were identi-
fied in 29 patients (9 recent and 21
chronic). MDCT data were evaluated
qualitatively and quantitatively by
measuring attenuation values and wall
thickness within the infarcted region
and normal adjacent myocardium.
Each MI was also assigned to the
distribution territory of a coronary
vessel, and morphological data were
combined with MDCT angiographic
findings. MDCT was able to detect
25/30 MlIs showing an overall sensi-
tivity and specificity of 83 and 91%,
respectively. Quantitative analysis

Introduction

revealed a statistically significant dif-
ference in attenuation values between
normal and infarcted regions (38.9+14
HU vs. 104.0+£16 HU). Regional wall
thinning was observed in chronic Mls
(4.1£2 mm vs. 10.5+£3.8 mm), and not
in patients with recent event (7.9£1.6
mm vs 9.1£4 mm). In 22/25 cases,
MDCT angiographic findings showed
the presence of suspicious critical
lumen narrowing (n=3), previous cor-
onary stenting (n=14) and surgical
revascularization (n=5) in the infarct-
related coronary. During a single
examination, MDCT might provide
comprehensive imaging of MI offer-
ing a combined morphological and
angiographic assessment.

Keywords Multidetector computed
tomography - Myocardial infarction -
Coronary artery disease

Moreover, by using retrospective ECG gating, CT data

The development of multi-detector row technology com-
bined with retrospective electrocardiographic (ECG) gating
has radically changed the role of computed tomography
(CT) in cardiac imaging [1-3]. In comparison with con-
ventional or single-slice spiral CT, not only the acquisition
time is markedly decreased, but also spatial resolution on
the z-axis is substantially improved, enabling non-invasive
assessment of the coronary artery anatomy, detection of
arterial stenosis and evaluation of left ventricular function
(LV) [4-6].

and ECG information are recorded simultaneously, and
images are successively reconstructed in the diastolic phase,
virtually “freezing” the cardiac cycle and minimizing the
presence of motion artifacts [7-9].

Thanks to the high spatial and temporal resolution
achievable, this method allows not only non-invasive as-
sessment of the coronary arteries, but also provides ex-
cellent information concerning myocardial morphology,
having the potential to depict regional changes of the den-
sity and/or thickness of the LV wall with high diagnostic
accuracy [10, 11].
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Early studies with electron-beam CT (EBCT ) and single-
slice spiral CT have already shown that acute myocardial
infarction can be identified as a region of lower attenuation
within the normal enhanced myocardium [12, 13]. More
recently, multi-detector CT angiography (MDCTA) has
been shown to have the potential to identify acute suben-
docardial and subacute myocardial necrosis [14—16]. De-
tection of the scar with MDCTA is potentially relevant
since information about localization and extension of the
necrotic area might be combined with non invasive angio-
graphic findings providing insight into the morphological
and hemodynamic significance of a coronary lesion, i.e.,
into the direct relation between the status of a coronary
artery and its dependent myocardial region. The purpose
of this study was to evaluate retrospectively the ability of
MDCTA in detecting myocardial infarction in a group of
patients referred for MDCTA of the coronary arteries and
to correlate the presence of necrosis with non-invasive
MDCT angiographic findings.

Materials and methods
Study population and clinical assessment

One hundred eighty-seven consecutive patients (140 &' and
47 Q age range: 3277 years, mean 58.7 years) referred to
our Department for MDCTA of the coronary arteries in the
period between September 2003 and October 2004 were
retrospectively evaluated for the presence of a previous
myocardial infarction (MI). Clinical indications for the
MDCTA examination were the following:

1) Typical (n=29) or atypical chest pain (n=47)

2) Cardiovascular risk factors (n=39)

3) Previous coronary percutaneous transluminal angio-
plasty (PTA) and stent placement (n=48 with a total
number of 65 stents)

4) Previous coronary artery by-pass surgery (CABGQG)
(n=24)

In all cases detailed clinical, serological, and ECG data
were collected, and the diagnosis of previous MI was es-
tablished according to the redefined criteria of the Joint
European Society of Cardiology and American College of
Cardiology Committee [17].

Acute or recent MI (event occurred<l month before
MDCT examination) was diagnosed if the patient had a
typical rise and gradual fall of the biochemical markers of
myocardial necrosis (troponin or CK-MB) associated with
at least one of the following:

1) Development of pathologic ECG Q waves

2) ECG changes indicative of ischemia

3) Ischemic symptoms

4) Previous coronary artery interventions (coronary stent-
ing or CABG)

For the patients with chronic MI (event occurred >1
month before MDCT examination), clinical diagnosis was
satisfied according to the following criteria:

1) History of previous myocardiial infarction

2) Presence of pathologic Q waves on serial ECGs with
or without previous clinical symptoms

3) Normalized biochemical markers of myocardial
necrosis.

MDCT protocol

In all patients, MDCTA examinations were performed
using a four-row spiral CT scanner (Siemens Volume
Zoom, Forcheim, Germany) with 0.5-s gantry rotation time
and retrospective ECG gating. The acquisition protocol
used in our Department for MDCTA of the coronary ar-
teries included a preliminary unenhanced scan followed by
a post-contrast acquisition performed with the following
parameters: 400 mAs, 120 Kv, collimation 4x1 mm, with a
slice thickness of 1.25 mm, and recon increment of 0.8 mm
covering a volume included from the base of the heart to
the tracheal carena, with an acquisition time of about 32—40
s. In 138 patients with a heart rate greater than 65 beats per
minute (bpm), 5 mg of Propanolol (Inderal, Astra Zeneca)
was intravenously administered 15-20 min prior to the
examination. The mean heart rate during the examination
was 62 (range 51-78 bpm).

Patients referred for assessment of coronary artery by-
pass graft (CABG) were studied with a larger collimation
and slice thickness (4x2.5 mm and 3 mm respectively) due
to the larger volume to cover, included from the proximal
to the distal CABG anastomosis. No delayed enhancement
acquisitions were available in any patient. In all patients, a
standard volume of 130 ml of high concentration contrast
agent (Iomeron 400, Bracco, Milano, Italy) was adminis-
tered at a flow rate of 4 ml, and delay based on a test bolus
protocol. After acquisition, each exam was reconstructed
with a temporal window of 40, 50, 60 and 70% of the R-R
interval.

Image analysis

After clinical assessment, images were analyzed by two
experienced cardiovascular radiologists in consensus,
blinded to the clinical data, using a dedicated workstation
with VR (volume rendering), MIP (maximum intensity
projection) and MPR (multiplanar reformatting) capabil-
ities (Vitrea 3.1; Vital Images, Minneapolis, Minn.). The
myocardium was only evaluated in the end-diastolic phase,
defined as the available R-R reconstruction interval with
the largest ventricular cavity. Data sets were first visual-
ized in the axial view and then reconstructed in the cardiac
short axis (SA) and horizontal (HLA) and vertical long
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axis (VLA) planes using an MPR algorithm; when nec-
essary, other reconstruction planes with different algo-
rhythms were interactively selected by the readers. Images
were analyzed qualitatively and quantitatively.

According to previous studies, infarcted area was vi-
sually defined as a region of lower attenuation and/or wall
thinning within the normally enhanced surrounding myo-
cardium [14-16].

When the necrotic area was identified after visual anal-
ysis, differences in the attenuation values between normal
and necrotic myocardial tissue were also measured by
using standard region of interest (ROI) of about 10 mm?*
placed within the perfusion deficit and the contiguous
normal areas. Myocardial wall thickness of each infarcted
region was also measured in the end-dyastolic phase from
the SA images and compared with the thickness of the
adjacent normal myocardium. All quantitative measure-
ments (attenuation values and wall thickness) were made
in three different points for either normal or infarcted
areas, and the average values obtained were used for sta-
tistical analysis. Finally, the location of each detected MI
within left ventricular myocardium was defined using a
17-segment model in the cardiac short axis as recently
suggested by the AHA [18]. According to the segments
involved, infarcts were subsequently divided into three
different groups depending on the distribution territories
of the major coronary arteries [territory A: left anterior
descending artery (LAD); territory B: left circumflex (Cx);
territory C: right coronary artery (RCA). Territory-de-
pendent coronary arteries were analyzed in all the available
reconstruction phases (40-70%) in order to confirm the
correlation between the status of the vessel and its related
myocardial region [18].

Statistical analysis

After MDCTA analysis, all results were compared with the
clinical data. Results of the quantitative analysis are ex-
pressed as the mean +SD. Analysis of the variance was
performed using a paired Student’s ¢ test in order to identify
significant differences in attenuation values and end-dia-
stolic wall thickness between the normal and infarcted re-
gions. A P<0.05 was considered to indicate a statistically
significant difference.

Results
Prevalence, age and localization of infarctions

After clinical assessment, the presence of a previous MI
was found in 29 patients (15.5% of the population). A total
of 30 MIs were clinically identified: 20 infarcts were
assigned to the distribution territory of the LAD (territory
A), 1 to the Cx (territory B), 7 to the RCA (territory C) and

1 patient had a double anterior and inferior apical MI,
which was assigned to the RCA and LAD coronary arter-
ies territories (territories A—C). Localization of MI in all
patients is reported in detail in Table 1. The mean interval
between the acute event and MDCTA examination was
210+63 days; nine infarcts (30%) were classified as re-
cent (mean 20+5 days), and 21 infarctions (70%) were
chronic (mean 311£96 days). In 3/30 cases (10%) an an-
terior non-Q infarction was diagnosed.

Visual analysis results

After visual analysis, MDCTA was able to detect the pres-
ence of MI in 25/30 cases (diagnostic accuracy of 91%),
showing a regional hypoattenuation of the myocardium
and/or wall thinning (Fig. 1). Five false-negative and 12
false-positive cases were recorded, resulting in an overall
sensitivity and specificity of 83 and 91%, respectively; the
method showed a negative predictive value for the pres-
ence of a previous MI of 97% and a positive predictive
value of 68%.

The five false-negative cases were attributed in three
cases (one acute MI; two chronic MI), to the presence of
sub-endocardial anterior MIs not visually detectable by
MDCT and in two cases (two chronic inferior infarctions)
to the presence of motion artifacts due to fast heart rate
(78 and 71 bpm), which affected image quality and im-
peded detection of the myocardial scar.

Assessment of transverse images enabled diagnosis in
18/21 anterior Mls: 0/1 lateral and 1/8 inferior. Detection
of 1/1 lateral (territory B) and 5/8 inferior (territory C) MlIs
was achievable only after reconstruction of the images in
the cardiac short axis and vertical long axis planes using
MPR algorithms (Fig. 2).

Quantitative analysis results
Quantitative analysis showed a statistically significant

(P<0.01) difference in attenuation values between the nor-
mal (104.0£16 HU) and infarcted regions (38.9+14 HU)

Table 1 Distribuition territories of myocardial infarctions and
sensitivity of MDCTA

Coronary artery distribution territory MI* Identified Sensitivity

A: LAD (AHA segments 1, 2, 7,8, 21 18 85%
13, 14, 17)

B: Left circumflex (AHA segments 1 1 100%
5,6, 11, 12, 16)

C: Right coronary Artery (AHA 8 6 75%
segments 3, 4, 9, 10, 15)

Total 30 25 83%

*One patient had a double anterior-inferior MI (territories A—C)
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Fig. 1 Comprehensive imaging of acute myocardial infarction in a
54-year-old man. The infarcted region appears as a thinned, hypo-
attenuated rim within the normally enhanced myocardium (a).Mul-
tiplanar reformations on cardiac short axis and vertical long axis
planes show the precise longitudinal and 50% transmural extension
of necrosis involving the antero-septal wall in the mid-apical part of
the left ventricle (arrows) (b—c). In the same patient, MDCT angi-
ographic findings reveal the presence of a critical stenosis in the mid
part of the infarct-related coronary artery (LAD) (arrow heads) (c)

Fig. 2 Chronic myocardial infarction in a 68-year-old woman.
Multiplanar reformation on cardiac short axis (a) and vertical long
axis (b) show the presence of a large necrotic area located in the
antero-lateral wall of the left ventricle. The infarcted segments are
not clearly depicted on conventional transverse images (c)

in post-contrast acquisition images. No statistically sig-
nificant differences (P=0.61) were found in attenuation
values between acute and chronic infarctions (Fig. 3a).
Regional wall thinning was observed in 17/21 (80.9%)
subjects with chronic MI (mean thickness 4.1£2 mm vs
10.5£3.8 mm P<0.01); in 9/9 (100%) patients with recent
onset of MI no significant differences in wall thickness
were found between the normal and infarcted regions
(mean thickness 7.9+1.6 mm vs 9.144 mm P=0.078)
(Figs. 3b, 4, 5). Attenuation values were also measured at
the level of territories presumably infarcted on the basis
of clinical data in the five false negative cases, showing
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Fig. 3 Graphs showing the dif-
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no significant differences between these regions and the the attenuation values between normal (93421 HU) and
surrounding myocardium. presumably infarcted regions (51.6+£16 HU) (P<0.01); wall

Quantitative analysis was also performed in the 12 false- thinning was not observed in these cases (mean thickness
positive infarctions, revealing significant differences in  6.8£2.5 mm vs. 11.1+1.9 mm P=0.074).
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Fig. 4 Multiplanar reformation on cardiac short axis in a 36-year-
old man with recent (<1 month) myocardial infarction. The infarcted
region (arrows) is located within a normally thickened left ven-
tricular wall

Infarcted regions and non-invasive
angiographic findings

In 22/25 detected infarctions, MDCT angiographic find-
ings were perfectly compatible with the localization of
the necrotic area.

Assessment of the infarct-related coronary arteries re-
vealed the presence of vessel lumen narrowing suspicious
for critical stenosis in 3 cases, previous coronary stenting
in 14 cases and surgical revascularization with coronary
artery by-pass graft (CABG) in 5 (Figs. 1 and 4). In three
cases, the presence of motion artifacts (n=2) and severe
coronary calcifications (n=1) impaired image quality, and
images of the coronary arteries were considered not di-
agnostic. For false-positive Mls (n=12) assessment of the
apparent territory-dependent coronary artery showed the
following findings: a previous CABG and coronary stent-
ing was identified respectively in four and two cases and
suspicious lumen narrowing was found in one case. In
three Mls, no significant angiographic findings were iden-
tified and image assessment was not possible in one case,
due to the poor image quality of the available data.

Fig. 5 MDCT angiography in a 46-year-old man with previous p
double coronary stenting on LAD (arrows) (a). Assessment of
transverse images reveals the presence of a small, transmural myo-
cardial infraction in the distribution territory of the coronary vessel
(b). Stents (arrows) and infarcted area (circle) are also visualized
on volume rendering reconstruction (c)
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Discussion

Recently, a few clinical studies have evaluated the useful-
ness of MDCTA in detecting previous MlIs. [16, 19]. After
having occasionally observed several myocardial infarc-
tions during MDCTA examinations of the coronary arter-
ies, we became aware that the method might provide
information not only on the status of a coronary vessel,
but also, at the same time, on the coronary-dependent myo-
cardial territories [16]. It already has been shown that
MDCTA has the potential to depict accurately not only the
infarct localization, but also to quantify infarct size on a
porcine model of complete coronary occlusion [20]. In the
present study, we aimed to systematically investigate the
feasibility of ECG-gated MDCTA in detecting MI, and to
correlate the localization of necrosis with non-invasive
angiographic findings considering retrospectively a pop-
ulation of subjects with a previous clinical indication
for MDCTA of the coronary arteries. The results of this
study demonstrate that MDCTA with retrospective ECG
gating enables the detection of previous MIs with high
diagnostic accuracy (91%). This finding is clinically rele-
vant since the presence of previous MIs seems to be not
uncommon in patients with a clinical indication for
MDCTA of the coronary arteries; in our series, the clini-
cal diagnosis of acute or chronic MI was established in
15% of the patients, with a lower incidence as compared
to the data recently published by Nikolaou et al. (27 in-
farctions in 106 patients) [16]. Myocardial infarction in fact
represents one of the main clinical expressions of coro-
nary atherosclerosis occurring during the natural course of
the disease when an acute arterial occlusion or critical
stenosis determines a prolonged ischemia of the myocites
leading to disruption of the cell’s membrane and, finally,
to myocardial necrosis [21].

Infarct appearance and radiological-pathological
interpretation of the findings

As previously described, the infarcted region was visu-
alized in all cases as a segmental area of hypoattenuation in
comparison with the normally enhanced myocardium dur-
ing the arterial first pass of the contrast agent [22, 23] .This
visual finding was also confirmed after quantitative assess-
ment of the data, showing statistically significant lower
attenuation values in the infarcted segments in comparison
with the non-infarcted myocardium. The regional hypo-
density of the infarcted area during the first pass of the
iodinated contrast agent might be either the expression of
edematous imbibition of the necrotic myocardium, which
is typically observed in the first 2—4 weeks after the acute
event, or the consequence of the replacement of the ne-
crotic tissue with poorly enhancing fibrous tissue, which
occurs in the chronic phase of the MI [24]. However, we

could not find a cut-off density value to discriminate acute
from chronic infarctions.

The apparently normal wall thickness of the infarcted
segments found in all patients (»=9) with a recent event can
be interpreted as another indirect CT sign of myocardial
edema and might be a useful criterion to differentiate recent
(<1 month) from non-recent (>1 month ) MI, since myo-
cardial wall thickness constantly decreases over time in
patients with MI [25, 26]. Myocardial edema gradually re-
solves, being constantly replaced by progressive wall thin-
ning of the LV due to healing of the infarcted region and
to left ventricular remodeling [24, 27]. However, although
wall thinning is a typical feature of chronic infarctions,
this finding is not observed in non-transmural infarctions
[25].

Detection of lateral and inferior MIs

Reconstruction of images on cardiac SA and VLA enabled
a better detection of inferior and lateral areas of necrosis
otherwise difficult to identify on transverse images as
shown in previous experiences with non-spiral CT systems
[16, 28]. In comparison with CT transverse images, the
assessment of anatomical planes routinely used in US and
MR imaging, such as SA and VLA, also provided addi-
tional and more accurate information concerning the trans-
murality of necrosis and left ventricular wall thickness
[16, 28].

False-negatives

In five cases, MDCTA provided a false-negative diagno-
sis. In three out of five cases of missed infarctions, previous
clinical and ECG diagnosis of non-Q MI was established.
Although already described [14], identification of sub-
endocardial necrosis is challenging by MDCTA since the
limited transmural involvement of the left ventricular wall
(£25%) might be obscured by the presence of collateral
perfusion in the area of the infarcted myocardium [16];
furthermore, the mechanism of wall thinning and left ven-
tricular remodelling is typically not observed in suben-
docardial infarctions, even in the chronic phase [25].
Moreover, it has been observed that CT underestimates
areas of myocardial necrosis compared to nuclear med-
icine studies, making their detection troublesome [29]. In
two patients, the presence of severe artifacts due to fast
heart rate (78 and 71 bpm) affected image quality and did
not allow identification of the area of necrosis. This lim-
itation of four-row scans is well known being caused by
the relatively long acquisition window that determines
motion artifacts in subjects with high heart rates and short
diastolic phases [30].
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False-positives

Our results showed a high number of false-positive pa-
tients, resulting in a relatively low positive predictive value
(68%) of the method for detection of infarctions.

This finding might be attributed either to the presence
of perfusion defects in patients with transient myocar-
dial ischemia or to local inhomogeneities of myocardial
enhancement causing a regional hypodensity during the
first pass of contrast agent.

Correlation with non-invasive angiographic findings

Several studies have already shown the feasibility of ret-
rospectively ECG-gated MDCTA not only in detection of
coronary stenoses, but also in the characterization of ath-
erosclerotic plaques, assessment of CABG patency and,
with more controversial results, the visualization of in-stent
restenoses at follow-up [31-33]. Nikolaou et al. reported
a 90% diagnostic accuracy of MDCTA for detection of
previous MI, suggesting that it might provide informa-
tion on coronary arteries status and, at the same time, on
myocardial morphology [16]. The potential advantage of
MDCT compared to previous CT generations and even
to others non-invasive diagnostic modalities (US, MR) is
therefore the combination of angiographic and morpho-
logical findings with high spatial and temporal resolution
[35, 36]. As already pointed out in previous studies, even
in our series, severely calcified coronary vessels and mo-
tion in patients with fast heart rate caused beam artifacts
and blurring of the vessel lumen, making assessment of
the coronary artery unreliable [36]. However, in most of
the cases we found a good correlation between the lo-
calization of necrosis and the status of the territory-de-
pendent coronary vessel. The practical consequence and
clinical application of the present finding is that assess-
ment of coronary arteries should be combined with vi-
sualization of the myocardium and myocardial chambers
mostly in patients with severe coronary artery disease or
previous procedures of revacularization.

Study limitations

The present study has two major limitations.

First of all, no delayed acquisitions were available for
images analysis and therefore the phenomenon of myocar-
dial delayed enhancement previously described by Musuda
et al. [22, 26] could not be assessed. However, the clinical
utility of CT delayed-enhancement images has not been
fully determined, and it still remains controversial whether
an additional radiation exposure provides clinical advan-
tages. Patient exposure to ionizing radiation represents
in fact a major and still debated issue of cardiac CT, es-
pecially when scanning asymptomatic patients or propos-
ing the method as a screening tool for coronary artery
disease.

It as been shown that due to the longer exposure time
(~200 ms), a four-row MDCTA acquisition with retro-
spective ECG gating might provide an effective dose of
approximately 10 mSv which is about five times the aver-
age exposure of a routine EBCT examination (~2 mSv)
[37]. Overall effective dose can be substantially reduced by
means of technical innovations, among which the “ECG
tube current modulation” consists of a progressive online
reduction of tube output during systolic phases of each
cardiac cycle [38—40]. The second limitation is the use of a
four-channel CT system now that 16- and 64- slices sys-
tems are available [41—43]. Nevertheless, our findings are
independent of technological advances and can be consid-
ered valid and applicable, presumably with even better
results with faster, up-to-date CT scanners.

Conclusions

Our study suggests that MDCTA of the coronary arteries
should include analysis of coronary arteries and myocardial
density and morphology to correlate the atherosclerotic
burden to the coronary arteries with myocardial damage.
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