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ABSTRACT
Aims: Multidetector computed tomography (MDCT) is used largely to evaluate the coronary arteries. Currently, MDCT
is being considered for the assessment of the left ventricular function. The aim of this study is to evaluate the diagnostic
accuracy of MDCT in assessment of global and regional left ventricular (LV) function in comparison to
echocardiography.
Methods: Sixty four-slice multidetector computed tomography studies evaluating the global LV function and regional
wall motion abnormalities (RWMA) of 30 consecutive patients were compared to their echocardiographic estimated LV
ejection fraction and RWMA.
Results: Global LV function evaluation demonstrated a highly significant strong positive correlation (r =0.966, p<
0.0001) between both techniques, Bland—Altman analysis showed good agreement between both modalities with mean
difference of -1.8%+2.5% (meant2STD). For RWMA evaluation good agreement was shown between the two
techniques, with 95.9% (489 of 510 segments) of the segments scored identically with use of both modalities.
Agreement with the individual grading for the regional wall motion (normokinesia, hypokinesia, akinesia and
dyskinesia) were 96%, 94%, 92%, and 100% respectively. MDCT had a sensitivity of 96%, a specificity of 96% and an
accuracy of 96% when compared to the two dimensional transthoracic echocardiography using the 17-segment
approach.
Conclusion: this study showed the feasibility of assessing global and regional LV function and LV volumes with Dual-
Source 64-slice MDCT in patients with coronary artery disease during same data acquisition for noninvasive evaluation
of the coronary arteries.
Keywords: Multidetector CT, global LV function, Regional wall motion, Ischemic heart disease, Echocardiography

INTRODUCTION in radiology department, National Heart Institute,
wo-dimensional transthoracic Cairo, Egypt, in the period between May 2010 and
echocardiography (2D-TTE) is the most November 2010. informed consent was obtained

widely used method for LV function assessment, from all patients after explanation of the
but the modality is operator dependent and can be procedure, the study was approved by research
impaired by a poor acoustic window. ™ and medical ethics committee.

Multidetector CT (MDCT) of the heart is The patients were examined thoroughly,
used largely to evaluate the coronary arteries. % with complete history taking and laboratory
Currently, MDCT is increasingly being workup including: liver function test, kidney
considered as a potential tool for the assessment function test, ECG and X-ray chest, to exclude
of the left ventricular function. 1! patients who were decompansated, with any

Retrospective electrocardiography (ECG)- contraindication for dye injection, any condition
gated MDCT allows for image reconstruction in that will prevent the patient from holding his
any phase of the cardiac cycle. Thus, LV end- breathing for enough time to conduct the study,
diastolic (ED) and end-systolic (ES) volumes can any rhythm other than sinus rhythm and any
be assessed. In addition, ventricular wall motion contraindications to x-ray exposure.
can be assessed visually by the use of cine loop All MDCT examinations were performed
displays of multiple cardiac phases. ¥ with a dual-source 64-slice CT system (Somatom

The aim of this work is to evaluate the Definition, Siemens Medical Solutions,
diagnostic accuracy of dual source multidetector Forchheim, Germany) according to the routine
row computed tomography (MDCT) in protocol for coronary CT angiography.
assessment of global and regional left ventricular All patients where fasting for at least 6
(LV) function in comparison with 2D-TTE. hours before the procedure. A peripheral IV

PATIENTS AND METHODS access was secured (18G cannula) for injection of
This observational analytical cross dye and medications.
sectional study included 30 consecutive patients, All patients where premedicated with oral
with known or suspected coronary artery disease atenolol, with a dose ranging from 100 mg to 50
who were referred for dual-source 64 MDCT mg, according to the initial heart rate, one hour to
coronary angiography, for noninvasive evaluation 30 minutes prior to the scan, to bring the heart rate
of the coronary arteries. The study was conducted of the patient below 70 beat/min, additional 1-2
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mg propranolol 1V, was given during the scan, if
the heart rate increased above 70 beats/min. All
patients received an oral benzodiazepine, 1.5 mg
bromazepam 15 — 30 minutes before the scan. A
pre-exam testing of the ability of the patient to
sustain a breath-hold for 10 to 15 seconds was
preformed.

First step image acquisition to delineate
the region of interest followed by a second step
acquisition preceded by dye injection (nonionic
iso-osmolar iodine containing contrast (lopromide
370 mg /ml)) using a dual head injector
(Optivantage DH, Covidien, Hampshire, UK),
injecting in a rate of 5ml/second, automated scan
was triggered by (sure-start feature) to time the
scanning and the dye arrival to the heart. And
simultaneous ECG tracing was obtained to allow
automated gating of the images.

After all phases of the cardiac cycle were
loaded to the computer, the software generated
long-axis and short-axis displays of the heart. Left
ventricular ejection fraction was calculated using
semiautomated endocardial contour detection with
manual correction when necessary. Papillary
muscles were regarded as being part of the left
ventricular cavity. LV ED and ES volumes were
calculated using Simpson’s method by summing
the endocardial area of all LV ED and ES short-
axis slices multiplied by the slice thickness.
Segmental LV wall motion analysis was
performed on horizontal and vertical long-axis
views and short-axis cine loops. The short-axis
view was evaluated at the basal, midventricular
and apical positions along the long axis. Using the
17-segmental American Heart Association (AHA)
model, ! each segment was assigned a wall
motion score using a four-point scale
(1=normokinesia, 2=hypokinesia, 3=akinesia, and
4=dyskinesia). Scans were analyzed by two
observers unaware of the clinical data.

All patients underwent 2D-TTE, using a
standard protocol. Echocardiographic
examinations were performed on a GE Vivid 3
(GE Healthcare, Milwaukee, Wisconsin, USA).
Patients will be imaged in the left lateral decubitus
position. Images were acquired using 2: 3.5-MHz
within 2-3 hours after the scan.

End-diastolic and end-systolic LVV and
EF were calculated from the 2D-TTE by using
Simpson's-method through manual endocardial
tracing of the LV. Regional wall motion was

analyzed using 17-segment model as the same
protocol used for MDCT.
Data were analyzed using SPSS software
statistical package for social science version 16
(SPSS, Inc. Chicago, Illinois, USA). Data were
expressed as the mean value £1SD for continuous
variables and as frequency (%) for categorical
variables. Bland-Altman analysis was performed
for each pair of values of left ventricular ejection
fraction to calculate limits of agreement and
systematic error between the two modalities.
RESULTS

The study group consisted of 15 (50%)
females and 15 (50%) males. Their age ranged
from 29 to 65 years with mean age 48.4+10.1
years.

Mean left ventricular ejection fraction, as
determined by 2D-TEE and MDCT, was
60.13+9.56% and 58.3+9.86, respectively. The
LVEF showed a highly significant positive
correlation between the two modalities (r =0.966,
p< 0.0001), Figure (1), And demonstrated a mean
difference of -1.8%+2.5%, which was not
significantly different from 5- 95% limits of
agreement, with clear tendency for under
estimation in MDCT measurements, Figure (2).

A total of 510 segments were evaluated
by 2D-TTE and MDCT . In 2D-TTE, regional
wall motion abnormalities were detected in 75 of
510 segments (14.7%); 47 (62.7%) showed
hypokinesia, 24 (32%) showed akinesia, and 4
(5.3%) showed dyskinesia. MDCT detected 88
(17.2%) of 510 segments, abnormal wall motion
was noted on the images; 54 (61.4%) showed
hypokinesia, 28 (31.8%) showed akinesia, and 6
(6.8%) showed dyskinesia. Good agreement was
shown between the two techniques, with 95.9%
(489 of 510 segments) of the segments scored
identically with use of both modalities. x = 0.85
Table (1)

Using bimodal simplification, (normal &
abnormal) agreement slightly increased to 96.3%
(491 of 510 segments). k = 0.86, Table (2)

Agreements for the individual gradings
for the regional wall motion (normokinesia,
hypokinesia, akinesia and dyskinesia) were 96%,
94%, 92%, and 100% respectively. When
considering 2D-TTE as the ‘‘reference standard”’,
MDCT had a sensitivity of 96%, a specificity of
96% and an accuracy of 96% using the 17-
segment approach. !

-344-



Z.U.M.J.Vol.19; N.2; March; 2013 Role Of Dual-Source Multidetector Computed .........

Table (1): Contingency table showing the relative agreement between Dual-source 64-slice MDCT and 2D-TTE for
scores 1 to 4 per segment.

MDCT score
1 ) 3 4 Total
1 419 10 6 0 435
Echocadiograph score 2 3 44 0 0 sl
3 22 2 24
4 0 0 0 4 4
Total 422 54 28 6 510

Wall motion scores of 1 to 4 were assigned to the different segments:
1=Normal wall motion; 2=Hypokinesia; 3=Akinesia; 4=Dyskinesia.

Table (2): Contingency table showing the relative agreement between Dual-source 64-slice MDCT and 2D-TTE
for binary scores per segment.

Wall Motion Segments
Abnormality by MDCT Total
Normal Abnormal
Wall Motion Normal 419 16 435
Segments
Abnormality by
Echo Abnormal 3 72 75
Total 422 88 510
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Figure (1): Linear regression plot shows the correlation between left ventricular ejection
fraction (LVEF) measured by dual-source 64-slice multidetector CT (MDCT) and 2D-TTE.
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Figure (2): Bland-Altman plot of LVEF shows the difference between each pair plotted
against the average value of the same pair and the mean value of difference.

DISCUSSION

The assessment of global and regional LV
function and LV volumes is essential in the
evaluation of patients with CAD. These
parameters provide important information for
clinical diagnosis, risk stratification, therapeutic
strategy, and prognosis, as has been shown
previously in numerous scintigraphic studies. 7

Although MDCT is unlikely to replace
2D-TTE for the assessment of LV function, it
offers the unique ability to evaluate ventricular
function and perfusion together with the coronary
arteries in a single scan. It is also possible to view
the anatomic relation between a coronary artery
and the myocardium it supplies. MDCT enables
excellent visualization of the endocardial surface
as well as wall thickness and thickening, but its
temporal resolution is far inferior to that of the
2D-TTE. B

In our study LVEF was slightly
underestimated with MDCT by an average of
1.8%=+2.5%. Analysis of these results revealed a
close correlation between These results are in
agreement with previously published results by
Dirksen et al 2001, ! who compared between the
two methods in assessing left ventricular function
in patients with unstable angina and found close
correlation between the two modalities. The same
results were obtained by Mahnken et al 2003 and
Juergens et al 2004. 101

It was noted in the present study that

mean left wventricular ejection fraction as

determined by MDCT was slightly less than the
echocardiographic results, but no statistical
difference was reached between MDCT and 2D-
TTE. Generally, end-systole was overestimated
owing to the limited temporal resolution of
MDCT and, subsequently, LVEF is then
underestimated. ™2 This finding was concordant
with previous reports that addressed the slight
underestimation of left ventricular ejection
fraction as determined by MDCT ¥ . This could
be attributed to an overestimation of the LV end-
systolic volume.

Echocardiography revealed contractile
dysfunction in 75 of 510 segments (15%); 47
(63%) showed hypokinesia, 24 (32%) showed
akinesia, and 4 (5%) showed dyskinesia. In 838 (17
%) of 510 segments, abnormal wall motion was
noted on the MDCT images; 54 (61%) showed
hypokinesia, 28 (32%) showed akinesia, and 6
(7%) showed dyskinesia. Using 2D-TTE as the
standard reference, the sensitivity was very high
(96%), specificity was (96%) for the detection of
regional dysfunction. By looking at these results,
overall agreement of regional wall motion score
was excellent; 96% of segments scored
identically, & 0.86. The same results were
obtained by Henneman et al 2006, ¥ who
reported an agreement in 96% of the ventricular
segments. However, MDCT scored a greater
number of abnormal segments than 2D-TTE.
These results are also in concordance with
previously published reports. 4*¢!
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In current study, agreements for the
individual grading, [normokinesia, hypokinesia,
akinesia, and dyskinesia(1-4)], were 96, 94, 92,
and 100% respectively. The agreement for the
individual wall motion scores was highest in the
extremes (in segments with either normal
contractility (96%) or dyskinesia (100%)),
whereas it was slightly lower in segments
showing intermediate contractile dysfunction.
These results are concordant with ") who found
that agreements for the individual wall motion
scores (1-4) were 97, 82, 73, and 92%,
respectively.

CONCLUSION

In conclusion, this study shows the feasibility of
assessing global and regional LV function and LV
volumes with Dual-Source 64-slice MDCT in
patients with known or suspected CAD. This
information can be derived from the same data
acquisition as used for the noninvasive evaluation
of the coronary arteries.
Because MDCT is most likely to be applied as a
first-line screening tool, baseline left ventricular
function may be used to further refine risk
stratification in the individual patient. However, it
currently does not offer an alternative to
echocardiographic examination because
evaluation of valvular or diastolic function is not
possible with MDCT.
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