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ABSTRACT

Purpose: The aim of this study was to estimate the role of multidetector computed tomography (MDCT) in the evaluation of LV regional
wall motion abnormalities (RWMA) in subjects complaining of coronary artery heart disease (CAD) and to compare MDCT data with two
dimension standard echocardiography (2DSE) as the standard reference. Patients and Methods: Sixty subjects with supposed coronary
artery heart disease were submitted to retrospective gating contrast-enhanced MDCT. 10 phases of the cardiac cycle were performed to
detect end-systolic and end-diastolic phases at LV short-axis view. LV Regional wall motion was assessed qualitatively (visually in cine-
mode) and quantitatively (measuring the percentage of systolic wall thickening on static end-diastolic and end-systolic images) on cardiac
short-axis view and long-axis views using a 17-segment model. 2DSE was performed within two weeks before MDCT. Results: Good
segmental agreement was found between echocardiography and MDCT (k=0.7; p < 0.001), MDCT detected 720 (98.7%) of 729 segments
that showed normal motility, 172 (74.7%) of 230 segments showed hypokinesia and 49 (80.3%) of 61 segments showed akinesia or
dyskinesia. Regarding the diagnostic performance, the sensitivity, specificity, and accuracy of MDCT reached 80.4%, 97.4%, and 93.5%,
respectively, assuming 2DSE as the gold standard. Conclusion: Evaluation of regional left ventricular function by using MDCT is a precise
method, with good agreement with 2D ECG.
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INTRODUCTION

Generally, it is known that the main cause of mortality around the world is the coronary artery atherosclerotic
disease and so, assessment of regional left ventricular function is greatly valuable for management, diagnosis,
and prognosis of the disease, [1-4] Inadequate coronary blood flow and as a result of acute coronary artery
occlusion can lead to heart attack. [5, 6] RWMA can be visually evaluated on cine images at echocardiography
and cardiac magnetic resonance imaging (CMR). [3, 7] As image reconstruction can be made in practically any
phase of the cardiac cycle using retrospective ECG gating, MDCT has been used for the assessment of LV
regional wall motion in addition to its established role in coronary arteries assessment with hopeful results when
compared to echocardiography and cardiac MRI. [2, 3, 7, 8] For decades, 2DSE has been the most useful tool to
evaluate LV function in clinical practice. However, it is operator-dependent and inaccurate in patients with bad
echocardiographic compliance. [9, 10] Because of the limitation of applying MDCT in the diagnosis of heart
diseases due to exposure of the patient to high radiation and need for the injection of contrast material, it can be
applied for evaluation of LV function in patients referred for coronary CT angiography and not fitting for the
echocardiography examination. [3]
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PATIENTS AND METHODS

Population and Study Design

This investigation was conducted at Zagazig University Hospitals, Radiology Department, from February 2017
to February 2019. Sixty patients from the cardiology outpatient clinic with either known or suspected coronary
artery disease were referred for MDCT coronary angiography; they were 49 males and 11 females, age ranged
from 27 to 72 years, mean age of 52+11 years old. The average heart rate was 62 beats/min. The patients had
chest pain (71.7%) and/or dyspnea on exertion (29.3%). The patients' data are summarized in Table 1. Patients
exclusion criteria were: renal insufficiency (serum creatinine>1.5), morbid obesity, arrhythmias and pulmonary
diseases that hinder breath-holding during MDCT acquisition.

Table 1. Patients’ data

Demographics Values
Age (years) mean + SD (range) 52.1+11.4 (27-72)
Sex male/female 49/11
Clinical presentation
Chest pain n (%) 43 (71.7%)
Dyspnea on exertionn (%) 17 (29.3%)
Cardiovascular risk factors
Diabetes mellitus n (%) 25 (41.7%)
Hypertension n (%) 39 (35%)
Hypercholesterolemia n (%) 32 (46.7%)
Smoking n (%) 25 (41.7)%
History of coronary artery intervention
Coronary artery stent n (%) 6 (10%)
Coronary arteries bypass graft (CABG) n (%) 16 (26.7%)
Heart rate
mean = SD 62.2+7.7
(range) (47-75)

All patients signed a written informed consent and filled a written survey including demographic and clinical
data. The consent forms and echocardiography and CT protocols, which were utilized in the present
investigation were approved by the Institutional Review Board (IRB) of Zagazig University.

To determine coronary artery disease and assess left ventricular regional function, all patients underwent
contrast-enhanced retrospective ECG gated coronary CT angiography (CCTA) and 2D echocardiography
performed within two weeks before CCTA.

Protocol of CCTA

Patient preparation

All patients were premedicated with 50 mg/day metoprolol one day before MDCT examination. The patients
with a pulse exceeding of 70 bpm were given another 50mg of oral metoprolol 30min before the exam in order
to reduce cardiac motion artifacts. To accomplish coronary vasodilatation, sublingual nitroglycerin was given as
the patient lying on the table.

MDCT image acquisition

All CT angiographic examinations were performed using Philips Ingenuity core 128 TM v3.5.7.25001 (Philips
healthcare systems, Netherlands) in Zagazig University hospital. The following parameters were used: 16x0.75
mm detector collimation, 0.39 s rotation time, the pitch of 0.2-0.3, increment 0.5mm and reconstruction slice
width 0.6mm, the tube current was 300 + 40 mA at 120-140 kV. Scanning direction; craniocaudal. Mean scan
time was 12+ 1.5 seconds, and the total time for the examination was less than 10 minutes.

Retrospective ECG gating without dose modulation was performed to allow efficient endocardial borders
definition during systole. A bolus of iopromide (Ultravist 370, Bayer HealthCare) was injected into an ante-
cubital vein at a flow rate of 5.5 ml/s followed by a 50 ml saline via a programmed dual-head power injector
pump (MedRad; USA). The contrast dose was calculated along with the patient body weight (1-1.5 ml/kg). Peak
enhancement in the descending thoracic aorta was automatically detected with a threshold of 180 Hounsfield
Unit using the bolus tracking method. The procedure was done within a single breath-hold (from 10 to 15 s).

98



Hanan A. Bahaaeldin et al Int.J. Pharm. Res. Allied Sci., 2019, 8(4):97-104

MDCT image analysis

Images were reconstructed at ten phases: 0, 30, 40, 45, 50, 60, 70, 75, 80, & 90 % of the R-R interval. Philips
Extended intellispace™ portal Workstation post-processed the images of all ten phases. LV regional wall
motion was assessed visually (in cine-mode) and the degree of systolic wall thickening was quantified (on static
end-diastolic and end-systolic images) on cardiac short-axis view and long-axis views (four-chamber, three-
chamber, and two-chamber views) using a 17-segment model. [11] The left ventricular wall motion was
considered normal if the left ventricular wall thickness increased by more than 40% during systole. Hypokinesia
was considered when the left ventricular wall thickness increased by less than 30%, and akinesia if there was
wall thickening of less than 10% . [5] The outward motion of myocardium during systole with underlying wall
thinning was considered as dyskinesia (Fig 1). A three-point scoring system was used to determine the wall
motion of each segment 1: normal, 2: hypokinetic, or 3: dyskinetic or akinetic. [7, 8]

Segmental agreement between echocardiography and MDCT was calculated for actual scores for 17 segments.
It was repeated using binary values (normal and abnormal) to calculate the diagnostic performance. To correct
for the possibility of misregistration between segments, a second approach divided each left ventricle into 3
coronary artery territories, according to American Heart Association recommendations, [11] so that the anterior
wall and anterior septum represented the left anterior descending artery, the inferior wall and inferior septum
represented the right coronary artery, and the posterior and lateral walls represented the left circumflex artery. If
>2 segments in a particular territory were abnormal, the region was considered abnormal. The average time
spent on functional analysis at the workstation was 15 minutes.

Figure 1: The heart of a 52-year-old, hypertensive male patient, with a history of myocardial infarction and
coronary artery stenting 6 years ago and undergoing CABG 4 years ago. He is complaining of recurrent chest
pain and referred for CCTA follow up. Basal (a & b) and mid-cavity (c & d) short axis (H & I) and horizontal
long axis(e & f) reformations of heart at end-diastolic (a, ¢, & €) & end-systolic (b, d, & f) phases; shows scar
formation in the apical cap, mid anteroseptal and apical-septal LV myocardium (segments 2, 8, & 14) due to the
previous myocardial infarction with diastolic and systolic myocardial thinning of LV wall (arrows),.In cine
images systolic akinesia in segments (2 & 8) and apical cap and apical septal dyskinesia were noted.
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Echocardiography

Transthoracic Echocardiography (TTE) is assumed to be the gold standard. An altrasound machine (Vivid-7;
GE-Vingmed, Milwaukee Wis) was used to examine all of the participants. Images were acquired in apical 2-
and 4-chamber views and standard parasternal using a 3.5 MHz transducer by a 15-year experienced
echocardiologist, blinded to clinical data and MDCT findings. To evaluate regional LV function, short-axis
slices (at the mitral valve, papillary muscle, and apical levels), apical 4- and 2-chamber and long-axis views
were recorded. Each segment was scored as 1: normokinesia, 2: hypokinesia, and 3: akinesia or dyskinesia using
17 segments model.

Statistical analysis:

Continuous data are expressed as meantstandard deviation (SD). Segmental agreement between
echocardiography and MDCT was calculated for actual scores for 17 segments according to the American Heart
Association using Cohen’s kappa coefficient. It was repeated by using binary values (abnormal and normal) and
for each coronary artery territory. Assuming echocardiography to be the gold standard, the specificity and
sensitivity of MDCT were calculated to detect an abnormal segment for each coronary artery territory
individually and for all segments.

RESULTS

The current study enrolled 60 patients (18.3% were female and 81.7% were males) with known or suspected
CAD. 16.7% of the studied patients (10/60) were categorized as CAD-RADS 0, while 36.7% (n=22) of them
underwent coronary artery revascularization procedures either CABG (26.7%) or stenting (10%). The
CADRADS categorization of the studied group is illustrated in fig 2.

In this study, there was an overall good agreement between MDCT and 2DSE in detecting an abnormal regional
wall motion. According to 3 point scoring system; there was a good agreement between ECHO and MDCT in
the detection of regional wall motion abnormality using (x=0.7; p < 0.001). Among the totally examined 1020
segments, MDCT detected 720 (98.7%) of 729 segments that showed normal motility by 2D ECHO
examination, 172 (74.7%) of 230 segments showed hypokinesia by 2D ECHO examination and 49 (80.3%) of
61 segments showed akinesia or dyskinesia by 2D ECHO examination (Table 2).

Using a binary analysis (normal or abnormal); Among our 1020 examined segments, 729 segments were
normal, and 291 segments were abnormal by echocardiography and on MDCT 782 segments were normal and
238 segments were abnormal. There was an excellent agreement between MDCT and echocardiography for
binary scores (k=0.8; p < 0.001) (Table 3). With respect to ECG as a gold method, MDCT recorded a high
sensitivity, specificity, and accuracy reached 80.4%, 97.4%, and 93.5% respectively, in the present study (Table
4).

Analysis based on coronary artery territories revealed that agreement between MDCT and echocardiography
was excellent for the left anterior descending (LAD) and Left Circumflex arteries (LCX) territories (x=0.9 and
0.83 respectively ; p<0.001) and good agreement for the right coronary artery (RCA) territory (x=0.73;
p<0.001). The diagnostic accuracy of MDCT for LAD and LCX regions (98% and 96%, respectively) was
better than RCA regions (93.1%) (Fig 3).
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Figure 2: The CADRADS categorization of the studied group
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Figure 3: Bar chart for comparing the diagnostic accuracy of MDCT in the detection of coronary artery territory
wall motion abnormalities relative to 2DSE.

Table 2. Agreement between echocardiography and MDCT in detection of regional wall motion abnormality
(RWMA) regarding 1 to 3 scores:

ECHO Kappa
All segments ! 2 3 agreement | p-value
No. (%) No. (%) No. (%)
1 720 53 4
(777) (98.7%) (23%) (6.5%)
2 8 172 8
MpCT (188) (1.09%) (74.7%) (13.1%) 0.7 0.001**
3 1 5 49
(55) (.137%) (2.1%) (80.3%)
Total (1020) 729 230 61

Table 3. Agreement between ECHO and MDCT in the detection of regional wall motion abnormality for binary

scores:
ECHO B
Normal Abnormal a reeegent p-value
No. (729) % No. %6(291) g
MDCT ’\g;;";" 720 98.7% | 57 19.5%

regional wall Abrormal 0.8 0.001**

motion . 1.3% 23480.4%

213) 9.0 3% 3480.4%

Table 4. Diagnostic accuracy of MDCT in the detection of regional left ventricular functional comparing to
echocardiography:

Sensitivity Specificity PVP PVN Accuracy
Binary score 80.4% 97.4% 96.2% 92.6% 93.5%
LAD territory normality 100.0% 93.4% 97.4% 100.0% 98.1%
RCA territory normality 100.0% 78.6% 90.6% 100.0% 93.0%
LCX territory normality 100.0% 81.8% 95.1% 100.0% 96.0%

DISCUSSION

2DSE is the preferred non-invasive modality for the assessment of LV wall motion. Many authors enumerating
the advantages of 2DSE as easily accessible, noninvasive, fast, and not possessing radiation to the patient. [12]
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Many indices of LV diastolic functions are efficiently measured with 2DSE like E to A wave ratio, deceleration
time and relaxation time. Additionally, 2DSE can evaluate the function of cardiac valves and other
cardiovascular structures. [13, 14] Notably, echocardiography is a fundamentally real-time imaging method and
is not limited by arrhythmias. Though, echocardiography has its limitations in the application in diagnosis
related to patient conditions such as chronic lung disease, previous cardiothoracic surgery, and obesity, which
restrict optimal visualization of cardiac chambers due to poor acoustic windows. Many investigators reported
that good visualization of the endocardium can be affected by the operator-dependent variables such as gain
settings and depth of scanning. [12, 14-16]

In spite of using MDCT in the diagnosis of coronary artery diseases, it is improbable to substitute
echocardiography for the valuation of regional LV function, but it is characterized by its capacity to assess
ventricular function and perfusion in addition to the coronary arteries in a scan. In addition, MDCT can detect
the anatomical relationship between the coronary artery and its supplements to the myocardium through its
excellent ability to visualize wall thickening and thickness, but its progressive resolution is less than that of
echocardiography. Therefore, it is very important to know how MDCT parallels echocardiography in its
capacity to evaluate regional myocardial function. [7]

The present study demonstrated a general good covenant between MDCT and 2D ECHO in detecting an
abnormal regional wall motion. According to the 3-point scoring system, there was good agreement between
ECHO and MDCT in detecting regional wall motion abnormality using (k=0.7; p<0.001). The best agreement
was in detection of normal then akinetic segments with less ability in the detection of hypokinetic segments.
There was an excellent arrangement between MDCT and echocardiography (k=0.8; p<0.001) by applying a
binary statistical analysis (normal or abnormal). Regarding echocardiography as the gold standard, MDCT had
an accuracy of 93.5%.

Analysis depending on the coronary artery territories detected that the diagnostic accuracy of MDCT for LAD
and LCX regions (98% and 96%) was better than RCA regions (93.1%). The possible reason may be attributed
to breathing artifacts due to the proximity of the inferior wall to the diaphragm. This was in agreement with a
study done by Lessick et al.[7]

Several previous studies established a good association between MDCT and 2DSE in the evaluation of LV
regional wall motion abnormality. [2, 7, 8, 17-20] Butler et al. (2006) and Ko et al. (2010) demonstrated that
wall motion assessment by 64-slice MDCT agreed well with 2D-TTE (75% agreement; k=0.61) and (94%
agreement; k=0.7) respectively, which was similar to results in a study by Henneman et al., who found in his
study a covenant in 96% of the ventricular segments (k=0.82). Slam et al. also proved a good agreement
between 16-row MDCT and echocardiography (x=0.78). Lessick et al. found in his study that the sensitivity and
specificity were averaged 89% and 96%, respectively compared to echocardiography as the method. [2, 7, 8, 17-
19] and this was consistent with our results. Ko et al. stated that the score of MDCT abnormal segments is
higher than 2D-ECHO; the sensitivity was very high (97%), but specificity was slightly decreased (82%) in
detecting regional dysfunction, which is disagreed with our results. The relatively high observer variability can
explain the results owing to the impaired temporal resolution of MDCT in comparison to echocardiography. [8]
The main limitation in the evaluation of regional wall motion abnormality is the limited temporal resolution of
MDCT. [8] Further advances in the temporal resolution of MDCT would be helpful to equal results from
competitive imaging modalities such as CMR. Another problem in interpreting the regional wall motion
abnormalities was its dependence on a visual interpretation that is different between radiologists. [16] We tried
to overcome this problem, by using a quantitative method for the evaluation of RWMA by measuring LV
myocardial thickness at end-systolic and end-diastolic phases and calculation of the degree of systolic
thickening.

Finally, the major drawback of retrospective ECG-gated coronary CT angiography is the higher radiation
exposure. [21] Newly, prospective ECG-gated method had been advanced and the dose of radiation is decreased
effectively. It offers important information such as anatomical features of heart, the pericardium, and the size of
cardiac chambers. Inappropriately, it is not applied to estimate LV or RV performance; accordingly, ECG was
used for a single cardiac phase. [22] For reduction of a dose, there is another efficient method represented in the
ECG table dependent tube up-to-date modulation, by which the dose can be reduced up to half as nearly 25% of
the maximum tube current is used through systole matched to diastole, but this will affect the assessment of
RWMA and LVESV. [15, 23, 24].

In summary, MDCT is an accurate non-invasive imaging technique to evaluate LV regional wall motion in
individuals diagnosed or suspected to have coronary artery heart illness referred for coronary CT angiography.
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Therefore, in spite of these outcomes and the integral benefits of MDCT than 2D-echocardiography, the need
for intravenous contrast stain and the exposure to radiation are limited the widespread use of this method as a
tool to solely evaluate LV performance. While attention must be put into consideration when involving the right
coronary artery region and the extent of the fault, for the reason that MDCT tends to miscalculate the number of
abnormal segments compared to echocardiography. Further investigations should be performed to estimate the
use of a greater temporal resolution other than the role of standardized quantification of regional function.
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Abbreviations:

2DSE: Two dimensional standard echocardiography, CAD: Coronary artery disease, CCTA: coronary CT
angiography, CMR: Cardiac magnetic resonance imaging, LAD: left anterior descending artery, LCX: Left
Circumflex artery, LVESV: Left ventricular end-systolic volume, MDCT: Multi-detector computed
tomography, RCA: Right coronary artery, RWMA: regional wall motion abnormalities, TTE: Trans-thoracic
Echocardiography
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