
ROLE OF MULTISLICE COMPUTED TOMOGRAPHY 
(MSCT)  

IN 
POSTOPERATIVE ASSESSMENT OF CORONARY ARTERY 

BYPASS GRAFT (CABG) 
 

ESSAY  
 

SUBMITTED FOR PARTIAL FULFILLMENT OF MASTER 
DEGREE IN RADIODIAGNOSIS 

BY 
 

MARWA BAZ MOSTAFA SAKR 
M. B. B. CH. 

 
UNDER SUPERVISION OF 

 
ASSIST. PROF. DR.  ESHRAK EMAM HASSANEIN 

ASSISTANT PROFESSOR OF RADIODIAGNOSIS  
FACULTY OF MEDICINE - AIN SHAMS UNIVERSITY 

 
ASSIST. PROF. DR. INAS AHMED AZAB 
ASSISTANT PROFESSOR OF RADIODIAGNOSIS 

FACULTY OF MEDICINE - AIN SHAMS UNIVERSITY 

 
 

FACULTY OF MEDICINE 
AIN SHAMS UNIVERSITY 

7002 
 
 
 



 
 
 
 
 

 بسم الله الرحمن الرحيم
 
 

 
 
 

 صدق الله العظيم
 
 
 
 
 
 
 
 
 
 
 

 



Acknowledgement 
 

In the name of ALLAH; the most merciful and 
most gracious. 

 
I would like to present my deepest thanks and 

gratitude to Assist. Prof. Dr. Eshrak Emam 
Hassanien, Assistant Professor of Radiology, Ain 
Shams University, for her great help and supervision 
of this work.  I can’t find enough words that can 
reward her guidance and support. 

 
I would like to appreciate the time and 

patience received from Assist. Prof. Dr. Inas 
Ahmed Azab, Lecturer of Radiology, Ain Shams 
University. 

 
I would like to express my love to my family, 

friends and colleagues who lightened my way 
through this work.  
 
 
 
 
 
 

  
  



دور التصوير بالأشعة المقطعية دور التصوير بالأشعة المقطعية 

فى تقييم ما بعد فى تقييم ما بعد   متعددة المقاطعمتعددة المقاطع

  عملية التحويلة الشريانية التاجيةعملية التحويلة الشريانية التاجية

  

  
 رسالة

 فى توطئة للحصول على درجة الماجيستير
 الأشعة التشخيصية

 
 

 الطبيبة مقدمة من
 صقر مروة باز مصطفى 

 
 

 تحت اشراف
 اشراق امام حسانين أ.م.د.

 أستاذ مساعد الأشعة التشخيصية
 جامعة عين شمس  -كلية الطب

 
 

 ايناس أحمد عزب د..أ.م
 مدرس الأشعة التشخيصية

 جامعة عين شمس  -كلية الطب

 
 

 كلية الطب 
 جامعة عين شمس 

7002 



Review 

07 

 

REVIEW OF LITERATURE  

 

Findings and potential clinical applications of 

CABG include detection of significant coronary 

artery re-stenosis. Over 53 studies with more than 

00311 patients have been performed to compare the 

diagnostic accuracies of electron beam CT (EBCT) 

and MDCT for the detection of hemodynamically 

significant stenosis. Studies with EBCT and early 

versions of MDCT scanners, equipped with 4 

detectors and a temporal resolution of 031–551 ms, 

demonstrated the ability of cardiac CT to detect 

significant coronary artery stenosis with moderate 

sensitivity and excellent specificity for both EBCT 

(%08 and %78, respectively) and MDCT (%08 and 

%08 respectively) compared with selective X-ray 

coronary angiography (Hoffmann U et al, 4772). 

 

The current generation of 44-slice MDCT scanners 

provides an in-plane resolution of 1.4 mm, a slice 

thickness of 1.4 mm, and a temporal resolution of 

043 ms (Flohr T et al, 4774). The simultaneous 

acquisition of 44 parallel cross sections enables the 

imaging of the entire coronary artery tree in a single 

breath hold (01 seconds for 04-slice MDCT versus; 

01 seconds for 44-slice MDCT). 
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Figure 4.1 Three-dimensional reconstruction of the heart, coronary 

arteries and bypass grafts obtained by contrast-enhanced EBCT in a 

36-year-old man with vein grafts to the left anterior descending 

coronary artery (LAD), diagonal branch of LAD, left circumflex artery 

and right coronary artery. The study revealed patent vein grafts to the 

LAD, diagonal branch of LAD and right coronary artery. The saphenous 

vein graft to left circumflex (Cx) coronary artery was subtotally 

occluded (Quoted from British Journal of Cardiology 4772). 

 

Recent studies have reported excellent diagnostic 

accuracy for 44-slice MDCT in the detection of 

significant stenosis in smaller coronary artery 

segments and side branches as well (%48–%48 

sensitivity and %58–%78 specificity)(Mollet  et al, 

4772). A high negative predictive value of %38–

%78 suggests that 44-slice MDCT can reliably rule 

out the presence of hemodynamically significant 

CAD) (Leschka et al, 4772). The improvement is 

achieved through a significant  
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decrease in the number of nonevaluable segments 

(78), compared with 018 nonevaluable segments for 

04-slice MDCT (Becker et al, 4774). The results 

also emphasize that low heart rates (43 beats per 

minute) remain a prerequisite for excellent image 

quality in most patients (Giesler et al, 4774). Few 

studies have compared the degree of stenosis 

detected by quantitative coronary angiography with 

that detected by 04- or 44-slice CT (Kefer et al, 

4772). The overall correlation between the 0 

methods appears to be moderate, even for selected 

segments with high image quality. The sensitivities 

of 44-slice MDCT for the detection of stenosis of 

less than 318, stenosis of greater than 318, and 

stenosis of greater than 738 have been reported to 

be 7%8, 758, and %18, respectively, and the 

specificity has been reported to be %78 (Leber et al, 

4772). 
 
 
 
 

Also, MDCT is useful in detection and 

characterization of coronary atherosclerotic 

plaque in addition to the delineation of the coronary 

artery lumen (Leber et al, 4772). There is growing 

evidence that the presence, amount, and 

composition of noncalcified coronary 

atherosclerotic plaque and the degree of coronary 

remodeling in proximal segments can be assessed 

by MDCT. 
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Figure 2.4: (A) 5-Dimensional volume rendered image of patient 

showing status after left internal mammary graft to middle segment of 

left anterior descending coronary artery (arrowheads). Operative clips 

are visualized parallel to course of graft. In addition, venous coronary 

bypass graft can be seen between aorta and left circumflex coronary 

artery (arrows). (B) Curved MPR image with sharp image filter 

reconstruction of right coronary artery in patient with percutaneous 

stent placement (arrowhead). Lumen of stent (5.3-mm diameter) is 

patent. There is no evidence of in-stent restenosis or neointimal 

hyperplasia. In addition, this patient has large noncalcified plaque that 

protrudes into lumen of proximal right coronary artery, causing 

significant stenosis (arrow) (Quoted from Society of Nuclear 

Medicine, 4772). 

 

 

MDCT accurately detects calcified or mixed plaque 

with sensitivities and specificities above %18. 

However, MDCT is less accurate for the detection 

of noncalcified plaques, with sensitivities and 

specificities ranging from 418 to %38 (Achenbach 

et al, 4772), but has the potential to further stratify 

noncalcified plaque into fibrous plaque and lipid-

rich plaque (Leber et al, 4772).  

 

 



Review 

02 

MDCT is helpful in testing for coronary artery 

calcification using Ca-Scoring which has become a 

standard procedure using both EBT and MSCT 

technology (Ulzheimer et al, 4777). 

 
 

   
 

Figure 2.2: A cross-sectional image through the aorta and the origin of 

the left coronary artery (dashed arrow). A moderate amount of 

calcification can be easily identified as bright signals (solid arrows) 

(Quoted from Circulation, 4772). 

 
 

The most commonly used scoring methods in 

coronary calcium scoring are: Agatston score, 

volume score and calcium mass  

 

Agatston score  
 

The first score to establish the quantification of 

coronary calcifications with EBCT was introduced 

by Agatston et al. in 7997. According to the 

Agatston method, (Agatston et al. 7997)  the 

regions of interest are defined by vessel and slice 

with the threshold option for pixels greater than 051 

H to measure the area and peak density of plaques. 

http://circ.ahajournals.org/cgi/content/full/108/8/e50/FIG1
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Depending on the peak density of the plaque, an 

area of at least 1.30 mm0 (0 pixels) is multiplied by 

one of the following cofactors: a factor of 0 for 

051–0%% H, a factor of 0 for 011–0%% H, a factor of 

5 for 511–5%% H, and a factor of 4 for densities 

greater than 411 H. The total calcium score was 

calculated as the sum of the individual lesion scores 

in all coronary arteries. 

 
Where:  

Inc is slice increment; ST is slice thickness, area: of vessel in region 

interest depending on peak density of plaque, cofactor: is a factor of 

0 for 051–0%% H, a factor of 0 for 011–0%% H, a factor of 5 for 511–

5%% H, and a factor of 4 for densities greater than 411 H. 

 
Volume score  
 

The volume score represents the volume V of the 

calcification (Kalender et al. 7992). 

 
 

Calcium mass  
 

The third scoring method is the calcium mass and 

functions as a measure for the amount of calcium 

(Ulzheimer et al, 4777). 
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Figure 2.2: 07-segment coronary artery anatomy denotations 

(American Heart Association). 

Table 2.4 Readout from the Aquarius Workstation demonstrating 

calculation of the total Agatston score, the volume score, and the absolute 

mass score for each coronary artery and each individual calcified plaque 

  

(Measuring individual coronary calcified plaque, Eduardo et al.) 
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A positive test is considered if calcification is 

detected within the coronary arteries. Absolute 

Agatston scores of less than 01, 00 to %%, 011 to 

411, and above 411 have been proposed to 

categorize individuals into groups having minimal, 

moderate, increased, or extensive amounts of 

calcification, respectively. The amount of 

calcification can give, to some extent, an indication 

of the overall amount of atherosclerosis.  

It is well established that individuals with Agatston 

Scores above 411 have an increased occurrence of 

coronary procedures (bypass, stent placement, and 

angioplasty) and events (myocardial infarction and 

cardiac death) within the 0 to 3 years after the test. 

Individuals with very high Agatston scores (over 

0111) have a 018 chance of suffering a myocardial 

infarction or cardiac death within a year. Even 

among elderly patients (over 71 years), who 

frequently have calcification, an Agatston Score 

above 411 was associated with a higher risk of 

death.  

In addition, a greater amount of calcification and a 

higher Agatston score increase the likelihood that 

coronary angiography will detect a significantly 

narrowed coronary artery stenosis.  

A negative test is considered if no calcifications are 

detectable within the coronary arteries. Although 

this does not absolutely exclude the  
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presence of atherosclerotic deposits within the 

coronary arteries, it does indicate that there is 

nothing more than minimal atherosclerosis, and the 

risk of a coronary event over the next 0 to 3 years is 

very low. The likelihood that a significant coronary 

artery narrowing is present is also very low.  

 
 

Figure 4.5: (A) Prospectively ECG-gated multislice CT image reveals 

substantial calcification of the left anterior descending coronary 

artery. (B) Image obtained after applying automated 061 HU 

thresholding. Areas exceeding this density, including the coronary 

calcification, appear in pink (Quoted from Applied Radiology, 4004). 

 

 Coronary Artery Bypass Grafts imaging is 

facilitated by the axial course, comparatively large 

luminal dimensions, and relative lack of movement 

of at least the proximal segments of grafts. 

Mechanical CT imaging was used to determine the 

patency of CABGs more than 01 years ago 

(Moncada et al, 7977). Early studies with EBCT 

used the “flow mode” to measure time-density 

curves after bolus injection of  
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contrast agent (Stanford et al, 7977). Accuracy in 

determining CABG patency was improved with 

angiographic EBCT imaging. In 5 studies, each 

including 03 to 43 patients, all grafts were 

assessable. The sensitivity for detecting CABG 

occlusion was %38 to 0118, and the specificity, %%8 

to 0118. The results obtained with ungated spiral 

scans at temporal resolution of 731 milliseconds 

were similar (Enzwieler et al, 477).  A recent study 

of MSCT of 0%0 CABGs in 43 patients reported a 

sensitivity of %78 and a specificity of %%8 for 

detecting occlusions (Ropers et al, 4777).The detection 

of stenoses in CABGs by CTCA may be less 

successful than the detection of complete occlusion 

(Ropers et al, 4777).With EBCT the absence of 

slice overlap can cause gaps between image slices 

and decrease the quality of secondary off-axis 

image reconstructions, and with MSCT motion 

artifacts may occur (Ropers et al, 4777). In 

particular, distal anastomoses and distal limbs of 

sequential grafts are difficult to image reliably with 

current CT technology. Artifacts from metallic clips 

may partially obscure the body of CABGs. 5-D 

displays such as volume rendering are helpful in 

clarifying the complex anatomy in patients who 

have undergone several bypass operations. 
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Figure 4.6: Coronary artery bypass graft computed tomographic 

angiogram. *Occluded left internal mammary artery graft to the 

left anterior descending artery. D0-RAG, radial artery graft to 

first diagonal branch; LV, left ventricle; OM-SVG, saphenous vein 

graft to obtuse marginal branch; RCA-SVG, saphenous vein graft 

to right coronary artery; RV, right ventricle. (Quoted from 

Gerber et al, 4006.) 

To image the entire course of CABGs, 

beginning with their proximal anastomosis in the 

ascending aorta, a longer distance must be 

covered in the craniocaudal direction than for 

imaging of the native coronary arteries, 

necessitating long breath holds. With EBCT, 

scanning time can be shortened by removing the 

slice overlap (Knez et al, 7992) and 

administering atropine intravenously. With 

MSCT, scanning time can be shortened by 


