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ABSTRACT 
 

 
 
 
 
 
 

INTRODUCTION and OBJECTIVES - Coronary artery calcium (CAC) predicts 

atherosclerotic cardiovascular disease (ASCVD) events, inclusive of coronary heart disease 

(CHD) and stroke, and is a decision-making aid for primary prevention. This study was done 

to comprehensively classify atherosclerotic coronary vascular disease based on agatston’s 

score with the help of MDCT 

 

 
MATERIALS AND METHODOLOGY 

 
Inclusion criteria: 

 
Asymptomatic patients with any one of the following history, 

 
●   High LDL cholesterol (>190mg/dl) 

 
●   Chronic cigarette smoking 

 
●   Family history of premature CHD 

 
●   ASCVD risk score >7.5% 

Exclusion Criteria: 

●   Pregnant females. 

 
●   Patients who do not gave consent to be a part of the study 

 
● Patients  with  history of  coronary heart  disease  (myocardial  infarction  or  angina), 

coronary artery bypass graft or percutaneous transluminal coronary angioplasty 

●   Baseline tachycardia. 



XV 

 

 
 
 

RESULTS  –  Majority  of  the  patients  with  CVD  were  aged  >50  years  with  male 

predominance.  Chest  pain  was  the most  common  symptom  found in  the recruited  study 

population. 34 (68%) were presented with the history of hypertension and 19 (38%) with 

diabetes mellitus. 30% of the recruited samples were chronic smokers. None of the patients in 

our study were having family history of dyslipidaemia but 28% of the patients found with 

abnormal lipid profile. Majority of them were having CAC between 1 to 10. There was no 

significant correlation between the CAC score and dyslipidaemia but there was significant 

correlation between the CAC and the associated symptoms. 

 
 
 
 
 
 
 

 
CONCLUSION –MDCT coronary artery calcium scoring based on agatston’s score helps in 

primary control of Atherosclerotic coronary vascular disease. 

 

 
 
 

Key words : Coronary artery calcium, atherosclerotic coronary vascular disease and 

Agatston’s score 
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Introduction 

 
 

Atherosclerosis literally means ―hardening of arteries‖; it is a generic term reflecting 

arterial wall thickening and loss of elasticity. Atherosclerosis from greek root words for 

―gruel‖ and ―hardening‖. Atherosclerosis is characterized by intimal lesions called 

atheromas that protrude into vessel lumens. An atheromatous plaque consists of a raised 

lesion with a soft, yellow, grumous core of lipid covered by a white fibrous cap'.
1 

Atherosclerosis begins with the development of fatty streaks. These streaks become 

fibrous plaques via the accumulation of connective tissue and an increased number of 

smooth muscle cells filled with lipids. More advanced lesions contain a necrotic lipid-rich 

core and eventually calcified regions.
2,3 

Cardiovascular disease is the leading cause of mortality worldwide, with atherosclerotic 

coronary artery disease (CAD) accounting for half of all cardiovascular disease deaths. 

Unfortunately, conventional risk factor assessment can be used to predict only 65%to 

80% of future cardiovascular events, leaving many middle-aged and older individuals to 

experience a major cardiovascular event.
3
 

Screening studies to detect occult cancers, such as breast and colon cancer, are 

recommended in appropriate risk adults to help prevent life-threatening conditions. 

Although atherosclerotic vascular disease accounts for more death and disability than all 

types of cancer, a screening tool to detect significant subclinical atherosclerosis and 

target prevention of future cardiovascular events has not yet been universally adopted.
4 

10-year risk for ASCVD is categorized as; 

Low risk: < 5%                                                              Border line: 5 to 7.4% 

Intermediate: 7.5 to 19.9%                                            High risk: 20% 
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There are many factors that can obscure the diagnosis, however early screening and 

prevention of further development of atherosclerosis of coronary arteries may decrease 

the incidence of coronary heart diseases. Hence CT CORONARY CALIUM SCORING 

plays a crucial role in prevention of coronary heart diseases.  
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Objectives 

 

To comprehensively classify atherosclerotic coronary vascular disease based on agatston’s 

score with the help of MDCT
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Review of Literature 
 
Atherosclerosis is a chronic condition in which arteries harden through build-up of plaques. 

Main classical risk factors for atherosclerosis include dyslipoproteinaemia, diabetes, cigarette 

smoking, hypertension and genetic abnormalities. In this review, we present an update on the 

pathophysiology of atherosclerosis and related current and possible future medical 

interventions with a focus on low-density lipoprotein cholesterol (LDL-C), high-density 

lipoprotein cholesterol (HDL-C), triglycerides (TG) and lipoprotein(a) (Lp(a)).
3 

Hypercholesterolaemia is considered one of the main triggers of atherosclerosis. The increase 

in plasma cholesterol levels results in changes of the arterial endothelial permeability that 

allow the migration of lipids, especially LDL-C particles, into the arterial wall. Circulating 

monocytes adhere to the endothelial cells that express adhesion molecules, such as vascular 

adhesion molecule-1 (VCAM-1) and selectins, and, consequently, migrate via diapedesis in 

the subendothelial space
4,5 

Table 1
6-8

: Vascular modifications in atherosclerotic disease 

Vascular modification Characteristics 

Intimal thickening Layers of SMCs and extracellular matrix 

More frequent in coronary artery, carotid artery, abdominal aorta, 

descending aorta, and iliac artery 

Fatty streak Abundant macrophage foam cells mixed with SMCs and 

proteoglycan-rich intima 

Pathologic intimal 

thickening 

Layers of SMCs in proteoglycan-collagen matrix aggregated near 

the lumen. 

Underlying lipid pool: acellular area rich in hyaluronan and 
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proteoglycans with lipid infiltrates 

Fibroatheromas Acellular necrotic core (cellular debris) 

Necrotic core is covered by a thick fibrous cap: SMCs in 

proteoglycan-collagen matrix 

Vulnerable plaque ‘Thin-cap fibroatheroma’ 

Type I collagen, very few/absent SMCs 

Fibrous cap thickness is ≤65 µm 

Ruptured plaque Ruptured fibrous cap 

Presence of luminal thrombus 

Larger necrotic core and increased macrophage infiltration of the 

thin fibrous cap 

SMCs smooth muscle cells 
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The following images illustrate the stages of formation of atherosclerosis.

 

Figure 1: Initiation of atherosclerosis. 

1. Lesion initiation
9-11

. Sites of lesion predilection are determined in part by 

haemodynamic forces acting on endothelial cells. These influence the permeability of 

the endothelial barrier and also the expression of endothelial cell (EC)genes
9,10

. One of 

the important initiating event is the retention of LDL and other apolipoprotein B 

containing lipoproteins. This undergoes oxidative modification as a result of 

interaction with reactive oxygen species
11.
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Figure 2: Inflammatory phase of atherosclerosis. 

  

2. Inflammation
12-16

: Minimally oxidized LDL stimulates the overlying endothelial cells.  

Activated endothelial cell starts to produce adhesion molecules, chemotactic proteins like 

monocyte chemotactic protein-1 (MCP-1) and also macrophage colony-stimulating factor 

(M-CSF)
12,13

, resulting in the recruitment of monocytes to the vessel wall. Oxidized LDL 

also inhibits the production of Nitric oxide (NO)
14

, an important mediator of vasodilation 

and expression of endothelial leukocyte adhesion molecules (ELAMs). Among endothelial 

cell adhesion molecules likely to be important in the recruitment of leukocytes are ICAM-

1, P-selectin, E-selectin, PCAM-1 and VCAM-1
15

. Important adhesion molecules on 

monocytes include β2 integrin, VLA-4, and PCAM-1. Advanced glycosylation end 

products (AGEs) These are formed in diabetic pathology, thus promote the 

inflammation
15,16

. 



8  

 

Figure3: Formation of foam cells. 

3. Foam-cell formation
17-20

: Highly oxidized aggregated LDL will be formed in the 

vessel as a result of the action of reactive oxygen species (ROS) and the enzymes 

sphingomyelinase (SMase), secretory phospholipase 2 (sPLA2), other lipases, and 

myeloperoxidase (MPO)
17,18

. This will be recognized by macrophage scavenger 

receptors such as SR-A, CD36 and CD68. Scavenger receptor expression is mediated 

by cytokines
19

. Foam cells will start secreting apolipoprotein E (apoE), which may 

facilitate removal of excess cellular cholesterol. The death of foam cells leaves behind 

a growing mass of extracellular lipids and other cell debris
20

. 
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Figure4: Formation of fibrin threads 

4. Formation of fibrous plaques
21-26

: A number of risk factors, including elevated levels 

of homocysteine and angiotensin II
21

 (produced through the action of angiotensin-

converting enzyme, ACE), stimulate the migration and proliferation of Smooth muscle 

cells
22,23

. Oestrogens exert beneficial effects on plasma lipoprotein levels and also 

stimulate production of nitric oxide and prostacyclin by endothelial cells, which are 

potent vasodilators
24

. The interaction of CD40 and CD40 ligand (CD40L) will 

stimulate the T lymphocytes (T cells) and also macrophages to express cytokines like 

IFN-γ
25

. These cytokines will influence the inflammation, SMC growth and matrix 

accumulation. The intimal SMCs secrete extracellular matrix and give rise to a fibrous 

cap
24-26

. 



10  

 

Figure5: Formation of Thrombosis 

5. Complex lesions and thrombosis
27-30

: Vulnerable plaques with thin fibrous caps will 

result From thedegradation of matrix by different type of proteinase enzymes such as 

collagenases, gelatinases, stromolysin and cathepsins
27

. Various factors may 

destabilize the plaques and promote thrombosis. For example, Infection: which may 

have systemic effects such as induction of acute phase proteins and local effects, 

including the increased expression of tissue factor and decreased expression of 

plasminogen activator (PA)
28

. Calcification of lesions appears to be an active and 

regulated process involving the secretion by pericyte-like cells in the intima of a 

scaffold for calcium phosphate deposition. Formation of the thrombus, consists of 

adherent platelets and fibrin crosslinks, usually results from plaque rupture. This will 

be exposing the tissue factor in necrotic core
29,30

. 
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EPIDEMIOLOGY OF ATHEROSCLEROSIS
31-33 

Cardiovascular diseases, especially coronary heart disease (CHD) have become epidemic in 

India. The Registrar General of India has reported that CHD led to 17% of total deaths and 

26% of adult deaths in 2001-2003, which had increased to 23% of total and 32% of adult 

deaths in next ten years. The World Health Organization (WHO) and Global Burden of 

Disease Study also have highlighted the increasing trends in subsequent years of life lost 

(YLLs) and disability-adjusted life years (DALYs) due to CHD in India. Many 

epidemiological studies  have reported increasing CHD prevalence over the last 60 years. 

Which had raised from 1% to 9%-10% among urban populations, whereas <1% to 4%-6% in 

rural populations
31

. This may be a more realistic prevalence of CHD in India. Case-control 

studies have reported that important risk factors for CHD in India are the  dyslipidemias, 

smoking, diabetes, hypertension, abdominal obesity, psychosocial stress, unhealthy diet, and 

physical inactivity. Suitable preventive strategies are required to combat this epidemic
32

. 

 

 

Figure6
34

: Proportionate cardiovascular disease mortality in different geographic regions of 

India (bars) and regional human development index (line) demonstrates evidence of 

epidemiological transition in past few years. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/ischemic-heart-disease
https://www.sciencedirect.com/topics/medicine-and-dentistry/global-disease-burden
https://www.sciencedirect.com/topics/medicine-and-dentistry/global-disease-burden
https://www.sciencedirect.com/topics/medicine-and-dentistry/disability-adjusted-life-years
https://www.sciencedirect.com/topics/medicine-and-dentistry/dyslipidemia
https://www.sciencedirect.com/topics/medicine-and-dentistry/abdominal-obesity
https://www.sciencedirect.com/topics/medicine-and-dentistry/unhealthy-diet
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Complications of Atherosclerosis: 

 

Figure7
35

:  Complications of atherosclerosis 

CORONARY ARTERY CALCIFICATION AND EPIDEMIOLOGY
36-40 

Arterial calcium development is intimately associated with vascular injury and also  

with atherosclerotic plaque. Coronary artery calcified plaque (CACP) is an active process and 

can be seen at all stages of atherosclerotic plaque development. The long-held notion 

―degenerative‖ calcification of the coronary arteries with aging is incorrect
36
.  ince Faber 

noted in    2 that   nc eberg’s calcific medial sclerosis did not occur in the coronary 
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arteries, atherosclerosis is the only vascular disease known to be associated with coronary 

calcification. Thus, CACP in the absence of luminal stenosis is not a ―false-positive‖ result 

but rather evidence of coronary atherosclerosis
37,38

.  

Coronary calcification is nearly ubiquitous in patients with documented CAD and  

is strongly related to age, increasing dramatically after age 50 in men and after age 60 in 

women. The following table explains these factors
39

. 

Table2: The descriptive Characteristics of the Total Electron Beam Tomographic CAC Scores 

in Asymptomatic Men and Women. 

 

Hoff JA, Chomka EV, Krainik AJ, Daviglus M, Rich S, Kondos GT. Age and gender distributions of 

coronary artery calcium detected by electron beam tomography in 35,246 adults. Am J Cardiol. 2001; 87: 

1335–1339. 

 

Table3: 

However, coronary plaque and its associated coronary calcification may have only a weak 

correlation with the extent of histopathologic stenosis. The degree of encroachment on the 

vessel lumen by the atherosclerotic plaque is largely determined by individual variations in 

coronary artery remodelling. However, the presence of CACP is associated with 

atherosclerotic plaque size
40

. 
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CALCIUM DETECTION METHOD IN ATHEROSCLEROSIS 

Several techniques of non-invasive vascular imaging have been proposed in recently as  

tools for detecting asymptomatic atherosclerosis without any overt cardiovascular disease 

(CVD)
41

. Some measures of atherosclerosis also have been shown to improve the prediction. 

However, good prediction does not necessarily lead to effective prevention. Among these, 

important criteria to assess their potential clinical value, novel markers of cardiovascular risk 

should be assessed by their effect on patient management and outcomes
42

. 

In 2003, a review for the U.S. Preventive Services Task Force (USPSTF)
43

 identified only two 

studies that examined the impact of coronary artery calcification [CAC, by computed 

tomography (CT)] screening on risk-reducing behaviours.
44,45 

HISTORY OF COMPUTED TOMOGRAPHY 

First commercially available CT scanner was created by British engineer, Godfrey  

Hounsfield of EMI Laboratories in 1972. He co-invented the technology with physicist Dr. 

Allan Cormack. Later on, these researchers jointly awarded the 1979 Nobel Prize in 

Physiology and Medicine. By 1981, Hounsfield was knighted and became Sir Godfrey 

Hounsfield
46

. 
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Figure7
47

: Godfrey Hounsfield with the first commercial CT scanner. 

https://catalinaimaging.com/history-ct-scan/ 

 

1. Electron beam computed tomography
48

: (EBCT Methods)  

EBCT is a tomographic imaging device developed nearly 20 years ago specifically for cardiac 

imaging. Although the technique can quantify ventricular anatomy and function as well as 

myocardial perfusion, it is currently best known for defining and measuring CACP.  

 

2. Multi detected computed tomography MDCT
49

 

The current generation of MDCT systems is capable of acquiring 4 to 64 sections of the 

heart simultaneously with ECG gating. Either a prospective or retrospective mode. MDCT 

differs from single detector–row helical or spiral CT systems principally by the design of 

https://catalinaimaging.com/history-ct-scan/
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the detector arrays and data acquisition systems, which allows the detector arrays to be 

configured electronically to acquire multiple adjacent sections simultaneously 

CORONARY ARTERY CT 

Cardiac CT is a CT imaging technique that accounts for cardiac motion, typically through the 

use of ECG gating. Successive generations of CT technology have been applied to cardiac 

imaging from the beginning of 1980s with conventional CT and electron beam CT (EBCT) in 

1987
50

. Multidetector CT (MDCT) was first used in 1999. Compared with other imaging 

modalities, cardiac CT has undergone an accelerated progression in the imaging capabilities 

over the past few decades. As a result, the diagnostic capabilities at times have also preceded 

the critical evaluation of its clinical application
51

.  

Cardiac CT uses the  natural contrast within subjects by utilizing the different brightness  

For fat, tissue, contrast, and air. Non-contrast CT is a low-radiation exposure technique. By 

this technique, we can determine the presence or absence of CACP in <10 minutes even 

without premedication or intravenous contrast
52

. The amount of CACP can be measured to 

provide the reasonable estimate of total coronary atheroma including the calcified and 

noncalcified plaque. The data supporting detection of CACP as a measure of CAD are 

extensive. Imaging applications that detect CACP include conventional chest radiographs, 

cine-fluoroscopy, conventional and helical CT, EBCT, and MDCT
53

. 

The majority of published studies have reported that the total amount of coronary  

calcium and they have usually expressed as the ―Agatston score‖. It predicts coronary disease 

events beyond the standard risk factors too. Although some of the registries have used self-

reported risk factor data, data from EBCT reports using measured risk factors demonstrate 

incremental risk stratification beyond the Framingham Risk Score (FRS)
54,55

. These studies 

demonstrate that CACP is both independent of and also been incremental with respect to the 
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traditional risk factors in the predicting the many cardiac events. 
56 

 

Figure8
57

: CT images of Agatston score 

Ao aorta, LA left atrium. 

A) CT images of four different individuals with varying degrees of coronary artery calcium 

(CAC)  

B) calculation of CAC score/ Agatston method On CT image, 

calcification is expressed as a white lesion (≥ 130 Hounsfield Unit 

(HU). Calcification in the left anterior descending artery is 

depicted by arrows.  

 

A Research data from the Greenland et al
37

 had demonstrated that intermediate-risk  

patients with an elevated coronary artery calcium (CAC) score of intermediate FRS and CAC 
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score >300 had an annual hard event rate of 2.8%, or a 10-year rate of 28%, and thus would be 

considered high risk. The best estimates of the relative risk (RR) from this study indicated that 

a CAC score >300 had a hazard ratio (HR) of about 4 compared with a score of 0. This would 

mean that the estimated risk in the intermediate-risk patient with a CAC score of 0 might be 

reduced by at least 2-fold while the risk of a person with a CAC score of 300+ would be 

increased by about 2-fold. 

 

Figure 8: Agatston coronary calcium stratification done by Greenland et al 
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Recommendation of screening among asymptomatic adults for 

atherosclerosis: 

A substantial amount of controversy has always remains about the role of screening for 

atherosclerosis in the clinical setting
58

. Few groups have suggested that imaging should be 

considered only in certain subgroups of patients, while others advocate a more widespread 

application of these screening tools. Table 4 explains those recommended criteria for 

screening asymptomatic individuals. 

Table 4
59,60

: Recommendations for screening asymptomatic adults for atherosclerosis: 

Organization recommended, 

publication year 

Imaging 

method 

Screening recommendation per 

group 

Third Report of the National 

Cholesterol Education Program 

(NCEP) Expert Panel on Detection, 

Evaluation, And Treatment of High 

Blood Cholesterol In Adults (Adult 

Treatment Panel III), 2002 

CAC Persons with no CVRFs: Not 

recommended 

CAC is an option for advanced risk 

assessment in appropriately selected 

persons 

Multiple CVRFs: High CAC score 

provides a rationale for intensified 

LDL-lowering therapy 

Elderly: High CAC score could help 

decide to introduce LDL-lowering 

drugs for primary prevention 

Society of Heart Attack Prevention CAC and Screening every 5 years all men 
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and Eradication (SHAPE), 2006
*
 carotid 

ultrasound 

aged 45–75 years and women aged 

55–75 years who have at least one 

CVRF 

Joint Task Force of the European 

Society of Cardiology and other 

societies on cardiovascular disease 

prevention in clinical practice, 2007 

CAC Intermediate-risk persons
‡
 can be 

useful to target treatment 

MRI Not enough evidence to recommend 

use to detect coronary artery 

stenoses 

Carotid 

ultrasound 

Carotid ultrasound can add 

information beyond assessment of 

traditional risk factors, which may 

help make decisions about medical 

therapy for primary prevention. 

Uncertainty regarding formal 

incorporation into existing 

algorithms used in asymptomatic 

persons 

U.S. Preventive Services Task 

Force (USPSTF), 2009 

CAC, ABI, 

carotid 

ultrasound 

Not enough evidence to determine 

the balance between benefits and 

harms of using non-traditional risk 

factors for CHD risk assessment (I 

Statement: insufficient evidence)
‡
 

2010 ACCF/AHA Guideline for 

Assessment of Cardiovascular Risk 

Carotid 

ultrasound 

Measurement may be reasonable in 

intermediate-risk adults
§
 (class IIa 
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in Asymptomatic Adults, 2010 and ABI Recommendation, Level of 

evidence: B)
†
 

CAC Measurement may be 

reasonable in 

intermediate-risk adults 

and in diabetics ≥40 years 

(class IIa 

Recommendation, Level of 

evidence: B)† 

Measurement might be reasonable in 

low- to intermediate-risk adults
‡
 (6–

10% 10-year risk; class IIb 

Recommendation, Level of 

evidence: B)
†
 

Angio CT Persons at low risk (<6% 10-year 

risk) should not undergo CAC 

measurement (class III—no benefit 

Recommendation, Level of 

evidence: B) 

Working Group on Nuclear 

Cardiology and Cardiac CT of the 

European Society of Cardiology, 

2010 

CAC CAC should be considered in 

intermediate-risk adults: high 

calcium scores identify subjects at 

high risk who may benefit from 
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aggressive secondary prevention 

strategies 

Coronary CT angiography currently 

not recommended as a screening 

tool in asymptomatic adults 

ACCF/SCCT/ACR/AHA/ASE/AS

NC/NASCI/SCAI/SCMR 

Appropriate Use Criteria for 

Cardiac Computed Tomography 

2010 

CAC Appropriateness
¶
 according to CHD 

risk
§
 

Low-risk persons: Inappropriate 

Intermediate-risk persons: 

Appropriate 

High-risk persons: Uncertain 

Low-risk persons with family 

history of premature CHD: 

Appropriate 

Angio CT Low-risk persons: Inappropriate 

Intermediate-risk persons: 

Inappropriate 

High-risk persons: Uncertain 

 

Rumberger and colleagues
61

 had examined the thirteen autopsied hearts and had compared the 

measures of CACP using EBCT as compared with direct histological plaque areas and also the 

percentage of  luminal stenosis. Their studies had determined that the total area of CACP 

quantified by EBCT is linearly and highly correlated (r=0.90) with the total area of 

histological coronary artery plaque. Although the total atherosclerotic plaque burden was 
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tracked by the total calcium, not all the plaques were found to be calcified, and the total 

calcium area was approximately 20% of the total atherosclerotic plaque area.  

Baumgart et al and Schmermund et al
62,63

 compared direct intracoronary ultrasound measures 

during angiography with EBCT scanning and confirmed a direct association, in vivo, of 

CACP score with localization and extent of atherosclerotic plaques. 

Janowitz WR
64

 and Agatston A  in their study, ―Differences in prevalence and extent of 

coronary artery calcium detected by ultrafast computed tomography in asymptomatic men and 

women‖.  Had found that; 

(1) Prevalence of CACP increases from only a small percentage in the second decade of life to 

nearly 100% by the eighth decade in men and women. 

(2) Prevalence of CACP in women is similar to that in men who are a decade younger and  

(3) The gender difference in prevalence with age is eliminated by approximately age 65 to 70, 

when the prevalence of coronary calcium in women is similar to that in men of the same age. 

Hence they concluded that, the prevalence of CACP increases with age, paralleling the 

increased prevalence of coronary atherosclerosis with advancing age. 

Becker et al
46

 had studied 100 patients for the the coronary artery calcification and risk 

stratification and also had compared the MDCT with EBCT. They found that both are efficient 

screening tools but had variability of 32% between these 2 modalities. And they concluded 

that MDCT is better modality. 

Carr JJ et al
47

 in their ―Evaluation of a sub second gated helical CT for quantification of 

coronary artery calcium and comparison with electron beam CT‖ had found the agreement 

could be further improved by calibrating the Agatston score to an external standard. It should 

be emphasized that the clinical value for the CAC determination is to facilitate individual risk 

assessment and thus the scoring for a given individual should be as accurate as possible.  
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A prospective cohort study by taylor et al
65

 concluded that The CAC score is an independent 

marker of risk for cardiac events, cardiac mortality, and all-cause mortality. In addition, it 

might provide an additional prognostic information to other cardiovascular risk markers. 

Among symptomatic patients, the pre-test probability should always be given weight in the 

interpretation of the CAC score as a filter or tool to indicate the best method to facilitate the 

diagnosis. Therefore, the use of the CAC score alone is limited in symptomatic patients. 

In patients with diabetes, the CAC score helps in identifying the individuals most at risk, who 

could benefit from screening for silent ischemia and from more aggressive clinical 

treatment.
67
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Materials and Methodology 
 

 

SOURCE OF DATA: 

Study subjects: The subjects of the study were the patients suspected with 

atherosclerotic coronary vascular disease referred for CT calcium score to the 

Department of Radio-diagnosis, SDM Medical College and Hospital, Dharwad will 

be included in this study.  

Inclusion criteria: 

Asymptomatic patients with any one of the following history, 

● High LDL cholesterol (>190mg/dl) 

● Chronic cigarette smoking 

● Family history of premature CHD 

● ASCVD risk score >7.5% 

Exclusion Criteria: 

● Pregnant females. 

● Patients who do not gave consent to be a part of the study 

● Patients with history of coronary heart disease (myocardial infarction or angina), 

coronary artery bypass graft or percutaneous transluminal coronary angioplasty 

● Baseline tachycardia. 

 
Study area: SDM Medical College and Hospital, Dharwad-580009 

Study period: The study period is for period of one year from November 2019 to 

October 2020  

Study design: Hospital based cross sectional study. 

Sample: As per the biostatistician’s opinion the minimal sample size required is 50 cases for 
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satisfactory statistical analysis. However more number of cases were included as per the 

advice of the biostatistician. 

Study instrument: Imaging will be done on 128 slice MDCT scanner 

manufactured by  Siemens (Somatom AS). 

Patients with a heart rate over 70 bpm received 20-60 mg of propranolol orally based on body 

mass a day before the scan. All patients prescribed propranolol were first cleared by a 

clinician for contraindications.  

Patients’ heart rates and electrocardiograms (ECG) were monitored during the scan. Imaging 

was done on 128 slice MDCT scanner manufactured by Siemens (Somatom AS) with imaging 

parameters chosen so as to maximize spatial resolution. Test will be performed using 

following parameters. 

● 32 x 1.2 mm collimation 

● 0.3 sec rotation time 

● Tube voltage 120 kv 

● Tube current 40 mAs 

●  ection thic ness ’and interval 3mm 

 

Scans were performed at full inspiration in supine position. To ensure optimal assessment of 

each coronary artery, the reconstructed images were selected from. Variable phases of the 

cardiac cycle. 

Data collection: Patients who were asymptomatic and had ASCVD risk score >7.5%  with 

history of diabetes and smoking, patients with family history of coronary heart disease came 

to the Department of Radiology, SDM Medical College and Hospital, Dharwad with 

requisition for CT CORONARY CALCIUM SCORING were interviewed and details of the 

patients like name, age, sex, detailed clinical history were obtained. ASCVD risk score was 

calculated in all patients without diabetes or patients with dyslipidemia. 
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Results 
 

NolAll the required data are noted and entered in the microsoft excel and analysed by using 

suitable statistical tests by using SPSS, IBM Corp. Released 2013. IBM SPSS Statistics for 

Windows, Version 22.0. Armonk, NY: IBM Corp.  

Table 1: Distribution of age among the recruited samples 

Age Number of patients (N) Percentage (%) 

35 – 44 07 14% 

45 – 54 14 28% 

55 – 64 26 52% 

=/> 65  03 6% 

 

Among the recruited samples, the majority of them were aged between 55 to 64 years with the 

incidence of 52% followed by the patients aged between 45 to 54 years.  
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Figure 1: Bar diagram indicating the frequency distribution of age of the recruited 

patients 

Table 2: Distribution of gender among the recruited patients. 

Gender Frequency Percent 

FEMALE 20 40.0 

MALE 30 60.0 

 

Out of 50 patients recruited in the study, 20(40%) were female and 30 (60%) were males. 

 

 

Graph 2: Pie chart illustrating the distribution of gender 
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Table 3: Distribution of symptoms among the recruited study samples 

Symptoms N % 

Chest pain 19 38 

Dyspnoea 04 8 

 

On analysing the distribution symptomatology, 19 (38%) were presented with chest pain and 

4(8%) were presented with dyspnoea. 

 

Graph 3: Bar diagram illustrating the distribution of symptoms. 
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Table 4: Distribution of comorbid conditions 

Comorbid condition N % 

Hypertension 34 68 

DM 19 38 

 

Out of 50 patients recruited, 34 (68%) were presented with the history of hypertension and 19 

(38%) with diabetes mellitus.  

 

Graph 4: Distribution of comorbid conditions among the recruited patients 
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Table 5: Distribution of history of smoking 

History of smoking N % 

Yes 15 30 

No 35 70 

30% of the recruited patients were chronic smokers.  

 

Graph 5: Pie chart indicating the patients presented with history of smoking 

Table 6: Distribution of abnormal lipid profile among the study population 

Abnormal lipids N % 

Yes 23 46 

No 27 54 
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None of the patients had family history of dyslipidemia. But 23 (46%) of them were found 

with abnormal lipid profile. 

Table 7: Distribution Of Ct Score Among The Recruited Study Samples 

CT CALCIUM SCORE 

 

N % Mean Std. Deviation 

 

1 – 10 

14 28 4.27 4.36 

 

11-100 

16 32 32.73 17.64 

 

101-400 

16 32 192.76 117.32 

 

 
Out of 50 patients, 14(28%) patients were found with CAC score between 1 to 10 and 16 each 

were found to be having CAC between 11 to 100 and 101 to 400 with the mean CAC value of 

32.73±17.64 and 192.76±117.32. 
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Table 8: Significance between the CAC score and the abnormal lipid profile 

 

Mann-Whitney U 

 

 
 

ABNORMAL LIPIDS (Y/N) 
N Mean Std. Deviation p 

1 - 10 

 

NO 
11 5.25 4.450 

0.073 
 

YES 
3 0.7 0.6 

11-100 

 

NO 
12 33.9500 16.69374 

0.903 
 

YES 
4 29.0750 22.59224 

101-400 

 

NO 
1 101.90 0.000 

0.159 
 

YES 
15 198.82 118.826 

 

There was no intra group significance found between the patients presented with abnormal 

lipid profiles and the frequency distribution of CAC score. 

Table 9: Significance between the CAC and the gender 
 

 

Mann-Whitney U 

 

 sex N Mean Std. Deviation 
p 

 

1 - 10 

Male 10 4.55 
4.911 

 
0.832 

Female 4 3.58 
3.035 

 

11-100 

Male 8 29.5875 
23.46349 

 
0.189 

Female 8 35.8750 
9.68161 

 

101-400 

Male 10 191.51 
107.961 

 
1.000 

Female 6 194.85 
142.505 

 

 

In present study, the CAC at different age was correlated using spearman correlation. In the 

present study CAC of 1 to 10 had moderate positive correlation with age and this was 
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statistically not significant with the p value of 0.153. Calcium levels of 11 to 100 had weak 

negative correlation with age and this was statistically not significant (i.e., p=0.153).  Calcium 

levels of 101 to 400 had weak positive correlation with age and this was statistically not 

significant with the  p value of 0.935.  

Table 10: Distribution of CAC score between the patients with and without associated 

symptoms. 

 N Mean CAC SD p value 

With chest pain 19 138.66 102.63 <0.001 

With out chest pain 31 39.18 37.8 

Student t test 

Based on the above comparison we can observe that the mean CAC score among the patients 

presented with chest pain was 138.66±102.63 and those without symptoms of chest pain was 

39.18±37.8, with the statistically significant difference of <0.001 
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Discussion 

 
 

India has one of the highest burdens of cardiovascular disease (CVD) worldwide. The annual 

number of deaths from CVD in India is projected to rise from 2.26 million in 1990 to 4.77 

million by 2020. Coronary heart disease prevalence rates in India have been estimated over 

the past several decades and have ranged from 1.6% to 7.4% in rural populations and from 1% 

to 13.2% in urban populations. 
2 

At least 25% of patients experiencing nonfatal acute myocardial infarction or sudden death 

had no previous symptoms, so identification of the asymptomatic individuals at greater risk of 

experiencing future cardiovascular events is fundamental for the implementation of preventive 

strategies.
3,4 

There are various risk-estimation systems available for identification of the CVD. One such 

system is the Framingham risk score (FRS). FRS is based on the history of the patients, 

clinical and laboratory measurements. Although it is used as the gold standard for evaluating 

screening techniques for decades, it fails in identifying many individuals who are destined to 

have a coronary event. 
49 

\Hence, the non-invasive imaging techniques such as coronary 

artery calcium (CAC) scoring and coronary computed tomography 

angiography (CCTA) have been trialled for their ability to screen 

for CAD. Much scientific evidence has proven that CAC scoring can 

predict coronary events better than FRS. Based on the previous 

RCTs,  the subjects with CAC ≥ 300 will be having the greatest risk. 

50,51 
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Hence we had conducted a prospective observational trial in order to analyse the correlation of 

various parameters with Agatston's CAC score system. 

In our study, there was a higher prevalence of CVD found among patients aged between 55 to 

64 years with the incidence of 52% followed by the patients aged between 45 to 54 years. The 

average of recruited study samples was 54.56±6.75 years. 60% of the recruited patients were 

men and the remaining 40% were women in our study.  Blaha MJ et al also observed that the 

mean age of the population recruited in their study was 62±10 years and with the female 

predominance (53%). 
67 

Out of 50 patients recruited in the present study, 19 (38%) were presented with chest pain and 

4(8%) were presented with dyspnoea. Whereas 54% patients were asymptomatic. 30% of the 

recruited patients were chronic smokers. 23 (46%) of the recruited patients were found with 

abnormal lipid profiles. 

Out of 50 patients, 14(28%) patients were found with CAC score between 1 to 10 and 16 each 

were found to be having CAC between 11 to 100 and 101 to 400 with the mean CAC value of 

32.73±17.64 and 192.76±117.32. Whereas in Mortensen MB et al,47% of their study 

samples had CAC  0 and 25% were found to be having CAC >100. These patients with CAC 

>100 were considered as high risk patients and were started with prophylactic Rosuvastatin.
68

 

Study by Baumgart D et al observed that 20% of the recruited patients with CAC = 0 had 

progressed to CAC >0 within 4 to 5 years with the annual rate of increase CAC scores about 

20% to 25%. CAC progression was most strongly predicted by the baseline CAC, the 

distribution of CAC is always heavily right-skewed suggesting the patients with CVD to be 

one of the inevitable but predictable factors. 
43 

There was no significant difference found in the distribution of CAC score among different 

age group of the study samples. 
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In our study, the CAC at different ages was correlated using spearman correlation. In the 

present study CAC of 1 to 10 had moderate positive correlation with age and this was 

statistically not significant with the p value of 0.153. Calcium levels of 11 to 100 had weak 

negative correlation with age and this was statistically not significant (i.e., p=0.153).  Calcium 

levels of 101 to 400 had weak positive correlation with age and this was statistically not 

significant with the  p value of 0.935.  

In our study, the mean CAC score among the patients presented with chest pain was 

significantly high (p <0.001) being 138.66±102.63 and 39.18±37.8 among the patients with 

chest pain and without chest pain. Hence we can assess that the raised CAC levels in the 

symptomatic patients can be considered as predictors of progression in CVD but we cannot 

state that the patients with lesser CAC are not at risk of developing the complications. 

Budoffs et al also observed higher CAC scores have been strongly associated with 14% 

increased risk of incident atherosclerotic CVD (ASCVD) than patients with lesser CAC. The 

scores > 300 associated with 10-year event rates ranging as high as 13.1%–25.6%
69 

Whereas Blaha et al reported that the negative results of atherosclerosis-imaging tests, 

especially when the CAC score is of 0, will result in the greatest downward shift in estimated 

CVD risk. 
67 

The major limitation of our study was the smaller sample size and the time constraint. Most of 

the studies we came across found an increase in the CAC levels almost after 5 years of their 

baseline score. As we know the CVD is slow progression per se, if we had followed up the 

patients for a few more years, we might have found a strong correlation between the 

progression of disease and the CAC scores.  
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    CONCLUSION 

 

Majority of the patients with CVD were aged >50 years with male predominance. Chest pain 

was the most common symptom found in the recruited study population. 34 (68%) were 

presented with the history of hypertension and 19 (38%) with diabetes mellitus. 30% of the 

recruited samples were chronic smokers. None of the patients in our study were having family 

history of dyslipidaemia but 28% of the patients found with abnormal lipid profile. Majority 

of them were having CAC between 1 to 10. There was no significant correlation between the 

CAC score and dyslipidaemia but there was significant correlation between the CAC and the 

associated symptoms.   
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SUMMARY 

Multidetector computed tomography (MDCT) coronary artery calcium scoring based 

on Agatston’s score has become the primary modality to diagnose calcified atherosclerotic 

coronary artery disease. This study was done to comprehensively classify atherosclerotic 

coronary vascular disease based on agatston’s score with the help of MDCT. 

 

This one year study was conduted in the department of Radio-diagnosis, SDM medical 

college and hospital, Dharwad from . A total of 50 patients were studied. 

 

 

Majority of the patients with CVD were aged >50 years with male predominance. 

Chest pain was the most common symptom found in the recruited study population. 34 (68%) 

were presented with the history of hypertension and 19 (38%) with diabetes mellitus. 30% of 

the recruited samples were chronic smokers. None of the patients in our study were having 

family history of dyslipidaemia but 28% of the patients found with abnormal lipid profile. 

Majority of them were having CAC between 1 to 10. There was no significant correlation 

between the CAC score and dyslipidaemia but there was significant correlation between the 

CAC and the associated symptoms.   

MDCT coronary artery calcium scoring based on agatston’s score helps in primary 

control of Atherosclerotic coronary vascular disease. 

 

I coronary vascular disease referred for CT calcium score to the Department of Radio-

diagnosis, SDM Medical College and Hospital, Dharwad will be included i
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IMAGE GALLERY 

 

 

 

a.                                                                                               b. 

Figure 1a. axial image of coronary vessels showing no evidence of atheromatous 

calcified plaques. (1b), table shows number and volume of  atheromatous plaques in 

coronary arteries. Here, in this patient the agatston’s score is 0.   



50  

 

 
i.    a.                                                                        b.  

Figure 2a. axial image of coronary vessels showing few atheromatous calcified plaques 

in LAD and LCX. (2b), table shows number and volume of  atheromatous plaques in 

coronary arteries. Here, in this patient the agatston’s score is  4.2 
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i.    a.                                                                        b.  

Figure 3a. axial image of coronary vessels showing few atheromatous calcified plaques 

in LM and RCA. (3b), table shows number and volume of  atheromatous plaques in 

coronary arteries. Here, in this patient the agatston’s score is 403.2 
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