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Abstract 

Coronary artery disease is an important global cause of morbidity and mortality and high prevalence is found in the Indian 
population. Collaterals developed in coronary arteries help in the protection of the myocardium from infarction, preservation 
of ventricular functions, and thus reducing cardiovascular events. The objective of this study is to assess the prevalence, clinical 
predictors of coronary collaterals, relationship with severity of coronary artery disease, regional wall motion abnormality, and left 
ventricular global ejection fraction.

Methods: 302 consecutive coronary angiograms of patients of clinical diagnosis of coronary artery disease were analyzed. 
Focused clinical history, demographic profile, and risk factors were analyzed. Medical history focused on chronic stable angina, 
past myocardial infarction unstable angina and acute myocardial infarction was taken. Collateral vessels were analyzed according 
to Rentrop classification.

Results: Prevalence of coronary collaterals was seen in 74% of patients with luminal diameter stenosis of >50%. Grade 1 
collaterals were observed in 26.5%, Grade 2 in 27.8%, and Grade 3 in 19.8%. 51.7 % of patients had intracoronary, 23.3 % had 
intracoronary and 25% of patients had both inter and intracoronary collaterals.

Conclusions: The prevalence of coronary collaterals is high in obstructive coronary artery disease. There was no association of 
collaterals with age, sex, chronic stable angina, unstable angina, and Myocardial infarction. The severity of coronary artery disease 
had an independent significant association with the presence of collaterals. There was a significant correlation of grade of collaterals 
with regional wall motion abnormality and with left ventricular global ejection fraction.
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Introduction
Nature is full of paradoxes and one of the most intriguing 

is the blood supply to the heart. Although the coronary arteries 
are treated as end arteries even in a normal human heart, the 
network of tiny anastomotic branches interconnect the major 
coronary arteries and are the precursor for the development of 
collateral circulation [1]. The coronary collateral pathways are 
seen in significant obstructive coronary artery disease but it is still 
debatable whether blood flow through them is sufficient to meet 
the myocardial flow [2].  Atherosclerotic coronary artery disease is 
now the leading cause of morbidity and mortality worldwide [3]. 
In Indian it has reached an epidemic proportion, epidemiological 
studies have predicted that there are more than 30 million cases 
of CAD in India . The increasing burden in India is due to rapid 
urbanization and an alarming rise in the prevalence of coronary  

 
risk factors like Diabetes, hypertension, smoking, dyslipidemia, 
central obesity, and physical inactivity [4]. The obstructive 
coronary artery disease causing recurrent ischemia may be the 
trigger for the development of collaterals [5]. Complete occlusion 
of the vessel may lead to a reduction in post stenotic pressure and 
leading to the redistribution of flow, causing increased shear forces 
in preexisting arterioles[6-8].  The subsequent angiogenesis and 
arteriogenesis in the form of growth, expansion, and remodeling of 
these arterioles to mature[9,10].  Various studies have been done to 
find the association of atherosclerotic risk factors with collaterals 
with conflicting evidence [11-15]. In the present study, we aimed 
to study the relation of the clinical determinants, atherosclerotic 
risk factors, and relationship of collaterals with regional wall 
abnormalities and global left ventricular ejection fraction.
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Material and Methods
302 consecutive patients who underwent coronary 

angiography for suspected coronary artery disease were enrolled. 
Standard selective coronary angiography with at least four views 
of the left coronary system and two views of the right coronary 
artery was performed using the Judkins technique. These coronary 
angiograms were examined by two experienced interventional 
cardiologists. The following clinical and demographic parameters 
were recorded; age, sex, hypertension (known hypertension treated 
with antihypertensive drugs, two or more BP recordings greater 
than 140/90mmHg.), diabetes (known case being treated with diet, 
antidiabetic drugs, insulin, or both, HbA1c value more than 6.5%, 
Fasting blood sugar more than 126mg/dl or random sugar more 
than 200 mg/dl with symptoms of hyperglycemia), current smoker 
or tobacco user, family history of CAD. Focused medical history of 
chronic stable angina, previous myocardial infarction, unstable 
angina, or acute myocardial infarction was taken. Anthropometric 
measurement of Waist circumference and Body mass index was 
calculated. Collateral grading was assessed using Cohen –Rentrop 
method. Collateral grades were defined as Grade 0: no filling of any 
collateral vessel, Grade 1: Filling of side branches of the artery to be 
perfused by collateral vessel, Grade 2; Partial filling of the epicardial 
artery by collateral vessel, and Grade 3 as complete filling of the 
epicardial artery by collateral vessel. The severity of diameter 
stenosis was calculated by QCA. The severity of the coronary artery 

was assessed by giving a score according to the site of involvement 
of the coronary artery.  Regional wall motion abnormality was 
assessed by analyzing the contractility of five segments of the left 
ventricle i.e. anterobasal, anterolateral wall, mid inferior, the basal 
inferior wall in an LV angiographic study done in RAO 30 degree 
projection. Left ventricular global ejection fraction was estimated 
by measuring end-diastolic volume, end-systolic volumes 0-3 
grading scale was used to assess the regional wall motion, Grade 
0 normal, Grade 1 hypokinesia, Grade 2 akinesia, and Grade 3 as 
dyskinesia. The summation of all scores given to each segment was 
taken as regional wall motion abnormality scores.

Statistical Analysis
Data were analyzed using SPSS window version 16.0. 

Continuous variables were expressed as mean  ± standard deviation 
and categorical variables as percentages. The significance of the 
difference in the mean values of a continuous variable in coronary 
artery disease patients with or without collaterals was tested by 
Student’s T-test and categorical variables were tested by C=chi 
square test. We conducted a Univariate and Multivariate regression 
analysis of angiographic variables i.e. severity of the disease, 
regional motion abnormality score, and left ventricular global 
ejection fraction with grades of coronary collaterals and calculated 
regression and /or correlation coefficient. P-value of <0.05 was 
taken as statistically significant.

Results
Table 1:   Baseline clinical characteristics of patients of CAD with Stenosis>50%.

Clinical Characteristics Mean ±SD Numbers   (%)162

Gender     Male 
                        Female

144          (88.9  ) 
18            (11.1)

Age  (years) 56.7±9.2

Waist circumference(cms) 84.2±9.2

Bmi

Hypertension 69            (42.6)

Diabetes 19            (11.7)

Tobacco consumption Current consumer 
Ex consumer

93            (57.4)

29            (17.9)

Stable Angina Class- ii 
Class- iii

75            (46.3)

30             (18.5)

Past  myocardial infarction 77            (52.5)

Unstable angina 15             (9.3)

Acute myocardial infarction 4               (2.5)
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Out of 302 patients, 81% had right dominant circulation, 
15% had left dominance and 4% had co-dominant circulation. 
Ninety-six (32%) patients out of 302 did not show any evidence 
of atherosclerotic vascular disease. 44 (14.5%) patients had CAD 
with coronary stenosis <50% and 162 (53.5%) had stenosis >50%.
We analyzed the data of 162 patients who had coronary stenosis 
of >50%. Mean age of patients was 56.7 ± 9.2 years. There was a 
predominance of males 88.9% in the study population.42.6% 
of patients were having hypertension,11.7% were diabetics and 
57.4% patients were current smokers or were consuming tobacco. 
The mean waist circumference was 84.2 ± 9.2 and Body mass index 
was 22.4 ± 3.7. 46.3% patients had chronic stable angina and 52.5 
% of patients had a history of myocardial infarction in the past. 
Table 1 shows the baseline characteristics of the162  patients 
with coronary stenosis >50%.120 patients out of 162 (74%) had 
evidence of coronary collaterals. 62 patients (51.7%) patients 
had intracoronary collaterals ,28 (23.3%) had intracoronary 
and remaining 30 (25%) had both inter and intracoronary 
collaterals. We compared the qualitative and quantitative clinical 

characteristics and risk factors of 162 patients with coronary 
stenosis >50% with and without coronary collaterals mentioned 
in Table 2 and Table 3 There was a significant difference in age, 
sex, BMI, Waist circumference, hypertension, DM, smoking and/
or tobacco consumption, history of chronic stable angina and 
myocardial infarction. There was a significant inverse relationship 
of regional wall motion abnormality with the presence of collaterals 
(p- value>-0.05).

On univariate regression analysis of quantitative clinical 
variables. age, BMI, waist circumference, stable angina class II & III 
did not have any significant association with the grade of coronary 
collaterals (p-<001). Ejection fraction, regional wall motion 
abnormality score, and severity of disease were significantly 
associated with the grade of collaterals (p-value,0.001) Table 
4.  Multivariate regression analysis was done to assess the 
independent predictive value of clinical variables that were found 
to be significant on univariate regression analysis. Only severity 
of disease score was significantly associated with the grade of 
coronary collateral circulation  Table 5.

Table 2: Comparison of qualitative clinical characteristics of patients of coronary artery disease with and without coronary collater-
als.

Clinical Predictor Collateral Circulation
Prevalence RATIO

(95%CI)
p-Value

Present N(%) Absent, N(%)

Gender                                  Males

                                                 Females

110 (76.3)  

10  (55.5)                          

34 (23.7)

8  (44.4)
1.4 (0.9-2.1) 0.06

Hypertension                        yes 
                                                

                                                   No

51  (73.9)

69  (74.2)                             

18 (26.1)

24 925.8)
1.0 (0.8-1.2) 0.97

Diabetes                                  yes

                                                 No

17  (89.5)    

103 (72)                            

2 (10.5)

40 (28)
1.2 (1.0-1.5) 0.1

Tobacco consumption         yes 
                                            

                                                   No

93  (76.2) 

27 (67.5)                             

29 (23.8)

13 (32.5)
1.I (0.9-1.4) 0.27

Stable angina                       yes 
                                          

                                                No

78 (74.3)   

42 (73.7)                            

27 (25.7)

15 (26.3)
1.0 (0.8-1.2) 0.93

Previous  mi                         yes

                                                 No

59 (76.6)     

61 (71.8)                            

18(23.4)

24 (28.2)
1.1 (0.9-1.3) 0.48

Unstable angina                 yes

                                               No

8   (53.3)   

112 (76.2)                             

7 (46.7)

   35 (23.8)
0.7 (0.4-1.1) 0.05

Family history of cad        yes 
                                            

                                                   No

7     (53.8)   

113 (75.8)                                

6  (46.2)

36 (24.2)
0.7(0.4-1.2) 0.08

Rwma                                    yes

                                                 No

49 (87.5)     

38 (60.3)                              

7(12.5)

25  (39.7)
1.5 91.2-1.8) <0.001

Abbreviations; RWMA  regional wall motion abnormality
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Table3: Comparison of qualitative clinical characteristics of patients of coronary artery disease with and without coronary collaterals.

Clinical predictor Collateral Circulation Present Mean±SD Collateral Circulation Absent MEAN ±SD P-value

Age(years) 56.9 ± 8.8 56.2± 10.5 0.7

Body mass index 22.2 ± 3.8 23.2 ±3.5 0.15

Waist Circumference(cms) 83.8 ±9.3 85.4±9.2 0.35

Table 4:  Univariate linear regression analysis of grades of collaterals on quantitative clinical variables.

Variable Regression Coefficient(β1) Correlation coefficient (r) standard Error F-Statistic p-Value.

Age -0.002 0 0.009 0.03 0.86

BMI -0.024 0.01 0.023 1.06 0.3

Waist Circumference -0.006 0 0.009 0.4 0.53

Stable Angina -0.108 0.01 0.073 2.19 0.14

EF -0.032 -0.11 0.008 14.44 <0.001

Severity of cad 0.14 0.3 0.017 68.65 <0.001

RWMA score 0.218 0.16 0.047 1.5 <0.001

Table 5: Multivariate Linear regression analysis of grades of collateral circulation on clinical variables with p-value <0.001 on Uni-
variate linear regression analysis.

Variable Regression Coefficient(β1) Standard Error F-Statistic p-value

Ejection fraction -0.001 0.013 0.01 0.92

RWMA score 0.144 0.077 3.55 0.06

Severity of cad 0.111

Discussion
302 consecutive patients were prospectively studied and 

an attempt was made to assess the association of presence or 
absence of coronary collateral circulation with cardiovascular risk 
factors, the severity of coronary artery disease, left ventricular 
global ejection fraction, and regional wall motion abnormality.162 
coronary angiographic studies of patients with luminal diameter 
stenosis >50% were analyzed for coronary collateral circulation. 
74% of these patients showed evidence of collaterals. Gensini and 
Bruto described collaterals in 37 of 100 coronary angiograms with 
coronary obstruction >50% [16, 17]. Our study showed no relation 
of clinical variables like age, sex, hypertension, diabetes, tobacco 
consumption, obesity, history of chronic stable angina, unstable 
angina, and myocardial infarction. 

Definitive data on the effects of aging on collaterals in humans 
are very limited. Advancing age is considered an important factor 
for impaired collateral formation. Nakae et al have reported that 
the extent of collateral growth is influenced by the age of patients 
and it was significantly lower in the elderly age group [18]. Animal 
data shows collateral rarefaction with increasing age [19]. Aging 
induced eNOS dysfunction, increasing oxidative stress, impaired 
mobilization and progenitor cell functions leading to impaired 
ischemia-induced angiogenesis and reduced myocardial capillary 
density [14], [20-23]. Our study found no relation between aging 
with collaterals. 

 Systemic hypertension is a major cardiovascular risk factor 
and its association with the development of coronary collaterals 
is controversial [11] [24-26]. An increase in myocardial oxygen 
demand in chronic hypertension induces angiogenic responses 
leading to increased recruitment of capillary network [11].Nitric 
oxide plays an important role in the regulation of blood pressure. 
Animal studies showing abnormal bio area activity of nitric oxide 
are associated with impaired angiogenesis.  It has been shown that 
the association of poor angiogenic response to hypertension is 
mediated by nitric oxide rather than elevated blood pressure [27, 
28]. Our study did not find the association of diabetes mellitus with 
the presence or absence of coronary collaterals. Meliodonis et al 
had reported more extensive collaterals in patients with diabetes 
[29]. The majority of studies had shown poor collateral formation 
with diabetes [30-33].The poor development of collateral may be 
due to activation of signal transduction pathways resulting in VEGF 
resistance and downregulation of cellular pathways necessary in 
arteriogenesis [32] [34,35]. Zibeden et al. and Bhat et al also found 
no association of collaterals with diabetes [14] [32].

Smoking is a major risk factor for the development of 
atherosclerotic vascular disease. Animal model studies have 
demonstrated the inhibitory role of smoking extracts on 
angiogenesis [36]. Nicotine has pro-angiogenic effects by increasing 
the NO synthetase and causing proliferation of endothelial cells 
thus increasing capillary network [37,38]. Koerselman et al.  and 

http://dx.doi.org/10.32474/ACR.2021.03.000166
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Bhatt et al showed that smoking was associated with the presence 
of coronary collaterals [12] [32]. Our study showed no correlation 
between smoking with coronary collaterals.

Obesity predisposes to the development of diabetes, 
hypertension, dyslipidemia, and OSA. All these have a strong 
association with CAD. Animal models have shown a reduced 
number of circulating endothelial progenitor cells thus suppressing 
angiogenesis [39]. Studies have shown an increased risk of impaired 
collateral formation with increased BMI. Yilmaz et al showed 
that  BMI > 30 was associated with poor coronary collateral in 
patients with CAD [40]. Bhatt et al also showed increasing BMI was 
associated with the absence of coronary collaterals [32]. Visceral 
adipose tissue is metabolically an active organ and an excess 
level of visceral adipose tissue regardless of BMI is considered an 
independent risk factor for diabetes and atherosclerosis. Visceral 
fat has a strong association with coronary heart disease than BMI. 
Visceral fat index may be a novel predictor for poor coronary 
collateral circulation [41]. Our study did not found an association of 
BMI with collaterals. Tatli et al also found no association of obesity 
with collaterals [42]. The reason for the lack of association could be 
due to the lack of obesity in our study population. The mean BMI 
was just 22.4 ± 3.7 in our subjects.

Hansen et al and  Arzu et al reported patients with  collaterals 
were associated with a higher incidence of chronic stable angina 
and  history of previous myocardial infarction [43-45]. Piek et 
al showed the duration of angina, coronary artery severity, and 
proximal lesion location were positively associated with coronary 
collaterals [46]. Fujista et al showed the presence of pre infarction 
angina occurring more than one week before acute myocardial 
infarction was strongly associated with the development of 
coronary collaterals [44]. The surviving ischemic myocardium may 
stimulate the formation of collaterals. 

Univariate linear regression analysis of grades of coronary 
collaterals with age, BMI, waist circumference and functional 
class of angina did not reveal any significant correlation. However, 
there was a significant positive correlation of collaterals with the 
severity of CAD and regional motion abnormality.  Multivariate 
linear regression found no association of grades of collaterals with 
regional wall motion score There is no doubt that the most potent 
stimulus for collateral growth is triggered by an obstructive lesion 
in the coronary artery. Zoll et al demonstrated the incremental 
stenosis on collateral growth in the autopsy series.[15] Collaterals 
were seen in 63% of patients  in severe obstruction and 95 % of 
patients with complete coronary stenosis in this study. Studies by 
Piek et al and Pohl et al showed the relationship of collateral growth 
with coronary stenosis[46,47] . The observed a higher prevalence 
of collateral circulation with a more high regional wall motion score 
in our study may indicate the presence of more severe coronary 
artery disease and Regional wall motion abnormality could be the 
result of stunned myocardium or irreversible myocardial damage. 
Further assessment of myocardial viability by other tests might have 

given a clear answer. Tandonen et al also showed grade 3 collaterals 
had the highest wall motion score, the grade of coronary collaterals 
had an inverse relationship with left ventricular functions. and 
collaterals had no preventive effect on ventricular functions The 
authors concluded that this may be related to severe CAD in these 
patients [48].
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