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Abstract 

 
Objectives- The aim of this study was to evaluate effects of retrograde filling on the patency of 

significant (high-grade, >90%) coronary arterial stenosis. 
Methods- The basis of our study was a comparison between the first and the second angiography of 

102 patients with at least a 3-month interval between the two angiographies. Seventy-four of 
the patients were male (72.5%) and twenty-eight were female (27.4%). The patients were 
between the ages of 40 and 75, and the mean patient age was 61. Patients were not classified in 
order of risk factors, and none of them had diabetes mellitus. All 102 patients were classified in 
two groups (A and B) in regard to the presence or absence of retrograde filling. Group A (34 
patients) consisted of patients with retrograde flow of grade 3 (complete perfusion) or 2 
(partial collateral flow), whereas patients with retrograde filling grade 1(barely detectable 
collateral flow) or 0 (no collateral flow) were put into group B (68 patients). 

Results- In the second angiography, total occlusion occurred in the target vessels of 30 patients 
(88.24%) in group A and 12 patients (17.65%) in group B. Ninety percent occlusion and 
existence of antegrade flow was seen in 4 (11.76%) and 56 (82.35%) patients of group A and 
B, respectively. Results were analyzed through a Chi-square test. Total occlusion occurred in 
the patients with retrograde collateral flow significantly more than in patients without 
retrograde collateral vessels. (P=0.001). 

Conclusion- As the severity of obstruction leads to retrograde collateral development, significant 
retrograde collaterals cause earlier total vessel occlusion (Iranian Heart Journal 2007; 8 (2): 
30-34). 
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 drop in post-stenotic pressure caused by 
flow-limiting stenosis is known to 

stimulate the development of collateral 
circulation from other coronary artery beds.1  
The supply of collateral (vascular channels 
that interconnect to the epicardial artery) 
blood flow increases post-stenotic pressure, 
thus improving the coronary flow reserve and 
increasing the ischemic threshold.2 

 
 
 
 

Preexisting collaterals are thin-walled 
structures ranging in diameter from 20 to 200 
(μm).3  
Since no pressure gradient exists between the 
arteries which collaterals connect, they are 
normally closed and non-functional. The 
transformation of preexisting collaterals into 
mature collaterals is called arteriogenesis. This 
occurs in three stages:4,5  
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The initial stage, i.e. the first 24 hours, 
involves a passive widening of the preexisting 
channels. The second stage, i.e. 1 day to 3 
weeks, is characterized by inflammation and 
cellular proliferation. The third stage of 
collateral maturation, i.e. 3 weeks to 6 
months, involves the thickening of vessel walls 
due to deposits of extra cellular matrix and 
further cellular proliferation.4-6 

Collateral blood flow may also develop by 
vessel neoformation, but in dogs this 
mechanism contributes only less than 5 
percent of total collateral flow.2 

Blood flow through these anastomoses begins 
as a consequence of the flow-limiting stenosis 
when a pressure gradient develops between 
their origin and termination.2  
 

Methods 
 
Initially, we found changes in the antegrade 
flow of stenotic vessels in patients with 
coronary artery disease who had been referred 
for percutaneous coronary intervention (PCI). 
Those changes persuaded us to focus more on 
the flow of stenotic arteries and presence of 
collaterals (retrograde filling). 
102 patients, who had been referred for 
angioplasty to the catheterization lab of Imam 
Reza (A.S.) Hospital (http://www.erh.ir) in 
Mashhad, Iran were studied. Seventy-four of 
the patients were male (72.5 %) and twenty-
eight were female (27.4 %), the male to 
female ratio being 2.64/1. Patients were 
between ages of 40 and 75, and the mean 
patient age was 61. Cases were chosen 
completely randomly, so they were not 
classified in order of risk factors. Suffering 
from single-vessel disease (SVD) with a 
patency of at least 90%, they had been 
referred between the years 2003 to 2005.  
Demographic data are shown in Table I. Our 
study was performed regardless of the type of 
stenotic vessels, sex and age. Because of the 
profound impact of diabetes mellitus on 
collateral perfusion, diabetic cases were 
excluded from our study. The patients did not 

have any history of PCI or coronary artery 
bypass graft surgery (CABG). They did not 
have left main disease or multi-vessel diseases, 
and they had at least 90 percent stenotic 
lesions.  
These patients had been candidates for PTCA 
(percutaneous transluminal coronary 
angioplasty) in the previous 3 months, and had 
no acute coronary events during these 3 
months. The patients had been treated with β-
blockers, nitrates, ticlopidine and aspirin. They 
underwent angiography again and PTCA was 
done at the same time. Although most patients 
were referred during the first month (73 
patients), 29 patients were referred during the 
second and third months from the first 
angiography. Our study was based on the 
comparison between the first angiography and 
the second one. All of the patients were 
evaluated and labeled according to the 
presence of collateral vessels. 
Our coronary collateral grading consisted of a 
classification system.7  Patients who had 
complete perfusion or partial collateral flow 
and in whom contrast material entered the 
target epicardial vessel in the angiographic 
study and opacified the vessel completely 
(grade 3) or partially (grade 2) were put into 
grade 3 (excellent collateral flow) and grade 2 
(good collateral flow), respectively. Patients 
with poor collateral flow were put into grade 
1. They had barely detectable collateral flow 
and contrast medium passed through collateral 
channels but failed to opacify the epicardial 
vessel at any time. Patients without any 
contrast flow and no visible flow were 
classified in grade 0. No collateral vessels 
were seen in the patients of this group (Table 
I). 
 
Table I. Demographic data of the 102 cases who 
underwent angiography. 
 

Sex Age Coronary artery 
Interval to second 

angiography 

m/f 40-60/ 60-75 LAD/ LCX /RCA 1st mo / > 1st mo 

74/ 28 34/28 61/11/30 73/29 

http://www.erh.ir
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In the second angiography, we evaluated and 
compared the presence of collateral vessels 
(retrograde filling) with the amount of 
antegrade flow observed. 
 

Results 
 

Thirty-four of the 102 patients who had been 
referred with severe stenotic lesions (90% or 
more) for PCI, had significant collateral 
vessels (Grade 2 or 3) and retrograde filling of 
epicardial vessel in the first angiographic study 
(called group A). The other 68 patients had 
severe stenotic lesions and near total 
occlusion, but collateral vessels did not 
develop and no retrograde filling of epicardial 
vessels was observed (Grade 0 or 1). We 
called this group of 68 patients group B 
(Table II). 
 
Table II. Perfusion grading distal to coronary 
stenosis. 

 
In the second angiographic study performed 
less than 3 months after the first one, total 
occlusion occurred in 30 patients (88.24%) of 
group A, but only 4 patients (11.76%) of this 
group showed 90% occlusion and antegrade 
flow of the target artery; and the target lesion 
was unchanged. In group B, total occlusion 

occurred in only 12 patients (17.65%). Ninety 
percent (90%) occlusion and existence of 
antegrade flow of coronary artery was seen in 
56 patients (82.35%). Total occlusion 
occurred most often in patients with 
retrograde collateral flow - 88.24% vs. 17.65 
% (P=0.001). 
 
Statistical Analysis 
 
Results were analyzed via a Chi-square test. 
Expected values were obtained for both 
groups through the test (Table III).  
 
 
 
Table III.  Degree of occlusion in 102 patients 
classified into groups A and B with regard to the 
presence or absence of collaterals. 
 
 

 
Measuring Chi-square total value, we used the 
Chi formula, shown below: 
X2 (Chi-square) = (Observed - Expected) 2 / 
Expected  
Through the formula, the total value turned 
out to be 46.63 (Table IV). On the basis of 
Chi-square, P value was 0.001. 
 
 
 
Table IV. Expected values obtained by Chi-Square 
test. 
 

Grade TIMI Collateral  
Flow 

Rentrop 
Collateral 

Grade 

 
3 

 
Prompt antegrade 

flow and 
rapid clearing 

 

Excellent 
 

Complete 
perfusion 

 
2 
 

 
Slow distal filling, 

but full 
opacification of 

distal vessel 

Good 
 

Partial 
collateral flow 

 
 
1 

 
Small amount of 

flow but incomplete 
opacification of 

distal vessel 

Poor 

 
Barley 

detectable 
collateral flow 

 
 
0 
 
 

No contrast flow 
 

No visible 
flow 

 
No collateral 

flow 

with collateral 
Group A 

without collateral 
Group B total 

total occlusion 30 12 42 

90% occlusion 4 56 60 

total 34 68 102 

with collateral 
Group A 

without collateral 
Group B 

total occlusion 18.29 9.14 

90% occlusion 12.8 6.4 
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Table V. Chi-Square test values in detail. Chi-
square total value of 46.63 was obtained, so P value 
of 0.001 was calculated. 

 

 
 

Discussion 
 

There are several mechanisms which are said 
to be responsible for promoting collateral 
growth. It seems that shear stress or 
mechanical forces determine the size of 
collateral channels in the early minutes and 
hours.8 It is also thought that inflammation 
induces activation of inflammatory cells and is 
a rich source of growth factors for the 
development of coronary collateral vessels.9  
There are more than 15 growth factors that 
stimulate collateral growth.10,11 Among these 
known growth factors, VEGF (vascular 
endothelial growth factor) and FGF (fibroblast 
growth factor) are believed to play the most 
important roles in in-vivo studies.11,12  
Tissue hypoxia is associated with regulation of 
VEGF.13,14 Severity of the obstruction is a 
critical determinant of the development of 
coronary collateral channels in patients.  
Coronary collaterals do not develop until a 
coronary stenosis of at least 70 percent 
diameter narrowing is present. Beyond this 
threshold value, the growth of collateral 
channels is directly related to the severity of 
stenosis.15  
Patients with coronary risk factors such as 
diabetes mellitus have an impaired ability to 
develop collateral blood vessels.16 

Our results demonstrated two observations:  
(1) Probability of total vessel stenosis in the 
presence of retrograde collaterals during the 
maximum period of three months could be 

forecast, and (2) Presence of retrograde 
collaterals with grade 3 will accelerate the 
vessel occlusion.  
Patients with severe coronary artery disease 
are varied in terms of collateral growth and 
collateral blood flow; however, it is not 
entirely clear why some patients develop 
effective collateral vessels distal to a severe 
stenosis and others do not, though it is said 
that the causes of these individual differences 
in coronary collateral circulation are likely to 
be related to genetic factors.17  Presence of 
high-grade collaterals will accelerate 
atherosclerosis and will lead to total vessel 
occlusion.  
According to what is said above, patients with 
90 percent stenosis and high flow collaterals 
(Grade 3) after a maximum of 3 months had 
total occlusion (P=0.001). Contrary to these 
findings, in patients with 90 percent stenosis 
and low-grade collaterals after 3 months, 
antegrade flow was present.  
It seems that VEGF, which increases 
secondarily to the severe stenosis, causes the 
progression of atherosclerosis in severe 
stenotic vessels. VEGF, which is injected 
intra-coronary for angiogenesis or increases 
naturally and secondarily to hypoxia and 
severe stenosis, will accelerate and amplify the 
atherosclerosis phenomenon and promote 
atherosclerotic plaque.14 Collateral presence 
will reduce repeated ischemia in patients.17 

According to the relationship between the 
accelerating atherosclerosis phenomenon and 
atheroma plaque development and the 
presence of collaterals, it seems that there is a 
relation between collateral growth and severe 
obstruction of the coronary artery, which is 
followed by post-stenotic pressure decrease.  
 

 
 

Conclusion 
 
In severe coronary artery disease, i.e. patients 
with at least 90 percent obstruction of one 
vessel, the presence of collaterals (retrograde 

with collateral 
Group A 

without 
collateral 
Group B 

total 

total occlusion 14 28 42 

90% occlusion 20 40 60 

total 34 68 102 
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filling) will cause total obstruction of the 
vessel in at least 3 months. 
Conversely, in the absence of collaterals, after 
3 months the antegrade flow was still present. 
As the severity of stenosis has an effect on the 
collateral growth, the presence and quick 
development of collaterals will accelerate 
coronary artery occlusion (P=0.001).  
These findings were observed regardless of the 
type of vessel, sex and age of the patients, and 
we did not consider major coronary risk 
factors. None of the patients had diabetes 
mellitus. We highly recommend another study 
in regard to type of involved vessel, sex, age 
and risk factors to determine effects of these 
factors especially diabetes on collateral 
vessels. 
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