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Collateral arteries in the presence of obstructive
coronary disease
S. RAMAMURTHY, S. SHARMA, R. K. KUMAR, M. RAJANI, H. S. WASIR

ABSTRACT
Background. The clinical importance of coronary

collaterals in the presence of obstructive coronary artery
disease is not clearly defined.
Methods. We retrospectively analysed the clinical and

angiographic features of 100 patients with ~90% luminal
diameter stenosis involving at least one major coronary
artery. Coronary collaterals were graded 0 to 4 (Nitzberg's
classification) and studied to determine their influence on
clinical parameters.
Results. Thirty patients had no collaterals (group I) and

70 showed collaterals (group II). There were no significant
differences between groups I and II in age and sex distri-
bution, prevalence of risk factors of coronary artery disease
(hypertension, diabetes, smoking, hypercholesterolaemia),
duration of symptoms of coronary artery disease and prior
myocardial infarction. Groups I and II had similar types (left
anterior descending 73% v. 71%; left circumflex 50% v.
50% and right coronary 37% v. 56%) and numbers of
arteries involved (one 47% v. 41%; two 47% v. 40%; three
7% v. 19%). Group II had a significantly lower prevalence
.of rest angina (14% v. 47%, p=0.002). This difference was
also evident when the patients were re-classified according
to the extent of flow through the collaterals. Those with
good collateralization (Nitzberg grades 3 and 4) had a lower
prevalence of rest angina (13%) compared to those with
poor collateralization (Nitzberg grades 0 to 2; 35%,
p=0.02).
Conclusion. Coronary artery collaterals may reduce

the incidence of rest angina in patients with obstructive
coronary artery disease.
Natl Med J India 1994;7:260-2

INTRODUCTION
The importance of the coronary collateral circulation in
patients with coronary artery disease (CAD) has been a
subject of controversy for many decades. While the existence
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of several coronary collateral pathways has been clearly
demonstrated, I factors influencing their development and
functional significance have not been clarified. Only a few
studies have analysed the clinical features associated with
the angiographic presence or adequacy of the collateral
circulation."? We analysed the coronary collateral circula-
tion in consecutive patients with angiographic evidence of
obstructive CAD to study their clinical importance.

PATIENTS AND METHODS
One hundred consecutive patients with ~90% luminal
diameter stenosis of at least one major vessel were retro-
spectively studied by reviewing their case records. Patients
were excluded if they had left main coronary artery disease
and if they had undergone prior coronary angioplasty or
coronary artery bypass grafting. Coronary angiography was
performed in each of these patients by making contrast
injections selectively into the left and right coronary arteries
in multiple views. Superselective injection into the collateral
arteries was not made in any patient.

The coronary angiograms were analysed by two independent
observers who were blinded to the clinical features.
Whenever there was disagreement between the two observers,
the angiograms were reviewed and a consensus opinion was
recorded. The number of vessels showing >90% stenosis,
the presence or absence of collaterals and the collateral
intensity was recorded. Collateral intensity was gradedfrom
o to 4 as proposed by Nitzberg et al.8

Grade 0 no observed collateral opacification of the distal
vessel

Grade 1 faint (questionable) opacification seen in only one
angiographic projection

Grade 2 mild but definite opacification seen in two or
more angiographic projections

Grade 3 moderate opacification readily observed but not
equal in density to antegrade opacification

Grade 4 rich opacification, equal to that seen by antegrade
flow

Based on the angiographic data, patients were grouped into
two categories-group I without collaterals and group II
with collaterals. The patients were also classified on the
basis of the intensity of collaterals into two groups: those
with poor collateralization (grades 0-2) and those with good
collateralization (grades 3-4).
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The clinical features of all the patients were subsequently
reviewed. These included age, sex, the presence or absence
of risk factors of coronary artery disease (CAD), viz. hyper-
tension, smoking, diabetes mellitus and hypercholesterolaemia
and the manifestations of CAD, viz. the duration of
symptoms, evidence of prior infarction, the type (transmural
or non-transmural) and timing of infarction, and the
presence or absence of rest angina. The presence and
intensity of collateral circulation and the clinical variables
were analysed for possible association. For continuous
variables namely age and duration of symptoms, the un-
paired t-test and the Mann-Whitney Wilcoxon rank sum test
were applied. For dichotomous variables such as sex,
presence or absence of hypertension, diabetes, history of
smoking, hyercholesterolaemia, prior myocardial infarction
and rest angina, the chi-square test was used.

RESULTS

Angiographic observations
Among the 100 angiograms analysed, there was disagree-
ment between the two observers about the degree of stenosis
in two and about the grading of collaterals in four. These
were reviewed and the consensus opinion recorded. In all,
collaterals were absent in 30% (group I) and present in 70%
(group II). There was ~90% stenosis (subtotal or total
occlusion) of the left anterior descending in 72 patients,
collateralized in 50 (69%) patients; of the circumflex in 50,
collateralized in 35 (70%) and of the right coronary artery
in 50, collateralized in 39 (78%). Subtotal or total occlusion
of one, two or three major vesseis was present in 43 (43%),
42 (42%) and 15 (15%) patients respectively.

Correlation of collaterals with clinical variables
Groups I and II did not differ significantly in the type (left
anterior descending, circumflex or right coronary artery) or
number of vessels involved (Fig. 1). These two groups were
compared for clinical variables.
Risk factors for coronary artery disease. There were no

significant differences between the two groups in the age of
patients with collaterals (50±8 years) and without collaterals
(54±8 years; p=0.09) and in their sex distribution (group
I: 24 males, 6 females; group II: 66 males, 4 females) or in
the prevalence of hypertension (group 127% ; group II 33% ),
diabetes (group 113%; group II 13%), smoking habit (group
I 43%; group II 39%) or hypercholesterolaemia (group I
7%; group II 7%).
Manifestations of coronary artery disease. There was no

significant difference between groups I and II in the duration
of symptoms of coronary artery disease (group I 25±30
months; group II 33±44 months), presence or absence of
prior myocardial infarction (group I 47%; group II 53%),
the type of prior infarction (transmural or non-transmural)
or the timing of prior infarction (within 6 weeks or beyond
6 weeks). However, those with collaterals had a lower
prevalence of rest angina (14%) compared to those without
collaterals (47%) (p=0.002). When patients were re-
classified on the basis of intensity of collateralization (poor
collateralization 48; good collateralization 52), a significantly
higher prevalence of rest angina was seen in patients
with poor collaterals (35%) compared to those with good
collaterals (14%; p=0.02). Further analysis showed that
patients with rest angina and patients without rest angina

had a similar distribution of single (42% v. 43%), double
(46% v. 41%) and triple vessel disease (13% v. 16%). The
groups with poor and good collateralization did not differ
significantly in the duration of symptoms (26±22 months v.
20±12 months) or in the prevalence of prior infarction
(50% v. 52%), the type of infarction or the timing of
infarction (Table I).

DISCUSSION
Amongst the clinical variables studied, rest angina was the
only one which had an association with coronary collaterals.
A higher prevalence of rest angina in those patients with
absent or poor collateralization suggests that blood flow
through collaterals may help to ameliorate ischaemia at rest.
Our observation is supported by the results of studies of the
functional significance of coronary collaterals.P-'" These
studies have shown that in the presence of coronary occlu-
sion, collaterals provide perfusion just sufficient to maintain
myocardial viability at rest. Any increase in myocardial
oxygen demand results in impaired myocardial function.
Earlier clinical studies have shown no association between
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FIG 1. Angiographic patterns of coronary artery disease in
patients with and without collaterals. LAD left anterior
descending artery CX circumflex artery RCA right
coronary artery ns p value not significant

TABLEI. Manifestations of coronary artery disease in patients
with and without collaterals

Item Poor collateralization
(n=48)*

Good collateralization
(n=52)*

Duration of symptoms
(in months)

PriorMI
PriorQMI
PriorNQMI
MI <6 weeks ago
MI >6 weeks ago
Angina at rest

26±22 20±12

50%
44%
15%
6.3%
46%

,35%

52%
46%
9.6%
7.7%
48%
13%t

* Poor collateralization: Nitzberg grades 0--2
Good collateralization: Nitzberg grades 3-4

OMI transmural myocardial infarctjon MI myocardial infarction
NOM I non-transmural myocardial infarction
t A statistically significant difference was obtained in only this group (p=O.02)
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coronary collaterals and the severity of angina.v" This could
be because of the small numbers of patients studied or
because comparison of patient groups with and without
collaterals was based on the mean symptom class rather than
the proportion of patients with severe angina. The criteria
of inclusion of patients in one of these studies was 75% or
greater luminal diameter stenosis." In our study, only
patients with >90% stenosis were included because it has
been observed that collaterals rarely, if ever, develop when
the stenosis is <90% .1,2,11,12

We did not find any association between coronary
collateralization and prior myocardial infarction although
previous studies have reported a higher incidence.V This
aspect should be investigated in the territory of an infarct-
related occluded vessel when other vessels are not diseased.
Recently, one such study of 58 patients who had infarcts
involving the territory of the left anterior descending artery
reported that collateral formation may be linked to the
duration of pre-existing angina.'! This suggests that gradually
progressive narrowing of a vessel and the resultant angina
permit development of collaterals which limit myocardial.
damage if total occlusion occurs subsequently. The higher
incidence of collaterals with increasing duration of angina--"
in our study may explain the lack of association of collaterali-
zation with previous infarction in our study. As both groups
had a mean duration of symptoms exceeding 2 years, any
difference between those with and without prior infarc-
tion may have been masked by the long duration of angina
and the small number of patients. The present study did not
include sufficient numbers to determine the influence
of individual risk factors of CAD on the development of
collaterals. However, two other reports, both of which
included large numbers of patients, have shown a positive
association between the prevalence of hypertension and the
presence of collaterals.v?
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We conclude that coronary artery collaterals may reduce
the incidence of rest angina in patients with obstructive
coronary artery disease,
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