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Abstract

Background: Previous studies showed conflicting results about the 
contribution of coronary collateral circulation (CCC) to myocardial 
perfusion and function. The aim of this study was to investigate these 
contradictory problems by gated myocardial perfusion scintigraphy 
(gated MPS) for the first time.

Methods: The current cohort was retrospectively selected among pa-
tients who underwent gated MPS and coronary angiography within 2 
months. Two different groups including 96 patients were assessed by 
gated MPS to detect the understanding of the miscellaneous effect of 
CCC on myocardial perfusion. Group 1 consisted of those who had 
collateral arteries that were not-well-developed (Rentrop grade 0 - 1) 
(n = 58), while group 2 consisted of those who had collateral arteries 
that were well-developed (Rentrop grade 2 - 3) (n = 38).

Results: There was no statistically significant difference between 
groups 1 and 2 in terms of perfusion and functional parameters ob-
tained from gated MPS. Furthermore, no statistically significant dif-
ference was found in the phase analysis parameters which is a novel 
technique to evaluate left ventricular synchronization. On the other 
hand the left ventricular mass index values were high and quite close 
to the statistically significant value (P = 0.059) in group 2.

Conclusions: The current results that obtained by using the gated 
MPS technique for the first time in the evaluation of CCC showed 
that the well-developed collateral circulation has a positive effect on 
myocardial perfusion and function, but this effect was not statistically 
significant. Results need to be supported by large scale of patients’ 
size.

Keywords: Coronary collateral circulation; Myocardial perfusion 
scintigraphy; Gated; Phase analysis; Myocardial function

Introduction

Coronary collateral circulation (CCC) is a natural anastomosis 
develops as a consequence of severe stenosis or total coronary 
occlusion in normal coronary circulation [1-3]. The presence 
of different degrees of collateral circulation in patients with 
similar levels of coronary artery disease suggests that this im-
portant phenomenon is developed by complex mechanisms [4, 
5]. Evaluation and grading of CCC depend mainly on invasive 
procedures such as coronary angiography [6-8]. It is gener-
ally thought that the presence of CCC will protect myocardial 
perfusion and thus prevent ischemia and infarction. Although 
there are clinical studies showing that the presence of CCC 
preserves the function of the ventricular and reduce the sever-
ity of ischemia and infarction, there are also studies claiming 
the opposite. Therefore a discussion is still ongoing on this 
subject [2, 9, 10]. Based on this, we aimed to examine the con-
tribution of CCC to myocardial perfusion and function with 
gated myocardial perfusion scintigraphy (gated MPS). Gated 
MPS is a technique in which left ventricular perfusion, motion 
and synchronization can be evaluated simultaneously. For this 
reason, the present study was undertaken to examine the effect 
of coronary collateral presence on left ventricular perfusion, 
motion and synchronization parameters.

Materials and Methods

Patient population and protocols

The study patients were retrospectively selected who under-
went myocardial perfusion imaging and coronary angiography 
within 2 months, between 2018 and 2020. Only the patients 
with proximal stenosis ≥ 80% in one or more major coronary 
artery were included in the study. Retrospective cohort study 
consisted of 96 patients, 69 of which were men and 27 of which 
were women (mean age of 63.12 ± 10.77 years). Patients with 
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ejection fraction (EF) ≤ 40%, organic valvular heart disease, 
acute decompensated heart failure, coronary artery bypass 
grafting surgery and permanent pacemakers were excluded 
from the study. Patients who did not take nitroglycerin during 
coronary angiography and MPS were included in the study.

The population were divided into two groups; group 1 
consisted of those who had collateral arteries that were not-
well-developed (Rentrop grade 0 - 1) (n = 58), while group 2 
consisted of those who had collateral arteries that were well-
developed (Rentrop grade 2 - 3) (n = 38). Also the patients 
were divided into three subgroups on the basis of coronary ar-
tery types. The MPS studies of all of the selected patients were 
reprocessed. The clinical characteristics of population and the 
risk factors for coronary artery disease are given in Table 1.

Written informed consents were obtained from all pa-
tients for the MPS imaging. For this study, necessary approv-
als were received from the local ethics committee (number: 
2011-KAEK-27/2019-E.1900102612; date: January 20, 2019). 
All experiments have been performed in accordance with the 
ethical standards laid down in the 1964 Declaration of Helsinki.

MPS

A stress-rest same-day protocol was performed. For the rest 
studies, 8 to 10 mCi of Tc-99m methoxy-isobutyl-isonitrile 

(sestamibi) was injected and imaging was performed for 40 
min to 1 h. After 3 - 4 h rest imaging, 24 - 30 mCi of Tc-99m 
sestamibi was administered at peak exercise, and imaging was 
performed for 30 min to 1 h. Adenosine (140 µg/kg/6 min) or 
treadmill (Bruce protocol) exercise was used for the myocar-
dial perfusion imaging. Gated MPS was acquired in the supine 
position using a double-head gamma camera (Infinia, General 
Electric Medical Systems, MN, USA), which uses 64 × 64 
matrix and 30 projections. The acquisitions were re-analyzed 
and semiquantitative analysis was performed using automatic-
processing software for Quantitative Perfusion single-photon 
emission computerized tomography (SPECT) (QPS), Quan-
titative Gated SPECT (QGS) and Emory Cardiac Toolbox 
(ECTb). The SPECT images were analyzed qualitatively and 
quantitatively by two nuclear medicine specialists.

Quantitative interpretation with QPS and QGS software

The summed stress score (SSS), summed rest score (SRS) and 
summed difference score (SDS) were automatically calculated 
with QPS program. SDS is the difference between the SSS 
and the SRS, which represents the amount of ischemia (< 2: 
absence of ischemia; 2 - 4: mild ischemia; 5 - 8: moderate is-
chemia; and > 8: severe ischemia).

The summed motion score (SMS) and EF were obtained 

Table 1.  Demographic and Clinical Parameters of Groups

Clinical characteristics
Patients cohort (n = 96)

P value
Not-well-developed collateral group (n = 58) Well-developed collateral group (n = 38)

The mean age (years) 64.05 ± 10.13 61.71 ± 11.69 0.300
Gender, n (%)
  Male 41 (70.7) 28 (73.7) 0.750
  Female 17 (29.3) 10 (26.3)
Body mass index (kg/m2) 28.14 ± 4.31 29.34 ± 4.76 0.211
Comorbidities
  Diabetes mellitus, n (%) 29 (50.0) 11 (28.9) 0.041*
  Hypertension, n (%) 23 (39.7) 15 (39.5) 0.986
  Hyperlipidemia, n (%) 33 (57.9) 20 (52.6) 0.613
  Smoking, n (%) 28 (48.3) 19 (50.0) 0.869
  Family history of CAD, n (%) 32 (55.2) 24 (63.2) 0.438
Cardiac drugs
  Antihypertensive 23 (39.7) 15 (39.5) 0.986
  Beta blocker 50 (86.2) 31 (81.5) 0.516
  Vasodilators 18 (31.0) 11 (28.9) 0.828
Coronary angiography
  Rentrop 0 (n) 52 -
  Rentrop 1 (n) 6 -
  Rentrop 2 (n) - 24
  Rentrop 3 (n) - 14

*P < 0.05. CAD: coronary artery disease.
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by automated QGS software. The SMS shows myocardial 
functional movements (0 = normal, 1 = mild hypokinesia, 2 
= moderate hypokinesia, 3 = severe hypokinesia, 4 = akinesia 
and 5 = dyskinesia).

The 17-segment model of the left ventricle (LV) was used 
for the quantitative scoring of myocardial perfusion and func-
tion. The values for all of the segments are summed, giving a 
total, SSS, SDS and SMS of 68 for the 17-segment model.

Phase analysis with ECTb software

The transient ischemic dilation (TID) values were calculated 
using an ECTb program. TID is defined as the apparent pres-
ence of left ventricular dilation on post stress images in com-
parison to the rest images. Patients with a TID ratio (stress/
rest) > 0.98 are considered to be at high risk in terms of cardio-
vascular incidents.

The left ventricular mass values were automatically calcu-
lated using an ECTb program. The LV mass index (LVMI) was 
obtained by dividing LVM by body surface area (BSA) (LVM/
BSA, g/m2). BSA was calculated using the following formula: 
BSA = 0.6 × height (m) + 0.0128 × weight (kg) - 0.1529 [11].

Also the phase analysis parameters were automatically 
calculated using an ECTb program [12, 13]. Three-dimen-
sional count distributions were extracted from each of the LV 
short-axis images, and were subject to first order Fourier trans-
formation to generation, as three-dimensional phase distribu-
tion (0° - 360° or 0-100% RR interval) spanning the entire RR 
cycle and displayed on a histogram plot. Three quantitative 
indices were derived from the phase analysis: 1) peak phase 
(PP), 2) phase standard deviation (PSD), 3) phase histogram 
bandwidth (PHB). These parameters were used to assess the 
synchrony of myocardial contraction.

Coronary angiography and coronary collateral grading

The angiographic images of patients were evaluated retro-
spectively. The degree of coronary stenosis and the Rentrop 
grade of collateral circulation were evaluated by two specialist 
cardiologists, who did not know the clinical characteristics of 
the patients. A Rentrop scoring system was used to describe 
collateral circulation, in which 0 = no collateral vessels, 1 = 
poorly opacified collateral vessels without visualization of 
the epicardial artery, 2 = partial filling of the epicardium by 
collateral vessels, and 3 = complete filling of the epicardium 
by collateral vessels [12]. The collateral circulation was then 
divided into two groups for data analysis: group 1 was deter-
mined as the no or poor collateral circulation group (grade 0 
- 1), and group 2 was determined as the good collateral circula-
tion group (grade 2 - 3).

Statistical analysis

Statistical Package for the Social Sciences (SPSS) version 20.0 
was used to perform all statistical analyses, and continuous 

data were given as mean ± SD. A paired t-test is used to com-
pare two population mean values. After analyzing the normal-
ity, Student’s t-test or Mann-Whitney U test was used to test 
the differences between the groups in continuous variables. 
Pearson’s Chi-square tests were used to test for the distribution 
of variables. P values below 0.05 were regarded as statistically 
significant.

Results

The study population of the present study consisted of 96 
patients, 58 who had not well-developed collateral arteries 
(group 1), and 38 who had well-developed collateral arteries 
(group 2). The demographic characteristics of the case groups 
are summarized in Table 1. Twenty-seven of the patients were 
female (28.1%) while 69 were male (71.9%). The median pa-
tient age was 61.13 ± 10.77 years (range: 34 - 81). Diabetes 
was more prevalent in group 1 compared to group 2 (50% vs. 
28.9%, P = 0.041). There were no differences in other clinical 
characteristics such as age, sex, body mass index, hyperten-
sion, hyperlipidemia, smoking and family history of coronary 
artery disease (Table1).

The variables regarding gated MPS images and coronary 
angiography are summarized in Tables 2 and 3. The QPS, QGS 
and ECTb values obtained from both groups were statistically 
analyzed to determine the effect of collateral circulation pres-
ence on myocardial perfusion and function. In addition, to 
better understand the real impact of collateral presence, col-
lateralized and non-collateralized subgroups were formed in 
left artery descending (LAD), circumflex artery (CX) and 
right coronary artery (RCA). The QPS, QGS and ECTb values 
of these subgroups were also analyzed in terms of statistical 
meaning. The results obtained from the study were as follows:

Firstly, there was no significant difference between the 
two groups in terms of SSS, SDS, values, which are indica-
tors of ischemia and infarction. No significant difference was 
found in SMS values which are left ventricular function pa-
rameters. There were also no differences in the SSS, SDS and 
SMS values of the coronary artery subgroups. However, even 
though the data were not statistically significant, it was ob-
served that the SSS, SDS and SMS values of group-subgroups 
2 were better than group-subgroups 1. This results show that 
CCC had a positive effect on perfusion and movement in the 
related myocardial area.

Second, stress EF percentage values were examined in 
both groups and subgroups. The EF values were higher in 
group 2 and subgroups of 2. However, this difference was not 
statistically significant (Tables 2 and 3). This result indicates 
that the myocardial contraction was partially better preserved 
in the presence of coronary collaterals.

Third, although TID ratio (stress/rest), which is consid-
ered as an indicator of transient ischemia during stress, was 
lower in group 2 and subgroups of 2, statistical significance 
was not determined in either of the groups or subgroups (Ta-
bles 2 and 3).

Fourth, the left ventricular mass values obtained from 
gamma camera were significantly higher in group 2 compared 
to group 1 (P = 0.011). The calculated left ventricular mass 
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index values were high in group 2 and quite close to the statis-
tically significant value (P = 0.059).

Lastly, when the phase analysis parameters (PP, PSD, 
PHB) obtained from the groups were compared, it was deter-
mined that even though the values in group 2 were closer to 
normal values, there were no statistically significant difference 
in the PP, PSD and PHB values (Table 2). Likewise, although 
these values were closer to normal in the subgroups of 2, there 
was no significant difference between the subgroups regarding 
the PP, PSD, and PHB values (Table 3).

An example of patient is given in Figure 1. RCA with 
100% total stenosis and Rentrop 3 collateral flow to the RCA 
from LAD were observed in the angiography technique (Fig. 
1a). However in the gated MPS examination the partial positive 
effect of Rentrop 3 collaterals was observed in the myocardial 
area of RCA (inferior, inferoseptal walls). Myocardial perfusion 
bull’s eye image of same patient shows infarction + minimal 
ischemia on the inferior and inferoseptal walls (Fig. 1b).

Discussion

In this study the relationship between CCC and left ventricular 
perfusion, function and synchronization parameters obtained 
from gated MPS was investigated. No significant statisti-
cal difference was found between the groups or subgroups in 
terms of all MPS parameters representing perfusion and func-
tion (SSS, SDS, SMS, EF, TID) and synchronization (phase 
analysis) indices. Only left ventricular masses were signifi-
cantly higher in group 2 compared to group 1.

CCC is defined as potential vessel structures that develop 
as a chronic response between sections of the same coronary 
artery or between different coronary arteries when a severe ste-
nosis or complete obstruction occurs in the heart and disrupts 

blood flow. Many studies have been conducted to understand 
the mechanism of collateral vessel network development [4, 
14]. Previously, it was thought that all coronary collateral ves-
sels already existed and functioned by opening in cases when 
needed [6, 15, 16]. Today, the development of coronary collat-
eral vessels in the human heart has been shown to be the for-
mation of new vessels (angiogenesis) by budding capillaries 
from existing blood vessels, as well as arteriogenesis result-
ing from the enlargement and maturation of the anastomosis 
channels present between the coronary arteries [4, 17, 18]. The 
development of CCC is a complex process that is influenced 
by many factors, and the debate on the formation mechanisms 
and effects is still ongoing [19-22]. In addition, therapeutic 
angiogenesis studies aimed at increasing the development of 
CCC have become a popular research area. Studies with cy-
tokine, stem cell and gene therapies that are effective on CCC 
development are still ongoing and showing promising results 
on animal models [5, 23, 24].

On the other hand, it is also important to understand the 
effects of CCC presence on left ventricular perfusion and 
function. While there are studies reporting that CCC preserves 
myocardial perfusion and function and contributes to survival, 
there are also studies reporting that it does not have as impor-
tant contribution as expected [2, 25, 26]. For example, Ajayi 
et al studied patients with total occlusion of a coronary artery 
and reported that left ventricular function and EF value were 
significantly higher in patients who had developed well-func-
tioning coronary collaterals [27]. In a study investigating the 
effects of CCC on left ventricular perfusion and function, it 
was stated that well-developed coronary collaterals reduced 
left ventricular dysfunction, infarct size, and mortality [16]. In 
their study Malek et al determined that myocardial segments 
supplied by chronic total occlusion with good collaterals were 
less inclined to inducible ischemia and were less likely to un-

Table 2.  The Statistics of Myocardial Perfusion Scintigraphy Findings in the Current Patients

Myocardial perfusion gated 
SPECT imaging parameters

Patients cohort (n = 96)
P valueNot-well-developed col-

lateral group (n = 58)
Well-developed collat-
eral group (n = 38)

QPS and QGS
  SSS = perfusion damage score 14.16 ± 6.41 15.03 ± 6.96 0.531
  SDS = ischemia score 7.29 ± 3.26 7.63 ± 3.59 0.634
  SMS = motion damage score 11.78 ± 6.47 11.84 ± 7.89 0.964
  Stress EF (%) 53.21 ± 5.63 54.05 ± 6.31 0.495
  Left ventricular mass (g) 128.32 ± 17.65 137.18 ± 14.36 0.011*
  Left ventricular mass index (g/m2) 68.96 ± 10.29 73.08 ± 10.40 0.059
  TID 1.11 ± 0.17 1.06 ± 0.13 0.158
Phase analysis (desynchronization scores)
  PP 147.05 ± 24.19 138.55 ± 20.00 0.075
  PSD 35.07 ± 16.57 28.53 ± 15.08 0.053
  PHB 69.82 ± 34.22 57.56 ± 29.55 0.074

*P < 0.05. SPECT: single-photon emission computerized tomography; QPS: Quantitative Perfusion SPECT; QGS: Quantitative Gated SPECT; SSS: 
summed stress score; SDS: summed difference score; SMS: summed motion score; EF: ejection fraction; TID: transient ischemic dilation; PP: peak 
phase; PSD: phase standard deviation; PHB: phase histogram bandwidth.
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dergo myocardial infarction [28].
However, there are also studies stating that good collateral 

development does not contribute to myocardial perfusion and 
viability. Aboul-Enein et al conducted a study on groups of pa-
tients with well-developed collateral and not-well-developed 
collateral, and reported that there was no significant difference 
between post-stress myocardial perfusions in either group in 
MPS [29]. Moreover, in a study in which the effect of collat-
eral presence on myocardial viability in patients with chronic 
total occluded coronary arteries was investigated with 18F-
fluorodeoxyglucose positron emission tomography/computed 
tomography (FDG PET/CT), it was reported that CCC had no 
contribution to myocardial viability [30].

In another study myocardial blood flow and coronary flow 
reserve measurements were performed with PET in patients 
with high EF levels and good CCC, and the results suggested 
that collateral function during increased blood flow require-
ment in viable myocardium was mostly unsatisfactory [31]. 
In addition, Hasanovic et al confirmed these results in their 
study as they reported that the effective angiographic collater-
als may prevent resting regional wall motion abnormalities, 
but do not appear to protect against stress-induced perfusion 
defect [32]. Similar to the results of this perfusion and viabil-
ity study, in the present study, perfusion and function param-
eters were partially preserved in group 2 although they were 
not statistically significant. In a study conducted by Cetin et 
al it was suggested that left ventricular hypertrophy increases 
CCC development [33]. According to the results of the present 
study, left ventricular mass values were significantly higher in 
group 2 compared to group 1, and left ventricular mass index 
values were found to be high and very close to the statistical 
significance. Although this significant result was not obtained 
in the subgroups, it was thought that this might be due to the 

insufficient number of patients in the subgroups.
As previously reported in many studies, the results of the 

present study also show that the presence of diabetes mellitus 
(DM) is a negative factor for coronary collateral development 
[34, 35].

The present study also compared left ventricular dyssyn-
chrony parameters obtained from myocardial perfusion imag-
ing between groups. Even though three quantitative param-
eters, namely PP, PSD, PHB, were reproduced from the phase 
analysis, only the PSD and PHB parameters could be used to 
determine mechanical dyssynchrony. Hence, high phase PSD 
and PHB values remark higher degrees of mechanical dys-
synchrony [36]. The present study indicated that the PSD and 
PHB values were higher in group 1 than in group 2; however 
the differences were not statistically significant (Tables 2 and 
3). This result confirms that the presence of CCC, although 
not statistically significant, reduces the level of dyssynchrony.

Limitations of the study

The major limitation of this study was the small population 
size. This study needs to be confirmed by a larger scale of stud-
ies to be conducted for the advanced clarifying of effect of 
CCC on myocardial perfusion and function. It was thought that 
statistically significant results could be obtained if the study 
could be expanded with larger patient series.

Conclusions

Our study results showed that the well-developed collateral 

Figure 1. An example of patient. (a) Proximal right RCA with 100% total stenosis (blue arrow) and Rentrop 3 collateral flow to the 
RCA from LAD (red arrow). (b) Myocardial perfusion bull’s eye image of the same patient shows infarction and minimal ischemia 
on the inferior wall (yellow arrows). LAD: left artery descending; RCA: right coronary artery.
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circulation has a positive but statistically insignificant effect 
on myocardial perfusion, function and synchronization. Re-
sults need to be supported by large scale of patients’ size.
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