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ABSTRACT

Background: Coronary collateral circulation (CCC) is a 
small vascular formation that allows the connection between 
the different parts of an epicardial vessel or other vessels. 
The presence of collateral circulation contributes positively 
to the course of coronary artery disease (CAD). The aim of 
this study was to investigate the effect of collateral circulation 
on myocardial injury and clinical outcomes during coronary 
artery bypass grafting (CABG) in a high-risk patient group.

Methods: 386 patients who underwent isolated CABG 
under cardiopulmonary bypass (CPB) were included in the 
study. Patients were divided into two groups according to the 
Rentrop scores (n = 225 poor CCC group; and n = 161 good 
CCC group). Myocardial injury and postoperative clinical 
results were evaluated as endpoints.

Results: The mean age was 62.9 ± 7.5 years, and 61.6% 
of all patients were male. Postoperative 30-day mortality 
rate was significantly higher in poor CCC group (4 [1.7%] 
and 1 [0.6%], P < .001). The frequency of postoperative 
intraaortic balloon pump (IABP) use (5 [2.2%] and 1 [0.6%],  
P < .001), low cardiac output syndrome (LCOS) (28 [12.4%] 
and 10 [6.2%], P < .001) and postoperative atrial fibrilla-
tion (35 [15.6%] and 16 [9.9%], P = .038) were significantly 
higher in poor CCC group. 12th and 24th hour CK-MB 
and cTn-I values were found to be significantly lower in the 
good CCC group.

Conclusion: It is inevitable that the CPB circuit and oper-
ation have devastating effects on myocardium in CABG oper-
ations. The presence of CCC reduces postoperative myocar-
dial injury, low cardiac output syndrome, and mortality rates.

INTRODUCTION

Any cardiac surgery performed under cardiopulmonary 
bypass (CPB), including coronary artery bypass grafting 
surgery (CABG), is associated with cardiac cell damage to 
a certain extent, regardless of how it is performed. Myocar-
dial damage caused by the created and controlled ischemia-
reperfusion periods during operation is one of the important 

causes of postoperative morbidity and mortality. Especially 
in CABG, the severity of coronary disease, incomplete revas-
cularization, recent myocardial infarction, and early graft 
occlusions are the possible causes of myocardial injury. Sys-
temic and topical hypothermia is used to minimize the energy 
consumption of tissues and therefore to minimize myocar-
dial damage when under CPB. In addition, before the coro-
nary anastomosis and immediately after the placement of the 
cross-clamp, antegrade and/or retrograde given cardioplegia 
provides myocardial diastolic arrest and transfers the compo-
nents which the tissue needs through the coronary circulation 
to the cells.  Thus, minimizing the oxygen consumption and 
consequently keeping the cardiac necrosis at the minimum 
level are the aims. Although minimizing this damage caused 
by the innovative methods is the goal, the distribution of the 
cardioplegia solutions may not be possible towards the heart 
tissue due to the nature of coronary artery disease (CAD). In 
this case, cardioplegia solutions cannot efficiently achieve the 
desired effect on the myocardium. Cardiac troponin I (cTnI) 
and creatine kinase-myocardial band fraction (CK-MB) are 
frequently preferred laboratory tests to detect damage in the 
myocardial tissue [Aldous 2013; Adabag 2007].

Coronary collateral circulation (CCC) is an important 
adaptive mechanism for the protection from the ischemic 
myocardium. Morbidity and mortality are known to be lower 
in CAD patients with a well-developed CCC [Meier 2007]. 
We believe that this collateral system may have a significant 
effect on the preservation of vitality and function of myocar-
dial tissue during coronary artery surgery. 

The aim of this study is to evaluate the relationship 
between preoperatively evaluated CCC, and postoperative 
myocardial injury and clinical outcomes in high-risk patients 
who underwent CABG operation.

MATERIALS AND METHODS

The data of 1318 patients who underwent isolated CABG 
operation under CPB due to CAD between 2014-2018 were 
analyzed. Among these patients, preoperative, intraoperative, 
and postoperative data of 435 patients who were found to 
be at high risk by the reference to the European System for 
Cardiac Operational Risk Assessment (EuroSCORE) II scor-
ing system and whose coronary angiography images could be 
reached were analyzed. Patients who had acute myocardial 
infarction (AMI) for 10 days before the operation, who had 
elevated CK-MB and/or cTnI levels while taken into the 
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operation, or who underwent urgent operation were excluded 
from the study. In conclusion, a total of 386 patients were 
included in this retrospective study.

All patients underwent coronary angiography within 
6 months prior to operation, had transthoracic echocar-
diographic examinations, and their blood samples were 
taken. The laboratory results of the blood samples taken 
before and after the operation, the duration of CPB and 
cross-clamping, intraoperative data, hemodynamic mea-
surements obtained in the intensive care and service fol-
low-up and clinical data were obtained from the database 
of our institute. Angiography images of the patients were 
evaluated by 2 cardiac surgeons and an interventional car-
diologist. The Rentrop classification was used for CCC, 
while SYNTAX scoring system was used for the sever-
ity and complexity of CAD [Rentrop 1988; Sianos 2005]. 
According to the Rentrop scoring system; grade 0: no col-
lateral filling is observed; grade 1: monitoring the lateral 
branches of the artery filled by collateral arteries with-
out monitoring the epicardial segment; grade 2: partially 

filling the epicardial artery by collateral circulation; grade 
3: complete filling of the epicardial vein by the collateral 
arteries. If more than one collateral system was detected in 
the patient, the higher value of CCC score was accepted. 
Patients were divided into two groups as poor (grade 0-1) 
and good (grade 2-3) according to the Rentrop scores. 
The same team that performed angiographic examination 
has also identified the prevalence of CAD using the online 
calculator at www.syntaxscore.com.

All operations were performed under general anaesthe-
sia, CPB, and via median sternotomy in accordance with our 
routine clinical practice. Following premedication, anesthe-
sia was started by giving fentanyl, midazolam, and sodium 
thiopental to the patient respectively, and volatile anesthetic 
agents (sevoflurane or desflurane) were used to maintain 
anesthesia. After systemic heparinization (300 U/kg), the 

Figure 1. A linear graph for both groups showing cardiac troponin-I 
levels in blood samples taken before surgery, before the operation, at 
the 6th hour, at the 12th hour, and at the 24th hour.

Figure 2. A linear graph for both groups showing CK-MB levels in blood 
samples taken before surgery, before the operation, at the 6th hour, at 
the 12th hour, and at the 24th hour.

Table 1. Baseline Characteristics of Patients

Poor CCC 
Group   

(Rentrop 0-1)  
n = 225

Good CCC 
Group   

(Rentrop 2-3)  
n = 161 P

Male, n (%) 143 (63.5) 95 (59) .821

Age, y 62.7 ± 7.8 63.1 ± 8.2 .752

BMI, kg/m2 30.1 ± 5.1 29.8 ± 4.2 .927

LVEF, % 57.4 ± 9.9 51.8 ± 10.2 <.001

Recent myocardial  
infarction within 90 d, n (%)

105 (46.7) 74 (42.2) .051

Euroscore II, % 6.1 ± 4.9 6.6 ± 4.2 .194

Diabetes, n (%) 85 (37.8) 65 (40.6) .203

Hypertension, n (%) 114 (50.6) 92 (57.1) .035

COPD, n (%) 48 (21.3) 35 (21.7) .578

Dyslipidemia, n (%) 38 (16.9)  32 (19.9) .165

Chronic kidney failure, n (%) 5 (2.2) 2 (1.5) .672

Peripheral arterial disease, n (%) 52 (23.1) 53 (32.9) <.001

Preoperative stroke or TIA, n (%) 6 (2.6) 5 (3.1) .719

Smoking, n (%) 110 (48.9) 82 (50.9) .349

Syntax score 25.3 ± 10.2 30.7 ± 9.5 .036

LMCA lesion, n (%) 35 (15.5) 42 (26.1) <.001

Occluded artery, n (%)

LAD Artery 108 (48) 98 (60.9) .057

Cx Artery 63 (28 42 (26.1) .412

RCA 94 (41.8) 85 (52.7) .354

BMI indicates body mass index; LVEF, left ventricle ejection fraction; COPD, 
chronic obstructive pulmonary disease; TIA, transient ischemic attack; 
LMCA, left main coronary artery; LAD, left anterior descending; Cx, 
circumflex; RCA, right coronary artery. 
Bold values indicate statistical significance.
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activated clotting time (ACT) was increased to over 480 
seconds, and an additional dose of heparin was applied to 
maintain this value. CPB was applied following arterial and 
venous cannulation. The patient was cooled to 32-34°C and 
entered into moderate hypothermia. Following the aortic 
cross-clamping, a diastolic arrest was achieved by adminis-
tering 12-14 mL/kg of warm blood cardioplegia. Additional 
cardioplegia doses were given from the aortic root and com-
pleted coronary anastomoses for every 15-20 minutes during 
the operation. CPB was stopped and protamine sulphate was 
initiated to antagonize heparin activity. All patients were 
admitted to the intensive care unit, and they were extubated 
after the full clinical stability and adequate wakefulness was 
achieved. Blood samples were taken for CK-MB and cTnI 
values at postoperative 6th, 12th, and 24th hours. All patients 
underwent a transthoracic echocardiographic examination 
to check postoperative myocardial function. The patients 
who were divided into two groups according to the Rentrop 
scores were evaluated for myocardial injury with reference to 
CK-MB and cTnI values. Postoperative clinical results were 
also evaluated as secondary endpoints.

Statistical Analysis
SPSS 25.0 for Windows (SPSS, Chicago, IL, USA) was 

utilized for the statistical analysis. All data were evaluated with 
regards to the normal distribution using the Kolmogorov-
Smirnov test. Continuous variables were compared with Stu-
dent t test or Mann-Whitney U test according to the distribu-
tion of the data. Categorical variables were compared using 
the chi-square test. Categorical variables were identified as 
percentages and continuous variables as mean ± standard 
deviations. Univariate logistic regression analysis was per-
formed to evaluate the relationship between baseline values 
and LCOS. Odds ratios (OR) are given with the 95% confi-
dence intervals (CI). Baseline variables which were found to 
be significantly associated with LCOS (P < .05) in univariate 
regression analysis were determined. Multiple logistic regres-
sion analysis was used to assess the independent predictors of 
LCOS.

RESULTS

A total of 386 patients who underwent CABG under 
CPB and under elective conditions in our department were 
included in the study. The mean age was 62.9 ± 7.5 years, 
and 61.6% of all patients were male. After calculating the 
Rentrop scores, 225 patients were in poor CCC group and 
161 patients were in good CCC group. Syntax score values 
were significantly higher in good CCC group (25.3 ± 10.2 
and 30.7 ± 9.5, P = .036). The prevalence of hypertension (114 
[50.6%] and 92 [57.1%], P = .035), peripheral arterial disease 
(52 [23.1%] and 53 [32.9%], P < .001) and left main coronary 
artery (LMCA) lesions (35 [15.5%] and 42 [26.1%], P < .001) 
were higher in the CCC group. The left ventricular ejection 
fraction (LVEF) was significantly lower in good CCC group 
(57.4 ± 9.9 and 51.8 ± 10.2, P < .001). On the other hand, no 
significant differences were observed between groups in terms 
of age, sex, body mass index (BMI), diabetes, dyslipidaemia, 
chronic obstructive pulmonary disease (COPD), chronic 
kidney failure, smoking, and Euroscore 2 values (Table 1).

When the intraoperative data were compared between the 
groups, cross-clamping and CPB durations were found to be 
similar (Table 2). Although the number of distal anastomoses 
was lower in group 1, the difference was not statistically sig-
nificant (2.8 ± 1.4 and 3.3 ± 1.6, P = .197). The incomplete 
revascularization rates were significantly higher in poor CCC 
group (14 [6.2%] and 5 [3.1%], P = .025). The frequency of 
postoperative intraaortic balloon pump (IABP) use (5 [2.2%] 

Table 2. Intraoperative and Postoperative Data

Poor CCC 
Group   

(Rentrop 0-1)  
n = 225

Good CCC 
Group   

(Rentrop 2-3)  
n = 161 P

X-clamp time, m 49.7 ± 14.1 47.4 ± 11.9 .841

CPB time, m 92.1 ± 18.6 94.2 ± 16.3 .672

Ventilator time, h 17.5 ± 9.7 17.1 ± 8.9 .715

Number of distal anastomosis 2.8 ± 1.4 3.3 ± 1.6 .197

Incomplete revascularization, n (%) 14 (6.2) 5 (3.1) .025

Postoperative MI, n (%) 3 (1.3) 2 (1.25) .841

Use of IABP, n (%) 5 (2.2) 1 (0.6) <.001

LCOS, n (%) 28 (12.4) 10 (6.2) <.001

Postoperative myocardial infarc-
tion, n (%)

3 (1.3) 1 (0.6) .057

Postoperative atrial fibrillation, 
n (%)

35 (15.6) 16 (9.9) .038

Acute renal failure, n (%) 3 (1.3) 2 (1.2) .794

TIA/Stroke, n (%) 4 (1.7) 3 (1.8) .695

Respiratory failure, n (%) 9 (4) 5 (3.1) .714

Mechanical ventilation time, h 6.8 ± 4.1 6.4 ± 3.7 .812

ICU stay, d 2.4 ± 1.9 2.4± 1.7 .798

Mortality in 30 days, n (%) 4 (1.7) 1 (0.6) <.001

CPB indicates cardiopulmonary bypass; MI, myocardial infarction; IABP, in-
traaortic balloon pump; LCOS, low cardiac output syndrome; TIA, transient 
ischemic attack; ICU, intensive care unit. 
Bold values indicate statistical significance.

Table 3. Multivariate Analysis for Independent Risk Factors 
of LCOS

95% CI Odds Ratio P

Older age (>65 years old) 1.34-3.57 2.14 <.001

Incomplete revascularization 1.53-4.15 2.57 .024

LMCA lesion 1.65-5.42 3.45 .045



The Heart Surgery Forum #2019-2483

E378

and 1 [0.6%], P < .001), low cardiac output syndrome (LCOS) 
(28 [12.4%] and 10 [6.2%], P < .001) and postoperative atrial 
fibrillation [35 (15.6%) and 16 (9.9%), P = .038] were sig-
nificantly higher in poor CCC group. Postoperative 30-day 
mortality rate was significantly higher in poor CCC group 
(4 [1.7%] and 1 [0.6%], P < .001). Univariate and multivari-
ate analyses were performed to determine the independent 
risk factors for LCOS development (Table 3). Older age 
(age > 65 years) (OR = 2.57, 95% CI 1.34-3.57, P < .001), 
incomplete revascularization (OR = 2.14, 95% CI 1.53-4.15,  
P = .024), LMCA lesion (OR = 3.45, 95% CI 1.65-5.42, P = 
.045) are independent risk factors for LCOS after isolated 
CABG operation in high-risk patients. While there was no 
difference between preoperative and postoperative 6th hour 
CK-MB and cTn-I values, 12th hour CK-MB (31.45 ± 9.7 and 
26.7 ± 10.5, P = .044), cTn-I (6.15 ± 2.84  and 5.58 ± 2.19, P = 
.021) and 24th hour CK-MB (14.25 ± 8.2 and 9.22 ± 5.7, P < 
.001), cTn-I (3.84 ± 2.02 and 2.1 ± 1.91, P = .015) values were 
found to be significantly lower in the good CCC group (Table 
4, Figure 1 and Figure 2).

DISCUSSION

This study showed that a well-developed coronary col-
lateral system in high-risk patients has a positive effect on 
the preservation of myocardial viability during the CABG 
operation. Many previous studies showed that a well-devel-
oped CCC reduces mortality and morbidity in coronary 
artery diseases [Yaylak 2015; Seiler 2013]. This is the first 
study examining the effects of CCC on the preservation of 
myocardial viability in CABG operations according to our  
literature review.

Myocardial damage is not an unexpected condition in car-
diac surgery. The magnitude of this myocardial injury affects 
the morbidity and mortality negatively in the medium to 
long-term [Paparella 2014]. The clinical situation in which 
the most destructive effects of myocardial damage were 
observed is postoperative myocardial infarction (PMI). In our 
study, no significant difference was found between the two 
groups in terms of PMI occurrence. Even though the col-
lateral circulation contributes to the coronary circulation, its 
deficiency or weakness is not an independent variable for PMI 

occurrence, because PMI mainly develops due to early graft 
failure [Laflamme 2012]. If the postoperative myocardial 
injury is not associated with the early graft failure, it is usually 
clinically asymptomatic and silent [Flu 2010].

CK-MB and cTn-I enzymes are usually preferred to deter-
mine the extent of cardiac damage [Croal 2006]. In a meta-
analysis in which Domanski et al included seven studies, they 
demonstrated that CK-MB or troponin elevations within 
the first 24 hours after CABG operation had an independent 
association with increased mortality in the medium and long-
term [Domanski 2011]. In our present study, the values within 
the first 24 hours were evaluated; and when we compared the 
12th hour and 24th-hour values, the statistically significant 
difference observed between the two groups was the result 
which supported our hypothesis. Naturally, when comparing 
the results between the two groups with laboratory param-
eters, we also reached similar differences in clinical results.  
LCOS occurrence postoperatively is another important find-
ing of the myocardial injury. There are different reasons for 
this pathology, which is quite challenging in the postopera-
tive period such as advanced age, low LVEF, and incomplete 
revascularization [Ding 2015]. In our study, LCOS develop-
ment in the good CCC group was significantly lower when 
compared to the poor CCC group. The high rates of incom-
plete revascularization in the poor CCC group also reinforce 
this situation. Although we could not obtain objective data to 
explain the higher rate of incomplete revascularization in this 
study, we believe that the vascular structure of the target cor-
onary artery is better protected with a well-developed CCC, 
which encourages the surgeon to perform the anastomosis. 
When the 30-day mortality rates were assessed, patients in 
the good CCC group had significantly lower mortality rates.

A well-developed CCC is known to reduce the size of the 
affected ischemic area and associated complications in the 
ischemic heart diseases, especially in acute myocardial infarc-
tion [McMurtry 2011]. However, there are few studies related 
to CCC in CABG operations. In a study by Nathoe et al, they 
reported that CCC reduced PMI rates in off-pump CABG 
operations, but the same effect was not observed in on-pump 
CABG operations [Nathoe 2004]. On the other hand, they 
stated that in contrast to the idea we support in our hypothesis, 
the protective effect of collateral circulation may be reduced 
by the formation of cardiac arrest during on-pump surgery. In 

Table 4. Myocardial Enzyme Levels

CK-MB TROPONIN I

Poor CCC Group   
(Rentrop 0-1)

Good CCC Group   
(Rentrop 2-3)

P
Poor CCC Group   

(Rentrop 0-1)
Good CCC Group  

(Rentrop 2-3)
P

Preoperative 0.29 ± 0.051 0.26 ± 0.29 .541 0.06 ±0,04 0.05 ± 0.03 .284

6 hours 24.6 ± 5.9 21.5 ± 6.8 .068 4.18 ± 1.92 4.01 ± 1.57 .194

12 hours 31.45 ± 9.7 26.7 ± 10.5 .044 6.15 ± 2.84 5.58 ± 2.19 .021

24 hours 14.25 ± 8.2 9.22 ± 5.7 <.001 3.84 ± 2.02 2.1 ± 1.91 .015

Bold values indicate statistical significance.
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another report by Caputo et al, patients who underwent off-
pump CABG operations were examined in two groups as with 
or without collateral circulation. They reported that there 
was no difference in early-midterm clinical outcomes and this 
result was attributed to fewer risk factors in the non-collateral 
circulation group [Caputo 2008]. In contrast, in our study we 
think that evaluating Rentrop grade 1 patients and Rentrop 
grade 0 patients who do not have any collateral circulation in 
the same group provides a more homogeneous distribution. 
As a matter of fact, no difference was observed between the 
two groups in terms of preoperative risk factors.

It is not yet fully understood how the CCC circulation, angio-
genesis, or more specifically, arteriogenesis, develops or what fac-
tors play a role in the formation of this adaptive system. Although 
tissue ischemia is widely believed to trigger the formation of col-
lateral circulation, there is no clinical study that can prove this 
hypothesis. There are studies that report a correlation between 
hypertension, the severity of coronary stenosis, the location of 
the lesion, and how long the lesion is present with the develop-
ment of CCC [De Marchi 2011; Piek 1997; Werner 2001]. Simi-
larly, in our study, the incidence of hypertension and mean syntax 
score was higher in the good CCC group. 

Although the importance of collateral circulation has been 
repeatedly emphasized by this and similar other studies, the 
question to be asked is whether this phenomenon is being 
used effectively as a therapeutical way or not. While the 
coronary collaterals are believed to have been present since 
the embryonic life, they are considered to be non-functional 
structures until they appear in the situations in which the cir-
culation is degenerated, such as CAD; a functional coronary 
collateral structure without CAD was demonstrated angio-
graphically in a study of patients with normal coronary arter-
ies [Wustmann 2003]. Yinglu Guan et al also reported in their 
study on animals that the natural processes of the cell cycle, 
such as proliferation, apoptosis, etc, are constantly active in 
this collateral vascular tissue [Guan 2016]. Activation of col-
lateral circulation in a potentially short period of time may 
provide additional benefits in the management of stable CAD 
and CABG operations in the future.
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