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Development of coronary collateral (CC) circulation is a compen-
satory response to overcome injury in cases of severe ischemia 

secondary to tight stenoses or occluded vessels. Well-developed CCs 
preserve ventricular function and viability, providing an alternative 
blood supply to an ischemic region in coronary artery disease (CAD). 
Prominent interindividual variability exists even among patients with 
a similar degree of CAD (1); however, it remains unclear which factors 
are responsible for these differences (2). Several studies have shown 
that the development of CCs is impaired in the presence of many of 
the risk factors predisposing to atherosclerosis such as age, hypercho-
lesterolemia, diabetes mellitus (DM) and smoking (3-7). In addition, 
many serum biomarkers, such as high-sensitivity C-reactive protein 
(CRP), lipoprotein-associated phospholipase A2, paraoxonase activity 
and asymmetric dimethylarginine, have been reported to be associated 
with the development of CCs (8-11). Although many studies have 
reported the role of hematological parameters, such as mean platelet 
volume (MPV) and the neutrophil/lymphocyte (N/L) ratio in various 
cardiovascular diseases, their relationship with CC circulation is 
unknown (12-14). The N/L ratio has emerged as a prognostic marker 
to predict cardiovascular events and mortality in patients with CAD. 
MPV is a determinant of platelet activation. It has been reported that 
elevated MPV values are associated with atherosclerosis and endothe-
lial dysfunction. Accordingly, in the current study, we investigated the 
role of hematological parameters in CC development in patients with 
stable CAD.

methods
study population
The present analysis was a retrospective cross-sectional study. Patients 
who underwent coronary angiography at the Department of Cardiology, 
Abant Izzet Baysal University (Bolu, Turkey) between January 2010 
and April 2012 were evaluated. Only patients with a totally occluded 
major coronary artery were included.

Demographic, clinical and laboratory data were obtained from the 
patients’ medical records. DM was defined as a history of DM, the use 
of antidiabetic drugs or fasting plasma glucose levels of ≥7 mmol/L. 

Hypertension (HT) was defined as a history of HT or use of antihyper-
tensive drugs, or a blood pressure ≥140/90 mmHg. Smoking status was 
defined as current smoking. The study protocol was approved by the 
local ethics committee. 

Patients with hepatic or renal dysfunction (serum creatinine level 
>132.6 μmol/L), revascularization (coronary artery bypass graft oper-
ation or percutaneous coronary intervention) history, severe valvular 
disease, myocardial or pericardial disease, and technically inadequate 
coronary angiography were excluded from the study. Patients who were 
diagnosed with hematological disease, cancer, systemic inflammatory or 
autoimmune disease, thrombocytopenia and the use of anticoagulant 
agents were also excluded from the present study.

Angiographic evaluation and CC grading
Coronary angiography was performed through the femoral artery for all 
patients using the Judkin technique. Each angiogram was interpreted 
by two experienced cardiologists who were blinded to the clinical 
details and results of the other investigations of each patient. CC ves-
sels were graded according to the Rentrop grading system of 0 to 3: 
0 = no filling of any collateral vessel; 1 = filling of the side branches of 
the artery to be perfused by collateral vessels without visualization of 
the epicardial segment; 2 = partial filling of the distal epicardial seg-
ment by collateral vessels; and 3 = complete filling of the distal epicar-
dial segment by collateral vessels (15). The vessel that had the highest 
Rentrop grade with collaterals was used for analysis when more than 
one occluded vessel was present. In cases for which more than one 
collateral vessel to the same occluded vessel was present, the highest 
Rentrop grade was used. The study population was divided into two 
groups according to the Rentrop collateral score: patients with grade 0 
to 1 collateral development were classified as the poor collateral group; 
and patients with Rentrop grade 2 to 3 collateral development were 
classified as the good collateral group.

Biochemical and hematological parameters 
Venous blood samples were collected from all patients after a 12 h fast, 
and serum glucose, creatinine, total cholesterol, triglyceride, high-
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BACkground: Although hematological parameters have been associ-
ated with prognosis in patients with various cardiovascular diseases, their 
relationship with coronary collateral (CC) circulation in patients with 
stable coronary artery disease (CAD) is unknown.
oBjeCtive: To investigate the relationship between hematological 
parameters and CC vessel development in patients with stable CAD.
methods: A total of 96 patients who underwent coronary angiography 
were retrospectively enrolled. All study participants had at least one 
occluded major coronary artery. Development of CCs was classified using 
the method of Rentrop. Rentrop grades of 0 and 1 indicate poor CCs, 
whereas grades 2 and 3 indicate good CCs. Hematological parameters, 

including mean platelet volume (MPV) and neutrophil/lymphocyte (N/L) 
ratio, were measured. Multivariate logistic regression analysis was per-
formed to identify independent variables. 
results: The MPV and N/L ratio were significantly higher in the poor 
CC group compared with the good CC group. Negative correlations were 
found in the analyses comparing Rentrop score with MPV and N/L ratio 
(r=−0.274; P=0.012 and r=−0.339; P=0.001, respectively). In multivariate 
analysis, the N/L ratio was independently related to CC circulation (OR 
0.762 [95% CI 0.587 to 0.988]; P=0.04).
ConClusion: The results suggest that N/L ratio and MPV are associ-
ated with poor CCs, and a high N/L ratio is a significant predictor of poor 
CC development in patients with stable CAD. 
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density lipoprotein (HDL) and low-density lipoprotein (LDL) levels 
were measured by standard methods. Tripotassium EDTA-based anti-
coagulated blood samples were drawn and stored at 4°C and assessed 
using the Beckman Coulter LH 750 and Hmx systems (Beckman 
Coulter, USA) using original reagents. Hemoglobin, platelet count, 
white blood cell (WBC) count, differential counts (neutrophil, 
lymphocyte, eosinophil and monocyte) and percentages were ana-
lyzed using a blood counter. All measurements were performed 
30 min after blood collection using an automatic blood counter. The 
N/L ratio was calculated. The MPV and other hematological param-
eters, such as mean corpuscular volume and red cell distribution width, 
were also measured. 

statistical analysis
All analyses were performed using SPSS version 15 (IBM Corporation, 
USA) for Windows (Microsoft Corporation, USA). Continuous vari-
ables are presented as mean ± SD and categorical variables are pre-
sented as percentages. The Kolmogorov-Smirnov test was used to 
evaluate whether the distribution of variables was normal. For con-
tinuous variables, the independent samples t test was used and, for 

categorical variables, the χ2 test was used. The Spearman’s correlation 
coefficient was used for correlation analysis. Logistic regression analy-
sis was used for multivariate analysis of independent variables; P<0.05 
was considered to be statistically significant.

results
The study population consisted of 96 patients. Four patients (4%) had 
Rentrop grade 0, 35 patients (37%) had grade 1, 26 patients (27%) 
had grade 2 and 31 patients (32%) had grade 3 collateral circulation. 
The clinical characteristics and biochemical parameters of the patients 
in the good and the poor CC groups are summarized in Table 1. There 
were no statistically significant differences between the two groups 
with respect to age, sex, presence of HT, DM, smoking, and glucose, 
creatinine, total cholesterol, triglyceride, low-density lipoprotein chol-
esterol and high-density lipoprotein cholesterol levels. The location of 
the occluded vessel was similar in both groups.

Hematological parameter data are presented in Table 2. Platelet 
count, red cell distrubition width, mean corpuscular volume and 
lymphocyte count were similar in both groups. However, MPV was 
significantly higher in the poor CC group (Figure 1). Hemoglobin 
level was significantly lower in the poor CC group. WBC count, 
neutrophil count and N/L ratio was significantly higher in the poor 
CC group compared with the good CC group (Figure 2). In the 

Figure 1) Comparison of mean platelet volume (MPV) levels of the study 
groups. CCs Coronary collaterals 

Figure 2) Comparison of the neutrophil/lymphocyte (N/L) ratio of the 
study groups. CCs Coronary collaterals

Table 2
Comparison of hematological parameters in the study 
population

Coronary collaterals
P*Poor (n=39) Good (n=57)

Hemoglobin, g/L 131±15 140±16 0.02
MCV, fL 84.9±7.3 87.8±7.0 0.08
RDW, % 17.1±0.9 17.0±0.8 0.41
Platelet count, ×109/L 236.6±60.0 228.1±63.0 0.53
MPV, fl 8.7±2.0 7.9±0.9 0.01
WBC count, ×109/L 8.7±2.9 7.4±1.8 0.01
WBC subytpes 
   Neutrophil, ×109/L 6.5±2.5 4.6±1.7 0.001
   Lymphocyte, ×109/L 1.8±0.6 1.9±0.6 0.70
   Eosinophils, ×109/L 0.11±0.10 0.2±0.2 0.01
   N/L ratio 3.8±2.0 2.6±1.6 0.002
Data presented as mean ± SD unless otherwise indicated. *Student’s t test. 
MCV Mean corpuscular volume; MPV Mean platelet volume; N/L Neutrophil/
lymphocyte; RDW Red cell distribution width; WBC White blood cell

Table 1
baseline demographic and clinical characteristics of the 
study population

Coronary collaterals
P*Poor (n=39) Good (n=57)

Age, years 66.4±9.4 66.1±10.9 0.90
Sex, male/female, n/n 29/10 49/8 0.15
Diabetes mellitus, n (%) 13 (33) 10 (18) 0.08
Hypertension, n (%) 23 (59) 25 (44) 0.15
Smoking, n (%) 14 (39) 24 (42) 0.75 
Creatinine, μmol/L 89.2±35.4 78.7±19.4 0.80
Total cholesterol, mmol/L 4.7±1.7 4.9±1.2 0.45
LDL-C, mmol/L 2.8±1.0 3.2±1.0 0.25
HDL-C, mmol/L 0.8±0.2 1.0±0.2 0.09
Triglycerides, mmol/L 2.0±1.0 1.8±1.2 0.44
TCO location 
   LAD 6 (16) 17 (29) 0.31
   LCx 9 (23) 10 (18) 0.26
   RCA 24 (61) 29 (51) 0.13
Data presented as mean ± SD unless otherwise indicated. *Student’s t test 
or χ2 test were used. HDL-C High-density lipoprotein cholesterol; LAD Left 
anterior descending coronary artery; LCx Left circumflex coronary artery; 
LDL-C Low-density lipoprotein cholesterol; RCA Right coronary artery; TCO 
Total coronary occlusion
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correlation analysis comparing Rentrop score with MPV and N/L 
ratio, a negative correlation was found (r=−0.274; P=0.012 and 
r=−0.339; P=0.001, respectively). A multivariate logistic regression 
analysis showed that N/L ratio was the only independent predictor of 
collateral circulation (OR 0.762 [95% CI 0.587 to 0.988]; P=0.04) 
(Table 3). 

disCussion 
The main finding of the present study was that N/L ratio and MPV 
were significantly higher in patients with poor CCs compared with 
those with good CCs. N/L ratio and MPV also correlated with the 
Rentrop score. In addition, we found that N/L ratio was an  independ-
ent predictor of the development of CCs in multivariate analyses. 

Well-developed CCs are important compensatory mechanisms in 
the protection of myocardium in the ischemic region during coronary 
occlusion. The factors involved in the development of CCs have been 
investigated in numerous studies. Several demographic, clinical and 
biochemical factors have been reported to be associated with the 
degree of CC development (3,5,8). 

Inflammation has a significant role in the initiation and progression 
of atherosclerosis (16,17). WBCs and its subtypes play a major role in 
modulating the inflammatory response in the atherosclerotic process 
(18). Previous studies have clearly demonstrated that elevated inflam-
matory activity was associated with poor CCs (8,19). The N/L ratio is an 
indicator of inflammatory status that can easily be derived from the 
WBC count. The N/L ratio has been studied to predict cardiovascular 
events and mortality (13,20). Recently, Kalay et al (21) reported that 

higher N/L ratio is independently associated with angiographic progres-
sion of atherosclerosis (21). However, the relationship between the N/L 
ratio and the devolepment of CCs has not yet been studied. In the 
present study, we showed that the N/L ratio was higher in patients with 
poor CCs and that this ratio was correlated with the Rentrop score. We 
also demonstrated that the N/L ratio was an independent predictor of 
CCs in multivariate analyses. The relationship between the N/L ratio 
and poor CCs may be explained by increased inflammatory activity and 
endothelial dysfunction. It is known that the endothelium plays a major 
role in the development of CCs. Increased N/L ratio also inhibits angio-
genesis through its negative effect on endothelial function and, as such, 
is a risk factor for atherosclerosis. This may represent additional support-
ive evidence that high CRP levels, which cause endothelial dysfunction, 
are associated with poor CCs.

Larger platelets have greater prothombotic potential than smaller 
platelets (22). It has been reported that increased MPV is associated 
with atherosclerotic risk factors including DM, HT and obesity (23-25). 
Only one report to date has investigated the relationship between 
MPV and the development of CCs (26). The authors indicated that 
MPV levels were significantly higher in patients with poor CCs. 
Similarly, we found elevated MPV in patients with poor CCs com-
pared with patients with good CCs. Our study also showed that MPV 
values correlated with Rentrop scores. The relationship between 
increased MPV and poor CCs may be explained by the prothrombotic 
factors that are expressed by activated platelets, which contribute to 
endothelial dysfunction and coronary atherosclerosis.  

Our results suggest that N/L ratio and MPV are significantly higher 
in the patients with poor CCs. Additionally, our findings suggest that 
platelet size inversely influences the development of CCs, and that 
increased N/L ratio is related to the presence of inadequte CCs. 
Another clinical implication of our study, especially N/L ratio and 
MPV levels, are useful and readily available hematological parameters 
for the assessment of CCs.

The present study had some limitations. First, the study population 
was relatively small. Second, inflammatory markers such as CRP and 
interleukin-6 were not analyzed and compared with N/L ratio in the 
study population. Finally, we did not quantify and compare CCs with 
invasive parameters other than the Rentrop scoring system. 

Our results revealed that N/L ratio and MPV were associated with 
poor CCs, and that high N/L ratio was a significant predictor of poor 
CC development in patients with stable CAD.

Table 3
Relationship between coronary collateral circulation and 
clinical and hematological parameters

OR (95% CI) P
Age 1.003 (0.952–1.057) 0.91

Sex 0.716 (0.182–2.811) 0.63

Diabetes mellitus 0.595 (0.195–1.814) 0.36

Hypertension 0.476 (0.173–1.309) 0.15

Mean platelet volume 0.652 (0.397–1.072) 0.09

Neutrophil/lymphocyte ratio 0.762 (0.587–0.988) 0.04
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