Original paper

The relation of platelet—lymphocyte ratio and coronary
collateral circulation in patients with non-ST segment
elevation myocardial infarction

Serkan Akdag, Aytac Akyol, Muntecep Asker, Fatih Ozturk, Hasan Ali Gumrukcuoglu
Department of Cardiology, Faculty of Medicine, Yuzuncu Yil University, Van, Turkey

Adv Interv Cardiol 2016; 12, 3 (45): 224-230
DOI: 10.5114/aic.2016.61644

Abstract

Introduction: Recently, platelet-to-lymphocyte ratio (PLR) has emerged as a significant inflammatory marker and a novel predic-
tor of major adverse consequences in cardiovascular disease.

Aim: In this study, we aimed to explore the relationship between PLR and coronary collateral circulation (CCC) in patients with
non-ST elevation myocardial infarction (NSTEMI).

Material and methods: Clinical and laboratory data of 386 patients who underwent coronary angiography were evaluated ret-
rospectively. The patients were classified into 2 groups as follows: poor CCC (group 1: Rentrop grades 0-1) and good CCC (group 2:
Rentrop grades 2-3). The PLR was calculated from the complete blood count.

Results: The PLR values of the patients with poor CCC were significantly higher than those of patients with good CCC (153.9
+26.6 vs. 129.8 +23.5, p < 0.001). In the multiple logistic regression tests, PLR (odds ratio: 1.51, 95% confidence interval: 1.27-1.74;
p < 0.001) and hs-CRP (odds ratio: 1.56, 95% Cl: 1.03-2.11; p < 0.001) were found to be independent predictors of poor CCC. The
receiver operating characteristic (ROC) curve analysis yielded a cutoff value of 140.5 for PLR to predict poor CCC with 79% sensitivity

and 71% specificity, with the area under the ROC curve being 0.792 (95% Cl: 0.721-0.864).
Conclusions: Our study revealed that high PLR is independently associated with poor coronary collateral circulation in patients

with NSTEMI.
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Introduction

Coronary collateral circulation (CCC) is an alternative
source of blood supply to an ischemic myocardial region
in coronary artery disease (CAD). The development of
CCC is one of the important protective adaptations of
the heart against ischemia [1]. Presence of poor or good
CCC is associated with infarct size, ventricular functions,
and survival [2]. Well-developed collaterals diminish the
extent of the ischemic area, reduce ventricular aneurysm
formation, and improve ventricular functions [3-5].

Platelet activation plays a central role in the initiation
and progression of atherosclerosis [6]. Previous studies
have demonstrated that increased platelet activation is
associated with major adverse cardiovascular conse-
quences [7-9]. On the other hand, a low blood lymphocyte
count has been shown to be related to worse cardiovas-
cular outcomes in patients with coronary artery disease.

Aim

Platelet-to-lymphocyte ratio (PLR) has recently emerged
as a significant inflammatory marker and a novel predictor
of major adverse consequences in cardiovascular disease
[10-12]. Therefore, the aim of this study was to evaluate
the relationship between PLR and CCC in patients with
non-ST elevation myocardial infarction (NSTEMI).

Material and methods
Study population

The study complies with the Declaration of Helsinki,
and the trial protocol was approved by the local ethics
committee. The retrospective study included 512 pa-
tients with NSTEMI who underwent coronary angiogra-
phy in our catheterization laboratory between May 2012
and January 2015. NSTEMI was defined by the presence
of ischemic chest pain, a troponin-I level of > 0.01 ng/
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ml, and notable absence of ST segment elevation on
12-lead electrocardiography (ECG). The exclusion criteria
for the present study were as follows: coronary angiogra-
phy showing a lesion of < 80% stenosis (n = 71), history
of percutaneous coronary intervention (n = 19) or coro-
nary artery bypass grafting (n = 9), active and ongoing
infection (n = 14), moderate to severe renal or hepatic
diseases (n = 6), hemodynamically significant ventricular
arrhythmias (n = 4), and malignancies (n = 3). After ap-
plying the exclusion criteria, 386 patients with NSTEMI
were enrolled in the study.

Risk factors and characteristic features including
age, gender, status of smoking, hypertension, diabetes
mellitus (DM), hyperlipidemia, and family history were
recorded. Also, hematological parameters, serum creat-
inine, blood glucose, troponin, creatine kinase-myocardi-
al band (CKMB), lipid profile, high-sensitivity C-reactive
protein (hs-CRP), blood pressure, heart rate, and histo-
ry of drug use were evaluated for each patient. Prior to
the angiography, transthoracic echocardiography was
performed for each patient and left ventricular ejection
fraction (LVEF) was assessed using the biplane Simpson
method. Hematological parameters including hemoglo-
bin level, white blood cells, platelet counts, lymphocyte
counts, and mean platelet volume were measured to
achieve the automated complete blood count (CBC) us-
ing a Coulter LH 780 Hematology Analyzer (Architect plus
€i16200 Abbott Illinois USA). Hypertension was defined
as systolic blood pressure of 140 mm Hg or greater and/
or diastolic pressure of 90 mm Hg or greater measured
at least 2 times, or the use of antihypertensive medica-
tions. Diabetes mellitus was defined based on a history
of antidiabetic medication or a fasting glucose level of
126 mg/dl or greater.

Coronary angiography

The Judkins technique was used to perform the quan-
titative coronary angiography via the femoral artery. To
measure the coronary artery lesion and CCC, the data ob-
tained for each patient were evaluated by two physicians
blinded to the clinical and laboratory outcomes. The eval-
uations included the angiographies that had an epicardial
coronary stenosis of 80% or greater. The Rentrop classi-
fication was used for grading CCC [13]. In this classifica-
tion, grade 0 implies scarcity of filling in the supplemen-
tary vessels, grade 1 implies filling in side branches via
collateral channels with no visibility of epicardial artery,
grade 2 implies incomplete filling in the major epicardial
coronary artery through collateral channels, and grade 3
implies complete filling in the major epicardial coronary
artery. The patients were divided into two groups: poor
CCC (group 1: grades 0-1) and good CCC (group 2: grades
2-3). Multivessel coronary artery disease was defined as
the detection of a lesion in 2 or more major epicardial ar-
teries. Additionally, the Gensini scoring system was used

Advances in Interventional Cardiology 2016; 12, 3 (45)

to identify the severity of CAD. In this system, 1 point
indicates 1% to 25% stenosis, 2 points indicate 26% to
50%, 4 points indicate 51% to 75%, 8 points indicate
76% to 90%, 16 points indicate 91% to 99% stenosis,
and 32 points indicate total occlusion.

Statistical analysis

All the data were analyzed using SPSS 17.0 for Win-
dows (SPSS Inc., USA). Continuous variables are shown
as mean * standard deviation and categorical variables
are shown as percentages. The Kolmogorov-Smirnov test
was used to confirm the normality of distribution for
continuous variables. Student’s t-test, the Mann-Whitney
U test or the %2 test was used for comparisons between
groups, as necessary. The grades were compared using
the analysis of variance and Tukey’s honest significant
difference test as the post hoc test. Independent markers
of CCC were identified using multiple logistic regression
analysis with the variables showing marginal associa-
tions on univariate testing (p < 0.10). The cut-off value of
PLR in the prediction of CCC was identified using receiver
operating characteristic (ROC) analysis. To analyze the
correlation between the variables, Pearson or Spearman
correlation was used. The p values less than 0.05 were
accepted as statistically significant.

Results

A total of 386 patients with NSTEMI were included in
the study. Of these, 185 patients (mean age: 59.3 +11.3
years, 62.2% male) were in the poor CCC group, and 201
patients (mean age: 57.8 +10.4 years, 58.7% male) were
in the good CCC group. Comparisons of the baseline clin-
ical, laboratory, and angiographic characteristics of the
patients according to the coronary collateral formation
are summarized in Tables | and Il. No significant differ-
ences were found in the cardiovascular risk profiles of
both groups such as presence of hypertension, DM, family
history of coronary artery disease, smoking status, hyper-
lipidemia, and systolic and diastolic blood pressure. Sex,
age, LVEF, previous medications and the number of dis-
eased vessels were similar across the two groups. Addi-
tionally, no significant difference was found in the Gensini
scores in two groups (62.6 +27.1 vs. 61.4 +26.8, p = 0.568)

Patients with poor CCC (Rentrop grades 0 and 1) had
a significantly higher platelet count, mean platelet vol-
ume and hs-CRP as well as a lower value of absolute lym-
phocyte count compared to patients with good CCC (Ren-
trop grades 2 and 3) (Table 1). Compared to the patients
with good CCC, patients with poor CCC manifested sig-
nificantly higher PLR values (153.9 +26.6 vs. 129.8 +23.5,
p < 0.001). An inverse stepwise association was pres-
ent between collateral score and PLR values (Figure 1).
The PLR values decreased with increasing Rentrop grade,
with a mean value of 162.3 +30.6, 151.2 +27.4, 133.5
+21.7, 123.6 +24.6 in patients with Rentrop grades of 0,
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Table 1. Baseline characteristics according to coronary collateral circulation

Parameter Poor CCC Good CCC P-value
(n = 185) (n = 201)
Sex, male (%) 62.2 58.7 0.489
Age [years] 59.3 +11.3 57.8 +10.4 0.168
Duration of chest pain [h] 7.7 6.1 7.5+5.9 0.664
Hypertension (%) 56 51 0.380
Diabetes (%) 21 17 0.362
Smoking (%) 41 36 0.335
Family history of CAD (%) 19 17 0.605
Total cholesterol [mg/dl] 191.3 £97.3 183.6 £88.6 0.264
Triglyceride [mg/dl] 172.7 £112.5 165.9 £106.8 0.433
LDL cholesterol [mg/dl] 119.4 +53.2 113.9 +49.5 0.378
HDL cholesterol [mg/dl] 373463 36.5+5.8 0.248
Fasting glucose [mg/dl] 129.4 +51.4 122.6 +49.1 0.048
Creatinine [mg/dl] 0.93 £0.23 0.95 +0.27 0.131
Baseline troponin [ug/l] 2.8 +34 3.2+3.9 0.167
Baseline CK-MB [I1U/1] 28.2 £15.8 30.7 £17.9 0.141
Platelet count [x 10° p/l] 277.9 £43.1 260.8 +39.3 < 0.01
Lymphocyte [x 10° p/[] 1.8 0.5 2.0 +0.6 < 0.01
Platelet/lymphocyte ratio 153.9 +26.6 129.8 +23.5 < 0.01
WBC [x 10° p/l] 83+2.4 79423 0.019
Mean platelet volume [fl] 8.8 £1.1 8.3 +0.9 < 0.01
Hs-CRP [mg/l] 3.2+0.9 2.7£0.8 < 0.01
Heart rate [beats/min] 76.4 +11.3 78.3 +10.6 0.118
Systolic BP [mm Hg] 131.1 £25.7 129.3 +21.8 0.143
Diastolic BP [mm Hg] 76.4 +15.3 74.8 +14.1 0.108
LVEF (%) 51.2 +8.2 49.9 +7.8 0.119

Previous medications (%):

Aspirin 16 15 0.831
ACE inhibitors/ARBs 32 35 0.542
Calcium channel blockers 16 13 0.533
Diuretics 12 14 0.665
B-blockers 23 20 0.501
Statin 19 17 0.609
Insulin 6 7 0.852
Oral antidiabetics 17 14 0.363

ACE - angiotensin-converting enzyme, ARB — angiotensin receptor blocker, CAD — coronary artery disease, HDL — high-density lipoprotein, hs-CRP — high-sensitivity
C-reactive protein, LDL — low-density lipoprotein, LVEF — left ventricular ejection fraction, WBC — white blood cell count. Bold values indicate univariate variables
entered into multivariate model, p < 0.01.
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Table II. Coronary angiographic findings of the study population

Parameter Poor CCC Good CCC P-value
(n = 185) (n = 201)
1-vessel disease: 94 (51%) 91 (45%) 0.278
LAD stenosis 43 (23%) 39 (19%) 0.358
LCX stenosis 31 (17%) 33 (16%) 0.929
RCA stenosis 20 (11%) 19 (10%) 0.660
2-vessel disease: 59 (32%) 68 (34%) 0.686
LAD and LCX stenosis 35 (19%) 33 (16%) 0.521
LAD and RCA stenosis 10 (5%) 16 (8%) 0.318
LCX and RCA stenosis 14 (8%) 19 (10%) 0.509
3-vessel disease 32 (17%) 42 (21%) 0.371
Number of diseased coronary vessels 1.7 +0.6 1.8 +0.8 0.244
Rentrop collateral grades:
0 46 (12%) = _
1 139 (36%) = =
2 = 123 (32%) =
3 = 78 (20%) =
Gensini scores 61.4 £26.8 62.6 £27.1 0.568

CCC - coronary collateral circulation, LAD — left anterior descending coronary artery, LCX — left circumflex coronary artery, RCA — right coronary artery.

1, 2, and 3, respectively (p value for trend < 0.001). Addi-
tionally, there was a positive correlation between Gensini
score and PLR (r = 0.420, p < 0.001).

The ROC curve analysis was performed to detect the
best cutoff value of PLR in the prediction of poor CCC.
The ROC analysis yielded a cutoff value of 140.5 for PLR
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Figure 1. Platelet/lymphocyte ratio according to
Rentrop grades
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to predict insufficient CCC with 79% sensitivity and 71%
specificity, with the area under the ROC curve being
0.792 (95% Cl: 0.721-0.864, Figure 2).

Multiple regression tests (univariate and multivariate
logistic regression tests) were employed to determine
the independent predictors of poor CCC. The variables
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Figure 2. Receiver operating characteristic (ROC)
curve for platelet-to-lymphocyte ratio in predic-
tion of poor coronary collateral circulation
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Table Ill. Univariate and multivariate logistic regression analysis to detect independent predictors of poor co-
ronary collateral circulation

Variables Univariate Multivariate
OR (95% CI) P-value OR (95% Cl) P-value
Age 0.99 (0.96-1.03) 0.66 1.08 (0.95-1.25) 0.27
Sex 0.71(0.56-1.27) 0.24 0.91 (0.13-4.28) 0.68
Smoking 0.48 (0.21-1.14) 0.18 0.82 (0.15-3.69) 0.49
Fasting glucose 0.98 (0.97-0.99) 0.63 = =
PLR 1.47 (1.25-1.66) < 0.001 1.51 (1.27-1.74) < 0.001
WBC 0.87 (0.73-1.04) 0.23 - -
MPV 1.48 (1.08-1.86) < 0.001 -
hs-CRP 1.64 (1.28-2.02) < 0.001 1.56 (1.03-2.11) < 0.001
OR — odds ratio, Cl — confidence interval, hs-CRP — high-sensitivity C-reactive protein, PLR — platelet/lymphocyte ratio, MPV — mean platelet volume, WBC — white
blood cell.
2504  r=02354 ° compared to those with good CCC. Moreover, a negative
p < 0.001 correlation was detected between PLR and collateral
o0 score. The results also suggested that PLR is associated
2 7004 ° with poor CCC and a high PLR is a significant predictor of
© o o . . .
o 0§ og gao © poor CCC development in patients with NSTEMI.
g‘ ° Og o8 o The collateral coronary arteries in an individual
S L0l °8°§§° s % g & without CAD may not be visible on angiography; howev-
E\ . B0 % 8§ o o o er, they become angiographically visible if a severe nar-
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- ) . . .
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- - o . . .
= 100 e o 0® o the formation of new vessels (angiogenesis) and/or the
° o ° growth of preexisting arterioles (arteriogenesis) [16].
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50 of factors including the severity and rate of progression
o i 2' 3' A'L '5 é '7 of stenosis, hypertension, DM, oxidative stress, endo-

C-reactive protein [mg/l]

Figure 3. Scatter plot showing positive correlation
between platelet-to-lymphocyte ratio (PLR) and
serum high-sensitivity C-reactive protein (hs-CRP)
levels

platelet count, lymphocyte count, mean platelet volume,
hs-CRP and PLR were found to have significance in the
univariate analysis. Furthermore, PLR (unit = 10; odds
ratio (OR) 1.51, 95% confidence interval (Cl): 1.27-1.74;
p < 0.001) and hs-CRP (OR = 1.56, 95% Cl: 1.03-2.11;
p < 0.001) were found to be independent predictors of
poor CCC in multivariate logistic regression analysis (Ta-
ble 111). Moreover, PLR showed a positive correlation with
hs-CRP (r = 0.354, p < 0.001) (Figure 3).

Discussion

In this study, PLR value, platelet count, and serum hs-
CRP level were higher in NSTEMI patients with poor CCC
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thelial injury, endogenous mediators and physical ex-
ercise, status of smoking, higher red cell distribution
width, and certain drugs [16, 17]. Development of good
CCCin patients with acute coronary syndrome has been
shown to be associated with good myocardial perfu-
sion, improved recovery of ventricular functions, and
reduced risk of major long-term cardiovascular conse-
quences [18-20].

Atherosclerosis is a major cause of cardiovascular
diseases, which are one of the leading causes of mor-
tality worldwide [21]. The initiation and proliferation of
atherosclerosis in the coronary arteries can be associated
with numerous factors. Among these, inflammation has
a substantial role in the development of atherosclerosis.
In cases of chronic inflammation, increased lymphocyte
apoptosis leads to a decreased lymphocyte count. In cas-
es of stress, the leukocyte production in bone marrow
leads to a decreased lymphocyte count and an increase
in the neutrophil count. Although neutrophils lead to
a harmful inflammatory reaction, lymphocytes represent
a more appropriate immune response [22]. Prior studies
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have shown that decreased lymphocyte count is a use-
ful diagnostic and prognostic marker in patients with
acute coronary syndrome and it is associated with a bad
prognosis in these patients. Ommen et al. reported that
decreased lymphocyte count was significantly associated
with survival in patients with stable coronary artery dis-
ease and it had a potential independent prognostic value
for these patients [23].

Recent studies have demonstrated that increased
platelet count and decreased lymphocyte count are as-
sociated with bad prognosis in patients with coronary
artery diseases [24, 25]. Yuksel et al. demonstrated that
higher PLR is associated with the severity of CAD [26].
Akboga et al. reported the association between higher
PLR and severity of coronary atherosclerosis in patients
with stable CAD [27]. In our study, there was a positive
correlation between PLR and severity of CAD.

Azab et al. reported that increased PLR was an in-
dependent predictor of long-term mortality in NSTEMI
patients [28]. Akkaya et al. found that the PLR was as-
sociated with an increase in adverse clinical conditions
and mortality within the 6 months after percutaneous
coronary intervention (PCl) in STEMI patients [29]. Gary
et al. showed that PLR established a significant correla-
tion with inflammatory indices such as C-reactive protein
and fibrinogen in patients with limb ischemia [30]. In our
study, we also found a positive correlation between PLR
and hs-CRP.

Platelets involve numerous angiogenesis promoters
and inhibitors, and thus they regulate the formation of
new blood vessels during wound healing, tumor growth,
and while responding to ischemia [31]. These angiogene-
sis promoters include vascular endothelial growth factor,
platelet-derived growth factor, basic fibroblastic growth
factor, epidermal growth factor, and matrix metallopro-
teinases [32]. On the other hand, the angiogenesis inhib-
itors are also available in platelets. Of these inhibitors,
angiostatin is one of the most important ones, which
has a critical role in coronary collateral formation. Recent
studies have shown that angiostatin is an important me-
diator in the reduction of coronary angiogenesis during
the inhibition of nitric oxide synthesis and also that
the angiostatin levels in pericardial fluid show a nega-
tive correlation with the collateral formation in patients
treated with coronary artery bypass surgery [32]. Howev-
er, CAD is usually associated with thrombocytosis, which
has been commonly reported as a poor prognostic indi-
cator [25]. Moreover, increased platelet counts have been
shown to be associated with increased risk of thrombotic
problems, and both atherogenesis and its complications
result from platelets [33]. For this reason, an elevation in
platelet counts may be effective both in the development
and the outcomes of CAD. Acar et al. reported that high-
er PLR values are closely associated with poorer CCC in
stable angina patients with chronic total occlusions [34].
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Sahin et al. demonstrated that poor CCC is associated
with increased platelet counts in patients with stable
CAD [35]. Similarly, we also found that poor CCC showed
a positive correlation with PLR.

Development and functions of coronary collateral ar-
teries have been subject to a long-term debate. It has
been reported that there is a positive correlation be-
tween the severity of obstruction in the coronary arter-
ies and the degree of coronary collateral formation [36].
However, Acar et al. reported that there is no significant
relationship between the severity of coronary artery dis-
ease and CCC in patients with chronic total occlusion
[34]. In our study, no significant correlation was found
between the Gensini scores and collateral circulation.
The degree of development of CCC may be different in
individuals with the same severity of coronary artery
stenosis. Moreover, development of CCC may be affected
by numerous endogenous mediators including endothe-
lial dysfunction associated with neurohumoral markers,
inflammatory indices, nitric oxide (NO), and vascular
endothelial growth factor (VEGF) and by the cytokines
released from inflammatory cells and proinflammatory
enzymes [16]. The PLR is calculated from white blood cell
count (WBCQ). In recent studies, increased PLR has been
reported as a new independent predictor of long-term
survival in patients with acute coronary syndrome. How-
ever, the association between the CCC development and
PLR in NSTEMI patients has not been reported. In this
study, we found that increased PLR is an independent
predictor of poor CCC.

Conclusions

Our study results demonstrated that high PLR was
associated with poor CCC in patients with NSTEMI. This
study is the first report to demonstrate the association
between CCC development and PLR in NSTEMI patients.
PLR can be used as a practical, inexpensive, and import-
ant tool for predicting the degree of coronary collateral
formation in patients with NSTEMI. Further studies are
needed to investigate the cause-and-effect relationship
between PLR and CCC.
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