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Abstract

The prognostic role of neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) in patients with stable
coronary artery disease (CAD) is still unclear. We enrolled 500 patients undergoing elective percutaneous coronary intervention
(PCI). Blood samples were drawn prior to PCI for NLR and PLR calculation. Major adverse clinical events (MACE), which
included death, myocardial infarction (MI), and target vessel revascularization (TVR), were recorded up to 5 years. Patients in the
higher tertile of NLR presented higher Kaplan—Meier estimates of MACE (26.0% vs. 16.9% in tertile 2 vs. 14.3% in tertile 1; p =
0.042) and death (12.0% vs 6.9% in tertile 2 vs. 4.6% in tertile 1; p = 0.040), whereas there were no significant differences in the
estimates of MI and TVR. NLR in the higher tertile was an independent predictor of MACE (HR 1.65, 95% CI 1.07-2.55, p=
0.024). No significant difference was observed across tertiles of PLR. Unlike PLR, elevated pre-procedural NLR is associated

with an increased risk of 5-year clinical adverse events.
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Introduction

Inflammatory cells and platelets play a pivotal role in the
pathogenesis and evolution of atherosclerosis and

Key Messages The results of our study suggest that neutrophil-to-
lymphocyte ratio (NLR), a simple and easily available inflammatory
marker, may be used for risk stratification of patients undergoing elective
percutaneous coronary revascularization, in that elevated pre-procedural
values of NLR may help identify those patients at higher risk of future
clinical adverse events. These patients may potentially benefit from tai-
lored therapeutic strategies, such as more aggressive anti-inflammatory
and anti-thrombotic treatment. This hypothesis warrants further
investigation.
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cardiovascular diseases [1-4]. While increased neutrophil
count is associated with a higher risk of cardiovascular
events, low lymphocyte count may reflect general stress
and immunodeficiency and has been associated with cardio-
vascular complications and increased mortality rates [5, 6].
Neutrophil-to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR), two easily available parameters
inferable from blood cell count, have emerged as potential
inflammatory markers able to predict both cardiac and non-
cardiac events [7, 8]. Previous studies have shown that ele-
vated pre-procedural NLR and PLR in patients with acute
coronary syndrome (ACS) undergoing percutaneous coro-
nary intervention (PCI) were associated with an increased
risk of adverse cardiac events at follow-up [8, 9]. However,
the prognostic role of NLR and PLR in patients with stable
coronary artery disease (CAD) treated with elective PCI is
still unclear. The aim of this study was to determine whether
pre-procedural values of NLR and PLR are able to predict
long-term clinical outcomes of patients with stable CAD
undergoing elective PCIL
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Methods

In this prospective observational study, we enrolled a total of
500 patients with clinically stable CAD undergoing elective
PCI at our institution from February 2013 to November 2014.
We excluded patients with no available complete blood cell
count and patients with systemic inflammatory disease or on
drug therapy potentially affecting inflammatory cell count. We
also excluded patients with severe left ventricular dysfunction
(ejection fraction < 30%), chronic total coronary occlusions,
lesions with extensive calcifications requiring rotational ather-
ectomy, bypass surgery in the previous 3 months, severe pul-
monary disease, and neoplasm. The ethical committee of
Campus Bio-Medico University of Rome approved the study
and all patients signed written informed consent for participa-
tion and data collection. Blood samples comprising complete
blood cell count, cardiac biomarkers, and renal function panel
were obtained in all patients from venous blood drawn at ad-
mission and 6 and 24 h after the procedure. NLR was calculated
as the ratio of the absolute number of neutrophils to the absolute

number of lymphocytes, whereas PLR was calculated as the
ratio of the absolute platelet count to the absolute lymphocyte
count. All patients were on chronic aspirin treatment and re-
ceived either 600-mg clopidogrel loading dose (at least 6 h be-
fore intervention) or were on therapy with clopidogrel 75 mg/
day for at least 5 days. Procedural anti-coagulation was
achieved by administration of unfractionated heparin (100 U/
kg) inall patients. Procedural success was defined as areduction
in percent diameter stenosis to below 30% and the presence of
Thrombolysis In Myocardial Infarction (TIMI) flow grade 3 in
the main vessel and all side branches > 2 mm in diameter. The
primary end point of the study was the occurrence of major
adverse cardiac events (MACE), which included all-cause
death, non-fatal myocardial infarction (MI), or target vessel
revascularization (TVR). Clinical follow-up data were obtained
up to 5 years by means of office visit, telephone interview, and
chart review. All events were classified and adjudicated by a
physician not involved in the follow-up process. Non-fatal MI
was defined according to the European Society of Cardiology
(ESC), American College of Cardiology (ACC), American

Table 1 Clinical and procedural

characteristics of the overall Tertile 1 Tertile 2 Tertile 3 p value
population and according to NLR (n=167) (n=168) (n=165)
tertiles
Baseline clinical characteristics
NLR 252327 323.0-34) 444.055 <001
Age (years) 65.2+10.5 67.1+8.5 68.6+9.9 0.06
Male, n (%) 121 (72) 139 (82) 131 (79) 0.067
Body mass index (kg/m®) 27.7+4.1 27.6+4.1 28.0£3.9 0.730
Diabetes mellitus, n (%) 56 (33) 48 (28) 52(31) 0.617
Hypertension, n (%) 130 (78) 137 (82) 140 (85) 0.261
Hyperlipidemia, n (%) 123 (73) 117 (70) 115 (70) 0.653
Current smoker, 1 (%) 33 (20) 36 (21) 31(19) 0.831
Previous myocardial infarction, n (%) 60 (35) 69 (41) 59 (36) 0.522
Previous coronary intervention, n (%) 67 (40) 75 (44) 65 (39) 0.357
Previous bypass surgery, n (%) 14 (8) 8(5) 9(5) 0.540
Left ventricle ejection fraction (%) 55.8+7.6 552+8.1 553+79 0.769
Left ventricle ejection fraction < 40%, n (%) 9(5) 17 (10) 1509) 0.255
Chronic renal failure, n (%) 15(9) 26 (15) 37 (22) 0.004
Procedural characteristics
Multivessel disease, n (%) 87 (52) 85 (51) 79 (48) 0.781
Multivessel intervention, n (%) 34 (22) 32 (19) 30 (18) 0.897
Stent size (mm) 2.8+0.9 29+0.9 30+1.9 0.358
Use of BMS, n (%) 127 (74) 109 (65) 105 (64) 0.109
No. of stents implanted, # 1.4+09 1.3+0.9 1.4+£0.9 0.502
TIMI 3 post-PCI, n (%) 156 (93) 159 (95) 154 (93) 0.506
Medications
ACE-Is, n (%) 76 (45) 89 (52) 87 (53) 0.212
ARBs, n (%) 28 (16) 33 (20) 34 (21) 0.534
Beta blockers, n (%) 63 (37) 55(33) 59 (36) 0311
Statins, n (%) 118 (70) 132 (79) 121 (73) 0.392
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Heart Association (AHA), and World Heart Federation defini-
tions [10]. TVR was defined as any clinically driven repeat PCI
or surgical bypass of any segment within the entire epicardial
coronary artery containing the target lesion based on the
Academic Research Consortium definition [11]. Cardiac death
was also monitored and defined as death resulting from an acute
myocardial infarction (MI), sudden cardiac death, and death
due to heart failure [12]. All single components of the primary
end point, as well as cardiac death, were also analyzed
separately.

Categorical variables are reported as frequencies and per-
centages. Continuous variables are reported as mean = SD or
as median (lower and upper quartiles). Comparisons between
categorical variables were evaluated using the Fisher’s exact
test or the Pearson’s chi-square test, as appropriate.
Comparisons between continuous variables were performed
using the Student’s ¢ test or Mann—Whitney U test, as appropri-
ate. The primary event analyses were done with time-to-event
data (for which patients were censored at 5-year follow-up or at

lastcontactin case they were lost to follow-up), determined with
Kaplan—Meier method, and compared by use of the log-rank
test. Cox proportional hazard analysis was used to estimate the
association between NLR and PLR tertiles and long-term clin-
ical outcomes, also after adjusting for age, hypertension, diabe-
tes mellitus, chronic renal failure, left ventricle ejection < 40%.
Statistical analysis was performed using Stata/IC, version 12.0
(STATA Corp., College Station, TX), and p values < 0.05 (two-
tailed) were considered significant.

Results

Clinical follow-up information at 5 years was available in 471
patients (94.2%). Patients were stratified into tertiles according
to pre-procedural NLR (lower tertile < 2.95, mid tertile 2.95—
3.68, higher tertile > 3.68) and PLR (lower tertile < 86.36, mid
tertile 86.36—121.67, higher tertile > 121.67). Clinical and pro-
cedural characteristics of the overall population and according

Table 2 Clinical and procedural characteristics of the overall population and according to PLR tertiles
Tertile 1 Tertile 2 Tertile 3 p value
(n=167) (n=168) (n=165)

Baseline clinical characteristics
PLR 72.8 (60.5-80.9) 103.1(93.4-109.0) 163.9 (139.8-196.1) <0.001
Age (years) 63.9+9.7 67.9+89 69.0+9.9 <0.001
Male, n (%) 141 (84) 139 (83) 111 (67) <0.001
Body mass index (kg/m?) 27.9+37 27.8+4.1 27.6+4.2 0.750
Diabetes mellitus, n (%) 51(30) 48 (29) 57 (35) 0.531
Hypertension, n (%) 129 (77) 139 (83) 139 (84) 0.238
Hyperlipidemia, n (%) 125 (75) 116 (69) 114 (69) 0.400
Current smoker, n (%) 48 (29) 27 (16) 25 (15) 0.002
Previous myocardial infarction, n (%) 53 (32) 62 (37) 73 (44) 0.069
Previous coronary intervention, n (%) 68 (41) 76 (45) 63 (38) 0.370
Previous bypass surgery, n (%) 12 (7) 9(5) 10 (6) 0.770
Left ventricle ejection fraction (%) 56.4+6.8 549+8.5 54.9+8.0 0.138
Left ventricle ejection fraction < 40%, n (%) 6 (4) 21 (12) 14 (8) 0.011
Chronic renal failure, n (%) 22 (13) 24 (14) 32(19) 0.287

Procedural characteristics
Multivessel disease, n (%) 86 (51) 88 (52) 79 (48) 0.757
Multivessel intervention, n (%) 38 (23) 33 (20) 25 (15) 0.197
Stent size (mm) 2.8+1.0 29+0.8 30+1.9 0.487
Use of BMS, n (%) 112 (67) 112 (67) 114 (69) 0.830
No. of stents implanted, n 1.4+09 14+0.8 14+0.8 0.987
TIMI 3 post-PCI, n (%) 156 (93) 157 (93) 156 (95) 0.854

Medications
ACE-Is, n (%) 86 (58) 81 (48) 85 (52) 0.705
ARBs, n (%) 23 (15) 39 (23) 33 (20) 0.083
Beta blockers, n (%) 55(37) 56 (33) 66 (40) 0317
Statins, n (%) 116 (78) 114 (80) 121 (73) 0.056
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to NLR and PLR tertiles are reported in Tables 1 and 2, respec-
tively. All patients underwent successful and uncomplicated
PCI. Patients in the higher NLR tertile more frequently
displayed chronic kidney disease, while there were no other
significant differences with regard to any other characteristics.
Patients in the lower PLR tertile were younger and presented a
higher prevalence of male sex and smoking habit compared
with the higher tertile. Kaplan—Meier curves for all cause death
and cardiac death for NLR and PLR tertiles are reported in
Figs. 1 and 2, respectively, while Cox proportional hazard anal-
yses for NLR tertiles are reported in Table 3. Patients in the
higher tertile of NLR presented significantly higher Kaplan—
Meier estimates of MACE (26.0% vs. 16.9% in the mid tertile
vs. 14.3% in the lower tertile; log-rank p =0.042) and death
(12.0% vs 6.9% in the mid tertile vs. 4.6% in lower tertile;
log-rank p =0.040), whereas there were no significant differ-
ences in the estimates of MI (log-rank p = 0.886) and TVR (log-
rank p = 0.616). At Cox proportional hazard analysis, NLR in
the higher tertile (vs tertiles 1 and 2 grouped together) was an
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independent predictor of MACE (hazard ratio 1.65, 95% con-
fidence interval 1.07-2.55, p =0.024) after adjusting for age,
hypertension, diabetes mellitus, chronic renal failure, and left
ventricle ejection <40%. No significant differences were ob-
served between tertiles of pre-procedural PLR for any of the
study end points. Furthermore, no impact of post-procedural
NLR and PLR on clinical outcomes was observed.

Discussion

The main finding of our study is that in patients with stable
CAD undergoing elective PCI, pre-procedural NLR in the
higher tertile independently predicts the occurrence of
MACE at long-term follow-up, whereas pre-procedural PLR
does not significantly impact on clinical outcomes. The role of
inflammation in the pathogenesis of CAD has been well
established, and the predictive ability of inflammatory cell
count as an independent risk factor for coronary heart disease
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Fig. 1 The Kaplan—Meier analysis up to 5 years of the cumulative percentage of individuals with MACE (a), death (b), non-fatal myocardial infarction

(c), and target vessel revascularization (d) according to NLR tertiles
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Fig. 2 The Kaplan—Meier analysis up to 5 years of the cumulative percentage of individuals with MACE (a), death (b), non-fatal myocardial infarction

(¢), and target vessel revascularization (d) according to PLR tertiles

has been investigated extensively for varying cardiovascular
outcomes [5]. In particular, neutrophil activation and prolifer-
ation in response to an acute injury may slow down and mit-
igate further damage [13], whereas lymphocyte reactivity is
downgraded during active inflammation as regulatory path-
ways lead to lymphocyte apoptosis [14]. NLR, a simple index
which integrates information from both cells types, seems to

have a prognostic role in patients with atherosclerotic disease.
In patients with ACS, where a generally enhanced inflamma-
tory status is expected, high NLR has been shown to predict
worse clinical outcomes both at short- and long-term post-PCI
[15, 16]. Nevertheless, various conditions leading to heighted
pre-procedural inflammatory status might occur even in pa-
tients with stable CAD, warranting an accurate evaluation of

Table 3 Clinical outcomes according to neutrophil-to-lymphocyte ratio (NLR) tertiles
Unadjusted Adjusted

End point Tertile 3 (n=157) Tertiles 1-2 (n=314) HR (95% CI) p value HR (95% CI) p value
Major adverse cardiovascular events, n (%) 38 (24.2) 47 (15.0) 1.70 (1.11-2.60)  0.016 1.65 (1.07-2.55) 0.024
All-cause death, n (%) 18 (11.5) 17 (5.4) 223 (1.15-4.33) 0.018 1.82(0.95-3.75) 0.068
Cardiac death, n (%) 7 (4.5) 12 (3.8) 1.24 (0.49-3.16) 0.647 1.09 (0.42-2.84) 0.866
Non-fatal myocardial infarction, n (%) 19 (12.1) 34 (10.8) 1.14 (0.65-2.00)  0.642 1.11 (0.63-1.96) 0.714
Target vessel revascularization, n (%) 17 (10.8) 32(10.2) 1.11 (0.61-1.99)  0.739 1.15 (0.64-2.09) 0.639
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inflammatory markers prior to coronary revascularization.
However, few studies have evaluated the potential prognostic
role of NLR in patients with stable CAD undergoing PCI.
Recently, Wada et al. [17] identified elevated pre-procedural
NLR as in independent predictor of all cause and cardiac mor-
tality in patients undergoing elective PCI. Our findings con-
firm this evidence showing that high pre-procedural NLR may
predict long-term MACE, which were mainly driven by the
occurrence of all-cause death, and further extends this evi-
dence with regard to the fact that PLR seems to have no sig-
nificant impact on clinical outcomes following PCI. Increased
platelet reactivity can promote endothelial dysfunction, ath-
erosclerosis development, and thrombotic complications dur-
ing and following PCI [18-21]. Furthermore, platelet count,
although not directly related to platelet reactivity, increases in
response to systemic inflammation as well [22]. Similar to
NLR, elevated PLR has been associated with an increased risk
of cardiovascular events and long-term mortality in patients at
high risk of CAD or presenting with an ACS [8, 9, 23, 24].
Cho et al. found that high pre-intervention values of both PLR
and NLR, especially when combined, are independent predic-
tors of long-term adverse clinical outcomes such as all-cause
mortality, cardiac death, and MI in patients with unstable an-
gina and non-ST-elevation MI treated with PCI [8]. However,
such findings were not confirmed in a small subgroup (r = 80)
of patients with stable CAD. Unlike with NLR, in our study,
no significant difference was observed among tertiles of PLR
for any of the study end points and high pre-procedural PLR
was not predictive of future adverse events. This could be
explained with the fact that the pathophysiological role of
platelets is less pronounced in stable patients compared with
those presenting with an ACS [24, 25]. Moreover, all our
patients were on chronic aspirin therapy on admission and this
might have influenced the results of the study. Chronic treat-
ment with aspirin may lead to an increase in platelet count [26]
and should therefore be taken into account when evaluating
the prognostic role of PLR.

This study has several limitations that need to be consid-
ered. First, this was a single-center observational study with a
relatively small sample size and therefore subject to selection
bias. Second, we did not account for lipid panel, hepatic func-
tion, coagulation parameters, and other traditional markers of
inflammation which could influence white blood cell and
platelets count. Although blood samples were collected at
three time points, and post-PCI values of NLR and PLR were
not predictive of clinical outcomes, it cannot be excluded that
further measurements might be helpful in predicting future
adverse events. Finally, the prevalence of chronic renal failure
was significantly higher in tertile 3, consistently with previous
evidence that higher NLR levels are strongly correlated with
worse renal function, suggesting that renal impairment could
be a consequence of higher inflammatory environment
[27-29]. However, in our study, the higher NLR values

@ Springer

remained independently associated with worse clinical out-
comes even after adjustment for the presence of chronic renal
failure.

In conclusion, unlike PLR, high pre-intervention NLR
values are associated with an increased risk of 5-year adverse
clinical events in patients with stable CAD undergoing PCIL.
NLR may represent a simple and useful tool for risk stratifi-
cation and a potential therapeutic target for patients undergo-
ing elective percutaneous revascularization.
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