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OBJECTIVES: This study aimed to prospectively observe the changes in the neutrophil-to-lymphocyte ratio (NLR)
and platelet-to-lymphocyte ratio (PLR) before and after percutaneous coronary intervention (PCI) and their
impact on the prognosis of patients with acute coronary syndrome (ACS).

METHODS: Blood samples from 205 patients with ACS were collected at admission and at 24h and 30 days post-
PCI to observe changes in the complete blood count. The Cox multivariate regression model was used to analyze
the factors influencing major adverse cardiac events (MACE) after PCI in patients with ACS. A receiver operating
characteristic (ROC) curve was used to evaluate the predictive value of inflammation indicators for MACE after
PCI.

RESULTS: Following PCI, NLR and PLR first increased postoperatively and then decreased within 30 days after
PCI. Cox multivariate regression analysis showed that NLR and PLR at 24h post-PCI and acute ST-segment
elevation myocardial infarction were independent influencing factors for the incidence of MACE after PCI. The
ROC curve analysis showed that the NLR at 24h post-PCI was a better predictor of the incidence of MACE. The
NLR at 24h post-PCI was significantly correlated with the number and length of implanted stents and operation
duration.

CONCLUSIONS: After PCI, patients with ACS had an increased neutrophil proportion and NLR. The NLR at 24h
post-PCI was a better predictor of the incidence of postoperative MACE.

KEYWORDS: Neutrophil-to-Lymphocyte Ratio; Platelet-to-Lymphocyte Ratio; Percutaneous Coronary Interven-
tion; Acute Coronary Syndrome.

’ INTRODUCTION

Acute coronary syndrome (ACS) is a critical cardiovas-
cular disease that can cause heart failure and arrhythmia and
has a high mortality rate. Percutaneous coronary interven-
tion (PCI) improves the prognosis of patients with ACS (1).
However, among patients with ACS who receive PCI, some
exhibit postoperative coronary revascularization, heart fail-
ure, cardiovascular death, and other adverse events (2,3).
Inflammation plays an important role in the incidence of
adverse events after PCI (4).

Previous studies have shown that the levels of inflamma-
tory cytokines at admission are related to poor prognosis in
patients with ACS (5-8). However, the results of other studies
do not support this conclusion (9,10) because PCI further
induces or promotes the inflammatory response (11,12).
Elevated vascular inflammation may increase the risk of
coronary thrombosis, restenosis in stents, unstable coronary
plaque, and myocardial remodeling, thus influencing some
of the postoperative benefits of PCI (13).
Theoretically, the level of inflammation after PCI may be

strongly related to the prognosis after PCI. However, there
are few studies regarding the impact of the levels of post-PCI
inflammatory indicators on the prognosis of patients with
ACS (14,15). In addition, dynamic changes in inflammatory
indicators before and after PCI have rarely been reported
(15,16). The neutrophil-to-lymphocyte ratio (NLR) and
platelet-to-lymphocyte ratio (PLR) have been increasingly
and extensively applied as inflammatory indicators in
inflammation-related disease research because they are easy
to use and are obtained using inexpensive tests (9,13-18). We
conducted a prospective study to systematically observe theDOI: 10.6061/clinics/2021/e2580
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changing trends of NLR and PLR before and after PCI in
patients with ACS and determine whether NLR and PLR
affect the prognosis of patients undergoing PCI.

’ MATERIALS AND METHODS

Research patients
The ethical approval for this study was granted by the

Ethics Committee of the Second Affiliated Hospital of the
Anhui Medical University (PJ-YX2018-002). Each patient
and/or his/her family provided written informed consent
for participation in the study.
This study included 205 patients with ACS who under-

went PCI at the Department of Cardiology of the Second
Affiliated Hospital of Anhui Medical University (Anhui
Province, China) between July 2018 and September 2019. The
diagnostic criteria for ACS were in accordance with estab-
lished guidelines (1,19). The exclusion criteria were as follows:
1) failure to follow the study protocol and complete the
follow-up; 2) patients designated as having class IV heart
failure according to the New York Heart Association classi-
fication before and during hospitalization, 3) patients with
complications of severe infection, mixed connective tissue
disease, or malignant tumors, or 4) patients receiving gluco-
corticoid therapy.

Research methods

ACS patient grouping and PCI. In this study, patients
were divided into three groups according to the ACS
subtype: 1) unstable angina pectoris (UA), 2) acute non-ST-
segment elevation myocardial infarction (non-STEMI), and
3) acute ST-segment elevation myocardial infarction (STEMI).
Surgical indicators and PCI procedures were performed in
accordance with the relevant PCI guidelines (20). The SYNTAX
scores of patients with coronary lesions were calculated based
on the coronary angiography results (21). PCI-related para-
meters, such as the number of treated coronary arteries,
number of implanted stents, lengths of implanted stents,
maximum pressure of balloon dilation during PCI, and
operation duration, were recorded for each patient.

Whole blood count and NLR and PLR calculations. Peri-
pheral venous blood samples were collected from each patient
at admission, before PCI and at 24h and 30 days after PCI. All
tests were performed in the laboratory of the Second Affiliated
Hospital of Anhui Medical University. The complete blood
count was performed using an XE-2100 automatic blood cell
analyzer and matching reagents (Sysmex Corporation, Kobe,
Japan). NLR was defined as the ratio of the neutrophil count
to the lymphocyte count, and PLR was calculated as the ratio
of the platelet count to the lymphocyte count.

Detection of high-sensitivity C-reactive protein and
interleukin-6 after PCI. A peripheral venous blood sample
was collected from each patient 24h post-PCI. High-sensi-
tivity C-reactive protein (hsCRP) and interleukin 6 (IL-6)
were detected using an AU5800 biochemical analyzer (Beck-
man Coulter Inc., Brea, CA, USA) and a Cobas601 bio-
chemical analyzer (Roche Diagnostics, Indianapolis-Marion
County, IN, USA), respectively.

MACE during follow-up. The patients were followed
up via the clinic, WeChat app, telephone, or email according
to their condition to observe the occurrence of major adverse
cardiac events (MACE). MACE was defined as cardiovas-
cular death, new myocardial infarction, unplanned PCI, and
progression to class IV heart failure according to the New
York Heart Association classification.

Statistical analysis
SPSS19.0 software (IBM Corp., Armonk, NY, USA) was

used for statistical analysis. Normally distributed data are
presented as the mean±standard deviation (�x±S), and non-
normally distributed data are presented as median and
interquartile range. The comparison of measurement data
that was normally distributed among groups was performed
by one-way analysis of variance followed by a least signi-
ficant difference post-hoc test. A non-parametric test was
used for the statistical analysis of non-normally distributed
data or non-uniform variance among groups (Kruskal Wallis
H-rank sum test). Comparison of normally distributed
measurement data before and after PCI was performed
using the paired sample t-test. The Wilcoxon signed-rank test
was used to compare the parameters of non-normally
distributed measurement data before and after PCI. Correla-
tion analysis of measurement data was performed using
Pearson’s correlation analysis (normally distributed data)
or Spearman’s correlation analysis (non-normally distributed
data). The chi-square test was used to compare the count
data among the groups. A multivariate Cox regression model
was used to analyze the factors influencing the incidence of
MACE in patients with ACS. A receiver operating character-
istic (ROC) curve was used to evaluate the predictive value
of inflammation indicators for the incidence of MACE after
PCI in patients with ACS. Statistical significance was set
at po0.05.

’ RESULTS

General clinical indicators and PCI-related
indicators

A total of 205 patients with ACS (138 male and 67 female)
were enrolled in this study, including 156 patients with UA,
25 patients with non-STEMI, and 24 patients with acute
STEMI. Table 1 shows the comparison of the general clinical
data of patients with ACS. Patients with ACS with acute
STEMI were older than patients with ACS with UA and
non-STEMI (p=0.004). No statistical differences were found
among the SYNTAX scores, number of treated coronary
arteries, number of implanted stents, total length of
implanted stents, and maximum pressure of balloon inflation
in ACS subtypes.

Changes in blood cell components, NLR, and PLR in
patients with ACS before and after PCI

In patients with ACS, the neutrophil count and proportion
at 24h post-PCI were significantly elevated as compared to
those prior to PCI, and reduced to pre-PCI levels 30 days
after PCI. The lymphocyte count and proportion in patients
with ACS were reduced at 24h post-PCI as compared to
those prior to PCI, and were restored to pre-PCI levels 30
days after PCI. As a result, the variation trends in NLR and
PLR were similar to the changes in neutrophil proportion
(Table 2).
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Table 1 - Clinical characteristics of patients at baseline and post-PCI.

UA non-STEMI STEMI p-value

Number of patients 156 25 24

Sex (M/F) 108/48 18/7 12/12 0.151

Age (years) 63.6±10.6 66.5±10.8 71.1±9.8* 0.004

Hypertension, n (%) 113 (72.4) 16 (64.0) 13 (54.2) 0.163

Heart failure, n (%) 8 (5.1) 1 (4.0) 2 (8.3) 0.769

Cerebrovascular disease, n (%) 26 (16.7) 3 (12.0) 5 (20.8) 0.707

Diabetes, n (%) 51 (32.7) 9 (36.0) 3 (12.5) 0.113

CKD, n (%) 8 (5.1) 1 (4.0) 2 (8.3) 0.769

Smoking, n (%) 31 (19.9) 3 (12.0) 3 (12.5) 0.480

Drinking, n (%) 18 (11.5) 2 (8.0) 1 (4.2) 0.816

Type of P2Y12 antagonist 0.120

Ticagrelor 99 (63.5) 12 (48.0) 11(45.8)

Clopidogrel 57 (36.5) 13 (52.0) 13 (54.2)

b-blocker treatment 125 (80.1) 20 (80.0) 20 (83.3) 0.756

ACEI/ARB treatment 112 (71.2) 19 (76.0) 18 (75.0) 0.876

Statin treatment 149 (95.5) 24 (96.0) 23 (95.8) 0.992

PPI treatment 120 (76.9) 22 (88.0) 20 (83.3) 0.635

SYNTAX score 14.3±7.6 17.0±7.1 17.1±7.7 0.071

Number of treated coronary artery (Median) 1 (1–1) 1 (1–1) 1 (1–2) 0.222

Number of stents 1 (1–2) 2 (1–2) 2 (1–2) 0.071

Total length of stents (mm) 36.0 (24.0–57.8) 52.0 (33.0–65.5) 46.0 (33.0–66.8) 0.296

Maximum pressure of balloon dilation (MPa) 1.8 (1.6–2.0) 1.8 (1.6–2.0) 2.0 (1.8–2.0) 0.770

Operation duration (min) 50.0 (36.0–66.0) 55.0 (42.5–65.5) 49.0 (40.0–60.0) 0.792

Abbreviations: PCI, percutaneous coronary intervention; UA, unstable angina; non-STEMI, acute non-ST-segment elevation myocardial infarction; STEMI,

acute ST-segment elevation myocardial infarction; M, male; F, female; CKD, chronic kidney disease; ACEI, angiotensin converting enzyme inhibitors; ARB,

angiotensin receptor blocker; PPI, proton-pump inhibitor; mm, millimeter; min, minute; *po0.05, compared with the UA group.

Table 2 - Changes in the preoperative and postoperative blood cell counts in patients with ACS undergoing PCI (n=205).

WBC, k/mL Platelet, k/mL Neutrophil, k/mL Lymphocyte, k/mL

ACS (n=205)

Pre-PCI 7.15±2.19 199.64±58.09 4.66±1.98 1.82±0.67

24h post-PCI 7.20±1.90 188.77±55.88* 5.06±1.61* 1.52±0.57*

30 days post-PCI 6.60±1.42*: 191.15±55.30* 4.28±1.13: 1.72±0.58*:

UA (n=156)

Pre-PCI 6.77±1.84 198.63±56.58 4.27±1.55 1.85±0.70

24h post-PCI 7.07±1.72* 187.25±54.32* 4.92±1.43* 1.53±0.57*

30 days post-PCI 6.50±1.43: 190.23±54.80* 4.19±1.11: 1.71±0.58*:

non-STEMI (n=25)

Pre-PCI 7.60±1.55 188.08±48.85 5.19±1.39D 1.68±0.61

24h post-PCI 7.55±1.96 185.56±48.19 5.32±1.56 1.58±0.67

30 days post-PCI 7.07±1.45 185.88±56.56 4.67±1.21: 1.82±0.68:

STEMI (n=24)

Pre-PCI 9.12±3.46D 218.21±73.18 6.61±3.32D 1.78±0.58

24h post-PCI 7.70±2.77* 201.96±72.01 5.65±2.51 1.38±0.42*

30 days post-PCI 6.81±1.27*: 202.63±58.11 4.47±1.13*: 1.66±0.52:

Neutrophil, percentage Lymphocyte, percentage NLR PLR

ACS (n=205)

Pre-PCI 63.74±10.43 26.50±9.02 2.95±1.83 121.52±51.72

24h post-PCI 69.65±7.69* 21.56±7.03* 3.75±1.88* 137.48±57.61*

30 days post-PCI 64.56±8.08: 26.22±7.21: 2.77±1.20: 122.54±52.55:

UA (n=156)

Pre-PCI 62.21±9.94 27.92±8.88 2.68±1.68 120.04±52.84

24h post-PCI 69.21±7.77* 21.99±7.24* 3.63±1.68* 135.82±58.22*

30 days post-PCI 64.24±8.16*: 26.51±7.16*: 2.72±1.18: 122.68±54.38:

non-STEMI (n=25)

Pre-PCI 67.54±9.54 22.55±7.35 3.58±1.87 123.29±48.92

24h post-PCI 70.31±7.75 21.21±6.96 3.85±1.75 133.10±51.72

30 days post-PCI 65.74±7.78: 26.42±8.58*: 2.94±1.45*: 114.64±47.66:

STEMI (n=24)

Pre-PCI 69.69±11.65D 21.42±8.70D 4.02±2.24D 129.33±48.20

24h post-PCI 71.78±6.96 19.08±5.21 4.40±2.97 152.83±59.35

30 days post-PCI 65.42±8.02: 24.14±5.81: 2.91±1.06: 129.86±45.48

Abbreviations: ACS, acute coronary syndrome; PCI, percutaneous coronary intervention; UA, unstable angina; non-STEMI, acute non-ST-segment elevation

myocardial infarction; STEMI, acute ST-segment elevation myocardial infarction; WBC, white blood cell count; NLR, neutrophil-to-lymphocyte ratio; PLR,

platelet-to-lymphocyte ratio.

*po0.05, compared with Pre-PCI; :po0.05, compared with 24h post-PCI.
D
po0.05, compared with UA.
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Changes in blood cell components, NLR, and PLR
before and after PCI in patients with different ACS
subtypes
No significant differences in the platelet count and PLR

were found among the three ACS subtypes before and after
PCI. In addition, the acute STEMI group showed a gradual
decline in white blood cell and neutrophil counts at 24h and
30 days post-PCI relative to pre-PCI, which differed from the
trend in the UA group, in which the counts first increased
and subsequently decreased (Table 2 and Figure 1). The
neutrophil proportion, NLR, and PLR before and after PCI

showed a trend of first increasing and then decreasing in all
groups. These changes suggested that PCI caused an increase
in the levels of inflammatory indicators.

Factors influencing MACE after PCI in patients with
ACS

Of the 205 patients with ACS who were followed up for an
average of 15 months (median) after PCI, 19 patients (9.3%)
experienced MACE. The multivariate Cox regression model
(entry method) was used to analyze the possible influencing
factors of MACE. The results showed that the NLR at 24h

Figure 1 - Changes in the preoperative and postoperative blood cell counts in patients with different types of ACS (n=205).
Abbreviations: ACS, acute coronary syndrome; non-STEMI, acute non-ST-segment elevation myocardial infarction; NLR, neutrophil-to-
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; STEMI, acute ST-segment elevation myocardial infarction; UA, unstable angina;
WBC, white blood cell count.
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post-PCI (hazard ratio [HR]=3.84, p=0.005), PLR at 24h post-
PCI (HR=1.05, p=0.034), and acute STEMI (HR=4.65, p=0.039)
were independent factors affecting the incidence of MACE
after PCI. As shown in Table 3, the NLR and PLR before and
30 days after PCI had no effect on the incidence of MACE
after PCI.

ROC curve for the evaluation of predictive factors
of incidence of MACE after PCI in patients with ACS
The results showed that the NLR and PLR at 24h post-PCI

could be used to predict the incidence of MACE after PCI
(po0.01). However, the area under the curve for predicting
the incidence of MACE was higher for NLR than that for PLR
(0.862 vs. 0.703) (Table 4 and Figure 2). Moreover, the
optimal cut-off point of the ROC curve for the NLR at 24h
post-PCI was 3.0, with a sensitivity of 78.9% and a specificity
of 67.7%, and the optimal cut-off point of the ROC curve for
the PLR at 24h post-PCI was 107.01, with a sensitivity of
73.7% and a specificity of 47.8%.

Correlation analysis of NLR and PLR
Correlation analysis showed that the NLR at 24h post-PCI

significantly correlated with the number of implanted stents
(p=0.046), length of implanted stent (p=0.014), operation
duration (p=0.004), PLR (po0.001), hsCRP (po0.001), and
IL-6 (po0.001) (Table 5). There was no significant correlation
between the PLR at 24h post-PCI and any of these PCI-
related parameters. However, the PLR at 24h post-PCI was

significantly correlated with hsCRP (p=0.001) and IL-6
(p=0.009) (Table 6).

’ DISCUSSION

Inflammation plays an important role in the occurrence
and development of atherosclerotic cardiovascular disease
and is related to the poor prognosis of ACS (5,6,22). NLR and
PLR are inflammatory indicators that have been used to
assess the levels of inflammation in cardiovascular diseases
in recent years (15,18). One recent study has shown that in
patients with coronary heart disease and hsCRPo2.0 mg/L,
the pre-PCI NLR is an influencing factor affecting the long-
term prognosis of patients after PCI (23). These findings
suggest that NLR may have a better predictive value in the
prognosis of patients with ACS after PCI.
In this study, we found that NLR and PLR increased in

patients with ACS at 24h post-PCI and then decreased over
the 30 days following the operation. These dynamic trends
in the NLR and PLR before and after PCI have not been
reported in previous studies. The results of the Cox
regression analysis showed that the NLR and PLR at 24h
post-PCI were independent risk factors for MACE after PCI.
However, the NLR and PLR before and 30 days after PCI had
no effect on the incidence of MACE after PCI. The area under
the ROC curve for NLR was greater than that for PLR, which
implied that the sensitivity and specificity of NLR were
higher than those of PLR.

Table 3 - Multiple Cox analysis of the factors predicting MACE in patients with ACS.

B Wald p-value HR

95% CI

Lower bound Upper bound

Sex 0.82 0.65 0.419 2.27 0.31 16.64

Age �0.07 1.31 0.253 0.93 0.82 1.05

Hypertension 2.30 2.83 0.093 10.00 0.68 146.42

Heart failure 0.08 0.00 0.959 1.08 0.05 21.23

Cerebrovascular disease 1.56 2.69 0.101 4.76 0.74 30.63

Diabetes 0.24 0.06 0.808 1.28 0.18 9.03

CKD �2.79 2.42 0.120 0.06 0.00 2.07

Smoking �0.34 0.04 0.840 0.71 0.03 18.53

Type of P2Y12 antagonist �2.18 1.39 0.239 0.11 0.00 4.25

acute STEMI 1.54 4.26 0.039 4.65 1.08 20.02

SYNTAX score 0.07 1.55 0.213 1.07 0.96 1.20

NLR pre-PCI �0.13 0.14 0.712 0.88 0.45 1.72

PLR pre-PCI 0.02 1.47 0.225 1.02 0.99 1.05

NLR 24h post-PCI 1.35 7.81 0.005 3.84 1.50 9.89

PLR 24h post-PCI 0.04 4.48 0.034 1.05 1.01 1.10

NLR 30 days post-PCI 0.68 2.14 0.143 1.97 0.80 4.86

PLR 30 days post-PCI 0.02 1.50 0.221 1.02 0.99 1.05

Abbreviations: MACE, major adverse cardiac events; ACS, acute coronary syndrome; PCI, percutaneous coronary intervention; NLR, neutrophil-to-

lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; STEMI, acute ST-segment elevation myocardial infarction; CKD, chronic kidney disease; CI, confidence

interval.

Table 4 - ROC curves of NLR and PLR for predicting MACE.

Area under the curve Standard error p-value

95% CI of Area

Lower bound Upper bound

NLR 0.862 0.042 o0.001 0.779 0.945

PLR 0.703 0.061 0.004 0.583 0.822

Abbreviations: MACE, major adverse cardiac events; ROC, receiver operating characteristic; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-

lymphocyte ratio; CI, confidence interval.
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Significant positive correlations were observed between
the NLR at 24h post-PCI, the number of stents implanted
during PCI, the length of the stents, and the duration of the
operation. These findings suggest that the NLR after PCI is
related to the complexity of the interventional procedure.

After PCI, neutrophils migrate, aggregate, and adhere to
arterial endothelial cells; activate platelets; and further
promote the inflammatory response (24). This excessive
inflammatory response may promote the progression of
atherosclerotic lesions, plaque instability, atherosclerotic

Figure 2 - ROC curves of inflammatory biomarkers for predicting MACE after PCI. Abbreviations: PCI, percutaneous coronary
intervention; MACE, major adverse cardiac events; ROC, receiver operating characteristic.

Table 5 - Correlations between NLR and age, parameters in PCI
and inflammatory factors (n=205).

r p-value

Age 0.127 0.069

SYNTAX score 0.055 0.434

Number of interventional coronary arteries 0.055 0.430

Number of stents 0.140 0.046

Total length of stents (mm) 0.172 0.014

Maximum pressure of balloon dilation (kPa) 0.071 0.308

Operation duration (min) 0.199 0.004

PLR 24h post-PCI 0.616 o0.001

IL-6 24h post-PCI 0.286 o0.001

hsCRP 24h post-PCI 0.248 o0.001

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-

lymphocyte ratio; hsCRP, hypersensitive C-reactive protein; IL-6,

interleukin-6.

Table 6 - Correlations between postoperative PLR and age,
parameters in PCI and inflammatory factors (n=205).

r p-value

Age 0.122 0.082

SYNTAX score 0.056 0.422

Number of treated coronary arteries �0.007 0.919

Number of stents 0.020 0.772

Total length of stents (mm) 0.042 0.546

Maximum pressure of balloon dilation (kPa) 0.060 0.393

Operation duration (min) 0.106 0.132

NLR 24h post-PCI 0.616 o0.001

IL-6 24h post-PCI 0.183 0.009

hsCRP 24h post-PCI 0.234 0.001

Abbreviations: PLR, platelet-to-lymphocyte ratio; PCI, percutaneous

coronary intervention; NLR, neutrophil-to-lymphocyte ratio; hsCRP,

hypersensitive C-reactive protein; IL-6, interleukin-6.
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thrombosis (25), lack of coronary reflow after PCI (26), and
increased ventricular remodeling (14), all of which can lead
to post-PCI in-stent restenosis (27), acute myocardial infarc-
tion, and deterioration of cardiac function (28).
These results suggest that the NLR at 24h post-PCI is a

very good indicator of the inflammatory response after PCI
and has better predictive value for the prognosis of PCI than
PLR. We should pay attention to the treatment and follow-up
of patients with elevated inflammatory indicators after PCI,
especially in patients with ACS with NLR43.0, after PCI.
Anti-inflammatory treatment with IL-1b monoclonal anti-
bodies or intensive statin treatments in patients with
coronary heart disease has been shown to reduce the
incidence of MACE (29,30). Therefore, inflammation is one
of the targets that requires continuous therapeutic interven-
tion in the treatment of ACS.
This study had some limitations, such as a short follow-up

period and a small sample size from a single center. The
results of this study need to be confirmed by a multicenter,
large-sample, long-term follow-up clinical study. Because of
the lack of relevant inflammatory marker data between 24h
and 30 days after PCI, precise observation of the change in
the trend of inflammatory indicators after PCI was not
possible.

’ CONCLUSION

The neutrophil proportion and NLR of patients with
ACS were elevated after PCI and were accompanied by
a reduction in the lymphocyte count and proportion. In
addition, compared with the PLR at 24h post-PCI, the NLR
at 24h post-PCI had a better predictive value for the inci-
dence of MACE after PCI.
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