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Objective: An association between white blood cell count (WBC-C) before percutaneous coronary intervention (PCI) and prognosis
has been established in patients undergoing PCI. However, the effect of WBC-C after PCI on the long-term prognosis of patients with
unstable angina pectoris (UA) is unclear.

Methods: A retrospective cohort study was conducted in 1811 consecutive patients with UA. The changes of WBC and subgroup
counts before and in the early postoperative stages after PCI were observed by paired Wilcoxon signed-rank test. The Kaplan—Meier
method and COX proportional regression model were used to evaluate the association between the incidence of 5-year endpoint events
and post-PCI leukocytosis.

Results: Leukocytosis and neutrocytosis within 24 hours after PCI were observed in majority of patients with UA, while lymphocyte
count significantly decreased after PCI in those patients. There were no significant differences in 5-year all-cause mortality and major
adverse cardiovascular and cerebrovascular events (MACCE) between patients in the post-PCI leukocytosis and the control group.
However, the 5-year incidence of major adverse cardiovascular events (MACE) was significantly increased in the post-PCI leukocy-
tosis group (p = 0.017, Log rank test). Leukocytosis after PCI was independently associated with the occurrence of MACE (hazard
ratio: 1.36; 95% confidence interval: 1.06-1.75; p = 0.015).

Conclusion: Peripheral WBC and neutrophil counts within 24 hours after PCI significantly increased in response to PCI in patients
with UA, while lymphocyte count significantly decreased after PCI in those patients. The post-PCI leukocytosis oftered predictive
value for an increased risk of MACE for up to 5 years in patients with UA.
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Introduction

Percutaneous coronary intervention (PCI) is the standard treatment for unstable angina (UA) patients with severe
coronary stenosis. Despite the widespread availability of drug-eluting stents, there is a high risk of cardiovascular events
in patients with UA. ISCHEMIA (International Study of Comparative Health Effective-ness with Medical and Invasive
Approaches) studies had shown that an initial invasive strategy did not reduce the risk of ischemic cardiovascular events
or death from any cause over a median of 3.2 years." Therefore, early warning of patients with a high risk of MACE
(major adverse cardiovascular events) after PCI is important, and it is a challenging and difficult topic at present.

It is generally accepted that coronary heart disease is a multifactorial inflammatory disease. Thus, the search of biologic
markers, especially potent proinflammatory biomarkers, is very important for clinical risk assessment and prognosis of
patients with UA.? As the major immune system cells, white blood cells whose count increases in response to the presence of
inflammation promote the pathogenesis of coronary heart disease and ultimately lead to ischemia.’ Monocyte and neutrophil
are crucial for contributing to ruptures or erosions of atherosclerotic plaque by promoting foam cell formation. The
progression of plaque leads to fatal events such as myocardial infarction and stroke, which together account for 85% of all
cardiovascular deaths.” In addition, different leukocyte populations play important roles in ischemic heart failure healing and
remodeling.’ Several previous studies have shown that white blood cell count (WBC-C) was an independent risk factor for
coronary heart disease.®’” An independent relationship between WBC-C and in-hospital death was found in a study consisting
of 1078 consecutive patients with ST-segment elevation myocardial infarction (STEMI) admitted for primary PCL® Elevated
leukocyte count after PCI is also associated with adverse clinical outcomes in patients with STEMI. Stanley et al found that
leukocytosis after primary PCI in patients with STEMI was directly related to myocardial infarct size and the left ventricular
ejection fraction (LVEF) and was independent predictors of 180-day composite cardiac events.” In addition to patients with
STEMI, an independent correlate between elevated leukocyte count before PCI and 1-year mortality has been established in
those with non-STEMI and UA.'® PCI, a mechanical way resulting in intima damage and plaque rupture in coronary artery, is
related to the provocation of inflammatory response. However, whether increased leukocyte count after PCI directly reflects
adverse clinical outcomes in patients with UA is not known.

Therefore, we aimed to use a large-sample dataset in the real world to evaluate the correlation between the post-PCI
leukocytosis and long-term all-cause death in patients with UA. We further examined the association of the post-PCI
leukocytosis with long-term major adverse cardiovascular and cerebrovascular events (MACCE) and MACE in patients
with UA. In addition, we observed the changes of WBC and subgroup counts before and in the early postoperative stages
after PCI and evaluated the factors that predispose to post-PCI leukocytosis in patients with UA.

Patients and Methods

Study Patients

This study was a retrospective, single-centre, observational cohort study. From March 2018 to October 2018, 3189 patients
undergoing elective PCI were screened in the Second Affiliated Hospital of Harbin Medical University (Figure 1).
According to the inclusion and exclusion criteria, 1168 patients were excluded, 108 patients had incomplete data, 102
patients were lost to follow-up, and a total of 1811 consecutive patients of either sex were finally enrolled. Before PCI, all
patients without sufficient dual antiplatelet therapy were given 300 mg loading dose followed by 100 mg maintain dose of
aspirin, and 180 mg loading dose followed by 90 mg twice daily maintain dose of ticagrelor or 300 mg loading dose
followed by 75 mg maintain dose of clopidogrel. The study was performed in accordance with the Declaration of Helsinki.
The study protocol was approved by Institutional Review Board of the Second Affiliated Hospital of Harbin Medical
University (approval number: KY2024-010). All participants provided written informed consent.

Diagnostic Criteria and PCI

The inclusion criteria were: (1) patients with UA treated with elective PCI; (2) patients undergoing elective PCI after
acute myocardial infarction (AMI) for more than three months; (3) patients over 18 years old. Criteria for the degree of
coronary stenosis treated by PCI for coronary angiography must meet at least one of the following two conditions: (1) the
degree of left main stenosis is >50%; (2) the degree of left anterior descending artery or circumflex artery or right
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3189 consecutive patients undergoing PCI in the Second
Affiliated Hospital of Harbin Medical University between
March 2018 and October 2018

1168 patients excluded according to the inclusion
» | and exclusion criteria

108 patients excluded due to incomplete data

v

1913 patients eligible for the analysis

> 102 patients lost to follow-up

v

1811 patients included in the final analysis

Figure | Patient flow chart for the study cohort.

coronary artery stenosis is >75%. Patients with diagnosed myopathy or suspected myopathy supported by clinical
examination (creatine phosphokinase >2 times the upper limit of normal reference value), atrial fibrillation and/or pacing
rhythm and/or Wolff-Parkinson-White syndrome, severe aortic stenosis or mitral stenosis, hypertrophic obstructive
cardiomyopathy, pericardial disease, LVEF <30%, severe renal insufficiency (glomerular filtration rate <30 mL/min),
acute infection (such as cholecystitis, liver abscess, lung infection, skin infection, etc), or other serious systemic diseases
(hematological diseases, malignant tumors, severe primary liver and kidney disease and chronic lung disease), or WBC-C
greater than 10 x 10°/L at admission were excluded.

Coronary angiography and PCI were performed according to standard practices. After PCI, dual anti-platelet therapy
(DAPT) with aspirin (100 mg/day) and ticagrelor (90 mg, twice per day) or clopidogrel (75 mg/day) was continued. It
was within the discretion of the treating physician to prescribe other drugs (comprising predominantly statins, angio-
tensin-converting enzyme inhibitors, betablockers or calcium channel blockers).

Clinical Variables

Medical history and clinical examination data, including diabetes, arterial hypertension, hypercholesterolemia, current
smoking, cardiac function NYHA (New York Heart Association) classification), chest radiography or lung CT diagnostic
results and preoperative laboratory test results (cholesterol, triglyceride, CRP (C-reactive protein), liver function, renal
function, myocardial enzyme and cTnl (cardiac troponin I)), were collected. Angiographic criteria of the Thrombolysis in
Myocardial Infarction (TIMI) study group were used to classification of epicardial blood flow pre-PCI and post-PCI. Left
ventricular ejection fraction and end-diastolic dimension were measured by echocardiography. The Chronic Kidney
Disease Epidemiology Collaboration formula was used to calculate estimated glomerular filtration rate (¢GFR).

Measurement of WBC-C

Blood samples were collected from patients at admission and within 4 to 20 hours after PCI. Tubes collecting blood samples
contained anticoagulant. Total leukocyte counts were measured with an automated hematology analyzer (XE5000, Sysmex,
Kobe, Japan). The same procedure was used for measurement in the experiment and in the control group.
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Definitions and Endpoints

According to the recent fourth universal definition of myocardial infarction,'" periprocedural myocardial infarction (PMI)
referred to an increase of the cTnl threshold to five times the 99th percentile upper reference limit in patients with UA.
The outcome measure was all-cause death, MACE and cerebrovascular events (MACCE) within 5 years post-PCI.
MACE were defined as cardiac death, hospitalization due to attacks of cardiac arrest resuscitation, heart failure and
angina pectoris, myocardial infarction, stent thrombosis, and coronary revascularization (including coronary intervention
and coronary artery bypass grafting). MACCE were defined as all-cause mortality, hospitalization due to attacks of
cardiac arrest resuscitation, heart failure and angina pectoris, myocardial infarction, stent thrombosis, coronary revascu-
larization (including coronary intervention and coronary artery bypass grafting) and stroke. Cardiac death referred to
death caused by heart disease. Coronary revascularization was an unplanned repeat PCI or coronary artery bypass graft
performed due to symptoms of coronary ischemia.

Follow-Up

Inpatient electronic medical records and telephone interview were used to follow up at 6 months, 1 year, 2 years, and 5
years after discharge. If there were clinical symptoms or records of myocardial ischemia, it was recommended that the
patient should return for coronary angiography. Patients were observed from the date of PCI until the outcome event (all-
cause death, MACCE, or MACE) or loss to follow-up occurred, whichever came first. All endpoint events and time to
event were adjudicated centrally by two independent cardiologists.

Statistical Analysis

Statistical analysis was performed in R language (version R 4.3.1, R Foundation). The Kolmogorov—Smirnov test was
used to test whether the distribution of continuous data followed a normal distribution. All continuous data exhibited
a non-Gaussian distribution pattern under the Kolmogorov—Smirnov test. For paired continuous variables, Wilcoxon
signed-rank test was used. The Kruskal-Wallis rank sum test was used for group comparisons. Categorical data were
compared by using the chi-square test or Fisher‘s exact test. The changes of peripheral WBC-C before and after PCI were
observed by scatter plot, paired box plot and cumulative plot. The correlates of leukocytosis after PCI were assessed by
using the multiple logistic regression model. All variables in Tables 1 and 2, except for therapy at discharge, were entered
into the model. Survival curves were evaluated by Kaplan—Meier method and the log-rank method was used for
comparison. We used COX proportional hazards regression model to analyze the relationship between WBC-C in
early stage after PCI and MACE in patients with UA, and the corresponding hazard ratio (HR) and 95% confidence
interval (CI) were calculated. All P-values in this study were two-tailed. Comparisons between groups were considered
statistically significant when P < 0.05.

Results

Patient Classification and Baseline Data

Using WBC-C level (10 x 10°/L) within 24 hours after PCI as the cutoff, 1811 patients were divided into the control
group with post-PCI WBC-C level within normal limits (<10 x 10°/L) and the post-PCI leukocytosis group with elevated
post-PCI WBC-C level (>10 x 10°/L). Table 1 shows baseline data, and procedural characteristics are displayed in
Table 2. In the post-PCI leukocytosis group, males and middle-aged adults accounted for a higher proportion, the
proportion of the elderly was less, and a higher proportion of patients had a history of smoking. Triglyceride, alanine
aminotransferase, and pre-PCI WBC-C levels were lower in the control group. Compared with the post-PCI leukocytosis
group, patients in the control group had higher high-density cholesterol levels, fewer PMI, and shorter time from blood
sampling to intervention. Patients in the post-PCI leukocytosis group had longer total length of predilated and postdilated
balloons and stents, more total times of predilation and postdilation, greater maximum pressure of postdilated balloons,
and more number of predilated and postdilated balloons and stents. Multivessel coronary disease was less frequent in the
control group compared with the post-PCI leukocytosis group.
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Table | Baseline Characteristics of Study Population

Control Post-PCl Leukocytosis | p value

Number 695 Ié
Male 421 (60.6) 768 (68.8) <0.001
Age <0.001

18-39 years 9 (1.3) 21 (1.9)

40-59 years 207 (29.8) 446 (40.0)

>59 years 479 (68.9) 649 (58.2)
Cardiac function (NYHA)>class | 48 (6.9) 76 (6.8) 1.000
Hypertension 385 (55.4) 610 (54.7) 0.797
Diabetes 217 (31.2) 303 (27.2) 0.070
Previous stroke 57 (8.2) 91 (8.2) 1.000
Previous PCI 192 (27.6) 327 (29.3) 0.476
History of myocardial infarction 57 (8.2) 86 (7.7) 0.771
Smoking 226 (32.5) 473 (42.4) <0.001
LVEF (%) 62.00 [61.00, 63.00] 62.00 [61.00, 63.00] 0.232
LVEDD (mm) 45.50 [42.50, 48.40] 45.80 [43.00, 48.52] 0.171
T.CH (mmol/L) 3.97 [3.24, 4.75] 4.00 [3.34, 4.71] 0.585
TG (mmol/L) 1.56 [1.17, 2.05] 1.73 [1.22, 2.32] <0.001
HDL-C (mmol/L) 1.20 [1.02, 1.41] .16 [1.01, 1.35] 0.005
LDL-C (mmol/L) 2.21 [1.67, 2.94] 2.22 [1.75, 2.88] 0.958
Apolipoprotein A (g/L) 1.21 [1.08, 1.39] 1.20 [1.07, 1.36] 0.131
Apolipoprotein B (g/L) 0.86 [0.68, 1.09] 0.89 [0.71, 1.08] 0.249
CRP (mg/L) 1.82 [0.80, 5.06] 1.74 [0.82, 4.24] 0.332
ALT (U/L) 18.00 [13.00, 26.00] 20.00 [15.00, 30.00] <0.001
AST (U/L) 18.00 [15.00, 23.00] 18.00 [15.00, 23.00] 0.398
eGRF (mL/min) 83.75 [68.41, 94.54] 84.66 [70.57, 95.85] 0.140
PMI 198 (28.5) 447 (40.1) <0.001
Baseline WBC-C (10%) 6.30 [5.40, 7.40] 7.10 [6.30, 8.30] <0.001
Sampling time after PCI (hours) 13.00 [10.00, 17.00] 17.00 [14.00, 19.00] <0.001
Therapy at discharge
Aspirin 685 (98.6) 1108 (99.3) 0.207
Clopidogrel 454 (65.3) 712 (63.8) 0.543
Ticagrelor 238 (34.2) 399 (35.8) 0.547
Statins 665 (95.7) 1069 (95.8) 1.000

Notes: Values are median [25th to 75th percentile] or n (%).

Abbreviations: NYHA, New York Heart Association; PCI, percutaneous coronary intervention; LVEF, left
ventricular ejection fraction; LVEDD, left ventricular end-diastolic dimension; T.CH, total cholesterol; TG, triglycer-
ide;HDL-C, high density lipoprotein; LDL-C, low density lipoprotein-C; CRP, C-reactive protein; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; eGFR, estimated glomeruar filtration rate; PMI, periprocedural
myocardial infarction; WBC-C, white blood cell count.

Correlates of Post-Procedural WBC-C

WBC-C (Figure 2A) and neutrophil count (Figure 2B) within 24 hours after PCI significantly increased compared with
that before PCI; however, lymphocyte count (Figure 2C) significantly decreased after PCI and the range of monocyte
count (Figure 2D) after PCI was more variable than that before PCI. The post-PCI patients had higher median counts of
leukocyte (6.80 [5.90, 8.00] x 10°/L versus 11.00 [8.70, 13.60] x10° /L) (Figure 2E) and neutrophil (4.30 [3.55, 5.20] x
10°/L versus 9.25 [7.12, 11.75] x 10° /L) (Figure 2F). Compared to those in baseline groups, there were lower median
counts of lymphocyte (1.91 [1.54, 2.33] x10°/L versus 1.37 [1.06, 1.75] x10° /L) (Figure 2G) and monocyte (0.36 [0.28,
0.45] x 10°/L versus 0.33 [0.15, 0.50] x 10° /L) (Figure 2H) in post-PCI groups. About 61.6% of patients presented
leukocytosis (WBC-C > 10 x 10°/L) within 24 hours after PCI (Figure 2I) while neutrocytosis (neutrophil count > 7.0 x
10°/L) was observed in 76.1% patients (Figure 2J). The cumulative distribution curve of lymphocytes (Figure 2K) after
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Table 2 Procedural Data of Study Population

Control post-PCI leukocytosis | p value
Multivessel disease 450 (64.7) 841 (75.4) <0.001
Pre-procedural TIMI flow grade
0 109 (15.7) 207 (18.5) 0.127
| 14 (2.0) 13 (1.2) 0.165
2 10 (1.4) 27 (24) 0.174
3 562 (80.9) 869 (77.9) 0.138
Stent restenosis 35 (5.0 64 (5.7) 0.596
Maximum diameter of pre-dilated balloon (mm) 2.50 [2.50, 2.50] 2.50 [2.50, 2.50] 0.728
Total length of pre-dilated balloon (mm) 20.00 [15.00, 30.00] 20.00 [15.00, 35.00] 0.006
Maximal pressure of pre-dilation (atm) 12.00 [10.00, 16.00] 12.00 [10.00, 16.00] 0.773
Total time of pre-dilation 3.00 [2.00, 4.00] 3.00 [2.00, 4.00] 0.137
Total times of pre-dilation 2.00 [2.00, 4.00] 3.00 [2.00, 5.00] 0.006
Total number of pre-dilated balloon 1.00 [1.00, 2.00] 1.00 [1.00, 2.00] 0.027
Interventional therapy of multivessel
Vessel treated 125 (18.0) 233 (20.9) 0.149
RCA 237 (34.1) 400 (35.8) 0.481
LAD 364 (52.4) 596 (53.4) 0.705
LCX 166 (23.9) 286 (25.6) 0.437
LM 46 (6.6) 73 (6.5) 1.000
Maximum diameter of stent (mm) 3.00 [3.00, 3.50] 3.00 [3.00, 3.50] 0.727
Total length of stent (mm) 36.00 [23.00, 58.00] 36.00 [24.00, 65.00] 0.014
Maximal pressure of stent (atm) 14.00 [12.00, 16.00] 14.00 [12.00, 16.00] 0.146
Total times of stent dilatation 2.00 [1.00, 4.00] 2.00 [1.00, 4.00] 0.135
Total number of stent 1.00 [1.00, 2.00] 1.00 [1.00, 2.00] 0.016
Maximum diameter of post-dilated balloon (mm) 3.00 [2.75, 3.50] 3.00 [3.00, 3.50] 0.228
Total number of post-dilated balloon 1.00 [1.00, 1.00] 1.00 [1.00, 2.00] <0.001
Total length of post-dilated balloon (mm) 15.00 [12.00, 20.00] 15.00 [12.00, 24.00] 0.004
Maximal pressure of post-dilation (atm) 20.00 [16.00, 22.00] 20.00 [16.00, 22.00] 0.018
Total times of post-dilation 3.00 [2.00, 5.00] 4.00 [2.00, 6.00] <0.001
Post-procedural TIMI flow grade
0 I (0.1) 7 (0.6) 0.164
| 2 (0.3) 7 (0.6) 0.496
2 10 (1.4) 19 (1.7) 0.706
3 684 (98.4) 1082 (97.0) 0.062

Note: Values are median [25th to 75th percentile] or n (%).
Abbreviations: RCA, right coronary artery; LAD, left anterior descending coronary artery; LCX, left circumflex artery; LM, left
main coronary artery. TIMI, thrombolysis in myocardial infarction; PMI, periprocedural myocardial infarction.

PCI showed a left shift, while the cumulative distribution curves of monocytes (Figure 2L) before and after PCI showed
a cross-over. This data suggests that increased WBC recruitment occurs in response to PCI in UA.

The logistic regression model was used to assess independent correlates of leukocytosis after PCI in patients with
UA. Male gender, smoking history, triglyceride, sampling time after PCI, baseline WBC-C, C-reactive protein, total
times of post-dilation, PMI and multivessel disease were independently associated with elevated WBC levels after PCI
(Table 3).

Post-Procedural WBC-C and the 5-Year Follow-Up

Overall, there were 92 deaths during the follow-up period, 54 patients (4.8%) died in the post-PCI leukocytosis group and
38 patients (5.5%) died in the control group. As shown in Figure 3A, there was no significant difference in all-cause
death between patients in the post-PCI leukocytosis group and the control group, p = 0.46 (Log rank test). The 5-year
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Table 3 Independent Correlates of Post-PCl White Blood Cell Count Obtained from the Multiple
Logistic Regression Analysis

OR (95% CI) p value OR (95% CI) p value

(Univariable) (Multivariable)
Male 1.44 (1.18-1.75) | <0.001 1.38 (1.08-1.77) 0.010
Smoking 1.53 (1.25-1.86) | <0.001 1.38 (1.09-1.74) 0.008
TG 1.16 (1.07-1.26) | <0.001 1.16 (1.06-1.27) 0.002
HDL 0.67 (0.48-0.91) 0.012 0.98 (0.57-1.67) 0.929
Apolipoprotein A 0.69 (0.48-0.99) 0.043 0.73 (0.40-1.31) 0.288
Sampling time after PCI 1.22 (1.19-1.26) | <0.001 1.25 (1.21-1.29) | <0.001
WBC-C 1.49 (1.39-1.60) | <0.001 1.62 (1.49-1.76) | <0.001
CRP 0.97 (0.95-1.00) 0.022 0.93 (0.90-0.95) | <0.001
Total length of pre-dilated balloon 1.01 (1.00-1.01) 0.028 1.00 (0.99-1.01) 0.942
Total number of stent 1.14 (1.02-1.26) 0.017 0.98 (0.84-1.14) 0.785
Maximum diameter of post-dilated balloon | 1.08 (1.00-1.16) 0.049 1.00 (0.84-1.18) 0.965
Total number of post-dilated balloon 1.20 (1.07-1.34) 0.001 0.95 (0.67-1.36) 0.790
Total length of post-dilated balloon 1.01 (1.01-1.02) 0.001 0.99 (0.97-1.02) 0.651
Maximal pressure of post-dilation 1.02 (1.00-1.03) 0.009 0.99 (0.96-1.02) 0.393
Total times of post-dilation 1.09 (1.05-1.13) | <0.001 1.12 (1.06-1.19) | <0.001
PMI 1.68 (1.37-2.06,) | <0.001 1.31 (1.03-1.66) 0.029
Multivessel disease 1.67 (1.35-2.05,) | <0.001 1.35 (1.05-1.72) 0.018

Abbreviations: Cl, confidence interval; OR, odds ratio; TG, triglyceride; HDL, high density lipoprotein; WBC-C, white blood
cell count; CRP, C-reactive protein; PMI, periprocedural myocardial infarction; PCI, percutaneous coronary intervention.

incidence rate of MACCE after PCI was 23% in the post-PCI leukocytosis group and 20.4% in the control group.
Although the incidence rate of MACCE of the post-PCI leukocytosis group was higher than that of the control group,
there is no statistically significant difference between the two groups in Figure 3B (p = 0.29, Log rank test). However, the
S-year incidence of MACE was significantly increased in the post-intervention leukocytosis group compared with the
control group (Figure 3C). The 5-year incidence rate of MACE was 18.5% in the post-PCI leukocytosis group and 13.7%
in the control group. The incidence rate of MACE of the post-PCI leukocytosis group was higher than that of the control
group (p = 0.017, Log rank test).

Cox Regression Analysis of MACE Events

For MACE in patients, we first performed univariate Cox regression analysis, and we included variables associated with
clinical basis and coronary intervention data in univariate Cox regression analysis. In univariate analysis, postoperative
leukocytosis, hypertension, diabetes, history of stroke, history of PCI, LVEF, low-density cholesterol-C, apolipoprotein
B, C-reactive protein, stent restenosis, left main disease, total length and number of pre-dilated balloon, maximal pressure
of pre-dilation, total time and times of pre-dilation, maximum diameter and total number of stent, total times of stent
dilatation, maximum diameter and total length of post-dilated balloon, PMI, multivessel disease, and interventional
therapy of multivessel were associated with MACE risk (Table 4). Thus, more risk factors for CAD, elevated
inflammatory levels before and after PCI, increased CAD severity and/or procedure complexity predict elevated long-
term MACE after PCI.

Subsequently, all of the above variables were included in the multivariate Cox regression analysis (Table 5). With
multivariate adjustment, there was a higher MACE risk in patients with post-PCI leukocytosis (adjusted hazard ratio
(adjHR: 1.34; 95% CI: 1.05-1.72; p = 0.019). In addition, the MACE risk in patients with UA was significantly associated
with a history of stroke (adjHR: 1.88; 95% CI: 1.35-2.63, p <0.001), apolipoprotein B (adjHR: 1.57; 95% CI: 1.19-2.07;
p = 0.002), total number of pre-dilated balloon (adjHR: 1.20; 95% CI: 1.02-1.42; p = 0.033), left main disease (adjHR:
1.59; 95% CI: 1.07-2.35; p = 0.021), and maximum diameter of stent (adjHR: 0.76; 95% CI: 0.64-0.90; p = 0.002).
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Figure 3 Kaplan—-Meier estimate of the cumulative 5-year incidences of the events according to post-PCl post-procedural leukocyte count. (A) Percentages show the
Kaplan-Meier estimates of 5-year mortality; (B) Percentages show the Kaplan-Meier estimates of 5-year MACCE; (C) Percentages show the Kaplan-Meier estimates of
5-year MACCE.

Abbreviations: MACCE, major adverse cardiovascular and cerebrovascular events; MACE, major adverse cardiovascular events; PCl, percutaneous coronary intervention.

Discussion

Our study is the largest analysis to date of the relationship between leukocyte count after coronary intervention and long-
term prognosis in patients with UA. Our main findings in this study can be summarized as follows: 1) leukocyte and
neutrophil count within 24 hours after PCI in majority of patients with UA was significantly increased compared with
those before PCI, while lymphocyte count significantly decreased after PCI in those patients; 2) post-PCI leukocytosis
was not associated with an increased risk of all-cause death and MACCE within 5 years in patients with UA; 3) post-PCI
leukocytosis was independently associated with an increased risk of MACE within 5 years in patients with UA.

The increased circulating leukocytes after PCI are the result of the combination of a pre-procedural fraction and a released
fraction of leukocytes from reservoir organs. Because patients with the threshold for WBC-C above 10 x10°/L were excluded
in our study, leukocytosis after surgery may be induced by inflammation related to PCI. Increasing evidence suggests that
coronary intervention can damage coronary blood vessels and/or myocardium, and subsequently provoke an inflammatory
response and the recruitment of blood leukocytes into the damaged area. To the best of our knowledge, our study is the first
report of circulating leukocytosis and neutrocytosis within 24 hours after PCI in patients with UA. Consistent with our study,
previous clinical studies have shown that some WBC fraction counts in peripheral blood of patients with coronary heart
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disease increased within a few days after PCL.'*'* However, Daiju et al found that patients who underwent PCI for one day
showed no significant increase in total WBC-C.'? Therefore, it is worth noting that post-PCI leukocytosis in patients with UA

Table 4 Results of Univariable Cox Proportional Hazards Model Applied to Assess
Predictors of Mace with Post-PCl Leukocytosis Entered into the Model

HR (95% CI for HR) | p value
Post-PCI leukocytosis 1.3 (1.1-1.7) 0.018
Hypertension 1.3 (1-1.6) 0.042
Diabetes 1.3 (I-1.7) 0.022
Previous stroke 2 (1.4-2.8) <0.001
Previous PCI 1.3 (I-1.7) 0.025
LVEF 0.98 (0.96-0.99) 0.009
LDL-C (for Immol/L increase) 1.2 (1-1.3) 0.011
Apolipoprotein B (for Ig/L increase) 1.5 (1.2-2) <0.001
CRP (for Img/L increase) I (I-1.1) 0.003
Stent restenosis 1.6 (1-2.4) 0.034
Total length of pre-dilated balloon (for | mm increase) I (1-1) <0.001
Maximal pressure of pre-dilation (for | atm increase) I (I-1.1) <0.001
Total time of pre-dilation (for |second increase) I (I-1) 0.012
Total times of pre-dilation I (1-1.1) 0.006
Total number of pre-dilated balloon 1.2 (1.1-1.4) <0.001
Left main 1.6 (1.1-2.3) 0.014
Maximum diameter of stent (for |mm increase) 0.83 (0.71-0.97) 0.018
Total times of stent dilatation .1 (I-1.1) 0.027
Total number of stent 1.2 (1.1-1.4) <0.001
Maximum diameter of post-dilated balloon (for |mm increase) 0.92 (0.84-1) 0.042
Total length of post-dilated balloon (for Imm increase) I (1-1) 0.011
PMI 1.3 (I-1.6) 0.033
Multivessel disease 1.7 (1.2-2.2) <0.001
Interventional therapy of multivessel 1.5 (1.1-1.9) 0.004

Abbreviations: HR, hazard ratio; Cl, confidence interval; PCl, percutaneous coronary intervention; LVEF, left ventricular
ejection fraction; LDL-C, low density lipoprotein-C; CRP, C-reactive protein; PMI, periprocedural myocardial infarction.

Table 5 Results of Multivariable Cox Proportional Hazards Model Applied to
Assess Predictors of Mace with Post-PCl Leukocytosis Entered into the Model

HR (95% CI for HR) | p value

Post-PCl leukocytosis
Previous stroke
Diabetes

LVEF (for 1% increase)
Apolipoprotein B (g/L)
CRP

Total times of pre-dilation

Total number of pre-dilated balloon

Left main disease

Maximum diameter of stent (for Imm increase)
Total number of stent

Multivessel disease

Maximal pressure of pre-dilation (for latm increase)

.34 (1.05-1.72)
1.88 (1.35-2.63)
121 (0.95-1.55)
0.98 (0.96-1.00)
1.57 (1.19-2.07)
1.03 (1.00-1.06)
1.03 (0.99-1.06)
0.96 (0.91-1.01)
120 (1.02-1.42)
1.59 (1.07-2.35)
0.76 (0.64-0.90)
114 (0.99-1.31)
133 (0.99-1.79)

0.019
<0.001
0.116
0.022
0.002
0.021
0.104
0.146
0.033
0.021
0.002
0.06
0.055

Abbreviations: HR, hazard ratio; Cl, confidence interval; PCI, percutaneous coronary intervention; LVEF,

left ventricular ejection fraction; CRP, C-reactive protein.

is an acute reaction within the definite scope of time and this effect is transient.
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Previous studies documented that the cTnl-elevated coronary artery disease (CAD) patients'® had higher baseline
leukocyte value and infiltration of leukocyte was correlated with the development of necrotic and apoptotic cell death from
6 to 24 hours post-reperfusion after the onset of AMI.'” The similar association between myocardial necrosis and WBC-C was
confirmed in our study, we found that PMI was independently associated with elevated WBC-C from 6 to 24 hours after PCI.
Consistent with our study, the association between smoking and elevated white blood cells has been reported in patients
undergoing primary PCL'® In addition, our study demonstrated that a higher level of coronary inflammation, multivessel
lesions and increased procedural complexity were associated with post-PCI leukocytosis. All of factors responsible for WBC-
C elevation after PCI help to explain the increased MACE risk in patients with UA. Our study indicated that patients with post-
PCI leukocytosis had higher baseline number of leukocytes compared to the control group. It is important to note that baseline
WBC-C was strong related to future development of cardiovascular disease and risk of myocardial infarction at one year in the
Framingham study and the stent PAMI (primary angioplasty in myocardial infarction) trial, respectively.'” Increasing
evidence revealed that increased number and aggregation of leukocytes in coronary artery may hinder microcirculatory
flow, damage endothelial cells and cause chronic inflammation accounting for vulnerable plaque progression, ultimately
resulting in serious cardiovascular events in patients with CAD.'®!?

Numerous clinical studies demonstrated that increase in the pre-procedural leukocyte count was associated with
greater myocardial necrosis area,”” worse cardiac function and prognosis in patients with acute myocardial infarction.?'~
23 An elevation of the WBC-C in acute coronary syndromes (ACS) was also a predictor of a higher risk of acute clinical
ischemic events.”**> Moreover, accumulating data indicated that leukocytes were predictive of mortality in patients with
stable CAD, ACS and AML'%**2® A recent meta-analysis including 62904 participants reported that a higher WBC
count was a significant predictor of long-term all-cause mortality (HR 1.09, 95% CI 1.07 to 1.12) and long-term
cardiovascular mortality (HR 1.05, 95% CI 1.02 to 1.07).° The associations between 5-year changes in leukocyte
counts with incident cardiovascular events have been investigated.’® The results indicated that participants in the
increased group had 14% higher risk for cardiovascular disease than those in the stable group. In addition to the increase
in the pre-procedural leukocyte counts, the elevation of leukocyte counts after primary PCI in patients with acute
myocardial infarctions was significantly associated with myocardial infarct size and an independent predictor of
cardiovascular events.” In line with the above studies, our study revealed that elevation of leukocyte counts in the
early stage after PCI had a predictive value for long-term MACE events in patients with UA. In addition, the present
study extends the role of WBC-C in predicting the prognosis of ACS patients to the entire perioperative period. Previous
clinical studies documented that elevated baseline WBC-C was an independent predictive factor for long-term mortality
in patients undergoing primary PCI with acute myocardial infarction.”'* However, our study did not find significant
association between post-PCI leukocytosis and all-cause death in UA, which was inconsistent with previous findings.
This suggests that post-PCI elevation of WBC-C in patients with UA is more suitable for predicting the risk of coronary
ischemia events than in those with AMI.

Our results provide a better knowledge of the inflammatory processes during PCI and suggest a new therapeutic
target. The potential application of this well recognized and readily available inflammatory marker is beneficial for high-
risk patients undergoing PCI who should receive particular attentive monitoring of the cardiovascular risk factors by the
treating physician. Future, larger cohort studies are required to determine whether anti-inflammatory strategies should be
recommended during elective PCI for any patient with UA.

The limitations of our study require consideration of the following aspects. First, our study is an analysis of
retrospective cohort data and is thus susceptible to the limitations inherent in such studies. Second, malignant arrhyth-
mias and peripheral vascular disease were not included in our composite endpoint of observation, and future studies
should seek to explore the full spectrum of cardiovascular outcomes in such studies. Furthermore, due to database
restrictions, serial testing of WBC-C levels after PCI was not performed, resulting in the possibility that the precise peak
value of post-procedural WBC-C may have been missed in a number of patients.

Conclusions
Peripheral WBC and neutrophil counts within 24 hours after PCI significantly increased in response to PCI in patients
with UA, while lymphocyte count significantly decreased after PCI in those patients. Although the post-PCI leukocytosis
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was not associated with mortality and MACCE, leukocytosis after PCI offered predictive value for an increased risk of
MACE for up to 5 years in patients with UA. We expect this study to provide a practical basis for stratified management
of high-risk groups of patients after PCI and bring more aggressive management at an earlier stage in those patients.
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