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Background: -blockers are indicated in several cardiovascular diseases. However, data are limited on their
effect on the periprocedural myocardial injury (PMI) incidence. This study was designed to evaluate the
impact of using B-blockers before elective percutaneous coronary intervention (PCI) on PMI incidence.
Methods: This study included 4,027 patients who underwent elective PCI and had no elevated serum
troponin I (Tnl) or creatine kinase-MB (CK-MB) levels before PCI. Patients were divided into four groups
based on gender and age (cut-off point 75 years). Serum Tnl and CK-MB levels were measured before and
every eight hours after the procedure. PMI was defined as postprocedural Tnl or CK-MB >5 times the upper
limits of normal (ULN) values. Logistic regression analysis including factors such as age, sex, prior p-blocker
therapy, previous MI, length of implanted stents, characteristics of lesion and so on was performed to assess
the effects of prior B-blocker therapy on the incidence of PMI.

Results: In 2,332 male patients <75 years old, PMI incidence was higher in the B-blocker pre-usage
subgroup than the no B-blocker pre-usage subgroup (16.4% vs. 11.7%, respectively; P=0.001). For the female
patients >75 years old, the B-blocker pre-usage subgroup had a lower PMI incidence compared with the no
B-blocker pre-usage subgroup (18.2% vs. 31.7%, respectively; P=0.012). In logistic regression analysis, the
total length of implanted stents was a risk factor for PMI incidence in all patients. Also, B-blocker pre-usage
was an independent risk factor for PMI in male patients <75 years old (HR =1.424, 95% CI: 1.088-1.864;
P=0.01). However, we did not observe a significant effect in female patients >75 years old.

Conclusions: Our study indicates that the PCI-PMI association depends on age and gender groups,

B-blocker use before PCI is associated with increased PMI incidence in male patients <75 years old.
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Introduction

Percutaneous coronary intervention (PCI) is considered
one of the most effective revascularization methods in
treating coronary artery disease patients (CAD). Among
patients who undergo PCI, there is approximately a 5%
to 30% chance for periprocedural myocardial injury
(PMI) (1). Patients with PMI are known to have worse
clinical outcomes. Recent clinical studies show that PMI
is one of the leading causes of mortality and other cardiac
abnormalities (2-4). Generally, the occurrence of PMI can
be silent and is mainly monitored by elevated myocardial
enzymes (5,6).

For patients with coronary artery diseases, especially
those with left ventricular dysfunction, B-blockers are
recommended as the first and secondary pretreatment
choices. B-blockers have been a successful treatment option
as they can decrease cardiac remodeling, development
of arrhythmias, and heart’s oxygen demand. In acute
myocardial infarction, the timely use of B-blockers can
reduce the infarct size by approximately 20% (7,8).
Nevertheless, reports have shown that concurrent use
of B-blockers with PCI reduces the creatine kinase MB
(CK-MB), which can prolong long-term survival (9-11).
However, these reports did not consider certain important
factors such as renal dysfunction, heart failure, number
of stents implanted, and TIMI flow, which can cause
PMI incidence. A previous observational study found
that B-blocker therapy before PCI did not attenuate the
postprocedural CK-MB rise, which do not support the
contention that BB use before PCI decreases myocardial
injury (12). This contradicts the notion that B-blockers can
reduce myonecrosis after PCIL. Hence, it is still uncertain
whether the use of B-blocker before PCI can influence PMI
incidence, defined as rising CK-MB or troponin I (Tnl)
levels during the perioperative period.

Previous study has reported several risk factors for
PMI, including more extensive disease, multivessel
disease, complex lesion morphology, coronary thrombus
and calcification, left ventricular systolic dysfunction and
urgent procedures. Previous studies have suggested that
the incidence of coronary vascular injury complications
was higher in women than in men, particularly in patients
<55 years [odds ratio (OR) 2.74, 95% confidence interval
(CI): 1.49 to 5.04] (13). Older age has also been identified as
a risk factor for PMI (13,14). Two-thirds of cardiovascular
deaths occurred in people aged over 75 years old (15), with
a higher risk of mortality and major adverse cardiovascular
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events (MACE) rates after PCI compared with those below
75 years old (16,17). Therefore, it is vital to recognize the
effect of age when investigating PCl-related disease. In this
study, we assessed the relationship between pre-usage of
B-blockers before elective PCI and the PMI incidence in
subgroups of patients stratified by gender and age (75 years
cut-off point).

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-2355).

Methods
Patients

Between January 2015 to November 2018, 5732 patients
treated with elective PCI were recruited at Sir Run Run
Shaw Hospital, School of Medicine, Zhejiang University.
Similar to previous studies (18,19), we excluded patients
with elevated CK-MB or Tnl levels before the procedure
(>1x upper limits of normal (ULN) levels) and adverse
cardiovascular events, such as persistent refractory
closure of coronary artery induced death or MI with or
without emergency bypass surgery. Patients with renal or
cardiac dysfunction (eGFR <30 mm/min/1.73 m’ or N'T-
proBNP >2,000 pg/mL) were also excluded. There were
no exclusion criteria regarding medications taken. This
is because there is no supporting evidence on any specific
medication before PCI influencing the incidence of PMI.
A total of 4,027 patients were finally included in the study.
Patients were then divided into four subgroups based on
their gender and age of 75 years old. Baseline history,
procedures, and medications were recorded. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013). The study was approved by Institutional
Ethics Committee of Sir Run Run Shaw Hospital, School
of Medicine, Zhejiang University (NO: 20200803-34) and
individual consent for this retrospective analysis was waived.

Study procedures

All patients underwent a baseline 12-lead ECG examination
24-h before the procedure. Blood samples were collected
to determine serum Tnl and CK-MB levels before sheath
insertion. All interventions were carried out following the
standard protocols. Blood samples were collected regularly
every eight hours for the first 24 hours to measure cardiac
enzymes after the surgery. Patients also underwent another
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12-lead ECG recording at the end of the procedure. In the
event of certain complications such as chest pain, additional
ECGs, and blood tests were carried out appropriately.
During hospital stay, patients were continuously monitored
wirelessly by ECG after PCI. N-terminal proBNP (NT-
proBNP), estimated glomerular filtration rate (eGFR), and
lipid profiles were also determined before the intervention.

Definition of periprocedural myocardial injury (PMI)

We defined PMI as postprocedural Tnl or CK-MB
>5x ULN given that the baseline levels were normal,
as described in the revised diagnosis criteria released in
2012 (6). Serum Tnl and CK-MB levels were measured
before the procedure, at regular intervals of eight hours
after the PCI in the first 24 hours, and in cases of ischemia
symptoms. The levels of serum Tnl and CK-MB were
carried out using chemiluminescence immunoassays
and an Elecsys 2010 analyzer from Roche Diagnostics

(Indianapolis, Ind). The upper limits for normal cases were
set at <0.11 ng/mL for Tnl and 24 IU/L for CK-MB.

Percutaneous coronary intervention

Patients receiving PCI were identified based on the ACC/
AHA recommendations. Experienced interventional
cardiologists performed all the procedures. Before the
intervention, patients were given a loading dose of aspirin or
clopidogrel, as previously described (20). All patients were
given either 70 U/kg or 5,000 U bolus of unfractionated
heparin prior to the procedure plus a bolus of 2,000 to
3,000 U hourly if the procedure was longer than one hour.
The PCI type (primary stenting, stenting, angioplasty, or
angioplasty only) was decided according to the needs of the
patients. We calculated the total balloon inflation pressures
and times according to the technical characteristics of
the stent and balloon. Applications of anticoagulants or
glycoprotein IIb/Illa receptor blockers were adjusted to the
features of the angiographic lesion or clinical situation by
the cardiologist.

Single vessel intervention was defined as conducting the
procedure in one native coronary vessel distribution (plus
branches), whereas multivessel intervention was defined as
conducting the procedure in more than two native coronary
vessels. The coronary intervention was defined as a graft,
if the procedure was performed with a venous or arterial
bypass graft. All features of the lesion and angiographic
vessels were recorded after each coronary intervention.
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Patients with multiple lesions were categorized based on the
lesion complexity. The occurrence of periprocedural events
was recorded. Multiple occurrences of a single procedural
complication in a single patient were considered as one.

Medical treatment

Medications were given based on the clinical condition of
each patient. This included B-blockers, aspirin, clopidogrel,
ticagrelor, warfarin, statins, fibrates, ezetimibe, angiotensin-
converting enzyme inhibitors (ACEI), angiotensin receptor
blockers (ARB), and calcium channel blockers (CCB).
Throughout the procedure, glycoprotein (GP) IIb/IIIa
inhibitor was used when required.

Statistical analysis

Categorical variables are represented by frequency
and percentage. All continuous variables are normally
distributed. Continuous variables are represented by mean
+ standard deviation. Categorical variables are represented
by chi-square test or Fisher exact test as appropriate. The
correlation between B-blocker therapy and the development
of PMI was evaluated using univariable and multivariable
logistic regression analysis. P<0.05 was considered
statistically significant.

Results
Baseline characteristics and initial treatments

The flow chart of the study was shown in Figure 1. Baseline
clinical characteristics of the patients in the p-blocker therapy
(n=2,059) and no B-blocker therapy (n=1,968) subgroups
are summarized in Table 1. Patients in the B-blocker therapy
subgroup were younger than those patients in the no B-blocker
therapy subgroup (64.95£10.53 vs. 66.18+10.22 years,
respectively; P=0.011). Among the B-blocker therapy
subgroup, the prevalence rates of hypertension, diabetes
mellitus, previous MI, previous PCI, and acute coronary
syndrome (ACS) were significantly higher than the no
B-blocker therapy subgroup. Patients with the p-blocker
therapy subgroup had more elevated triglyceride (T'G) levels
and body mass index (BMI) compared with the no B-blocker
therapy subgroup. However, the percentage of stable angina
symptoms and current smoking as well as levels of low-density
lipoprotein-cholesterol (LDL-C), high-density lipoprotein-
cholesterol (HDL-C), and total cholesterol (T'C) were all
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- With an elevated CK-MB or Ml levels before PCI (n=875)
- With adverse events including persistent refractory closure
causing death or MI and emergency bypass surgery (n=458)

- With obvious renal insufficiency (n=61)
- With obvious cardiac insufficiency (n=311)
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Total study population: 5,732 inpatients underwent

elective PCI from January 2015 to November 2018
Exclusion criteria:

Y
Final study population:
4,027 patients who underwent elective PCI
Age <75y male Age <75y female Age =75y male Age =75y female
(n=2,332) (n=861) (n=579) (n=255)

Figure 1 Flow chart of the study. A total of 4,027 patients were enrolled in our study. Patients were further divided into four subgroups

according to the age of 75 years old and gender. PCI, percutaneous coronary intervention; CK-MB, creatine kinase-MB; Tnl, troponin I;

eGFR, estimated glomerular filtration rate; N'T-proBNP, N-terminal pro-type-B natriuretic peptide.

Table 1 Baseline characteristics of all patients with and without p-blocker therapy

Total (n=4,027) Prior B-blocker therapy (n=2,059) No B-blocker therapy (n=1,968) P value
Male, n (%) 2,911 (72.3) 1,475 (71.6) 1,436 (73) 0.346
Age (years) 65.55+10.40 64.95+10.53 66.18+10.22 0.011
SBP (mmHg) 132.39+£19.30 131.89+19.85 132.91+£18.72 0.056
DBP (mmHg) 73.47+£12.14 73.19+£12.37 73.75+11.90 0.067
Hypertension, n (%) 2,746 (68.2) 1,437 (69.8) 1,309 (66.5) 0.010
Diabetes mellitus, n (%) 1,060 (26.3) 575 (27.9) 485 (24.6) 0.013
Heart rate (bpm) 73.26+11.79 73.49+11.78 73.02+11.80 0.386
Previous MI, n (%) 317 (7.9) 214 (10.4) 103 (5.2) <0.001
Previous PCI, n (%) 1,288 (32.0) 758 (36.8) 530 (26.9) <0.001
Previous CABG, n (%) 33(0.8) 20(1.0) 13 (0.7) 0.267
Stable angina, n (%) 1,890 (46.9) 915 (44.4) 975 (49.5) 0.003
ACS, n (%) 1,663 (41.3) 884 (42.9) 779 (39.6) 0.014
ézy)/mptomatic myocardial ischemia, n 404 (10.0) 214 (10.4) 190 (9.7) 0373
Cerebrovascular disease, n (%) 340 (8.4) 159 (7.7) 181 (9.2) 0.103
Family history of CHD, n (%) 354 (8.8) 196 (9.5) 158 (8.0) 0.081
BMI (kg/m?) 24.75+3.21 24.93+3.18 24.56+3.23 <0.001
Current smoking, n (%) 906 (22.5) 426 (20.7) 480 (24.4) 0.009
Laboratory data
Platelet (10%L) 175.47+53.54 175.94+55.34 174.99+51.59 0.890
LDL-C (mg/dL) 2.08+0.89 2.00+ 0.84 2.17+0.93 <0.001

Table 1 (continued)
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Table 1 (continued)

Total (n=4,027) Prior B-blocker therapy (n=2,059) No B-blocker therapy (n=1,968) P value
HDL-C (mg/dL) 1.01+£0.28 0.98+0.27 1.04+0.29 <0.001
Total cholesterol (mg/dL) 3.98+1.16 3.87+1.08 4.1+1.23 <0.001
Triglyceride (mg/dL) 1.65+1.31 1.70+1.15 1.61+1.11 0.001
hs-CRP (mg/dL) 3.91+9.33 3.98+9.18 3.84+ 9.50 0.177
Serum creatinine (mg/L) 79.34+29.03 79.59+27.93 79.07+£30.15 0.127
eGFR [mL/(min-1.73 m?)] 86.41+21.45 86.10+21.99 86.74+20.88 0.228

Medication, n (%)

Aspirin 3,917 (97.3) 2,014 (97.8) 1,908 (96.7) 0.030
Clopidogrel 3,790 (94.1) 1,912 (92.9) 1,878 (95.4) 0.001
Ticagrelor 237 (5.9) 157 (7.6) 80 (4.1) <0.001
Warfarin 22 (0.5) 11 (0.5) 11 (0.6) 0.915
Statins 3,939 (98.4) 2,024 (98.3) 1,915 (97.3) 0.031
Fibrates 25(0.6) 13 (0.6) 12 (0.6) 0.930
Ezetimibe 339 (8.4) 187 (9.1) 152 (7.7) 0.121
ACEI 950 (23.6) 572 (27.8) 378 (19.2) <0.001
ARB 1,307 (32.5) 689 (33.5) 618 (31.4) 0.163
CCB 1,262 (31.3) 594 (28.8) 668 (33.9) <0.001

Data are presented as mean + SD or n (%). The P values for continuous data were obtained from the analysis of the unpaired t-test, the
P values for categorical data were obtained from the chi-square test. SBP, systolic blood pressure; DBP, diastolic blood pressure; MI,
myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; ACS, acute coronary syndrome; BMI,
body mass index; CHD, coronary heart disease; LDL-C, low-density lipoprotein-cholesterol; HDL-C, high-density lipoprotein-cholesterol;
hs-CRP, high-sensitivity C reactive protein; eGFR, estimated glomerular filtration rate; ACEI, angiotensin-converting enzyme inhibitor; ARB,

angiotensin |l receptor blockage; CCB, calcium channel blocker.

significantly lower in the B-blocker therapy subgroup. Other
clinical variables had no significant differences between the
two subgroups, including blood pressure, heart rate, previous
coronary artery bypass grafting (CABG) history, asymptomatic
myocardial ischemia, cerebrovascular disease, family history
of coronary heart disease (CHD), platelet, high-sensitivity C
reactive protein (hs-CRP), serum creatinine, and estimated
glomerular filtration rate (eGFR).

Medications were also recorded and presented in 7able 1.
Patients in the B-blocker therapy subgroup have a higher
proportion taking aspirin, ticagrelor, statins, and ACEIL
Conversely, a higher percentage of the patients taking
clopidogrel and CCB were found in the no B-blocker
therapy subgroup. There were no differences in other
medications such as warfarin, fibrates, ezetimibe, and ARB.

© Annals of Palliative Medicine. All rights reserved.

PClI-related angiograpbic and procedural characteristics

A comparison of PCl-related angiographic and procedural
characteristics is shown in Table 2. As shown, patients
receiving prior B-blocker therapy have a larger proportion
of calcification, chronic total occlusions (CTO) lesion, and
thrombus at baseline, compared with no prior B-blocker
therapy patients. The percentage of post-dilatation was
lower in the B-blocker therapy subgroup, compared to
no B-blocker therapy subgroup. During the procedures,
there were no significant differences in the lesion location,
multivessel intervention, ACC/AHA type B2/C lesions,
lesion length (>20 mm), bifurcation lesions, eccentric
lesions and CTO lesions, angulated lesions, pre-procedural
TIMI flow <3, post-procedural TIMI flow <3, lesion
diameter (>2.5 mm), number of implanted stents, mean
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Table 2 Angiographic & procedural characteristics of all patients with and without B-blocker therapy.
Total (n=4,027)  Prior B-blocker therapy (n=2,059) No B-blocker therapy (n=1,968) P value

Lesion location, n (%)

Left main 333 (8.3) 175 (8.5) 158 (8.0) 0.565

Left anterior descending 2,204 (54.7) 1,095 (53.2) 1,109 (56.4) 0.054

Left circumflex 933 (23.2) 488 (23.7) 445 (22.6) 0.377

Right coronary artery 1,165 (28.9) 619 (30.1) 546 (27.7) 0.089
Multivessel intervention, n (%) 0.182

2 vessels 502 (12.5) 247 (12.0) 255 (13.0)

3 vessels 109 (2.7) 66 (3.2) 43 (2.2)
ACC/AHA type B/C lesion, n (%) 2,105 (52.3) 1,094 (53.1) 1,011 (51.4) 0.211
Lesion length =20 mm, n (%) 2401 (59.6) 1,240 (60.2) 1,161 (59.0) 0.344
Moderate or severe calcification, n (%) 726 (18.0) 396 (19.2) 330 (16.8) 0.037
Bifurcation lesion, n (%) 439 (10.9) 222 (10.8) 217 (11.0) 0.833
Eccentric lesion, n (%) 2,344 (58.2) 1,202 (58.4) 1,142 (58.0) 0.718
CTO lesion, n (%) 293 (7.3) 170 (8.3) 123 (6.3) 0.013
Angulated lesions, n (%) 214 (5.3) 105 (5.1) 109 (5.5) 0.552
Thrombus at baseline, n (%) 39 (1.0) 27 (1.3) 12 (0.6) 0.022
Pre-procedural TIMI flow <3, n (%) 1,172 (29.1) 613 (29.8) 559 (28.4) 0.303
Post-procedural TIMI flow <3, n (%) 42 (1.0) 19 (0.9) 23 (1.2 0.449
Lesion diameter >2.5 mm, n (%) 3174 (78.8) 1,635 (79.4) 1,539 (78.2) 0.228
Mean stents, n (%) 0.320

2 stents 1,264 (31.4) 658 (32.0) 606 (30.8)

3 stents 473 (11.7) 243 (11.8) 230 (11.7)

4 stents 53(1.3) 33(1.6) 20(1.0)

5 stents 6 (0.1) 4(0.2) 2(0.1)
Implanted stents =2, n (%) 1,796 (44.6) 938 (45.6) 858 (43.6) 0.168
Mean stent length (mm) 25.10+6.90 25.18+7.01 25.00+6.79 0.363
Total length of implanted stents (mm) 41.62+24.04 42.32+24.66 40.88+23.36 0.187
FFR IVUS OCT, n (%) 578 (14.4) 292 (14.2) 286 (14.5) 0.785
Pre-dilatation, n (%) 3,180 (79.0) 1,613 (78.3) 1,567 (79.6) 0.410
Post-dilatation, n (%) 3,519 (87.4) 1,776 (86.3) 1,743 (88.6) 0.036
Direct stent, n (%) 635 (15.8) 325 (15.8) 310 (15.8) 0.939
Rotational atherectomy, n (%) 38(0.9) 19 (0.9) 43 (2.2) 0.897

Data are presented as mean + SD or n (%). ACC/AHA, American College of Cardiology/American Heart Association; CTO, chronic total
occlusions; TIMI, thrombolysis in myocardial infarction; FFR, fractional flow reserve; IVUS, intravenous ultrasound; OCT, optical coherence
tomography.
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Figure 2 Comparison of the incidence of PMI in prior B-blocker therapy subgroup and no B-blocker therapy subgroup in patients <75 years
old grouping by gender, and patients >75 years old grouping by gender. (A) Comparison of the incidence of CK-MB or Tnl increase >5x ULN
between prior B-blocker therapy subgroup and no B-blocker therapy subgroup of patients below 75 years old. Among the 2,332 male patients,
prior B-blocker therapy subgroup has a higher percentage of CK-MB or Tnl >5x ULN than the no p-blocker therapy subgroup (16.4% vs.
11.7%, P=0.001). There were no significant differences between the two groups of 861 female patients. (B) Comparison of the incidence of CK-

MB or Tnl increase >5xULN between the prior B-blocker therapy subgroup and no B-blocker therapy subgroup of the patients over 75 years
old. Among the 255 female patients, prior B-blocker therapy subgroup has a lower percentage of CK-MB or Tnl >5x ULN than the no prior
B-blocker therapy subgroup (18.2% vs. 31.7%, P=0.012). There were no significant differences between two groups of 579 male patients.

stent length, the total length of implanted stents, direct
stent, intracranial plaque resection, the proportion of
receiving IVUS, OCT, or FFR, and pre-dilatation. Results
among the study population stratified by gender and age of
75 are shown in Tables S1,S2.

The incidence of PMI following elective PCI

Several reports have suggested an increase in the cardiac
Tnl or CK-MB in a proportion of patients ranging from
less than 10% to almost 50% after PCI. In our study,
the percentage of PMI in male patients <75 years was
higher in those receiving prior B-blocker therapy (16.4%),
compared to those who had not (11.7%), as shown in Figure
2A4. However, in female patients <75 years old and male
patients >75 years old, PMI percentage had no significant
differences among patients with or without a prior B-blocker
therapy, as shown in Figure 24 and 2B. Interestingly, for the
female patients >75 years old, the proportion of PMI was
lower in the therapy subgroup (18.2%) compared with the
non-therapy (31.7%) subgroup, as shown in Figure 2B.

Logistic regression analysis of the potential risk factors for

PMI

The covariates in the univariable and multivariable analysis

© Annals of Palliative Medicine. All rights reserved.

for predictors of PMI included prior B-blocker treatment,
previous MI, previous PCI, hypertension, diabetes mellitus,
platelet, heart rate, BMI, stable angina pectoris (SAP) or
ACS, current smoking, total length of implanted stents,
ACC/AHA type B/C lesions, pre-dilatation, and post-
dilatation.

The univariable and multivariable analysis for predictors
of PMI for all patients are shown in 7zble 3. In both
univariable and multivariable analysis, patients >75 years,
heart rate, total length of implanted stents, type B/C lesion
and pre-dilatation or post-dilatation associated with the
higher incidence of PMI.

The logistic regression analysis results for PMI incidence
in patients <75 years are shown in 7able 4. In male patients,
prior B-blocker therapy (HR =1.424, 95% CI: 1.088-1.864,
P=0.010), previous MI (HR =1.638, 95% CI: 1.052-
2.551, P=0.029), and the total length of implanted stents
(HR =1.027, 95% CI: 1.022-1.032, P<0.001) remained
significantly associated with the incidence of PMI after
elective PCIL. However, in female patients, only heart rate
(HR =1.022, 95% CI: 1.005-1.040, P =0.011) and the total
length of implanted stents (HR =1.020, 95% CI: 1.011-
1.028, P<0.001) were significant.

Tuble 5 shows the logistic regression analysis results for
related risk factors for PMI in patients >75 years. After
adjustment, for both male and female patients >75 years,
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Table 3 Univariable and Multivariable analysis for predictors of PMI

Wang et al. p-blocker before PCI as a risk factor for PMI

Univariable analysis

Multivariable analysis

Unstandardized coefficient

Unstandardized coefficient

95% CI P value 95% ClI P value
B HR B HR

Male -0.204 0.815 0.687-0.968  0.020 -0.118 0.889 0.721-1.096  0.270
Patients =75 years old 0.541 1.718 1.441-2.047  0.000 0.478 1.613 1.309-1.988  0.000
Prior usage of B-blocker 0.062 1.064 0.909-1.246  0.439 0.318 1.374 0.896-2.107 0.145
Type of B-blocker —-0.005 0.995 0.881-1.123  0.093 —-0.206 0.814 0.583-1.136  0.227
Previous MI 0.157 1.170 0.884-1.548  0.273 0.332 1.394 0.999-1.945  0.051
Previous PCI —-0.046 0.955 0.805-1.133  0.600 0.087 1.091 0.887-1.343  0.410
Hypertension 0.317 1.373 1.146-1.645  0.001 0.141 1.152 0.933-1421  0.188
Diabetes mellitus 0.119 1.127 0.946-1.341  0.180 0.011 1.011 0.828-1.236  0.912
Platelet 0.000 1.000 0.998-1.001 0.784 -0.001 0.999 0.998-1.001 0.415
Heart rate 0.009 1.010 1.003-1.016  0.004 0.009 1.009 1.001-1.016  0.021
BMI -0.012 0.988 0.964-1.014  0.364 0.000 1.000 0.971-1.029  0.993
SAP or ACS 0.253 1.288 1.098-1.511  0.002 0.124 1.132 0.943-1.358 0.183
Current smoking -0.247 0.781 0.640-0.954 0.015 -0.125 0.882 0.696-1.119  0.301
Total length of implanted stents 0.025 1.025 1.022-1.028  0.000 0.024 1.024 1.021-1.028  0.000
ACC/AHA type B/C lesion 0.510 1.665 1.410-1.965 0.000 0.199 1.220 1.009-1.476  0.040
Pre-dilatation 0.321 1.378 1.106-1.718  0.004 0.326 1.385 1.072-1.788 0.013
Post-dilatation 0.461 1.586 1.180-2.132  0.002 0.444 1.559 1.049-2.319  0.028

HR, hazard ratio; MI, myocardial infarction; PCI, percutaneous coronary intervention; BMI, body mass index; SAP, stable angina pectoris;
ACS, acute coronary syndrome; ACC/AHA, American College of Cardiology/American Heart Association.

only total length of implanted stents were associated with
the PMI incidence (HR =1.025, 95% CI: 1.015-1.035,
P<0.001; HR =1.028, 95% CI: 1.012-1.044, P=0.001,
respectively). Interestingly, we also found that the incidence
of PMI after elective PCI in female patients >75 years
was significantly lower in the B-blocker therapy subgroup.
However, after the adjustment, prior B-blocker was not
associated with the PMI incidence.

Logistic regression analysis of the potential risk factors for
PMI among patients using metoprolol

In our study, only metoprolol and bisoprolol were used
among all patients. Since over 80% of patients used
metoprolol before elective PCI in the B-blocker therapy
subgroup (Figure S1), we further performed logistic
regression analysis among metoprolol users (Tables S3
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and S4). The potential risk factors were the same as
mentioned above. Similar to the previous results, prior
B-blocker (HR =1.475, 95% CI: 1.116-1.951, P=0.006)
remained a significant independent risk factor for PMI for
the male patients below 75 years old after the adjustment.
Meanwhile, the total length of implanted stents was the
only risk factor for PMI incidence regardless of age and sex.

Discussion

In the current study, we found that male patients, elder
people (275 years old), total length of the implanted
stents, ACC/AHA type B/C lesion, per and post dilatation
were all the significant risk factors in the Univariable
and Multivariable analysis for predictors of PMI. PMI
incidence was higher among male patients <75 years old
treated with beta-blockers. A contrary finding was observed
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Table 4 Logistic regression analysis for predictors of PMI in the patients <75 years old

Univariable analysis Multivariable analysis
Unstandardized Coefficient Unstandardized Coefficient
95% Cl P value 95% CI P value
B HR B HR
Male
Prior B-blocker 0.387 1.473 1.162-1.867  0.001 0.354 1.424 1.088-1.864 0.010
Previous Ml 0.365 1.441 1.000-2.077 0.050 0.493 1.638 1.052-2.551  0.029
Previous PCI 0.079 1.082 0.846-1.385 0.530 0.100 1.105 0.813-1.502  0.525
Hypertension 0.190 1.209 0.942-1.553 0.136 0.061 1.063 0.800-1.413  0.674
Diabetes mellitus -0.013 0.987 0.754-1.293 0.926 -0.018 0.982 0.725-1.330  0.905
Platelet 0.000 1.000 0.997-1.002 0.703 -0.001 0.999 0.997-1.002  0.587
Heart rate -0.003 0.997 0.987-1.007 0.532 -0.007 0.993 0.982-1.005 0.245
BMI 0.016 1.016 0.978-1.055 0.415 0.009 1.009 0.967-1.054  0.674
SAP or ACS 0.133 1.143 0.903-1.446  0.267 -0.037 0.964 0.738-1.260 0.789
Current smoking -0.081 0.922 0.718-1.184 0.526 -0.060 0.942 0.685-1.294  0.711
Total length of implanted stents 0.027 1.028 1.023-1.032 <0.001 0.027 1.027 1.022-1.032  <0.001
ACC/AHA type B/C lesion 0.499 1.647 1.288-2.106 <0.001 0.180 1.197 0.908-1.578  0.201
Pre-dilatation 0.399 1.491 1.073-2.070 0.017 0.361 1.435 0.995-2.070  0.053
Post-dilatation 0.425 1.530 0.994-2.355 0.053 0.301 1.351 0.794-2.301  0.268
Female

Prior B-blocker -0.227 0.797 0.549-1.158 0.234 -0.179 0.836 0.549-1.272  0.404
Previous Ml -0.036 0.965 0.328-2.837 0.948 0.480 1.616 0.484-5.402  0.436
Previous PCI -0.079 0.924 0.597-1.430 0.723 -0.023 0.977 0.584-1.636  0.929
Hypertension 0.477 1.611 1.030-2.519 0.037 0.275 1.316 0.788-2.198  0.293
Diabetes mellitus 0.313 1.368 0.924-2.024 0.118 0.104 1.110 0.708-1.740  0.650
Platelet -0.001 0.999 0.995-1.002 0.421 -0.004 0.996 0.992-1.000 0.069
Heart rate 0.019 1.019 1.004-1.034 0.014 0.022 1.022 1.005-1.040 0.011
BMI 0.048 1.049 0.992-1.109 0.096 0.040 1.040 0.977-1.108  0.216
SAP or ACS 0.294 1.342 0.923-1.952 0.123 0.149 1.161 0.761-1.773  0.489
Current smoking -0.485 0.616 0.077-4.902 0.647 -0.184 0.832 0.098-7.076  0.866
Total length of implanted stents 0.022 1.022 1.014-1.030 <0.001 0.019 1.020 1.011-1.028  <0.001
ACC/AHA type B/C lesion 0.621 1.861 1.254-2.763 0.002 0.435 1.545 0.990-2.412  0.055
Pre-dilatation 0.361 1.435 0.843-2.443 0.184 0.433 1.543 0.815-2.919  0.183
Post-dilatation 0.775 2.170 0.922-5.106 0.076 0.539 1.714 0.577-5.092  0.332

HR, hazard ratio; MI, myocardial infarction; PCI, percutaneous coronary intervention; BMI, body mass index; SAP, stable angina pectoris;
ACS, acute coronary syndrome; ACC/AHA, American College of Cardiology/American Heart Association.
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Table 5 Logistic regression analysis for predictors of PMI in the patients >75 years old

Univariable analysis Multivariable analysis
Unstandardized Coefficient Unstandardized Coefficient
95% ClI P value 95% ClI P value
B HR B HR
Male
Prior B-blocker -0.241 0.785 0.515-1.198  0.262 -0.229 0.795 0.489-1.294 0.356
Previous Ml 0.295 1.343 0.695-2.596  0.381 0.666 1.947 0.894-4.242  0.093
Previous PCI -0.142 0.867 0.56-1.343 0.523 -0.004 0.996 0.589-1.684 0.988
Hypertension 0.028 1.029 0.635-1.667  0.908 0.112 1.118 0.627-1.995 0.705
Diabetes mellitus -0.067 0.935 0.574-1.523  0.788 -0.164 0.849 0.480-1.501 0.573
Platelet 0.000 1.000 0.996-1.005 0.878 -0.001 0.999 0.994-1.004 0.686
Heart rate 0.011 1.011 0.994-1.029  0.211 0.015 1.015 0.994-1.036 0.163
BMI 0.000 1.000 0.931-1.074  0.996 0.010 1.010 0.928-1.099 0.823
SAP or ACS 0.195 1.215 0.794-1.86 0.369 0.001 1.001 0.606-1.655 0.996
Current smoking -0.015 0.985 0.575-1.688  0.956 -0.206 0.814 0.427-1.551  0.531
Total length of implanted stents  0.024 1.024 1.015-1.033  <0.001 0.025 1.025 1.015-1.035 <0.001
ACC/AHA type B/C lesion 0.502 1.653 1.062-2.573  0.026 0.044 1.045 0.632-1.727 0.864
Pre-dilatation -0.395 0.674 0.405-1.122  0.129 -0.323 0.724 0.392-1.337  0.303
Post-dilatation 0.622 1.862 0.822-4.218  0.136 1.017 2.766 0.807-9.482 0.105
Female
Prior B-blocker -0.737 0.479 0.267-0.857  0.013 -0.533 0.587 0.295-1.167 0.129
Previous Ml 0.116 1.122 0.387-3.254  0.832 -0.194 0.824 0.201-3.381 0.788
Previous PCI -0.388 0.679 0.367-1.255  0.216 0.061 1.062 0.495-2.280 0.877
Hypertension 0.702 2.017 0.745-5.465 0.168 0.954 2.597 0.674-10.004 0.165
Diabetes mellitus 0.054 1.056 0.565-1.971  0.865 0.260 1.297 0.613-2.745 0.497
Platelet 0.001 1.001 0.996-1.007  0.649 0.002 1.002 0.996-1.009 0.529
Heart rate 0.009 1.009 0.987-1.032  0.434 0.011 1.011 0.985-1.039 0.406
BMI 0.008 1.008 0.928-1.095  0.850 0.027 1.028 0.932-1.133  0.585
SAP or ACS 0.542 1.719 0.954-3.099  0.071 0.489 1.631 0.805-3.304 0.175
Current smoking 0.450 1.568 0.28-8.777 0.609 0.465 1.591 0.144-17.629 0.705
Total length of implanted stents  0.025 1.026 1.012-1.039  <0.001 0.027 1.028 1.012-1.044  0.001
ACC/AHA type B/C lesion 0.270 1.310 0.735-2.338  0.360 -0.043 0.958 0.459-2.000 0.909
Pre-dilatation 0.534 1.706 0.713-4.08 0.230 0.526 1.693 0.575-4.982 0.339
Post-dilatation 0.924 2.518 0.725-8.753  0.146 0.952 2.591 0.307-21.888 0.382

HR, hazard ratio; MI, myocardial infarction; PCI, percutaneous coronary intervention; BMI, body mass index; SAP, stable angina pectoris;
ACS, acute coronary syndrome; ACC/AHA, American College of Cardiology/American Heart Association.
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among female patients >75 years old. However, in female
patients <75 years old and male patients >75 years old,
PMI incidence was not different between the two groups.
We further performed a logistic regression analysis for
identifying any potential risk factors for the incidence of
PMI. After adjustment, we found that the total length of
implanted stents was the risk factor for PMI incidence
in all patients. Furthermore, prior use of p-blocker was
significantly associated with PMI incidence in old male
patients <75 years. The protective effect of a prior B-blocker
application for the incidence of PMI in female patients
>75 years old was not observed in this model. Furthermore,
we performed a logistic analysis by comparing the patients
taking metoprolol with those in the no prior p-blocker
therapy subgroup, and we found similar results.

Several studies have suggested that PCI is accompanied
by some cardiac complications, including repeat
revascularization, myocardial reinfarction, and fatality
(1,21,22). The occurrence of PMI is usually related to a worse
prognosis after PCI. The levels of CK-MB and Tnl reveal
the extent of enzymes release and the degree of myocardial
injury (23,24). Several factors could explain the risk of PMI,
including patient-related factors, such as age; lesion-related
factors, such as chronic total occlusion; and procedural-
related factors, such as the number of stents implanted (25).
PMI can also be caused by overactivation of the sympathetic
system, which triggers hypertension, tachycardia, and an
increase in myocardial oxygen demand (26).

B-blocker therapy works by suppressing the activity of
the sympathetic system. It decreases arrhythmias, ischemia,
myocardial infarction, the release of cardiac enzymes, and
limits the infarct size as revealed in several prospective
randomized trials and retrospective studies (27-29). It
also lowers the heart rate, which in turn reduces oxygen
consumption during coronary intervention. Therefore, it
can prevent cardiovascular events in patients undergoing
therapy. However, the efficacy of the B-blocker application
before coronary intervention is still controversial as it may
lead to some procedural events, such as spasm and slow flow
of the coronary artery. This is associated with high coronary
vascular resistance due to sympathetic blockade.

The main type of B-blockers used in our study was
metoprolol. Our results of the association between
metoprolol and PMI incidence suggest that prior
metoprolol therapy might induce a higher risk of PMI in
male patients below 75 years old. From a pharmacology
perspective, metoprolol application before PCI might
over-activate the a-receptor of the coronary arteries
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when the B-receptors are suppressed. The over-activated
a-receptors make the coronary arteries prone to the effect
of vasoconstriction. Besides, the use of metoprolol reduces
the myocardial contractility and oxygen consumption of
the heart. The level of adenosine, which is generated by
myocardial contractility, is also decreased. Adenosine is
known to dilate the coronary artery and attenuate the effect
of B-adrenergic receptors (30). So, metoprolol use before
PCI might eventually induce the microvascular contraction
of the coronary arteries.

Microvascular dysfunction is one of the main reasons to
make patients prone to PMI incidence (31,32). Therefore,
we assumed there were two possible reasons to explain
such adverse effect of B-blockers on the incidence of PMI
only existing among the male patients <75 years old.
First, the sympathetic activity decreases as age grows. The
response to P-blockers is much higher in younger patients
(33,34). Pre-usage of B-blockers before PCI has a more
significant impact on the heart rate, blood pressure, and
microcirculation among patients <75 years old than the
patients >75 years old. Pre-usage of B-blockers before PCI
might lead to over-reaction of coronary microcirculation
during or after the surgery, which can induce spasm and
slow coronary artery flow. Second, as shown in Table S1,
the proportion of smoking (33.6%) was highest in male
patients <75 years old. Smoking is another risk factor that
can cause a spasm of microcirculation. It might exacerbate
the condition and make patients more susceptible to the
incidence of PMI.

It is still unclear whether pre-procedural B-blocker
therapy modulates the incidence of PMI. Our results agree
with the findings reported by Ellis et a/. (12), but in contrast
to Sharma ez al. (35). Ellis er al. support the contention
that B-blockers use before PCI does not attenuate post-
procedural myocardial injury. However, Sharma et al.
showed that prior B-blocker therapy had a cardioprotective
effect by reducing CK-MB levels after PCI and was
associated with lower mortality at a one-year follow-up.

There may be some reasons for the conflicting
conclusions from various studies on this matter. First,
patients enrolled in these studies displayed distinct
differences. In the study by Sharma ez al., 57% of patients
received rotational atherectomy, in contrast to only 0.9% in
the present study, which is below the national average (36).
Rotational atherectomy may trigger “no flow” and “slow
flow” and cause an increase of CK-MB or Tnl (37,38).
However, values of these cardiac enzymes >5x ULN
reported previously were higher, compared to the current
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study (2.4% vs. 15.7%). Second, CK-MB was measured
before the procedure in their study, and hence, a few values
were missed. In our study, Tnl and CK-MB in all patients
were obtained without missing values. Another important
factor could be that different clinical and procedural
characteristics were included as covariates in the logistic
regression analysis. Sharma et 4/. did not measure factors
that could influence CK-MB or Tnl levels, which were
assessed in our study, such as previous MI, previous PCI,
and the total length of implant stents.

Our study provides new insights into the association
between B-blocker use before the intervention and PMI
incidence. Although the benefit of B-blocker in reducing
long-term adverse cardiovascular events has been
thoroughly investigated, its use during surgery still needs to
be evaluated based on the characteristics of each patient.

Limitations

There were several limitations to this study. First, this was
a retrospective observational study, so the allocation to
B-blocker therapy was not randomly assigned. There were
substantial differences recognized between patients treated
with or without B-blockers. Second, our propensity analysis
for the use of B-blockers was only modestly predictive. It
is perhaps not surprising because only half of the patients
received B-blockers. In other studies, the proportion of
patients using B-blocker therapy was much higher. Third,
the proportion of patients who had complications during
the procedure was relatively lower than that reported by
other studies. Additionally, our study excluded patients
with elevated Tnl or CK-MB pre-procedure, and hence,
the conclusion may not be generalizable to ACS patients
with high myocardial makers. Lastly, we only performed
secondary analysis for the association between metoprolol
and PMI incidence but not bisoprolol due to lack of
statistical power. Therefore, the way of how our findings
apply to clinical practice still needs further evaluation.

Conclusions

This study investigated the risk factors for PMI incidence
after elective PCI and found that the total length of
implanted stents was significantly associated with PMI
incidence in all patients. More importantly, prior usage of
B-blocker before PCI was associated with increased PMI
incidence in male patients <75 years old.
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Figure S1 The percentage of each type of B-blockers used by the patients of prior B-blocker therapy groups in four groups. (A) In the sub-
group of patients below 75 years old, 82.5% male patients used metoprolol vs. 17.5% used bisoprolol before elective PCI, and 82.3% male
patients used metoprolol vs. 17.7% used bisoprolol, with almost the same percentage; (B) In the subgroup of patients over 75 years old,
83.1% male patients used metoprolol vs. 16.9% used bisoprolol before elective PCI, and 80.3% male patients used metoprolol vs. 19.7%
used bisoprolol, with no significant difference.

Table S1 Baseline characteristics of all patients grouped by the age of 75 years old and gender

<75 years >75 years

Male (n=2,332) Female (n=861) Male (n=579) Female (n=255)
Age (years) 61.12+8.77 64.13+6.77 79.39+3.28 79.45+3.26
SBP (mmHg) 129.01+£18.3 136.41+18.51 135.84+20.2 141.61+£21.68
DBP (mmHg) 73.94+11.98 75.1+11.87 69.86+12.38 72.13+£12.3
Hypertension (%) 1497 (64.2%) 604 (70.2%) 428 (73.9%) 217 (85.1%)
Diabetes mellitus (%) 581 (24.9%) 259 (30.1%) 144 (24.9%) 76 (29.8%)
Heart rate (bpm) 72.9+11.52 75.06+12.01 71.05+11.7 75.5+12.49
Prior B-blockers (%) 1208 (51.8%) 452 (52.5%) 267 (46.1%) 132 (51.8%)
Previous MI (%) 215 (9.2%) 27 (3.1%) 56 (9.7%) 19 (7.5%)
Previous PCI (%) 762 (32.7%) 214 (24.9%) 217 (37.5%) 95 (37.3%)
Previous CABG (%) 22 (0.9%) 2(0.2%) 5(0.9%) 4 (1.6%)
Stable angina (%) 1080 (46.3%) 416 (48.3%) 267 (46.1%) 127 (49.8%)
ACS (%) 976 (41.9%) 366 (42.5%) 220 (38.0%) 101 (39.6%)
Asymptomatic myocardial ischemia (%) 236 (10.1%) 68 (7.9%) 80 (13.8%) 20 (7.8%)
Cerebrovascular disease (%) 169 (7.2%) 67 (7.8%) 76 (13.1%) 28 (11%)
Family history of CHD (%) 238 (10.2%) 81 (9.4%) 22 (3.8%) 13 (5.1%)
BMI (kg/m?) 25.14+3.11 24.52+3.33 23.8+3 23.98+3.59
Current Smoking (%) 783 (33.6%) 10 (1.2%) 107 (18.5%) 6 (2.4%)

Table S1 (continued)
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Table S1 (continued)

<75 years >75 years
Male (n=2,332) Female (n=861) Male (n=579) Female (n=255)
Laboratory data
Platelet (10°/L) 176.58+53.07 185.61+54.33 153.91+48.32 180.15+53.34
LDL-C (mg/dL) 2.06+0.88 2.26+0.94 1.91+0.79 2.12+0.91
HDL-C (mg/dL) 0.97+0.26 1.11+£0.29 0.98+0.26 1.12+0.32
Total cholesterol (mg/dL) 3.9+1.12 4.36+1.27 3.68+0.97 4.18+1.15
Triglyceride (mg/L) 1.69+1.18 1.78+1.22 1.34+0.76 1.61+0.92
hs-CRP (mg/dL) 3.75+9.07 3.04+6.2 5.15+11.09 5.52+14.36
Serum creatinine (mg/L) 81.82+24.08 65.48+31.88 92.66+36.65 73.18+£19.78
eGFR (mL/(min-1.73 m?) 114.98+27.75 112.24+31.4 96.68+26.3 93.59+26.89
Medication
Aspirin 2281 (97.8%) 836 (97.1%) 558 (96.4%) 242 (94.9%)
Clopidogrel 2193 (94.0%) 809 (94.0%) 547 (94.5%) 241 (94.5%)
Ticagrelor 146 (6.3%) 53 (6.2%) 25 (4.3%) 13 (5.1%)
Warfarin 9 (0.4%) 3(0.3%) 5(0.9%) 5(2.0%)
Statins 2292 (98.3%) 841 (97.7%) 557 (96.2%) 249 (97.6%)
Fibrates 18 (0.8%) 6 (0.7%) 1(0.2%) 0 (0%)
Ezetimibe 208 (8.9%) 79 (9.2%) 38 (6.6%) 14 (5.5%)
ACEI 573 (24.6%) 202 (23.5%) 121 (20.9%) 54 (21.2%)
ARB 691 (29.6%) 292 (33.9%) 221 (38.2%) 103 (40.4%)
CCB 632 (27.1%) 306 (35.5%) 209 (36.1%) 115 (45.1%)

Data are presented as mean+SD or n (%). The P values for continuous data were obtained from the analysis of the unpaired t-test, the
P values for categorical data were obtained from the chi-square test. SBP, systolic blood pressure; DBP, diastolic blood pressure; MI,
myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; ACS, acute coronary syndrome; CHD,
coronary heart disease; BMI, body mass index; LDL-C, low-density lipoprotein-cholesterol; HDL-C, high-density lipoprotein-cholesterol;
hs-CRP, high-sensitivity C reactive protein; eGFR, estimated glomerular filtration rate; ACEIl, angiotensin-converting enzyme inhibitor; ARB,
angiotensin Il receptor blockage; CCB, calcium channel blocker.
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Table S2 Angiographic & procedural characteristics of all patients grouped by the age of 75 years old and gender

<75 years =75 years
Male (n=2,332) Female (n=861) Male (n=579) Female (n=255)
Lesion location
Left main 195 (8.4%) 60 (7%) 57 (9.8%) 21 (8.2%)
Left anterior descending 1273 (54.6%) 498 (57.8%) 294 (50.8%) 139 (54.5%)

Left circumflex

Right coronary artery
Multivessel intervention

2 vessels

3 vessels
ACC/AHA type B/C lesion
Lesion length=20mm
Moderate or severe calcfication
Bifurcation lesion
Eccentric lesion
CTO lesion
Angulated lesions
Thrombus at baseline
Pre-procedural TIMI flow < 3
Post-procedural TIMI flow < 3
Lesion diameter = 2.5mm
Mean stents (no.)

2 stents

3 stents

4 stents
Implanted stents =2
Mean stent length (mm)
Total length of implanted stents (mm)
FFR IVUS OCT
Predilatation (%)
Postdilatation (%)
Direct stent (%)

Rotational atherectomy (%)

555 (23.8%)
682 (29.2%)
1.19+0.47
309 (13.3%)
63 (2.7%)
1223 (52.4%)
1408 (60.4%)
407 (17.5%)
268 (11.5%)
1337 (57.3%)
192 (8.2%)
127 (5.4%)
28 (2.4%)
692 (29.7%)
28 (1.2%)
1842 (79.0%)
1.63+0.78
730 (31.3%)
279 (12.0%)
33 (1.4%)
1048 (44.9%)
25.39+6.99
42.38+24.56
335 (14.4%)
1826 (78.3%)
2024 (86.8%)
374 (16.0%)
15 (0.6%)

191 (22.2%)
232 (26.9%)
1.16+0.44
100 (11.6%)
20 (2.3%)
439 (51%)
499 (58%)
142 (16.5%)
76 (8.8%)
511 (59.3%)
41 (4.8%)
40 (4.6%)
7 (0.8%)
226 (26.2%)
2 (0.2%)
671 (77.9%)
1.6+0.73
292 (33.9%)
87 (10.1%)
11 (1.3%)
390 (45.3%)
24.63+6.8
40.54+23.18
128 (14.9%)
687 (79.8%)
768 (89.2%)
139 (16.1%)
5 (0.6%)

134 (23.1%)
177 (30.6%)
1.17+0.48
63 (10.9%)
20 (3.5%)
316 (54.6)
349 (60.3%)
127 (21.9%)
65 (11.2%)
354 (61.1%)
45 (7.8%)
38 (6.6%)
3 (0.5%)
182 (31.4%)
9 (1.6%)
463 (80.0%)
1.59+0.77
151 (26.1%)
77 (13.3%)
7 (1.2%)
235 (40.6%)
24.79+6.8
40.28+23.9
79 (13.6%)
460 (79.4%)
504 (87.0%)
86 (14.9%)
10 (1.7%)

53 (20.8%)
74 (29%)
1.16+0.45
30 (11.8%)
6 (2.4%)
127 (49.8%)
145 (56.9%)
50 (19.6%)
30 (11.8%)
142 (55.7%)
15 (5.9%)
9 (3.5%)

1 (0.4%)
72 (28.2%)
3 (1.2%)
198 (77.6%)
1.65+0.73
91 (35.7%)
30 (11.8%)
2 (0.8%)
123 (48.2%)
24.66+6.55
41.34+22.17
36 (14.1%)
207 (81.2%)
223 (87.5%)
36 (14.1%)
8 (3.1%)

ACC/AHA, American College of Cardiology/American Heart Association; CTO, chronic total occlusions; TIMI, thrombolysis in myocardial
infarction; FFR, fractional flow reserve; IVUS, intravenous ultrasound; OCT, optical coherence tomography.
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Table S3 Logistic regression analysis for predictors of PMI in the patients <75 years old using metoprolol

Univariable Analysis Multivariable Analysis
Unstandardized Coefficient Unstandardized Coefficient
95% ClI P value 95% ClI P value
B HR B HR
Male
Prior B-blocker 0.415 1.514 1.184-1.937  0.001 0.389 1.475 1.116-1.951  0.006
Previous Ml 0.270 1.310 0.871-1.971  0.195 0.373 1.452 0.888-2.374  0.138
Previous PCI 0.074 1.076 0.828-1.398  0.582 0.111 1.117 0.808-1.545 0.504
Hypertension 0.191 1.211 0.933-1.572  0.151 0.059 1.061 0.788-1.43  0.696
Diabetes mellitus 0.047 1.048 0.793-1.386  0.742 0.017 1.017 0.743-1.393 0.914
Platelet 0.000 1.000 0.997-1.002 0.814 0.000 1.000 0.997-1.002 0.718
Heart rate -0.002 0.998 0.988-1.009 0.781 -0.005 0.995 0.983-1.007 0.440
BMI 0.014 1.014 0.975-1.055  0.488 0.008 1.009 0.964-1.055 0.712
SAP or ACS 0.161 1.175 0.917-1.505  0.202 -0.023 0.977 0.737-1.295  0.872
Current smoking -0.066 0.936 0.721-1.216  0.622 -0.085 0.918 0.685-1.231  0.568
Total length of implanted stents 0.027 1.027 1.022-1.032  <0.001 0.026 1.027 1.021-1.032 <0.001
ACC/AHA type B/C lesion 0.574 1.775 1.368-2.303  <0.001 0.267 1.306 0.975-1.75  0.073
Pre-dilatation 0.396 1.486 1.054-2.096  0.024 0.373 1.453 0.989-2.134  0.057
Post-dilatation 0.351 1.420 0.912-2.211  0.120 0.156 1.169 0.682-2.005 0.570
Female

Prior B-blocker -0.227 0.797 0.537-1.181  0.258 -0.206 0.814 0.521-1.271  0.365
Previous Ml 0.096 1.101 0.369-3.28  0.863 0.501 1.650 0.476-5.718  0.430
Previous PCI -0.001 0.999 0.63-1.583  0.997 0.053 1.054 0.604-1.84  0.853
Hypertension 0.378 1.460 0.926-2.3 0.103 0.050 1.052 0.619-1.786  0.852
Diabetes mellitus 0.252 1.287 0.853-1.942  0.230 0.015 1.015 0.628-1.639  0.952
Platelet -0.001 0.999 0.995-1.002  0.469 -0.004 0.996 0.992-1 0.057
Heart rate 0.023 1.023 1.007-1.039  0.005 0.027 1.027 1.008-1.046  0.004
BMI 0.050 1.051 0.992-1.114  0.093 0.047 1.048 0.981-1.12  0.163
SAP or ACS 0.336 1.399 0.946-2.07  0.093 0.190 1.209 0.774-1.887  0.404
Current Smoking -0.378 0.685 0.085-5.531  0.723 0.053 1.054 0.119-9.307  0.962
Total length of implanted stents 0.023 1.024 1.015-1.032  <0.001 0.022 1.022 1.013-1.032 <0.001
ACC/AHA type B/C lesion 0.585 1.794 1.186-2.715  0.006 0.378 1.459 0.91-2.338  0.117
Pre-dilatation 0.303 1.353 0.78-2.348  0.282 0.430 1.538 0.787-3.005 0.208
Post-dilatation 0.637 1.892 0.798-4.482  0.148 0.348 1.417 0.465-4.316  0.540

HR: hazard ratio; MI: myocardial infarction; PCI: percutaneous coronary intervention; BMI: body mass index; SAP: stable angina pectoris;
ACS: acute coronary syndrome; ACC/AHA: American College of Cardiology/American Heart Association.

© Annals of Palliative Medicine. All rights reserved. http://dx.doi.org/10.21037/apm-20-2355



Table S4 Logistic regression analysis for predictors of PMI in the patients >75 years old using metoprolol

Univariable Analysis Multivariable Analysis
Unstandardized Coefficient Unstandardized Coefficient
95% Cl P value 95% ClI P value
B HR B HR
Male
Prior B-blocker -0.191 0.826 0.531-1.284 0.396 -0.140 0.869 0.525-1.439 0.586
Previous Ml 0.303 1.353 0.68-2.693  0.389 0.681 1.977 0.882-4.429  0.098
Previous PCI -0.165 0.848 0.541-1.329 0.472 -0.096 0.909 0.531-1.554 0.727
Hypertension 0.009 1.009 0.615-1.655 0.972 0.138 1.148 0.635-2.075 0.648
Diabetes mellitus -0.090 0.914 0.551-1.517 0.729 -0.158 0.854 0.476-1.534 0.598
Platelet 0.000 1.000 0.996-1.004 0.982 -0.001 0.999 0.994-1.004 0.664
Heart rate 0.012 1.012 0.994-1.03  0.181 0.014 1.015 0.994-1.036 0.172
BMI -0.007 0.993 0.923-1.069 0.850 0.004 1.004 0.921-1.094  0.931
SAP or ACS 0.239 1.270 0.821-1.965 0.282 0.025 1.025 0.616-1.706  0.924
Current smoking 0.029 1.029 0.597-1.775 0.917 -0.087 0.917 0.494-1.703 0.784
Total length of implanted stents 0.022 1.022 1.013-1.031 <0.001 0.023 1.024 1.014-1.034 <0.001
ACC/AHA type B/C lesion 0.452 1.572 0.999-2.474  0.051 0.001 1.001 0.597-1.678 0.997
Pre-dilatation -0.398 0.672 0.401-1.125 0.130 -0.307 0.736 0.398-1.359 0.327
Post-dilatation 0.583 1.791 0.786-4.077 0.165 1.005 2.733 0.799-9.349 0.109
Female
Prior p-blocker -0.631 0.532 0.289-0.98  0.043 -0.502 0.605 0.297-1.232  0.166
Previous Ml 0.198 1.219 0.41-3.62 0.722 -0.131 0.877 0.208-3.709 0.859
Previous PCI -0.269 0.764 0.407-1.436  0.404 0.145 1.156 0.531-2.516 0.715
Hypertension 0.576 1.779 0.646-4.903 0.265 0.905 2.472 0.643-9.500 0.188
Diabetes mellitus 0.189 1.208 0.635-2.297 0.565 0.333 1.395 0.652-2.984  0.391
Platelet 0.001 1.001 0.995-1.006 0.789 0.002 1.002 0.995-1.009 0.570
Heart rate 0.012 1.012 0.989-1.036  0.295 0.017 1.017 0.990-1.044 0.226
BMI 0.002 1.002 0.917-1.096  0.958 0.009 1.009 0.911-1.118 0.865
SAP or ACS 0.512 1.669 0.907-3.071  0.100 0.442 1.556 0.753-3.218 0.233
Current smoking 0.663 1.940 0.316-11.914 0.474 0.558 1.747 0.151-20.279 0.656
Total length of implanted stents 0.022 1.022 1.008-1.036  0.001 0.024 1.024 1.008-1.040 0.003
ACC/AHA type B/C lesion 0.271 1.311 0.719-2.39  0.377 0.014 1.014 0.475-2.162 0.972
Pre-dilatation 0.516 1.676 0.693-4.052 0.252 0.515 1.674 0.566-4.950 0.352
Post-dilatation 0.638 1.892 0.528-6.785 0.328 0.406 1.501 0.165-13.656 0.718

HR: hazard ratio; MI: myocardial infarction; PCI: percutaneous coronary intervention; BMI: body mass index; SAP: stable angina pectoris;
ACS: acute coronary syndrome; ACC/AHA: American College of Cardiology/American Heart Association.
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