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ABSTRACT

BACKGROUND: The optimal antiplatelet therapy (APT) for patients undergoing non-cardiac surgery within

1 year after percutaneous coronary intervention (PCI) is not yet established.

METHODS: Patients who underwent non-cardiac surgery within 1 year after second-generation drug-eluting
stent implantation were included from a multicenter prospective registry in Korea. The primary endpoint

was 30-day net adverse clinical event (NACE), including all-cause death, major adverse cardiovascular

event (MACE), and major bleeding events. Covariate adjustment using propensity score was performed.

RESULTS: Among 1130 eligible patients, 708 (62.7%) continued APT during non-cardiac surgery. After pro-

pensity score adjustment, APT continuation was associated with a lower incidence of NACE (3.7% vs 5.5%;

adjusted odds ratio [OR], 0.48; 95% confidence interval [CI], 0.26-0.89; P = .019) and MACE (1.1% vs 1.9%;

adjusted OR, 0.35; 95% CI, 0.12-0.99; P = .046), whereas the incidence of major bleeding events was not dif-

ferent between the 2 APT strategies (1.7% vs 2.6%; adjusted OR, 0.61; 95% CI, 0.25-1.50; P = .273).

CONCLUSIONS: The APT continuation strategy was chosen in a substantial proportion of patients and was

associated with the benefit of potentially reducing 30-day NACE and MACE with similar incidence of

major bleeding events, compared with APT discontinuation. This study suggests a possible benefit of APT

continuation in non-cardiac surgery within 1 year of second-generation drug-eluting stent implantation.

� 2023 Elsevier Inc. All rights reserved. � The American Journal of Medicine (2023) 136:1026−1034
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INTRODUCTION involving the heart and its adjacent great vessels and 2) sur-
Percutaneous coronary intervention (PCI) is one of the most

commonly used revascularization strategies for coronary

artery disease. After the introduction of second-generation

drug-eluting stent, post-PCI adverse events, such as stent

thrombosis, have decreased remarkably, especially compared

with first-generation drug-eluting stent.1 However, lifelong

antiplatelet therapy (APT) has still been strictly recommended

after PCI due to remaining cardiovascular risk. Specifically,
CLINICAL SIGNIFICANCE

� Optimal antiplatelet therapy strategy
during non-cardiac surgery performed
within 1 year of percutaneous coronary
intervention is undefined.

� The continuation of antiplatelet ther-
apy was associated with reduction of
cardiovascular risk without an increase
of bleeding risk.

� Single antiplatelet therapy had similar
clinical efficacy and safety to dual anti-
platelet therapy. These should be consid-
ered hypothesis-generating results, as
they may be open to interpretation.
dual APT, including aspirin and a

P2Y12 receptor inhibitor, is still

emphasized as a key strategy for

reducing ischemic risk during the

early post-procedural phase, espe-

cially the first year. Accordingly, the

current guidelines for management of

coronary artery disease recommend

that dual APT be mandatorily main-

tained for 6-12 months after drug-

eluting stent implantation, according

to clinical presentation.2-4

Previous studies demonstrated that

non-cardiac surgery is required during

the mandatory period for up to 20% of

patients.5-8 The competing effect of

APT on stent-related ischemic risk and

surgery-related bleeding risk compli-

cates the decision of the proper APT
strategy for each patient undergoing non-cardiac surgery. The

current guidelines recommend postponing an elective non-car-

diac surgery 6-12 months after PCI, according to clinical pre-

sentation for the index PCI.9-11

Several studies have investigated the effect of APT on

patients undergoing non-cardiac surgery after PCI; however,

the results of these studies are conflicting, possibly owing to

the heterogeneity of the characteristics of patients, surgeries,

and APT strategies.12-15 Furthermore, a limited number of

patients undergoing non-cardiac surgery within 1 year of

PCI has been analyzed, including those with bare-metal stent

or first-generation drug-eluting stent implantation. In this

study, we investigated the effect of APT strategy on patients

undergoing non-cardiac surgery within 1 year of second-gen-

eration drug-eluting stent implantation.
METHODS

Study Population and Definitions
Patients who underwent non-cardiac surgery between May

2008 and September 2021 within 1 year of second-genera-

tion drug-eluting stent implantation were included from a

multicenter prospective registry (KOMATE [Korean Multi-

center Angioplasty Team], NCT03908463) that enrolls

patients undergoing PCI from 8 major cardiovascular cen-

ters in Korea. All surgeries requiring general anesthesia,

including laparoscopic operations or open procedures, were

included. The major exclusion criteria were: 1) surgeries
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of 
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geries within 14 days after the index PCI. Eligible patients

were stratified by the APT strategy (APT continuation or

APT discontinuation) at the time of surgery. APT continua-

tion was defined as any antiplatelet agent being used at the

time of surgery, and APT discontinuation was defined as all

antiplatelet agents having been interrupted at least 1 day

before surgery. The procedure-related data were obtained

from the registry, and perioperative data were retrospec-
Health and Social Security de Clin
zación. Copyright ©2023. Elsevier
tively collected from the electronic

medical records of each participat-

ing center.

Non-cardiac surgery was classi-

fied into 2 groups, according to the

surgical risk based on 30-day inci-

dence of cardiovascular death or

myocardial infarction: low risk

(<1%) or intermediate-to-high risk

(≥1%).10 The surgery was consid-

ered urgent if needed within

30 days for a condition with the

potential to quickly deteriorate into

an emergency.16 Complex PCI was

defined as a procedure 1) for left

main coronary artery disease; 2) for

a bifurcation lesion requiring 2

stents; 3) for chronic total occlusion

lesion; 4) requiring over 2 stents; 5)
with a total stent length of ≥60 mm; or 6) with a minimum

stent diameter of <2.5 mm.17,18

The institutional review board of each participating cen-

ter approved the study protocol and the need for informed

consent was waived.
Definition of Study Endpoints
The primary endpoint was the 30-day net adverse clinical

event (NACE), defined as a composite of all-cause death,

major adverse cardiovascular event (MACE), and major

bleeding events. All-cause death included both cardiac

and non-cardiac death. Cardiac death was defined as

death with ischemic symptoms, typical ischemic patterns

of electrocardiography, cardiac enzyme elevation, or

fatal ventricular arrhythmia with no obvious non-cardiac

cause of death. MACE was defined as a composite of car-

diac death, myocardial infarction, and stent thrombosis.

Myocardial infarction was defined according to the third

universal definition as an increase in creatine kinase

myocardial fraction above the upper normal limit, an

increase in troponin-T or troponin-I of >99th percentile

of the upper normal limit, and ≥1 of these symptoms:

electrocardiographic changes or imaging or angiographic

findings indicative of myocardial infarction.19 Stent

thrombosis was defined according to the recommenda-

tions of the Academic Research Consortium.20 Major

bleeding was defined according to the criteria of the

International Society of Thrombosis and Hemostasis.21
icalKey.es por Elsevier en octubre 16, 
 Inc. Todos los derechos reservados.



Table 1 Baseline Characteristics Stratified by Treatment Strategy*

All (N = 1130) APT Continuation (n = 708) APT Discontinuation (n = 422) P Value

Age, years 69 (60-76) 69 (60-76) 69 (60-75) .485
Female sex 345 (30.5) 202 (28.5) 143 (33.9) .068
Body mass index, kg/m2 24.1 (22.0-26.3) 24.0 (22.0-26.1) 24.2 (22.1-26.9) .062
Hypertension 862 (76.3) 538 (76.0) 324 (76.8) .819
Diabetes mellitus 557 (49.3) 358 (50.6) 199 (47.2) .295
Dyslipidemia 633 (56.0) 421 (59.5) 212 (50.2) .003
Chronic heart failure 71 (6.3) 46 (6.5) 25 (5.9) .797
Chronic kidney disease 254 (22.5) 179 (25.3) 75 (17.8) .004
Prior cerebrovascular accident 148 (13.1) 99 (14.0) 49 (11.6) .293
Anemia 379/966 (39.2) 229/562 (40.7) 150/404 (37.1) .285
Clinical diagnosis at index PCI .003
Stable angina 507 (44.9) 342 (48.3) 165 (39.1)
Acute coronary syndrome 623 (55.1) 366 (51.7) 257 (60.9)

Complex PCI 254 (22.5) 168 (23.7) 86 (20.4) .218
PCI-surgery interval, days 174 (84-260) 147 (73-247) 210 (109-285) <.001
15-90 314 (27.8) 227 (32.1) 87 (20.6) <.001
91-180 268 (23.7) 186 (26.3) 82 (19.4)
181-365 548 (48.5) 295 (41.7) 253 (60.0)

Surgical risk <.001
Low 612 (54.2) 430 (60.7) 182 (43.1)
Intermediate-to-high 518 (45.8) 278 (39.3) 240 (56.9)

Urgent or emergent surgery 121 (10.7) 99 (14.0) 22 (5.2) <.001
Medication before surgery
Renin-angiotensin-system inhibitors 534 (47.3) 300 (42.4) 234 (55.5) <.001
Beta blockers 517 (45.8) 301 (42.5) 216 (51.2) .006
Calcium channel blockers 342 (30.3) 193 (27.3) 149 (35.3) .005
Anticoagulant agents 5 (0.4) 3 (0.4) 2 (0.5) >.999

Antiplatelet agents
Aspirin 1050 (92.9) 678 (95.8) 372 (88.2) <.001
P2Y12 receptor inhibitors 969 (85.8) 608 (85.9) 361 (85.5) .947
Clopidogrel 892/969 (92.1) 553/608 (91.0) 339/361 (93.9)
Ticagrelor 66/969 (6.8) 47/608 (7.7) 19/361 (5.3)
Prasugrel 11/969 (1.1) 8/608 (1.3) 3/361 (0.8)

Preoperative pattern of APT <.001
Dual APT 919 (81.3) 578 (81.6) 341 (80.8)
Single APT 181 (16.0) 130 (18.4) 51 (12.1)
No APT 30 (2.7) 0 (0) 30 (7.1)

APT at surgery
Dual APT − 450 (63.6) −
Aspirin monotherapy − 213 (30.1) −
P2Y12 receptor inhibitor monotherapy − 45 (6.4) −

APT discontinuation period
Aspiriny − 5 (1-6) 4 (1-5)
P2Y12 receptor inhibitorsy − 5 (1-5) 3 (1-5)

APT = antiplatelet therapy; PCI = percutaneous coronary intervention.

*Data are presented as median (interquartile range), n (%), or n/N (%).

yAspirin and P2Y12 receptor inhibitors were discontinued in 15 and 113 patients among patients with APT continuation and 372 and 361 patients

among patients with APT discontinuation, respectively.

1028 The American Journal of Medicine, Vol 136, No 10, October 2023
An independent adjudication was performed for each

event until an acceptable agreement was obtained among

adjudicators.
Statistical Analyses
Continuous variables were reported as median with quar-

tiles and compared using the Mann-Whitney U test when
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of 
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not normally distributed, and those were reported as mean

with standard deviation and compared using the Student t-

test when normally distributed. Categorical variables were

reported as numbers with proportion in percentage and

compared using the x2 or Fisher exact test. To overcome

bias, adjustment using propensity score was used. The pro-

pensity score indicating the probability of each patient

being allocated to APT continuation was calculated by a
Health and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
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logistic regression model with the following variables: age

(<65 years vs ≥65 years), sex, dyslipidemia, chronic kidney

disease, clinical diagnosis at index PCI (stable angina vs

acute coronary syndrome), complex PCI, PCI-surgery inter-

val (15-90 days vs 91-180 days vs 181-365 days), surgical

risk, urgent or emergent surgery, and preoperative dual

APT usage. To compare the odds ratio (OR) of each adverse

event between 2 APT strategies, logistic regression models

using propensity score as a covariate were generated. Sensi-

tivity analysis was performed to assess whether therapy

effects (APT continuation vs APT discontinuation) differed

according to other confounding factors by formal interac-

tion tests. All statistical analyses were performed using R

statistical software (version 4.1.2; R Foundation for Statisti-

cal Computing, Vienna, Austria).
Figure 1 The pattern of APT before and at non-cardiac

surgery, stratified by PCI-surgery interval. The columns

on the left of each pair represent the APT pattern before

surgery, and the numbers inside indicate the number of

patients under the APT strategies. The columns on the

right and the numbers inside represent those at surgery.

(A) The APT pattern in the whole study population. (B)

The APT pattern according to the PCI-surgery interval.

APT = antiplatelet therapy; PCI = percutaneous coro-

nary intervention.
RESULTS

Baseline Characteristics
The study flow is shown in Supplementary Figure 1 (avail-

able online). Baseline characteristics of the eligible patients

are shown in Table 1. Of the total 1130 eligible patients,

708 (62.7%) continued APT during non-cardiac surgery.

APT continuation was associated with a higher proportion

of dyslipidemia (59.5% vs 50.2%), chronic kidney disease

(25.3% vs 17.8%), and urgent or emergent surgery (14.0%

vs 5.2%), compared with APT discontinuation. The PCI-

surgery interval was shorter in the APT continuation group

(147 days vs 210 days). The proportion of acute coronary

syndrome at index PCI was lower in the APT continuation

group (51.7% vs 60.9%) than in the APT discontinuation

group and so was that of intermediate-to-high risk surgery

(39.3% vs 56.9%).

Among patients who continued APT, 450 (63.6%) contin-

ued dual APT. The perioperative APT pattern is shown in

Figure 1. Among 919 (81.3%) patients who received dual

APT before non-cardiac surgery, 341 (37.1%) discontinued

all the antiplatelet agents. The proportion of patients whose

dual APT were discontinued was 74/269 (27.5%), 69/215

(32.1%), and 198/435 (45.5%) for non-cardiac surgery per-

formed within 90, 180, and after 180 days, respectively.
Clinical Outcomes
The incidence of the study endpoints stratified by PCI-sur-

gery interval is presented in Table 2 and Figure 2. After

propensity score adjustment, APT continuation was associ-

ated with a lower incidence of both NACE (3.7% vs 5.5%;

adjusted OR, 0.48; 95% confidence interval [CI], 0.26-0.89;

P = .019) and MACE (1.1% vs 1.9%; adjusted OR, 0.35;

95% CI, 0.12-0.99; P = .046), whereas the incidence of

major bleeding events did not differ between the 2 APT

strategies (1.7% vs 2.6%; adjusted OR, 0.61; 95% CI, 0.25-

1.50; P = .273). Among patients who underwent surgery

within 6 months, the incidence of NACE (3.9% vs 5.9%;

adjusted OR, 0.44; 95% CI, 0.19-1.05; P = .056) and major

bleeding events (1.9% vs 2.4%; adjusted OR, 0.75; 95% CI,
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of 
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0.22-2.93; P = .650) did not differ between the 2 APT strat-

egies, whereas the incidence of MACE was lower in the

APT continuation group (1.0% vs 3.0%; adjusted OR, 0.21;

95% CI, 0.05-0.84; P = .026) than in the APT discontinua-

tion group. Among patients who underwent surgery within

3 months, there was no difference between the 2 APT strat-

egies in terms of NACE, MACE, or major bleeding events.

There was no significant interaction between APT strategy

and other confounding factors (Figure 3).

The comparison of dual and single APT among the APT

continuation group is shown in Table 3. There was no dif-

ference in the incidences of the study endpoints between

patients with dual and single APT, regardless of the strati-

fied PCI-surgery interval. The comparison of aspirin and

P2Y12 receptor inhibitors among patients receiving single

APT is shown in Supplementary Table 1 (available online).
DISCUSSION
The Perioperative Ischemic Evaluation (POISE)-2 trial

demonstrated that aspirin does not reduce the ischemic risk
Health and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
zación. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



Table 2 Regression Models of Antiplatelet Therapy Strategy for Incidence of Study Endpoints

Event Rate, n (%) Unadjusted PS-Adjusted

APT Continuation APT Discontinuation OR (95% CI) P Value OR (95% CI) P Value

PCI-surgery interval ≤12 months
n = 708 n = 422

NACE 26 (3.7) 23 (5.5) 0.66 (0.37-1.18) .158 0.48 (0.26-0.89) .019
MACE 8 (1.1) 8 (1.9) 0.59 (0.22-1.62) .297 0.35 (0.12-0.99) .046
Cardiac death 6 (0.8) 6 (1.4) − − − −
Myocardial infarction 2 (0.3) 3 (0.7) − − − −
Stent thrombosis 0 (0) 1 (0.2) − − − −

Major bleeding event 12 (1.7) 11 (2.6) 0.64 (0.28-1.50) .297 0.61 (0.25-1.50) .273
PCI-surgery interval ≤6 months

n = 413 n = 169
NACE 16 (3.9) 10 (5.9) 0.64 (0.29-1.49) .282 0.44 (0.19-1.05) .056
MACE 4 (1.0) 5 (3.0) 0.32 (0.08-1.23) .093 0.21 (0.05-0.84) .026
Cardiac death 4 (1.0) 4 (2.4) − − − −
Myocardial infarction 0 (0) 2 (1.2) − − − −
Stent thrombosis 0 (0) 1 (0.6) − − − −

Major bleeding event 8 (1.9) 4 (2.4) 0.81 (0.25-3.09) .741 0.75 (0.22-2.93) .650
PCI-surgery interval ≤3 months

n = 227 n = 87
NACE 9 (4.0) 4 (4.6) 0.86 (0.27-3.23) .801 0.64 (0.19-2.45) .472
MACE 3 (1.3) 1 (1.1) 1.15 (0.15-23.5) .903 0.68 (0.08-1.44) .751
Cardiac death 3 (1.3) 1 (1.1) − − − −
Myocardial infarction 0 (0) 0 (0) − − − −
Stent thrombosis 0 (0) 0 (0) − − − −

Major bleeding event 4 (1.8) 3 (3.4) 0.50 (0.11-2.59) .374 0.50 (0.10-2.69) .387

Event rate of study endpoints are presented as n (%) with OR and 95% CI. P value derived from unadjusted and PS-based adjusted regression model indi-

cate the comparison between APT strategies (APT continuation vs APT discontinuation). APT = antiplatelet therapy; CI = confidence interval; MACE = major

adverse cardiovascular event; NACE = net adverse clinical event; OR = odds ratio; PCI = percutaneous coronary intervention; PS = propensity score.

Figure 2 Incidence of study endpoints stratified by APT strategies and PCI-surgery interval.

Bar plots for the incidences of study endpoints, stratified by APT strategies (APT discontinuation

vs APT continuation) and PCI-surgery interval (≤3 months vs ≤6 months vs ≤12 months).

APT = antiplatelet therapy; MACE = major adverse cardiovascular event; NACE = net adverse

clinical event; PCI = percutaneous coronary intervention.

1030 The American Journal of Medicine, Vol 136, No 10, October 2023

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
2023. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



Figure 3 Forest plot of APT strategies for NACE. The effect of APT continuation compared with APT discon-

tinuation on NACE are presented in terms of event rates, PS-adjusted odds ratios, and interaction terms. P value

for interaction indicates the P value for the association between APT strategy and each confounding factor.

APT = antiplatelet therapy; CI = confidence interval; NACE = net adverse clinical event; PCI = percutaneous cor-

onary intervention; PS = propensity score.
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for patients undergoing non-cardiac surgery, but rather

increases the bleeding risk. However, for the POISE-2 sub-

population, which included patients with previous PCI,

aspirin significantly reduced ischemic events without

increasing bleeding events, when compared with a

placebo.22,23 Accordingly, it is still strongly recommended

that aspirin be maintained during non-cardiac surgery for

patients who previously received PCI, even in the case of

urgent surgery, if bleeding risk allows.9,11

The current multicenter registry study demonstrated that

about two-thirds of the patients continued APT during non-

cardiac surgery performed within 1 year after second-gener-

ation drug-eluting stent implantation. APT was continued

more frequently in patients with comorbidities, such as dys-

lipidemia and chronic kidney disease, and in surgeries per-

formed during a relatively early period (before 6 months)

after PCI and in emergent settings.

In this study, the incidence of NACE was lower than that

reported in previous studies (4-7% incidence of MACE and

5-7% incidence of bleeding events).14,24-26 The difference

may be because we only included second-generation drug-
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of 
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eluting stent, which is thought to have lower thromboem-

bolic risk than bare-metal or first-generation drug-eluting

stents. This study demonstrated that the incidence of NACE

and MACE was lower in the APT continuation group than

in the APT discontinuation group with similar incidence of

major bleeding events. This result suggests that although

the contemporary coronary stent proves less thrombogenic,

prevention of ischemic events during the perioperative

period, rather than bleeding, needs to be considered as a top

priority, especially for surgeries within 1 year.

Although the current guidelines for management of cor-

onary artery disease and revascularization recommend man-

datory dual APT after PCI, dual APT is often required to be

interrupted to prevent excessive bleeding risk during sur-

geries. As unplanned discontinuation of dual APT may

increase the patients’ ischemic risk, APT strategy during

non-cardiac surgery for patients receiving dual APT should

also be determined with careful consideration of minimiz-

ing the ischemic risk from coronary stent and preventing

bleeding risk from surgery.9,10 The recent guideline for

non-cardiac surgery strongly recommended that dual APT
Health and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
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Table 3 Regression Models of Dual Antiplatelet Therapy vs Single Antiplatelet Therapy for Incidence of Study Endpoints

Event Rate, n (%) Unadjusted PS-Adjusted

Dual APT Single APT OR (95% CI) OR (95% CI)

PCI-surgery interval ≤12 months
n = 450 n = 258

NACE 16 (3.6) 10 (3.9) 0.91 (0.41-2.12) 0.74 (0.33-1.73)
MACE 7 (1.6) 1 (0.4) 4.06 (0.72-76.1) 3.28 (0.57-61.9)
Cardiac death 6 (1.3) 0 (0) - -
Myocardial infarction 1 (0.2) 1 (0.4) - -
Stent thrombosis 0 (0) 0 (0) - -

Major bleeding event 6 (1.3) 6 (2.3) 0.57 (0.18-1.83) 0.51 (0.15-1.68)
PCI-surgery interval ≤6 months

n = 277 n = 136
NACE 10 (3.6) 6 (4.4) 0.81 (0.29-2.43) 0.67 (0.24-2.06)
MACE 4 (1.4) 0 (0) - -
Cardiac death 4 (1.4) 0 (0) - -
Myocardial infarction 0 (0) 0 (0) - -
Stent thrombosis 0 (0) 0 (0) - -

Major bleeding event 4 (1.4) 4 (2.9) 0.48 (0.11-2.07) 0.43 (0.10-1.87)
PCI-surgery interval ≤3 months

n = 161 n = 66
NACE 5 (3.1) 4 (6.1) 0.50 (0.13-2.06) 0.37 (0.09-1.62)
MACE 3 (1.9) 0 (0) - -
Cardiac death 3 (1.9) 0 (0) - -
Myocardial infarction 0 (0) 0 (0) - -
Stent thrombosis 0 (0) 0 (0) - -

Major bleeding event 2 (1.2) 2 (3.0) 0.40 (0.05-3.41) 0.36 (0.04-3.12)

Event rate of study endpoints are presented as n (%) with OR and 95% CI. APT = antiplatelet therapy; CI = confidence interval; MACE = major adverse car-

diovascular event; NACE = net adverse clinical event; OR = odds ratio; PCI = percutaneous coronary intervention; PS = propensity score.
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be maintained for patients undergoing non-cardiac surgery

unless high bleeding risk is expected.11

In this study, single APT was associated with comparable

net clinical outcome compared with dual APT. Notably,

myocardial infarction or stent thrombosis was substantially

low, and cardiac death was the most common MACE that

occurred in patients receiving dual APT (6/7) and 5 of these

patients died after emergent surgery. Thus, APT could not be

discontinued in a timely manner in these cases. The patient

who experienced myocardial infarction during dual APT

continuation was at extremely high ischemic risk, underwent

PCI on vein graft for coronary artery bypass graft, and suf-

fered from end-stage renal disease under hemodialysis. The

myocardial infarction event for the patient occurred due to

compromised left internal mammary artery flow resulting

from left subclavian artery stenosis. Although definite con-

clusions comparing dual and single APT cannot be drawn

from this study due to the limited number of patients and

events, the substantially low incidence of myocardial infarc-

tion and stent thrombosis among patients receiving single

APT suggests that de-escalation from dual APT to single

APT could be an alternative strategy for patients undergoing

non-cardiac surgery. A retrospective study revealed that a

between-physician consensus in APT strategy for each

patient could improve the net clinical outcome. It empha-

sized the importance of careful individual assessment of the

ischemic and bleeding risks.27 In a similar context, an
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of 
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individually tailored APT strategy should be considered, and

in order to optimize the balance between ischemic and bleed-

ing risk of each patient, intravenous antiplatelet agents, such

as cangrelor are considered useful.28,29 Cangrelor reversibly

binds to the P2Y12 receptor of platelets to block their activa-

tion and aggregation. This agent can be administered intrave-

nously, as it has a short half-life and a rapid plasma clearance

rate. As the net clinical outcome could be sensitively affected

by the timing of APT discontinuation, a bridging therapy

using intravenous agents could be a reasonable option for

optimizing ischemia-bleeding balance during non-cardiac

surgery.

This study contrasts with most studies regarding optimal

APT strategy for non-cardiac surgery for the following rea-

sons: 1) this study focused on surgeries within 1 year of

PCI; 2) only PCI with second-generation drug-eluting stent

implantation was included; and 3) this study demonstrated

a net clinical benefit, including both ischemic and bleeding

events.12-15 Because the heterogeneity of patients, PCI, and

surgeries may affect the interpretation, such specific criteria

could support our results.
Study Limitations
This study has some limitations. First, because choice of

APT strategy was not randomized, residual confounding

factors such as perioperative frailty might have affected the
Health and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
zación. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.
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results despite the propensity score adjustment. Subse-

quently, this study should be interpreted as purely explor-

atory and hypothesis-generating. Second, the statistical

power of this study might have been too limited to demon-

strate between-group differences because of the small sam-

ple size and number of events. Therefore, this study cannot

provide a meaningful conclusion regarding comparison

between aspirin and P2Y12 receptor inhibitors. However,

our results do indicate that further studies with a large sam-

ple size are warranted.
Future Directions
The heterogeneity of patients’ clinical characteristics, sur-

geries, and PCI procedures are key hurdles for evaluating

the independent effect of each APT strategy. As procedure

techniques and devices improve, the incidence of ischemic

events decreases, requiring large sample sizes for hypothe-

sis testing. Accordingly, a randomized controlled trial with

multinational participating centers or meta-analysis includ-

ing a large number of patients is warranted.
CONCLUSIONS
The APT continuation strategy was chosen in a substantial

proportion of patients and was associated with the benefit

of potentially reducing 30-day NACE and MACE with sim-

ilar incidence of major bleeding events, compared to APT

discontinuation. This study suggests a possible benefit of

APT continuation in non-cardiac surgery within 1 year of

second-generation drug-eluting stent implantation.
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Supplemental Figure 1 The study flow chart.

Patients who underwent non-cardiac surgery within 1 year of PCI with second-generation drug-eluting stent were

included. Among 1,130 eligible patients, 708 patients continued APT and 422 patients discontinued APT during

the perioperative period. APT = antiplatelet therapy; PCI = percutaneous coronary intervention.

Supplemental Table 1 Regression models of aspirin versus P2Y12 receptor inhibitor for incidence of study endpoints

Event rate, n (%) Unadjusted PS-adjusted

Aspirin P2Y12 receptor inhibitor OR (95% CI) OR (95% CI)

PCI-surgery interval ≤ 12 months
n=213 n=45

NACE 7 (3.3) 3 (6.7) 0.48 (0.13−2.28) 0.52 (0.13−2.51)
MACE 1 (0.5) 0 (0) - -
Cardiac death 0 (0) 0 (0) - -
Myocardial infarction 1 (0.5) 0 (0) - -
Stent thrombosis 0 (0) 0 (0) - -

Major bleeding event 4 (1.9) 2 (4.4) 0.41 (0.08−3.04) 0.42 (0.08−3.18)
PCI-surgery interval ≤ 6 months

n=108 n=28
NACE 4 (3.7) 2 (7.1) 0.50 (0.09−3.75) 0.64 (0.11−4.99)
MACE 0 (0) 0 (0) - -
Cardiac death 0 (0) 0 (0) - -
Myocardial infarction 0 (0) 0 (0) - -
Stent thrombosis 0 (0) 0 (0) - -

Major bleeding event 3 (2.8) 1 (3.6) 0.77 (0.09−15.9) 0.85 (0.10−17.9)
PCI-surgery interval ≤ 3 months

n=54 n=12
NACE 3 (5.6) 1 (8.3) 0.65 (0.07−13.8) 0.75 (0.08−1.66)
MACE 0 (0) 0 (0) - -
Cardiac death 0 (0) 0 (0) - -
Myocardial infarction 0 (0) 0 (0) - -
Stent thrombosis 0 (0) 0 (0) - -

Major bleeding event 2 (3.7) 0 (0) - -

Event rate of study endpoints are presented as n (%) with OR and 95% CI. APT = antiplatelet therapy; CI = confidence interval; MACE = major adverse car-

diovascular event; NACE = net adverse clinical event; OR = odds ratio; PCI = percutaneous coronary intervention; PS = propensity score.
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