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1. Introduction
The care of patients undergoing percutaneous coronary 

intervention (PCI) and the eventual need for early non-cardiac 
surgery is one of the topics that generates the most debate 
in perioperative medicine, as it involves important questions 
about the management of antithrombotic therapy, in addition 
to the usual management issues of cardiac risk in coronary 
artery disease. On the one hand, the hemorrhagic risk inherent 
in surgery and potentiated by antiplatelet agents must be 
managed. On the other, the increased risk of stent thrombosis 

must also be considered, especially if dual antiplatelet therapy 
(DAPT) is shortened. Elements such as the urgency and extent 
of the surgical procedure, the patient’s clinical status, coronary 
angioplasty data (eg, the elapsed interval), an elective or 
emergency context, the primary results, and the stent type 
are essential for individualizing recommendations, considering 
both hemorrhagic risk (Table 1) and thrombotic risk (Table 2).

It is recognized that, in the perioperative period, there 
is an increase in thrombogenicity, resulting from surgical 
aggression and the inflammatory response triggered by factors 
such as neoplasia, infection, trauma or ischemia. Greater 
thrombogenicity has already been identified as a risk factor for 
cardiovascular complications after noncardiac surgeries,13 and 
early interruption of antiplatelet therapy further increases the 
risk of these complications.14 Thus, completely elective surgical 
interventions must be performed after the ideal course of 
DAPT has been completed. However, some time-sensitive 
situations, even non-urgent ones, can require an individualized 
approach since medium-term delay can compromise prognosis. 
This is the case with most referrals for cancer surgery.

Prospective records show that between 4.4% and 11% 
of PCI patients require noncardiac surgery during the 
first year.15,16 Recent data from a large Italian registry with 
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Table 1 – Factors associated with high risk of bleeding1-6

Factors associated with a high risk of bleeding

1) Factors inherent to the procedure 

Low risk: 

- Gastrointestinal procedures (eg, endoscopy, colonoscopy, and capsule endoscopy)

- Cardiovascular procedures (eg, pacemaker/ICD implantation or generator replacement, cardiac ablation, radial access coronary catheterization)

- Dermatological procedures (eg, skin biopsy)

- Ophthalmic procedures (eg, cataract surgery)

- Dental procedures (eg, extraction of up to two teeth and endodontic procedures) 

High risk: 

- Surgeries requiring neuraxial anesthesia

- Neurosurgeries 

- Major vascular surgeries (eg, aortic aneurysm repair and carotid endarterectomy)

- Major abdominal surgeries (eg, neoplastic resection surgeries, resections for inflammatory bowel disease or diverticulitis)

- Major orthopedic surgeries (eg, hip and knee arthroplasty)

2) Clinical factors 

History of bleeding

Use of oral anticoagulants 

Female sex

Advanced age 

Chronic kidney disease 

Diabetes mellitus

Anemia 

Thrombocytopenia  

Chronic corticosteroid or non-steroidal anti-inflammatory drug use

ICD: implantable cardioverter-defibrillator
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prospective follow-up of 39,362 post-PCI patients found that, 
in the first 6 months, 5.1% of the patients required noncardiac 
surgery and that 9.1% had undergone a surgery by the end 
of the first year.17

The recommendation for DAPT after PCI, an association 
of acetylsalicylic acid and a P2Y12 inhibitor (clopidogrel, 
ticagrelor or prasugrel), varies according to the clinical context 
(acute or chronic arterial disease) and stent type. In patients 
with acute coronary syndrome (ACS) who are undergoing PCI, 
12 months of therapy is recommended, which can either be 
reduced to 6 months or extended based on the individual risk 
of bleeding and ischemic events.18-21 In the context of chronic 
coronary artery disease (CAD), the current recommendations 
for DAPT include a minimum of 4 to 6 weeks for bare-metal 
stents and 3 to 12 months for drug-eluting stents, which in 
certain cases may be abbreviated to 30 days, depending on 
the bleeding risk and stent type.18-21 

Beyond the perioperative context, there is much debate 
about the length of antithrombotic therapy necessary to reduce 
ischemic events, especially in ACS.22 However, the most 
common issue in the perioperative period is how long DAPT 
can be safely interrupted before subsequent reinitialization.

A series of 40 patients who underwent noncardiac 
surgery in the first 6 weeks after PCI with bare-metal stents 

brought attention to the topic due to the catastrophic 
results: 20% mortality, 17.5% acute myocardial infarction 
(AMI) and 27.5% severe perioperative bleeding.23 Although 
other retrospective series on perioperative cardiovascular 
complications in PCI patients who received bare-metal 
stents24-31 have shown a lower absolute incidence of events, 
they reinforced the impact that the interval between 
procedures has on prognosis, with the minimum safe interval 
varying from 429-31 to 6 weeks.24-28 A few years after these 
series, first-generation drug-eluting stents were introduced, 
which were accompanied by higher rates of late thrombosis. 
This led to uncertainty about the ideal duration of DAPT, 
resulting in the establishment of a 1-year minimum. In 
patients who underwent noncardiac surgery in the first 
year after PCI with a first-generation drug-eluting stent, 
there was a 27 times greater risk of death or AMI in the first 
week after the operation than in subsequent weeks.15 A task 
force from several organizations, including the American 
Heart Association and the American College of Surgeons, 
then advised that all elective noncardiac surgery should be 
postponed until at least 1 year of DAPT had been completed, 
and patients who required an operation in the short term 
should not undergo angioplasty with a drug-eluting stent.32 
Other retrospective series from that period also suggested 
that the first 6 months were the most critical.27,28,31 These 

Table 2 – Risk factors associated with stent thrombosis and ischemic events after angioplasty7-12

Risk factors associated with stent thrombosis

Early interruption of DAPT

Acute coronary syndrome 

Diabetes mellitus 

Smoking

Neoplasm

Peripheral arterial disease 

First-generation drug-eluting stent 

Ventricular ejection fraction <40% 

Proximal anterior descending coronary arterial lesion

Previous angioplasty 

Coronary bifurcation stent

Small-diameter stent 

In-stent restenosis 

Undersized stent 

Long stent 

Risk factors associated with ischemic events after angioplasty

Advanced age 

Acute Coronary Syndrome 

Previous acute myocardial infarction

Extensive/complicated coronary heart disease 

Diabetes mellitus

Chronic kidney disease 

DAPT: dual antiplatelet therapy
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remarkable results still guide many recommendations about 
the perioperative management of coronary angioplasty 
patients.

In 2016, Holcomb et al.33 published an interesting 
retrospective analysis of 9,381 noncardiac surgical 
procedures that were performed an average of 332 days 
after PCI. They concluded that the incidence of adverse 
cardiac events after noncardiac surgery was higher in 
patients with coronary stents than in matched controls who 
did not require angioplasty with a stent (5.7% vs. 3.6%; p 
<0.001). On the other hand, the type of stent (drug-eluting 
or bare metal) did not significantly affect prognosis (6% vs. 
5.3%, p = 0.30, respectively).33 Finally, the same group 
of authors demonstrated that the clinical context of PCI 
influenced the effect of the interval between procedures 
on the occurrence of perioperative cardiac events. Thus, 
for patients who underwent PCI in the context of AMI, the 
risk of perioperative complications was significantly higher 
in the first 3 to 6 months, which suggests that the clinical 
context was more relevant than stent type.34 This indicates 
that a change is needed in the previous paradigm, which 
preferred non-pharmacological stents for short- or medium-
term noncardiac surgeries.

A recent prospective randomized study found that a 
drug-eluting stent (polymer-free, coated with BioLimus A9) in 
association with 1 month of DAPT  resulted in fewer adverse 
cardiac events than bare-metal stents. Of the 2,466 patients, 
278 underwent surgery in the first year after PCI, and this 
subgroup replicated the global data, showing that there is less 
need for target lesion revascularization with drug-eluting stents 
(hazard ratio [HR], 0.28; confidence interval [CI], 0.08-0.99; 
p = 0.04). The incidence of cardiac death, AMI, or stent 
thrombosis was 4.7% at 1 year among patients with drug-
eluting stents and 10.1% for patients with bare-metal stents 
(HR, 0.46; CI, 0.18-1.18; p = 0.09). An additional finding 
was that the shorter interval between surgery and PCI affected 
the incidence of adverse cardiac events among patients who 
received bare-metal stents: 14.9% for an interval <3 months 
vs. 4.4% for an interval of 4-12 months (HR, 3.586; CI, 1.012-
12,709; p = 0.03).35 The interval did not affect the prognosis 
of patients who received drug-eluting stents: 4.69% vs. 4.66% 
(HR, 1.056; CI, 0.213-5.232; p = 0.947).36 It is noteworthy 
that the surgical procedures took place after 30 days of DAPT.

 Predicted noncardiac surgery should not lead to a 
preference for non-pharmacological stents. This concept 
no longer seems valid in light of the new evidence.

Next, we intend to discuss the newest evidence about 
shortening DAPT (Table 3) and, finally, to contextualize it 
for the perioperative period, including a proposal not yet 
incorporated in the latest versions of the Brazilian Society of 
Cardiology’s Perioperative Assessment Guidelines.19 

2. Early Interruption of Dual Antiplatelet 
Therapy  

The OPTIMIZE trial, conducted at 33 Brazilian centers, 
tested 3 months vs 12 months of DAPT after PCI with 
second-generation drug-eluting stents, continuing antiplatelet 

monotherapy with acetylsalicylic acid. Its sample included 
3,119 patients with chronic CAD or low-risk ACS (unstable 
angina or non-ST-elevation AMI after troponin returned to 
normal levels). No significant differences were found for 
all-cause mortality, AMI, stroke, or major bleeding (6.0% vs. 
5.8%, p = 0.002 for non-inferiority).37 Accordingly, the SMART 
CHOICE trial, conducted in Korea, also found no significant 
differences between 3 months and 12 months of DAPT for 
mortality rates, stroke, or AMI: 2.9% vs. 2.5%; p = 0.007 (for 
non-inferiority). Unlike the OPTIMIZE trial, monotherapy was 
continued with a P2Y12 inhibitor (clopidogrel in more than 
75% of cases) and more than half of the patients underwent 
acute PCI, including 10% with ST-segment elevation 
myocardial infarction (STEMI).38

The TWILIGHT study compared bleeding and ischemic 
outcomes in patients at high risk of ischemia or bleeding who 
underwent PCI with drug-eluting stents. The patients were 
randomized to DAPT with acetylsalicylic acid + ticagrelor 
for 1 year or DAPT for 3 months followed by ticagrelor 
monotherapy. Of the 7,119 participants, 64.8% underwent 
PCI in the context of unstable angina or non-STEMI. There 
was a 44% reduction in clinically relevant bleeding in the 
3-month DAPT group (4% vs. 7.1 %, p <0.001). There was 
also no difference in the incidence of AMI, stroke or death 
between the groups (3.9% in both groups, p <0.001 for 
non-inferiority).39 

The EVOLVE Short DAPT Study, whose partial results were 
recently published, evaluated the safety of reducing DAPT to 
3 months in patients at high risk of bleeding, as well as the 
use of everolimus-eluting stents with a bioabsorbable polymer 
(Synergy). A total of 1,487 patients who received acetylsalicylic 
acid monotherapy after 3 months of DAPT were followed 
up for 15 months. It was confirmed that 3 months of DAPT 
was non-inferior to 12 months regarding mortality and AMI 
(5.6% vs. 5.7%, p = 0.0016 for non-inferiority), with a stent 
thrombosis rate of only 0.2%. It is noteworthy that patients 
with AMI or complex lesions were not included in this study.40 

     Finally, the TICO trial tested shortened DAPT in 
patients with ACS, including STEMI (36% of the population). 
This trial, which was conducted at 38 centers in South Korea, 
included 3,056 patients who underwent PCI with an Orsiro 
sirolimus-eluting stent, comparing acetylsalicylic acid + 
ticagrelor for 3 months followed by ticagrelor monotherapy 
with 12 months of acetylsalicylic acid + ticagrelor. A 34% 
reduction in the primary endpoint (major bleeding and 
cardiovascular events) was observed in the 3-month group 
(3.9% vs. 5.9%; HR, 0.66; CI 0.48-0.92; p = 0.01). The 
difference was due to the lower incidence of bleeding 
complications, with no significant difference in the incidence 
of cardiovascular events.41

Favorable evidence has also been found for even shorter 
DAPT duration, (ie, 1 month after PCI with drug-eluting 
stent) in studies with similar proportions of elective and 
acute patients. The LEADERS FREE trial was conducted to 
compare the results of angioplasty with either a polymer free 
umirolimus-eluting stent or a non-pharmacological stent in a 
population at high risk of bleeding, with only 1 month of DAPT 
predicted. In the 2,466 patients randomized and followed for 
390 days, drug-eluting stents were superior for the primary 
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Table 3 – Summary of key studies testing 1 or 3 months vs 12 months of DAPT after drug-eluting stent angioplasty

DAPT 
DURATION N P2Y12 

INHIBITOR
ANTIPLATELET USED 
AFTER DAPT

N
CAD/aCS Stent TYPE ResultS

OPTIMIZE (2013) 3 vs 12 
months

3119 Clopidogrel Acetylsalicylic acid
CAD: 2123
ACS: 996
STEMI: 168

Zotarolimus-
eluting 
(Medtronic)

The 3-month 
regimen was not 
inferior for all-
cause mortality, 
AMI, stroke, or 
major bleeding.

SMART CHOICE 
(2019)

3 vs 12 
months

2912
Clopidogrel, 
ticagrelor or 
prasugrel

P2Y12 inhibitor
(75% clopidogrel)

CAD: 1250
UA: 958
STEMI: 469
Non-STEMI: 314

Everolimus- 
(Xience Prime/
Expedition/Alpine) 
or sirolimus- 
(Promus 
Element/Premier 
SYNERGY) 
-eluting

The 3-month 
regimen was not 
inferior for all-
cause mortality, 
stroke, or AMI. 
BARC bleeding 
scale reduction 
of 2 to 5 points.

TWILIGHT (2019) 3 vs 12 
months

7119 Ticagrelor Ticagrelor
CAD: 2503
UA: 2494
STEMI: 2120

Drug-eluting

The 3-month 
regimen was not 
inferior for all-
cause mortality, 
stroke, or AMI. 
BARC bleeding 
scale reduction 
of 2 to 5 points.

TICO (2020) 3 vs 12 
months

3056 Ticagrelor Ticagrelor
UA: 926
STEMI: 1027
Non-STEMI: 1103

Sirolimus-eluting 
(Orsiro Biotronik)

The 3-month 
regimen was 
not inferior for 
cardiovascular 
events. 
Reduction of 
major and minor 
bleeding (TIMI).

GLOBAL LEADERS 
(2018)

1 vs 12 
months

15,968 Ticagrelor Ticagrelor

CAD: 8481
UA: 2022
STEMI: 3373
Non-STEMI: 2092

BioLimus-eluting

No significant 
differences in all-
cause mortality, 
AMI or bleeding.

STOPDAPT-2 
(2019)

1 vs 12 
months

3045
Clopidogrel or 
prasugrel

Clopidogrel

CAD: 1861
UA: 407
STEMI: 180
Non-STEMI: 561

Cobalt-chromium 
everolimus 
(Xience)- eluting

The 1-month 
regimen was 
not inferior for 
cardiovascular 
death, AMI, 
stroke, stent 
thrombosis, or 
major or minor 
bleeding.

LEADERS FREE 
(2015) 1 month 2466 Clopidogrel 

Attending physician’s 
choice
Acetylsalicylic acid 
(85%)

CAD: 1403
UA: 370
STEMI: 554
Non-STEMI: 105

Polymer-free 
BioLimus A9 
(BioFreedom)-
eluting vs bare-
metal 

Drug-eluting 
stents had a 
lower incidence 
of cardiovascular 
death, AMI, and 
stent thrombosis.

ONYX ONE (2020) 1 month 1996
Clopidogrel, 
ticagrelor, or 
prasugrel

Attending physician’s 
choice
Acetylsalicylic acid 
(56.2%)

CAD: 729
UA: 360
STEMI: 514
Non-STEMI: 108

Polymer-based 
zotarolimus-
eluting 
(Medtronic) 
and polymer-
free BioLimus 
A9-eluting 
(BioFreedom)

The drug-eluting 
polymer stents 
were not inferior 
for cardiovascular 
death, AMI, or 
stent thrombosis.

CAD: chronic coronary disease; ACS: acute coronary syndrome; UA: unstable angina; STEMI: acute myocardial infarction with ST segment elevation; 
non-STEMI: acute myocardial infarction without ST segment elevation .
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efficacy endpoint (less need for target lesion revascularization: 
5.1% vs. 9.8%; p <0.001) and the primary safety endpoint 
(death from cardiovascular causes, AMI, or stent thrombosis in 
390 days: 9.4% vs. 12.9%; HR, 0.71; CI, 0.56-0.91; p = 0.005). 
It is noteworthy that 16% of the patients had major noncardiac 
surgery planned for the next year, and, as previously mentioned, 
the strategy’s safety was confirmed.35,36 

The ONYX ONE trial demonstrated that polymer-based 
zotarolimus-eluting stents (Resolute Onyx, Medtronic) were 
not inferior to polymer-free umirolimus-eluting stents after 
1 month of DAPT followed by antiplatelet monotherapy for 
the primary composite endpoint of AMI, stent thrombosis, 
or cardiovascular death (17.1% vs. 16.9%; p = 0.01 for non-
inferiority).42 In ONYX ONE, the polymer-free drug-eluting stent 
tested in LEADERS FREE was assumed to be a comparator of 
lower thrombogenicity rather than a bare-metal stent.35 Another 
important study that evaluated shortened DAPT was the 
STOPDAPT-2 trial, which involved patients with stable CAD and 
ACS and compared the efficacy of 1 vs 12 months of DAPT after 
second-generation polymer-based (Xience) everolimus-eluting 
stent implantation. One month of DAPT was not inferior for the 
primary composite endpoint: cardiovascular death, AMI, stroke, 
stent thrombosis, and major and minor bleeding.43 GLOBAL 
LEADERS, a multicenter, open-label, randomized superiority 
trial, tested ticagrelor + aspirin for 1 month, followed by 
ticagrelor monotherapy for 23 months vs aspirin + clopidogrel 
or ticagrelor for 12 months, followed by aspirin monotherapy 
for 12 months, after implantation of a drug-eluting stent. The 
trial attempted to demonstrate the superiority of ticagrelor + 
acetylsalicylic acid for 1 month, followed by ticagrelor for 23 
months, over 12 months of DAPT followed by acetylsalicylic 
acid for another 12 months. However, there was no significant 
difference in overall mortality or AMI incidence in up to 2 years 
of follow-up between the groups.44 

Recently, data from the XIENCE Short-DAPT study 
demonstrated that short-term (1- or 3-month) DAPT strategies 
were not inferior to long-term (up to 12 months) strategies for 
mortality or AMI. All patients in this study underwent elective 
angioplasty with XIENCE stents and were at high risk for bleeding. 
Acetylsalicylic acid was continued as monotherapy after DAPT 
was interrupted and, although 34% of patients underwent 
PCI for ACS treatment, those with STEMI were excluded, in 
addition to patients with left coronary trunk lesion, graft injury, 
thrombus injury, or even in-stent restenosis treatment. Patients 
with a scheduled surgery during the minimum planned DAPT 
time (1 or 3 months) were also excluded.45 

A recent meta-analysis of 79,073 patients analyzed the 
effects of four durations of  DAPT on ischemic and hemorrhagic 
events after PCI with drug-eluting stents. The reference was 
conventional DAPT (12 months), which was compared with 
extended DAPT (>12 months), medium-length DAPT (6 
months), and short DAPT (<6 months). Overall, no differences 
in mortality were observed between the durations. Extended 
DAPT had lower AMI, but no net benefit, except for patients 
with ACS and a low risk of bleeding. On the other hand, 
regarding ischemic events, reducing DAPT to 1 or 3 months was 
not inferior to 12 or 6 months. P2Y12 inhibitor monotherapy 
after a short period of DAPT provided the best net benefit for 
bleeding.46 

This evidence provides a degree of security that, for time-
sensitive noncardiac surgeries with a high risk of bleeding, 
DAPT can be shortened to 3 months or even 1 month. 
Although until recently it was recommended to wait 6 months 
between an elective PCI with a drug-eluting stent and a 
noncardiac surgery, 3 months can now be considered for 
new-generation stents. In more pressing situations, evidence 
already exists for discontinuing DAPT within 30 days, as is 
done for patients with non-drug-eluting stents. Before this 
period, only urgent or emergency noncardiac surgeries are 
justified (Figure 1).

For patients who underwent an acute PCI, the ideal is 1 
year of DAPT before elective surgeries. However, when urgent 
procedures are required, DAPT can be reduced to 6 months 
and, exceptionally, to 1 month (Figure 2). 

Due to the complexity of managing antithrombotic therapy 
in the perioperative period of noncardiac surgeries, the 
decision to shorten DAPT should consider the individual and 
surgical risk of thrombotic and hemorrhagic complications and 
should ideally be shared between the clinical cardiologist, the 
interventional cardiologist, and the surgical team. 

2.1. Recommendations on the Interval between Elective 
Noncardiac Surgery and Percutaneous Coronary 
Intervention

3. Immediate Perioperative Care 

3.1. Continue One Antiplatelet Agent
In all of these situations, only one antiplatelet agent 

should be removed, since removing both is associated 
with a shorter interval between DAPT modification and 
stent thrombosis47 – except for procedures with very high 
risk of bleeding, notably neurosurgeries, for which both 
antiplatelet agents should be interrupted and restarted as 
soon as possible. The recommendation is to continue with 
acetylsalicylic acid and discontinue the P2Y12 inhibitor a 
few days before the procedure, depending on the drug. In 
the case of DAPT with clopidogrel, it must be suspended 
5 days before the procedure, with reintroduction after 
good hemostasis has been certified by the surgical team. 
Ideally, DAPT should not be suspended for more than 
10 days perioperatively.47 When using ticagrelor, the 
recommendation is to suspend the drug 5 days before 
the procedure, despite the fact that platelet activity 
recovers faster than with clopidogrel.7 In the PLATO 
trial, this was corroborated by a sub-analysis of patients 
who underwent coronary-artery bypass grafting: among 
individuals randomized to acetylsalicylic acid + clopidogrel 
or ticagrelor, there was a lower bleeding rate in the group 
using new-generation P2Y12 inhibitors.48 Prasugrel must be 
discontinued 7 days before noncardiac surgeries.49

The PLAT-CABG trial assessed reducing the preoperative 
withdrawal time of P2Y12 inhibitors, using a platelet 
reactivity test before myocardial revascularization surgeries 
in patients who received acetylsalicylic acid + clopidogrel 
in the context of ACS. In this single-center Brazilian non-
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Figure 1 – Flowchart for defining the interval between noncardiac surgery and elective percutaneous coronary intervention. EL: evidence level
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Drug-eluting or non-drug eluting 
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3 months 6 months
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*Completely elective noncardiac surgical interventions should be performed after the optimal period of dual antiplatelet therapy.

Figure 2 –  Flowchart for defining the interval between noncardiac surgery and percutaneous coronary intervention in the context of acute coronary syndrome.
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*Completely elective noncardiac surgeries should be performed after the optimal period of dual antiplatelet therapy.
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inferiority study, the normal 5-day presurgical discontinuation of 
clopidogrel was compared with using an adenosine diphosphate 
platelet reactivity test to guide the timing of surgery. The time 
required to perform the procedure was lower in the intervention 
group (112 hours vs 136 hours, p <0.001), and there was no 
impact on postoperative major bleeding events.50 Although 
there are still no specific recommendations on the systematic 
use of platelet aggregation tests,  for more pressing situations 
when there is no surgical emergency but a clinical interest (based 
on individual assessment) in shortening the wait by 1 or 2 days, 
it may be worthwhile to consider such tests, provided common 
agreement with the surgical team.

The concept of “bridging therapy”, based on care for patients 
who use oral anticoagulation with warfarin, is reminiscent of 
the perioperative period of patients on DAPT. However, some 
differences are worth mentioning. Low-molecular-weight 
heparin does not effectively replace antiplatelet therapy and 
may even increase the incidence of hemorrhagic and thrombotic 
events.51 On the other hand, parenteral antiplatelet agents, 
which have a shorter half-life (glycoprotein IIb, IIIa inhibitors), 
were tested in a case series involving very high thrombotic 
risk,52,53 which is a class IIb recommendation according to 
current guidelines. We suggest only considering this for very 
special cases, especially when DAPT is interrupted less than 
1 month after complicated PCI in an acute context (Table 4). 

Thus, research and technological advances are moving towards 
shortening DAPT, which, above all, benefits patients at high risk 
of bleeding. However, whenever DAPT is interrupted earlier 
than planned, the surgery must be performed in a center with 
multidisciplinary support, including cardiovascular monitoring 
and hemodynamic backup, in case there are complications.

4. Prophylactic Myocardial Revascularization
Debate about the ideal interval between PCI and 

noncardiac surgery may arise when a patient with a recent 
PCI requires surgery or when considering myocardial 
revascularization during preoperative assessment of cardiac 
risk. Randomized studies have found that prophylactic 
myocardial revascularization has no significant impact on 
the occurrence of ischemic events in patients with planned 
vascular surgery.54-56 Thus, myocardial revascularization 
is recommended only in individuals with an unequivocal 
indication for the procedure, regardless of perioperative 
context. It should not be routinely performed just to reduce 
perioperative cardiovascular complications. In these cases, 
decision-making must always consider the patient’s clinical 
context, the prognosis of the underlying disease, the minimum 
DAPT period for PCIs, and the risk of bleeding associated 
with the intervention. It should be reiterated that a predicted 
noncardiac surgery should not lead to a preference for non-
pharmacological stents: this concept no longer seems viable 
in light of the new evidence. Another possibility for situations 
in which PCI is indicated due to a very high ischemic risk 
and a time-sensitive noncardiac surgery is required would 
be performing PCI with a balloon alone and no stent. Little 
evidence has been published about such a strategy apart from 
aspirin monotherapy and an interval of at least 2 weeks until 
the operation.57 There is no guarantee at the planning stage 
that this will be feasible, since stenting may be necessary to 
ensure the primary outcome of the intervention. Thus, this 
strategy should not be routinely used. 

Specific indications for myocardial revascularization should 
follow chronic and acute coronary disease guidelines.58,59 

Table 4 – Recommendations on the management of antiplatelet agents in the perioperative period

Summary of Recommendations Recommendation 
class Evidence level

Maintain acetylsalicylic acid at a dose of 100 mg per day throughout the perioperative period, except for 
neurosurgeries or procedures with prohibitive risk of bleeding.

I A

Discontinue clopidogrel and ticagrelor 5 days before noncardiac surgery. I B

Discontinue prasugrel 7 days before noncardiac surgery. I B

If the ideal minimum period of DAPT cannot be completed, perform noncardiac surgeries in centers with 
multidisciplinary and hemodynamic support.

I C

Perform surgeries with a low risk of bleeding during DAPT, if the time since angioplasty is <3 months. IIa C

Use a platelet aggregability test to shorten P2Y12 inhibitor discontinuation time before noncardiac surgery. IIb B

For cases with very high thrombotic risk (<1 month after PCI and DAPT interruption), use tirofiban as a bridging 
therapy.

IIb B

Use low-molecular-weight heparin for bridging therapy. III B

544



Arq Bras Cardiol. 2022; 118(2):536-547 

Update

Calderaro et al.
Update of the Brazilian Society of Cardiology’s Perioperative Cardiovascular Assessment Guideline: Focus on Managing Patients with Percutaneous Coronary Intervention – 2022

1. Mehran R, Pocock SJ, Nikolsky E, Clayton T, Dangas GD, Kirtane AJ,et al. A 
risk score to predict bleeding in patients with acute coronary syndromes. J 
Am Coll Cardiol. 2010 Jun;55(23):2556-66.

2. Moscucci M, Fox KAA, Cannon CP, Klein W, López-Sendón J, Montalescot 
G, et al. Predictors of major bleeding in acute coronary syndromes: 
the Global Registry of Acute Coronary Events (GRACE). Eur Heart J. 
2003;24(20):1815–23.

3. Subherwal S, Bach RG, Chen AY, Gage BF, Rao SV, Newby LK, et al. Baseline 
risk of major bleeding in non-ST-segment-elevation myocardial infarction: 
the CRUSADE (Can Rapid risk stratification of Unstable angina patients 
Suppress ADverse outcomes with Early implementation of the ACC/AHA 
Guidelines) Bleeding Score. Circulation. 2009;119(14):1873–82.

4. Natsuaki M, Morimoto T, Yamaji K, Watanabe H, Yoshikawa Y, Shiomi H, et 
al. Prediction of thrombotic and bleeding events after percutaneous coronary 
intervention: CREDO-Kyoto thrombotic and bleeding risk scores. J Am Heart 
Assoc. 2018;7(11):e008708.doi:10.1161/JAHA.118.008.708.

5. Becker RC, Spencer FA, editors. Fibrinolytic and antithrombotic therapy. 
2nd ed. New York: Oxford University Press; 2006. p. 245-64.

6. MacDougall K, Douketis JD, Li N, Clark NP, Tafur A, D’Astous J, et al. Effect 
of direct oral anticoagulant, patient, and surgery characteristics on clinical 
outcomes in the Perioperative Anticoagulation Use for Surgery Evaluation 
Study. TH Open. 2020;4(3):e255–62.

7. Campo G, Tebaldi M, Vranckx P, Biscaglia S, Tumscitz C, Ferrari R, et al. 
Short- versus long-term duration of dual antiplatelet therapy in patients 
treated for in-stent restenosis: a PRODIGY trial substudy (prolonging dual 
antiplatelet treatment after grading stent-induced intimal hyperplasia). J Am 
Coll Cardiol. 2014;63(6):506–12.

8. Costa F, Van Klaveren D, Feres F, James S, Räber L, Pilgrim T, et al. Dual 
antiplatelet therapy duration based on ischemic and bleeding risks after 
coronary stenting. J Am Coll Cardiol. 2019;73(7):741–54.

9. Levine GN, Bates ER, Bittl JA, Brindis RG, Fihn SD, Fleisher LA, et al. 2016 
ACC/AHA guideline focused update on duration of dual antiplatelet 
therapy in patients with coronary artery disease: A report of the American 
college of cardiology/American heart association task force on clinical 
practice guidelines: An update of the 2011 ACCF/AHA/SCAI guideline 
for percutaneous coronary intervention, 2011 ACCF/AHA guideline for 
coronary artery bypass graft surgery, 2012 ACC/AHA/ACP/AATS/PCNA/
SCAI/STS guideline for the diagnosis and management of patients with stable 
ischemic heart disease, 2013 ACCF/AHA guideline for the management 
of ST-elevation myocardial infarction, 2014 AHA/ACC guideline for the 
management of patients with non-ST-elevation acute coronary syndromes, 
and 2014 ACC/AHA guideline on perioperative cardiovascular evaluation 
and management of patients undergoing noncardiac surgery. Circulation. 
2016;134(10):e123-55.

 10. Kuramitsu S, Ohya M, Shinozaki T, Otake H, Horie K, Kawamoto H, et al. Risk 
factors and long-term clinical outcomes of second-generation drug-eluting 
Stent thrombosis: Insights from the REAL-ST registry. Circ Cardiovasc Interv. 
2019;12(6):e007822.

 11. Ullrich H, Münzel T, Gori T. Coronary Stent thrombosis- predictors and 
prevention. Dtsch Arztebl Int. 2020;117(18):320–6.

 12. Cayla G, Hulot J-S, O’Connor SA, Pathak A, Scott SA, Gruel Y, et al. Clinical, 
angiographic, and genetic factors associated with early coronary stent 
thrombosis. JAMA. 2011;306(16):1765–74.

 13. Calderaro D, Pastana AF, Flores da Rocha TR, Yu PC, Gualandro DM, 
DeLuccia N, et al. Aspirin responsiveness safely lowers perioperative 
cardiovascular risk. J Vasc Surg. 2013;58(6):1593-9.

 14. Graham MM, Sessler DI, Parlow JL, Biccard BM, Guyatt G, Leslie K, et 
al. Aspirin in patients with previous percutaneous coronary intervention 
undergoing noncardiac surgery. Ann Intern Med. 2018;168(4):237-44.

 15. Berger PB, Kleiman NS, Pencina MJ, Hsieh WH, Steinhubl SR, Jeremias 
A, et al. Frequency of major noncardiac surgery and subsequent adverse 

events in the year after drug-eluting stent placement results from the EVENT 
(Evaluation of Drug-Eluting Stents and Ischemic Events) Registry. JACC 
Cardiovasc Interv. 2010;3(9):920-7.

 16. Tokushige A, Shiomi H, Morimoto T, Furukawa Y, Nakagawa Y, Kadota K, et 
al. Incidence and outcome of surgical procedures after coronary bare-metal 
and drug-eluting stent implantation: a report from the CREDO-Kyoto PCI/
CABG registry cohort-2. Circ Cardiovasc Interv. 2012;5(2):237-46.

 17. Saia F, Belotti LM, Guastaroba P, Berardini A, Rossini R, Musumeci G, et al. 
Risk of adverse cardiac and bleeding events following cardiac and noncardiac 
surgery in patients with coronary stent: how important is the interplay 
between stent type and time from stenting to surgery? Circ Cardiovasc Qual 
Outcomes. 2016;9(1):39-47.

 18. Valgimigli M, Bueno H, Byrne RA, Collet JP, Costa F, Jeppsson A, et al. 2017 
ESC focused update on dual antiplatelet therapy in coronary artery disease 
developed in collaboration with EACTS: The Task Force for dual antiplatelet 
therapy in coronary artery disease of the European Society of Cardiology 
(ESC) and of the European Association for Cardio-Thoracic Surgery (EACTS). 
Eur Heart J. 2018;39(3):213-60.

19. Gualandro DM, Yu PC, Caramelli B, Marques AC, Calderaro D, Fornari LS, 
et al. 3 Diretriz de avaliação cardiovascular perioperatória da Sociedade 
Brasileira de Cardiologia. Arq Bras Cardiol. 2017;109(3 Supl 1):1-104. 

 20. Serrano CV Jr, Soeiro AM, Leal TCAT, Godoy LC, Biselli B, Hata LA, et al. 
Statement on antiplatelet agents and anticoagulants in cardiology - 2019. 
Arq Bras Cardiol. 2019 Aug 8;113(1):111-34.

21. Levine GN, Bates ER, Bitti JA, Brindis RG, Fihn SD, Fleisher LA, et al. 2016 
ACC/AHA Guideline focused update on duration of dual antiplatelet therapy 
in patients with coronary artery disease: a report of the American College 
of Cardiology/American Heart Association Task Force on Clinical Practice 
Guidelines. Circulation. 2016;134(10):e123-e155.

 22. Bonaca MP, Bhatt DL, Cohen M, Steg PG, Storey RF, Jensen EC, et al. Long-
term use of ticagrelor in patients with prior myocardial infarction. N Engl J 
Med. 2015;372(19):1791-800.

23.	 Kałuza	GL,	Joseph	J,	Lee	JR,	Raizner	ME,	Raizner	AE.	Catastrophic	
outcomes of noncardiac surgery soon after coronary stenting. J Am Coll 
Cardiol.2000;35(5):1288-94.

24. Reddy PR, Vaitkus PT. Risks of noncardiac surgery after coronary stenting. 
Am J Cardiol. 2005;95(6):755-7. 

25. Wilson SH, Fasseas P, Orford JL, Lennon RJ, Horlocker T, Charnoff NE, et 
al. Clinical outcome of patients undergoing non-cardiac surgery in the two 
months following coronary stenting. J Am Coll Cardiol. 2003;42(2):234-40.

26.  Cruden NL, Harding SA, Flapan AD, Graham C, Wild SH, Slack R, et 
al. Previous coronary stent implantation and cardiac events in patients 
undergoing noncardiac surgery. Circ Cardiovasc Interv. 2010;3(3):236-42. 

 27. Hawn MT, Graham LA, Richman JS, Itani KM, Henderson WG and Maddox 
TM. Risk of major adverse cardiac events following noncardiac surgery in 
patients with coronary stents. JAMA. 2013;310(14):1462-72. 

28. Wijeysundera DN, Wijeysundera HC, Yun L, Wasowicz M, Beattie WS, 
Velianou JL, et al. Risk of elective major noncardiac surgery after coronary 
stent insertion: a population-based study. Circulation. 2012;126(11):1355-
62.

29. Nuttall GA, Brown MJ, Stombaugh JW, Michon PB, Hathaway MF, Lindeen 
KC, et al. Time and cardiac risk of surgery after bare-metal stent percutaneous 
coronary intervention. Anesthesiology. 2008;109(4):588-95.

30. Sharma AK, Ajani AE, Hamwi SM, Maniar P, Lakhani SV, Waksman R, et al. 
Major noncardiac surgery following coronary stenting: when is it safe to 
operate? Catheter Cardiovasc Interv. 2004;63(2):141-5. 

31. Van Kuijk JP, Flu WJ, Schouten O, Hoeks SE, Schenkeveld L, de Jaegere PP, 
et al. Timing of noncardiac surgery after coronary artery stenting with bare 
metal or drug-eluting stents. Am J Cardiol. 2009;104(9):1229-34. 

References

545



Arq Bras Cardiol. 2022; 118(2):536-547 

Update

Calderaro et al.
Update of the Brazilian Society of Cardiology’s Perioperative Cardiovascular Assessment Guideline: Focus on Managing Patients with Percutaneous Coronary Intervention – 2022

32. Grines CL, Bonow RO, Casey DE Jr, Gardner TJ, Lockhart PB, Moliterno 
DJ, et al. Prevention of premature discontinuation of dual antiplatelet 
therapy in patients with coronary artery stents: a science advisory from 
the American Heart Association, American College of Cardiology, Society 
for Cardiovascular Angiography and Interventions, American College of 
Surgeons, and American Dental Association, with representation from the 
American College of Physicians. J Am Coll Cardiol. 2007;49(6):734-9.

33. Holcomb CN, Graham LA, Richman JS, Itani KM, Maddox TM, Hawn MT. 
The incremental risk of coronary stents on postoperative adverse events: a 
matched cohort study. Ann Surg. 2016;263(5):924-30.

34. Holcomb CN, Hollis RH, Graham LA, Richman JS, Valle JA, Itani KM, et 
al. Association of coronary stent indication with postoperative outcomes 
following noncardiac surgery. JAMA Surg. 2016;151(5):462-9.

 35. Urban P, Meredith IT, Abizaid A, Pocock SJ, Carrie D, Naber C, et al. Polymer-
free drug-coated coronary stents in patients at high bleeding risk. N Engl J 
Med. 2015;373(21):2038-47.

 36. Richardt G, Abdelghani M, Allali A, Toelg R, Abdellaoui M, Krackhardt F, 
et al. Polymer-free drug-coated vs. bare-metal coronary stents in patients 
undergoing non-cardiac surgery: a subgroup analysis of the LEADERS FREE 
trial. Clin Res Cardiol. 2021;110(2):162-71.

 37. Feres F, Costa RA, Abizaid A, Leon MB, Marin-Neto JA, Botelho RV, et al. 
Three vs twelve months of dual antiplatelet therapy after zotarolimus-eluting 
stents: the OPTIMIZE randomized trial. JAMA. 2013;310(23):2510-22. 

38.  Hahn JY, Song YB, Oh JH, Chun WJ, Park YH, Jang WJ, et al. Effect of P2Y12 
inhibitor monotherapy vs dual antiplatelet therapy on cardiovascular events 
in patients undergoing percutaneous coronary intervention: the SMART-
CHOICE randomized clinical trial. JAMA. 2019;321(24):2428-37.

39.  Mehran R, Baber U, Sharma SK, Cohen DJ, Angiolillo DJ, Briguori C, et al. 
Ticagrelor with or without aspirin in high-risk patients after PCI. N Engl J Med. 
2019;381(21):2032-42.

 40. Kirtane AJ, Stoler R, Feldman R, Neumann FJ, Boutis L, Tahirkheli N, et al. 
Primary results of the EVOLVE short DAPT study: evaluation of 3-month 
dual antiplatelet therapy in high bleeding risk patients treated with a 
bioabsorbable polymer-coated everolimus-eluting stent. Circ Cardiovasc 
Interv. 2021;14(3):e010144.

 41. Kim BK, Hong SJ, Cho YH, Yun KH, Kim YH, Suh Y, et al. Effect of ticagrelor 
monotherapy vs ticagrelor with aspirin on major bleeding and cardiovascular 
events in patients with acute coronary syndrome: the TICO randomized 
clinical trial. JAMA. 2020;323(23):2407-16.

 42. Windecker S, Latib A, Kedhi E, Kirtane AJ, Kandzari DE, Mehran R, et al. 
Polymer-based or polymer-free stents in patients at high bleeding risk. N Engl 
J Med. 2020;382(13):1208-18.

 43. Watanabe H, Domei T, Morimoto T, Natsuaki M, Shiomi H, Toyota T, et 
al. Effect of 1-month dual antiplatelet therapy followed by clopidogrel vs 
12-month dual antiplatelet therapy on cardiovascular and bleeding events 
in patients receiving PCI: the STOPDAPT-2 randomized clinical trial. JAMA. 
2019;321(24):2414-27.

 44. Vranckx P, Valgimigli M, Jüni P, Hamm C, Steg PG, Heg D, et al. Ticagrelor 
plus aspirin for 1 month, followed by ticagrelor monotherapy for 23 
months vs aspirin plus clopidogrel or ticagrelor for 12 months, followed 
by aspirin monotherapy for 12 months after implantation of a drug-eluting 
stent: a multicentre, open-label, randomised superiority trial. Lancet. 
2018;392(10151):940-9.

45.  Valgimigli M, Cao D, Makkar RR, Bangalore S, Bhatt DL, Angiolillo DJ, et al. 
Design and rationale of the XIENCE short DAPT clinical program: An assessment 

of the safety of 3-month and 1-month DAPT in patients at high bleeding risk 
undergoing PCI with an everolimus-eluting stent. Am Heart J. 2021;231:147–
56.doi:10.16/j.ahj.2020.09.019.

46.  Khan SU, Singh M, Valavoor S, Khan MU, Lone AN, Khan MZ, et al. Dual 
antiplatelet therapy after percutaneous coronary intervention and drug-
eluting stents: a systematic review and network meta-analysis. Circulation. 
2020;142(15):1425-36.

47.  Eisenberg MJ, Richard PR, Libersan D, Filion KB. Safety of short-term 
discontinuation of antiplatelet therapy in patients with drug-eluting stents. 
Circulation. 2009;119(12):1634-42.

48.  Held C, Asenblad N, Bassand JP, Becker RC, Cannon CP, Claeys MJ, et al. 
Ticagrelor versus clopidogrel in patients with acute coronary syndromes 
undergoing coronary artery bypass surgery: results from the PLATO (Platelet 
Inhibition and Patient Outcomes) trial. J Am Coll Cardiol. 2011;57(6):672-84.

49.  Wiviott SD, Braunwald E, McCabe CH, Montalescot G, Ruzyllo W, Gottlieb S, 
et al. Prasugrel versus clopidogrel in patients with acute coronary syndromes. 
N Engl J Med. 2007;357(20):2001-15.

50. Nakashima CAK, Dallan LAO, Lisboa LAF, Jatene FB, Hajjar LA, Soeiro AM, 
et al. Platelet reactivity in patients with acute coronary syndromes awaiting 
surgical revascularization. J Am Coll Cardiol. 2021 Mar 16;77(10):1277-86. 

 51. Capodanno D, Musumeci G, Lettieri C, Limbruno U, Senni M, Guagliumi G, 
et al. Impact of bridging with perioperative low-molecular-weight heparin on 
cardiac and bleeding outcomes of stented patients undergoing non-cardiac 
surgery. Thromb Haemost. 2015;114(2):423-31.

52. Ceppa DP, Welsby IJ, Wang TY, Onaitis MW, Tong BC, Harpole DH, et al. 
Perioperative management of patients on clopidogrel (Plavix) undergoing 
major lung resection. Ann Thorac Surg. 2011;92(6):1971-6.

53. Savonitto S, D’Urbano M, Caracciolo M, Barlocco F, Mariani G, Nichelatti M, et 
al. Urgent surgery in patients with a recently implanted coronary drug-eluting 
stent: a phase II study of ‘bridging’ antiplatelet therapy with tirofiban during 
temporary withdrawal of clopidogrel. Br J Anaesth. 2010;104(3):285-91.

54.  McFalls EO, Ward HB, Moritz TE, Goldman S, Krupski WC, Littooy F, et al. 
Coronary-artery revascularization before elective major vascular surgery. N 
Engl J Med. 2004;351(27):2795–804.

55.  Garcia S, Rider JE, Moritz TE, Pierpont G, Goldman S, Larsen GC, 
et al. Preoperative coronary artery revascularization and long-term 
outcomes following abdominal aortic vascular surgery in patients with 
abnormal myocardial perfusion scans: a subgroup analysis of the coronary 
artery revascularization prophylaxis trial. Catheter Cardiovasc Interv. 
2011;77(1):134–41.

56.  Poldermans D, Schouten O, Vidakovic R, Bax JJ, Thomson IR, Hoeks SE, et al. 
A clinical randomized trial to evaluate the safety of a noninvasive approach in 
high-risk patients undergoing major vascular surgery: the DECREASE-V Pilot 
Study. J Am Coll Cardiol. 2007;49(17):1763–9.

57.  Brilakis ES, Orford JL, Fasseas P, Wilson SH, Melby S, Lennon RJ, et al. 
Outcome of patients undergoing balloon angioplasty in the two months prior 
to noncardiac surgery. Am J Cardiol. 2005;96(4):512-4.

58.  Cesar LA, Ferreira JF, Armaganijan D, Gowdak LH, Mansur AP, Bodanese 
LC, et al. Diretriz de doença coronária estável.Arq Bras Cardiol 2014; 03(2 
supl.2):1-59.

59.  Nicolau JC, Feitosa Filho GS, Petriz JL, Furtado RHM, Précoma DB, Lemke 
W, Timerman A, et al. Diretrizes da Sociedade Brasileira de Cardiologia 
sobre angina instável e infarto agudo do miocárdio sem supradesnível do 
segmento ST – 2021. Arq Bras cardiol. 2021;117(1):181-264. doi:10.36660/
abc.20210180.

546



Arq Bras Cardiol. 2022; 118(2):536-547 

Update

Calderaro et al.
Update of the Brazilian Society of Cardiology’s Perioperative Cardiovascular Assessment Guideline: Focus on Managing Patients with Percutaneous Coronary Intervention – 2022

This is an open-access article distributed under the terms of the Creative Commons Attribution License

547



Arq Bras Cardiol. 2022; 118(5):1005

Erratum

DOI: DOI: https://doi.org/10.36660/abc.20220302

This is an open-access article distributed under the terms of the Creative Commons Attribution License

December 2021 Issue, vol. 117(6), pages 1093-1103 
In the Research Letter “Antihypertensive Activity of Sauromatum guttatum Mediated by Vasorelaxation and Myocardial Depressant 
Effects”, with DOI: https://doi.org/10.36660/abc.20200055, published in the journal Arquivos Brasileiros de Cardiologia, 
117(6):1093-1103, in page 1093, correct the author’s name Rabia Bibi to Bibi Rabia.

February 2022 Issue, vol. 118(2), pages 525-529 
In the Original Article “A Rare Presentation of COVID-19 with Pulmonary Embolism”, with DOI: https://doi.org/10.36660/
abc.20210350, published in the journal Arquivos Brasileiros de Cardiologia, 118(2):525-529, in page 525, correct the author’s 
name Özgenur Günçkan to Özgenur Güçkan.

February 2021 Issue, vol. 118 (2), pages 536-547
In the “Update of the Brazilian Society of Cardiology’s Perioperative Cardiovascular Assessment Guideline: Focus on Managing 
Patients with Percutaneous Coronary Intervention – 2022”, with DOI number: https://doi.org/10.36660/abc.20220039, published 
in the journal Arquivos Brasileiros de Cardiologia, 118(2): 536-547, on page 543 of the Portuguese version, Figure 1, correct 
the text of the orange square from “30 dias a < 6 meses” to “30 dias a < 3 meses”. Figure 1 is correct in the English version.
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