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ABSTRACT

Addressing the optimal management approach for patients who are receiving single or dual antiplatelet
therapy is a common and sometimes challenging clinical problem, especially for patients with coro-
nary stents who are receiving dual antiplatelet therapy with acetylsalicylic acid (ASA) combined with
a P2Y,, inhibitor. Using a case-based format, we summarize the findings of recent clinical trials and key
observational studies which help inform best practices for the perioperative antiplatelet management of
noncardiac surgery and coronary artery bypass graft surgery. In this review, we explore the evidence to
address 3 key questions: What is the minimum duration that a surgery should be delayed after coronary
stent implantation? In patients who are receiving single antiplatelet therapy with ASA, how to manage
patients who require noncardiac and cardiac surgery? In patients who are receiving dual antiplatelet
therapy for a coronary stent, how to manage patients who require noncardiac and cardiac surgery?

Introduction  The perioperative management of  Clinical scenarios Case 1 A 76-year-old female

patients who are receiving antiplatelet therapy is
a common and challenging clinical problem, es-
pecially in patients with coronary artery stents.
In the United States (US) alone, 900 000 pa-
tients have coronary stents implanted annual-
ly, and within 1 year of stent implantation, 4%
to 5% (36 000-45000) of such patients will re-
quire surgery, a number that increases to 11%
(99 000) within 2 years of stent implantation.'?
In addition, a higher number of such patients
will require an invasive procedure such as coro-
nary angiography or gastrointestinal endosco-
py.>*% Such patients are expected to be receiving
treatment with single antiplatelet therapy, typi-
cally with low-dose acetylsalicylic acid (ASA; 75-
100 mg/d), or dual antiplatelet therapy, typical-
ly consisting of ASA combined with a P2Y,, in-
hibitor (clopidogrel, prasugrel, or ticagrelor).
The scope and complexity of this clinical prob-
lem can be illustrated by the clinical scenarios
described below.

with hypertension, type 2 diabetes, and stable
angina, with no prior coronary stents or coro-
nary artery bypass graft (CABG) surgery, is sched-
uled for an elective outpatient laparoscopic her-
nia repair. She is receiving ASA, 81 mg/d, and is
referred to the perioperative risk assessment and
management clinic.

Case2 A 59-year-old male who has smoked for
40 years suffered an anterior wall ST-segment el-
evation myocardial infarction (MI) that required
implantation of a drug-eluting coronary stent in
the left anterior descending coronary artery. He
is now receiving dual antiplatelet therapy with
ASA, 81 mg/d, and clopidogrel, 75 mg/d. A rou-
tine chest X-ray showed a suspicious coin lesion,
which was subsequently diagnosed, 4 weeks af-
ter his MI, as squamous cell lung cancer. A lobec-
tomy is recommended.

Case3 A 65-year-old male presents to the emer-
gency department just after midnight with
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4 hours of retrosternal chest pressure and is di-
agnosed with a non-ST-segment elevation MI.
Antiplatelet therapy is initiated, consisting of
ASA, 81 mg, and ticagrelor, 180-mg loading dose
followed by 90 mg twice daily. The next day, cor-
onary angiography reveals diffuse 3-vessel coro-
nary artery disease with involvement of the left
anterior descending artery. CABG surgery is
recommended.

Objectives and scope Against this background,
the overall objective of this review is to provide
clinicians with a case-based, evidence-informed
approach to the perioperative management of
patients receiving antiplatelet therapy who re-
quire major surgery in which interruption of an-
tiplatelet therapy should be considered. This re-
view does not address procedures for which an-
tiplatelet or anticoagulant therapy can be safely
continued, as this issue is discussed elsewhere.’"'?

First, we provide a general approach to risk
stratification for perioperative management of
patients who are receiving antiplatelet therapy.
Secondly, we use the abovementioned cases to
address the following clinical questions: 1) What
is the minimum duration that a surgery should
be delayed after coronary stent implantation?; 2)
How to manage patients who require noncardiac
or cardiac surgery, and are receiving single anti-
platelet therapy with ASA?; and 3) How to manage
patients who require noncardiac or cardiac sur-
gery and are receiving dual antiplatelet therapy
with ASA and a P2Y,, inhibitor? Finally, we pro-
vide some practical clinical guidance for perioper-
ative management. Such clinical guidance should
be considered in the context of emerging clinical
practice guidelines in this area, which show vari-
ability reflecting the paucity of well-designed pro-
spective trials assessing perioperative antiplate-
let management.''®

Risk stratification for adverse cardiovascular and
bleeding outcomes Irrespective of the clinical
scenario, in patients who are receiving antiplate-
let therapy and require elective surgery, clinicians
should balance the estimated perioperative risks
for major adverse cardiovascular events, in partic-
ular stent thrombosis associated with periopera-
tive interruption of antiplatelet therapy, against
the risk of bleeding associated with continuation
of single or dual antiplatelet therapy.'®'?

Estimating adverse cardiovascular risk Patients
without coronary stents have a 1% to 5% risk
of developing adverse cardiovascular complica-
tions after elective noncardiac surgery; this risk
is heightened to a range of 8% to 10% in patients
with coronary stents.'® Clinically, stent thrombo-
sis is associated with significant morbidity and
mortality, with up to 40% to 60% of such events
being fatal.'® The timing of antiplatelet interrup-
tion after stent implantation is an important fac-
tor in estimating the risk for perioperative stent
thrombosis, with the risk being the highest during
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the time interval between stent implantation and
reendothelialization at the stent site. This process
takes 4 to 6 weeks in patients with a bare metal
stent and 6 to 12 months in patients with a drug-
-eluting stent. Premature interruption of dual an-
tiplatelet therapy, most commonly in the periop-
erative setting, is the strongest predictor of stent
thrombosis.?"?! Based on a prospective registry
involving 432 patients with coronary stents who
had surgery (urgent in 22% of cases), other pre-
dictors of major adverse cardiac events were non-
specific and included recent MI, chronic kidney
disease, diabetes, and no use of preoperative an-
tiplatelet therapy.??

Overall, there are no established risk stratifi-
cation schemes that estimate the risk for adverse
cardiovascular events with perioperative single
or dual antiplatelet interruption. Risk predic-
tion models, such as the CHADS, score (conges-
tive heart failure, hypertension, age 275 years,
diabetes mellitus, stroke [double weight]), have
been assessed in a perioperative setting but in
patients with atrial fibrillation in whom the as-
sessment was for stroke prediction and not acute
coronary events.??

Risk stratification should be individualized
so as to consider the following factors?’: 1) time
interval from stent implantation to surgery; 2)
type of surgery (cardiovascular vs noncardio-
vascular site, bleeding risk); 3) stent character-
istics (location, length, diameter); 4) other pa-
tient characteristics (prior acute coronary syn-
drome, left ventricular dysfunction, peripher-
al arterial disease, smoking). Of these factors,
the type of surgery is an overlooked but impor-
tant determinant. Thus, among patients with
atrial fibrillation who required the interruption
of anticoagulant therapy for surgery, the type of
surgery was an important independent determi-
nant of postoperative stroke in patients having
cardiac or vascular surgery at the highest risk.?®
Similarly, a large US linked administrative data-
base study assessed 20 590 patients, separated
into 2 groups, who had surgery 1.5 to 6 months
and 6 to 24 months after coronary stenting.”®
In these 2 groups, the 30-day postoperative risk
for adverse cardiovascular events was the lowest
in patients having outpatient surgery (0.1% and
0.2%, respectively), higher after inpatient sur-
gery (1.9% and 3.7%, respectively), and the high-
est after complex inpatient surgery (2.4% and
5.3%, respectively). For each type of surgery, the
risk was higher in the group who had surgery 1.5
to 6 months after stenting.

Estimating bleeding risk Few studies have as-
sessed determinants of bleeding in a periop-
erative setting. One observational study ap-
plied the HAS-BLED score (hypertension, ab-
normal renal or liver function, stroke, bleeding
history or predisposition, labile internation-
al normalized ratio, age >65 years, drug thera-
py, or alcohol consumption) to warfarin-treated
patients who required elective surgery,?® and



TABLE 1

Suggested surgery- or procedure-related bleeding risk classification

High-bleeding-risk surgery or procedure

Any surgery requiring neuraxial

anesthesia

Neuraxial anesthesia/injection

Epidural anesthesia/injection

Major intracranial or neuraxial

surgery

Brain cancer resection

Laminectomy or neuraxial tumor resection

Intracranial (subdural, epidural) bleed evacuation

Major thoracic surgery

Lobectomy, pneumonectomy

Esophagectomy

Major cardiac surgery

Coronary artery bypass

Valve replacement or repair

Major vascular surgery

Aortic aneurysm repair

Aortobifemoral bypass, popliteal bypass

Carotid endarterectomy

Major abdominopelvic surgery

Hepatobiliary cancer resection

Pancreatic cancer or pseudocyst resection

Colorectal and gastric cancer resection

Diverticular disease resection

Inflammatory bowel disease resection

Renal cancer resection

Bladder cancer resection

Endometrial cancer resection

Ovarian cancer resection

Radical prostatectomy

Major orthopedic surgery

Hip arthroplasty or hip fracture repair

Knee arthroplasty or tibial osteotomy

Shoulder arthroplasty

Metatarsal osteotomy

Other major cancer or
reconstructive surgery

Head and neck cancer surgery

Reconstructive facial, abdominal, limb surgery

Low-bleeding-risk surgery or procedure

Gastrointestinal procedures

Colonoscopy

Gastroscopy

Sigmoidoscopy

Endoscopic retrograde pancreaticocholangiography

Capsule endoscopy

Push enteroscopy

Barrett esophagus ablation

Cardiac procedures

Permanent pacemaker implantation or battery
change

Internal cardiac defibrillator implantation or battery
change

Arterioventricular node ablation

Coronary artery angiography (radial approach)

Dental procedures

Tooth extraction (up to two extractions)

Endodontic (root canal) procedure

Skin procedures

Skin biopsy

Eye procedures

Phacoemulsification (cataract)

found that a score of 3 or higher was associ-
ated with a 12-fold increased risk for clinical-
ly relevant bleeding, although the overall risk
was only 3.5%.?" However, this score was ap-
plied to patients who were receiving anticoag-
ulant therapy, although it is likely that some of
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the determinants are sufficiently germane to be
applicable for perioperative antiplatelet man-
agement. Estimates of perioperative bleeding
risk are also based on the type of planned sur-
gery, and an empiric risk classification is shown
in 7ABLE 1.%% Patients who are receiving neuraxial
anesthesia or closed space surgery can be consid-
ered, in general, as being at high risk for bleeding
because of the consequences of bleeding.!*2%30

For patients who are receiving antiplatelet ther-
apy, a basic understanding of the pharmacoki-
netic and pharmacodynamic properties of anti-
platelet drugs informs decisions on the timing of
their perioperative interruption and resumption.
The antiplatelet effect of ASA occurs within a few
hours of intake and is mediated by the irrevers-
ible inhibition of platelet cyclooxygenase-1, lead-
ing to a decrease in thromboxane A, synthesis and
platelet aggregation. Clopidogrel is a thienopyr-
idine that irreversibly inhibits platelet function
through inhibition of platelet receptor P2Y ., re-
quires multistep hepatic conversion to an active
metabolite, and its efficacy can be limited by gen-
otype variants of cytochrome P450 enzymes. Pra-
sugrel is also an irreversible inhibitor of platelet
receptor P2Y,, but, unlike clopidogrel, it is con-
verted to its active form in a single-step hepat-
ic process, rendering it with greater antiplatelet
potency and less susceptibility to efficacy vari-
ability by cytochrome P450 genotype variants.
Ticagrelor is also a P2Y,, receptor inhibitor but,
unlike clopidogrel and prasugrel, it does not re-
quire hepatic conversion to become active and is
the only P2Y,, inhibitor that has reversible plate-
let inhibition effects. As shown in TABLE 2, studies
that have assessed the effect of antiplatelet drug
interruption on platelet function indicate differ-
ences in the time required for platelet function
recovery after 4- to 5-day interruption and 7- to
10-day interruption.®’-3

An important but sometimes overlooked issue
is timing and dosing of antiplatelet drug resump-
tion after surgery. In the POISE-2 trial (Periop-
erative Ischemic Evaluation-2), which assessed
perioperative ASA interruption or continuation
in 20010 patients, 78.3% of major bleeds oc-
curred at the surgical site and 9.3% occurred in
the gastrointestinal tract, many of which were
likely due to stress ulceration.** Most postoper-
ative bleeds occurred within 1 week after surgery;
the delayed resumption of ASA for 1 week post-
operatively eliminated any difference in bleed-
ing outcomes in the ASA interruption and con-
tinuation groups. From a practical standpoint, it
is reasonable to delay resumption of ASA in pa-
tients at low cardiovascular risk for 5 to 7 days af-
ter surgery, especially if they are receiving throm-
boprophylaxis with low-dose heparin. For clopi-
dogrel, maximum platelet function inhibition is
achieved within 5 to 10 days when starting with
a 75-mg maintenance dose as opposed to 12- to
15-hour maximal antiplatelet effect when clopi-
dogrel is started with a 300- to 600-mg loading
dose; consequently, postoperative resumption of
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TABLE 2 Properties of antiplatelet drugs relevant for perioperative management

Antiplatelet drug Mode of antiplatelet Pharmacokinetic ~ Pharmacodynamic effect Residual platelet Residual platelet
action effect (half-life) (platelet function function 4 days after function 7 days
inhibition) stopping drug after stopping drug
ASA COX-1/COX-2 inhibitor 8 hours Irreversible for lifespan of 20% 90%
platelet (7-10 days)
Clopidogrel ADP P2Y, inhibitor 8 hours Irreversible 30% 90%
Prasugrel ADP P2Y,, inhibitor 8 hours Irreversible 10-20% 80%
Ticagrelor ADP P2Y,, inhibitor 8 hours Reversible 70% (2 days after 90% (4-5 days after
stopping) stopping)
Dipyridamole Phospho-diesterase 10 hours Reversible NA NA
inhibitor
Cilostazol Phospho-diesterase 10 hours Reversible NA NA
inhibitor
NSAID COX-1/COX-2 inhibitor 4-20 hours Reversible NA NA
Tirofiban P-glycoprotein lib/llla 2 hours Immediate onset of action,  NA NA
inhibitor reversible
Eptifibatide P-glycoprotein lib/llla 2 hours Immediate onset of action,  NA NA
inhibitor reversible
Cangrelor P2Y,, inhibitor <10 minutes Immediate onset of action,  NA NA
reversible

Abbreviations: ADP, adenosine diphosphate; ASA, acetylsalicylic acid; COX, cyclooxygenase; NA, not available; NSAID, nonsteroidal anti-inflammatory drug
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clopidogrel can be done earlier than with ASA or
other P2Y,, inhibitors.?

Perioperative management of patients who are re-
ceiving acetylsalicylic acid  The perioperative mi-
lieu related to surgery is thought to confer a pro-
thrombotic and inflammatory state characterized
by arise in circulating platelet release products and
thrombin generation, which may contribute to ad-
verse cardiovascular events.?” Additionally, sudden
withdrawal of antiplatelet drugs in chronic users is
thought to produce a rebound prothrombotic effect
due to increased thromboxane A, synthesis and de-
creased fibrinolysis. Despite these theoretical con-
siderations regarding perioperative platelet func-
tion, the putative beneficial effects of continuing
(or initiating) antiplatelet therapy in the periop-
erative period, typically with ASA, only can be ad-
dressed through well-designed randomized trials.

Noncardiac surgery Three randomized trials
have evaluated the benefits and risks of ASA
continuation or discontinuation in the periop-
erative setting. One trial involving 290 patients
who were receiving antiplatelet agents for sec-
ondary cardiovascular prevention were allocated
to ASA, 75 mg/d, or placebo, starting 10 days pri-
or to intermediate or high-risk noncardiac sur-
gery.*® There was no difference in major throm-
botic or bleeding events within the first 30 days
of surgery. Another trial of 220 patients evalu-
ated starting ASA, 75 mg/d, or placebo 7 days
before surgery, and continuing treatment for
30 days postoperatively in patients at high risk
for cardiovascular disease.?® This study showed
a significant reduction in major adverse cardio-
vascular events in the ASA arm (1.8% vs 9.0%;

POLISH ARCHIVES OF INTERNAL MEDICINE  2018; 128 (12)

P =0.02), but it was underpowered to detect dif-
ferences in bleeding outcomes.

The most compelling findings are derived from
the POISE-2 trial. In this study, 10 010 patients
at risk for cardiovascular disease who were sched-
uled to have noncardiac surgery were random-
ized to perioperative aspirin (n = 4998) vs place-
bo (n = 5012).%° Patients were stratified according
to baseline ASA use as either initiation stratum
(not taking ASA at baseline) or continuation stra-
tum (taking ASA at baseline). In both strata, ASA,
200 mg, or placebo was administered just before
surgery. Among those who had not been on aspi-
rin previously, the study drug of ASA, 100 mg/d
or placebo, was continued for 30 days after sur-
gery (initiation stratum). Among those who were
on aspirin previously, aspirin was stopped 1 week
before surgery, the study drug was continued
for 7 days after surgery, and then their usual as-
pirin therapy was resumed (continuation stra-
tum). The perioperative use of ASA did not reduce
the incidence of the composite primary outcome
of nonfatal MI or death (7.0% vs 7.1%; hazard ra-
tio [HR], 0.99; 95% CI, 0.86-1.2) but was asso-
ciated with a statistically significant increased
risk for major bleeding (4.6% vs 3.8%; HR, 1.2;
95% CI, 1.01-1.5). There was no effect on the out-
comes of M, life-threatening bleeding, stroke or
mortality. The overall risk for bleeding was in-
creased in patients who were receiving postop-
erative low-dose heparin prophylaxis, and it ap-
peared to be correlated with the timing of post-
operative ASA initiation, with the suggestion that
delaying resumption for 7 to 8 days would allow
the risk to diminish to that of ASA nonusers. It
is noteworthy that only 4% of patients enrolled
in POISE-2 had a coronary stent, an issue that is
discussed below.



TABLE 3 Suggested perioperative management of antiplatelet therapy

Clinical situation Suggested management

Patient on ASA alone having
noncardiac surgery

* Interrupt ASA ~7 days before surgery in most
patients; resume 5-7 days after surgery.

* Continue ASA perioperatively in patients with
coronary stents, while monitoring for bleeding.

Patient on ASA alone having
CABG surgery

* Continue ASA around the time of CABG
(withholding on day of surgery and 1-2 days
postoperatively).

Patient with coronary stent
on ASA + clopidogrel
having noncardiac surgery

* Continue ASA around the time of surgery
(withholding on day of surgery and 1-2 days
postoperatively).

* Hold clopidogrel for 5-6 days preoperatively and
resume 1-2 days after surgery.

« If recent coronary stent, continue both antiplatelet
drugs and transfuse platelets if excessive bleeding.

Patient on ASA
+ clopidogrel having
CABG surgery

* Continue ASA around the time of surgery
(withholding on day of surgery and 1-2 days
postoperatively).

* Hold clopidogrel 5-6 days before surgery.

* Resume ASA and clopidogrel 1-2 days after
surgery.

Patient on ASA + ticagrelor
and having noncardiac or
CABG surgery

* Continue ASA around the time of surgery
(withholding on day of surgery and 1-2 days
postoperatively).

* Hold ticagrelor for 2-3 days before surgery.
* Resume ASA and ticagrelor 1-2 days after surgery.

Patient on ASA + prasugrel
having noncardiac or
CABG surgery

* Continue ASA around the time of surgery
(withholding on day of surgery and 1-2 days
postoperatively).

* Hold prasugrel for 7-10 days before surgery.
* Resume ASA and prasugrel 1-2 days after surgery.

Abbreviations: CABG, coronary artery bypass graft; others, see TABLE 2

Clinical guidance In patients who are receiving
ASA and are at risk for cardiovascular events, we
suggest interrupting ASA for ~7 days before non-
cardiac surgery and to resume ASA with caution
postoperatively, especially if patients are receiv-
ing thromboprophylaxis with low-dose heparin.
In patients not at risk for cardiovascular events,
we suggest not initiating ASA in the periopera-
tive period.

Cardiac surgery In a meta-analysis of 13 trials
(2399 patients) assessing the continuation of
ASA, preoperative ASA reduced the risk of MI
(odds ratio [OR], 0.56; 95% CI, 0.33-0.96) with-
out a reduction in mortality, but its use increased
postoperative chest tube drainage, red cell trans-
fusion, and need for surgical reexploration (OR,
1.85; 95% (I, 1.1-3.0).%° The ATACAS trial (Aspi-
rin and Tranexamic Acid for Coronary Artery Sur-
gery) involved 2100 patients scheduled for elec-
tive CABG surgery who interrupted ASA 4 days
before surgery and then were randomly allocated
to receive ASA, 100 mg, or placebo, 1 to 2 hours
preoperatively, with continuation within 24 hours
postoperatively.*’ ASA use had no significant ef-
fect on the incidence of MI (13.8% vs 15.8%; HR,
0.87;95% CI, 0.71-1.1), bleeding requiring reoper-
ation (1.8% vs 2.1%; HR, 0.87; 95% CI, 0.46-1.6),
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or need for transfusion (43.9% vs 42.6%; HR, 1.0;
95% CI, 0.93-1.1).

One concern with this trial relates to the gen-
eralizability of findings since the approach used
to stop ASA at least 4 days before CABG and ad-
minister a single dose just before surgery is not
widely used. It is possible that a beneficial effect
of ASA may have been shown, as in other non-
randomized studies, by allowing a simpler ASA
interruption for 7 to 10 days vs ASA continued
(uninterrupted) design.?'%*2 Moreover, the close
proximity of ASA administration to the surgery
may not have been sufficient to allow a full anti-
platelet effect.*?

Clinical guidance  Until there is compelling evi-
dence that perioperative continuation of ASA
causes harm in patients having CABG surgery, it
is reasonable to continue ASA without interrup-
tion in patients having elective CABG surgery.

Management of patients with a coronary stent who
need elective surgery  The perioperative manage-
ment of patients with a coronary stent typically
centers around patients who are receiving dual an-
tiplatelet therapy with ASA in combination with
aP2Y , inhibitor, either clopidogrel, prasugrel, or
ticagrelor. In terms of available evidence, there
are no randomized control trials to compare dif-
ferent perioperative management strategies for
patients with coronary stents who require elec-
tive surgery. Consequently, current management
recommendations are weakened as they rely on
observational studies or post hoc subanalyses of
randomized trials.

Noncardiac surgery In general, the time interval
between stent placement and noncardiac surgery
appears to be a key determinant of perioperative
risk for adverse cardiovascular events. Thus, in
a retrospective single-center study of 1120 pa-
tients with coronary stents who had noncar-
diac surgery, the risk for major cardiac events
was increased in the first year after stenting
(OR, 2.6; 95% CI, 1.4-4.9) but not after 1 year
had elapsed (OR, 0.89; 95% CI, 0.6-1.4).*" In
a linked administrative database study encom-
passing 20 590 patients with coronary stents
and 41180 controls without stents who under-
went noncardiac surgery, the incidence of ma-
jor adverse cardiovascular events was the high-
est in the initial 6 weeks after surgery but re-
mained significantly higher than in the control
group until 6 months postsurgery.?® These re-
sults are expanded by those of a Danish study
of 22 590 patients with drug-eluting coronary
stents. In this study, 4303 patients with surgery
within 1 year were frequency-matched by surgery
type with 20232 controls. It confirmed a high-
er rate of MI among patients who underwent
surgery within 1 month (OR, 14.3; 95% CI, 7.5—
27.4), but there was a strong effect modification
if the surgery was emergent rather than elective
(OR, 26.6; 95% CI, 11.2-62.8)."° Together, these
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studies suggest waiting at least 6 weeks and pref-
erably 6 months after stent implantation before
noncardiac surgery, and such guidance is con-
sistent with clinical practice guidelines. A reg-
istry studied 880 patients who had percutane-
ous coronary intervention and subsequently un-
derwent noncardiac surgery, in whom ASA and
dual antiplatelet therapy were continued in ap-
proximately 70% and 10% of patients, respec-
tively. In this study, 30-day rates of periopera-
tive adverse cardiac and major bleeding events
were 3.5% and 5.6%, respectively.

Akey limitation of all these observational stud-
ies was that perioperative antiplatelet manage-
ment was not defined, and a comparison between
different management strategies was not feasi-
ble. The only data from a randomized trial that
assessed perioperative antiplatelet drug manage-
ment in stented patients is a post hoc subanal-
ysis of POISE-2. In this study of 470 patients
(4.7% of the entire study population) with a pri-
or coronary stent implantation, perioperative
ASA continuation reduced the absolute risk for
the combined primary outcome of MI and death
by 5.5% (HR, 0.50; 95% CI, 0.26-0.95), and re-
duced the absolute risk for MI by 5.9% (HR, 0.44;
95% CI, 0.22-0.87). Continuing ASA was associ-
ated with a 1.3% absolute risk in major and life-
-threatening bleeding, as in the overall study pop-
ulation, but the small sample studied was asso-
ciated with wide confidence limits around this
point estimate (ie, —2.6% to 5.2%).%® Overall, in
stented patients who are receiving dual antiplate-
let therapy and are having noncardiac surgery,
the perioperative increase in the risk of bleed-
ing with ASA continuation appears to be mod-
est and outweighed by the putative benefits of
ASA continuation.

As for the management of the P2Y,, inhibitor,
there are no studies in a perioperative setting to
inform whether it should be continued or inter-
rupted, but there is evidence from nonperioper-
ative settings that dual antiplatelet therapy con-
fers a significant risk for bleeding, similar to that
of anticoagulant therapy with warfarin, and this
bleeding risk is likely to be magnified in a peri-
operative setting.

Clinical guidance In patients with coronary stents
who require elective noncardiac surgery, we sug-
gest delaying surgery for at least 3 months af-
ter stenting (at least 1 month after bare metal
stent implantation). We suggest continuing ASA
perioperatively, without interruption, and with-
holding ticagrelor for 2 to 3 days, clopidogrel for
5 to 6 days preoperatively, and prasugrel for 7 to
10 days preoperatively. After surgery, we suggest
restarting the P2Y,, inhibitor when surgical site
hemostasis is secured.

Cardiac surgery Patients who are receiving
dual antiplatelet therapy and require elective
or semi-urgent CABG surgery pose a consider-
able challenge, especially after an acute coronary
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syndrome, because of the high bleeding risk as-
sociated with CABG and the potentially serious
consequences of bleeding (ie, pericardial tam-
ponade). The ATACAS trial did not include pa-
tients who were receiving dual antiplatelet ther-
apy and required urgent CABG, and the relevant
available evidence is derived from observational
studies. One registry study assessed 786 patients
who required CABG surgery after an acute cor-
onary syndrome and were receiving ASA and ti-
cagrelor.”” This study found that, compared with
patients receiving only ASA, continuing ticagre-
lor up to the time of surgery or discontinuing its
use <2 days before surgery conferred a higher
risk of platelet transfusion (22.7% vs 6.4%) and
bleeding (18.2% vs 5.9%), based on the E-CABG
bleeding classification used in this study.*” A ret-
rospective cohort study assessed patients who,
following an acute coronary syndrome, were re-
ceiving ASA and ticagrelor (n = 1266) or clopido-
grel (n = 978) and required CABG surgery. Peri-
operative bleeding was decreased if either ticagre-
lor or clopidogrel were interrupted at least 3 days
before surgery compared with a shorter interrup-
tion interval.*® For ticagrelor, there was no in-
crease in bleeding with an interruption lasting
3 to 5 days vs lasting more than 5 days (OR, 0.93;
95% CI, 0.53-1.6), whereas for clopidogrel an in-
terruption interval lasting 3 to 5 days was associ-
ated with an increased risk for bleeding compared
with an interruption lasting more than 5 days
(OR, 1.7; 95% CI, 1.1-2.8). There are no studies
assessing the optimal timing of prasugrel inter-
ruption before CABG surgery, but it is known to
be more potent than ticagrelor and clopidogrel.

Clinical guidance  We suggest continuation of ASA
in all patients with a coronary stent who require
CABG surgery. In patients with a coronary stent
who are receiving a P2Y,, inhibitor, we suggest
interrupting ticagrelor for 2 to 3 days, interrupt-
ing clopidogrel for 5 to 6 days, and interrupting
prasugrel for 7 to 10 days before CABG surgery.

Management of patients with a coronary stent who
need urgent surgery  The management of patients
who are receiving dual antiplatelet therapy and
are undergoing urgent noncardiac surgery after
recent (within 6 to 12 weeks) stent implantation
is an infrequent but challenging clinical scenario.
Related literature is limited to mainly retrospec-
tive case series.”® A summation of this clinical
experience encompasses 280 patients, in whom
the mean time interval between stenting and sur-
gery (cardiac, 50%; urgent, 40%) was 5.1 months.
A mean duration of 5 days of bridging therapy
was administered, mainly with a glycoprotein
IIb/IIla inhibitor (eptifibatide, 64%; tirofiban,
35%). Rates of adverse events were high for car-
diovascular outcomes (4.6%; 95% CI, 2.5-7.3),
stent thrombosis (1.3%; 95% CI, 0.3-3.0), ma-
jor bleeding (7.4%; 95% CI, 2.8-14.1), and death
(3.5%; 90% CI, 1.7-5.9). The management op-
tions for such patients are empiric and include



interrupting both antiplatelet drugs and adminis-
tering an antiplatelet bridging agent. Antiplatelet
bridging can be considered with cangrelor, an in-
travenous P2Y,, inhibitor with a very short half-
-life (<10 minutes), which has been assessed in
the setting of urgent CABG surgery as an anti-
platelet bridging agent and can effectively main-
tain platelet inhibition during interruption of an-
tiplatelet therapy.’” Another management option,
especially for selected high-bleeding-risk surgery
types (eg, intracranial, spinal), may involve con-
tinuing dual antiplatelet therapy and administer-
ing a platelet transfusion just before the surgery
to provide fully functional, uninhibited plate-
lets to optimize hemostasis. One retrospective
study assessed 181 patients managed using this
approach, of whom 72 were receiving dual anti-
platelet therapy; this study reported relatively
high rates of perioperative adverse cardiac events
(5.5%; 95% CI, 3.0-9.9), major bleeding (12.2%;
95% CI, 8.2-17.7%), and bleeding leading to re-
operation (6.6%; 95% CI, 3.8-11.2%), but there
were no episodes of stent thrombosis.?"*? Addi-
tional studies are needed to explore this and oth-
er bridging-related management options.

Return to the clinical scenarios Case 1 This pa-
tient is undergoing a low-bleeding-risk surgery
but is not at high risk for coronary ischemia.
An approach based on the POISE-2 trial where
ASA is interrupted for 5 to 7 days before surgery
and resumed 2 to 3 days after surgery, when he-
mostasis is secured, is reasonable. Low-dose hep-
arin thromboprophylaxis is not administered as
the patient is ambulatory and, otherwise, is at low
risk for venous thromboembolism.

Case2 In this clinical setting, surgical resection
of the lung cancer can be life-saving and should
be performed as soon as possible. Given the pa-
tient has a single stent and no prior coronary
events, a 4-week interval between stenting and
surgery appears sufficient to mitigate the risk for
recurrent coronary events. The suggested man-
agement is to continue ASA uninterrupted (in-
cluding on the day of surgery) and interrupt clop-
idogrel 4 to 5 days before surgery. In patients
with a higher-risk stent status (eg, multiple re-
cent stents, ostial location), an alternative ap-
proach would be to interrupt clopidogrel 5 days
before surgery and administer intravenous bridg-
ing with intravenous glycoprotein IIb/IIla inhib-
itor (or intravenous unfractionated heparin if in-
experienced with IIb/IIla inhibitors) until 3 to
4 hours before the time of surgery. Postoperative-
ly, the high bleeding risk precludes the resump-
tion of the glycoprotein IIb/IIla inhibitor. Clop-
idogrel is resumed on the second postoperative
day when hemostasis is secured. Low-dose hep-
arin is also started on the first postoperative day,
administered for at least 7 to 10 days and possi-
bly for 30 days given the thrombosis risk associ-
ated with such cancer surgery.

Case3 Assuming the patient is clinically stable,
with no further acute coronary events, CABG sur-
gery is delayed for 3 days to allow the effect of
ticagrelor to recede and the patient proceeds to
surgery. Ticagrelor is resumed 2 days after sur-
gery when hemostasis is secured. The patient also
receives postoperative low-dose heparin, start-
ing on the first postoperative day until discharge
from hospital.
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