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Perioperative stent thrombosis
Percutaneous coronary intervention with stent placement is one of the most frequently performed
procedures in the western world. Patients with coronary stents need to be on dual antiplatelet therapy
in order to minimize the risk of stent thrombosis. When these patients undergo surgical procedures, the
risk of stent thrombosis needs to be balanced against the risk of bleeding in the perioperative period. We
review the definition of stent thrombosis and its incidence, the perioperative risk factors associated with
stent thrombosis and with bleeding owing to dual antiplatelet therapy. Based on the published guidelines,
we also review different management strategies of patients with coronary stents, or who develop stent
thrombosis in the perioperative period. We also present some future perioperative management strategies,
illustrating the possibilities and challenges offered by newer antiplatelet agents.
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Approximately 2 million patients undergo percutaneous coronary intervention (PCI) each year
in the USA and Europe and more than 90%
of these involve placement of intracoronary
stents [1] . In order to minimize the risk of stent
thrombosis, these patients require long-term
treatment with dual antiplatelet agents (usually aspirin and clopidogrel) [2] , especially when
drug-eluting stents (DESs) are used. On average,
aproximately 5% of patients who have undergone
PCI will undergo noncardiac surgery within
the first year after stenting [3] . A rare but severe
complication of intracoronary stent implantation is represented by stent thrombosis, which
usually presents as ST-elevation myocardial
infarction (STEMI), malignant arrhythmias or
sudden death. It is associated with a high mortality, which ranges between 9 and 45% [4–6] . As
shown by multiple studies, the most important
risk factor for stent thrombosis is cessation of
antiplatelet therapy. However, in order to minimize the surgical bleeding risk, preoperative
discontinuation of dual antiplatelet therapy is
usually required. The stress of surgery and anesthesia induces a prothrombotic state, which further increases the risk of stent thrombosis in the
perioperative period. Therefore, the perioperative
risk of bleeding associated with continuation of
antiplatelet therapy needs to be very carefully
weighed against the risk of stent thrombosis if
these medications are stopped. Patients are routinely referred for coronary evaluation before
noncardiac surgery. Coronary revascularization
has not been convincingly shown to be beneficial

in patients without unstable anginal symptoms [7] . Therefore, the first step in perioperative management is to avoid unnecessary revascularization, which may delay surgery without a
definite change in cardiovascular outcome. The
real problem arises when a patient is considered
for surgery after a coronary stent has been placed
recently. Several issues need to be addressed
regarding timing of surgery, partial or complete
cessation of dual antiplatelet therapy, risk of
bleeding associated with continuation of antiplatelet therapy, role of bridging therapy in the
perioperative period and management of stent
thrombosis, should this event occur. Therefore,
in such situations, a very close collaboration is
required between the surgeon, anesthesiologist
and cardiologist.
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Coronary stents & stent thrombosis
Percutaneous coronary intervention was first
introduced in 1977, when the first percutaneous
transluminal coronary angioplasty was performed
on an awake patient by Andreas Gruentzig in the
University Hospital Zurich (Germany). Until the
early 1990s, balloon angioplasty remained the
only percutaneous coronary revascularization
procedure available for the treatment of coronary artery disease. The main complication of
the procedure is acute vessel occlusion, caused
by vascular recoil and spasm, and manifested as
myocardial infarction or sudden death. In order
to circumvent this problem, coronary stents
were developed. Another potential complication
alleviated by stents is arterial dissection.
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Placement of bare-metal stents (BMSs)
reduced the need for reinterventions considerably, but the deployment of such devices
was associated with neointimal hyperplasia,
which ultimately led to in-stent restenosis.
Subsequently, DESs were developed, targeting
the neointimal hyperplasia process and, thus,
reducing the in-stent restenosis rates. Both
BMSs and DESs have been associated with
stent thrombosis, which is a platelet-mediated
phenomenon. The incidence of stent thrombosis is low, ranging between 0.9 and 1.3% [4,6] ,
but when it occurs, it is usually associated with
a high risk of mortality. Recent studies have
suggested that DESs may be associated with
slightly higher risk of late stent thrombosis compared with BMSs [8] . While the current recom
mendations for dual antiplatelet therapy for
DES is 12 months, studies are ongoing regarding the optimal duration of antiplatelet therapy
with newer DESs, which are thought to be safer.
The definition of stent thrombosis varied among different trials and, therefore, led
to inconsistencies in reporting of this complication. In 2006, the Academic Research
Consortium, formed from academic research
organizations in the USA and Europe, reached a
consensus in end point definitions [9] . According
to the Consortium, stent thrombosis is defined
in terms of level of evidence and timing of
events (Box 1) .
According to the Consortium, stent thrombosis should be stratified, both according to
level of certainty and timing of events, to define
varying degrees of certainty and to imply different pathophysiological mechanisms involved
in the event.

Risk factors for stent thrombosis
Certain features are associated with higher risk of
stent thrombosis [4,6,10–12] . These can be broadly
divided into patient-related and procedural
factors (Box 2) .
Of these, the most important risk factor for
stent thrombosis is cessation of (dual) antiplatelet therapy. In one series of patients with DES
thrombosis, premature cessation of antiplatelet
therapy was associated with a hazard ratio of
90 [6] . The most important procedural factors
are stent underexpansion and residual dissection.
 Perioperative bleeding risks
associated with antiplatelet therapy
In surgical patients, hemorrhagic risk needs to
be assessed initially, independent of antiplatelet
regimen. Surgeries can be classified into low,
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medium or high hemorrhagic risk, according to
the need for blood transfusion and possibility of
bleeding in a closed space (Table 1) [13] .
Balancing the risk of surgical hemorrhage
with continuation of antiplatelet therapy with
that of stent thrombosis (if antiplatelet therapy is
withdrawn) is a critical step in the perioperative
management of patients with coronary stents.
There are several important points that must
be taken into consideration when weighing up
the risks of both maintaining and withdrawing
antiplatelet drugs [14–16] . The maintenance of
antiplatlet drugs is associated with an average
increase of 2.5–20% in surgical blood loss when
aspirin alone is maintained (30–50% when aspirin is coadministered with clopidogrel), and an
average increase of 30% in transfusion rate. The
risks of withdrawing antiplatelet drugs are a high
mortality rate associated with stent thrombo
sis, particularly if the surgery is performed early
after stent implantation, and a rebound effect
with increased platelet adhesiveness, leading to
increased infarction and death rates in acute
coronary syndrome (ACS) patients.
Several studies have demonstrated that, even
though there was an increase in surgical hemorrhage and transfusion requirement with antiplatelet drugs, therapy with antiplatelet agents
was not associated with changes in mortality
or surgical outcome, except in intracranial surgery [3,17–19] . On the other hand, studies have
reported a very high mortality rate associated
with postoperative myocardial infarction (MI)
owing to stent thrombosis, ranging from 20
to 80% [18,20] . Therefore, the risk of stent
thrombosis may outweigh the risk of excessive hemorrhage in a vast majority of patients
undergoing noncardiac surgery (Table 2) .

Strategies for the prevention of
perioperative stent thrombosis
There are two clinical scenarios that are usually encountered in the perioperative setting.
First, the patient is referred for preoperative
cardiac evaluation for noncardiac surgery and
is being considered for coronary revascularization. Second, which is more common, the
patient with a previous coronary stent presents
for noncardiac surgery.
For the first scenario, two trials did not show
increased benefit of coronary revascularization in patients undergoing vascular surgery
compared with optimal medical therapy [7,21] .
Therefore, revascularization, especially with
stent placement, may not be required in patients
scheduled for noncardiac surgery, if they do not
future science group
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have high-risk clinical features, such as unstable
angina, acute decompensated heart failure or
unstable cardiac rhythm abnormalities.
Regarding the second scenario, there are
se veral factors that need to be balanced in
terms of urgency of surgery, timing and type
of stent, risk of surgical hemorrhage and risk
factors associated with stent thrombosis. The
strategies now mentioned pertain to the second
scenario (Figure 1) .
 Delaying surgery
Studies have demonstrated that in patients
with a BMS, the risk of stent thrombosis is
highest in the first 6 weeks of stent implantation, after which time the risk lowers consider
ably [17,18,20,22] . Therefore, in these patients, elective surgery should be delayed for at least 6 weeks
following stent implantation. Nuttal et al. demonstrated that risk for major adverse cardiovascular events is lowest (2.8%) if noncardiac
surgery is performed 90 days after percutaneous
coronary intervention (PCI) with BMS [23] . For
DESs, optimal delay is not clearly defined, but
most groups, including the American College
of Cardiology (ACC) and the American Heart
Association (AHA), recommend delaying elective surgery for at least 1 year. In addition, a
study by van Kuijk et al. had similar conclusions; noncardiac surgery after PCI with a BMS
is associated with a lower risk when the surgery is
performed at 90 days or more after the PCI [24] .
The decision to continue antiplatelet therapy is
independent, and is described in detail in the
following sections.
 Continuing both aspirin
& clopidogrel during surgery
The approach of continuing both aspirin and
clopidogrel during surgery is associated with the
lowest risk of stent thrombosis in the perioperative period, and should be preferable for most
low- and intermediate-risk surgeries [25,26] . Close
coordination between the surgeon, cardiologist
and anesthesiologist is essential to ensure compliance with dual antiplatelet therapy in such
patients. This applies to most surgeries, including
general surgeries, endoscopies, anterior chamber
eye surgeries, minor orthopedic and ear, nose and
throat surgeries, dental extractions and dermatological surgeries. In most of these surgeries, excess
bleeding associated with antiplatelet therapy can
be stopped with local measures, and discontinuation of antiplatelet therapy is not necessary [27,28] .
If the surgeons are made aware of the risk of stent
thrombosis and its high mortality, most of them
future science group

Box 1. Classification of stent thrombosis.
Trilevel of certainty classification
 Definite stent thrombosis: angiographic or pathologic confirmation required
 Probable stent thrombosis: any unexplained death within 30 days of stent
implantation or any myocardial infarction in the territory of implanted stent
 Possible stent thrombosis: any unexplained death from 30 days to end of
trial follow-up
Stent thrombosis: timing classification
 Acute stent thrombosis: within the first 24 h of stent implantation
 Subacute stent thrombosis: >24 h to 30 days after stent implantation
 Late stent thrombosis: >30 days to 1 year after stent implantation
 Very-late stent thrombosis: >1 year after stent implantation

will be willing to deal with the risk of excess
bleeding, and continue the patient on aspirin
and clopidogrel.
 Stopping clopidogrel
& continuing aspirin
The ‘stopping clopidogrel and continuing aspirin’
approach is most reasonable for patients in whom
stent implantation was not performed recently
(6 weeks for BMS and 1 year for DES). In patients
with no/minimal high-risk features associated
with stent thrombosis, if the surgical risk of bleeding is high, it may be reasonable to stop clopidogrel
and continue aspirin. Maintaining aspirin monotherapy will reduce the rate of stent thrombosis,
but will not eliminate it. Clopidogrel should be
restarted as soon as possible after surgery, with a
loading dose of 300–600 mg [25,26] . However, if
the risk of stent thrombosis is high, or surgery is
required soon after stent implantation, ‘bridging
therapy’ can be considered as an alternative.
 Bridging therapy
Bridging therapy has been described in patients
faced with the dilemma of having a coronary
Box 2. Risk factors for stent thrombosis.
Patient-related factors
 Cessation of antiplatelet therapy
 Acute coronary syndrome
 Reduced left ventricular ejection fraction
 Diabetes mellitus
 Renal insufficiency
 Genetic factors
 Hypercoagulable states
Procedural factors
 Stent underexpansion
 Side-branch occlusion
 Incomplete stent apposition
 Residual dissection
 Multiple stents
 Type C lesion
 Increased length of lesion
 Bifurcation lesion
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Table 1. Classification of surgical procedures according to bleeding risk.
Hemorrhagic risk

Transfusion requirement

Type of surgery

Low risk

Usually not required

Intermediate risk

Frequently required

High risk

Possible bleeding in a closed space

General, plastic and peripheral surgery, biopsies, minor orthopedic,
ear, nose and throat, endoscopy, dental extraction and eye
anterior chamber
Cardiovascular and visceral surgery, major orthopedic, ear, nose and
throat and endoscopic urology
Intracranial and spinal canal surgery, posterior chamber eye surgery

stent, placed recently, who will have noncardiac
surgery and have a high hemorrhagic risk. In
these patients, clopidogrel needs to be stopped
5 days prior to surgery and aspirin continued.
Bridging with heparin and aspirin was not
shown to be effective. In addition, bleeding
and rebound hypercoagubility associated with

heparin therapy makes heparin a less desirable
agent for bridging and, therefore, is not recommended [29,30] . There have been case reports and
case series of short-acting GpIIb/IIIa, used as
a bridge with aspirin, with some success [29,31] .
A recent Phase II trial demonstrated promising results with a GpIIb/IIIa agent, tirofiban,

Table 2. Outcomes of patients with stents in the perioperative period.
Study

Type Patients Stent
(n)
type

Time from PCI AP treatment
to surgery
prior to surgery

AP treatment
perioperatively

Outcome

Kaluza et al.
(2000)
Wilson et al.
(2003)

R

40

BMS

1–39 days

ASA + ticlopidine

207

BMS

<60 days

Sharma
et al. (2004)

R

47

BMS

<90 days

ASA + ticlopidine
or plavix or
warfarin
ASA + ticlopidine
or clopidogrel

ST in 7 patients,
20% mortality
ST in 8 patients,
4% mortality

[20]

R

ST in 7 patients

[18]

Reddy et al.
(2005)

R

56

BMS

0 to >42 days

ASA + clopidogrel

Most patients
discontinued both
26% dual AP, 65% ASA
only, 6% no AP, 2% ASA
+ warfarin
Thienopyridines stopped
in 25% of patients 5 days
prior to surgery
79% on ASA and 32%
on clopidogrel

[22]

Vicenzi et al.
(2006)

R

103

BMS +
DES

<1 year

ASA + clopidogrel

MACE in 8 patients,
5/8 had thrombosis
driven MACE
44 patients with
cardiac events,
4.9% mortality

Compton
et al. (2006)

R

38

DES

Median
9 months

ASA + clopidogrel

0% event rate

[40]

Kim et al.
(2007)

R

239

BMS +
DES

<2 years

ASA + clopidogrel

Schouten
et al. (2007)
Rabbitts
et al. (2008)

R

192

<2 years

ASA + clopidogrel

R

520

BMS +
DES
DES

<2 years

ASA +
thienopyridine

Godet et al.
(2008)
Assali et al.
(2009)

R

96
78

1 week to
36 months
183–1125 days

ASA + clopidogrel

R

BMS +
DES
DES

Savonitto
et al. (2010)

P

30

DES

1–12 months

ASA + clopidogrel

ASA + clopidogrel

ASA ± clopidogrel
continued
or discontinued <3 days
before surgery
ASA and clopidogrel
continued in 78 and
41%, respectively
AP stopped 5–7 days
before surgery

Ref.

ST: 3/138 (2.2%) in
DES group
0/101 in BMS group
AP stopped in all patients ST in 5 patients,
with MACE
all fatal
ASA and thienopyridine MACE in
28 patients,
continued in 365 and
175 patients, respectively ST in 4 patients
ASA stopped in 29 and
MI in 12 patients
clopidogrel stopped in 59 ST in 2 patients
MACE in 6 patients
ASA stopped in 82%,
ST in 2 patients
clopidogrel stopped
in 58%
No ST, death or MI
Clopidogrel stopped
5 days before surgery in
all patients
‘bridged’ with tirofiban

[17]

[3]

[41]

[42]
[43]

[44]
[45]

[32]

AP: Antiplatelet; ASA: Aspirin; BMS: Bare-metal stent; DES: Drug‑eluting stent; MACE: Major adverse cardiovascular events; MI: Myocardial infarction; P: Prospective;
PCI: Percutaneous coronary intervention; R: Retrospective; ST: Stent thrombosis.
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used as a bridge to surgery [32] . In this trial, 30
patients had clopidogrel 5 days prior to surgery
and tirofiban started 1 day after stopping clopidogrel. Tirofiban was continued until 4 h before
surgery, and resumed 2 h after surgery until oral
clopidogrel was resumed. There were no cases
of death, MI, stent thrombosis or surgical reexploration. Based on this, and several other case
reports and series [27,29] , bridging therapy with
GpIIb/IIIa, with or without aspirin, may be an
acceptable option when faced with the aforementioned situation. It should be noted that this is
not endorsed by ACC/AHA yet and is a costly
method, involving admission to the hospital for
several days prior to surgery.

Strategies for the management of
perioperative stent thrombosis
Stent thrombosis frequently presents as a
STEMI, and early reperfusion is the best treatment. In the perioperative period, reperfusion
with a thrombolytic is not possible, owing to the
excess risk of bleeding in most cases. As a general rule, thrombolytics are less effective than
primary PCI among all patients with STEMI;
therefore, primary PCI is the treatment of
choice for perioperative stent thromb osis.
Owing to the high mortality associated with
stent thrombosis, noncardiac surgery in patients
with recent coronary stents, should preferably
be performed in a hospital with a cardiac catheterization laboratory with primary PCI facilities. The anesthesiologist needs to be aware of
the different presentations of stent thrombosis,
and timely activation of cardiac catheterization
laboratory is vital [25,33] .
Conclusion
Stent thrombosis is a platelet-mediated phenomenon that usually presents as STEMI, malignant
arrhythmias or death and is associated with very
high mortality. Premature cessation of antiplatelet therapy is the most important risk factor for
stent thrombosis. Noncardiac surgery induces a
prothrombotic state, increasing the risk of stent
thrombosis. Stent thrombosis risk is highest in
the first 6 weeks after coronary stent implantation; therefore, only emergent surgeries should
be performed during this time. All elective procedures should be delayed for at least 6 weeks
after BMS and ideally, for 12 months after DES
placement. A team-based approach is important,
with close coordination between the cardiologist,
the anesthesiologist and the surgeon. Dual antiplatelet therapy should be continued if the perioperative bleeding risk is low. Newer antiplatelet
future science group

Elective surgery

Urgent surgery

<12 months after DES
or
<6 weeks after BMS

>12 months after DES
or
>6 weeks after BMS
or
Urgent surgery

Delay surgery

1. Assess for risk factors for ST
2. Assess for perioperative bleeding risk

Low bleeding
risk
Low risk for ST

Intermediate
bleeding risk
High bleeding
risk

High risk for ST

Emergent surgery

Proceed with
surgery

Dual AP
Dual AP. May stop
clopidogrel
ASA only if fine
with sugeon
Consider bridging
with tirofibran

Low bleeding
risk

Dual AP

Intermediate
bleeding risk

Dual AP

High bleeding
risk

‘Bridge’ with
tirofiban ± ASA

Figure 1. Decision tree for perioperative management of patients with
coronary stents. AP: Antiplatelet therapy; ASA: Aspirin; BMS: Bare-metal stent;
DES: Drug‑eluting stent; ST: Stent thrombosis.

agents with short half-lives and rapid onset of
action may provide a solution for patients with
coronary stents who have a semiurgent indication
for surgery.

Future perspective
A number of novel antiplatelet agents are being
introduced in clinical practice, some of which
may be of use in the perioperative management
of patients with coronary stents. Prasugrel is
a novel oral thienopyridine prodrug, which
has a much more potent, rapid and consistent
platelet-inhibition activity compared with
clopidogrel [34,35] . In the recently published
Trial to Assess Improvement in Therapeutic
Outcomes by Optimizing Platelet Inhibition
with Prasugrel–Thrombolysis in Myocardial
Infarction (TRITON–TIMI) study, the incidence of stent thrombosis was 2.4% with
www.futuremedicine.com
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clopidogrel and 1.1% with prasugrel [36] .
However, prasugrel use was associated with an
increased risk of fatal bleeding especially in a
subset of patients who were aged older than
75 years, weighed less than 130 lb or had a
previous history of stroke. A similar trend was
observed in the Prasugrel in Comparison to
Clopidogrel for Inhibition of Platelet Activation
and Aggregation – Thrombolysis in Myocardial
Infarction 44 Trial (PR INCIPLE-TIMI
44) [37] . Given the high bleeding risk, prasugrel may be of limited value in the perioperative ma nagement of patients with stent. One
potential use may be in the treatment of stent
thrombosis postoperatively when rapid platelet
inhibition is desired and can be achieved by
prasugrel more effectively.
Ticagrelor is another novel oral antiplatelet
agent. It is a nonthienopyridine ADP analog,
which does not require metabolic activation, and
binds directly and reversibly to the P2Y12 platelet receptor. In the Study of Platelet Inhibition
and Patient Outcomes (PLATO), stent thrombosis was reduced to 2.9% with ticagrelor compared with 3.8% with clopidogrel, without a
significant increase in bleeding [38] . Ticagrelor
has a relatively short half-life (6–13 h) and rapid
onset of action, which makes it an attractive

option for the perioperative period [39] . Patients
with stents can stop ticagrelor 1 day prior to
surgery, and resume it soon afterwards.
Cangrelor is another new antiplatelet agent
that is administered intravenously. It has a very
short half-life (3 min), which makes it an ideal
agent for bridging. It has a rapid onset of action
and greater platelet inhibition compared withclopidogrel [39] . The ongoing BRIDGE trial is
aiming to show the safety of cangrelor in the
perioperative period. Given the fact that it is
an intravenous medication, patients would need
to be admitted before surgery, and started on
an intravenous infusion that can be stopped a
few minutes before surgery and started soon
afterwards. This drug has a lot of promise in
the perioperative management of patients with
stents given its clinical profile.
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Executive summary
 Coronary revascularization with stent placement is a common procedure, and patients frequently present for surgical procedures after a
recently placed coronary stent.
 Stent thrombosis is a feared complication of stent implantation associated with high mortality and morbidity.
 The most important risk factor for stent thrombosis is premature cessation of antiplatelet therapy, and balancing the risk of stent
thrombosis with that of perioperative bleeding associated with use of antiplatelet medications is often difficult.
 Continuing dual antiplatelet therapy is feasible for most surgeries with low-to-moderate surgical hemorrhagic risk.
 Heparin use as bridging therapy has not been shown to be effective but recent evidence suggests that GpIIb/IIIa bridging may be an
alternative when antiplatlet agents need to be discontinued for surgery.
 Newer antiplatelet agents, such as ticagrelor and cangrelor, may prove to be useful in the perioperative setting, owing to
their pharmacokinetics.
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