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BACKGROUND: Drug-eluting coronary stents (DESs) pose a challenge in the peri-

operative period. Sirolimus and paclitaxel may inhibit reendothelialization of the

traumatized vessel, making it vulnerable to platelet-mediated thrombosis. Given

the anecdotal evidence and case series suggesting that DESs may be more vulner-

able to thrombosis on discontinuation of antiplatelet agents than are bare-metal

stents, we sought to quantify this risk.

METHODS: We linked the Cleveland Clinic Heart Center database with the Cleve-

land Clinic Internal Medicine Preoperative Assessment Consultation and Treat-

ment (IMPACT) Center database to identify all patients who had undergone DES

placement at the Cleveland Clinic and subsequently were evaluated for noncardiac

surgery between July 2003 and July 2005. Outcome measures included 30-day rate

of postoperative myocardial infarction (MI), DES thrombosis, major bleeding, and

all-cause mortality.

RESULTS: We identified 114 patients who underwent noncardiac surgery a median

of 236 days (IQR 125-354) after stent placement. Forty-five patients (40%) under-

went surgery within 180 days of stenting, 15 of whom (13%) underwent surgery

within 90 days of stenting. Eighty-eight patients (77%) discontinued all antiplatelet

agents a median of 10 days before surgery. No patients died. Two patients (1.8%,

95% CI 0.5%-6.2%) suffered postoperative MIs, but postoperative catheterization

showed neither had DES thrombosis (0%, 95% CI 0%-3.3%). One patient developed

major bleeding (0.9%, CI 0.2%-4.8%).

CONCLUSIONS: These data suggest that the overall risk of stent thrombosis is low in

low-risk noncardiac surgery patients with DESs, particularly those who have un-

dergone at least 180 days of antiplatelet therapy, even after complete discontinu-

ation of antiplatelet agents. Journal of Hospital Medicine 2007;2:378 –384.
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There are currently limited data to guide perioperative manage-
ment of antiplatelet therapy after drug-eluting stent (DES)

implantation. The clinician must balance the risk of excessive
bleeding if antiplatelet agents are continued perioperatively with
the risk of stent thrombosis if antiplatelet agents are discontinued
for surgery—a risk that may be amplified in the perioperative
period because of the prothrombotic state that accompanies the
stress of surgery.

Paclitaxel- and sirolimus-eluting stents have supplanted bare-
metal stents as first-line treatment for coronary stenosis because
of their efficacy in preventing in-stent restenosis by inhibiting
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neointimal proliferation. However, the antiprolif-
erative effects of DESs may also delay endothelial-
ization, rendering them vulnerable to stent throm-
bosis when antiplatelet therapy is prematurely
discontinued.1-5 Some patients with DESs may be
vulnerable to stent thrombosis when antiplatelet
therapy is discontinued even after a year or more of
treatment.6 Although stent thrombosis is uncom-
mon, it is deadly, with a mortality rate approaching
50%.1 Generally, antiplatelet therapy is discontin-
ued prior to surgery. This presents a clinical di-
lemma for patients with DES because guidelines
recommend lifelong aspirin therapy and at least 3-6
months of clopidogrel for patients who have under-
gone DES placement.7-9

In the bare-metal stent era, studies demon-
strated an alarming risk of stent thrombosis in the
setting of noncardiac surgery within 2-6 weeks of
stent placement.10,11 However, the appropriate in-
terval before elective noncardiac surgery following
DES placement has not been defined and may be
longer. Case reports and case series have high-
lighted this risk12 and have even suggested that a
DES may be susceptible to stent thrombosis as long
as a year after its placement.6 More recently, pooled
data from controlled trials have suggested that al-
though the overall rate of DES thrombosis may not
be consistently higher than that of bare-metal
stents, the risk appears to persist far longer (prob-
ably from delayed endothelialization of the target
vessel) and may be more pronounced following
discontinuation of antiplatelet agents.9,13-16 This
has led to recent recommendations to continue
dual antiplatelet therapy (with aspirin and clopi-
dogrel) for at least a year following DES placement
and possibly indefinitely, provided that the therapy
is tolerated.9 Whether this risk is accentuated in the
perioperative setting independent of discontinua-
tion of antiplatelet therapy remains unknown. In 1
registry, the strongest predictor of DES thrombosis
was premature discontinuation of antiplatelet ther-
apy (hazard ratio 90, 95% confidence interval 30-
270, P � .001), and noncardiac surgery was the
most frequent reason for discontinuation of anti-
platelet therapy.1 However, the actual incidence of
stent thrombosis in patients undergoing surgery
was unavailable because the denominator was un-
known (ie, number of patients with stents who un-
derwent surgery). Although it is certainly plausible
that the prothrombotic and proinflammatory post-
operative state augments the risk of stent thrombo-

sis independent of discontinuation of antiplatelet
therapy alone, this remains unproven.

At the time of the present study, protocol-based
clinical practice at the Cleveland Clinic Founda-
tion’s Internal Medicine Preoperative Assessment
Consultation and Treatment (IMPACT) Center in-
cluded routine discontinuation of all antiplatelet
agents (including aspirin and clopidogrel) at least 7
days prior to noncardiac surgery, including in pa-
tients with coronary stents. Exceptions to this
policy were generally made only for very minor
procedures. The purpose of this study was to sys-
tematically quantify the risk of adverse cardiovas-
cular events in patients who had DES placement
and subsequently underwent elective or semielec-
tive noncardiac surgery, most of whom had discon-
tinued all antiplatelet agents at least 7 days before
surgery.

Methods
We identified all patients who had DES placement
at the Cleveland Clinic who subsequently under-
went preoperative evaluation for noncardiac sur-
gery at the IMPACT Center between July 2003 and
July 2005. About half the patients undergoing sur-
gery at the Cleveland Clinic were seen in the IM-
PACT Center prior to surgery during the study pe-
riod. Preoperative evaluation at the IMPACT Center
included a standardized assessment by a hospitalist
with expertise in preoperative medicine. Clinical
data for each patient were contemporaneously en-
tered into an electronic medical record. Written
preoperative medication instructions were pro-
vided to each patient and documented in the elec-
tronic record, indicating specific instructions to
discontinue any antiplatelet agents 7-10 days pre-
operatively.

The IMPACT Center database was crosslinked
to the Cleveland Clinic Foundation Heart Center
Database, which contains records of all patients
who have undergone coronary stenting at the
Cleveland Clinic. Computerized and written medi-
cal records of all patients in both databases were
reviewed using a standardized data collection in-
strument. All medical data generated up to 30 days
postoperatively at the Cleveland Clinic were re-
viewed. Social Security numbers were linked with
the Social Security Death Index to verify that no
patients died within 30 days of surgery.

Predefined outcomes included catheterization-
confirmed DES thrombosis, any myocardial infarc-
tion, and major bleeding within 30 days of the sur-
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gical procedure. Myocardial infarction was defined
as elevation of troponin T to more than twice the
upper limit of normal (0.2 mg/mL) with or without
associated electrocardiographic changes or symp-
toms. This biochemically based definition was used
with the understanding that cardiac enzyme tests
are consistently ordered for patients at the Cleve-
land Clinic with suspected coronary events and that
postoperative myocardial infarction may be atypi-
cal in presentation (eg, delirium or hypotension
without chest pain). Stent thrombosis was consid-
ered present if confirmed by catheterization or au-
topsy and considered possible if a patient suffered
from a myocardial infarction but did not have a
definitive diagnostic procedure performed. DES
thrombosis was considered absent if a patient un-
derwent postoperative catheterization and the DES
appeared patent. Major bleeding was defined as
any bleeding requiring unplanned reoperation or
bleeding in a critical location (intracranial or retro-
peritoneal). Invasiveness of surgery was defined
prospectively according to a Cleveland Clinic bleed-
ing classification scheme based on that of Paster-
nak17,18:

● Category 1. Minimal risk to patient; little or no an-
ticipated blood loss (eg, breast biopsy, cystoscopy).

● Category 2. Mild risk to patient; minimal to moder-
ately invasive procedure; estimated blood loss � 500
cc (eg, laparoscopy, arthroscopy, hernia repair).

● Category 3. Moderate risk to patient and moderate to
significantly invasive; blood loss potential 500-1000
cc (eg, laminectomy, total hip or knee replacement).

● Category 4. Major risk to patient; highly invasive
procedure; anticipated blood loss � 1500 cc (eg,
major spinal reconstruction, major reconstruction
of GI tract, major vascular repair without intensive
care unit stay).

● Category 5. Critical risk to patient; highly invasive
procedure; anticipated blood loss � 1500 cc with
anticipated postoperative intensive care unit stay
(eg, cardiac procedure, major vascular repair with
anticipated intensive care unit stay).

Statistical analyses were descriptive. We deter-
mined the rate of adverse outcomes with 95% con-
fidence intervals (CIs) in the entire patient cohort
and among prespecified patient subsets, based on
timing of discontinuation of antiplatelet therapy.
Predefined subsets included those who had clopi-
dogrel and aspirin discontinued less than 3 months
and less than 6 months following DES implanta-
tion. The �2 test was used to test the hypothesis that

discontinuation of antiplatelet therapy was a func-
tion of the type of surgery or timing of stent place-
ment.

The study was approved by the Cleveland Clinic
Foundation’s institutional review board. The re-
quirement for informed consent was waived.

RESULTS
In total, 114 patients were evaluated in the IMPACT
Center following DES placement. Baseline patient
characteristics are shown in Table 1. The median
age was 71 years (interquartile range 64-76 years),
and 66% were male. Patients had a moderate de-
gree of comorbidity: 41% had diabetes, 12% had an
ejection fraction � 45%, 34% had undergone coro-
nary bypass, 17% had atrial fibrillation or flutter,
and 20% had chronic renal insufficiency (creatinine
� 2.0 or end-stage renal disease). Most patients
received �-adrenergic blockers (97%), statins (95%),
and either angiotensin-converting enzyme (ACE)
inhibitors or angiotensin receptor blockers (77%)
preoperatively. Patients underwent a variety of sur-
geries (Table 1).

Patients had received both paclitaxel and siroli-
mus stents (28% and 73% of patients, respectively);
33% of patients had had more than 1 DES (Table 2).
Most patients underwent surgery within 1 year of
stent placement (77%), but only 40% had surgery
within 180 days of stenting and only 13% within 90
days of stenting. Most patients (77%) had antiplate-
let therapy completely discontinued a median of 10
days before surgery and remained off antiplatelet
therapy for a median of 14 days total. Ten of the 15
patients (67%) who underwent surgery within 90
days of stenting had all antiplatelet agents discon-
tinued preoperatively, 24 of the 30 patients (80%)
who had surgery between 91 and 180 days after
stenting had antiplatelet therapy completely dis-
continued, and 54 of the 69 patients (78%) who had
surgery more than 180 days after stenting had an-
tiplatelet therapy completely discontinued. There
was no significant relationship between timing of
stent placement relative to surgery (�90, 91-180, or
�180 days) and decision about whether to discon-
tinue antiplatelet therapy (P � .59). However, inva-
siveness of the surgery was associated with anti-
platelet management: 85% of those who continued
antiplatelet therapy (aspirin or aspirin and clopi-
dogrel) during the perioperative period were pa-
tients who underwent minimally invasive surgery
(P � .0001).

The outcome events are presented in Table 3.
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Two patients (1.8%, 95% CI 0.5%-6.2%) suffered a
non-ST-elevation myocardial infarction (NSTEMI)
postoperatively, and another patient (0.9%, 95% CI
0.2%-4.8%) developed major bleeding, a retroperi-
toneal hemorrhage following kidney transplanta-
tion. This patient had been taking both aspirin and
clopidogrel until 7 days prior to surgery and began
to hemorrhage the day after surgery; antiplatelet
agents were resumed 12 days postoperatively. No
patients died (0%, 95% CI 0%-3.3%). One of the 2

patients who suffered an MI was a 72-year-old man
who had had placement of a single sirolimus-elut-
ing stent in the posterior descending artery 284
days prior to elective hip arthroplasty. He had no
history of myocardial infarction but had undergone
coronary bypass surgery 4 years earlier. Echocardi-
ography showed he had aortic stenosis, with a cal-
culated valve area of 0.9 cm2. He had a baseline left
ventricular ejection fraction of 45%. His preopera-
tive cardiac medications included lovastatin, lisin-
opril, and atenolol; he discontinued both aspirin
and clopidogrel 7 days before the surgery. His
NSTEMI occurred on the day of his operation, pre-
senting with hypotension and anterolateral ST de-

TABLE 1
Characteristics of Patients (n � 114)

Characteristic
n (%)
unless otherwise noted

Demographics
—Age (years), median (IQR) 71 (64-76)
—Male 75 (65.7%)
—White 88 (77.2%)

Comorbid illnesses
—Diabetes mellitus 47 (41.2%)
—History of prior myocardial infarction 48 (42.1%)
—Hypertension 108 (94.7%)
—History of stroke or transient cerebral ischemia 15 (13.2%)
—Dyslipidemia or treatment with lipid-lowering drugs 106 (93.0%)
—Ejection fraction � 45% 14 (12.3%)
—History of coronary artery bypass 39 (34.2%)
—Atrial fibrillation or flutter 19 (16.7%)
—End-stage renal disease on dialysis 13 (11.4%)
—Chronic renal impairment (creatinine � 2.0)
without dialysis 10 (8.8%)

Other medical treatments
—Angiotensin converting enzyme inhibitor or
angiotensin receptor blocker 88 (77.2%)

—�-blocker 111 (97.3%)
—Statin 108 (94.7%)

Invasiveness of surgery*
—Category 1 (lowest risk) 37 (32.5%)
—Category 2 22 (19.3%)
—Category 3 48 (42.1%)
—Category 4 7 (6.1%)
—Category 5 (highest risk) 0 (0%)

Outpatient or short-stay surgery† 50 (47.2%)
Type of surgery

—Major orthopedic 39 (34.2%)
—Minor orthopedic 5 (4.4%)
—Ophthalmologic 30 (26.3%)
—General abdominal 8 (7.0%)
—Gynecological 5 (4.4%)
—Urological 11 (9.6%)
—Head and neck 5 (4.4%)
—Vascular 1 (0.9%)
—Other 10 (8.8%)

IQR, interquartile range; DES, drug-eluting stent.

*Refer to Methods section for details on classification scheme.
†Defined as admission and discharge on the same calendar day.

TABLE 2
Stenting History, Antiplatelet Therapy, and Perioperative
Management (n � 114 Patients)

Characteristic
n (%) unless
otherwise noted

Timing of surgery and antiplatelet agent
discontinuation relative to Percutaneous coronary
intervention

—Duration of most recent intervention relative to
surgery (days), median (IQR) 236 (125-354)

—Surgery within 90 days of DES placement 15 (13.2%)
—Surgery within 180 days of DES placement 45 (39.5%)
—Surgery within 1 year of DES placement 88 (77.2%)

Percutaneous Coronary Intervention History
Number of drug-eluting stents

1 76 (66.7%)
2 26 (22.8%)
3� 12 (10.5%)

Paclitaxel stent �1 32 (28.1%)
Sirolimus stent �1 83 (72.8%)
Bare-metal stent �1 10 (8.8%)

Perioperative antiplatelet treatment
—Clopidogrel and aspirin continued through surgery 24 (21.1%)
—Aspirin alone continued through surgery 2 (1.8%)
—Clopidogrel alone continued through surgery 0 (0%)
—No antiplatelet treatment at time of surgery 88 (77.2%)
—Among the 15 patients who had surgery within 90
days of stenting 10 (66.7%)

—Among the 45 patients who had surgery within 180
days of stenting 34 (75.6%)

Duration of discontinuance of aspirin
—Median number of days discontinued
preoperatively (IQR) 10 ( 8-12)

—Median total duration of discontinuance [days,
IQR) 14 (10-19)

Duration of discontinuance of clopidogrel
—Median number of days discontinued
preoperatively [days, IQR] 10 ( 8-13)

—Median number of days discontinued in total (IQR) 14 (10-20)

IQR, interquartile range; DES, drug-eluting stent.
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pressions. His troponin T peaked at 0.48 mg/mL,
with a peak creatinine kinase of 795 U/L (MB frac-
tion 6%). His left ventricular ejection fraction was
45% on postoperative day 2 (unchanged from base-
line). He was discharged on postoperative day 8 and
returned for catheterization 3 weeks later, at which
time he was found to have a 70% ostial lesion in a
saphenous vein graft to an obtuse marginal, which
was stented. The previously placed DES was widely
patent. The other patient who suffered a postoper-
ative NSTEMI was a 68-year-old man with a history
of carotid artery stenting and renal artery stenosis
who had undergone placement of 3 sirolimus-elut-
ing stents in the right coronary artery 50 days prior
to cervical laminectomy. He had had elective place-
ment of the stents following a positive pharmaco-
logic stress test. He was taking 50 mg of atenolol
daily and had been taking aspirin and clopidogrel
until 17 days before surgery. On postoperative day 3
he developed dyspnea, and leads V4 and V5 showed
ST depressions. His troponin T peaked at 1.24 mg/
mL, with a peak creatinine kinase of 879 U/L (MB
fraction 6%). The patient underwent left-heart cath-
eterization on hospital day 10. All 3 DESs were
widely patent. His left ventricular ejection fraction
was estimated at 65%. He was discharged on post-
operative day 15. Because neither of the patients
who had a postoperative NSTEMI showed evidence
of stent thrombosis on catheterization, the overall
rate of stent thrombosis was 0% (95% CI 0%-3.3%).

DISCUSSION
Although 2 patients in our study cohort suffered a
postoperative myocardial infarction and underwent
postoperative catheterization, neither was found to
have stent thrombosis, and the MIs of both patients
were NSTEMIs with modest cardiac enzyme eleva-
tions only. No patients died. A rate of myocardial

infarction of less than 2% is well within that ex-
pected for patients with established coronary dis-
ease undergoing noncardiac surgery.19 That most of
our patients discontinued both aspirin and clopi-
dogrel and did not receive antiplatelet agents for a
median of 14 days suggests that transient termina-
tion of antiplatelet agents in the perioperative set-
ting is not associated with high morbidity or mor-
tality in patients with DES, even when patients have
had their stents implanted in the preceding 3-6
months.

Our study builds on the limited data on this
topic. One small case series examined outcomes in
38 patients who had had DES placement and sub-
sequently underwent noncardiac surgery a median
of 297 days after stenting.20 None of the patients in
this series suffered from stent thrombosis or myo-
cardial infarction, but most underwent surgery
without discontinuing aspirin, and 41% underwent
surgery without discontinuing clopidogrel. Another
recent study demonstrated a high rate of adverse
cardiovascular events in patients with coronary
stents who underwent noncardiac surgery up to a
year after stenting, but the authors of this study did
not differentiate between drug-eluting and bare-
metal stents, and all patients were continued on
antiplatelet agents and received parenteral anti-
thrombotic treatment.21

The major strength of our study was its system-
atic approach. Using a computerized and compre-
hensive search strategy, we identified all patients
who had undergone DES placement at the Cleve-
land Clinic who subsequently had a preoperative
evaluation at the IMPACT Center. Therefore, we are
confident that the number of patients in our cohort
truly reflects a well-defined at-risk population, al-
lowing for an accurate calculation of event rates.
This approach contrasts sharply with prior case

TABLE 3
Thirty-Day Outcomes in Predefined Patient Subsets

Outcome

Entire cohort (n � 114)
[all antiplatelet therapy
stopped in 88 patients (77%)]

Surgery < 90 days after DES (n � 15)
[all antiplatelet therapy stopped in
10 patients (67%)]

Surgery < 180 days after DES (n � 45)
[all antiplatelet therapy stopped in 34
patients (76%)]

Death 0 (0%, 0%-3.3%) 0 (0%, 0%-20.4%) 0 (0%, 0%-7.9%)
Any myocardial infarction 2 (1.8%, 0.5%-6.2%) 1 (6.7%, 1.2%-29.8%) 1 (2.2%, 0.4%-11.6%)
DES thrombosis 0 (0%, 0%-3.3%) 0 (0%, 0%-20.4%) 0 (0%, 0%-7.9%)
Major bleeding 1 (0.9%, 0.2%-4.8%) 0 (0%, 0%-20.4%) 0 (0%, 0%-7.9%)

Outcomes expressed as n (%, 95% confidence interval).

DES, drug-eluting stent.
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reports and case series, in which the number of
patients at risk was unknown. Nevertheless, these
previous reports demonstrate that DES thromboses
do occur and can be devastating, so even a small
risk of DES thrombosis should be taken seriously.
The upper bound of the 95% confidence interval of
our estimate of the rate of DES thrombosis was
3.3%, so it is entirely plausible that sampling error
contributed to the low rate of thrombosis that we
observed.

One major limitation of our study is its sample
size. Although our cohort was more than 3 times
larger than the only other published cohort of DES
patients undergoing noncardiac surgery,20 we had
only limited precision to quantify the risk of DES
thrombosis. This limitation is particularly relevant
for patients who have undergone stent implanta-
tion within 3-6 months of surgery, as they are the
patients most likely to have incomplete reendothe-
lialization of the stented artery. We believe that
when possible it remains prudent to delay noncar-
diac surgery for at least 3-6 months and perhaps up
to 12 months following DES implantation, in keep-
ing with recent guidelines.7,8 However, for patients
with conditions such as cancer whose surgery is
semielective or patients with nonsurgical bleeding
problems (such as gastrointestinal bleeding), our
study provides at least some reassurance that short-
term discontinuation of antiplatelet agents may not
be as dangerous as some authors have suggested,1

even within 3-6 months of DES placement. Another
important limitation of our study is potential refer-
ral bias. At the Cleveland Clinic, most patients un-
dergoing vascular and thoracic procedures are not
evaluated at the IMPACT Center. Similarly, some of
the patients with severe cardiovascular disease may
also have bypassed the IMPACT Center and gone to
a cardiologist for preoperative evaluation. As such,
we believe our findings should not be generalized
to high-risk cardiac patients or to those undergoing
high-risk procedures.

A noteworthy distinction between our cohort
and the cohort reported by Compton and col-
leagues is that in the perioperative period, most of
our patients underwent complete discontinuation
of antiplatelet therapy and remained off both aspi-
rin and clopidogrel for an average of 2 weeks,
whereas most patients in the other cohort were
continued on antiplatelet therapy.20 This highlights
the continued controversy surrounding manage-
ment of antiplatelet therapy in perioperative pa-
tients with established coronary disease, who are at

substantial risk for both bleeding and myocardial
infarction because of the surgery.22 Our data offer
little guidance on the optimal management of an-
tiplatelet agents perioperatively because the inci-
dence of both bleeding and thrombosis was low
and whether or not patients were continued on
antiplatelet agents was not random. We advocate
individualized management strategies of perioper-
ative patients with DES. Patients undergoing pro-
cedures that carry a high risk of outcome-affecting
bleeding (such as brain surgery) should probably
have their antiplatelet agents discontinued preop-
eratively, whereas those undergoing minor surgery
may have their antiplatelet agents continued, pro-
vided the surgeon and the anesthesiologist are in
agreement with this approach. The timing of DES
placement should also be factored into this deci-
sion because recently placed stents carry a higher
risk of thrombosis.

In summary, our findings clarify the risks of
stent thrombosis and postoperative myocardial in-
farction in clinically stable patients with DES who
undergo low- and intermediate-risk noncardiac
surgery. Because it is unlikely to ever be ethically
appropriate or logistically feasible to conduct a ran-
domized study of patients with DES having early
versus delayed noncardiac surgery, observational
cohorts will have to suffice. Additional similar stud-
ies will help to validate (or refute) our findings and
to more precisely quantify the risk of adverse car-
diac events when patients with DES undergo sur-
gery, which is real, feared, and potentially cata-
strophic but may be overestimated.
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