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Figure 1. Excellent angiographic result (B) after stenting of a proximal circumflex lesion 
(A), followed by stent thrombosis (C) after non-cardiac surgery. 
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AMI = acute myocardial infarction 

BMS =bare metal stent 

CAD = coronary artery disease 

Abbreviations 

CARP = Coronary Artery Revascularization Prophylaxis trial 

DES = drug-eluting stent 

IVUS = intravascular ultrasonography 

PCI = percutaneous coronary intervention 

PES= paclitaxel-eluting stent 

SES = sirolimus-eluting stent 

ST = stent thrombosis 
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Coronary revascularization before non-cardiac surgery may decrease the peri- and 
post-operative risk in selected patients.' Stents are currently utilized in the majority of 
percutaneous coronary interventions (PCI) because they increase procedural success and 
decrease restenosis.2 A rare but severe complication after coronary stent implantation is 
stent thrombosis (ST). Stent thrombosis is a highly morbid event; more than half of 
patients with stent thrombosis either die or suffer a Q-wave infarction. 3 

Stent thrombosis has been reported to be greatly increased in patients who 
undergo surgery (cardiac or non-cardiac) early after stent placement. Most of the 
information available on ST in the peri operative setting is based on studies of bare metal 
stents (BMS). There are limited data on the safety of drug-eluting stent (DES) placement 
shortly before surgery, even though the latter are currently used in >90% of PCI in the 
USA. 4 The goal of the current review is to summarize the known information on the 
incidence, risk factors, prevention, and treatment of perioperative coronary (bare metal or 
drug-eluting) ST. 

1. Stent Thrombosis: risk factors and clinical implications 

Stent thrombosis occurs in approximately 1% of patients who receive bare metal 
stents, usually in the first few days after implantation. 5 The frequency of DES stent 
thrombosis has been examined not only in randomized trials, which usually have narrow 
inclusion criteria, but also in much larger registries in which a far broader population of 
patients has been enrolled. Moreno et al did a meta-analysis of 10 DES trials and found 
similar rates of stent thrombosis in DES (0.58%) and BMS (0.54%) during a follow-up of 
6-12 months.6 In a US series of2974 DES patients, stent thrombosis occurred in 1.27%.7 

ST occurred acutely (within 24 hours of placement) in 5 patients, subacutely (between 2 
and 30 days) in 25 patients, and late (>30 days) in 8 patients. Iakovou reported that 14 of 
2229 consecutive patients undergoing DES implantation in Italy and Germany developed 
subacute (0-30 days) stent thrombosis, and 15 (0.7%) developed late (>30 days) stent 
thrombosis.3 In an Argentina series of 225 DES patients, stent thrombosis occurred in 
3.1%.8 Late (>1 month) stent thrombosis is rare and may be more frequent in patients 
receiving DES: between 6 and 18 months of follow-up in the BASKET trial, compared to 
BMS, DES patients had a higher incidence of cardiac death and myocardial infarction 
(4.9% vs. 1.3%, p = 0.01). 

Stent thrombosis carries high mortality and morbidity: >50% of the patients either 
have a myocardial infarction or die.5 Stent thrombosis is associated with (a) suboptimal 
angiographic result, 5

•
9
-

11 (b) specific coronary lesion subsets (such as smaiJ vessels 12
-

14 

and bifurcations\ (c) high-risk patient groups (such a patients with diabetes, renal 
failure,3 or acute coronary syndromes 15

) and (d) early cessation of dual antiplatelet 
therapy with aspirin and a thienopyridine. 3

'
16

•
17 Obtaining a good angiographic result and 

administering dual antiplatelet therapy (currently aspirin and clopidogrel) are the 
cornerstones of stent thrombosis prevention. 
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2. Perioperative Myocardial Infarction 

Acute myocardial infarction occurs in 1-4% of patients undergoing surgery. 18
•
19 

The MI risk is proportionate to the presence and severity of coronary artery disease 
(CAD), 19 and also depends on the type of surgery, with vascular surgery having the 
highest risk. 18 Surgery may trigger MI by increasing sympathetic discharge20 and by 
causing a prothrombotic state.21 Treatment ofperioperative MI may be challenging, since 
thrombolytics are usually contraindicated and percutaneous coronary intervention may 
carry increased bleeding risk. This is why medical therapy may be preferred, especially if 
the patient is hemodynamically stable. 

Our review will focus on a special case of perioperative MI, ie MI occuring in 
patients who have undergone prior coronary stent implantation and develop perioperative 
stent thrombosis. 

3. Surgery after stent implantation 

3.1 Bare Metal Stents (BMS) 

The first paper that described the high risk of surgery early after stenting was 
published by Kaluza et al in 2000.22 In a study of only 40 patients, these investigators 
reported that 8 of the 25 patients undergoing non-cardiac surgery within two weeks of 
BMS placement died (32%, 95% CI 15, 54). In contrast, none of the 15 patients who 
underwent surgery 15-39 days after stenting died. Six of the 8 deaths were due to acute 
myocardial infarction (AMI) and 2 were due to bleeding.22 A total of 7 patents had AMI 
(which was either confirmed or likely related to stent thrombosis in all cases), and 6 of 
them died. Three of the 5 patients who were operated while taking ticlopidine died, 1 
from bleeding and 2 from MI and bleeding. 

Wilson et al reviewed a much larger population of 207 patients undergoing 
surgery within 2 months after bare metal stenting at the Mayo Clinic?3 Only 8 patients 
(3.9%, 95% CI 1.7, 7.5) died or suffered an AMI or stent thrombosis.23 In that study, all 
events occurred in the 168 patients who had surgery within the first six weeks after stent 
placement. The event rate ranged from 3.8-7.1%, much lower than the 32% mortality 
when surgery occurred in the two weeks after stent placement in the study by Kaluza and 
colleagues. In the Mayo study, no adverse events occurred in the 39 patients undergoing 
surgery 7-9 weeks after stenting. 

Sharma et al analyzed the outcome of 27 patients who underwent non-cardiac 
surgery within 3 weeks following BMS implantation.24 In 7 patients the thienopyridine 
was stopped for >5 days and 6 of those patients (86%) died. Death was sudden in 2 
patients, due to a Q-wave MI in 3 patients, and due to cardiogenic shock in 1 patient. 
Stent thrombosis was demonstrated angiographically in 1 of the 6 patients. In contrast, 
only 1 of the 20 patients (5%) who underwent non-cardiac surgery within 3 weeks from 
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stent implantation and continued to take a thienopyridine had sudden death (P<O.OOl for 
comparison between patients continued on a thienopyridine vs those not continued). 
Bleeding occurred with similar frequency in the 2 groups (44% in the 7 patients in whom 
the thienopyridine was stopped before surgery vs 25% in the 20 patients in whom the 
thienopyridine was continued through surgery). Sharma et al also reported on 20 patients 
who underwent surgery 3 weeks to 3 months post stenting (70% of those patients 
received a thienopyridine); only 1 of these 20 patients died, and 2 suffered a non-ST 
elevation myocardial infarction). 

Reddy et al reported thrombotic events or major bleeding in 3 of 8 (38%) patients 
undergoing non-cardiac surgery within 14 days of BMS implantation, in 5 of 8 (63%) 
patients undergoing surgery between 15 to 42 days after stenting, and in 0 of 40 patients 
who underwent surgery >42 days after stenting.25 

Finally, Vicenzi et al reported a high incidence of adverse cardiac events ( 43%) in 
103 patients undergoing surgery after stent deployment, however stent thrombosis was 
documented in only 8 patients, and the time course of stent thrombosis, the type of stents 
used, and the administration of anti platelet therapy in those patients were not provided in 
their report. 26 

The above BMS studies have appropriately increased attention to the potential 
risks of surgery early after stent implantation. 

3.2. Drug-eluting stents (DES) 

Even though there are no large studies, there are several case reports and case 
series of DES thrombosis both early and late after surgery. 

3.2.1 Early DES perioperative stent thrombosis: <6 months post implantation 

A patient underwent surgery for meniscopathy at the left knee 3 months after 
implantation of 2 paclitaxel-eluting stents in the circumflex and one bare metal stent in 
the right coronary artery. Aspirin and clopidogrel were stopped before surgery. 
Circumflex stent thrombosis occurred 2 hours after surgery and was treated with primary 
PCI.27 

Another patient was found to have breast cancer after implantation of 2 sirolimus­
eluting stents (LAD, circumflex), and one bare metal stent (OM). Clopidogrel and aspirin 
were stopped 10 weeks post stent implantation and the patient was started on enoxaparin, 
which was stopped the day before planned breast surgery. The following morning before 
surgery the patient developed LAD and circumflex stent thrombosis requiring emergency 
PCI.28 

Similarly, a patient underwent sirolimus-stent implantation and then required 
surgery for cancer recurrence 77 days post stent implantation; stent thrombosis ensued. 29 
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A 44-year-old woman developed stent thrombosis after hysterectomy done 2 
weeks post sirolimus-eluting stent implantation, even though aspirin and clopidogrel 
were continued until the day before surgery.30 

3.2.2 Late DES perioperative stent thrombosis: >6 months post implantation 

Late stent thrombosis occurs more frequently with DES compared to BMS and 
has been a source of concern. 

McFadden reported stent thrombosis occurring during the perioperative period in 
3 patients after 343-442 days from implantation. 31 A 66-year-old man developed LAD 
paclitaxel-eluting stent thrombosis 343 days after stenting and 5 days after aspirin was 
discontinued for elective resection of bladder polyps. A 73-year-old man had LAD 
paclitaxel-eluting stent thrombosis 442 days after stenting after colon cancer resection; 
aspirin had been stopped one week earlier. A 62-year-old man had LAD sirolimus-eluting 
stent thrombosis 335 after stenting and 4 days after aspirin and clopidogrel were stopped 
in preparation for colonoscopy and polypectomy. This patient also had a bare metal stent 
in an obtuse marginal branch that was patent. 

Two of the above patients were among seven of 2006 patients (0.35%) having late 
angiographic stent thrombosis in a large single-center series (one patient had thrombosis 
twice). 16 Three stent thromboses occurred with sirolimus-eluting stents (at 2, 25, and 26 
months) and five with paclitaxel-eluting stents (at 6, 7, 8, 11, and 14.5 months). None of 
the patients developed late stent thrombosis while taking dual antiplatelet therapy (aspirin 
and clopidogrel): five patients were only on aspirin and 3 patients were on no antiplatelet 
therapy. 

In a single center (Dallas VA Medical Center) series of 38 patients who 
underwent 41 major and 18 minor non-cardiac surgeries after a median of 9 months from 
successful DES implantation no major adverse cardiac event or death occurred during or 
after the 41 major (0%, 95% confidence intervals 0-9% ), and the 18 minor non-cardiac 
surgeries (0%, 95% confidence intervals 0-19%).32 

4. Treatment of coronary disease in patients who need surgery 

Frequently patients with coronary artery disease are referred to cardiologists for 
preoperative clearance or optimization of their cardiac status prior to surgery. One of the 
main question about those patients is whether they need preoperative revascularization. 
As discussed below, the answer to this question for the vast majority of patients may be 
no. 
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4.1 No revascularization 

According to the ACC/ AHA guidelines, surgical revascularization is rarely done 
just to get the patient through surgery, but is most often done for its potential long-term 
benefits. Partly because of the lack of clinical studies, there has been significant 
disagreement even among cardiologists about the necessity of revascularization before 
elective surgery. 33 

Until recently, no randomized-controlled study had examined whether 
revascularization offers any benefit before non-cardiac surgery. A retrospective study of 
1961 Coronary Artery Surgery Study (CASS) participants undergoing high-risk surgery, 
demonstrated that prior coronary artery bypass surgery was associated with fewer 
postoperative deaths (1.7% versus 3.3%, P=.03) and myocardial infarctions (0.8% versus 
2.7%, P=.002) compared with medically managed coronary disease.34 

In December 2004 the results of the first and only such trial, the Coronary Artery 
Revascularization Prophylaxis (CARP) trial were published. 35

•
36 A total of 510 stable 

patients with at least single vessel angiographic coronary artery disease (33% had 3-
vessel disease, but patients with significant left main disease, unstable coronary 
syndromes, and severe cardiomyopathy were excluded) were randomized to 
revascularization vs no revascularization before undergoing major vascular surgery (33% 
abdominal aortic aneurysm repair and 67% lower extremity revascularization). 
Revascularization was accomplished with coronary bypass surgery in 41% and with PCI 
in 59%. Patients who underwent revascularization had similar incidence of postoperative 
AMI and long-term survival (mean follow-up was 27 months) with those who did not 
undergo revascularization. This could have been due to excellent perioperative 
management in both groups (86% received b-blockers and approximately half received 
statins ), but nevertheless suggests that revascularization may not benefit patients 
undergoing non-cardiac surgery. 

7 



1.0 

0.8 

No coronary·artery revascularizatioi 

0.2 

P=0.92 

0.0-l------.-------.------r----.----.------r---
o 1 2 3 4 

Years after Randomization 

No. at Risk 
Revascularization 
No revascularization 

226 
229 

175 
172 

Figure 2. Long-term survival in the CARP trial. 
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Therefore, if a patient is known to require surgery in the near future, the first 
question to ask is whether the patient really needs revascularization. The CARP study 
results suggest that revascularization may not be necessary for a large number of those 
patients without unstable coronary syndromes or other very high risk features, such as 
severe arrhythmias, severe valvular disease, or severe myocardial or left main disease. 

8 



4.2 Revascularization 

4.2.1 Revascularization without stents (balloon only) 

Some patients, such as those presenting with acute coronary syndromes, may 
require coronary revascularization before non-cardiac surgery. Even though stents are 
currently used in the vast majority of PCI cases, coronary revascularization can also be 
achieved without using stents, either surgically (coronary artery bypass grafting) or 
percutaneously (with plain old balloon angioplasty). 

Balloon angioplasty is the most studied non-stent PCI modality in the 
perioperative setting. In 50 patients undergoing non-cardiac surgery after a median of 9 
days from balloon angioplasty, the postoperative mortality and MI rate was 1.9% and 
5.6%, respectively.37 In another study, none of 14 patients undergoing abdominal aortic 
aneurysmorrhaphy after a median time of 10 days after balloon angioplasty had an 
adverse postoperative event.38 In a third study, among 194 patients undergoing aortic 
abdominal surgery, carotid endarterectomy or peripheral vascular surgery after a median 
time of 11 days after BA, only one patient died (0.5%) and one patient suffered an MI 
(0.5%).39 In a retrospective study of 350 patients undergoing non-cardiac surgery within 
2 months after successful balloon angioplasty only 3 of the 350 patients (0.9%, 95% CI 
0.2% - 2.5%) had perioperative death (n=1) or myocardial infarction (n=2).40 All three 
were among the 188 patients (1.6%, 95% CI 0.3%-4.6%) undergoing surgery within two 
weeks of balloon angioplasty. Target vessel revascularization is more likely to be needed 
after balloon angioplasty than after stenting, but the risk of arterial thrombosis is probably 
lower than the risk of patients who have received stents and undergo non-cardiac surgery. 

These data suggest that balloon angioplasty may be safer than stenting prior to 
noncardiac surgery, if an adequate result can be achieved, in patients undergoing non­
cardiac surgery early (within 4-6 weeks) after revascularization, at which time even a 
bare metal stent has not yet been reendothelialized. However, balloon angioplasty may 
result in a suboptimal angiographic result, and coronary stent placement is needed in 10-
25% of patients who achieve an adequate initial result. 

According to the 2002 ACC/ AHA guidelines on peri operative cardiovascular care 
"there is uncertainty regarding how much time should pass before nnn-cardiac surgery is 
performed" for patients who had balloon angioplasty. 1 Delaying non-cardiac surgery for 
> 6-8 weeks was discouraged, because of increased risk for restenosis resulting in 
perioperative ischemia or MI. However, performing non-cardiac surgery too early after 
the PCI may also be risky, since acute or subacute closure following balloon angioplasty 
usually occurs within hours or few days after the procedure. Accordingly, delaying 
surgery "for at least a week after balloon angioplasty to allow for healing of the vessel 
injury at the balloon treatment site has theoretical benefits". 
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4.2.2 Revascularization with bare metal stents 

Sometimes stenting cannot be avoided during PCI, either because of the 
complexity of the lesion or because of a suboptimal balloon angioplasty result. Choice of 
the type of stent to be used depends heavily on the timing of surgery: 

If surgery needs to be performed within 6 months of revascularization, then 
implantation of a bare metal stent may be preferable to implantation of a DES, since 
BMS endothelialize more rapidly and may therefore carry a lower risk of stent 
thrombosis. If restenosis, which is 3-4 times more likely to occur after BMS than DES, 
does develop, it almost always does so more than 2-3 months after stent placement, at 
which point the patient will have already undergone the surgical procedure. At that time, 
a DES can be placed within the BMS, which is the best treatment for in-stent restenosis. 

4.2.3 Revasculatization with covered stents 

Several covered stents are currently commercially available, such as heparin­
coated and antiproliferative drug-eluting stents. 

Heparin-coated stents could be an attractive option in patients known to need 
surgery. In one study of 200 patients the 1-month risk of heparin-coated stent thrombosis 
was low (1%) even though only aspirin without clopidogrel was used.41 Yet, the 
randomized and non-randomized trials, though underpowered, have not indicated a 
reduction in stent thrombosis with either commercially available form of heparin stent 
coating compared with BMS placement.42

•
43 

If surgery can be delayed until after 6 months, then a DES can be used, keeping in 
mind that there may remain a risk for stent thrombosis even > 1 year after DES 
implantation, which is believed (though not proven) to be greater than with BMS.31 It 
would seem important, though it is not proven, to use a sirolimus eluting stent (which 
requires at least 3 months of clopidogrel after placement to prevent stent thrombosis in 
patient not undergoing surgery44

) than a paclitaxel-eluting stent (which requires at least 6 
months of clopidogrel)45

, although little is known about the safety and risk of stent 
thrombosis shortly after a 3 and 6 months duration of clopidogrel in sirolimus-eluting, or 
paclitaxel-eluting stents, respectively. 

In the future new stent types will likely be available that hold the promise of 
minimizing the risk of stent thrombosis, such as bioabsorbable stents46 (magnesium oxide 
47 and poly-llactic acid stents48

), or antibody-coated stents49 that can attract endothelial 
progenitor cells and re-endothelialize more rapidly. 

Regardless of the type of stent used, every effort should be made to obtain 
optimal stent deployment, which could help reduce the risk of stent thrombosis. 9•

10 

Overlap of drug-eluting stents should be avoided, since overlap areas may have 
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significantly delayed endothelialization. 50
'
51 Finally, patients who undergo surgery after 

stent implantation will also need further management as discussed in chapter 5. 

5. Approach to the patient who underwent stent implantation and now 
needs unplanned surgery 
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Figure 3: strategies to prevent peri-operative stent thrombosis: (1) do not revascularize, 
(2) revascularize but do not stent, (3) delay surgery, and (4) continue or minimize 
interruption of aspirin and clopidogrel in the perioperative period. 

5.1 Delay surgery 

As described in section 3, the earlier surgery occurs after stenting, the higher the 
risk for stent thrombosis. This applies to both bare metat22

-
25 and drug eluting stents32

. 

The 2002 ACC/ AHA guidelines on peri operative cardiovascular care state that if 
(bare metal) stenting is performed prior to non-cardiac surgery, the latter should be 
"delayed for at least 2 and ideally 4 weeks, to allow for at least partial endothelialization 
of the stent". 1 However, a histologic study found that 12 weeks were required for 
complete endothelialization of the stent to coccur.52 Thus, although stent thrombosis 
usually occurs within the first 2 weeks in patients receiving bare metal stents, this has 
been observed among patients not exposed to the prothrombotic state induced by non­
cardiac surgery. The lack of complete endothelial coverage of a BMS may still pose a 
risk of stent thrombosis in a patient undergoing surgery. 
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The delay needed from DES implantation to surgery remains empiric: 3 months 
for sirolimus-eluting stent and 6 months for paclitaxel-eluting stent. 

5.2 Antiplatelet therapy 

The required duration of thienopyridine is 3 months for the sirolimus-eluting stent 
and 6 months for the paclitaxel-eluting stent. Those recommendations are based on the 
duration of time that the thienopyridine was required in the pivotal trials. However, in 
neither the pivotal trials nor in subsequent randomized trials comparing these stents to 
BMS was the actual duration of time that clopidogrel was administered known. The 
CREDO trial had been published long before these trials and many physicians chose to 
continue clopidogrel in their patients longer than the duration required in these 
protocols.53 Therefore, the true time required to prevent late stent thrombosis among 
patients receiving these DES is unknown. Furthermore, the pivotal trials excluded 
patients with bifurcation lesions, in whom the stent would cross a side branch, and in 
patients with acute MI, patients undergoing PCI of a aortocoronary bypass graft, and 
patients with occluded vessels. These groups of patients appear to be at increased risk of 
stent thrombosis, and the risk may be increased even further if clopidogrel is not 
administered for a period longer than the recommended 3 or 6 months, particularly if the 
patient undergoes a surgical procedure shortly after stent placement. 

Antiplatelet administration strategies to minimize perioperative stent thrombosis 
include: 

• Option A: Continue dual antiplatelet therapy during and after surgery 

• Option B: Discontinue clopidogrel but "bridge" the patient to surgery 
using a short-acting antiplatelet agent, such as a glycoprotein IIb/IIIa 
inhibitor or an antithrombin, such as a low-molecular weight heparin­
then restart clopidogrel as soon as possible after surgery 

• Option C: Discontinue clopidogrel before surgery and restart it as soon as 
possible after surgery 

Options A and B would be most appropriate for patients early after stent 
implantation ( 4-6 weeks after BMS, 3 months after SES and 6 months after PES, even 
though increasing durations of antiplatelet therapies are currently used for DES\ 
whereas option C would be best for patients late after stent implantation. These 
recommendations are empiric, but are mechanistically sound and the consequences of 
perioperative stent thrombosis are severe. 

Option A. Continue dual antiplatelet Rx during surgery 

This is undoubtedly the safest option to prevent stent thrombosis. Surgeons that 
are particularly concerned about the risk of perioperative bleeding would need to be 
consulted and weigh the risk of bleeding with that particular operation in their 
hands,against the risks and benefits of continuing dual antiplatelet therapy through the 
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surgical period. When surgeons are informed that the risk of bleeding is higher but that 
stent thrombosis, when it occurs, leads to death or an MI in over 50% of patients, and that 
the available data suggest an increased risk of stent thrombosis in patient undergoing 
surgery shortly after stent placement (7-38%), they will often be persuaded that the risk 
of thrombosis outweighs the risk of bleeding. This option would not be appropriate for 
patients in whom bleeding could have catastrophic consequences, such as neurosurgery 
patients. 

Option B. Stop clopidogrel and "bridge" the patient with a short acting 
antiplatelet or antithrombotic agent 

Thienopyridines cause irreversible platelet inactivation, and need to be 
discontinued for 5-7 days to allow production of new platelets that will replace the 
inhibited platelets and will allow return to normal platelet function. If surgery is needed 
early after stenting and clopidogrel needs to be stopped, then it may be appropriate to 
"bridge" the patient to surgery using a short acting antiplatelet agent or an antithrombin. 54 

Glycoprotein lib/Ilia inhibitors, mostly the shorter acting eptifibatide and 
tirofiban, have been advocated for use in this setting.55 Alternatively, unfractionated 
heparin, a low-molecular weight heparin, or a direct thrombin inhibitor may be used to 
bridge the patients until surgery is needed. No data exist about the relative benefits of an 
intravenous glycoprotein Ilb/IIIa inhibitor compared to an anticoagulant. 

Option C. Stop clopidogrel and restart after surgery 

This is the simplest and most cost-effective strategy, and may be sufficient when 
the stent is believed to have been fully endothelialized and the risk of stent thrombosis no 
longer exists. However, there appears to be variability in the rate at which DES are re­
endothelialized, and the risk of stent thrombosis may persist in some patients for many 
months or longer. Indeed, data suggest that there may be a greater frequency of late stent 
thrombosis (thrombosis occurring more than one year after stent placement) and this may 
be particularly true following the prothrombotic state induced by surgery.31 

If the surgical procedure can be perfromed while the patient is on aspirin and 
clopidogrel, discontinuing them before surgery should be avoided. If it cannot, both 
aspirin and clopidogrel ought be administered as early as possible in the post-operative 
period with a loading dose to speed the onset of action. Postoperative stent thrombosis 
often occurs several days after surgery and could potentially be prevented by early re­
initiation of clopidogrel. In the study by Kaluza 3 of the 6 Mis occurred during the first 
postoperative day, and the remaining 3 on postoperative days 6, 7, and 11.22 In the study 
by Wilson, the adverse event rate was stable during the first 6 postoperative weeks?3 

Postoperative events occurred between day 1 and 17 in the study by Sharma, but the 
timing was not specified, as it was not presented in the study by Redding, Preliminary 
studies suggest that re-initiation of clopidogrel in the early postoperative period is safe. 56 
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5.3 Education and team approach 

In view of the rapidly changing PCI techniques there is a need for continuous 
education, especially of non-cardiologists, about the unique risks that coronary stent 
implantation can create in the perioperative setting. The need to delay elective surgery 
after stent implantation cannot be overemphasized. In a survey of 2, 167 Canadian 
anesthesiologists in March, 2003 (996 responded), 63% were not aware of literature 
about the appropriate length of time between the insertion of a stent and a subsequent 
surgical procedure and 32.6% recommended a 0-2 weeks waiting time, which is 
insufficient for bare metal stents, let alone DES. 57 

Anesthesiologists and surgeons should be alerted to the high-risk of stent 
thrombosis in patients who have received coronary stents. 58 They should: 

1. determine the type of stents (bare metal vs sirolimus vs paclitaxel eluting 
stent) and the date of implantation 

2. consult with an interventional cardiologist and, whenever possible, with 
the patients cardiologist 

3. have a team of anesthesiologists, cardiologists, and surgeons make any 
decisions about the cessation of antiplatelet therapy, the timing of surgery, 
and the peri-operative management 

4. perform surgery in centers with 24-hour interventional cardiology 
coverage to promptly treat stent thrombosis should it occur. 

6. Treatment of perioperative stent thrombosis 

Stent thrombosis will manifest as ST -elevation acute myocardial infarction and is 
best treated with early reperfusion. Thrombolytic administration in the peri-operative 
period may carry prohibitive bleeding risk. Primary PCI is therefore the treatment of 
choice, yet it also carries increased risk of bleeding since antithrombin and antiplatelet 
agents need to be administered during the procedure. In a retrospective analysis of 48 
patients with acute myocardial infarction occurring within 1 week from surgery, survival 
with an early invasive strategy was 65%, which is encouraging in these very high risk 
patients. 59 Only one patient had significant bleeding at the operative site. If bleeding at 
the surgical site could have catastrophic consequences (such as after neurosurgical 
procedures) then medical therapy would be preferable. 
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7. Conclusions 

In summary, perioperative coronary stent thrombosis is a catastrophic 
complication. If non-cardiac surgery is planned within 2-3 months, coronary stent 
implantation with a drug eluting stent should be avoided. Balloon angioplasty might be 
preferred if surgery is to be performed within weeks and an adequate angioplasty result 
can be achieved. Otherwise, a bare metal rather than a drug-eluting stent should be 
placed. A paclitaxel-eluting stent which requires not 3 but at least 6 months of dual 
antiplatelet therapy should not be used. Awareness, prevention, and early treatment of 
perioperative stent thrombosis are best achieved by collaboration between surgeons, 
anesthesiologists, and cardiologists. 
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