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The utility of interventional cardiology has developed significantly over the last two decades

with the introduction of coronary angioplasty and stenting, with the associated antiplatelet

medications. Acute coronary stent occlusion carries a high morbidity and mortality, and the

adoption of therapeutic strategies for prophylaxis against stent thrombosis has major impli-

cations for surgeons and anaesthetists involved in the management of these patients in the

perioperative period. Currently, there is limited published information to guide the clinician in

the optimal care of patients who have had coronary stents inserted when they present for

non-cardiac surgery. This review examines the available literature on the perioperative manage-

ment of these patients. A number of key issues are identified: the role of surgery vs percuta-

neous coronary intervention for coronary revascularization in the preoperative period; the

different types of coronary stents currently available; the emerging issues related to drug-

eluting stents; the pathophysiology of coronary stent occlusion; and the recommended antipla-

telet regimes that the patient with a coronary stent will be receiving. The role of preoperative

platelet function testing is also discussed, and the various available tests are listed.

Appropriate management by all the clinicians involved with patients with coronary stents

undergoing a variety of non-cardiac surgical procedures is essential to avoid a high incidence of

postoperative cardiac mortality and morbidity. The review examines the evidence available for

the perioperative strategies aimed at reducing adverse outcomes in a number of different clini-

cal scenarios.
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In the last 20 yr, there have been important developments

in the field of percutaneous coronary intervention (PCI),

initially with balloon angioplasty alone and now in combi-

nation with coronary stent insertion.110 The technique was

initially described in 1977 and involves advancement of a

balloon-tipped catheter into an area of coronary narrowing,

inflation of the balloon, and then subsequent removal of

the catheter after balloon deflation.48 Widespread use of

balloon angioplasty was initially limited by two major

complications: acute vessel closure during or immediately

after the procedure secondary to thrombosis or vessel dis-

section and re-stenosis of the vessel due to a combination

of elastic recoil, smooth muscle proliferation, and neointi-

mal hyperplasia. Both of these complications were con-

siderably reduced by the introduction of coronary stents

which are deployed over a balloon at the site of an athero-

matous lesion.110 This increased safety and efficacy of PCI

has led to an exponential rise in the number of procedures

being performed, with currently more than 90% of all PCIs

involving the placement of at least one coronary stent.115

Consequently, an increasing sub-group of the population

with coronary artery disease (CAD) has a coronary stent

implanted and may subsequently require non-cardiac

surgery. The aim of this review is to identify the issues sur-

rounding the perioperative management of patients with

coronary artery stents in place and summarize the current

literature with particular relevance to the anaesthetist.

Search strategy

In order to assess fully the risks and outcomes associated

with non-cardiac surgery in the patient with a coronary
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stent, we first searched the literature for articles giving any

indication of current knowledge and clinical practice.

Secondly, we examined the literature to identify appropri-

ate case reports and observational series of such patients.

Searches for information regarding the issues surrounding

the management of these patients perioperatively were

performed using Medline (WINSPIRS 5.0) and Pubmed

(National library of Medicine; www.pubmed.gov) with

keywords including: percutaneous coronary intervention,

balloon angioplasty, coronary artery stents, bare metal

stent, drug-eluting stent, perioperative, surgery, non-

cardiac, cardiac, coronary artery bypass grafting, coronary

revascularization, pathophysiology, stent occlusion, stent

thrombosis, re-stenosis, coagulation, hypercoaguable state,

bleeding, haemorrhage, platelet function, monitoring, tests,

platelet aggregation, thrombocytopenia, platelet transfu-

sion, antiplatelet agents, aspirin, thienopyridines, clopido-

grel, ticlopidine, glycoprotein IIb/IIIa receptor inhibitors,

loading dose, heparin, low molecular weight heparin, flur-

biprofen, aprotinin, antifibrinolytics, recombinant factor

seven, neuro-axial block, regional anaesthesia, recommen-

dations, and guidelines. The websites of a number of

organizations [The American Heart Association (AHA),

The American College of Cardiology (ACC), The

European Society of Cardiology (ESA), The British

Cardiac Intervention Society, The Scottish Intercollegiate

Guidelines Network (SIGN), The American Society of

Anesthesiologists (ASA), The Association of Anaesthetists

of Great Britain and Ireland (AAGBI), and The Royal

College of Anaesthetists (RCOA)] were also searched for

relevant guidelines.

The different types of coronary artery stents

There are two major types of coronary artery stent: bare

metal stents (BMS) and drug-eluting stents (DES). DES

were introduced in the late 1990s in response to the high

observed incidence of late stent re-stenosis with BMS.

Re-stenosis is a side-effect of the normal healing process

with the growth of scar tissue around the stent mesh in a

process called neointimal hyperplasia, which in some

cases, can lead to occlusion of the coronary lumen. The

process peaks at around the third month and reaches a

plateau at between 3 and 6 months after the procedure. In

patients receiving a BMS, in-stent re-stenosis requiring

repeat intervention occurs in 12–20%,36 and procedures to

treat stent re-stenosis were developed including balloon

angioplasty, mechanical debulking, repeat stenting, and

intra-coronary irradiation (brachytherapy).132 Late throm-

bosis after BMS is a well documented, although rare, com-

plication when brachytherapy is used as an adjunct to stent

placement to reduce re-stenosis after PCI, and is attributed

to delayed vascular healing.76

DES were designed to prevent re-stenosis by coating a

standard coronary stent with a thin polymer containing

an antiproliferative substance that inhibits smooth muscle

proliferation and neointimal hyperplasia within the stented

segment,24 and reduces the need for repeat intervention to

approximately 5%.22 81 Currently, there are two major types

of DES being inserted, releasing either sirolimus (‘Cypher’

stent) or paclitaxel (‘Taxus’ stent). Sirolimus (rapamycin) is

a macrolide antibiotic with potent immunosuppressive and

antimitotic properties, which binds to its cytosolic receptor,

FKBP12, and inhibits down-regulation of the cyclin-

dependent kinase inhibitor p27kip1. This blocks transition

from G1 to S phase in the cell cycle and so inhibits vascular

smooth muscle cell proliferation and migration.105 The

majority of sirolimus is eluted from the polymer coating of

the Cypher stent by 28 days,64 and is fully eluted at 60

days,125 leaving a polymer BMS. Paclitaxel is a potent anti-

tumour drug which inhibits microtubule formation during

cell division.24 73 About 10% of the drug is released from the

polymer coating of the Taxus stent by 10 days, with the rest

of the drug remaining within the polymer indefinitely.76

DES have been widely used and are highly effective at redu-

cing late stent re-stenosis.80 117 They have been shown, in the

short to medium term (6–12 months), to have at least as

good a safety profile as BMS.9 84 However, the mechanism

of obstruction of DES is different from that of BMS. In

BMS, the pathophysiological mechanism of obstruction is

re-stenosis with neointimal hyperplasia and DES inhibit this

process, but since the stent struts remain uncovered, they are

prone to thrombosis. Currently, there is increasing concern

and controversy over the safety profile of DES, with the

Food and Drug Administration (FDA) responding by issuing

a statement that DES are ‘safe and effective when used for

FDA-approved indications’. These indications involve dis-

crete and relatively short lesions (up to 28 mm in the case of

one approved stent and up to 30 mm in the case of the other)

in relatively small native vessels (2.5–3.5 or 3.75 mm in

diameter). However, DES are widely used on an off-label

basis for longer lesions, larger vessels, and multi-vessel

lesions.107 There are concerns that DES may cause endo-

thelial dysfunction, a phenomenon which may persist long

after the drug is supposed to have fully eluted from the

stent.122 The longer term safety of DES is certainly being

debated with possibly an increase in the occurrence of

acute infarctions and late mortality.13 The low incidence

of re-stenosis seen with DES has allowed the PCI treat-

ment of patients with more complex and extensive lesions

who had previously only been candidates for coronary

artery bypass graft (CABG) surgery. The use of DES has

expanded rapidly, with one study showing that by June

2004, 80% of stents implanted in patients undergoing

urgent PCI in the USA were drug eluting,63 and nearly 6

million patients worldwide have had a DES implanted.107

Coronary stents and antiplatelet therapy

The presence of exposed metal struts in the coronary

arteries is highly thrombogenic, and the early use of stents
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was associated with a high risk (16–24%) of stent throm-

bosis.23 This potentially devastating complication is

associated with a 50% incidence of acute myocardial

infarction (MI) and a 20% mortality rate,27 and conse-

quently, the prevention of stent thrombosis is of paramount

importance. Initially, it was tackled by the use of complex

anticoagulation regimes using aspirin, heparin, and war-

farin, but in turn this led to high rates of major bleeding,

vascular complications, and long hospital stays. The devel-

opment of new antiplatelet agents (Table 1) led to a break-

through in the use of coronary stents with the adoption of

dual antiplatelet regimes combining aspirin with a thieno-

pyridine.68 102 Initially, ticlopidine was prescribed with

aspirin, but now this has largely been replaced by clopido-

grel which is better tolerated and has reduced risk of

severe adverse events.12 Clopidogrel is a pro-drug which

is metabolized to an active compound that inhibits the

P2Y 12 adenosine diphosphate (ADP) platelet receptor.

Blockade of this receptor inhibits the binding of fibrinogen

to the platelet glycoprotein IIb/IIIa receptor complex, and

so prevents platelet aggregation by ADP stimulation.92

The most widely used antithrombotic strategy involves

the administration of a loading dose of 300–600 mg of clo-

pidogrel before implantation of a BMS, with the continued

administration of both aspirin and clopidogrel for a

minimum of 4–6 weeks after the procedure. Low dose

aspirin therapy is then continued for life. If the above rec-

ommendations are followed, stent thrombosis within 30

days of implantation occurs in less than 1% of patients

who have uncomplicated PCI.27 In contrast, DES require a

more prolonged period of dual antiplatelet therapy. In

addition to inhibiting neointimal hyperplasia, the drug

coating the stent also delays re-endothelialization of the

stent struts, leaving bare metal exposed in the circulation

for a longer period of time. Antiplatelet therapy should be

continued until the stent is fully re-endothelialized. There

is currently no routinely available test to show when suffi-

cient re-endothelialization has occurred and consequently

when it is safe to withdraw antiplatelet therapy. Hence,

based on the initial clinical trials, stent manufacturers rec-

ommended that clopidogrel should be continued for a

minimum of 3 months after implantation of a

sirolimus-eluting stent and 6 months after a paclitaxel-

eluting stent. However, more recent guidelines suggest that

dual antiplatelet therapy should be continued for at least a

year.86108 110 116 134 Using this approach, the insertion of

DES appears to pose no greater risk than BMS,9 although

the requirement for prolonged antiplatelet treatment has the

potential to create problems.

Premature cessation of antiplatelet therapy has been

shown to be the strongest predictor of subsequent stent

thrombosis.61 87 Other risk factors include renal failure,

diabetes mellitus, low cardiac ejection fraction, and

procedures involving bifurcation lesions.61 A significant

number of patients receiving DES now have a much

greater risk of stent thrombosis than those recruited for the

initial trials, as they have a higher incidence of diabetes,

multi-vessel disease, small coronary vessels, and complex

lesions.61 Consequently, there is some debate as to whether

antiplatelet therapy for DES should be continued indefi-

nitely beyond the first year after insertion in high-risk

patients. There are significant risks associated with lifelong

antiplatelet therapy, especially during any future periopera-

tive period, and consequently, the potential implications to

the patient of such therapy need to be carefully considered.

The risk of an adverse cardiovascular event if clopido-

grel is stopped in the perioperative period is unknown but

is likely to be considerable, particularly in patients with

recently implanted poorly endothelialized stents or recent

acute coronary syndromes (ACS).3576

Coronary revascularization before
non-cardiac surgery

Prophylactic coronary revascularization in patients with

asymptomatic CAD before major non-cardiac surgery has

no benefit, whether by PCI or CABG.74 77 However,

patients with indications for coronary revascularization

irrespective of the non-cardiac surgery should be treated

appropriately.11 30 31 The recent SIGN 96 document

reviewing the management of stable angina confirms that

CABG is not recommended before major or intermediate

risk non-cardiac surgery unless cardiac symptoms are

unstable and CABG would be justified on the basis of

long-term outcome.11 When indicated (Table 2), PCI, in

the form of angioplasty often with stent insertion, appears

to be as effective as CABG, with a similar mortality

rate.30 Although PCI has the benefit of being less invasive,

is economically advantageous,104 and consequently, tends

to be performed in preference to CABG where there is

amenable disease and favourable coronary anatomy,94 118

there is a significantly increased incidence of repeat revas-

cularization.1 47 79 104 113 There is some evidence that

under specific conditions CABG may be superior to PCI,

with a potential long-term advantage among patients with

diabetes and multi-vessel disease.10 127

Table 1 The different types of antiplatelet agents

Types of antiplatelet agents

Acetylsalicyclic acid derivatives

Aspirin

Diflunisal

Thienopyridines

Clopidogrel

Ticlopidine

Glycoprotein IIb/IIIa inhibitors

Tirofiban

Abciximab

Eptifibatide

Pyrimidopyrimidine derivative

Dipyridamole
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After CABG, non-cardiac surgery should be delayed by

at least 30 days,11 14 and there is good observational evi-

dence that successful CABG significantly reduces the risk

of adverse cardiac events after subsequent non-cardiac

surgery in those patients who remain symptom free with

good left ventricular function.32 42 Whether PCI affords

the same degree of protection as CABG during future non-

cardiac surgery remains unanswered, partly because it is

not possible to compare the two types of revascularization

directly as they have different indications, and the avail-

able literature is often difficult to interpret because of the

range of PCI available. The protection provided by

balloon angioplasty alone, without stent insertion, may be

superior to that provided by stent insertion before early

non-cardiac surgery.15 59 Current evidence indicates a lack

of protection before 90 days post-PCI,91 with some reports

indicating complication rates close to those observed in

patients who are offered no prophylactic protection by

either revascularization or medical therapy.5 44 96 Two ret-

rospective studies of patients undergoing non-cardiac

surgery after PCI showed fairly convincing evidence of

increased perioperative cardiac adverse outcome in

those operated on within 6 weeks of stent insertion

(Table 3). 62 131 There is also a high incidence of ischae-

mic complications in those undergoing non-cardiac

surgery in the year following coronary stent insertion

(Table 3).123 Guidelines state that if a coronary stent is

inserted, a delay of at least 2 weeks and ideally 4–6

weeks should occur before non-cardiac surgery to allow

4 full weeks of dual antiplatelet therapy and

re-endothelialization of the stent to be completed.29 This

guideline refers to the management of a BMS and offers

no guidance regarding the appropriate management of

DES. At present, PCI is more commonly performed than

CABG but given the current controversy with DES, and

the problems with re-stenosis in BMS, the future prefer-

ence for coronary revascularization is unclear.

Perioperative antiplatelet therapy: bleeding or
thrombosis?

The protective effect of dual antiplatelet therapy in

patients with coronary stents in place has to be balanced

against the risk of increased bleeding. It is this balance of

risk in the perioperative period that gives rise to a major

clinical dilemma in patients presenting for surgery after

the implantation of coronary stents. The intraoperative hae-

mostatic reaction is well known and, after major surgery,

many patients develop a hypercoagulable state. The advent

of thromboelastography has shown evidence of a hyper-

coagulability lasting for at least 7 days after major surgery.

The hypercoagulability comprises accelerated clot for-

mation, with an early decrease in reaction time (r-time)

and an increase in the clot strength, with continuous post-

operative increase in the maximum amplitude (MA).71 A

raised MA (.68 mm) within 2 h of the completion of

surgery has been shown to predict thrombotic postopera-

tive complications, including MI, with a sensitivity and

specificity of 80% and 62%, respectively.75 It is unclear

when coagulation returns to normal baseline values with

evidence that the hypercoagulability persists beyond the

duration of the surgical stress response. Despite a signifi-

cant increase in fibrinogen, this hypercoagulability seems

to be caused predominantly by platelet activity, which is

not identified by standard coagulation monitoring.71 There

is a significant increase in ADP-induced platelet aggrega-

tion at 24 and 48 h after surgery, not associated with a

change in the flow cytometry profile, indicating that plate-

lets are not activated after operation. A high concentration

of fibrinogen is seen at 48 h and is still present on the

seventh postoperative day. An initial peak in the concen-

tration of plasminogen activator inhibitor-1 soon after the

cessation of surgery occurs, and this raised level is still

present at 24 h after operation. No increase in thrombin–

antithrombin complex concentration has been observed; in

fact, a significant decrease has been documented, which

occurs intraoperatively. Consequently, thrombin generation

is limited and fibrinolysis is impaired after operation.97

Although platelets are not activated in the postoperative

period, they are more prone to being activated as demon-

strated by aggregation studies, and the platelet count is

significantly increased when measured on the seventh

postoperative day.101 The combination of stopping protec-

tive antiplatelet therapy along with the hypercoagulable

perioperative state and a poorly endothelialized stent leads

to a high risk of acute stent thrombosis which is associated

with considerable morbidity and mortality.61 76

In contrast, patients taking dual antiplatelet therapy may

be at increased risk of major bleeding complications.

Combined therapy with clopidogrel and aspirin increases

the bleeding time through a synergistic antiplatelet

action,88 and it has been shown that clopidogrel plus

aspirin before operation in patients undergoing CABG

results in more postoperative bleeding and increased blood

product transfusion.95 133 A recent meta-analysis of 4002

patients undergoing cardiac surgery (605 taking clopido-

grel) showed a significant increase in blood loss, transfu-

sion and ventilation requirements, length of hospital stay,

and surgical re-exploration in those on clopidogrel.93

Patients presenting with ACS who were referred for

CABG showed a 37% increased blood loss and a

Table 2 Typical indications for coronary artery revascularization

Indications for coronary artery revascularization11 39

Poorly controlled angina despite maximal medical therapy

High-risk coronary anatomy including significant (.50%) left main coronary

artery stenosis

Severe two- or three-vessel CAD (.70% stenosis) with involvement of the

left anterior descending (LAD) artery

Easily induced myocardial ischaemia on stress testing

Left ventricular systolic dysfunction at rest

Coronary artery stents and non-cardiac surgery
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significantly increased re-operation rate for bleeding com-

plications if they received clopidogrel before operation.7

Clopidogrel within 4 days of CABG has been shown to be

an independent risk factor for prolonged ICU and hospital

length of stay.20 The use of off-pump techniques may

reduce the risk of bleeding,69 as the detrimental effects of

clopidogrel and cardiopulmonary bypass on platelet and

clotting function may be synergistic.

There is little evidence of increased surgical bleeding in

non-cardiac studies. One retrospective study of patients

undergoing non-cardiac surgery after coronary stenting

found no difference in the transfusion frequency regardless

of the use of antiplatelet agents.106 A further study showed

that in patients who underwent non-cardiac surgery while

administered heparin and aspirin plus or minus clopidogrel

within a year of coronary stent insertion, there was no

major morbidity from bleeding.123

The effect of antiplatelet agents on platelet
function

Unfortunately, there is significant variation between

patients with respect to their platelet function after thieno-

pyridine and aspirin therapy.

Clopidogrel is a pro-drug that requires activation by the

cytochrome P450 isoenzyme CYP3A4.66 67 Because of

genetic variability in the metabolic activity of this enzyme

and inhibitory drug interactions, there is considerable

inter-individual variability of platelet inhibition. This can

lead to clopidogrel resistance.66 Non-response to clopido-

grel has been classified as a relative inhibition of

ADP-induced platelet aggregation of ,10% and response

as �30%, whereas those in-between are defined as low

responders. One study of clopidogrel platelet inhibition

response in 32 patients undergoing coronary stent insertion

and 35 healthy volunteers found 22% non-responders and

47% responders in the patient group and 16% non-

responders and 72% responders in the volunteers.

Percentage platelet aggregation after clopidogrel has been

shown to be inversely correlated with CYP3A4 activity.66

A recent study of platelet function using optical light

aggregometry found that only 50% had a definitive

response.2 At a median of 5 days after initiation of treat-

ment with a 300 mg loading dose, only 17.5% of patients

receiving daily clopidogrel had an inadequate response to

therapy.49 Drugs known to inhibit the CYP3A4 isoenzyme

include itraconazole, ketoconazole, clarithromycin, ery-

thromycin, and ritonavir, and grapefruit juice also has an

inhibitory effect. The statin group of compounds are

largely metabolized by this isoenzyme and has the theor-

etical potential to influence clopidogrel activation but does

not appear to have a clinically significant effect on the

antiplatelet action of clopidogrel.46 111

A similar resistance to aspirin has been described, with

a failure of aspirin to reduce platelet production of

thromboxane A2 by irreversible acetylation of

cyclooxygenase-1 (COX-1) and thus failing to prevent

platelet activation and aggregation.51 It can be detected by

tests that either measure platelet thromboxane A2 pro-

duction or assess thromboxane-dependent platelet function.

Aspirin failure may be due to reduced bioavailability of

the drug by poor compliance, inadequate dose, reduced

absorption or increased metabolism, drug interactions,

genetic polymorphisms of COX-1 and other genes

involved in thromboxane production, increased platelet

turnover, alternate pathways of platelet activation, and

up-regulation of non-platelet sources of thromboxane syn-

thesis.51 Aspirin resistance, as indicated by high urinary

concentrations of 11-dehydrothromboxane B2, has been

shown to be associated with an increased odds of a serious

vascular event.34 Aspirin and clopidogrel resistance is a

potentially severe clinical problem,126 and an impaired

response to antiplatelet therapy has been shown to be

associated with stent thrombosis.129 A higher dose may be

needed in those patients exhibiting resistance to achieve a

therapeutic clinical effect.50

Monitoring the effect of antiplatelet agents on
platelet function

It would be beneficial in perioperative management to

have a routine and simple test of platelet function in

patients exposed to antiplatelet therapy presenting for

surgery in order to exclude lack of clinical effect and con-

sequently a reduced risk of bleeding, and higher risk of

thrombotic complications or to have a quantifiable assess-

ment of platelet function before neuro-axial blockade after

drug cessation. A recent case report highlighted the prob-

lems of assessing and monitoring the effects of antiplatelet

agents and the coagulation process.54 The standard tests of

coagulation, the prothrombin time (PT) and activated

partial thromboplastin time (APTT), do not allow assess-

ment of platelet function. The ‘bleeding time’ is the most

accurate test of platelet function and the effect of antipla-

telet agents, but in reality is not the most practical of tests

and has not been shown to correlate well with periopera-

tive bleeding. Plasma drug concentrations for both aspirin

and clopidogrel do not closely correlate with their pharma-

codynamic effects due to irreversible binding of the drugs

to the target.52

A variety of tests are currently being assessed for

measurement of platelet function. Optical light transmission

platelet aggregometry is the most widely accepted technique

of assessing platelet function being considered the ‘gold

standard’. Unfortunately, the method is laboratory-based and

time consuming. Point-of-care techniques for assessing

platelet function are now available but appear to have

varying accuracy. They include the following:
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Table 3 Summary of studies illustrating outcome after non-cardiac surgery in patients with coronary stents implanted. CS, case series; CR, case report; R, retrospective; L, letter; P, prospective; O, observational; av,

average; BMS, bare metal stent; DES, drug eluting stent; GI, gastrointestinal; GU, genito-urinary; gynae, gynaecological; wks, weeks; mths, months; APA, antiplatelet agent; MI, myocardial infarction; postop,

postoperative; preop, preoperative; periop, perioperative

Study author
(year)

Type of
study

Number of
patients

and date

Type of surgery Type of
coronary stent

Time from
coronary stent

insertion to

surgery

Antiplatelet therapy Perioperative management Outcome and time to adverse
cardiac event

Kaluza and

colleagues (2000)62
CS 40 (1996–

1998)

General, thoracic,

urological, vascular

BMS 1–39 days

(av 13 days)

All patients �1 dose of

ticlopidine after stenting

All received dual APA

after stenting for a variable

length of time

Nine patients administered

abciximab during stenting

Only cases that expired had their

periop APA management

mentioned

Only one did not have aspirin

withheld

All, except three, had ticlopidine

withheld

The exact duration APAs withheld

only mentioned in three patients

Death (n¼8; 20%) MI (n¼7; 6 fatal

and 1 non-fatal). 4 out of 7 MIs within

24 h postop

All patients who had MI and expired

underwent surgery less than 6 days

after stent insertion. Eleven bleeding

episodes (6 in patients who died, cited

as cause of death in 2)

Vicenzi and

colleagues (2001)

CR 1 (2000) Urological BMS 32 days Aspirin only Aspirin stopped 5 days preop and

LMWH administered

MI 2 h postop PCI performed with

recanalization of stent

Wilson and

colleagues

(2003)131

R 207 (1990–

2000)

Breast, general,

head and neck,

GU, orthopaedic,

thoracic, vascular

BMS 1–60 days Aspirin and heparin at time

of stenting, some received

GP IIb/IIIa inhibitor in

addition

From 1995, all patients

received ticlopidine before

stent insertion and for 2–4

wks after

From 1998, clopidogrel

substituted for ticlopidine

Aspirin and thienopyridine at time

of surgery (n¼54, 27%)

Aspirin and last dose of

thienopyridine �10 days before

surgery (n¼29, 14%)

Aspirin and warfarin (n¼4, 2%)

Aspirin alone (n¼104, 51%)

No anticoagulant therapy for .10

days (n¼13, 6%)

Cardiac death (n¼6; 2.9%)

Major adverse cardiac events; MI, or

stent thrombosis (n¼8; 6 fatal)

Time to cardiac event not stated

All events occurred in those

undergoing surgery less than 6 wks

after stent insertion. Two episodes of

excessive bleeding

Auer and

colleagues (2004)8
CR: L 1 (2003) Orthopaedic 1�BMS and

2�DES

(paclitaxel)

12 wks 6 mth course of dual

APAs; aspirin and

clopidogrel

APAs discontinued for surgery,

length of cessation of therapy not

mentioned

MI; 2 h postop PCI performed, both

DES occluded, recanalization

performed BMS patent

Marcucci and

colleagues (2004)72
CR 1 (2003) Thoracic BMS 6 wks Dual APA; aspirin and

clopidogrel for 4 wks after

stenting followed by

aspirin alone for further 2

wks

Aspirin continued perioperatively

No other antiplatelet,

anticoagulant, or antithrombotic

therapy given

Cardiac death

In-stent thrombosis 1 h postop, PCI

performed with recanalization of stent

Further MI second night after surgery

McFadden and

colleagues (2004)76
CS: L 3 (2004) Urological,

general, GI

(endoscopic

procedure)

3�DES

(paclitaxel and

sirolimus) and

1�BMS

331–442 days Two patients with DES

alone on aspirin only. One

patient with both DES and

BMS on dual APAs;

aspirin and clopidogrel

APAs stopped preop MI (n¼3); day of surgery,

4 and 5 days postop. All successfully

treated with PCI and recanalization of

stent

Patient with DES and BMS; DES

occluded but BMS patent

Continued
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Table 3. Continued

Study author
(year)

Type of
study

Number of
patients

and date

Type of surgery Type of
coronary stent

Time from
coronary stent

insertion to

surgery

Antiplatelet therapy Perioperative management Outcome and time to adverse
cardiac event

Sharma and

colleagues

(2004)106

R 47 (1995–

2000)

GI, oncological,

orthopaedic,

urological, vascular

BMS All ,90 days

(,3 wks [27]

.3 wks [20])

All patients on dual APA;

aspirin and ticlopidine,

after stent placement for

2–4 wks

NB From 1998, ticlopidine

replaced by clopidogrel

13 had thienopyridine stopped for

at least 5 days preop

Death (n¼7) MI (n¼4, fatal¼3)

Stent thrombosis proven at

angiography in two

Cardiogenic shock (n¼1, fatal)

All patients who had cardiac event

were not on thienopyridine

Majority of events occurred early

postop, all occurred ,17 days postop

Rate of bleeding similar whether on

thienopyridine or not

Murphy and

colleagues (2005)83
CR 1 (2005) Gynae DES

(sirolimus)

2 wks Dual APAs; aspirin and

clopidogrel

APAs withheld for one dose preop MI with stent thrombosis 20 min

postop PCI performed with,

thrombectomy and further stent

insertion

APAs administered including GP IIb/

IIIa inhibitor, aspirin, and clopidogrel

Herbstreit and

colleagues (2005)54
CR 1 (2004) General Not specified. 1 mth Dual APAs; aspirin and

clopidogrel

Platelet transfusion administered

(2 pools)

Uneventful procedure including

regional blockade

Brown and

colleagues (2006)17
CR 1 (2005) Orthopaedic DES

(sirolimus)

7 wks Dual APAs; aspirin and

clopidogrel, plus warfarin

Dual APA continued but warfarin

stopped preop

MI; 12 h postop, treated with i.v.

heparin

Charbucinska and

colleagues (2006)19
CS: L 15 (but 18

procedures)

(2006)

Vascular 19�DES

(12 patients),

13 stents

unspecified

(3 patients)

1–12 mths All taking aspirin preop;

14 taking clopidogrel

preop

Aspirin withdrawn before three

procedures (7–10 days)

Clopidogrel withdrawn before 10

procedures (3–28 days), and 8

started LMWH 5 days preop

LMWH given to further 5 patients

Cardiac death (n¼1); fatal MI occurred

post D/C (DES implanted for 6 mths,

patient not on clopidogrel, but aspirin

maintained)

Myocardial ischaemia (n¼2), both had

clopidogrel but not aspirin withdrawn

and received LMWH

No excessive bleeding

No complications (n¼11)

Vicenzi and

colleagues

(2006)123

P. O. 103 ENT, general,

neurological,

orthopaedic,

re-constructive,

thoracic,

urological, vascular

25 BMS and 5

DES (however,

79 cases stent

type not

identified)

Within 1 yr Aspirin+clopidogrel APAs, aspirin+clopidogrel,

continued throughout the periop

period or discontinued ,3 days

before operation. All patients

received either UFH or LMWH in

therapeutic dose

Cardiac death (n¼5; 4.9%)

MI (n¼12)

Myocardial cell injury (n¼22)

Bleeding (n¼4)

Some kind of event (n¼46)

Majority of cardiac events occurred

early postop

Broad and

colleagues (2007)16
CS 3 ENT, general,

orthopaedic

BMS and DES

(paclitaxel).

Two patients

had only DES

and one patient

had both types

49 days, �1 yr,

33 mths

Dual APAs, aspirin,

and clopidogrel

Clopidogrel stopped 5 days preop

Commenced on a GP IIb/IIIa

inhibitor (tirofiban) infusion 3 days

preop 6 h preop tirofiban and

heparin infusions ceased

Loading dose of clopidogrel given

on first postop day, followed by

maintenance dose thereafter

Aspirin continued throughout

Minimal surgical bleeding and no stent

thrombosis observed

NB Patient 2 (with DES) previously

presented for surgery 18 months after

DES insertion and had clopidogrel

withdrawn for 1 wk. MI occurred

preop on day 7 after stopping

clopidogrel
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Thromboelastography

This whole blood coagulation monitor can demonstrate

certain platelet aggregation defects but is unable to detect

the platelet adhesion and endothelial defects that occur

with aspirin therapy, or demonstrate the ADP receptor

blockade caused by clopidogrel. Patients taking clopido-

grel who demonstrate platelet inhibition on aggregometry

are found to have normal MA.121 A recent modification of

the assay, which generates a clot without thrombin gener-

ation using reptilase and factor XIIIa, should overcome

this problem.25 Platelet agonists, arachidonic acid (for

aspirin), and ADP (for clopidogrel) are added enabling

measurement of the degree of platelet inhibition resulting

from the antiplatelet agent. A recent study compared this

modification with aggregometry and demonstrated that it

detected 90% of the platelet inhibition seen on aggrego-

metry for aspirin therapy and 70% of the platelet inhi-

bition seen on aggregometry for clopidogrel.2

Plateletworks analyser

This whole blood assay measures percentage aggregation

using a single-platelet counting Coulter technology before

and after exposure to ADP to calculate aggregation. A

recent comparison between plateletworks analyser (PWA)

and optical aggregometry showed good correlation

between the two tests with regard to clopidogrel

inhibition.25

Ultegra rapid platelet-function assay

This test is similar to aggregometry, measuring the rate

and extent of platelet aggregation with the change in

optical transmittance but uses fibrinogen-coated beads,

thus allowing the use of whole blood and eliminating the

need for sample preparation.109 When compared with

aggregometry in the assessment of platelet function after

glycoprotein IIb/IIIa inhibitors, it had equivalent accuracy

and precision.130 However, a recent comparison of whole

blood impedance aggregometry with the Ultegra assay in

patients given a loading dose of clopidogrel after PCI

found that the Ultegra assay showed only slight changes.57

Platelet function analyser

This measures the time taken for a platelet plug to occlude

an aperture (closure time) in a membrane that is impreg-

nated with collagen and either epinephrine or ADP.

Aspirin has been shown to increase the epinephrine

closure time, and in some studies clopidogrel has been

shown to increase the ADP closure time. However, the

accuracy of detecting inhibition of platelet function by clo-

pidogrel is variable. A recent study showed that the plate-

let function analyser (PFA-100) did not detect any of the

platelet inhibition caused by clopidogrel seen with optical

aggregometry.2

Current practice in the management of the
patient with a coronary stent and antiplatelet
therapy

A recent questionnaire of current anaesthetic and surgical

practice in hospitals in the Oxford region60 found that

77% of respondents had treated patients taking clopidogrel

and 57% had experienced bleeding complications in these

patients, of which 15% were regarded as life-threatening,

although no deaths were reported. Eighty percent of the

anaesthetists would not perform spinal anaesthesia in these

patients. With regard to the period of time clopidogrel

should be stopped before operation, there was a wide

range (0–28 days, median 7). There was no consensus on

when to restart clopidogrel after operation and there

appeared to be uncertainty about the increased thrombotic

risk of different types of stents. In 2004, a survey of UK

thoracic epidural anaesthetic practice revealed that despite

the American Society of Regional Anesthesia and Pain

Medicine (ASRA) guidelines,58 49% of respondents did

not regard clopidogrel as an absolute contraindication to

thoracic epidural anaesthesia and furthermore only 66%

considered the combination of aspirin and clopidogrel an

absolute contraindication.90 A Royal College of Surgeons

of England survey of UK vascular surgical practice

showed that there was a wide diversity of practice with

regard to stopping antiplatelet agents in the perioperative

period with no consensus with regard to thienopyridines

and major vascular surgery.112 Only three of the 88 sur-

geons who completed the questionnaire stated that they

would stop clopidogrel before operation but not aspirin,

and 77% would not routinely stop antiplatelet agents

before abdominal aortic aneurysm repair and of the 23%

that would stop antiplatelet therapy, the mean time was

7 days before operation (range 2–14 days). Eighty-eight

per cent would restart these drugs as soon as the patient

was able to eat and drink.

The management of antiplatelet therapy in
the perioperative period in patients with
coronary stents?

Currently, there is little evidence from randomized con-

trolled trials to guide the perioperative management of

patients on antiplatelet agents with coronary stents.

However, as larger numbers of patients are implanted with

DES requiring longer-term dual antiplatelet therapy, the

question of how to manage these patients needs addressing.

The majority of published material on this topic is based

on expert opinion with broad agreement on the principles

of stent management in the perioperative period.4 114

The patient requiring elective non-cardiac surgery

When faced with a patient who requires non-cardiac elec-

tive surgery and has a coronary stent, the risk of stent

Coronary artery stents and non-cardiac surgery
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thrombosis needs to be assessed and balanced against both

the potential risk of haemorrhage and the adverse conse-

quences of any such bleeding. Management depends upon

numerous factors that are summarized in Tables 4 and 5.

Surgery can be classified according to the risk of major

bleeding and the adverse effects of excessive bleeding.

Management decisions must be based on each individual

case after consultation between the patient, cardiologist,

surgeon, haematologist, and anaesthetist. The risk of stent

thrombosis associated with stopping antiplatelet agents is

influenced by factors such as the nature of the lesion and

the timing of the procedure.43 The risk of stent thrombosis

is likely to be highest where multiple recently implanted

DES are present, particularly where they involve arterial

bifurcations in patients with renal impairment, diabetes, or

dehydration. It is also important to assess the conse-

quences of thrombosis within an individual stent, as

thrombosis in a stent in the proximal left anterior descend-

ing artery or the left main coronary artery carries a poten-

tially greater morbidity and mortality than in a more

distally placed stent in a smaller vessel.

The risk of haemorrhage is of major importance in the

decision to stop antiplatelet agents. If the risk is small and

the consequences relatively minor, then it may be possible

to continue dual antiplatelet therapy. If the patient is to

undergo surgery associated with a major haemorrhagic risk,

then the consequences of excessive blood loss may out-

weigh the risks of possible stent thrombosis and antiplatelet

agents such as clopidogrel should be stopped before

surgery. If it is deemed necessary to stop a thienopyridine,

then it is recommended that clopidogrel be stopped 7 days

before operation78 and ticlopidine 14 days before.65 These

recommendations are based on the half-life of a platelet,

which is approximately 10 days, and the pharmacokinetics

of the individual agent. A French working party, in 2006,

recommended stopping clopidogrel between 5 and 10 days

before operation dependent on the balance between haemor-

rhagic and thrombotic risk.4 Whenever possible, with surgi-

cal consent, aspirin should be continued perioperatively in

both the elective and emergency situation as withdrawal of

aspirin is a risk factor for ACS and stent thrombosis.18 21 37

The only types of surgery where perioperative aspirin

therapy has been shown to lead to a higher severity of

bleeding complications are intra-cranial surgery, and poss-

ibly transurethral prostatectomy.18

An appropriate alternative antithrombotic strategy is a

controversial issue, with no consensus of opinion for any

particular regimen. Heparin therapy, either unfractionated

heparin (UFH) by i.v. infusion or low molecular weight

heparin (LMWH) by s.c. injection, has been proposed

during the period of time that the thienopyridine is

stopped, but efficacy has not been proven.119 123 There is

no consensus on the target APTT ratio for UFH infusion,

or whether a prophylactic or treatment dose of LMWH is

indicated. If LMWH is compared with UFH, LMWH dis-

plays a reduced antifactor IIa activity relative to antifactor

Xa activity, a more favourable benefit–risk ratio in exper-

imental animals, and superior pharmacokinetic proper-

ties,55 which allow once daily dosing and avoids the need

for plasma monitoring. Of these potential advantages, only

the pharmacokinetics have clear clinical importance.

However, it is unknown whether UFH displays any added

protection against stent thrombosis through its increased

range of activity. In the setting of ACS, a treatment dose

of LMWH (enoxaparin 1 mg kg21 s.c. twice daily) has

been shown in the INTERACT trial to be associated with

early outcome benefits that are sustained over a two and a

half year follow-up period.38 45 The French working party4

felt that if total withdrawal of antiplatelet therapy is

necessary before non-cardiac surgery, consideration can be

given to drug substitution with either a non-steroidal anti-

inflammatory agent (NSAID), for example, flurbiprofen

50 mg�2, withdrawn 24 h before surgery, or LMWH (s.c.

dose of 85–100 IU aXa per kg for 12 h). They did

acknowledge that heparin exposes the patient to a substan-

tial perioperative risk of bleeding, but concerns over an

increased incidence of thrombotic complications with

NSAIDs were not mentioned. However, heparin therapy is

unlikely to protect against stent thrombosis as it has no

antiplatelet properties. A strategy of perioperative heparin

therapy was still associated with a high risk of cardiac

morbidity and mortality in the study by Vicenzi and col-

leagues (Table 3),123 and the possibility of ‘heparin

rebound’, a period of hypercoagulability after abrupt ces-

sation of an infusion of UFH, should be considered.28

Table 5 Assessing thrombotic risk

Assessment of the patient’s thrombotic risk

When was the stent inserted?

What type of stent does the patient have?

How many stents were inserted and where are they located?

Was the revascularization complete?

Is there a history of stent thrombosis previously?

What antiplatelet regimen is being followed and what duration of therapy has

been recommended?

Does the patient suffer from other associated risk factors for stent thrombosis

including:

Diabetes?

Renal impairment?

Low cardiac ejection fraction?

Are there any other individual thrombotic risk factors?

Table 4 Assessing surgical and haemorrhagic risk

Assessment of the patient’s surgical and haemorrhagic risk

What is the precise nature of the planned operation and anaesthetic, and the

possible complications?

How high is the perceived haemorrhagic risk?

Are there any other individual haemorrhagic risk factors?

What are the consequences of excessive bleeding?

How necessary is the surgery?

What is the urgency of the surgery—can the surgery be delayed?

Are there any possible alternatives to surgical treatment?

Howard-Alpe et al.

568

D
ow

nloaded from
 https://academ

ic.oup.com
/bja/article/98/5/560/246843 by guest on 20 M

arch 2024



A recently proposed perioperative strategy involves

stopping clopidogrel 5 days before any major surgical pro-

cedure, admitting the patient to hospital 3 days before

operation, and commencing a tirofiban and UFH infusion

(target APTT not stated). Six hours before the surgery

these infusions are stopped. Clopidogrel is then restarted

on the first postoperative day with an initial loading dose

of 300 mg followed by the usual maintenance dose there-

after. Aspirin is continued throughout.16 There is no evi-

dence to recommend stopping clopidogrel 5 days before

non-cardiac surgery. The CURE trial40 advocated stopping

clopidogrel 5 days before CABG to decrease postoperative

bleeding, but this is not the cessation period recommended

by the British National Formulary before surgery,78 or

what ASRA recommend if regional anaesthesia is

planned.58 The pharmacokinetic profile of clopidogrel

shows that after discontinuation of the drug, platelet func-

tion gradually increases and complete recovery is seen 7

days after the last clopidogrel dose,128 with half the plate-

let pool expected to be replaced at 5 days. Glycoprotein

IIb/IIIa inhibitors are licensed for use in patients with

unstable angina or non-ST elevation MI, and as an adjunct

to percutaneous transluminal coronary angioplasty. Unlike

clopidogrel, they are not licensed for the prevention of

ischaemic events in patients with a history of symptomatic

CAD.

Dual antiplatelet therapy also presents problems for

regional anaesthesia. The placement of neuro-axial blocks

in patients taking dual antiplatelet therapy cannot be

recommended unless a platelet transfusion is given before

the procedure and platelet function is within acceptable

limits on testing. The guidelines produced in 2003 by

ASRA suggest that without prior platelet transfusion, clo-

pidogrel should be stopped for a minimum of 7 days and

ticlopidine for a minimum of 14 days.58 Under these

circumstances, normal platelet function on platelet func-

tion testing is reassuring. The timing of removal of an epi-

dural catheter and early reinstatement of the antiplatelet

therapy must be considered. Delaying restarting dual anti-

platelet therapy in a patient for neuro-axial catheter

removal may expose the patient to an unacceptable risk of

stent thrombosis. Aspirin and NSAIDs do not represent an

added risk for the development of spinal haematoma in

patients receiving epidural or spinal anaesthesia.58

Information on anaesthetic complications related to anti-

platelet agents is limited to case reports. Complications

have occurred after neuro-axial blockade in patients

receiving clopidogrel therapy, despite adherence to rec-

ommended guidelines for cessation of therapy before the

procedure. Epidural haematoma has been reported after

both spinal70 and combined spinal and epidural anaesthe-

sia;120 in both cases, the clopidogrel was stopped 7 days

before the regional technique.

Similar caution is required for the placement and

removal of central venous lines, particularly using the sub-

clavian route, in patients on dual antiplatelet therapy.

The patient requiring emergency surgery with a

coronary stent and antiplatelet therapy

The recent SIGN 96 document11 includes guidelines on

the management of these patients stating that if emergency

or urgent non-cardiac surgery is required after PCI, dual

antiplatelet therapy should be continued whenever poss-

ible, but if the bleeding risk is unacceptable and antiplate-

let therapy withdrawn, it should be reintroduced as soon as

possible after surgery.11 There should be close liaison

between the surgeon, cardiologist, anaesthetist, and hae-

matologist on a case by case basis. Like elective surgery,

it is important to assess both the risk of haemorrhage and

the risk of stent thrombosis (Tables 4 and 5).

If the surgery involves a high risk of haemorrhage, or if

regional neuro-axial blockade is thought to be essential, it

may be necessary to give a platelet transfusion before

surgery. The French Health Products Safety Agency

reviewed the issue of perioperative platelet transfusion in

2003 and made the following recommendations:99 100 for

commonly practised invasive procedures transfuse to

achieve a platelet count of .50 000 ml21, in the absence

of platelet dysfunction, for surgery with a standard hae-

morrhagic risk ensure a platelet count .50 000 ml21, for

neurosurgery and ophthalmic surgery involving the pos-

terior segment of the eye a platelet count of

.100 000 ml21 is required, for axial regional anaesthesia a

platelet count of 50 000 ml21 is sufficient for spinal anaes-

thesia, with 80 000 ml21 proposed for epidurals. The

plasma half-life of clopidogrel is short, so inhibition of

transfused platelets should not be a clinically relevant

issue and clopidogrel therapy only results in a maximum

of 40–60% inhibition of aggregation.52 Each unit of plate-

let concentrate is known to raise the platelet count by a

minimum of 5000 ml21 under normal circumstances.

However, some experts believe the above transfusion

thresholds to be too high.53 There is a case report of

uneventful spinal anaesthesia after a two unit platelet

transfusion in a patient taking clopidogrel and aspirin who

required urgent surgery, with the rise in the platelet count

documented as 24 000 ml21.54 An appropriate strategy

may be to use the information provided by modified

thromboelastography (TEG) test results to guide the quan-

tity of platelet transfusion administered. If the risk of

haemorrhage is lower, and the risk of stent thrombosis sig-

nificant, then it may be advisable to continue antiplatelet

therapy perioperatively and not administer platelets before

operation. In this circumstance, it is important to have a

valid blood sample for crossmatch with the haematology/

transfusion laboratory and it is advisable to liaise with the

haematology department about the potential need for

platelets in the event of bleeding.

In patients at high risk of catastrophic bleeding, potential

possible strategies may include the prophylactic use of

agents such as aprotinin or recombinant factor VII. The

experience of prophylactic aprotinin in patients taking

Coronary artery stents and non-cardiac surgery
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clopidogrel is limited to cardiac surgery where it has been

shown significantly to reduce bleeding, transfusion require-

ments, and complications.3 Aprotinin has not been shown

to increase the risk of perioperative MI in patients under-

going CABG,98 but its effect on coronary stent thrombosis

in non-cardiac surgery has not been studied. In orthopaedic

surgery, antifibrinolytics have been shown to reduce allo-

genic blood transfusion but the data were too limited to

draw conclusions about safety.135 The use of recombinant

factor VII in uncontrolled haemorrhage is controversial,

with some retrospective data suggesting some efficacy but

with a possible high mortality from non-haemorrhagic

causes.33 85 89 There is only one double-blind randomized

controlled trial examining its use prophylactically in retro-

pubic prostactectomy which showed a reduction in perio-

perative blood loss.41 However, it seems unlikely that in the

absence of normal platelet function, any pharmacological

agent will have a high level of efficacy. The cause of bleed-

ing in patients on antiplatelet therapy is usually dysfunc-

tional platelet action and, consequently, the logical

treatment of choice is platelet transfusion.

Restarting clopidogrel after operation

Thienopyridines should be restarted as soon as is practic-

able and safe after surgery. The precise timing should be

discussed between the surgeon, anaesthetist, and

cardiologist. If there is a high risk of postoperative bleed-

ing, restarting antiplatelet agents should be delayed until

this risk has diminished, and removal of any indwelling

catheters should have occurred or platelet transfusion may

be indicated before their removal if antiplatelet therapy

has been restarted. Patients unable to take oral medication

after their surgery will be unable to restart their

antiplatelet drugs and consideration should be given to an

alternative antiplatelet strategy. Following initiation of

therapy, clopidogrel reaches its maximum platelet aggrega-

tion inhibition after 3–5 days, with the bleeding time

reaching a maximum of 1.5–3 fold of baseline at 3–7

days.52 Restarting clopidogrel with a loading dose is

routine in interventional cardiology, and the licensed

loading dose after PCI is 300 mg, but cardiologists are

increasingly using a loading dose of 600 mg with the aim

of shortening the time to maximal platelet inhibition.26 56

After the 600 mg loading dose, the full antiplatelet effect

of the drug can be seen after 2 h,57 compared with after

6 h with the 300 mg loading dose.6 82 When stent throm-

bosis occurs it appears to present early in the postoperative

period.8 62 72 83 124 Therefore, it may be advantageous to

administer a loading dose in the postoperative period to

ensure a rapid return of antiplatelet activity and protection

against stent thrombosis. However, whether a loading dose

is beneficial in preventing perioperative thrombotic events

or is accompanied by an unacceptably greater potential for

bleeding complications is currently not known. The

patients at highest risk of perioperative thrombosis,61 and

those who exhibit a prolonged MA on TEG,75 may benefit

from a loading dose of clopidogrel.

Postoperative monitoring

In patients at high risk of stent thrombosis in the peri-

operative period, who have stopped clopidogrel prema-

turely, the risk of an ischaemic event may be as high as

45%.123 Consequently, these patients should be managed

in a high dependency unit (HDU) setting with continuous

ECG monitoring and regular review by cardiologists. The

optimum duration of HDU stay is not known, as, although

stent thrombosis appears to occur in the early postopera-

tive period, there are reported cases of later presentation

(Table 3). The perioperative hypercoagulable state lasts for

several days and it is probably appropriate to monitor

these patients intensively until antiplatelet therapy has

been reinstated and the antiplatelet action confirmed. The

most appropriate length of stay may vary according to the

individual patient risk of complications.

Recommended action if stent thrombosis

is suspected perioperatively

The signs of stent thrombosis can be non-specific but may

include chest pain, shortness of breath, hypotension,

arrhythmia, or even cardiac arrest. If stent thrombosis is

suspected, appropriate measures and investigations should

be instigated immediately and a cardiologist contacted

urgently. If stent thrombosis is likely, the patient will need

to be transferred to an interventional cardiology unit.

Urgent angiography is necessary and the priority is

reopening of the occluded stent and target vessel.

Aggressive use of anticoagulants and antiplatelet agents

including heparin, clopidogrel, aspirin, and GpIIb/IIIa

inhibitors may be required. However, their use may be

limited if the patient has just undergone major surgery and

has a high risk of life-threatening haemorrhage, as spon-

taneous bleeding is a possibility in a surgical patient on

antiplatelet therapy even at a site unrelated to the

surgery.124 If aggressive antiplatelet therapy is necessary

in the postoperative period, consideration should be given

to the use of shorter acting small molecule GpIIb/IIIa

inhibitors such as eptifibatide or tirofiban rather than the

monoclonal antibody inhibitor abciximab, as the small

molecule inhibitors have a much shorter half-life and

therefore the antiplatelet effect will abate more quickly

once the drug is stopped, which may be important if cata-

strophic bleeding were to occur.103

Conclusions

The management of patients with a coronary stent present-

ing for both elective and emergency non-cardiac surgery
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is an increasing clinical problem. These patients may be at

high risk of stent thrombosis and, consequently, their man-

agement should involve careful discussion between the

surgeons, anaesthetists, cardiologists, and haematologists.

Anaesthetists play a vital role in balancing the surgeons

concerns of increased bleeding against the cardiologists’

fear of acute stent thrombosis. Cardiologists need to recog-

nize the potential need in their patients for future non-

cardiac surgery and if non-cardiac surgery is known to be

necessary within a year of PCI and stent insertion, BMS

should be used in preference to DES.4 In patients who

have had stents placed recently, elective non-cardiac

surgery should be avoided until clopidogrel can be safely

stopped. There are few data to guide the most appropriate

management, and this is an area that urgently needs well-

conducted clinical trials and peer-reviewed guidelines.

References
1 Abizaid A, Costa MA, Centemero M, et al. Clinical and econ-

omic impact of diabetes mellitus on percutaneous and surgical

treatment of multivessel coronary disease patients: insights from
the Arterial Revascularization Therapy Study (ARTS) trial.
Circulation 2001; 104: 533–8

2 Agarwal S, Coakely M, Reddy K, Riddell A, Mallett S,
Quantifying the effect of antiplatelet therapy: a comparison of

the platelet function analyzer (PFA-100) and modified thrombo-
elastography (mTEG) with light transmission platelet aggregome-
try. Anesthesiology 2006; 105: 676–83

3 Akowuah E, Shrivastava V, Jamnadas B, et al. Comparison of two

strategies for the management of antiplatelet therapy during
urgent surgery. Ann Thorac Surg 2005; 80: 149–52

4 Albaladejo P, Marret E, Piriou V, Samama CM. Perioperative
management of antiplatelet agents in patients with coronary
stents: recommendations of a French Task Force. Br J Anaesth

2006; 97: 580–2
5 Allen JR, Helling TS, Hartzler GO. Operative procedures not

involving the heart after percutaneous transluminal coronary
angioplasty. Surg Gynecol Obstet 1991; 173: 285–8

6 Angiolillo DJ, Fernandez-Ortiz A, Bernardo E, et al. High clopi-

dogrel loading dose during coronary stenting: effects on drug
response and interindividual variability. Eur Heart J 2004; 25:
1903–10

7 Ascione R, Ghosh A, Rogers CA, Cohen A, Monk C, Angelini GD.
In-hospital patients exposed to clopidogrel before coronary artery

bypass graft surgery: a word of caution. Ann Thorac Surg 2005; 79:
1210–6

8 Auer J, Berent R, Weber T, Eber B. Risk of noncardiac surgery
in the months following placement of a drug-eluting coronary

stent. J Am Coll Cardiol 2004; 43: 713, author reply 714–15
9 Babapulle MN, Joseph L, Belisle P, Brophy JM, Eisenberg MJ. A

hierarchical Bayesian meta-analysis of randomised clinical trials
of drug-eluting stents. Lancet 2004; 364: 583–91

10 BARI. Comparison of coronary bypass surgery with angioplasty

in patients with multivessel disease. The Bypass Angioplasty
Revascularization Investigation (BARI) Investigators. N Engl J
Med 1996; 335: 217–25

11 Begg A, Jennings K, Ritchie L, et al. Management of stable
angina. A National Clinical Guideline. The Scottish Intercollegiate
Guidelines Network (SIGN) 2007; 96: 23–4

12 Bhatt DL, Bertrand ME, Berger PB, et al. Meta-analysis of ran-

domized and registry comparisons of ticlopidine with clopido-
grel after stenting. J Am Coll Cardiol 2002; 39: 9–14

13 Brabandt HV. Stent thrombosis: antiplatelets alone won’t do the
job. Br Med J 2007; 334: 57

14 Breen P, Lee JW, Pomposelli F, Park KW. Timing of high-risk
vascular surgery following coronary artery bypass surgery: a
10-year experience from an academic medical centre.
Anaesthesia 2004; 59: 422–7

15 Brilakis ES, Orford JL, Fasseas P, et al. Outcome of patients

undergoing balloon angioplasty in the two months prior to non-
cardiac surgery. Am J Cardiol 2005; 96: 512–4

16 Broad L, Lee T, Conroy M, et al. Successful management of
patients with a drug-eluting coronary stent presenting for elec-
tive, non-cardiac surgery. Br J Anaesth 2007; 98: 19–22

17 Brown MJ, Long TR, Brown DR, Wass CT. Acute coronary syn-
drome and myocardial infarction after orthopedic surgery in a
patient with a recently placed drug-eluting stent. J Clin Anesth
2006; 18: 537–40

18 Burger W, Chemnitius JM, Kneissl GD, Rucker G. Low-dose

aspirin for secondary cardiovascular prevention—cardiovascular
risks after its perioperative withdrawal versus bleeding risks
with its continuation—review and meta-analysis. J Intern Med
2005; 257: 399–414

19 Charbucinska KN, Godet G, Itani O, et al. Anticoagulation man-
agement for patients with drug-eluting stents undergoing vascu-
lar surgery. Anesth Analg 2006; 103: 261–3

20 Chu MW, Wilson SR, Novick RJ, Stitt LW, Quantz MA. Does
clopidogrel increase blood loss following coronary artery

bypass surgery? Ann Thorac Surg 2004; 78: 1536–41
21 Collet JP, Montalescot G, Blanchet B, et al. Impact of prior use

or recent withdrawal of oral antiplatelet agents on acute coron-
ary syndromes. Circulation 2004; 110: 2361–7

22 Colombo A, Iakovou I. Drug-eluting stents: the new gold stan-

dard for percutaneous coronary revascularisation. Eur Heart J
2004; 25: 895–7

23 Coolong A, Mauri L. Clopidogrel treatment surrounding percu-
taneous coronary intervention: when should it be started and
stopped? Curr Cardiol Rep 2006; 8: 267–71

24 Costa MA, Simon DI. Molecular basis of re-stenosis and
drug-eluting stents. Circulation 2005; 111: 2257–73

25 Craft RM, Chavez JJ, Snider CC, Muenchen RA, Carroll RC.
Comparison of modified thrombelastograph and plateletworks

whole blood assays to optical platelet aggregation for monitor-
ing reversal of clopidogrel inhibition in elective surgery patients.
J Lab Clin Med 2005; 145: 309–15

26 Cuisset T, Frere C, Quilici J, et al. Benefit of a 600-mg loading
dose of clopidogrel on platelet reactivity and clinical outcomes

in patients with non-ST-segment elevation acute coronary syn-
drome undergoing coronary stenting. J Am Coll Cardiol 2006; 48:
1339–45

27 Cutlip DE, Baim DS, Ho KK, et al. Stent thrombosis in the
modern era: a pooled analysis of multicenter coronary stent

clinical trials. Circulation 2001; 103: 1967–71
28 Dent H, Lekic Z, Vicenzi M. Unfractionated heparin and

coronary artery stenting. Br J Anaesth 2006; 97: 582
29 Eagle KA, Berger PB, Calkins H, et al. ACC/AHA guideline

update for perioperative cardiovascular evaluation for

noncardiac surgery—executive summary a report of the
American College of Cardiology/American Heart Association

Coronary artery stents and non-cardiac surgery

571

D
ow

nloaded from
 https://academ

ic.oup.com
/bja/article/98/5/560/246843 by guest on 20 M

arch 2024



Task Force on Practice Guidelines (Committee to Update the
1996 Guidelines on Perioperative Cardiovascular Evaluation for
Noncardiac Surgery). Circulation 2002; 105: 1257–67

30 Eagle KA, Guyton RA, Davidoff R, et al. ACC/AHA 2004 guide-

line update for coronary artery bypass graft surgery: a report
of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines (Committee to
Update the 1999 Guidelines for Coronary Artery Bypass Graft

Surgery). Circulation 2004; 110: 340–437
31 Eagle KA, Guyton RA, Davidoff R, et al. ACC/AHA guidelines

for coronary artery bypass graft surgery: a report of the
American College of Cardiology/American Heart Association
Task Force on Practice Guidelines (Committee to Revise the

1991 Guidelines for Coronary Artery Bypass Graft Surgery).
American College of Cardiology/American Heart Association.
J Am Coll Cardiol 1999; 34: 1262–347

32 Eagle KA, Rihal CS, Mickel MC, Holmes DR, Foster ED,
Gersh BJ. Cardiac risk of noncardiac surgery: influence of

coronary disease and type of surgery in 3368 operations.
CASS Investigators and University of Michigan Heart Care
Program. Coronary Artery Surgery Study. Circulation 1997; 96:
1882–7

33 Eikelboom JW, Bird R, Blythe D, et al. Recombinant activated

factor VII for the treatment of life-threatening haemorrhage.
Blood Coagul Fibrinolysis 2003; 14: 713–7

34 Eikelboom JW, Hirsh J, Weitz JI, Johnston M, Yi Q, Yusuf S.
Aspirin-resistant thromboxane biosynthesis and the risk of

myocardial infarction, stroke, or cardiovascular death in patients
at high risk for cardiovascular events. Circulation 2002; 105:
1650–5

35 Eisenberg MJ, Jamal S. Glycoprotein IIb/IIIa inhibition in the
setting of acute ST-segment elevation myocardial infarction. J Am

Coll Cardiol 2003; 42: 1–6
36 Ellis SG, Bajzer CT, Bhatt DL, et al. Real-world bare metal stent-

ing: identification of patients at low or very low risk of 9-month
coronary revascularization. Catheter Cardiovasc Interv 2004; 63:
135–40

37 Ferrari E, Benhamou M, Cerboni P, Marcel B. Coronary syn-
dromes following aspirin withdrawal: a special risk for late stent
thrombosis. J Am Coll Cardiol 2005; 45: 456–9

38 Fitchett DH, Langer A, Armstrong PW, Tan M, Mendelsohn A,
Goodman SG. Randomized evaluation of the efficacy of enoxa-

parin versus unfractionated heparin in high-risk patients with
non-ST-segment elevation acute coronary syndromes receiving
the glycoprotein IIb/IIIa inhibitor eptifibatide. Long-term results
of the Integrilin and Enoxaparin Randomized Assessment of

Acute Coronary Syndrome Treatment (INTERACT) trial. Am
Heart J 2006; 151: 373–9

39 Fleisher LA, Eagle KA. Clinical practice. Lowering cardiac risk in
noncardiac surgery. N Engl J Med 2001; 345: 1677–82

40 Fox KA, Mehta SR, Peters R, et al. Benefits and risks of the

combination of clopidogrel and aspirin in patients undergoing
surgical revascularization for non-ST-elevation acute coronary
syndrome: the Clopidogrel in Unstable angina to prevent
Recurrent ischemic Events (CURE) Trial. Circulation 2004; 110:
1202–8

41 Friederich PW, Henny CP, Messelink EJ, et al. Effect of recombi-
nant activated factor VII on perioperative blood loss in patients
undergoing retropubic prostatectomy: a double-blind placebo-
controlled randomised trial. Lancet 2003; 361: 201–5

42 Gersh BJ, Rihal CS, Rooke TW, Ballard DJ. Evaluation and man-

agement of patients with both peripheral vascular and coronary
artery disease. J Am Coll Cardiol 1991; 18: 203–14

43 Gershlick AH, Richardson G. Drug eluting stents. Br Med J
2006; 333: 1233–4

44 Godet G, Riou B, Bertrand M, et al. Does preoperative coron-
ary angioplasty improve perioperative cardiac outcome?

Anesthesiology 2005; 102: 739–46
45 Goodman SG, Fitchett D, Armstrong PW, Tan M, Langer A.

Randomized evaluation of the safety and efficacy of enoxaparin
versus unfractionated heparin in high-risk patients with

non-ST-segment elevation acute coronary syndromes receiving
the glycoprotein IIb/IIIa inhibitor eptifibatide. Circulation 2003;
107: 238–44

46 Gorchakova O, von Beckerath N, Gawaz M, et al. Antiplatelet
effects of a 600 mg loading dose of clopidogrel are not attenu-

ated in patients receiving atorvastatin or simvastatin for at least
4 weeks prior to coronary artery stenting. Eur Heart J 2004; 25:
1898–902

47 Goy JJ, Kaufmann U, Goy-Eggenberger D, et al. A prospective
randomized trial comparing stenting to internal mammary

artery grafting for proximal, isolated de novo left anterior cor-
onary artery stenosis: the SIMA trial. Stenting vs Internal
Mammary Artery. Mayo Clin Proc 2000; 75: 1116–23

48 Grech ED. ABC of interventional cardiology: percutaneous
coronary intervention. II: the procedure. Br Med J 2003; 326:

1137–40
49 Grossmann R, Sokolova O, Schnurr A, et al. Variable extent of

clopidogrel responsiveness in patients after coronary stenting.
Thromb Haemost 2004; 92: 1201–6

50 Gurbel PA, Tantry US. Aspirin and clopidogrel resistance: con-
sideration and management. J Interv Cardiol 2006; 19: 439–48

51 Hankey GJ, Eikelboom JW. Aspirin resistance. Lancet 2006; 367:
606–17

52 Harder S, Klinkhardt U, Alvarez JM. Avoidance of bleeding

during surgery in patients receiving anticoagulant and/or antipla-
telet therapy: pharmacokinetic and pharmacodynamic consider-
ations. Clin Pharmacokinet 2004; 43: 963–81

53 Heal JM, Blumberg N. Optimizing platelet transfusion therapy.
Blood Rev 2004; 18: 149–65

54 Herbstreit F, Peters J. Spinal anaesthesia despite combined
clopidogrel and aspirin therapy in a patient awaiting lung trans-
plantation: effects of platelet transfusion on clotting tests.
Anaesthesia 2005; 60: 85–7

55 Hirsh J, Warkentin TE, Shaughnessy SG, et al. Heparin and

low-molecular-weight heparin: mechanisms of action, pharmaco-
kinetics, dosing, monitoring, efficacy, and safety. Chest 2001;
119: 64SM–94S

56 Hochholzer W, Trenk D, Bestehorn HP, et al. Impact of the

degree of peri-interventional platelet inhibition after loading
with clopidogrel on early clinical outcome of elective coronary
stent placement. J Am Coll Cardiol 2006; 48: 1742–50

57 Hochholzer W, Trenk D, Frundi D, Neumann FJ. Whole blood
aggregometry for evaluation of the antiplatelet effects of clopi-

dogrel. Thromb Res 2007; 119: 285–91
58 Horlocker TT, Wedel DJ, Benzon H, et al. Regional anesthesia in

the anticoagulated patient: defining the risks (the second ASRA
Consensus Conference on Neuraxial Anesthesia and
Anticoagulation). Reg Anesth Pain Med 2003; 28: 172–97

59 Huber KC, Evans MA, Bresnahan JF, Gibbons RJ, Holmes DR
jr. Outcome of noncardiac operations in patients with severe
coronary artery disease successfully treated preoperatively
with coronary angioplasty. Mayo Clin Proc 1992; 67: 15–21

60 Hudsmith L, De Bono J, Mckenna C, P F, WP O. Dual antiplate-

let therapy and non-cardiac surgery risk; what are the anaesthe-
tists and surgeons doing? Eur Heart J 2006; 27: 380–1

Howard-Alpe et al.

572

D
ow

nloaded from
 https://academ

ic.oup.com
/bja/article/98/5/560/246843 by guest on 20 M

arch 2024



61 Iakovou I, Schmidt T, Bonizzoni E, et al. Incidence, predictors,
and outcome of thrombosis after successful implantation of
drug-eluting stents. JAMA 2005; 293: 2126–30

62 Kaluza GL, Joseph J, Lee JR, Raizner ME, Raizner AE.

Catastrophic outcomes of noncardiac surgery soon after coron-
ary stenting. J Am Coll Cardiol 2000; 35: 1288–94

63 Kandzari DE, Roe MT, Ohman EM, et al. Frequency, predictors,
and outcomes of drug-eluting stent utilization in patients with

high-risk non-ST-segment elevation acute coronary syndromes.
Am J Cardiol 2005; 96: 750–5

64 Klugherz BD, Llanos G, Lieuallen W, et al. Twenty-eight-day effi-
cacy and phamacokinetics of the sirolimus-eluting stent. Coron
Artery Dis 2002; 13: 183–8

65 Kovesi T, Royston D. Is there a bleeding problem with
platelet-active drugs? Br J Anaesth 2002; 88: 159–63

66 Lau WC, Gurbel PA, Watkins PB, et al. Contribution of hepatic
cytochrome P450 3A4 metabolic activity to the phenomenon of
clopidogrel resistance. Circulation 2004; 109: 166–71

67 Lau WC, Waskell LA, Watkins PB, et al. Atorvastatin reduces
the ability of clopidogrel to inhibit platelet aggregation: a new
drug-drug interaction. Circulation 2003; 107: 32–7

68 Leon MB, Baim DS, Popma JJ, et al. A clinical trial comparing
three antithrombotic-drug regimens after coronary-artery stent-

ing. Stent Anticoagulation Re-stenosis Study Investigators. N
Engl J Med 1998; 339: 1665–71

69 Leong JY, Baker RA, Shah PJ, Cherian VK, Knight JL. Clopidogrel
and bleeding after coronary artery bypass graft surgery. Ann

Thorac Surg 2005; 80: 928–33
70 Litz RJ, Gottschlich B, Stehr SN. Spinal epidural hematoma after

spinal anesthesia in a patient treated with clopidogrel and enox-
aparin. Anesthesiology 2004; 101: 1467–70

71 Mahla E, Lang T, Vicenzi MN, et al. Thromboelastography for

monitoring prolonged hypercoagulability after major abdominal
surgery. Anesth Analg 2001; 92: 572–7

72 Marcucci C, Chassot PG, Gardaz JP, et al. Fatal myocardial
infarction after lung resection in a patient with prophylactic
preoperative coronary stenting. Br J Anaesth 2004; 92: 743–7

73 Marx SO, Marks AR. Bench to bedside: the development of
rapamycin and its application to stent re-stenosis. Circulation
2001; 104: 852–5

74 Mason JJ, Owens DK, Harris RA, Cooke JP, Hlatky MA. The
role of coronary angiography and coronary revascularization

before noncardiac vascular surgery. JAMA 1995; 273: 1919–25
75 McCrath DJ, Cerboni E, Frumento RJ, Hirsh AL, Bennett-

Guerrero E. Thromboelastography maximum amplitude predicts
postoperative thrombotic complications including myocardial

infarction. Anesth Analg 2005; 100: 1576–83
76 McFadden EP, Stabile E, Regar E, et al. Late thrombosis in

drug-eluting coronary stents after discontinuation of antiplatelet
therapy. Lancet 2004; 364: 1519–21

77 McFalls EO, Ward HB, Moritz TE, et al. Coronary-artery revas-

cularization before elective major vascular surgery. N Engl J Med
2004; 351: 2795–804

78 Mehta DK, ed. British National Formulary, 51 Edn. London: BMJ
Publishing Group Ltd and RPS Publishing, 2006

79 Morrison DA, Sethi G, Sacks J, et al. Percutaneous coronary

intervention versus coronary artery bypass graft surgery for
patients with medically refractory myocardial ischemia and risk
factors for adverse outcomes with bypass: a multicenter, ran-
domized trial. Investigators of the Department of Veterans
Affairs Cooperative Study #385, the Angina With Extremely

Serious Operative Mortality Evaluation (AWESOME). J Am Coll
Cardiol 2001; 38: 143–9

80 Moses JW, Leon MB, Popma JJ, et al. Sirolimus-eluting stents
versus standard stents in patients with stenosis in a native cor-
onary artery. N Engl J Med 2003; 349: 1315–23

81 Moses JW, Stone GW, Nikolsky E, et al. Drug-eluting stents in

the treatment of intermediate lesions: pooled analysis from four
randomized trials. J Am Coll Cardiol 2006; 47: 2164–71

82 Muller I, Seyfarth M, Rudiger S, et al. Effect of a high loading
dose of clopidogrel on platelet function in patients undergoing

coronary stent placement. Heart 2001; 85: 92–3
83 Murphy JT, Fahy BG. Thrombosis of sirolimus-eluting coronary

stent in the postanesthesia care unit. Anesth Analg 2005; 101:
971–3

84 Nordmann AJ, Briel M, Bucher HC. Mortality in randomized

controlled trials comparing drug-eluting vs. bare metal stents in
coronary artery disease: a meta-analysis. Eur Heart J 2006; 27:
2784–814

85 O’Connell NM, Perry DJ, Hodgson AJ, O’Shaughnessy DF,
Laffan MA, Smith OP. Recombinant FVIIa in the management of

uncontrolled hemorrhage. Transfusion 2003; 43: 1711–6
86 Ong AT, Hoye A, Aoki J, et al. Thirty-day incidence and six-

month clinical outcome of thrombotic stent occlusion after
bare-metal, sirolimus, or paclitaxel stent implantation. J Am Coll
Cardiol 2005; 45: 947–53

87 Park DW, Park SW, Park KH, et al. Frequency of and risk factors
for stent thrombosis after drug-eluting stent implantation during
long-term follow-up. Am J Cardiol 2006; 98: 352–6

88 Payne DA, Hayes PD, Jones CI, Belham P, Naylor AR, Goodall AH.

Combined therapy with clopidogrel and aspirin significantly
increases the bleeding time through a synergistic antiplatelet
action. J Vasc Surg 2002; 35: 1204–9

89 Payne EM, Brett SJ, Laffan MA. Efficacy of recombinant activated
factor VII in unselected patients with uncontrolled haemorrhage: a

single centre experience. Blood Coagul Fibrinolysis 2006; 17: 397–402
90 Pennefather SH, Gilby S, Danecki A, Russell GN. The changing

practice of thoracic epidural analgesia in the United Kingdom:
1997–2004. Anaesthesia 2006; 61: 363–9

91 Posner KL, Van Norman GA, Chan V. Adverse cardiac outcomes

after noncardiac surgery in patients with prior percutaneous trans-
luminal coronary angioplasty. Anesth Analg 1999; 89: 553–60

92 Pothula S, Sanchala VT, Nagappala B, Inchiosa MA jr. The effect of
preoperative antiplatelet/anticoagulant prophylaxis on postopera-
tive blood loss in cardiac surgery. Anesth Analg 2004; 98: 4–10

93 Purkayastha S, Athanasiou T, Malinovski V, et al. Does clopido-
grel affect outcome after coronary artery bypass grafting? A
meta-analysis. Heart 2006; 92: 531–2

94 Radford MJ. Percutaneous coronary intervention ‘dominates’

coronary artery bypass graft surgery for high-risk patients: good
news for patients, a challenge for healthcare planners. Circulation
2006; 114: 1229–31

95 Ray JG, Deniz S, Olivieri A, et al. Increased blood product use
among coronary artery bypass patients prescribed preoperative

aspirin and clopidogrel. BMC Cardiovasc Disord 2003; 3: 3
96 Reddy PR, Vaitkus PT. Risks of noncardiac surgery after coron-

ary stenting. Am J Cardiol 2005; 95: 755–7
97 Rosenfeld BA, Beattie C, Christopherson R, et al. The effects of

different anesthetic regimens on fibrinolysis and the development

of postoperative arterial thrombosis. Perioperative Ischemia
Randomized Anesthesia Trial Study Group. Anesthesiology 1993;
79: 435–43

98 Royston D, Levy JH, Fitch J, et al. Full-dose aprotinin use in cor-
onary artery bypass graft surgery: an analysis of perioperative

pharmacotherapy and patient outcomes. Anesth Analg 2006;
103: 1082–8

Coronary artery stents and non-cardiac surgery

573

D
ow

nloaded from
 https://academ

ic.oup.com
/bja/article/98/5/560/246843 by guest on 20 M

arch 2024



99 Samama CM, Djoudi R, Lecompte T, Nathan-Denizot N, Schved JF.
Perioperative platelet transfusion: recommendations of the Agence
Francaise de Securite Sanitaire des Produits de Sante (AFSSaPS)
2003. Can J Anaesth 2005; 52: 30–7

100 Samama CM, Djoudi R, Lecompte T, Nathan N, Schved JF.
Perioperative platelet transfusion. Recommendations of the
French Health Products Safety Agency (AFSSAPS) 2003. Minerva
Anestesiol 2006; 72: 447–52

101 Samama CM, Thiry D, Elalamy I, et al. Perioperative activation of
hemostasis in vascular surgery patients. Anesthesiology 2001; 94:
74–8

102 Schomig A, Neumann FJ, Kastrati A, et al. A randomized compari-
son of antiplatelet and anticoagulant therapy after the placement

of coronary-artery stents. N Engl J Med 1996; 334: 1084–9
103 Schror K, Weber AA. Comparative pharmacology of GP IIb/IIIa

antagonists. J Thromb Thrombolysis 2003; 15: 71–80
104 Serruys PW, Unger F, Sousa JE, et al. Comparison of

coronary-artery bypass surgery and stenting for the treatment

of multivessel disease. N Engl J Med 2001; 344: 1117–24
105 Serry R, Penny WF. Endothelial dysfunction after sirolimus-

eluting stent placement. J Am Coll Cardiol 2005; 46: 237–8
106 Sharma AK, Ajani AE, Hamwi SM, et al. Major noncardiac

surgery following coronary stenting: when is it safe to operate?

Catheter Cardiovasc Interv 2004; 63: 141–5
107 Shuchman M. Trading re-stenosis for thrombosis? New questions

about drug-eluting stents. N Engl J Med 2006; 355: 1949–52
108 Silber S, Albertsson P, Aviles FF, et al. Guidelines for percuta-

neous coronary interventions. The Task Force for Percutaneous
Coronary Interventions of the European Society of Cardiology.
Eur Heart J 2005; 26: 804–47

109 Smith JW, Steinhubl SR, Lincoff AM, et al. Rapid platelet-function
assay: an automated and quantitative cartridge-based method.

Circulation 1999; 99: 620–5
110 Smith SC, jr, Feldman TE, jr, Hirshfeld JW, et al. ACC/AHA/SCAI

2005 guideline update for percutaneous coronary intervention: a
report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines (ACC/AHA/SCAI

Writing Committee to Update 2001 Guidelines for Percutaneous
Coronary Intervention). Circulation 2006; 113: e166–286

111 Smith SM, Judge HM, Peters G, Storey RF. Multiple antiplatelet
effects of clopidogrel are not modulated by statin type in
patients undergoing percutaneous coronary intervention.

Platelets 2004; 15: 465–74
112 Smout J, Stansby G. Current practice in the use of antiplatelet

agents in the peri-operative period by UK vascular surgeons.
Ann R Coll Surg Engl 2003; 85: 97–101

113 SoS. Coronary artery bypass surgery versus percutaneous
coronary intervention with stent implantation in patients with
multivessel coronary artery disease (the Stent or Surgery trial
[SoS]): a randomised controlled trial. Lancet 2002; 360: 965–70

114 Spahn DR, Howell SJ, Delabays A, Chassot PG. Coronary stents

and perioperative anti-platelet regimen: dilemma of bleeding and
stent thrombosis. Br J Anaesth 2006; 96: 675–7

115 Steinhubl SR, Berger PB, Mann JT, et al. Early and sustained dual
oral antiplatelet therapy following percutaneous coronary inter-
vention: a randomized controlled trial. JAMA 2002; 288:

2411–20
116 Stone GW, Aronow HD. Long-term care after percutaneous

coronary intervention: focus on the role of antiplatelet therapy.
Mayo Clin Proc 2006; 81: 641–52

117 Stone GW, Ellis SG, Cox DA, et al. A polymer-based,

paclitaxel-eluting stent in patients with coronary artery disease.
N Engl J Med 2004; 350: 221–31

118 Stroupe KT, Morrison DA, Hlatky MA, et al. Cost-effectiveness
of coronary artery bypass grafts versus percutaneous coronary
intervention for revascularization of high-risk patients.
Circulation 2006; 114: 1251–7

119 Tabuchi Y, Nosaka S, Amakata Y, Takamitsu Y, Shibata N.
Perioperative management for nephrectomy in a long-term
hemodialysis patient with anticoagulants for coronary stent.
Masui 1998; 47: 720–5

120 Tam NL, Pac-Soo C, Pretorius PM. Epidural haematoma after a
combined spinal-epidural anaesthetic in a patient treated with
clopidogrel and dalteparin. Br J Anaesth 2006; 96: 262–5

121 Tanaka KA, Szlam F, Kelly AB, Vega JD, Levy JH. Clopidogrel
(Plavix) and cardiac surgical patients: implications for platelet

function monitoring and postoperative bleeding. Platelets 2004;
15: 325–32

122 Togni M, Windecker S, Cocchia R, et al. Sirolimus-eluting stents
associated with paradoxic coronary vasoconstriction. J Am Coll
Cardiol 2005; 46: 231–6

123 Vicenzi MN, Meislitzer T, Heitzinger B, Halaj M, Fleisher LA,
Metzler H. Coronary artery stenting and non-cardiac surgery—
a prospective outcome study. Br J Anaesth 2006; 96: 686–93

124 Vicenzi MN, Ribitsch D, Luha O, Klein W, Metzler H. Coronary
artery stenting before noncardiac surgery: more threat than

safety? Anesthesiology 2001; 94: 367–8
125 Virmani R, Guagliumi G, Farb A, et al. Localized hypersensitivity

and late coronary thrombosis secondary to a sirolimus-eluting
stent: should we be cautious? Circulation 2004; 109: 701–5

126 Wang TH, Bhatt DL, Topol EJ. Aspirin and clopidogrel
resistance: an emerging clinical entity. Eur Heart J 2006; 27:
647–54

127 Ward HB, Kelly RF, Thottapurathu L, et al. Coronary artery
bypass grafting is superior to percutaneous coronary interven-

tion in prevention of perioperative myocardial infarctions during
subsequent vascular surgery. Ann Thorac Surg 2006; 82:
795–800; discussion 800–1

128 Weber AA, Braun M, Hohlfeld T, Schwippert B, Tschope D,
Schror K. Recovery of platelet function after discontinuation of

clopidogrel treatment in healthy volunteers. Br J Clin Pharmacol
2001; 52: 333–6

129 Wenaweser P, Dorffler-Melly J, Imboden K, et al. Stent thrombo-
sis is associated with an impaired response to antiplatelet
therapy. J Am Coll Cardiol 2005; 45: 1748–52

130 Wheeler GL, Braden GA, Steinhubl SR, et al. The Ultegra
rapid platelet-function assay: comparison to standard platelet
function assays in patients undergoing percutaneous coronary
intervention with abciximab therapy. Am Heart J 2002; 143:

602–11
131 Wilson SH, Fasseas P, Orford JL, et al. Clinical outcome of

patients undergoing non-cardiac surgery in the two months fol-
lowing coronary stenting. J Am Coll Cardiol 2003; 42: 234–40

132 Worthley MI, Anderson TJ, Traboulsi M, et al. Registry data eval-

uating the effectiveness of drug-eluting stents for the treatment
of symptomatic in-stent re-stenosis. Heart Lung Circ 2006; 15:
300–5

133 Yende S, Wunderink RG. Effect of clopidogrel on bleeding after
coronary artery bypass surgery. Crit Care Med 2001; 29:

2271–5
134 Zimarino M, Renda G, De Caterina R. Optimal duration of anti-

platelet therapy in recipients of coronary drug-eluting stents.
Drugs 2005; 65: 725–32

135 Zufferey P, Merquiol F, Laporte S, et al. Do antifibrinolytics

reduce allogeneic blood transfusion in orthopedic surgery?
Anesthesiology 2006; 105: 1034–46

Howard-Alpe et al.

574

D
ow

nloaded from
 https://academ

ic.oup.com
/bja/article/98/5/560/246843 by guest on 20 M

arch 2024


