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•  Antiplatelet agents 
–  Aspirin 
–  Clopidogrel 

•  Anticoagulants 
–  Warfarin 

•  Percutaneous coronary revascularization 
•  Withdrawal of antiplatelet / anticoagulant agents 
•  Hemorrhagic / thrombotic risks 
•  Possible approaches 

–  Proposed algorithm 
–  Platelet transfusion 
–  Possible substitutes 
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n  Irreversible acetylation of cyclooxygenase 
n  Other NSAIDs: reversible inhibition 
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•  Low Dose Aspirin: inhibits platelet cyclooxygenase to 
reduce the level of TXA2 compared to PGI2 
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•  Inhibit the ADP pathway of platelets 
–  Irreversible block the ADP receptor on platelets 
–  Reduce platelet aggregation 
–  Duration: 7-10 days 
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•  Decrease the risk of 
–  MI in unstable angina 
–  Coronary stent thrombosis 
–  Recurrent stroke 

•  Increase the risk of spontaneous hemorrhage 
•  Indications: 

–  Non-responders and allergic to aspririn 
–  Dual antiplatelet therapy 

•  Unstable coronary plaque 
•  Re-endothelialization phase of coronary stents 
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•  On Aspirin 
–  Surgical bleeding ↑ 2.5-20% 
–  No increase in surgical mortality or morbidity 
–  Post-op intracerebral hematoma ↑ in neurosurgery 

•  On dual therapy 
–  Surgical bleeding ↑ 30% 
–  No increase in surgical mortality or morbidity 
–  Except intracranial surgery 
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•  Withdrawal 7-10 ds before a surgical procedure? 
•  Rebound effect on stopping antiplatelet agents: 

–  Pro-thrombotic effects 
–  Excessive thromboxane A2 and decreased fibrinolysis 

•  Secondary prevention for CAD 
–  Cardiac complication rate (X3) 
–  Risk higher with coronary stents (X15) 

•  More dangerous in the perioperative period 
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n  Disruption and 
thrombosis of an unstable 
plaque 

n  Aggravated by active 
phase reaction 
n  Endogenous 

catecholamines 
n  Increased platelet 

adhesiveness 
n  Decreased fibrinolysis 
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•  Predictors: 
–  Major: Stopping antiplatelet agents 
–  Others: stenting of small vessels, multiple lesions, 

long stents, bifurcation lesions, suboptimal stent 
result, low ejection fraction, advanced age, renal 
failure, DM 

•  Long term dual antiplatelet therapy 

•  High mortality rates 
–  Abrupt interruption of a high-output vessel 
–  DES: inhibit collateral growth 
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  A recent study has shown that in patient 
with stable angina, optimal medical 
therapy is as effective as medical therapy 
complemented by PCI. 

 
 
 

Boden, N Engl J Med 2007 Slide 13 
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 A review on 424 patients with mostly BMSs 
suffered 82 adverse outcomes after non-cardiac 
surgery.  
 There were 6.6% cardiac death, 5.4% non-fatal 
MI, and 5.4% had evidence of myocardial 
damage. 

 
 Suggesting: stents does not conferred significant 
cardiac protection. 

Howard-Alpe, Br J Anesth 2007 Slide 14 
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Due to many factors : 
 
1- A possible lesser quality of or incomplete  

reperfusion . 
2- The release of inflammatory mediators which  

predispose to stent thrombosis. 
3- Untimely interruption of antiplatelet therapy 
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•  To prevent stent thrombosis, whether BMSs or 
DESs, a dual antiplatelet therapy aspirin and 
thienopyridine (clopidogrel) should be used 

•  The dual antiplatelet therapy is started prior to 
implantation of BMSs and continued for four to 
six weeks, low-dose aspirin is continued for life. 

•  Dual antiplateletes therapy for DESs is 
necessary for up to a year or even for life in high 
risk patients, also continue aspirin for life. 
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•  Until fairly recently the strategy was to stop the 
clopid and/or aspirin one week before any 
elective surgery in patients with stent. 

•  Whether fractionated or unfractionated heparin 
they have no antiplatelet activity, and adding 
them in the perioperative period  increase the 
potential for bleeding , with no protection against 
stent thrombosis  
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operative practice. Therefore, some
additional consideration may be war-
ranted before preoperative revascular-
ization is undertaken. In particular,
consideration should be given to the
urgency of the surgery and to the mode
of revascularization, including, when
applicable, the type of stent to be used.
Since the publication of these guide-
lines, the Coronary Artery Revascular-
ization Prophylaxis (CARP) trial, a
randomized trial of coronary revascu-
larization or not before vascular sur-
gery, showed no difference in out-
comes between groups.17 The study
excluded patients with left main stem
disease. The actual method of revascu-
larization was not randomized and was
!60% percutaneous coronary inter-
vention versus 40% CABG. A reanal-

ysis of this trial comparing percutane-
ous coronary intervention with CABG
suggested that percutaneous coronary
intervention offered no benefit but that
coronary artery bypass graft surgery
(CABG) might.18 More recently, the
Dutch Echocardiographic Cardiac
Risk Evaluation Applying Stress Echo
V (DECREASE-V) pilot study, a ran-
domized trial of coronary revascular-
ization or not in high-risk patients with
demonstrable ischemia, including
3-vessel disease and left main stem
disease, before major vascular surgery,
showed no benefit for the patients who
underwent preoperative revasculariza-
tion.19 Again, the method of revascu-
larization strategy was not randomized
and was 65% percutaneous coronary
intervention versus 35% CABG. Al-

though these data are limited, they
suggest that preoperative revascular-
ization in general is not beneficial.
They also suggest that if preoperative
revascularization is to be performed,
methods that do not involve stenting
such as balloon angioplasty or CABG
may be preferable.

The second situation, which is be-
coming increasingly common, occurs
when a patient with previous coronary
stenting requires noncardiac surgery.
In this situation, it is important to
know the indication for stenting, the
date of implantation, and the type(s) of
stent(s) used, as well as the patient’s
current OAA therapy and proposed
duration. An assessment of the risks of
the proposed surgery by the surgeon
and anesthetist and of the likelihood

Table 2. Assessing the Risk of Surgery and Possible Stent Thrombosis

Risk of Surgical Bleeding

Risk of Stent Thrombosis High Moderate Low

High Stop all OAAs Continue at least 1 OAA if possible Continue all OAAs

Consider short-acting IV antiplatelet
agents while off OAAs

Consider short-acting IV antiplatelet
agents while off OAAs

Proceed with surgery

Proceed with surgery Proceed with surgery ! ! !

Restart OAAs as soon as possible
after surgery

Restart OAAs as soon as possible
after surgery

! ! !

Moderate Stop all OAAs Continue 1 OAA if possible Continue all OAAs

Proceed with surgery Proceed with surgery Proceed with surgery

Restart OAAs as soon as possible
after surgery

Restart OAAs as soon as possible
after surgery

! ! !

Low Stop all OAAs Stop all OAAs Continue 1 OAA if possible

Proceed with surgery Proceed with surgery Proceed with surgery

Restart OAAs as soon as possible
after surgery

Restart OAAs as soon as possible
after surgery

Restart OAAs as soon as
possible after surgery

Table 1. Coronary Stent Thrombosis and Noncardiac Surgery

Authors Year Type Time Period Patients, n DES, % Time From PCI to Surgery Mortality Rate,* % (95% CI)

Kaluza et al8 2000 Retr, NR 1996–1998 40 0 "42 d 21.4 (10.2–35.0)

Wilson et al10 2003 Retr, NR 1990–2000 207 0 "60 d 3.4 (1.2–6.3)

Sharma et al11 2004 Retr, NR 1995–2000 47 0 "90 d 18.4 (8.6–30.4)

Reddy et al12 2005 Retr, NR 1999–2004 56 0 ! ! ! 8.6 (2.3–17.5)

Leibowitz et al13 2006 Retr, NR 1995–2002 94 0 "90 d 14.6 (8.1–22.4)

Vicenzi et al9 2006 Prosp, NR 2001–2004 103 ! ! ! "1 y 5.7 (1.8–11.1)

Compton et al14 2006 Retr, NR 2003–2006 38 100 ! ! ! 2.5 (0.0–7.9)

Schouten et al15 2007 Retr, NR 1999–2005 192 52 "2 y 3.1 (1.0–6.1)

PCI indicates percutaneous coronary intervention; Retr, retrospective; Prosp, prospective; and NR, nonrandomized.
*Mortality rates were calculated using the adjusted Wald interval.
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should be involved in the preoperative assessment phase for
patients with coronary stents. They propose a compromise in
situations where dual antiplatelet therapy cannot be discon-
tinued owing to a high perceived risk of stent thrombosis: to
continue aspirin, discontinuing clopidogrel 5 days preopera-
tively. Based on the platelet half-life of 10 days, this allows the
platelet pool to partially replenish before surgery.
Administration of a 600 mg loading dose postoperatively would
then rapidly re-establish maximal platelet inhibition. In situa-
tions where surgical bleeding would carry excessive risk of
complications (eg, neurosurgical or ophthalmic procedures), and
antiplatelet therapy must be discontinued, the task force
recommend that substitution of antiplatelet therapy with
either heparin, or a non-steroidal anti-inflammatory drug be
considered. The task force concede, however, that this
recommendation is purely empirical, with no supporting
evidence.

PERIOPERATIVE SUBSTITUTION OF ANTIPLATELET THERAPY
Replacement of standard oral antiplatelet therapy with a short-
acting agent to act as a bridge for the period between
discontinuation of clopidogrel and/or aspirin and surgery has
been suggested. Protocols involving the use of intravenous
unfractionated heparin, and short-acting platelet antagonism
with infusions of either eptifibatide31 or tirofiban32 have been
proposed. These agents may be discontinued several hours
before surgery, and restarted shortly afterwards, minimising the
time during which platelet aggregation and stent thrombosis
may occur. Although these protocols are attractive intuitively,
and their successful use has been reported in small case series,
there is currently no controlled evidence to support their use.

STENTS WITH PRO-HEALING SURFACES
Continuing development in stent technology may render
concerns about the long duration of antiplatelet therapy
necessary following DES implantation obsolete. A number of
different pro-healing surfaces are becoming available which may
allow much more rapid and complete endothelialisation of the

stented segment. The Genous-R stent consists of a standard
stainless steel stent, which is coated in a matrix containing
monoclonal antibodies targeted specifically at the CD34
receptor. This receptor is exclusive to the surface of endothelial
progenitor cells, which are preferentially captured onto the
stent surface. Once attached to the stent surface, the
endothelial progenitor cells mature into endothelial cells, rapidly
creating a smooth endothelial surface within the stented
segment without the risk of restenosis. These stents are already
in limited human use, and low event rates have been
demonstrated in small numbers of patients despite dual
antiplatelet therapy being administered for only 28 days.33 A
recent study reports on a series of 22 patients in whom
biological stents were used before life-saving and undeferable
major non-cardiac surgery. Despite a mean duration of
antiplatelet therapy of only 12.5 days, no perioperative cardiac
complications were reported.34 Aspirin was continued post-
operatively as the sole antiplatelet agent.
These pro-healing surfaces have yet to be combined with

anti-proliferative drug elution, and so at present should be
compared with BMS alternatives rather than with DES
platforms. Further evaluation of this new technology is
continuing, and studies in larger numbers of patients are
clearly necessary.

SUMMARY AND CONCLUSIONS
A series of decisions must be made in a patient with coronary
artery disease who requires future major non-cardiac surgery.
Initially, the cardiologist must decide whether it is necessary
that revascularisation takes place before surgery.
Multidisciplinary discussion between the cardiologist, cardiac
surgeon, surgeon performing the non-cardiac surgery, anaes-
thetist and other relevant parties should take place at this stage.
If revascularisation is warranted, the next step is to determine
the form of revascularisation—PCI or CABG? Should PCI be
performed preoperatively, then decision about stent type must
be based upon several factors, including characteristics of the
lesion to be treated, and the type and urgency of the surgery.

Figure 1 Antiplatelet therapy algorithm
for percutaneous coronary intervention
before elective non-cardiac surgery. BMS,
bare metal stents; CABG, coronary artery
bypass grafting; DES, drug-eluting stents;
PCI, percutaneous coronary intervention.

Review
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PCI using DES should ideally not be planned unless non-cardiac
surgery can be delayed for .1 year and aspirin continued
perioperatively. Similarly, BMS should only be used if surgery
can be delayed .6 weeks and aspirin continued perioperatively.
Figure 1 expresses these steps as an algorithm. The need for non-
cardiac surgery may become apparent only after PCI has been
performed. In this setting, non-cardiac surgery should be
avoided for 4–6 weeks for BMS unless immediately life-saving.
Surgery after this period is associated with a much lower risk
of stent thrombosis. Surgery within 3–6 months of DES
implantation also substantially increases the risk of cardiac
complications, both during and without antiplatelet therapy.
Non-urgent surgery should ideally be delayed for at least
12 months. Surgery which cannot be delayed should be
performed on dual antiplatelet therapy whenever possible
(fig 2). It appears that discontinuation of either agent carries
an increased perioperative risk early after stenting. Even beyond
12 months, reports of late stent thrombosis suggest that at least
one antiplatelet agent should be continued perioperatively
when possible. These risks of late surgery in patients with
DES must be assessed individually and a decision reached on a
multidisciplinary basis.
Finally, all healthcare professionals should be aware that

stopping aspirin and/or clopidogrel could be a life-threatening
decision, only to be taken in discussion with the cardiologist who
initiated these treatments. The use of patient ‘‘clopidogrel cards’’
and regular education for both patients and staff might help avoid
the occurrence of serious but predictable adverse events.

Competing interests: None.
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thrombosis, preferably in conjunction
with a cardiologist (ideally the cardi-
ologist who implanted the stent), then
needs to be undertaken. As an aid to
this assessment, we have adapted a
table from Albaladejo et al20 and in-
corporated the latest recommendations
(Table 2). This table and the accompa-
nying algorithm (the Figure) are based
on consensus opinion and therefore
may change as further data become
available.

When possible, surgery should be
delayed until the patient is outside the
recommended period of dual antiplate-
let therapy, as determined by the stent

and lesion characteristics. This would
mean that surgery should be delayed
until 6 weeks after implantation of a
bare-metal stent and 1 year after im-
plantation of a DES. In reality, the
recommendation for a 6-week delay
with a bare-metal stent is to ensure that
the patient completes a 4-week course
of dual antiplatelet therapy because the
patient will need 5 to 10 days (depend-
ing on the platelet half-life) for the
effect of the antiplatelet agents to wear
off before surgery.21 Patients in whom
noncardiac surgery is carried out
within these time periods are deemed
at high risk of stent thrombosis. Pa-
tients in whom noncardiac surgery is

performed outside these time periods
may still be at high risk of stent throm-
bosis, depending on factors related to
their coronary anatomy and their clin-
ical characteristics. Stent thrombosis is
more likely to occur in patients who
have had stenting of ostial lesions,
bifurcation lesions, lesions in small
vessels, multiple lesions, or long le-
sions. In addition, patients with diabe-
tes mellitus or renal impairment or
patients in whom the indication for
stenting was an acute myocardial in-
farction or an acute coronary syn-
drome are at higher risk of stent
thrombosis.

When assessing the bleeding risk for
an operative procedure, one needs to
consider not only the actual blood loss
associated with the procedure in terms
of anemia and need for transfusion but
also the consequences of the bleeding
in terms of its site. For instance, even
minor bleeding may be intolerable dur-
ing or after certain ophthalmologic and
intracranial surgery. Often, the deci-
sion to operate while antiplatelet
agents are continued will be a matter
of personal judgment. For many oper-
ative procedures, there is no evidence
and no recommendations to aid in this
decision.22 Dual OAA therapy usually
consists of aspirin and a thienopyridine
(most frequently clopidogrel). It is
generally accepted that there are more
perioperative bleeding problems with
thienopyridines than aspirin23; there-
fore, if 1 OAA is stopped, it is gener-
ally the thienopyridine.

When possible, OAAs should be con-
tinued throughout the perioperative pe-
riod, and if stopped, they should be
stopped for as short a period as possible
before surgery and restarted as soon as
possible after surgery. In addition, for
patients at high risk of stent thrombosis,
consideration should be given to substi-
tuting oral agents with a shorter-acting,
intravenous glycoprotein IIb/IIIa inhibi-
tor during the perioperative period.
However, the evidence for this use of
alternative antiplatelet agents is largely
anecdotal.24 In patients for whom non-
cardiac surgery is planned soon but pre-
operative revascularization is considered

Figure. Flow chart to determine the risk of stent thrombosis.
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when considering surgery associated with high blood
loss (e.g. major tissue detachment, aorta, prostate,
neurosurgery, ENT, posterior segment of the eye). Cur-
rently, there are no published data on the perioperative
risk of bleeding with clopidogrel, except for cardiac
surgery, and there are only few data for ticlopidine
(a thienopyridine with a risk of bleeding equivalent to
that of clopidogrel). Compared with aspirin, ticlopi-
dine has been reported to show an increased risk of
bleeding.12 13

8. If AP treatment cannot be maintained (major risk of
bleeding during surgery, or surgery that cannot be post-
poned), total withdrawal of combined treatment should
be considered on a case by case basis, as the patient is
exposed to a severe risk of thrombosis.6 If total with-
drawal is decided, the task force considered drug substi-
tution as a possibility but had no reasons for preferring
either a non-steroid anti-inflammatory (flurbiprofen:
50 mg · 2, withdrawn 24 h before surgery) or low-weight
heparin (s.c. dose of 85–100 iu aXa per kg for 12 h with
effective anticoagulant activity and not just a prevent-
ive dose). Heparin exposes the patient to a substantial
perioperative risk of bleeding.
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Table 1 In all cases, the intervention must be postponed at least 6 weeks after an acute coronary event, if at all possible. APA, antiplatelet agent; ASA, acetyl-
salicylic acid; aspirin, Aspirin!

Drug eluting coronary stent (DES) Haemorrhagic risk of the invasive or surgical procedure (to be evaluated with the physician or the surgeon)

Major Intermediate Minor

Risk of stent thrombosis
(to be evaluated with the cardiologist)

Major Postpone intervention 6 months to 1 yr
after stent positioning
If impossible: Stop aspirin-clopidogrel
5 days or stop aspirin-clopidogrel 10
days max and substitute

Postpone intervention
6 months to 1 yr after stent
positioning
If impossible:
Maintain aspirin stop
clopidogrel 5 days

Maintain aspirin
and clopidogrel

Moderate Stop aspirin-clopidogrel 5 days or stop
aspirin-clopidogrel 10 days max and
substitute

Maintain aspirin stop
clopidogrel 5 days

Maintain aspirin and
clopidogrel or maintain
aspirin stop clopidogrel
5 days

Haemorrhagic risk
Major: Intervention cannot proceed on APA
Moderate: Intervention can proceed on ASA alone
Minor: Intervention can proceed on ASA and clopidogrel

Risk of DES thrombosis
Major: In place less than 6 months to 1 yr or patient requiring ASA and clopidogrel or patient with risk factor
Moderate: In place more than 6 months to 1 yr
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•  Aspirin  
– For secondary prevention 

•  Lifelong, never be stopped before surgery 

– For primary prevention 
•  Safely withdrawn, no more than 7 days before  

surgery 

•  Clopidogrel 
– Stop in high surgical hemorrhagic risk 
– Stop in low CV risk 

Slide 25 
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•  Hemostatis: 50% normal function platelets 
•  On Clopidogrel 

–  New platelets may be inhibited by drug in the 
circulation 

–  Clopidogrel half life: 4hr 
•  On abciximab 

–  Platelet function returns in 48hrs 
•  On Tirofiban and eptifibatid 

–  Platelet function returns in 2hrs 
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•  Heparin 
– Efficient in unstable angina, NSTEMI 

•  NSAID 
–  Ibuprofen, indobufen 
– Reversible, completely recovered within 24 

hrs 
•  GP-IIb/IIIa inhibitor 

– Shortacting 

Slide 28 
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•  Treatment of CAD be restarted aspirin postop 
•  Routine monitor cardiac enzyme: silent ischemia 
•  ST elevation: PCI and coronary angiography 

–  Dilatation 
–  Stenting: problematic due to hypercoagulability and 

post-op acute systemic inflammatory syndrome 
•  Impossible to use thrombolysis, GP IIb/IIIa in the 

first 24-48 hrs 
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•  Risk of coronary thrombosis after antiplatelet 
drugs withdrawal>>Surgical bleeding if 
continued 

•  In secondary prevention, aspirin is a lifelong 
therapy and should never be stopped 

•  Clopidogrel: until the coronary stents are fully 
endothelialized 
–  3 mths for BMS 
–  1 yr for DES 

Slide 30 
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well as the expected time that anticoagulation will be 
interrupted. Estimating thromboembolic risk is com-
plicated, however, and reliable results are generally not 
achieved with simplistic calculations or formulas. Such 
calculations tend not to appropriately account for the 
hypercoagulable state induced by surgery itself, as the 
risk of VTE is estimated to be 100 times greater during 
the perioperative period than in the nonoperative set-
ting, owing to increased levels of plasminogen activator 
inhibitor-1. Moreover, multiple studies have demon-
strated increases in coagulation factors that suggest that 
a “rebound hypercoagulability” may occur shortly after 
discontinuation of oral anti coagulant therapy.5–8 

Net benefi t vs risk in trials of bridge therapy
Several prospective studies of bridge therapy have been 
conducted in more than 2,700 surgical patients with 
mechanical heart valves, atrial fi brillation, or prior 
VTE.9–14 Warfarin was discontinued in these patients 
and replaced with LMWH as bridge therapy. As shown 
in Table 3, the rate of thromboembolism at follow-up 
(2 weeks to 90 days) in these studies averaged approxi-
mately 1%, while the risk of major bleeding was approxi-
mately 3.5%.9–14 

In an analysis of data from observational studies, 
Kearon and Hirsh estimated the relative risk reduction 
for thromboembolism with bridge therapy to be 66% to 
80%, depending on the indication for anticoagulation.8 
Thus, if a patient’s risk of developing thromboembolism 
is 1.5%, bridge therapy reduces the risk to 0.5% or less. 

Weigh relative consequences of an event with the patient
Determining whether and how to initiate bridge therapy 
ultimately depends on the consequences of an event. 
Recurrent VTE is fatal in 5% to 10% of cases,15 and arte-
rial thromboembolism is fatal in 20% of cases and causes 
permanent disability in at least 50% of cases.16 While 9% 
to 13% of major bleeding events are fatal, bleeding rarely 
causes permanent disability.17 Thus, whereas a patient 
who bleeds can be resuscitated, a patient who develops 
a thrombo embolism may be permanently disabled. These 
considerations should be shared with the patient, and 
patient preference should factor into the management 
strategy. Though the risk of bleeding with anticoagulation 
may be much higher than the risk of stroke without it, 
many patients will be more concerned about stroke risk.

CHOICE OF AGENT FOR BRIDGE THERAPY��

LMWH appears to offer cost advantage over UFH
For cost reasons, managed care organizations often 
recommend LMWH, which can be administered sub-
cutaneously in outpatient settings, over IV UFH admin-
istered in the hospital. A retrospective analysis of medical 
costs from the 1990s in a managed care organization 
found that bridge therapy with LMWH prior to elective 
surgery cost an average of $13,114 less per patient (in 
total cost of care) than did bridge therapy with UFH.18 

LMWH safety issues in valve patients are a myth
Clinical outcomes were not statistically signifi cantly dif-
ferent for patients receiving LMWH or UFH in the above 
study.18 Nevertheless, there is a widely held notion that 
LMWH is not safe to use as bridge therapy for patients 
with mechanical heart valves. Recent prospective bridge 

FIGURE 1. Assessment tool for identifying patient-specifi c and 
surgical risk factors for patients on anticoagulation therapy who are 
undergoing elective surgery.

Patient risk factors Surgical risk factors

1.  Identify the indication for 
anticoagulation

– Mechanical heart valve
    – Valve type
    – Valve location
– Atrial fi brillation
– Prior thromboembolism

2.  Assess patient’s risk factors 
for thromboembolism

1. Type of surgery or procedure
2. Quantify risk of bleeding
3.  Quantify risk of thrombo-

embolism
4. Time off anticoagulation

1. Weigh consequences of thromboembolism and bleeding
2. Consider patient and provider preferences

Determine the need for bridging therapy

TABLE 2
Annual stroke risk in patients with atrial fi brillation, 
according to CHADS2 score

CHADS2 score* Adjusted stroke rate† (95% CI)

 0 1.9 (1.2–3.0)
 1 2.8 (2.0–3.8)
 2 4.0 (3.1–5.1)
 3 5.9 (4.6–7.3)
 4 8.5 (6.3–11.1)
 5 12.5 (8.2–17.5)
 6 18.2 (10.5–27.4)

*  Assessment of the following comorbidities: congestive heart failure, hyperten-
sion, age ≥ 75, and diabetes (1 point each), plus history of stroke or transient 
ischemic attack (2 points).

† Expected rate of stroke per 100 patient-years
Reproduced, with permission, from Snow et al.4
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with atrial fi brillation who are at high risk include those 
with a recent stroke or TIA, rheumatic valvular heart 
disease, or a CHADS2 score of 5 or 6. (The CHADS2 
scoring system assigns one point each for a history of 
congestive heart failure, hypertension, age greater than 
75 years, or diabetes, and two points for history of stroke 
or TIA.) Patients with a history of VTE within the prior 
3 months are also considered high risk.

Bridging anticoagulation (bridge therapy)—ie, the 
temporary use of intravenous unfractionated heparin 
(IV UFH) or low-molecular-weight heparin (LMWH) 
prior to surgery—is central to the ACCP’s recommen-
dations for perioperative management in patients on 
long-term anticoagulant therapy. Key ACCP recom-
mendations1 for these patients, according to their risk 
for thromboembolism (Table 1), are as follows:

High risk• —bridging anticoagulation with thera-
peutic-dose subcutaneous LMWH or IV UFH

Moderate risk• —bridging anticoagulation with 
therapeutic-dose subcutaneous LMWH, therapeutic-
dose IV UFH, or low-dose subcutaneous LMWH

Low risk• —bridging anticoagulation with low-
dose subcutaneous LMWH or no bridging.

��� ASSESSING RISKS: 
DETERMINING WHETHER TO BRIDGE 

Considerations in bridge therapy include balancing the 
risk of thromboembolism against the risk of bleeding, 
either of which can lead to catastrophic results.2 Though 
the objective of bridge therapy is to avoid bleeding com-

plications associated with invasive procedures, the bridge 
protocol itself can introduce additional serious compli-
cations. Figure 1 presents an algorithm for identifying 
patient and surgical risk factors for patients on antico-
agulation therapy who are undergoing elective surgery. 

Patient-specifi c risk factors
Patient risk factors include the indication for anti-
coagulation, as detailed above, as well as other indi-
vidual risks for thromboembolism, as discussed in the 
article by Michota on preventing VTE on page S45 of 
this supplement. 

If anticoagulation is indicated because the patient has 
a mechanical heart valve, the valve type and position 
must be considered because these factors affect thrombo-
embolic risk, as refl ected in Table 1. For instance, the 
risk of thromboembolism is greater when the valve is 
in the mitral position than in the aortic position, and is 
also greater with an older caged-ball valve than with a 
newer-generation bileafl et valve.3 

In patients receiving anticoagulation because of atrial 
fi brillation, annual stroke risk can be estimated using 
the validated CHADS2 scoring system, as presented 
in Table 2.4 Generally, patients with atrial fi brillation 
who have a CHADS2 score of 3 or higher should receive 
bridge therapy, while those with a CHADS2 score of 2 or 
lower probably should not.

Procedure-related risk factors
Surgical risks factors include the type of surgery and its 
associated risks of bleeding and thromboembolism, as 

TABLE 1
ACCP’s suggested risk stratifi cation for perioperative thromboembolism*

Risk category Mechanical heart valve Atrial fi brillation Venous thromboembolism

High 
(>10%/yr risk of ATE Any mechanical mitral valve CHADS2 score of 5 or 6 Recent (< 3 mo) VTE
or >10%/mo risk of VTE) Older aortic valve Recent (< 3 mo) stroke or TIA Severe thrombophilia
  Recent (< 6 mo) stroke or TIA Rheumatic valvular heart disease
Moderate 
(4%–10%/yr risk of ATE  Bileafl et aortic valve and CHADS2 score of 3 or 4 VTE within past 3–12 mo
or 4%–10%/mo risk of VTE) one of the following:   Recurrent VTE
  atrial fi brillation, prior stroke/TIA,  Nonsevere thrombophilic conditions
  hypertension, diabetes, heart failure,  Active cancer 
  age > 75 yr
Low 
(<4%/yr risk of ATE  Bileafl et aortic valve without CHADS2 score of 0–2 Single VTE within past 12 mo
or <2%/mo risk of VTE) atrial fi brillation and no other (and no prior stroke or TIA) and no other risk factors
  risk factors for stroke

* Reproduced, with permission of American College of Chest Physicians, from Chest (Douketis et al. The perioperative management of antithrombotic therapy. Chest 2008; 
133(suppl):299S–339S), copyright © 2008.

ACCP = American College of Chest Physicians; ATE = arterial thromboembolism; VTE = venous thromboembolism; TIA= transient ischemic attack
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•  High risk: bridging anticoagulation with thera- 
peutic-dose subcutaneous LMWH or IV UFH 

•  Moderate risk: bridging anticoagulation with 
therapeutic-dose subcutaneous LMWH, 
therapeutic - dose IV UFH, or low-dose 
subcutaneous LMWH 

•  Low risk: bridging anticoagulation with low - dose 
subcutaneous LMWH or no bridging. 
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•  Discontinue warfarin 5 days before surgery (ie, 
hold four doses) if the preoperative INR is 2 to 3, 
and 6 days before surgery (hold five doses) if 
the INR is 3 to 4.5. 

•  For bridge therapy, start LMWH (enoxaparin 1 
mg/kg or dalteparin 100 IU/kg subcutaneously 
every 12 hours) beginning 36 hours after the last 
dose of warfarin. 

•  Give the last dose of LMWH approximately 12 
hours prior to surgery. 
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•  For minor surgery, reinitiate LMWH at full dose 
approximately 12 hours after surgery. For major 
surgery and for patients at high risk of bleeding, 
consider using prophylactic doses on the first 
two postoperative days. 

•  Discuss the timing of anticoagulant reinitiation 
with the surgeon. 

•  Restart warfarin at preoperative dose 1 day after 
surgery. 
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•  Order daily prothrombin time/INR tests until the 
patient is discharged and periodically after 
discharge until the INR is within the therapeutic 
range. 

•  Order a complete blood cell count with platelets 
on days 3 and 7. 

•  Discontinue LMWH when the INR is between 2 
and 3 for 2 consecutive days. 
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•  Ophthalmic 
–  Cataract surgery  
–  Trabeculectomy 

•  Dental 
–  Restorations  
–  Uncomplicated extractions  
–  Endodontics  
–  Prosthetics  
–  Periodontal therapy Dental hygiene 
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•  Dermatologic 
–  Mohs’ surgery  
–  Simple excisions 

•  Gastrointestinal 
–  Diagnostic esophagogastroduodenoscopy 
–  Colonoscopy without biopsy 
–  Diagnostic endoscopic retrograde 

cholangiopancreatography  
–  Biliary stent without sphincterotomy  
–  Endoscopic ultrasonography without biopsy  
–  Push enteroscopy 
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