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This article discusses the perioperative management of antithrombotic therapy and is part of the American
College of Chest Physicians Evidence-Based Clinical Practice Guidelines (8th Edition). The primary objectives of
this article are the following: (1) to address the perioperative management of patients who are receiving vitamin
K antagonists (VKAs) or antiplatelet drugs, such as aspirin and clopidogrel, and require an elective surgical or
other invasive procedures; and (2) to address the perioperative use of bridging anticoagulation, typically with
low-molecular-weight heparin (LMWH) or unfractionated heparin (UFH). A secondary objective is to address the
perioperative management of such patients who require urgent surgery. The recommendations in this article
incorporate the grading system that is discussed in this supplement (Guyatt G et al, CHEST 2008; 133:123S–131S).
Briefly, Grade 1 recommendations are considered strong and indicate that the benefits do (or do not) outweigh
risks, burden, and costs, whereas Grade 2 recommendations are referred to as suggestions and imply that
individual patient values may lead to different management choices.
The key recommendations in this article include the following: in patients with a mechanical heart valve or atrial
fibrillation or venous thromboembolism (VTE) at high risk for thromboembolism, we recommend bridging
anticoagulation with therapeutic-dose subcutaneous (SC) LMWH or IV UFH over no bridging during temporary
interruption of VKA therapy (Grade 1C); in patients with a mechanical heart valve or atrial fibrillation or VTE at
moderate risk for thromboembolism, we suggest bridging anticoagulation with therapeutic-dose SC LMWH,
therapeutic-dose IV UFH, or low-dose SC LMWH over no bridging during temporary interruption of VKA
therapy (Grade 2C); in patients with a mechanical heart valve or atrial fibrillation or VTE at low risk for
thromboembolism, we suggest low-dose SC LMWH or no bridging over bridging with therapeutic-dose SC
LMWH or IV UFH (Grade 2C).
In patients with a bare metal coronary stent who require surgery within 6 weeks of stent placement, we
recommend continuing aspirin and clopidogrel in the perioperative period (Grade 1C); in patients with a
drug-eluting coronary stent who require surgery within 12 months of stent placement, we recommend continuing
aspirin and clopidogrel in the perioperative period (Grade 1C).
In patients who are undergoing minor dental procedures and are receiving VKAs, we recommend continuing
VKAs around the time of the procedure and coadministering an oral prohemostatic agent (Grade 1B); in patients
who are undergoing minor dermatologic procedures and are receiving VKAs, we recommend continuing VKAs
around the time of the procedure (Grade 1C); in patients who are undergoing cataract removal and are receiving
VKAs, we recommend continuing VKAs around the time of the procedure (Grade 1C).

(CHEST 2008; 133:299–339S)
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Summary of Recommendations

2.0 Perioperative Management of Patients Who Are
Receiving VKAs

2.1. In patients who require temporary inter-
ruption of a VKA before surgery or a procedure
and require normalization of the INR for the
surgery or procedure, we recommend stopping
VKAs approximately 5 days before surgery over
stopping VKAs within a shorter time interval
before surgery to allow adequate time for the
INR to normalize (Grade 1B).
2.2. In patients who have had temporary inter-
ruption of a VKA before surgery or a proce-
dure, we recommend resuming VKAs approxi-
mately 12 to 24 h (the evening of or the next
morning) after surgery and when there is ade-
quate hemostasis over resumption of VKAs
closer to surgery (Grade 1C).
2.3. In patients who require temporary inter-
ruption of a VKA before surgery or a procedure
and whose INR is still elevated (ie, > 1.5) 1 to 2
days before surgery, we suggest administering
low-dose (ie, 1 to 2 mg) oral vitamin K to
normalize the INR instead of not administering
vitamin K (Grade 2C).
2.4. In patients with a mechanical heart valve or
atrial fibrillation or VTE at high risk for throm-
boembolism, we recommend bridging anticoag-
ulation with therapeutic-dose SC LMWH or IV
UFH over no bridging during temporary inter-
ruption of VKA therapy (Grade 1C); we suggest
therapeutic-dose SC LMWH over IV UFH
(Grade 2C). In patients with a mechanical heart
valve or atrial fibrillation or VTE at moderate
risk for thromboembolism, we suggest bridging
anticoagulation with therapeutic-dose SC LMWH,
therapeutic-dose IV UFH, or low-dose SC
LMWH over no bridging during temporary
interruption of VKA therapy (Grade 2C); we
suggest therapeutic-dose SC LMWH over other

management options (Grade 2C). In patients
with a mechanical heart valve or atrial fibrilla-
tion or VTE at low risk for thromboembolism,
we suggest low-dose SC LMWH or no bridging
over bridging with therapeutic-dose SC LMWH
or IV UFH (Grade 2C).
Values and preferences: In patients at high or
moderate risk for thromboembolism, the recom-
mendations reflect a relatively high value on pre-
venting thromboembolism and a relatively low
value is on preventing bleeding; in patients at low
risk for thromboembolism, the recommendations
reflect a relatively high value on preventing bleed-
ing and a relatively low value on preventing throm-
boembolism.

3.0 Perioperative Management of Patients Who Are
Receiving Bridging Anticoagulation

3.1. In patients who require temporary inter-
ruption of VKAs and are to receive bridging
anticoagulation, from a cost-containment per-
spective we recommend the use of SC LMWH
administered in an outpatient setting where
feasible instead of inpatient administration of
IV UFH (Grade 1C).
Values and preferences: This recommendation re-
flects a consideration not only of the trade-off be-
tween the advantages and disadvantages of SC
LMWH and IV UFH as reflected in their effects on
clinical outcomes (LMWH at least as good, possibly
better), but also the implications in terms of resource
use (costs) in a representative group of countries
(substantially less resource use with LMWH).
3.2. In patients who are receiving bridging
anticoagulation with therapeutic-dose SC
LMWH, we recommend administering the last
dose of LMWH 24 h before surgery or a proce-
dure over administering LMWH closer to sur-
gery (Grade 1C); for the last preoperative dose
of LMWH, we recommend administering ap-
proximately half the total daily dose instead of
100% of the total daily dose (Grade 1C). In
patients who are receiving bridging anticoagu-
lation with therapeutic-dose IV UFH, we rec-
ommend stopping UFH approximately 4 h be-
fore surgery over stopping UFH closer to
surgery (Grade 1C).
3.3. In patients undergoing a minor surgical
or other invasive procedure and who are
receiving bridging anticoagulation with ther-
apeutic-dose LMWH, we recommend resum-
ing this regimen approximately 24 h after (eg,
the day after) the procedure when there is
adequate hemostasis over a shorter (eg, < 12
h) time interval (Grade 1C). In patients under-
going major surgery or a high bleeding risk
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surgery/procedure and for whom postopera-
tive therapeutic-dose LMWH/UFH is planned, we
recommend either delaying the initiation of
therapeutic-dose LMWH/UFH for 48 to 72 h after
surgery when hemostasis is secured, administer-
ing low-dose LMWH/UFH after surgery when
hemostasis is secured, or completely avoiding
LMWH or UFH after surgery over the adminis-
tration of therapeutic-dose LMWH/UFH in close
proximity to surgery (Grade 1C). We recommend
considering the anticipated bleeding risk and ad-
equacy of postoperative hemostasis in individual
patients to determine the timing of LMWH or
UFH resumption after surgery instead of resum-
ing LMWH or UFH at a fixed time after surgery
in all patients (Grade 1C).
3.4. In patients who are receiving bridging anti-
coagulation with LMWH, we suggest against the
routine use of anti-factor Xa levels to monitor the
anticoagulant effect of LMWHs (Grade 2C).

4.0 Perioperative Management of Patients Who Are
Receiving Antiplatelet Therapy

4.2. In patients who require temporary inter-
ruption of aspirin- or clopidogrel-containing
drugs before surgery or a procedure, we sug-
gest stopping this treatment 7 to 10 days before
the procedure over stopping this treatment
closer to surgery (Grade 2C).
4.3. In patients who have had temporary inter-
ruption of aspirin therapy because of surgery or
a procedure, we suggest resuming aspirin ap-
proximately 24 h (or the next morning) after
surgery when there is adequate hemostasis in-
stead of resuming aspirin closer to surgery
(Grade 2C). In patients who have had temporary
interruption of clopidogrel because of surgery
or a procedure, we suggest resuming clopi-
dogrel approximately 24 h (or the next morn-
ing) after surgery when there is adequate he-
mostasis instead of resuming clopidogrel closer
to surgery (Grade 2C).
4.4. In patients who are receiving antiplatelet
drugs, we suggest against the routine use of
platelet function assays to monitor the antithrom-
botic effect of aspirin or clopidogrel (Grade 2C).
4.5. For patients who are not at high risk for
cardiac events, we recommend interruption of
antiplatelet drugs (Grade 1C). For patients at
high risk of cardiac events (exclusive of coro-
nary stents) scheduled for noncardiac surgery,
we suggest continuing aspirin up to and beyond
the time of surgery (Grade 2C); if patients are
receiving clopidogrel, we suggest interrupting
clopidogrel at least 5 days and, preferably,
within 10 days prior to surgery (Grade 2C). In

patients scheduled for CABG, we recommend
continuing aspirin up to and beyond the time of
CABG (Grade 1C); if aspirin is interrupted, we
recommend it be reinitiated between 6 h and
48 h after CABG (Grade 1C). In patients sched-
uled for CABG, we recommend interrupting
clopidogrel at least 5 days and, preferably, 10
days prior to surgery (Grade 1C). In patients
scheduled for PCI, we suggest continuing aspi-
rin up to and beyond the time of the procedure;
if clopidogrel is interrupted prior to PCI, we
suggest resuming clopidogrel after PCI with a
loading dose of 300 to 600 mg (Grade 2C).
4.6. In patients with a bare metal coronary stent
who require surgery within 6 weeks of stent
placement, we recommend continuing aspirin
and clopidogrel in the perioperative period
(Grade 1C). In patients with a drug-eluting coro-
nary stent who require surgery within 12 months
of stent placement, we recommend continuing
aspirin and clopidogrel in the perioperative pe-
riod (Grade 1C). In patients with a coronary stent
who have interruption of antiplatelet therapy be-
fore surgery, we suggest against the routine use of
bridging therapy with UFH, LMWH, direct
thrombin inhibitors, or glycoprotein IIb/IIIa in-
hibitors (Grade 2C).
Values and preferences: These recommendations re-
flect a relatively high value placed on preventing stent-
related coronary thrombosis, a consideration of com-
plexity and costs of administering bridging therapy in
the absence of efficacy and safety data in this clinical
setting, and a relatively low value on avoiding the
unknown but potentially large increase in bleeding risk
associated with the concomitant administration of aspi-
rin and clopidogrel during surgery.

5.0 Perioperative Management of Antithrombotic
Therapy in Patients Who Require Dental, Dermato-
logic, or Ophthalmologic Procedures

5.1. In patients who are undergoing minor
dental procedures and are receiving VKAs, we
recommend continuing VKAs around the time
of the procedure and coadministering an oral
prohemostatic agent (Grade 1B). In patients
who are undergoing minor dental procedures and
are receiving aspirin, we recommend continuing
aspirin around the time of the procedure (Grade
1C). In patients who are undergoing minor dental
procedures and are receiving clopidogrel, please
refer to the recommendations outlined in Section
4.5 and Section 4.6.
5.2. In patients who are undergoing minor der-
matologic procedures and are receiving VKAs, we
recommend continuing VKAs around the time of
the procedure (Grade 1C). In patients who are
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undergoing minor dermatologic procedures and
are receiving aspirin, we recommend continuing
aspirin around the time of the procedure (Grade
1C). In patients who are undergoing minor der-
matologic procedures and are receiving clopi-
dogrel, please refer to the recommendations out-
lined in Section 4.5 and Section 4.6.
5.3. In patients who are undergoing cataract re-
moval and are receiving VKAs, we recommend
continuing VKAs around the time of the proce-
dure (Grade 1C). In patients who are undergoing
cataract removal and are receiving aspirin, we
recommend continuing aspirin around the time
of the procedure (Grade 1C). In patients who are
undergoing cataract removal and are receiving
clopidogrel, please refer to the recommendations
outlined in Section 4.5 and Section 4.6.

6.0 Perioperative Management of Antithrombotic
Therapy Patients Who Require Urgent Surgical or
Other Invasive Procedures

6.1. In patients who are receiving VKAs and
require reversal of the anticoagulant effect for an
urgent surgical or other invasive procedure, we
recommend treatment with low-dose (2.5 to 5.0
mg) IV or oral vitamin K (Grade 1C). For more
immediate reversal of the anticoagulant effect,
we suggest treatment with fresh-frozen plasma or
another prothrombin concentrate in addition to
low-dose IV or oral vitamin K (Grade 2C).
6.2. For patients receiving aspirin, clopi-
dogrel, or both, are undergoing surgery, and
have excessive or life-threatening periopera-
tive bleeding, we suggest transfusion of plate-
lets or administration of other prohemostatic
agents (Grade 2C).

T he perioperative management of patients who
require temporary interruption of vitamin K

antagonists (VKAs) or antiplatelet drugs because of a
surgical or other noninvasive procedure is a common
and challenging clinical problem.1 Approximately
250,000 such patients are being assessed annually in
North America alone, which is based on an estimate
of the prevalence of patients who are receiving
long-term treatment with a VKA, principally due to
atrial fibrillation or a mechanical heart valve (�2.5
million),2,3 and an estimate of the annual proportion
of patients who are receiving a VKA and require
surgery or an invasive procedure (�10%).4 The
management of these patients is challenging because
the risk of a thromboemblic event during interrup-
tion of VKA or antiplatelet therapy needs to be
balanced against the risk for bleeding when anti-
thrombotic therapy is administered in close proxim-

ity to surgery or an invasive procedure. In assessing
patients who are receiving antithrombotic therapy
and are undergoing a surgical or other procedure,
two principal issues should be addressed:

Is interruption of antithrombotic therapy in the
perioperative period needed? In patients who are
undergoing a major surgical or invasive procedure,
interruption of antithrombotic therapy is typically
required to minimize the risk for perioperative
bleeding. Continuation of VKA or aspirin therapy in
the perioperative period confers an increased risk for
bleeding.5–9 On the other hand, in patients who are
undergoing minor surgical or invasive procedures,
such as dental, skin, or eye procedures, interruption
of antithrombotic therapy may not be required.

If antithrombotic therapy is interrupted, is bridg-
ing anticoagulation needed? In the context of peri-
operative anticoagulation, bridging anticoagulation
may be defined as the administration of a short-
acting anticoagulant, such as subcutaneous (SC)
low-molecular-weight heparin (LMWH) or IV un-
fractionated heparin (UFH), administered typically
as a therapeutic-dose regimen for approximately 8 to
10 days during interruption of VKA therapy when
the international normalized ratio (INR) is not
within a therapeutic range. In patients who are re-
ceiving antiplatelet drugs alone, bridging anticoagula-
tion with LMWH or UFH is, typically, not adminis-
tered. In general, the need for bridging anticoagulation
is determined by patient risk for thromboembolism
during interruption of antithrombotic therapy. The
therapeutic aim of bridging anticoagulation is to
minimize the time patients are not receiving antico-
agulant therapy, thereby minimizing the risk for
thromboembolism, and to do this in a manner that
minimizes patients’ risk for perioperative bleeding.

The objective of this article is to provide treatment
recommendations for patients who are receiving a
VKA or antiplatelet drug and may require temporary
interruption of treatment because of a surgical or
other invasive procedure. Following a discussion of
general management principles (Section 1), this
review addresses the following patient groups as-
sessed in clinical practice: patients who are receiving
VKAs (Section 2); patients who are receiving bridg-
ing anticoagulation after interruption of VKAs (Sec-
tion 3); patients who are receiving antiplatelet drugs
(Section 4); patients who are receiving VKAs or
antiplatelet drugs and are undergoing minor surgical
or invasive procedures (Section 5); and patients who
require urgent interruption of antithrombotic ther-
apy (Section 6). The summary recommendations
follow the format in Table 1, which frames the
questions this article addresses.

At this juncture, some qualifying and explanatory
remarks are warranted. First, research in periopera-
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Table 1—Perioperative Antithrombotic Therapy: Question Definition and Eligibility Criteria

Section Population
Intervention or

Exposure/Comparison* Outcomes
Available

Methodology
Exclusion
Criteria

2.0 Perioperative management of patients who are receiving VKAs
2.1 Any patient receiving VKA and

having elective surgery
Timing of interruption of VKA before

surgery
Hemostasis at time of

surgery (INR)
Observational

studies
None

2.2 Timing of resumption of VKA or
LMWH after surgery

Hemostasis at time of
surgery (bleed time)

Observational
studies

None

2.3 INR testing to monitor anticoagulant
effect of VKAs before and after
surgery vs no testing

Hemostasis at time of
surgery (APTT,
anti-factor Xa)

Observational
studies

None

2.4.1 Patients with a mechanical heart
valve having elective surgery

Temporary interruption of VKA and
bridging anticoagulation with
LMWH/UFH vs no bridging

Stroke, other systemic
embolism, major
hemorrhage

Observational
studies

Not receiving
VKA

2.4.2 Patients with chronic atrial
fibrillation having elective
surgery

Temporary interruption of VKA and
bridging anticoagulation with
LMWH/UFH vs no bridging

Stroke, other systemic
embolism, major
hemorrhage

Observational
studies

Not receiving
VKA

2.4.3 Patients with VTE having
elective surgery

Temporary interruption of VKA and
bridging anticoagulation with
LMWH/UFH vs no bridging

Stroke, other systemic
embolism, major
hemorrhage

Observational
studies

Not receiving
VKA

3.0 Perioperative management of patients who are receiving bridging anticoagulation
3.1 Costs of bridging anticoagulation Outpatient SC LMWH vs inpatient

IV UFH
Health-care system

costs
Observational

studies
None

3.2 Any patient receiving UFH or
LMWH as bridging
anticoagulation and having
elective surgery

Timing of interruption of LMWH or
UFH before surgery

Major postoperative
bleeding

Observational
studies

None

3.3 Timing of resumption of LMWH or
UFH after surgery

Major postoperative
bleeding

Observational
studies

None

3.4 APTT, and anti-factor Xa testing to
monitor anticoagulant effect of
LMWH and UFH before and after
surgery

Major postoperative
bleeding

Observational
studies

None

4.0 Perioperative management of patients who are receiving antiplatelet therapy
4.2 Any patient receiving an

antiplatelet drug and having
elective surgery

Timing of interruption of antiplatelet
drugs before surgery

INR before and after
surgery

Observational
studies

None

4.3 Timing of resumption of antiplatelet
drugs after surgery

Platelet function assay
testing before and
after surgery

Observational
studies

None

4.4 Platelet function assay testing to
monitor antiplatelet effect of
antiplatelet drugs before and after
surgery vs no testing

APTT and anti-factor
Xa before and after
surgery

Observational
studies

None

4.5 Any patient receiving antiplatelet
drug and having noncardiac
surgery, cardiac surgery, or
PCI

Temporary interruption vs
continuation of antiplatelet drugs

Myocardial ischemia,
major hemorrhage

Randomized
controlled trials,
observational
studies

Receiving
VKA

4.6 Any patient with a coronary stent
receiving antiplatelet drug and
having noncardiac surgery,
cardiac surgery, or PCI

Temporary interruption vs
continuation of antiplatelet drugs

Myocardial ischemia,
major hemorrhage

Randomized
controlled trials,
observational
studies

Receiving
VKA

5.0 Perioperative management of antithrombotic therapy in patients who require minor procedures
5.1 Any patient receiving VKA or

antiplatelet drug and having a
minor dental procedure

Temporary interruption vs
continuation of VKA or antiplatelet
therapy

Arterial or VTE, major
hemorrhage

Randomized
controlled trials,
observational
studies

None

5.2 Any patient receiving VKA or
antiplatelet drug and having a
minor skin procedure

Temporary interruption vs
continuation of VKA or antiplatelet
therapy

Arterial or VTE, major
hemorrhage

Randomized
controlled trials,
observational
studies

None

5.3 Any patient receiving VKA or
antiplatelet drug and having a
minor eye procedure

Temporary interruption vs
continuation of VKA or antiplatelet
therapy

Arterial or VTE, major
hemorrhage

Randomized
controlled trials,
observational
studies

None
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tive antithrombotic therapy is an emerging field,
with a relative paucity of randomized trials and a
preponderance of observational studies assessing
perioperative management strategies. Consequently,
comparisons of certain management strategies (eg,
bridging vs no bridging) are lacking whereas com-
parisons of other strategies (eg, continuation vs
interruption of VKAs for minor procedures) are
better developed. Second, as many of the pertinent
observational studies are based on small patient
samples, they may be underpowered to determine if
a management approach is efficacious (ie, associated
with a low risk for thromboembolism) or safe (ie,
associated with a low risk for bleeding). Such studies
should, therefore, be interpreted with caution both
because of the observational study design and the
small sample size. Third, it should be acknowledged
that there is no standardized definition of “bridging
anticoagulation.” Although it may be defined as the
administration of a therapeutic-dose regimen of SC
LMWH or IV UFH during interruption of a VKA,
bridging anticoagulation may also include a regimen of
low-dose SC LMWH. Ultimately, the perioperative
anticoagulant regimen used will depend, to a large
extent, on patient clinical characteristics and the type of
surgery or procedure they are undergoing.

1.0 Perioperative Management of
Antithrombotic Therapy: General

Principles

1.1 Assessment of Thromboembolic Risk After
Interruption of Antithrombotic Therapy

Interruption of antithrombotic therapy exposes
patients to an increased risk for thromboembolic
events, such as stroke or mechanical valve thrombo-
sis, with the risk varying depending on the indication
for antithrombotic therapy and the presence of

comorbid conditions.10 These events can have dev-
astating clinical consequences: embolic stroke, which
can result in major disability or death in 70% of
patients11,12; thrombosis of a mechanical heart valve,
which is fatal in 15% of patients13; and perioperative
myocardial ischemia, which is associated with a two-
fold- to fourfold-increased risk for death.14,15 Similarly,
interruption of antiplatelet drugs in patients with a
sirolimus or paclitaxel drug-eluting coronary stent, es-
pecially within 6 months of stent placement, signifi-
cantly increases the risk for intracoronary stent throm-
bosis and myocardial infarction.16,17

Stratifying patients according to their risk for
perioperative thromboembolism is based on patients’
clinical indication for antithrombotic therapy and the
presence of comorbidities. Although there is no
validated risk stratification of such patients, the
approach we have used in these guidelines is to
separate patients into a high-risk, moderate-risk, or
low-risk group according to their indication for anti-
thrombotic therapy (Table 2).

1.2 Assessment of Bleeding Risk Associated With
Surgery or Other Invasive Procedures

The administration of antithrombotic therapy in
the perioperative period should be done in a way that
considers the risk for bleeding associated with the
surgery or procedure. Although bleeding is a treat-
able perioperative complication, there is emerging
evidence that the clinical impact of bleeding is
considerable and, perhaps, greater than previously
appreciated.18–20 Furthermore, postoperative bleed-
ing delays the resumption of antithrombotic therapy,
with the potential to further expose patients to an
increased risk for thromboembolism.21,22

Stratifying patients according to their risk for
perioperative bleeding can be based on the risk for
bleeding associated with the surgery or procedure

Table 1—Continued

Section Population Intervention or Exposure/Comparison Outcomes
Available

Methodology
Exclusion
Criteria

6.0 Perioperative management of antithrombotic therapy patients who require urgent surgical or other invasive procedures
6.1 Any patient receiving VKA and

having urgent surgery
Vitamin K via different routes (IV vs

oral/SC) to reverse anticoagulant
effect of VKAs; blood products
(FFP, PC) to reverse anticoagulant
effect of VKAs vs no blood
products

(1) Hemostasis at time
of surgery (INR)

Randomized
controlled trials,
observational
studies

None

(2) Major bleeding
and surrogate

6.2 Any patient receiving an
antiplatelet drug and having
urgent surgery

DDAVP/prohemostatic drugs and
platelet transfusion to reverse
antiplatelet effect of antiplatelet
drugs vs no DDAVP/prohemostatic
drugs and platelet transfusions

Myocardial ischemia,
major hemorrhage

Observational
studies

None

*FFP � fresh frozen plasma; PC � prothrombin concentrate.
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and should be coupled with an assessment of post-
operative hemostasis.21–24 Although there is no vali-
dated method that quantifies perioperative bleeding
risk, special attention is warranted for certain surgi-
cal or other invasive procedures associated with a
high risk for bleeding. In such patients, postoperative
antithrombotic therapy should be administered with
caution, especially therapeutic-dose LMWH or UFH
when used as bridging anticoagulation. Surgical and
other invasive procedures associated with a high bleed-
ing risk include: coronary artery bypass or heart valve
replacement surgery25,26; intracranial or spinal sur-
gery27; aortic aneurysm repair, peripheral artery bypass,
and other major vascular surgery; major orthopedic
surgery, such as hip or knee replacement28; reconstruc-
tive plastic surgery29; major cancer surgery; and pros-
tate and bladder surgery.30,31

In addition, clinicians should note procedures that,
on the surface, may appear to be associated with a
low risk for bleeding but in which perioperative
anticoagulation should be undertaken with caution.
Such procedures include: resection of colonic polyps,
especially sessile polyps � 2 cm in diameter, in
which bleeding may occur at the transected stalk32;
biopsy of the prostate or kidney, in which the
presence of highly vascular tissue and endogenous
urokinase may promote post-biopsy bleeding33; and
cardiac pacemaker or defibrillator implantation, in
which separation of the infraclavicular fascial layers
and lack of cautery or suturing of unopposed tissues
within the pacemaker or defibrillator pocket may
predispose to pocket hematoma development.34

1.3 Balancing Thromboembolic Risk and Bleeding
Risk

Inherent in perioperative antithrombotic manage-
ment is the need for individualized patient manage-
ment that balances individual risk for thromboem-
bolism and bleeding. In patients classified as “high
risk for stroke or thromboembolism,” the need to
prevent a thromboembolic event such as embolic
stroke or intracoronary stent thrombosis will domi-
nate perioperative antithrombotic management, ir-
respective of bleeding risk. In such patients, the
potential clinical consequences of such events, which
may be fatal or may cause permanent disability, will,
in most patients, outweigh the potential clinical
consequences of bleeding and will justify the need
for bridging anticoagulation or perioperative contin-
uation of antithrombotic therapy. This approach, if
adopted, should nonetheless consider judicious use
of postoperative bridging anticoagulation (ie, as out-
lined in Section 3.0) and optimizing intraoperative
hemostasis (ie, cautery and other local measures),
with the intent of simultaneously minimizing the
potential for major surgical bleeding that would
have the undesired effect of delaying the resump-
tion of or necessitating interruption of antithrom-
botic therapy.

In patients classified as “moderate risk for throm-
boembolism,” a single perioperative antithrombotic
strategy will not be dominant and management will
depend more on an individual patient risk assess-
ment. Thus, in patients at moderate risk for thrombo-

Table 2—Suggested Patient Risk Stratification for Perioperative Arterial or Venous Thromboembolism

Risk Stratum

Indication for VKA Therapy

Mechanical Heart Valve Atrial Fibrillation VTE

High Any mitral valve prosthesis CHADS2 score of 5 or 6 Recent (within 3 mo) VTE
Older (caged-ball or tilting disc)

aortic valve prosthesis
Recent (within 3 mo) stroke or

transient ischemic attack,
Severe thrombophilia (eg, deficiency

of protein C, protein S or
antithrombin, antiphospholipid
antibodies, or multiple
abnormalities)

Recent (within 6 mo) stroke or
transient ischemic attack

Rheumatic valvular heart
disease

Moderate Bileaflet aortic valve prosthesis and
one of the following: atrial
fibrillation, prior stroke or
transient ischemic attack,
hypertension, diabetes,
congestive heart failure, age
� 75 yr

CHADS2 score of 3 or 4 VTE within the past 3 to 12 mo
Nonsevere thrombophilic conditions

(eg, heterozygous factor V Leiden
mutation, heterozygous factor II
mutation)

Recurrent VTE
Active cancer (treated within 6 mo

or palliative)

Low Bileaflet aortic valve prosthesis
without atrial fibrillation and no
other risk factors for stroke

CHADS2 score of 0 to 2 (and
no prior stroke or transient
ischemic attack)

Single VTE occurred � 12 mo ago
and no other risk factors

*CHADS2 � Congestive heart failure-Hypertension-Age-Diabetes-Stroke.
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embolism, the need to prevent thromboembolism will
have less dominance than in “high-risk” patients and
bridging anticoagulation may incorporate a modified,
less aggressive, approach postoperatively in patients
undergoing surgery or a procedure associated with a
high bleeding risk. In patients classified as “low risk for
thromboembolism,” the need to prevent thromboem-
bolism will have even less dominance and clinicians
may avoid bridging anticoagulation altogether; if given,
bridging should be curtailed postoperatively in such
patients with a high bleeding risk.

1.4 Perioperative Antithrombotic Management:
Practical Considerations

In managing antithrombotic therapy before and
after surgery or a procedure, clinicians should note
the following practical management considerations:

• For patients undergoing a major surgical or inva-
sive procedure, if the intent is to eliminate any
effect of antithrombotic therapy, it should be
stopped at a time before the procedure (eg, approx-
imately 5 days in patients receiving a VKA and 7 to
10 days in patients receiving an antiplatelet drug)
that leaves minimal or no residual antithrombotic
effect at time of the procedure; doing so will mini-
mize the risk for intraprocedural bleeding.

• The administration of a rapidly acting anticoagu-
lant, such as LMWH or UFH, after surgery or
another invasive procedure increases the risk for
bleeding. This risk is dependent on the dose of
anticoagulant (eg, therapeutic-dose more than
low-dose) and the proximity to surgery that it is
administered (higher bleeding risk when adminis-
tered closer to surgery). Delaying resumption of a
therapeutic-dose LMWH or UFH regimen (for 48
to 72 h after surgery), decreasing the dose of
LMWH or UFH (to a low-dose regimen), or
avoiding its use altogether in the postoperative
period can mitigate the risk for bleeding.

• For perioperative anticoagulant dosing, although
there is evidence that low-dose (prophylactic-
dose) LMWH or UFH (eg, dalteparin 5,000 IU qd
or UFH 5,000 IU bid) is effective in preventing
venous thromboembolism (VTE), evidence is lack-
ing that such low-dose treatment is effective in
preventing arterial thromboembolism.

• In resuming antithrombotic therapy after a surgi-
cal or invasive procedure, it takes 2 to 3 days for an
anticoagulant effect to begin after the start of
warfarin,35 it takes 3 to 5 h for a peak anticoagulant
effect to be reached after the start of LMWH,36

whereas it takes minutes for an antiplatelet effect
to begin after the start of aspirin37 and 3 to 7 days

for peak inhibition of platelet aggregation to be
reached after the start of a (75 mg) maintenance
dose of clopidogrel.38

• The majority of surgical or other invasive pro-
cedures are being done without hospitalization
or with a short hospital stay; consequently,
potential thromboembolic- or bleeding-related
complications are likely to occur while the pa-
tient is at home, especially during the initial 2
weeks after a procedure.21,22,39,40 Close follow-up of
patients during the early period after a procedure is,
therefore, warranted to allow early detection and
expedited treatment of potential complications.

2.0 Perioperative Management of Patients
Who Are Receiving VKAs

Long-term VKA therapy is widely used for the
primary and secondary prevention of arterial thrombo-
embolism and VTE for a wide spectrum of clinical
indications that include atrial fibrillation, mechanical
heart valve placement, VTE, coronary and peripheral
artery disease, dilated cardiomyopathy, and primary
pulmonary hypertension. In Section 2.0, we will focus
on the perioperative anticoagulant management of
patients with the most common clinical indications for
long-term VKA therapy: mechanical heart valve,
chronic atrial fibrillation, and VTE.

2.1 Interruption of VKAs Before Surgery

In patients undergoing major surgery, interruption
of VKAs is generally required to minimize the risk
for perioperative bleeding,5–7 whereas in patients
undergoing certain minor surgical or other proce-
dures, some of which are discussed in Section 5.0,
interruption of VKAs may not be required. To our
knowledge, there are no randomized trials compar-
ing interruption of VKAs vs no interruption or partial
interruption of VKAs before major surgery. Three
observational studies have assessed continuation8,41

or partial interruption42 of VKAs in patients under-
going surgery, with suggestive but not definitive
findings that continuation of VKAs increases the risk
for perioperative bleeding. In one retrospective co-
hort study involving 603 VKA-treated patients who
underwent surgery, the majority of whom did not
have interruption of VKA therapy prior to surgery,
the incidence of perioperative major bleeding was
9.5% (95% confidence interval [CI]: 7.1–12.1),
which is high; moreover, compared to patients with
an INR � 2.0, patients with an INR � 3.0 appeared
to be at higher risk for bleeding complications (odds
ratio [OR], 1.6; 95% CI: 0.4–4.0).8 Another retro-
spective study assessed 100 patients who underwent
surgery (58 had major surgery) and who had partial
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interruption of VKA, with a mean INR of 1.8 (range:
1.2 to 4.9) on the day of surgery; in this study, only
two (2%) patients had major bleeding although 34
(34%) patients required a blood transfusion.42

For patients who are receiving VKA therapy with
warfarin, which has a half-life of 36 to 42 h, treat-
ment should be interrupted approximately 5 days
before surgery (corresponding approximately to 5
half-lives of warfarin) to ensure there is no (or
minimal) residual anticoagulant effect remaining by
the time of surgery.43,44 Previous prospective cohort
studies assessing standardized perioperative antico-
agulation regimens interrupted warfarin 5 to 6 days
before surgery.21,22,39 In one of these studies,22 in
which warfarin was stopped 5 days before surgery
and the INR was routinely measured on the day
before surgery, only 15 of 224 (7%) patients had an
elevated INR (� 1.5) on the day before surgery,
which was corrected with low-dose (1 mg) oral
vitamin K. A longer (eg, � 5 days) duration of VKA
interruption to attain a normalized INR by the time
of surgery may be required in patients with a
mechanical heart valve, who have a higher targeted
INR range, which is typically 2.5 to 3.5.45 In addi-
tion, advanced age may be associated with a prolon-
gation in the decay of the anticoagulant effect of
warfarin after its interruption. Thus, in a retrospec-
tive cohort study of 633 patients who had excessive
anticoagulation (INR � 6.0), increasing age, in 10-
year increments, conferred an increased likelihood
for delayed normalization of the INR after warfarin
was stopped (hazard ratio, 1.18; CI: 1.01–1.38).46

For a minority of patients who are receiving VKA
therapy with phenprocoumon, in whom the VKA-
related recommendations in this article would not
apply, treatment should be interrupted approxi-
mately 10 days before surgery based on the half-life
of phenprocoumon of 96 to 140 h.47 Some investi-
gators have suggested that, in selected patients,
warfarin can be interrupted 2 to 3 days before
surgery to aim for an INR of 1.5 to 1.9 at the time of
surgery; however, the feasibility and safety of this
approach remain uncertain.8,42,48

Recommendation

2.1. In patients who require temporary inter-
ruption of a VKA before surgery or a proce-
dure and require normalization of the INR
for the surgery or procedure, we recommend
stopping VKAs approximately 5 days before
surgery over a shorter time interval to allow
adequate time for the INR to normalize
(Grade 1B).

2.2 Resumption of VKAs After Surgery

When resuming VKAs after surgery, approxi-
mately 48 h is required to attain a partial anticoag-
ulant effect, with an INR � 1.5.43 Consequently, the
potential effect of VKAs to promote postoperative
bleeding is likely to be mitigated by the delayed
onset of their anticoagulant activity. It is reasonable,
therefore, to resume VKA therapy on the evening of
the day of surgery or the next day, with an antici-
pated partial anticoagulant effect to occur 48 h later.
In one study of 650 patients who resumed VKA after
bridging anticoagulation, with a dose corresponding
to patients’ usual dose, the mean duration to achieve
a therapeutic INR was 5.1 days (SD: 1.1).21 In
another study of 224 patients who resumed VKA
after bridging anticoagulation, with doubling of pa-
tients’ usual dose for the initial 2 days after VKA
resumption, the mean duration to achieve a thera-
peutic INR was 4.6 days (range: 0 to 10).22 One
retrospective cohort study involving 100 patients
who received bridging with LMWH found a longer
than expected time to attain a therapeutic INR after
surgery, which was a median of 7.5 days (inter-
quartile range: 4.3 to 13.0) after warfarin was
resumed postoperatively.49 The delay in attaining
therapeutic levels of anticoagulation in this study
was possibly related to suboptimal INR monitoring
after surgery.

Recommendation

2.2. In patients who have had temporary inter-
ruption of a VKA before surgery or a proce-
dure, we recommend resuming VKAs approxi-
mately 12 to 24 h (the evening of or the next
morning) after surgery and when there is ade-
quate hemostasis over resumption of VKAs
closer to surgery (Grade 1C).

2.3 Laboratory Monitoring of VKA Therapy

Perioperative monitoring of the INR in patients
who are receiving VKA therapy is predicated on
several factors, which include the feasibility of INR
monitoring prior to surgery and the time period
between interruption of VKAs and surgery. In the
preoperative period, it is reasonable to have INR
testing done at least once before surgery (preferably
1 to 2 days before surgery) to confirm a normal or
near-normal INR and, in patients with an elevated
INR (eg, INR � 1.5), to administer low-dose vitamin
K. Administration of vitamin K at this time will avoid
the need to administer plasma or other blood prod-
ucts by ensuring the INR has normalized by the day
of surgery. In one retrospective cohort study involv-
ing 43 patients who required temporary interruption
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of VKA and had an INR between 1.5 and 1.9 (mean:
1.6) on the day before surgery, administering 1 mg
oral vitamin K resulted in 91% of patients having a
normal or near normal INR (ie, � 1.4) on the day of
surgery.50 This study also suggested that preopera-
tive administration of low-dose vitamin K does not
appear to confer resistance to re-anticoagulation
when a VKA is resumed after surgery. In the post-
operative period, INR testing can be done to approx-
imate when therapeutic anticoagulation is (or will
be) attained and, therefore, when LMWH or UFH
can be stopped for patients who have been receiving
bridging anticoagulation.

Recommendation

2.3. In patients who require temporary inter-
ruption of a VKA before surgery or a procedure
and whose INR is still elevated (ie, > 1.5) 1 to 2
days before surgery, we suggest administering
low-dose (ie, 1 to 2 mg) oral vitamin K to
normalize the INR instead of not administering
vitamin K (Grade 2C).

2.4 Patient Risk Stratification and Assessing Need
for Bridging Anticoagulation

In assessing patients who are receiving VKAs for
the three principal indications, a mechanical heart
valve, chronic atrial fibrillation, or VTE, periopera-
tive anticoagulant management (and need for bridg-
ing) will be driven to a large extent by patients’ risk
for developing thromboembolism, either arterial or
venous, in the perioperative period. In this section,
we have attempted to provide a reasonable, though
largely empiric, stratification of patients according to
their risk for thromboembolism (high, moderate,
low) while acknowledging that comparative data on
risks for perioperative thromboembolism for the
proposed risk strata are limited. This risk stratifica-
tion scheme may be combined with individual pa-
tient factors, which may include prior thromboem-
bolism during VKA interruption or a prior embolic
stroke, to determine the overall risk for thromboem-
bolism (and need for bridging).

2.4.1 Patients With a Mechanical Prosthetic Heart
Valve

Risk Stratification: Patients with mechanical heart
valves are at increased risk for arterial thromboem-
bolism, which includes stroke, systemic embolism,
and valvular or intracardiac thrombosis. Risk strati-
fication for patients with a mechanical heart valve is
based on studies that have assessed the risk for
arterial thromboembolism during anticoagulant ther-
apy and on older studies that assessed thromboem-

bolic risk while patients were receiving either no
antithrombotic therapy or treatment that is currently
considered suboptimal.51–53 What is lacking, how-
ever, are estimates of the risk for thromboembolism
in patients who have modern (bileaflet) prostheses
and have not received antithrombotic therapy over
an extended time period. As trials that include such
patients are lacking and are unlikely to be per-
formed, clinicians can use the risk classification
proposed here as a general guide for patient man-
agement.

Patients at high risk for arterial thromboembolism
(� 10%/yr) may include those with one or more of
the following: (1) a mitral valve prosthesis; (2) an
older-generation (caged-ball or tilting disk) aortic
valve prosthesis; and (3) a recent (within 6 months)
stroke or transient ischemic attack. Patients at mod-
erate risk for thromboembolism (4 to 10%/yr) may
include those with a bileaflet aortic valve prosthesis
and one of the following: (1) atrial fibrillation; (2)
prior stroke or transient ischemic attack; and (3)
other stroke risk factors (hypertension, diabetes,
congestive heart failure, age � 75 years). Patients at
low risk for thromboembolism (� 4%/yr) may in-
clude those with a bileaflet aortic valve prosthesis
without atrial fibrillation and who do not have other
risk factors for stroke.

Assessing Need for Bridging Anticoagulation: In
14 prospective cohort studies, bridging anticoagula-
tion was assessed in approximately 1,300 patients
with a mechanical heart valve.7,21,22,40,54–64 As shown
in Table 3, investigators studied predominantly ther-
apeutic-dose LMWH regimens, although two studies
involving a total of 118 patients also assessed low-
dose LMWH regimens.54,64 The issue of whether a
low-dose anticoagulant regimen is efficacious for the
prevention of arterial thromboembolism in patients
with a mechanical heart valve, as it is for preventing
VTE,65 cannot be definitively addressed based on the
limited available evidence. It is probable that a more
intense, therapeutic-dose, anticoagulant regimen
would be required to prevent valve thrombosis and
valve-related systemic embolism during VKA inter-
ruption and, until further evidence to the contrary
becomes available, is the preferred regimen. The
overall crude risk for perioperative arterial thrombo-
embolism was 0.83% (95% CI: 0.43–1.5). There were
no reported episodes of mechanical valve thrombosis.
The interpretation of this finding is limited because
there are no studies, to our knowledge, assessing the
risk for arterial thromboembolism in (a comparator
group of) patients with a mechanical heart valve who
have VKA interruption for surgery but do not receive
bridging anticoagulation.

Mathematical modeling can be used to estimate
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the perioperative risk of arterial thromboembolism if
bridging anticoagulation is not given based on the
prorated fraction of the annual risk of this out-
come.66 Thus, the risk of thromboembolism in a
patient with mechanical (mitral or aortic) heart valve
who is not treated with a VKA is estimated at 0.046%/d
(ie, 17% annual risk67 � 365) or �0.4% for 8 days when
patients are not therapeutically anticoagulated during
VKA interruption. The finding of a higher rate of
perioperative thromboembolism in studies of bridging
anticoagulation compared to that derived from mathe-
matical modeling suggests that the risk for thrombo-
embolism is higher than expected. What remains
unclear is whether the administration of bridging
anticoagulation decreases this rate further than
that which would be observed if bridging had not
been administered or whether bridging therapy
has no effect on the perioperative risk for arterial
thromboembolism. This issue can only be ad-
dressed through randomized trials comparing a
bridging vs no bridging strategy in patients with a
mechanical heart valve, which poses challenges in
terms of feasibility. In the meantime, clinicians
should consider bridging anticoagulation in pa-
tients with a mechanical prosthetic heart valve
who are at high or moderate risk for arterial
thromboembolism (ie, stroke or valve thrombosis).

2.4.2 Patients With Chronic Atrial Fibrillation

Risk Stratification: Risk stratification in patients
with chronic atrial fibrillation is based on placebo-
controlled randomized trials that assessed different
antithrombotic strategies in patients with nonvalvu-
lar atrial fibrillation.68 Patients with rheumatic val-
vular heart disease were not included in these trials
but are considered to be at high risk for stroke.
Bridging anticoagulation should be considered in
selected patients with chronic atrial fibrillation who
are at high or moderate risk for arterial thromboem-
bolism (ie, stroke or systemic embolism).3,69–71

Clinical prediction rules, such as the Congestive Heart
Failure-Hypertension-Age-Diabetes-Stroke (CHADS2)
score, may help to stratify patients with nonvalvular
atrial fibrillation according to their risk for stroke.70

An administrative linked database study4 suggested
that the CHADS2 score could be applied to the
perioperative setting to estimate stroke risk in pa-
tients with chronic atrial fibrillation who were un-
dergoing surgery. The score ranges from 0 to 6 and
is based on the whether any of five risk factors are
present: congestive heart failure, hypertension, dia-
betes, age � 75 years (1 point each); and prior stroke
or transient ischemic attack (2 points). Patients at
high risk for arterial thromboembolism (ie, � 10%
risk per year) may include those with one or more of
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the following: (1) CHADS2 score of 5 or 6; (2) a
recent (within 3 months) stroke or transient ischemic
attack; or (3) rheumatic valvular heart disease. Pa-
tients at moderate risk for thromboembolism (ie, 5 to
10% risk per year) include those with a CHADS2
score of 3 or 4, whereas patients at low risk for
thromboembolism (ie, � 5% risk per year) include
those with a CHADS2 score of 0 to 2 who have not
had a prior stroke or transient ischemic attack.

Assessing Need for Bridging Anticoagulation:
In 10 prospective cohort studies, bridging anti-
coagulation has been assessed in approximately
1,400 patients with chronic atrial fibrilla-
tion.21,22,39,55,57,58,60–64 As outlined in Table 3, inves-
tigators studied predominantly therapeutic-dose
LMWH regimens, although low-dose LMWH regi-
mens were also assessed in 4 studies involving ap-
proximately 300 patients (exact number not discern-
able from published data).56,63,64,72 As in patients
with a mechanical heart valve, the issue of whether
low-dose anticoagulant regimens are efficacious to
prevent arterial thromboembolism is also pertinent
to patients with atrial fibrillation. Similar to patients
with a mechanical heart valve, there is inadequate
data to formulate definitive conclusions. It is proba-
ble that a more intense, therapeutic-dose, anticoag-
ulation regimen is more efficacious to prevent em-
bolic stroke and systemic embolism than a low-dose
regimen and, until evidence to the contrary is avail-
able, it is the preferred management. The overall
crude risk for perioperative arterial thromboembo-
lism in patients who received bridging anticoagula-
tion was 0.57% (95% CI: 0.26–1.1). In studies that
described the clinical characteristics of such patients,
most patients had at least one additional risk factor
for stroke (ie, prior stroke, ventricular dysfunction,
hypertension, diabetes, age � 75 years).

There are emerging data assessing the risk for
arterial thromboembolism in patients with atrial
fibrillation who do not receive bridging anticoag-
ulation. In a community-based prospective cohort
study (Anticoagulation Consortium to Improve
Outcomes Nationally [ACTION]) involving pa-
tients who were receiving a VKA, 726 patients with
atrial fibrillation had temporary interruption of a
VKA and did not receive bridging.73 Four (0.6%)
patients developed arterial thromboembolism (2
strokes, 1 transient ischemic attack, 1 systemic
embolism) during a 1-month follow-up period
after surgery. In a retrospective cohort study
assessing 690 patients (�90% with atrial fibrilla-
tion) who required temporary interruption of VKA
therapy prior to GI endoscopy, there were 11
(1.6%) patients who developed a stroke within 1
month of the procedure (A. Jaffer, submitted for

publication). Another study examined a linked
administrative database of patients discharged
from hospital after surgery or an invasive proce-
dure between 1996 and 2001, during a time period
when bridging was not routinely given.4 In this
study, the 30-day incidence of postoperative stroke
in patients with atrial fibrillation was 1.3%, which
was more than fourfold higher than in patients
without atrial fibrillation (OR, 4.6; 95% CI: 4.2–
5.0). Taken together, these studies suggest that in
patients with atrial fibrillation who undergo sur-
gery and do not receive bridging anticoagulation,
the risk for perioperative arterial thromboembo-
lism, consisting of stroke and transient ischemic
attack, is approximately 1%. Furthermore, based
on an average annual risk of stroke of 5%
(0.013%/d or �0.1% during 8 days of VKA inter-
ruption), these studies suggest that the risk for
arterial thromboembolism in the perioperative
period without bridging is higher than that pre-
dicted based on mathematical modeling.74

2.4.3 Patients With Prior VTE

Risk Stratification: Compared to patients with
atrial fibrillation or a mechanical heart valve, there
are several distinctions in the assessment of VKA
interruption and need for bridging anticoagulation
in patients with prior VTE (ie, deep vein throm-
bosis, pulmonary embolism). Whereas the first two
groups are at risk for stroke and other arterial
thromboembolism, patients with VTE are at risk
for recurrent deep vein thrombosis or pulmonary
embolism. The consequences of these outcomes
differ markedly. Embolic stroke is fatal or associ-
ated with significant neurologic deficit in 70% of
patients.11,12 On the other hand, recurrent VTE is
fatal in approximately 4 to 9% of patients and is
associated with less morbidity.75,76 In addition,
though low-dose anticoagulation has not been
proven to decrease the risk of arterial thrombo-
embolic events, it has been shown in nonbridging
trials to decrease the risk of postoperative VTE.65

Thus, although there is a lesser role for low-dose
LMWH or UFH for patients with atrial fibrillation
or mechanical heart valves, there is a stronger
rationale for using these medications as bridging
therapy for patients with prior VTE.

Risk stratification in patients with VTE is based
on an assessment of the risk for recurrent VTE
after the start of treatment,77 and risk factors for
recurrent disease after anticoagulant therapy has
been stopped.78,79 Patients at high risk for recur-
rent disease may include those with: (1) recent
(within 3 months) VTE; or (2) severe thrombo-
philic conditions (deficiency of protein C, protein
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S or antithrombin, antiphospholipid antibodies, or
multiple thromobophilic abnormalities). Patients
who have had prior VTE after surgery might be
considered high risk depending on the type of
surgery they are undergoing (and the associated
thromboembolic risk) and perioperative anti-
thrombotic management should be individualized.
Risk stratification is less precise in other patients
and would be predicated on individualized factors.
Patients at moderate risk for recurrent disease
may include those with prior VTE within the
past 3 to 12 months, nonsevere thrombophilic
conditions (heterozygous carrier of factor V
Leiden mutation or factor II mutation), recurrent
VTE, or active cancer (treated within 6 months or
palliative). Patients at low risk may include
those in whom VTE occurred � 12 months ago
and do not have any of the above-mentioned risk
factors.

Assessing Need for Bridging Anticoagulation: Pro-
spective cohort studies have evaluated bridging an-
ticoagulation using therapeutic and low-dose regi-
mens of various LMWHs in approximately 500
patients with prior VTE39,55,57,59–64 (Table 3). The
overall crude risk for recurrent symptomatic VTE
was 0.60% (95% CI: 0.13–1.7). However, the efficacy
of low-dose LMWH or UFH as perioperative antico-
agulation is unknown as data are lacking in regard to
the risk of recurrent VTE without bridging antico-
agulation.

Recommendation

2.4. In patients with a mechanical heart valve
or atrial fibrillation or VTE at high risk (Table
2) for thromboembolism, we recommend bridg-
ing anticoagulation with therapeutic-dose SC
LMWH or IV UFH over no bridging during tem-
porary interruption of VKA therapy (Grade 1C);
we suggest therapeutic-dose SC LMWH over IV
UFH (Grade 2C). In patients with a mechanical
heart valve or atrial fibrillation or VTE at moder-
ate risk (Table 2) for thromboembolism, we sug-
gest bridging anticoagulation with therapeutic-
dose SC LMWH, therapeutic-dose IV UFH, or
low-dose SC LMWH over no bridging during
temporary interruption of VKA therapy (Grade
2C); we suggest therapeutic-dose SC LMWH over
other management options (Grade 2C). In patients
with a mechanical heart valve or atrial fibrillation
or VTE at low risk (Table 2) for thromboembo-
lism, we suggest low-dose SC LMWH or no bridg-
ing over bridging with therapeutic-dose SC
LMWH or IV UFH (Grade 2C).

Values and preferences: In patients at high or moderate
risk for thromboembolism, the recommendations re-
flect a relatively high value on preventing thromboem-
bolism and a relatively low value is on preventing
bleeding; in patients at low risk for thromboembolism,
the recommendations reflect a relatively high value on
preventing bleeding and a relatively low value on
preventing thromboembolism.

3.0 Perioperative Management of Patients
Who Are Receiving Bridging

Anticoagulation

In patients who require temporary interruption
of VKAs and are to receive bridging anticoagula-
tion, several treatment regimens have been as-
sessed21,22,39,40,56,57,80,81 and are summarized in Table
3. In total, � 4,000 patients who had temporary inter-
ruption of a VKA and received bridging anticoagulation
have been studied to date, of whom approximately
72% received therapeutic-dose LMWH, approximately
20% received low-dose LMWH, and approximately 8%
received therapeutic-dose UFH.

3.1 Perioperative Anticoagulation Treatment
Regimens

3.1.1 Therapeutic-Dose UFH

Therapeutic-dose IV UFH had been the most com-
monly used bridging regimen7,82,83 but its use has
declined in recent years,84,85 likely because of the
increased inconvenience of IV drug administration and
the increase in the number of surgical procedures that
are being done without hospitalization.86 In studies that
assessed bridging anticoagulation with therapeutic-
dose UFH, a dose-adjusted IV infusion was used,
administered to achieve a target activated partial
thromboplastin time (APTT) of 1.5 to 2.0 times the
control APTT value, with the infusion stopped approx-
imately 4 h before surgery and resumed during the
initial 24 h after surgery.7,83 An emerging alternative to
IV UFH is SC UFH, which is administered as a fixed,
weight-based dose regimen (250 IU/kg bid) without
APTT monitoring and has shown to be efficacious and
safe for the treatment of acute VTE.87 The use of
fixed-dose SC UFH may provide a practical alternative
to IV UFH for bridging anticoagulation, though it has
only been assessed in a small number of patients who
required temporary interruption of warfarin for surgery.55

3.1.2 Therapeutic-Dose LMWH

Clinicians have, in recent years, increasingly
turned to therapeutic-dose SC LMWH in lieu of
UFH as bridging anticoagulation,84,85 likely because
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it can be easily administered outside of hospital and
without laboratory monitoring.36 There is no stan-
dardized bridging regimen with LMWH, and several
therapeutic-dose regimens have been studied: dalte-
parin 200 IU/kg qd; enoxaparin 1.5 mg/kg qd; tinza-
parin 175 IU/kg qd; dalteparin 100 IU/kg bid; and
enoxaparin 1 mg/kg bid.21,22,39,80

In the postoperative period, the use of therapeutic-
dose LMWH administered can vary. The 3 principal
management approaches that have been studied are:
(1) to administer therapeutic-dose LMWH within a
fixed time period after a procedure (within initial
24 h); (2) to administer therapeutic-dose LMWH
within a varied time period after a procedure (24 to
72 h), with the initiation depending on the procedure-
related bleeding risk and the adequacy of postopera-
tive hemostasis; and (3) to replace therapeutic-dose
LMWH with low-dose LMWH in select patients
who are undergoing a procedure associated with a
high bleeding risk.

3.1.3 Low-Dose LMWH or UFH

Low-dose UFH (eg, UFH, 5,000 IU bid) or
low-dose LMWH (eg, enoxaparin, 30 mg bid, dalte-
parin, 5,000 IU qd), which is typically used for the
prevention of deep vein thrombosis in at-risk surgical
and medical patients, provides another bridging an-
ticoagulation treatment option.65 This approach for
perioperative anticoagulation has not been as widely
studied as therapeutic-dose regimens and has been
assessed mainly in lower-risk patients with atrial
fibrillation or those with prior VTE. Though this
anticoagulant regimen has been used with the pre-
sumed intent of providing some antithrombotic effi-
cacy but at a lower risk for perioperative bleeding,
data are very limited in regard to the efficacy of
low-dose UFH or LMWH to prevent arterial throm-
boembolism in patients with a mechanical heart
valve or chronic atrial fibrillation.54,63,64,72 Indirect
evidence from nonsurgical clinical settings involving
patients with atrial fibrillation who received VKAs
indicates that, compared to patients who were ther-
apeutically anticoagulated, patients who had sub-
therapeutic anticoagulation (INR � 2.0) were more
likely to develop a stroke and such strokes were more
severe and associated with greater mortality.88–90

Although, to our knowledge, there have been no
studies that have assessed the efficacy of low-dose
LWMH or UFH to prevent arterial thromboembo-
lism, a recent trial involving patients with chronic
atrial fibrillation found that treatment with idrapa-
rinux, a synthetic anti-Xa inhibitor, when adminis-
tered in a therapeutic-dose regimen was as effica-
cious as VKA therapy (INR range 2.0 to 3.0) for the
prevention of stroke and systemic embolism.91 This

finding supports the premise that administration of a
therapeutic-dose regimen of a non-VKA anticoagu-
lant with properties similar to LMWHs is efficacious
for the prevention of arterial thromboembolism.

Low-dose LMWH or UFH may be incorporated
into a perioperative anticoagulation regimen in two
possible clinical scenarios. The first is as a “stand-
alone” regimen in patients with prior VTE who are
receiving VKA therapy and are at moderate or low
risk for recurrent disease in whom a therapeutic-
dose anticoagulation regimen may not be consid-
ered. In such patients, a low-dose LMWH or UFH
regimen could be used during interruption of a VKA
with the intent of preventing recurrent venous (but
not arterial) thromboembolism. The rationale for
this approach is based on the established efficacy of
low-dose LMWH or UFH to prevent postoperative
VTE.65 The second scenario is in patients with any
clinical indication for VKA therapy who are under-
going surgery that is associated with a high risk for
bleeding (eg, cardiac, neurosurgical, urologic, major
orthopedic). In such patients, administration of
therapeutic-dose LMWH or UFH during the initial
48 to 72 h after surgery (or for the entire postoper-
ative period) may confer an unacceptably high risk
for bleeding complications and a less intense antico-
agulant regimen consisting of low-dose SC LMWH
or UFH is likely to confer a lower risk for postoper-
ative bleeding. Thus, in a registry involving 1,077
patients who received bridging anticoagulation, post-
operative low-dose LMWH or UFH was associated
with a lower risk for minor bleeding compared to
bridging anticoagulation with therapeutic-dose LMWH
or UFH (OR � 0.46; CI: 0.20 –1.01).80 However,
this registry was underpowered to detect potential
differences in major bleeding with low-dose or
therapeutic-dose anticoagulation.

To our knowledge, no prospective trials have
compared low-dose and therapeutic-dose LMWH or
UFH as bridging anticoagulation to assess both
efficacy, in terms of preventing arterial thromboem-
bolism, and safety, in terms of associated bleeding
risk. Although it is plausible that low-dose LMWH or
UFH will confer a lower risk for bleeding complica-
tions, one cannot exclude the possibility that such
treatment will be less effective in preventing arterial
thromboembolism than a therapeutic-dose regimen.
This issue can only be resolved through well-
designed randomized trials assessing different bridg-
ing anticoagulation strategies.

3.1.4 Costs of Bridging Anticoagulation Treatment
Regimens

Recent studies have compared the costs of bridg-
ing anticoagulation before and after surgery with
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in-hospital administered IV UFH and out-of-hospital
bridging anticoagulation SC LMWH.92–95 In a pro-
spective cohort study assessing perioperative antico-
agulation with patient-administered SC LMWH,
nurse-administered SC LWMH, and in-hospital ad-
ministered IV UFH, the anticoagulant-related costs
for patients undergoing an overnight surgical proce-
dure were estimated at $672, $933, and $3,916 (all
USD), respectively.93 Another cohort study compar-
ing costs in 26 patients who received in-hospital IV
UFH and 40 patients who received out-of-hospital
SC LMWH and underwent elective surgery found a
significantly lower mean total health-care cost (by
$13,114 USD) in patients who received periopera-
tive LMWH.94 In a decision analysis study involving
patients who required VKA interruption for GI
endoscopy, similar findings were found in terms of
lower costs associated with out-of-hospital use of
LMWH as bridging anticoagulation.96 Taken to-
gether, these findings indicate that, compared to
in-patient administration of IV UFH, there is con-
siderable cost savings with the use of SC LMWHs,
which can be administered in an outpatient setting,
typically by the patient or by another health-care
provider.92–95 Additional studies are needed to assess
the feasibility and costs of unmonitored SC UFH
as bridging anticoagulation for patients in whom
LMWH may be contraindicated, such as those with
severe renal insufficiency or in whom LMWHs may
be unavailable or too costly.87

Recommendation

3.1. In patients who require temporary inter-
ruption of VKAs and are to receive bridging
anticoagulation, from a cost containment per-
spective we recommend the use of SC LMWH
administered in an outpatient setting where
feasible instead of inpatient administration of
IV UFH (Grade 1C).
Values and preferences: This recommendation re-
flects a consideration not only of the trade-off be-
tween the advantages and disadvantages of SC
LMWH and IV UFH as reflected in their effects on
clinical outcomes (LMWH at least as good, possibly
better), but also the implications in terms of resource
use (costs) in a representative group of countries
(substantially less resource use with LMWH).

3.2 Interruption of Bridging Anticoagulation
Before Surgery

Bridging anticoagulation with IV UFH, which has
a half-life of approximately 45 min, can be inter-
rupted 4 h before planned surgery, a time interval
that approximates 5 elimination half-lives of UFH,36

and is in accordance with the practice used in
bridging anticoagulation studies.7,55 In patients who
are receiving bridging anticoagulation with SC
LMWHs, which have elimination half-lives of 4 to
5 h,36 the last dose should be administered 20 to 25 h
before surgery (or on the morning of the day before
surgery), a time interval that approximates 5 elimi-
nation half-lives of LMWHs.36 There is evidence
suggesting that there will be a residual anticoagulant
effect if therapeutic-dose LMWH is given too close
to the time of the procedure. Thus, in a prospective
cohort study involving 73 patients who received
therapeutic-dose or low-dose LMWH as bridging
anticoagulation, 30% (11 of 37) of patients who
received therapeutic-dose LMWH (qd or bid dose
regimens) had a residual anticoagulant effect (de-
fined as an anti-factor Xa � 0.10 IU/mL) at the time
of surgery whereas � 1% (1 of 36) of patients who
received low-dose LMWH had a residual anticoag-
ulant effect at surgery.97 In another prospective
cohort study of 98 patients who received bridging
anticoagulation with enoxaparin 1 mg/kg bid, with
the last dose given on the evening before surgery, a
detectable residual anticoagulant effect (anti-factor
Xa � 0.10 IU/mL) was found in 100% (98 of 98) of
patients.98 Furthermore, 34% of patients had an
anticoagulant effect at the time of surgery that is
considered within the therapeutic range (anti-factor
Xa � 0.50 IU/mL). Although there were no major
bleeds in the patients from both of these studies,
most patients underwent low bleeding risk proce-
dures and the potential for bleeding in patients
having major surgical or other higher-risk invasive
procedures cannot be excluded. Taken together,
these findings suggest that the last preoperative
dose of therapeutic-dose LMWH before surgery
should be reduced to minimize the risk for a
residual anticoagulant effect at the time of sur-
gery. Until prospective trials address this issue
further, one management option, especially in
patients who are undergoing major surgery or are
receiving spinal/epidural anesthesia, is to adminis-
ter only the morning dose of LMWH in patients
receiving a twice-daily therapeutic-dose regimen
and to reduce by 50% the total dose of LMWH
given in patients who are receiving a once-daily
therapeutic-dose regimen.

Recommendation

3.2. In patients who are receiving bridging
anticoagulation with therapeutic-dose SC LMWH,
we recommend administering the last dose of
LMWH 24 h before surgery or a procedure
over administering LMWH closer to surgery
(Grade 1C); for the last preoperative dose of
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LMWH, we recommend administering ap-
proximately half the total daily dose instead of
100% of the total daily dose (Grade 1C). In
patients who are receiving bridging anticoag-
ulation with therapeutic-dose IV UFH, we
recommend stopping UFH approximately 4 h
before surgery over stopping UFH closer to
surgery (Grade 1C).

3.3 Resumption of Bridging Anticoagulation After
Surgery

Following parenteral administration, LMWHs in-
duce a rapid anticoagulant effect, with the potential
for a detectable anticoagulant effect to occur within
1 h and a peak anticoagulant effect to occur within 3
to 5 h after administration.36 With UFH, though the
time to a peak anticoagulant effect varies, there is the
potential for this to also occur within 3 to 5 h
following an IV bolus and infusion.36 Consequently,
clinicians should exercise caution when administer-
ing these drugs in patients who have recently had
surgery or other invasive procedures because of the
potential for bleeding at the surgical site, especially
when hemostasis is not secured. Three factors ap-
pear to affect the risk for surgery-related bleeding:
(1) the proximity to surgery that the anticoagulant is
administered; (2) the dose of anticoagulant adminis-
tered; and (3) the type of surgery and its associated
bleeding risk. A superimposed consideration is that
bleeding can occur after any surgery or procedure,
irrespective of the anticipated surgery-related risk
for bleeding and postoperative anticoagulant man-
agement. Consequently, postoperative administra-
tion of UFH and LMWHs should consider both the
anticipated risk for bleeding, which is determined
preoperatively, and the adequacy of surgical hemo-
stasis, which is determined postoperatively.

3.3.1 Proximity to Surgery That Anticoagulants Are
Administered

In a pooled analysis of studies involving patients
who had major orthopedic surgery and received
low-dose fondaparinux (2.5 mg/d) 4 to 8 h postoper-
atively or low-dose enoxaparin (40 to 60 mg/d) 12 to
24 h postoperatively, the risk for major bleeding was
significantly higher in fondaparinux-treated patients
(2.7% vs 1.7%; p � 0.01).99 In another pooled anal-
ysis that compared bleeding in patients who received
low-dose LMWH either within 6 h or 12 to 24 h after
major orthopedic surgery, the risk for bleeding was
higher in patients who received LMWH closer to
surgery (6.3% [95% CI: 5–7] vs 2.5% [95% CI: 1–3]).100

In patients who received bridging anticoagulation,
three prospective cohort studies suggest that delay-
ing the postoperative initiation of therapeutic-dose

LMWH until hemostasis is secured and deferring (or
avoiding altogether) postoperative therapeutic-dose
LMWH are associated with a low risk for bleeding.
In one study assessing 650 patients who underwent a
broad spectrum of surgical and nonsurgical proce-
dures and received therapeutic-dose bridging anti-
coagulation, postoperative management, which in-
cluded resumption of therapeutic-dose bridging with
LMWH, depended on the anticipated bleeding risk
and adequacy of postoperative hemostasis.21 Thus,
patients who had procedures associated with a low
risk for bleeding (eg, GI endoscopy, cardiac cathe-
terization) resumed LMWH approximately 24 h
after the procedure (ie, day after procedure); pa-
tients who had major surgery (eg, open abdominal
surgery) or in whom there was inadequate postoper-
ative hemostasis resumed LMWH 48 to 72 h after
surgery; and patients who had major surgery associ-
ated with a high risk for bleeding (eg, cardiac,
neurosurgical, urologic, major orthopedic) did not
receive any postoperative LMWH. With this ap-
proach, the incidence of major bleeding was 1.0%
during the first week after surgery, with no fatal
bleeds. In another study involving 220 patients with
a mechanical heart valve that used the same postop-
erative anticoagulant management approach, the in-
cidence of major bleeding was 2.3% during the first
week after surgery, with no fatal bleeds.40 Another
prospective cohort study involved 224 patients, in
whom once-daily therapeutic-dose LMWH or low-
dose LMWH (in patients having surgery associated
with a high bleeding risk) started on the day after
surgery and administered only if postoperative he-
mostasis was secured.22 The risk for bleeding during
the first week after surgery in patients who received
therapeutic-dose LMWH was 2.9%, with no fatal
bleeds. The risk for arterial thromboembolism with
the perioperative management approach used in
these studies is low (� 1%) and is discussed further
in Section 2.4.

3.3.2 Dose of Anticoagulant Administered

A prospective multicenter registry evaluated 493
patients who required interruption of a VKA and
received bridging with LMWH or UFH or no bridg-
ing (Jaffer A, submitted for publication). After ad-
justment for surgical and patient-specific bleeding
risk factors, the administration of therapeutic-dose
LMWH or UFH after the surgery or procedure
conferred a greater than fourfold greater risk for
major bleeding (OR, 4.4; 95% CI: 1.5–14.7) com-
pared to the postoperative administration of either a
low-dose LMWH or UFH regimen or no bridging.
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3.3.3 Type of Surgery and Associated Bleeding Risk

A prospective bridging study39 of 260 patients in
which all patients received therapeutic-dose once-
daily LMWH perioperatively, with the first postop-
erative dose administered 12 to 24 h after surgery,
categorized surgeries or procedures as major (ex-
pected duration � 1 h) or minor (expected duration
� 1 h). This study39 found that major bleeding
occurred in 0.7% (1 of 148) of patients who had an
invasive procedure, in 0% (0 of 72) of patients who
had minor surgery, and in 20.0% (8 of 40) of patients
who had major surgery.

Taken together, these findings suggest that in
patients who receive bridging anticoagulation with
therapeutic-dose LMWH, this regimen should be
administered carefully in the postoperative period. It
appears that therapeutic-dose LMWH can be safely
resumed on the day after surgery in patients who
have had a minor surgical or other invasive proce-
dure and in whom there is adequate hemostasis. On
the other hand, administering therapeutic-dose
LMWH within 24 h after major surgery appears to
confer an unacceptably high risk for bleeding com-
plications.

In patients undergoing major surgery or a proce-
dure (surgical or nonsurgical) associated with a high
bleeding risk, management options that are prefera-
ble over administering therapeutic-dose SC LMWH
or IV UFH in close proximity to surgery (ie, within
24 h) include: (1) delaying the resumption of
therapeutic-dose LMWH or UFH for 48 to 72 h
after the surgery/procedure; (2) administering only
low-dose LMWH after the surgery/procedure; and
(3) avoiding the use of LMWH altogether in the
postoperative period. The management option cho-
sen is individualized and will depend on both the
bleeding risk associated with the surgical or other
invasive procedure and the adequacy of postopera-
tive hemostasis. For example, in patients undergoing
major surgery (eg, bowel resection), it may be rea-
sonable to delay the resumption of therapeutic-dose
LMWH or UFH. In patients undergoing a surgery
(eg, radical prostatectomy) or procedure (eg, kidney
biopsy) associated with a high risk for bleeding, it
may be reasonable to not administer any LMWH or
UFH after surgery and to simply resume VKAs.

Recommendation

3.3. In patients undergoing a minor surgical or
other invasive procedure and who are receiving
bridging anticoagulation with therapeutic-dose
LMWH, we recommend resuming this regi-
men approximately 24 h after (eg, the day
after) the procedure when there is adequate

hemostasis over a shorter (eg, < 12 h) time
interval (Grade 1C). In patients undergoing
major surgery or a high bleeding risk surgery/
procedure and for whom postoperative
therapeutic-dose LMWH/UFH is planned, we
recommend either delaying the initiation of
therapeutic-dose LMWH/UFH for 48 to 72 h after
surgery when hemostasis is secured, administer-
ing low-dose LMWH/UFH after surgery when
hemostasis is secured, or completely avoiding
LMWH or UFH after surgery over the adminis-
tration of therapeutic-dose LMWH/UFH in close
proximity to surgery (Grade 1C). We recommend
considering the anticipated bleeding risk and ad-
equacy of postoperative hemostasis in individual
patients to determine the timing of LMWH or
UFH resumption after surgery instead of resum-
ing LMWH or UFH at a fixed time after surgery
in all patients (Grade 1C).

3.4 Laboratory Monitoring of Bridging
Anticoagulation

In patients who are receiving IV UFH as bridging
anticoagulation, clinicians can use the APTT to guide
preoperative and postoperative anticoagulation. How-
ever, use of an UFH dosing nomogram, which was
not designed for use in the perioperative setting, may
be misleading.39,101 For example, a dosing nomo-
gram for IV UFH may result in excessive anticoag-
ulation (ie, APTT � 150 s) for up to a 24-h period
while dose adjustments are being made. Although
short periods of excessive anticoagulation with UFH
may not increase the risk for bleeding in nonopera-
tive clinical settings,102,103 such short periods of
over-anticoagulation might increase the risk for bleed-
ing in a postoperative setting.

In patients who are receiving bridging anticoagu-
lation with therapeutic-dose LMWH, there is no
established role for routine perioperative monitoring
of anti-factor Xa levels, as in certain nonoperative
clinical settings.36 In selected patient groups, such as
those with severe renal insufficiency (ie, calculated
creatinine clearance � 30 mL/min or serum creati-
nine � 178 mmol/L or � 2 g/dL) or at extremes of
body weight, anti-factor Xa monitoring may be con-
sidered to guide treatment as in nonoperative clinical
settings.36

Recommendation

3.4. In patients who are receiving bridging
anticoagulation with LMWH, we suggest against
the routine use of anti-factor Xa levels to monitor
the anticoagulant effect of LMWHs (Grade 2C).
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4.0 Perioperative Management of Patients
Who Are Receiving Antiplatelet Therapy

An increasing number of patients are receiving anti-
platelet drugs for the primary and secondary preven-
tion of myocardial infarction or stroke and for the
prevention of coronary stent thrombosis after place-
ment of a bare metal or drug eluting stent.104,105 The
perioperative management of these patients is increas-
ing in complexity because the spectrum of risk for a
cardiovascular event varies widely. In addition,
these patients may be receiving treatment with
one of several antiplatelet drug regimens, which
include: (1) aspirin alone; (2) clopidogrel alone; (3)
aspirin combined with clopidogrel; (4) aspirin
combined with dipyridamole; or (5) cilostozol,
either alone or combined with either aspirin or
clopidogrel. This section will focus on patients
who are receiving aspirin and/or clopidogrel.

4.1 Risk Stratification

Patients who are receiving antiplatelet therapy
encompass a spectrum of risk for cardiovascular
events that depends, to a large extent, on the clinical
indication for antiplatelet therapy and whether pa-
tients are receiving such treatment for the primary or
secondary prevention of cardiovascular disease. Cli-
nicians should incorporate risk stratification in deci-
sions concerning temporary interruption or continu-
ation of antiplatelet therapy in the perioperative
period. There are no risk classification schemes, to
our knowledge, that encompass the spectrum of
benefit from antiplatelet agents. Nonetheless, pa-
tients at low risk for perioperative cardiovascular
events in whom temporary interruption of antiplate-
let drugs would not be expected to confer a substan-
tial increased risk for cardiovascular events include
those who are receiving antiplatelet therapy (typi-
cally aspirin) for the primary prevention of myocar-
dial infarction or stroke.106 On the other hand,
patients at high risk for cardiovascular events in
whom it may be preferable to continue antitplatelet
therapy perioperatively include those who have had
recent (within 3 to 6 months) placement of a bare
metal or drug-eluting coronary stent, and to a lesser
extent, who have suffered a myocardial infarction
within the past 3 months.107 The risk for cardiovas-
cular events in these high-risk groups should be
weighed against the risk and clinical impact of
bleeding with the operation planned when antiplate-
let drugs are continued in the perioperative period.

4.2 Interruption of Antiplatelet Therapy Before
Surgery

For patients who are receiving aspirin, which
irreversibly inhibits platelet function through cyclo-

oxygenase-1 inhibition, clinicians intending no anti-
platelet effect at the time of surgery should interrupt
therapy 7 to 10 days before surgery.108 Although
aspirin has a half-life of 15 to 20 min, it irreversibly
inhibits platelet cyclooxygenase-1 and, therefore, its
effect persists for 7 to 10 days, which approximates
the platelet lifespan.109,110 Consequently, 4 to 5 days
after stopping aspirin will result in approximately
50% of platelets having normal function, whereas 7
to 10 days after stopping aspirin will result in � 90%
of platelets having normal function. In patients who
are receiving clopidogrel, a thienopyridine derivative
that irreversibly inhibits adenosine diphosphate re-
ceptor-mediated platelet activation and aggregation
and has a half-life of 8 h, treatment should be
interrupted 7 to 10 days before surgery since it takes
about that many days to replace the platelet pool.111

This approach also applies to ticlopidine, another
thienopyridine derivative which is used less fre-
quently compared to clopidogrel, in part because of
an increased risk for drug-induced adverse effects
such as neutropenia.112,113

Another antiplatelet agent that is used in combi-
nation with aspirin is dipyridamole, a pyrimidopyri-
midine derivative with antiplatelet and vasodilator
properties that is indicated for secondary stroke
prevention in patients with cerebrovascular dis-
ease.114 Dipyridamole has reversible effects on plate-
let function and has an elimination half-life of ap-
proximately 10 h.115 However, since dipyridamole is
combined with aspirin (200 mg dipyridamole � 25
mg aspirin), this drug would need to be interrupted
7 to 10 days before elective surgery to allow elimi-
nation of the antiplatelet effects of both drugs.

Cilostazol is a phosphodiesterase inhibitor with
antiplatelet and vasodilatory properties that revers-
ibly affects platelet function through cyclic adeno-
sine monophosphate (cAMP) mediated inhibition of
platelet activation and aggregation. Cilostazol may be
used in patients with coronary artery disease, typi-
cally if they have a coronary stent116 or peripheral
arterial disease.117 The pharmacokinetics of cilosta-
zol are dose-dependent, with an elimination half-life
of approximately 10 h.118 Consequently, this drug
would need to be interrupted 2 to 3 days (corre-
sponding to 5 elimination half-lives of cilostazol)
before surgery to ensure elimination of its antiplate-
let effect at the time of surgery.

For patients who are receiving a nonselective
nonsteroidal antiinflammatory drug (NSAID) or a
cyclyooxygenase-2 selective NSAID (ie, celecoxib),
there is reversible inhibition of platelet-mediated
cyclooxygenase activity. To ensure there is no resid-
ual antiplatelet effect at the time of surgery, the
NSAID should be stopped at a time that corresponds
to 5 elimination half-lives for that drug.119,120 For
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NSAIDs with a short, 2 to 6 h, half-life (eg, ibupro-
fen, diclofenac, ketoprofen, indomethacin), these
drugs should be stopped on the day before surgery.
For NSAIDs with an intermediate, 7 to 15 h, half-life
(eg, naproxen, sulindac, diflunisal, celecoxib), such
treatment should be stopped 2 to 3 days before
surgery. Finally, for NSAIDs with a long, � 20 h
half-life (eg, meloxicam, nabumetone, piroxicam),
these drugs should be stopped 10 days before
surgery.

Recommendation

4.2. In patients who require temporary inter-
ruption of aspirin- or clopidogrel-containing
drugs before surgery or a procedure, we sug-
gest stopping this treatment 7 to 10 days before
the procedure over stopping this treatment
closer to surgery (Grade 2C).

4.3 Resumption of Antiplatelet Therapy After
Surgery

In patients who have temporary interruption of
antiplatelet drugs before surgery, these agents
should, in general, be resumed as soon as there is
adequate postoperative hemostasis after surgery.
Four studies assessed bridging anticoagulation in
patients with a mechanical heart valve, some of whom
were receiving both VKAs and aspirin.21,22,40,55 In these
studies, aspirin was resumed on the same day as VKAs,
starting with the usual maintenance dose of 81 mg
daily. Data are lacking in regard to the resumption of
clopidogrel or other antiplatelet drugs after surgery.
One issue that warrants consideration is whether
resumption of treatment should be with a mainte-
nance dose of clopidogrel (75 mg/d), which achieves
maximal platelet function inhibition 5 to 10 days
after its administration,121–123 or with a loading dose
(300 to 600 mg/d), which achieves maximal platelet
function inhibition within 2 to 15 h after administra-
tion.124–126 The dose of clopidogrel resumption will
depend largely on whether a patient has a coronary
stent, the type of stent implanted, and how recently
the stent was implanted.

Recommendation

4.3. In patients who have had temporary interrup-
tion of aspirin therapy because of surgery or a
procedure, we suggest resuming aspirin approxi-
mately 24 h (or the next morning) after surgery
when there is adequate hemostasis instead of
resuming aspirin closer to surgery (Grade 2C). In
patients who have had temporary interruption of
clopidogrel because of surgery or a procedure,

we suggest resuming clopidogrel approximately
24 h (or the next morning) after surgery when
there is adequate hemostasis instead of resuming
clopidogrel closer to surgery (Grade 2C).

4.4 Laboratory Monitoring of Antiplatelet Therapy

Platelet function assays are available to measure
the antiplatelet activity of aspirin, clopidogrel and,
potentially, other antiplatelet drugs, prior to sur-
gery.127 However, these methods are not well stud-
ied outside of a cardiac surgery or percutaneous
coronary intervention (PCI) setting.128 Furthermore,
the clinical significance of the assay results is uncertain
as they have not been shown to identify patients at
increased risk for perioperative bleeding.127 Additional
research is needed to identify the potential clinical
utility of platelet function assays.

Recommendation

4.4. In patients who are receiving antiplatelet
drugs, we suggest against the routine use of
platelet function assays to monitor the anti-
thrombotic effect of aspirin or clopidogrel
(Grade 2C).

4.5 Surgery in Patients Receiving Antiplatelet
Therapy

4.5.1 Noncardiac Surgery

In patients who are receiving antiplatelet drug
therapy and are undergoing noncardiac surgery,
there are no randomized trials or prospective cohort
studies that compare the clinical benefits and risks of
continuing antiplatelet drugs with their temporary
interruption. A randomized placebo-controlled trial
involving patients undergoing hip fracture repair or
joint replacement surgery assessed de novo use of
aspirin compared to no aspirin use in the perioper-
ative period and reported higher rates of major
bleeding in aspirin treated patients (2.9% vs 2.4%,
p � 0.04).9

Studies in patients undergoing abdominal or pelvic
surgery are limited. A retrospective cohort study in
52 patients found that perioperative continuation of
aspirin increases the risk for bleeding after prosta-
tectomy.31 A retrospective cohort study involving 200
patients who underwent intraabdominal surgery
found that 12 of 55 (22%) patients with aspirin-
associated abnormal platelet function had excessive
perioperative bleeding, whereas 7 of 97 (7%) with
normal platelet function had excessive bleeding.129

However, another study involving 52 patients who
had surgery found that perioperative aspirin use did
not confer an increased risk for bleeding.130
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Retrospective cohort studies have suggested in-
creased rates of bleeding with perioperative contin-
uation of clopidogrel.131,132 In addition, one prospec-
tive cohort study in patients who underwent
bronchoscopy found significantly higher incidences
of moderate or severe bleeding after biopsy in
patients who received clopidogrel (61%) or clopi-
dogrel and aspirin (100%) compared to no antiplate-
let drug (2%).133

4.5.2 CABG

Elective coronary artery bypass graft (CABG)
surgery is frequently done in patients who are re-
ceiving antiplatelet therapy with aspirin and/or clo-
pidogrel.134 In addition, 10 to 15% of patients hos-
pitalized with an acute coronary syndrome will
require urgent CABG surgery during their hospital-
ization and such patients are typically receiving
antiplatelet therapy (aspirin alone or aspirin and
clopidogrel) and anticoagulant therapy, the later with
LMWH or UFH.135 Minimizing the risk for periop-
erative bleeding in patients undergoing CABG sur-
gery is important because of an increased risk for
death and other adverse outcomes in patients who
require a blood transfusion in the perioperative
period.136 In one study involving 11,963 patients who
underwent CABG, of whom 49% received transfu-
sion of RBCs, transfusion was associated with signif-
icant increases in mortality (OR, 1.77; CI: 1.67–
1.87), renal failure (OR, 2.06; CI: 1.87–2.27), and
neurologic events (OR, 1.37; CI: 1.30–1.44).137 The
perioperative management of anticoagulant therapy
is comparable to that of noncardiac surgery, with
interruption of LMWH or UFH at a time prior to
CABG surgery that will eliminate the anticoagulant
effect by the time of surgery. On the other hand, the
perioperative management of antiplatelet therapy is
more problematic since 7 to 10 days after stopping
treatment is required to eliminate an antiplatelet
effect and urgent CABG is often required without
advance notice of 7 to 10 days.

In patients who are receiving aspirin and require
CABG surgery, observational studies show that con-
tinuing aspirin in the perioperative period appears to
confer an increased risk for mediastinal bleeding,
blood transfusion, and reoperation,138,139 although
this finding was not found in all studies.140 Against
these risks, aspirin use within 5 days prior to CABG
was shown in a large cohort study to confer a lower
risk of postoperative mortality and without a con-
comitant increase in reoperation for bleeding or
need for blood transfusion.26 Based on this benefit of
continued perioperative aspirin use in patients un-
dergoing CABG, if aspirin therapy has been inter-
rupted before surgery, it should be administered

early after surgery, always within 48 h after CABG
and, preferably, within 6 h after surgery.141

In patients who are receiving clopidogrel and
require CABG, there are no data to suggest benefit
from the administration of clopidogrel in the periop-
erative period whereas there are preliminary data
suggesting harm with this approach.142 In the Can
Rapid risk stratification of Unstable Angina Patients
Supress Adverse Outcomes With Early Implemen-
tation of the American College of Cardiology/Amer-
ican Heart Association guidelines (CRUSADE)
study that included 2,855 patients with a non-ST
elevation myocardial infarction, 87% of patients un-
derwent CABG within 5 days of prior clopidogrel
exposure.143 Such patients had a 70% higher likeli-
hood for a transfusion requirement of 4 U or more of
RBCs. The most compelling data about the risk of
bleeding among patients undergoing CABG who are
receiving clopidogrel come from the Clopidogrel
in Unstable angina to prevent Recurrent Events
(CURE) trial.144 In a postrandomization subgroup
analysis of this trial, exposure to clopidogrel within 5
days prior to CABG was associated with an approx-
imately 50% increase in major bleeding. Other ret-
rospective studies have confirmed the increased risk
for bleeding with prior clopidogrel exposure in pa-
tients undergoing CABG surgery.145–148 An in-
creased risk of bleeding appears to occur even when
CABG is performed in an off-pump manner.149

Mitigating the risk for perioperative bleeding and
transfusion with antifibrinolytic drugs, such as apro-
tinin, or platelet transfusion is problematic because
both treatments are associated with adverse effects.
Although two randomized trials suggested a reduc-
tion in the need for transfusion among patients
treated with aprotinin undergoing surgery while on
clopidogrel without raising concerns of excessive risk
of thrombosis, aprotinin appears to be associated
with an increased risk for thrombotic and other
adverse effects,150,151 and is no longer available for
clinical use in the United States. In one observational
study involving 4,374 patients undergoing CABG
surgery for ST-segment elevation myocardial infarc-
tion, aprotinin use was associated with a 55% in-
creased risk for myocardial infarction or congestive
heart failure and a 181% increased risk for stroke or
encephalopathy.152 Similarly, pre-CABG platelet
transfusion is associated with longer surgery and, par-
adoxically, more bleeding and reoperation for bleeding
complications.153 Alternative antifibrinolytic agents that
can be used in lieu of aprotonin to reduce perioperative
bleeding in patients undergoing cardiac surgery include
epsilon-aminocaproic acid and tranexamic acid, which
have been shown to reduce transfusion require-
ments.154,155 The efficacy of 1-deamino-8-D-arginine
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vasopressin (DDAVP) in patients undergoing cardiac
surgery who have been exposed to aspirin is less
clear.156

4.5.3 PCIs

Randomized trials have compared a 325-mg dose
of aspirin to placebo among patients undergoing a
balloon angioplasty type of PCI. The reduction in
risk associated with aspirin administration in these
studies has led to the recommendation that aspirin
be administered in all patients prior to any PCI
procedure.17

Clopidogrel has been compared to placebo among
patients with acute coronary syndromes and found to
reduce the risk of procedure-related events.157,158 In
postrandomization subgroup analyses of patients un-
dergoing PCI in these trials, clopidogrel was partic-
ularly beneficial among patients undergoing PCI and
the benefit seems to apply not only to patients who
received stents but to those undergoing balloon
angioplasty and other types of PCI procedures as
well. Pretreatment with clopidogrel is recommended
before any type of PCI procedure whenever it can be
accomplished and such treatment should be contin-
ued during the periprocedural period. Among pa-
tients on long-term clopidogrel therapy, one study
showed that periprocedural administration of a 600-mg
loading dose of clopidogrel to such patients resulted in
a greater inhibition of platelet aggregation than not
receiving a loading dose.159 Other studies have sug-
gested that clinical outcomes are improved if PCI is
performed after a 600-mg loading dose of clopidogrel
has been administered; few patients in those studies
were receiving long-term clopidogrel and it is not
known whether chronically administered clopidogrel
achieves the same effect.160–162

Recommendation

4.5. For patients who are not at high risk for
cardiac events, we recommend interruption of
antiplatelet drugs (Grade 1C). For patients at
high risk of cardiac events (exclusive of coro-
nary stents) scheduled for noncardiac surgery,
we suggest continuing aspirin up to and beyond
the time of surgery (Grade 2C); if patients are
receiving clopidogrel, we suggest interrupting
clopidogrel at least 5 days and, preferably,
within 10 days prior to surgery (Grade 2C). In
patients scheduled for CABG, we recommend
continuing aspirin up to and beyond the time of
CABG (Grade 1C); if aspirin is interrupted, we
recommend it be reinitiated between 6 h and
48 h after CABG (Grade 1C). In patients sched-
uled for CABG, we recommend interrupting

clopidogrel at least 5 days and, preferably, 10
days prior to surgery (Grade 1C). In patients
scheduled for PCI, we suggest continuing aspi-
rin up to and beyond the time of the procedure;
if clopidogrel is interrupted prior to PCI, we
suggest resuming clopidogrel after PCI with a
loading dose of 300 to 600 mg (Grade 2C).

4.6 Surgery in Patients With Coronary Stents

Patients who are receiving antiplatelet therapy
because of a bare metal or drug-eluting stent in the
coronary arteries deserve special consideration be-
cause of the high thrombotic risk if antiplatelet drug
therapy is interrupted. In such patients who are
undergoing noncardiac surgery, there is a markedly
increased risk of coronary stent thrombosis in the
postoperative period, especially if surgery is under-
taken in close proximity to stent placement.163–172

Furthermore, the clinical impact of stent thrombosis
in this clinical setting is considerable, as it will be
fatal or associated with a large myocardial infarction
in � 50% of affected patients.107,163,173–175 A retro-
spective cohort study assessed 40 consecutive pa-
tients who had elective noncardiac surgery � 6
weeks after coronary artery stenting.163 In this study,
eight patients (20%) died postoperatively, in whom
all but one had perioperative interruption of clopi-
dogrel or aspirin.

To mitigate the risk for perioperative stent
thrombosis, elective noncardiac surgery should be
avoided during the period after stent placement
when stent endothelialization is ongoing as this is
the time when coronary stents are most suscepti-
ble to thrombosis. In patients with a bare metal
stent, the aforementioned study suggested that the
risk of thrombosis with surgery was higher in
patients who had surgery within 2 weeks of stent-
ing compared to more than 2 weeks after stenting
(p � 0.15).163 A larger study suggested that the
risk of bare metal stent thrombosis and other
adverse events is increased if noncardiac surgery is
performed within 6 weeks of stent placement,164

which is consistent with the approximate time
required for endothelialization around the bare
metal stents.176,177

A relevant, but poorly studied, issue in the man-
agement of patients with coronary stents who require
surgery is whether bridging therapy is warranted for
patients in whom interruption of antiplatelet therapy
is required because of a high bleeding risk associated
with the planned surgery. In such patients, bridging
therapy might consist of administering LMWH or
UFH in a manner similar to that in patients who
require temporary interruption of VKAs, though this
approach has not been formally studied to assess
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efficacy and should be weighed against a potential
increased risk for postoperative bleeding. An alter-
native approach might be the use of bridging therapy
with short-acting antiplatelet drugs such as the gly-
coprotein IIb/IIIa antagonists tirofiban or eptifi-
batide, which have been studied in patients under-
going PCI.17 These agents have elimination half-lives
of approximately 2 h and their interruption 10 h
before surgery would allow restoration of platelet
function by the time of surgery.108 Emerging short-
acting antiplatelet drugs that target platelet P2 re-
ceptors, such as cangrelor, may have clinical utility in
the perioperative setting because of rapid reversal of
antiplatelet activity after treatment is stopped.178

Studies are needed to assess the efficacy and safety
of bridging therapy in patients who are receiving
antiplatelet drugs and, until relevant data are avail-
able, clinical judgment and caution are urged in
regard to the use of short-acting antithrombotic
agents in patients who require temporary interrup-
tion of aspirin and/or clopidogrel.

Less is known about the timing of noncardiac
surgery in patients with a sirolimus- or paclitaxel-
eluting coronary stent, in whom a longer time is
required for coronary reendothelialization than pa-
tients with a bare metal stent. There have been
several reports of thrombosis of such drug-eluting
stents during the intraoperative and postoperative
period, in some cases even when surgery is per-
formed years after stent placement.165–170 Though
aspirin is recommended indefinitely after placement
of a drug-eluting stent and clopidogrel is recom-
mended for at least 3 months after placement of a
sirolimus-eluting stent and 6 months after placement
of a paclitaxel-eluting stent, most patients are receiv-
ing combined aspirin-clopidogrel therapy for at least
12 months after placement of a drug-eluting
stent.179,180 Consequently, elective surgery should be
delayed for 12 months after placement of a drug-
eluting stent whenever possible.

Recommendation

4.6. In patients with a bare metal coronary stent
who require surgery within 6 weeks of stent
placement, we recommend continuing aspirin
and clopidogrel in the perioperative period
(Grade 1C). In patients with a drug-eluting cor-
onary stent who require surgery within 12
months of stent placement, we recommend
continuing aspirin and clopidogrel in the
perioperative period (Grade 1C). In patients
with a coronary stent who have interruption
of antiplatelet therapy before surgery, we
suggest against the routine use of bridging
therapy with UFH, LMWH, direct thrombin

inhibitors, or glycoprotein IIb/IIIa inhibitors,
(Grade 2C).
Values and preferences: These recommendations
reflect a relatively high value placed on preventing
stent-related coronary thrombosis, and a consider-
ation of complexity and costs of administering bridging
therapy in the absence of efficacy and safety data in this
clinical setting, and a relatively low value on avoiding
the unknown but potentially large increase in bleeding
risk associated with the concomitant administration
of aspirin and clopidogrel during surgery.

5.0 Perioperative Management of
Antithrombotic Therapy in Patients Who

Require Dental, Dermatologic, or
Ophthalmologic Procedures

Minor dental, dermatologic, and ophthalmologic
procedures can comprise up to 20% of all surgical
and nonsurgical procedures performed in patients
who are receiving antithrombotic therapy.21,55 As
these procedures are typically associated with rela-
tively little blood loss, a key question relates to the
safety of continuing antithrombotic therapy around
the time of the procedure and whether continuing
treatment confers an increased risk of clinically
important bleeding. A practical issue that also relates
to the management of such patients is that most, if
not all, minor procedures are undertaken in a clinic
or other out-of-hospital setting. Consequently, bleed-
ing that may occur after the procedure will occur
while the patient is home and may generate concern
and anxiety for the patient. Patients should, there-
fore, be given instructions to deal with potential
bleeding, which usually requires prolonged local
pressure over the site of a dental or dermatologic
procedure. In addition, patients should be advised
when bleeding is excessive and warrants medical
attention.

In our review of randomized and nonrandomized
prospective studies that assessed the risk of bleeding
in patients who continue VKAs or antiplatelet drugs
during minor procedures, which are summarized in
Tables 4–8, we have focused on postprocedural
bleeding. To distinguish bleeding that is clinically
important and requires medical attention, from
bleeding that does not require medical attention and
is, typically, self-limiting, we classified bleeding into
three categories: (1) major bleeding, which refers to
bleeding that requires transfusion of � 2 U packed
RBCs181; (2) clinically relevant nonmajor bleeding,
which refers to bleeding that is not major but
requires medical attention (eg, application of wound
dressing or additional sutures); and (3) minor bleed-
ing, which refers to bleeding that is self-limiting,
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usually with pressure at the bleeding site, and does
not require medical attention.

5.1 Dental Procedures

Minor dental procedures assessed consist of single
or multiple tooth extractions and endodontic (root
canal) procedures. The studies assessing periproce-
dural antithrombotic therapy in patients having den-
tal procedures are summarized in Tables 4–7.

5.1.1 Patients Who Are Receiving VKAs

Three randomized trials, summarized in Table 4,
involving a total of 270 patients compared continuing
VKA therapy with interrupting treatment prior to a
dental procedure.182–184 In these studies, there were
no episodes of thromboembolism or major bleeding
with either perioperative management strategy. In
one trial that compared continuing VKA vs stopping
treatment 2 days before the procedure, there were
more clinically relevant nonmajor bleeds in patients
who continued VKA therapy (26.3% vs 13.5%).183 In
another trial that compared continuing VKA therapy
in conjunction with coadministered tranexamic acid
mouthwash vs stopping VKA therapy 3 days before
the procedure, there were fewer clinically relevant
nonmajor bleeds in patients who continued VKA
therapy (9.2% vs 15.2%).184

Five randomized trials, summarized in Table 5,
compared different prohemostatic drugs in a total of
299 patients who continued VKA therapy around the
time of a dental procedure.185–189 In these studies,
there were no episodes of thromboembolism or
major bleeding. In one trial which compared tranex-
amic acid mouthwash to saline mouthwash in pa-
tients who continued VKA therapy, there were fewer
clinically relevant nonmajor bleeds in patients who
received tranexamic acid (0% vs 22.2%).189 Another
trial compared treatment with 2 or 5 days of tranex-
amic acid mouthwash before the procedure.186 In
this study, there was a lower incidence of clinically
relevant nonmajor bleeding in patients who received
5 days of tranexamic acid (1.9% vs 4.6%). In the
other trials, continuing VKA therapy while coadmin-
istering a prohemostatic agent was associated with no
episodes of major bleeding although the incidence of
clinically relevant nonmajor bleeding varied across
studies.185,187,188

Seven prospective cohort studies, summarized in
Table 6, assessed bleeding in patients who continued
VKA therapy during dental extraction and in a
control group of patients who interrupted VKA
therapy before the procedure.190–196 In one study
involving 396 patients, of whom 156 continued VKA
therapy and 240 discontinued this treatment, there
were no major bleeds and the incidence of clinically
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relevant nonmajor or minor bleeding was low in
patients who continued and interrupted VKA ther-
apy, at 0% and 0.8%, respectively.194 In another
study that assessed bleeding in 250 patients who
underwent dental extractions during VKA therapy
and a control group of 250 patients who had dental
extractions but were not receiving a VKA, there were
no major bleeds reported, and the incidence of
clinically relevant nonmajor bleeding was similar in
the VKA and no VKA groups, of 1.6% and 1.2%,
respectively.196 Five additional smaller studies in-
volving between 14 and 249 patients provided similar
results, with no major bleeds reported. However,
these studies reported incidences of minor bleeding
of 0 to 8.3%. In 11 prospective cohort studies,
summarized in Table 6, that assessed continuation of
VKA therapy but without a control group, there were
no major bleeds reported.196–206 Two other cohort
studies with a total of 211 patients, summarized in
Table 7, assessed different prohemostatic agents in
patients undergoing dental extraction and receiving a
VKA.207,208 There were no major bleeds reported,
and the incidence of clinically relevant nonmajor and
minor bleeding was 0 to 8%.

Taken together, these studies indicate that con-
tinuing VKA therapy around the time of a minor
dental procedure does not confer an increase in
clinically important major bleeding. However, these
studies were not adequately powered to exclude the
possibility that undertaking dental procedures dur-
ing VKA therapy confers an increased risk for clini-
cally relevant nonmajor or minor bleeding. Until
such studies are undertaken, it is reasonable to
consider coadministration of a local prohemostatic
agent, which appears to decrease the risk for clini-
cally relevant nonmajor and minor bleeding.

5.1.2 Patients Who Are Receiving Antiplatelet
Drugs

In one small randomized trial of 39 patients that
compared continuing or interrupting aspirin before a
dental procedure, there were no major bleeds in
both treatment arms but the incidence of clinically
relevant nonmajor bleeding was higher in patients
who continued aspirin therapy (21% vs 10%).209 In a
cohort study involving 51 patients who continued
aspirin therapy around the time of a dental procedure,
there were no major bleeds and clinically relevant
nonmajor bleeding occurred in one patient.210

Studies are lacking in regard to patients who are
receiving clopidogrel and require a dental proce-
dure, although it is probable that the continuation of
clopidogrel and aspirin in patients undergoing dental
procedures will increase the risk of bleeding above
that seen with aspirin alone.211 In high-risk patients

with a coronary stent implanted within the past year,
or perhaps at any time in the past in the case of a
drug-eluting stent, the risk of stent thrombosis with
clopidogrel interruption probably outweighs the risk
of procedure-related bleeding associated with con-
tinuation of treatment. In lower-risk patients without
a coronary stent, periprocedural management is
uncertain, although it is probably reasonable to
interrupt clopidogrel therapy and to continue aspirin
given that combined antiplatelet treatment will in-
crease bleeding risk above that of the risk with either
drug alone.

Recommendation

5.1. In patients who are undergoing minor
dental procedures and are receiving VKAs, we
recommend continuing VKAs around the time
of the procedure and coadministering an oral
prohemostatic agent (Grade 1B). In patients
who are undergoing minor dental procedures
and are receiving aspirin, we recommend
continuing aspirin around the time of the
procedure (Grade 1C). In patients who are
undergoing minor dental procedures and are
receiving clopidogrel, please refer to the rec-
ommendations outlined in Section 4.5 and
Section 4.6.

5.2 Dermatologic Procedures

Minor dermatologic procedures assessed include
excisions of basal and squamous cell carcinomas,
actinic keratoses, and malignant or premalignant
nevi. Studies of periprocedural antithrombotic man-
agement are summarized in Table 8.

5.2.1 Patients Who Are Receiving VKAs

Four cohort studies assessed continuing VKA ther-
apy around the time of a dermatologic procedure in
a total of 96 patients.212–215 In one study that as-
sessed 47 patients who continued VKA therapy (and
49 control patients who were not receiving VKA
therapy at the time of procedure), there were no
major bleeds but the incidence of clinically rele-
vant nonmajor bleeding was higher in patients
who continued VKA therapy (25.5% vs 6.1%).215

There were similar findings in two other cohort
studies,213,214 whereas no bleeds were reported in
a third study involving 16 patients who continued
VKA therapy.212

5.2.2 Patients Who Are Receiving Antiplatelet
Drugs

Four cohort studies assessed continuing aspirin
therapy around the time of a dermatologic procedure
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in a total of 211 patients.213,214,216,217 There were no
major bleeds associated with continuing aspirin. In
two studies, minor bleeding was more frequent in
patients who continued aspirin around the time of the
procedure compared to patients who were not receiv-
ing aspirin (21% vs 13%, respectively; 21.6% vs 13.6%,
respectively).213,214 However, in two other cohort stud-
ies the incidence of minor bleeding appeared compa-
rable in patients who received or who did not receive
aspirin around the time of the procedure (1.9% vs
4.2%, respectively; 0% vs 1.4%, respectively).216,217

Data for patients who are receiving clopidogrel
and require dermatologic procedures are limited to
case reports of patients who developed thromboem-
bolic events during antiplatelet therapy interrup-
tion.218 Periprocedural management in such patients
can follow that in patients undergoing dental or
other minor procedures.

Recommendation

5.2. In patients who are undergoing minor der-
matologic procedures and are receiving VKAs, we
recommend continuing VKAs around the time of
the procedure (Grade 1C). In patients who are
undergoing minor dermatologic procedures and
are receiving aspirin, we recommend continuing
aspirin around the time of the procedure (Grade
1C). In patients who are undergoing minor der-
matologic procedures and are receiving clopi-
dogrel, please refer to the recommendations out-
lined in Section 4.5 and Section 4.6.

5.3 Ophthalmologic Procedures

Minor ophthalmologic procedures assessed are
dominated by cataract extraction, which was under-
taken in � 90% of patients studied. A small minority
of patients studied had vitreoretinal or other oph-
thalmologic procedures. Our recommendations,
therefore, pertain to patients undergoing cataract
extraction. These studies are summarized in Table 9.

5.3.1 Patients Who Are Receiving VKAs

Six prospective cohort studies assessed bleeding in
patients who continued VKA therapy during oph-
thalmologic surgery and in a control group of pa-
tients who were either not receiving VKA therapy or
who interrupted VKA therapy before surgery.219–224

Two other prospective cohort studies assessed bleed-
ing in patients who continued VKA therapy during
ophthalmologic surgery but did not have a control
group.225,226 In one prospective cohort study assess-
ing patients who had cataract surgery, there was no
apparent increase in arterial thromboembolic events

in 208 patients who discontinued VKAs compared to
526 patients who continued VKAs and the incidence
of such events appeared higher in patients who
continued VKAs (1.14% vs 0.48%).221 In these pa-
tients, there were no major or clinically relevant
nonmajor bleeds. In another cohort study involving
639 patients who continued VKAs and 1,203 controls
who were not taking VKAs around the time of
cataract surgery, there were no arterial thromboem-
bolic events.219 There appeared to be a higher
incidence of clinically relevant nonmajor bleeding
(0.16% vs 0.08%) and minor bleeding (1.41% vs
0.67%) in patients who continued VKAs although
there were no major bleeds reported. While other
smaller cohort studies demonstrated similar re-
sults,225,226 one cohort study involving 125 patients
who had cataract surgery reported a high rate of
major bleeding (8.7%).224

5.3.2 Patients Who Are Receiving Antiplatelet
Drugs

A prospective cohort study assessing patients who
underwent cataract surgery found no important in-
crease in arterial thromboembolic events in 977
patients who interrupted aspirin compared to 3,363
patients who continued aspirin (0.20% vs 0.65%).221

In these patients, there were no major or clinically
relevant nonmajor bleeds and marginally higher
clinically relevant nonmajor bleeds in patients who
continued aspirin (0.06% vs 0%). Other studies
reported similar results in patients undergoing cata-
ract or vitreoretinal surgery.222,223

There are few data in regard to the safety of
continuing clopidogrel in patients undergoing oph-
thalmologic surgery. One study of patients undergo-
ing cataract surgery found that although subconjunc-
tival hemorrhage was more common in patients who
were receiving either clopidogrel or warfarin than
aspirin or no antithrombotic drugs, there were no
sight-threatening bleeding complications.227 One
study described a patient who was receiving aspirin
and clopidogrel and underwent an intracapsular
extraction and anterior vitrectomy in whom the
postoperative course was complicated by extensive
hyphema and vitreous hemorrhage that cleared
within 3 months.228 As with other minor procedures,
perioperative management will be driven by throm-
boembolic risk.

Recommendation

5.3. In patients who are undergoing cataract
removal and are receiving VKAs, we recom-
mend continuing VKAs around the time of the
procedure (Grade 1C). In patients who are un-
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dergoing cataract removal and are receiving
aspirin, we recommend continuing aspirin
around the time of the procedure (Grade 1C). In
patients who are undergoing cataract removal
and are receiving clopidogrel, please refer to
the recommendations outlined in Section 4.5
and Section 4.6.

6.0 Perioperative Management of
Antithrombotic Therapy Patients Who

Require Urgent Surgical or Other
Invasive Procedures

6.1 Patients Who Are Receiving VKAs

In the nonbleeding patient who requires rapid
(within 12 h) reversal of the anticoagulant effect of
VKAs because of an urgent surgical or other invasive
procedure, treatment options that have been as-
sessed in observational studies include fresh-frozen
plasma, prothrombin concentrates, and recombinant
factor VIIa.229 No randomized trials, to date and to
our knowledge, have compared these treatments in
patients who require urgent reversal of anticoagula-
tion.230 In addition to these treatment options, all
patients should receive vitamin K, at a dose of 2.5 to
5.0 mg po or by slow IV infusion.231 Administering
fresh-frozen plasma, prothrombin concentrates, or
recombinant factor VIIa alone will temporarily over-
ride but will not eliminate the anticoagulant effect of
VKAs, which persist until VKAs are endogenously
metabolized or neutralized by vitamin K. For exam-
ple, as fresh-frozen plasma has an elimination half-
life of 4 to 6 h, not administering vitamin K will lead
to reemergence of a VKA-associated anticoagulant
effect within 12 to 24 h. If surgery is urgent but can
be delayed for 18 to 24 h, the anticoagulant effect of
VKAs is likely to be neutralized by IV vitamin K, at
a dose of 2.5 to 5.0 mg without the need for blood
product or recombinant factor VII administra-
tion.230,232

Recommendation

6.1. In patients who are receiving VKAs and
require reversal of the anticoagulant effect for
an urgent surgical or other invasive procedure,
we suggest treatment with low-dose (2.5 to 5.0
mg) IV or oral vitamin K (Grade 1C). For more
immediate reversal of the anticoagulant effect,
we suggest treatment with fresh-frozen plasma
or another prothrombin concentrate in addition
to low-dose IV or oral vitamin K (Grade 2C).

6.2 Patients Who Are Receiving Antiplatelet Drugs

There is no pharmacologic agent that can reverse
the antithrombotic effect of aspirin, clopidogrel, or
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ticlopidine, which irreversibly inhibit platelet func-
tion. Consequently, patients who require an urgent
surgical or other invasive procedure that requires
normalized platelet function may receive transfused
platelets, which would not be affected by prior
administration of antiplatelet drugs.233 However, the
efficacy and safety of platelet transfusion in patients
who are not thrombocytopenic and who require an
urgent surgical or other invasive procedure are not
known. One randomized trial in 11 healthy volun-
teers who received aspirin (325 mg loading dose, 81
mg maintenance dose) and clopidogrel (300-mg or
600-mg loading dose, 75-mg maintenance dose)
found that subsequent transfusion of 12.5 U platelets
led to normalized platelet function as determined by
platelet function assays.234 However, studies to as-
sess the efficacy and safety of a platelet transfusion to
neutralize the antiplatelet effects of aspirin or clopi-
dogrel in the perioperative setting are lacking. Until
such studies are done, it is reasonable to limit
platelet transfusion to those patients who have ex-
cessive or life-threatening bleeding in the perioper-
ative period.

Potential alternatives to platelet transfusion in
patients who have been exposed to antiplatelet
drugs are prohemostatic agents. These include
ε-aminocaproic acid and tranexamic acid, which are
antifibrinolytic agents, and 1-deamino-8-D-arginine
vasopressin, which increases plasma levels of von
Willebrand factor and associated coagulation factor
VIII. These agents may improve platelet function in
patients who have been exposed to antiplatelet
drugs.235 However, outside of the setting of cardiac
surgery, these drugs have not been widely stud-
ied113,236 and should be limited to patients who have
excessive or life-threatening perioperative bleeding
because of potential prothrombotic effects.

Recommendation

6.2. For patients receiving aspirin, clopidogrel,
or both, are undergoing surgery and have ex-
cessive or life-threatening perioperative bleed-
ing, we suggest transfusion of platelets or ad-
ministration of other prohemostatic agents
(Grade 2C).
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Methodology for Antithrombotic and
Thrombolytic Therapy Guideline
Development*

American College of Chest Physicians Evidence-
Based Clinical Practice Guidelines (8th Edition)

Holger J. Schünemann, MD, PhD, FCCP; Deborah Cook, MD, MSc;
and Gordon Guyatt, MD, MSc, FCCP

The American College of Chest Physicians (ACCP) invited a panel of experts, researchers,
information scientists, and guideline methodologists to develop the eighth edition of ACCP
evidence-based guidelines on antithrombotic and thrombolytic therapy. The process began with
guideline authors specifying the population, intervention and alternative, and outcomes for each
clinical question and defined criteria for eligible articles, including methodologic criteria, for
each recommendation. The McMaster University Evidence-Based Practice Center, in collabora-
tion with the guideline authors and methodologists, developed strategies and executed systematic
searches for evidence. The resulting guidelines are organized in chapters that present a clear link
between the evidence and the resulting recommendations. The panel identified questions in
which resource allocation issues were particularly important and obtained input from consultants
with expertise in economic analysis for these issues. Authors paid careful attention to the quality
of underlying evidence and the balance between risks and benefits, both reflected in grades of
recommendations. For recommendations that are particularly sensitive to underlying values and
preferences, the panel made explicit the values underlying the recommendations. Thus, the
process of making recommendations for the ACCP guidelines included explicit definition of
questions, transparent eligibility criteria for including studies, comprehensive searches and
methodologic assessment of studies, and specification of values and preferences and resource
implications underlying recommendations where particularly relevant. In combination with our
previous practice of grading recommendations according to their strength and the methodologic
quality of the supporting studies, these methods establish our guideline methodology as evidence
based. (CHEST 2008; 133:113S–122S)

Key words: evidence-based medicine; grade; guideline development; guidelines; quality of evidence; recommendations

Abbreviations: ACCP � American College of Chest Physicians; EPC � evidence-based practice center;
HSP � Health Science Policy; LMWH � low-molecular-weight heparin; RCT � randomized controlled trial;
tPA � tissue plasminogen activator

T he methodology for the Antithrombotic and
Thrombolytic Therapy: American College of

Chest Physicians Evidence-Based Clinical Practice
Guidelines (8th Edition) built on the innovations of
prior conferences. As with other iterations, the
changing evidence base in the field of antithrombotic
and thrombolytic research led to many updated and
new recommendations. To further improve the qual-
ity of these guidelines, we have made additional

changes to the methodology. Evidence-based ap-
proaches to guideline development include acknowl-
edgment of factors other than evidence that inevitably
influence recommendations—values and preferences.
For the first time, we involved consultants whose role
was to focus on patient value and preference issues. We
also implemented recommendations of a recent Amer-
ican College of Chest Physicians (ACCP) task force on
integrating resource allocation in guideline develop-
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ment by restricting resource expenditure consideration
to a small number of recommendations for which they
were particularly relevant.1 To accomplish this task, we
involved experts in economic analysis in developing
these recommendations.1,2 In addition, for this iteration
of the guidelines, we collaborated with the McMaster
University Evidence-Based Practice Center (EPC)
[Hamilton, ON, Canada], one of the 13 North Ameri-
can EPCs.

To maintain transparency of the guideline devel-
opment, we followed explicit rules for managing
conflicts of interest. Before participating on the
panel, all participants submitted conflict-of-interest
statements that were reviewed by the ACCP Health
Science and Policy (HSP) Committee. Participants’
potential conflicts are listed prominently in the front
section of the guideline document.3 The panelists
updated their conflict-of-interest disclosures again
before the final conference and before publication.
These disclosures are published with the guidelines
and posted on the CHEST journal Web site (www.
chestjournal.org).

The development of evidence-based guidelines
includes explicitly defining the question that the
guideline or recommendation is addressing; formu-
lating eligibility criteria for evidence to be consid-
ered; conducting a comprehensive search for evi-
dence; evaluating study quality; summarizing the
studies; balancing the benefits and downsides of the
alternative management strategies; and, finally, ac-
knowledging values and preferences underlying the
recommendations, including considerations on ex-
penditures.4–6 This process ends with a recommen-
dation for action and a grading of that recommenda-
tion according to the balance of desirable effects
(benefits), undesirable effects (harms, burden, and
resource expenditures), and the quality of the evi-
dence. We followed the methodology for grading the
quality of evidence and strength of recommenda-
tions that the ACCP codified during a recent ACCP
task force meeting. The grading system adopted was
a modification from that developed by the Grading

of Recommendations Assessment, Development and
Evaluation Working Group.7–9 This article describes
the methodology for guideline development for the
Antithrombotic and Thrombolytic Therapy: Ameri-
can College of Chest Physicians Evidence-Based
Clinical Practice Guidelines (8th Edition). Figure 1
summarizes this process.

Guideline Development for the Eighth
ACCP Conference on Antithrombotic and

Thrombolytic Therapy

Panel Selection Process

The criteria for panel selection were an estab-
lished track record in the relevant clinical or research
area, international and gender representation, prior
involvement with the ACCP Conference on Anti-
thrombotic and Thrombolytic Therapy, and absence
of conflicts of interest that could not be resolved.
The senior editors suggested individual chapter
chairs as well as chapter members. Chapter chairs
also made suggestions for the inclusion of chapter
members. All panel members were approved by the
ACCP HSP Committee after review of their curric-
ulum vitae.

Defining the Clinical Question

Developing a clinical practice guideline should
begin with specifying a clinical question that defines
the relevant population, alternative management
strategies (comparison), and outcomes.10 For the
current ACCP guidelines, authors defined one ques-
tion for each recommendation or set of recommen-
dations. Readers can find these questions in the
corresponding table of each chapter containing prac-
tice recommendations.

Presentation of Evidence and Recommendations

To provide a transparent, explicit link among
questions, evidence, and recommendations, the sec-
tion numbering in each chapter corresponds to
numbers in the corresponding table in the chapters,
which specifies the patients, interventions, and out-
comes; the section numbering also corresponds to
the numbering of the recommendations themselves.

Process of Searching for Evidence

Defining the clinical question provided the frame-
work for formulating eligibility criteria that guided
the search for relevant evidence. In specifying eligi-
bility criteria, authors identified not only patients,
interventions, and outcomes, but also methodologic
criteria. For many recommendations, authors re-

*From the Italian National Cancer Institute Regina Elena (Dr.
Schünemann), Rome, Italy; McMaster University Faculty of
Health Sciences (Drs. Cook and Guyatt), Hamilton, ON, Canada.
Dr. Schünemann is funded by a European Commission: The
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Reintegration Grant: IGR 42194—“GRADE.”
Manuscript accepted December 20, 2007.
Reproduction of this article is prohibited without written permission
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org/misc/reprints.shtml).
Correspondence to: Holger J. Schünemann, MD, PhD, Department
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DOI: 10.1378/chest.08-0666
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stricted eligibility to randomized controlled trials
(RCTs). For example, as in previous editions, Albers
et al11 considered whether clinicians should offer
thrombolytic therapy in acute stroke. They defined
patients as anyone presenting with acute thrombotic

stroke (divided into presentation of � 3 h and � 3 h
after onset of symptoms), intervention as any throm-
bolytic regimen compared to no intervention or
placebo, and outcome as death or functional status
based on assessment with a validated functional
status instrument. The methodology was restricted
to RCTs. This question yielded several recommen-
dations, including whether patients with acute isch-
emic stroke presenting within 3 h of symptom onset
should receive IV tissue plasminogen activator (tPA).

For many questions, randomized trials did not
provide sufficient data, and chapter authors included
observational studies when randomized trials were
not the most appropriate design to address the
research question. In particular, randomized trials
are not necessarily the best design to understand risk
groups, that is, the baseline or expected risk of a
given event for certain subpopulations. Because no
interventions are typically examined in questions
about prognosis, one replaces interventions by the
duration of exposure measured in time. For example,
to obtain information about the risk of ischemic
stroke in patients with atrial fibrillation in specific
risk groups, the sensible question was: In patients
with atrial fibrillation differing in age, BP, left ven-
tricular function, or history of previous embolic
events, what is the risk of stroke or death over a given
time period?

Identifying the Evidence

To identify the relevant evidence, a team of
librarians and research associates at the McMaster
University EPC conducted comprehensive literature
searches. Methodologic experts (including the edi-
tors) and the EPC librarians reviewed each question
to ensure the development of a comprehensive
search strategy. For example, for questions about
antiplatelet agents, the EPC consulted chapter au-
thors to ensure that the search included all relevant
antiplatelet agents. More specifically, authors then
decided whether to include dipyridamole in a search
that already included aspirin, clopidogrel, and ticlo-
pidine.

For each question the authors provided, the librar-
ians searched the Cochrane Database of Systematic
Reviews, MEDLINE, and Embase for published
English-language literature and human studies be-
tween 2002 and May 2006. To filter MEDLINE and
Embase search results for RCT evidence, the librar-
ians used the search strategy developed by the
Cochrane Collaboration. These searches updated
our more comprehensive and sensitive searches con-
ducted for the Seventh ACCP Conference on Anti-
thrombotic and Thrombolytic Therapy: Evidence
Based Guidelines.3,6

Figure 1. Methodology for guideline development and review.
Process steps are indicated by the numbers adjacent to arrows in
this algorithm. An executive committee comprising methodolo-
gists, content experts, and an HSP liaison coordinated the writing
of chapters for the Antithrombotic and Thrombolytic Therapy:
American College of Chest Physicians Evidence-Based Clinical
Practice Guidelines (8th Edition).7 After identification of search
and eligibility criteria by chapter authors, librarians in collabora-
tion with two of the executive methodologists searched for
evidence.1,2,7 Trained literature screeners reviewed citations and
removed irrelevant citations under supervision of one executive
methodologist and the chapter editors.1,2 Chapter authors revised
previous chapters or wrote new chapters in close collaboration
with all editors and authors of other chapters.3,4,5,8 The review
process includes simultaneous reviews by the appropriate ACCP
NetWork and the HSP before advancing to the Board of
Regents.7–11 Both of the latter two committees must approve the
manuscript before it can be submitted to CHEST.12 The editor-
in-chief of the journal sends the manuscript to at least two
external reviewers before acceptance for publication.13,14
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The EPC team conducted separate searches for
systematic reviews; RCTs; and, if applicable, obser-
vational studies. For observational studies, searches
were not restricted in terms of methodology. Al-
though increasing the probability of identifying all
published studies, this sensitive approach resulted in
large numbers of citations for many of the defined
clinical questions. Therefore, trained research assis-
tants screened the citation list developed from the
search using criteria of increased specificity to re-
duce the number of irrelevant citations that the
authors received. These irrelevant citations included
press news, editorials, narrative reviews, single-case
reports, studies that included fewer participants than
specified by authors as an inclusion criterion, animal
studies (any nonhuman studies), and letters to the
editor. Authors did not include data from abstracts of
meetings for the development of recommendations,
and we did not explicitly use Internet sources to
search for research data. Authors were encouraged,
however, to mention abstracts that reported on
groundbreaking data that were particularly relevant
to a specific question in the chapters in order to alert
readers that new, fully published evidence might
become available shortly.

Standard Consideration of Study Quality

High-quality clinical guidelines should pay careful
attention to the methodologic quality of the studies
that form the basis of their recommendations. Using
the example of the prevention of venous thrombo-
embolism during air travel, Table 1 shows the crite-
ria for assessment of study quality (randomization,
concealment or treatment allocation, blinding, com-
pleteness of follow-up, and whether the analysis was
performed according to the intention-to-treat prin-
ciple), and Table 2 shows the presentation of results
that were circulated to the authors. Whereas all
authors attended to these criteria, we have summa-
rized the results of the quality assessment for only a
minority of the recommendations. Readers can find
these summaries in an online appendix to the rec-
ommendations (see online supplemental data).

In assessing the quality of observational studies,
we did not make a distinction between prospective
and retrospective because the key issues are unbi-
ased sampling, high-quality measurement of patient
characteristics and outcomes, and complete follow-up.
Although it is more likely that these quality criteria
will be achieved in prospective studies, prospective
studies may fail to achieve them, and retrospective
studies may succeed. We did make a key distinction
about whether internal comparisons exist and their
nature. Studies without internal comparisons re-
ceived the label “case series” unless they met the

following criteria: (1) a protocol existed before the
date of commencement of data collection; (2) a
definition of inclusion and exclusion criteria was
available; (3) the study reported the number of
excluded patients; (4) the study conducted a stan-
dardized follow-up, including description of sched-
ule of follow-up, investigation of suspected out-
comes, and criteria used to define outcomes; and (5)
the study reported all losses to follow-up.

We labeled studies that met these criteria “cohort
studies without internal controls.” Studies with inter-
nal comparisons received the label “cohort studies
with concurrent controls” or “cohort studies with
historical controls.” These cohort studies may suc-
ceed or fail to ensure settings, similar time frames,
adjustment for differences in patients’ characteris-
tics, and follow-up with patients. These features
were captured in descriptive tables provided to
authors when requested from the EPC.

Summarizing Evidence

The electronic searches also included searches for
systematic reviews. If authors were satisfied with a
recent high-quality systematic review, evidence from
that review provided a foundation for the relevant
recommendation. For example, Albers et al11 used a
systematic review and metaanalysis as the foundation
for their recommendation on IV streptokinase for
acute ischemic stroke between 0 and 6 h of symptom
onset (chapter on Stroke, Section 1.3). Geerts et al12

used several metaanalyses for their recommenda-
tions (chapter on Prevention of Venous Thrombo-
embolism, eg, Section 2).

For the first time for a small number of recom-
mendations (see chapters Ansell et al, Warkentin et
al, Geerts et al, Kearon et al, Albers et al, Harrington
et al, Becker et al, Sobel and Verhaeghe, and Bates
et al), we systematically examined the impact of
quality of design and implementation of individual
studies, precision, consistency and directness of re-
sults, likelihood of reporting bias, and presence of
very large effects on the quality of the evidence. For
recommendations in which we did so, we present
tables that summarize these features. Table 3 pro-
vides an example.

Pooled analyses from high-quality systematic re-
views formed summary data on which panelists
based their recommendations wherever possible.
Pooling offers the advantage of obtaining more
precise estimates of treatment effects and allows for
greater generalizability of results. However, pooling
also bears the risk of spurious generalization. In
general, the summary estimates of interest were the
different types of outcomes conveying benefits and
downsides (risk, burden, and cost). When pooled
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Table 1—Example of Methodologic Evaluation of Studies*

Study, yr Intervention
Randomization

Concealed Blinding
No Outcome,

n/N (%) Analysis Comments

Travel socks
Scurr/2001 No prophylaxis

Socks: below-knee
stockings (ankle
pressure, 18–22 mm
Hg), starting
preflight

Yes: sealed
envelope

Subjects: no
Outcome

assessors: yes

No prophylaxis:
16/116 (14)

Socks: 15/115
(13%)

ITT Designed as a pilot study

Belcaro/2002 No prophylaxis
Socks: below-knee

stockings (maximum
ankle pressure, 25
mm Hg), starting
6–10 h preflight

Probably not
(NR)

Subjects: no
Outcome

assessors: no

Combined: 52/
885 (6)

NR Subject recruitment process
NR

Exclusion criteria NR
Method of randomization

NR
Specific stockings used NR
DVT screening test not

validated
Dropouts/group NR

Belcaro/2002 No prophylaxis
Socks: below-knee

flight socks (ankle
pressure, 14–17 mm
Hg), starting 2–3 h
preflight

Probably not
(NR)

Subjects: no
Outcome

assessors: no

No prophylaxis:
17/331 (5)

Socks:
11/326 (3)

ITT Subject recruitment process
NR

Method of randomization
NR

DVT screening test not
validated

Source of funding NR
Cesarone/2003 No prophylaxis

Socks: below-knee
stockings (ankle
pressure, 12–18 mm
Hg), starting 2–3 h
preflight

Probably not
(NR)

Subjects: no
Outcome

assessors: no

No prophylaxis:
21/190 (11)

Socks:
14/186 (8)

ITT Subject recruitment process
NR

Exclusion criteria not
defined

Method of randomization
NR

DVT screening test not
validated

Source of funding NR
Cesarone/2003 No prophylaxis

Socks: below-knee
travel socks (ankle
pressure, 20–30 mm
Hg), starting 2–3 h
preflight

Probably not
(NR)

Subjects: no
Outcome

assessors: no

No prophylaxis:
6/144 (4)

Socks:
2/140 (1)

ITT Subject recruitment process
NR

Exclusion method of
randomization NR

DVT screening test not
validated

Unclear how many subjects
were randomized in part
II (n � 285 or 134)

Source of funding NR
Criteria not defined

Belcaro/2003 No prophylaxis �
video

Socks: below-knee
flight socks (ankle
pressure,
14–17 mm Hg),
starting 3–4 h
preflight � video

Probably not
(NR)

Subjects: no
Outcome

assessors: no

No prophylaxis:
12/114 (11)

Socks:
7/110 (6)

ITT Subject recruitment process
NR

Exclusion criteria not
defined

Method of randomization
NR

DVT screening test not
validated

Source of funding NR
LMWH vs no prophylaxis

Cesarone/2002 No prophylaxis
Enoxaparin 1 mg/kg,

2–4 h preflight

Probably not
(NR)

Subjects: no
Outcome

assessors:
probably not

No prophylaxis:
17/100 (17)

Enoxaparin: 18/
100 (18)

Per protocol Abstract reports an
additional subject group
(LMWH � socks) not
mentioned in publication

Subject recruitment process
NR

Flight duration NR
Method of randomization

NR
DVT screening test not

validated
Source of funding NR
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estimates of effects were not available, the EPC
conducted metaanalysis to obtain pooled estimates
for specific questions. These were questions that
authors had specifically identified. Table 3 presents
an example of a Grading of Recommendations As-
sessment, Development and Evaluation evidence
profile prepared by the EPC.7,13

Another chapter in this supplement details the
basic grading of methodologic quality.8 In brief,
consistent results from RCTs or observational stud-
ies with very strong effects result in Grade A recom-
mendations; inconsistent results from RCTs or RCTs
with important methodologic limitations receive
Grade B, and observational studies without very
strong effects result in Grade C quality of evidence.

Group-Specific Recommendations

The absolute magnitude of treatment effects may
be very different in patients with varying levels of
risk. For instance, although the relative risk reduc-
tion of warfarin vs aspirin in stroke prevention for
atrial fibrillation patients is likely close to 50% across
risk groups, this translates into absolute risk reduc-
tions of � 1% per year in the lowest risk groups, and
in the vicinity of 5% per year in the highest risk
groups. Clearly, optimal management must differ
across risk groups, and this is reflected in the
recommendations of our atrial fibrillation panel.

In general, we have endeavored to make our
recommendations as specific as possible for patient
subgroups differing according to risk. Whenever
valid prognostic data were available, we used them to
estimate absolute effects and made recommenda-
tions accordingly. Unfortunately, reliable prognostic
indexes are not usually available, limiting the extent
to which such group-specific recommendations are
possible.

Acknowledge Values and Preferences and Resource
Use Underlying Recommendations

Under ideal circumstances, knowledge of average
patient values and preferences would be available for
every recommendation, the panel members would
summarize these values and preferences, and they
would be integrated into the recommendations that
guideline developers make. We asked all chapter
chairs before beginning the searches for the relevant
literature to identify recommendations that they
believed were particularly sensitive to patients’ val-
ues and preferences. Moderate-quality evidence re-
garding values and preferences bearing directly on
the recommendations proved available for only the
chapter that addresses antithrombotic therapy in
patients with atrial fibrillation. Our panelists beared
in mind what average patient values and preferences
may be; the process, however, is speculative.14

Our main strategy for dealing with this unsatisfac-
tory situation is to make the values and preferences
underlying the recommendations explicit whenever
the panelists believed that value and preference
issues were crucial for a recommendation. For ex-
ample, Albers et al11 suggest for patients with acute
ischemic stroke of � 3 h but � 4.5 h that clinicians
do not use IV tPA (Grade 2A). For patients with
acute stroke onset of � 4.5 h, we recommend against
the use of IV tPA (Grade 1A). The authors noted in
the corresponding values and preferences statement,
“This recommendation assumes a relatively low
value on small increases in long-term functional
improvement, a relatively high value on avoiding
acute intracranial hemorrhage and death, and a
relatively high degree of risk aversion.”

In addition, we involved three consultants with
expertise in the area of values and preferences to
collaborate with the chairs of two chapters and try to

Table 1—Continued

Study, yr Intervention
Randomization

Concealed Blinding
No Outcome,

n/N (%) Analysis Comments

Aspirin vs no prophylaxis
Cesarone/2002 No prophylaxis

Aspirin 400 mg � 3 d,
starting 12 h
preflight

Probably not
(NR)

Subjects: no
Outcome

assessors:
probably not

No prophylaxis:
17/100 (17)

Aspirin: 16/100
(16)

Per protocol Abstract reports an
additional subject group
(LMWH � socks) not
mentioned in publication

Subject recruitment process
NR

Flight duration NR
Method of randomization

NR
DVT screening test not

validated
Source of funding NR

*ITT � intention to treat; NR � not reported; DVT � deep vein thrombosis.
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ensure that the guidelines adequately represented
the views of patients.11,15 This collaboration led to
extensive discussions among the chapter authors and
the consultants and the reflection of these discus-
sions in the associated values and preference state-
ments.

In previous iterations of these guidelines, we did
not have a standard or coherent approach to dealing
with resource allocation (cost) issues. For these
guidelines, we implemented recommendations of a
recent ACCP task force on integrating resource
allocation in clinical practice guidelines by restricting
resource expenditure consideration to a small num-
ber of recommendations for which they were partic-
ularly relevant.1 We relied on two consultants with
expertise in economic assessment to help with the
process of considering costs in those small numbers
of recommendations that we considered very impor-
tant to the decision. The methods and examples for
this process are described in the article by Matchar
and Mark in this supplement.2 Recommendations
highly sensitive to resource allocation now include
value and preference statements regarding how cost
issues were integrated.

Grading Strength of Recommendation

A systematic approach to grading the strength of
treatment recommendations can minimize bias and
aid interpretation of treatment recommendations.
Chapter authors have graded their recommendations
as strong (Grade 1, desirable effects much greater
than undesirable effects or vice versa) and worded
the recommendation accordingly as “we recom-
mend” or as weak (Grade 2, desirable effects not
clearly greater or less great than undesirable effects)
and worded the recommendation as “we suggest.”
They also have graded the methodologic quality of
the underlying evidence. Another chapter in this
supplement details our approach to grading recom-
mendations.8

Finalizing and Harmonizing Recommendations

After having completed the steps we have de-
scribed above, the guideline authors formulated
draft recommendations before the conference,
which laid the foundation for authors to work to-
gether and critique the recommendations. Fig 1
shows the process of guideline development and
review. Drafts of chapters that included draft recom-
mendations were usually distributed for peer review
to at least two panel members and were always
reviewed by at least one panel editor before the
conference. Written critiques were prepared and
returned to the authors for revision of their work. At
the plenary conference, a representative of each
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chapter presented potentially controversial issues in
their recommendations. Chapter authors met to
integrate feedback and consider related recommen-
dations in other chapters and to revise their own
guidelines accordingly. Authors continued this pro-
cess after the conference until they reached agree-
ment within their groups and with other author
groups who provided critical feedback. The editors
of this supplement harmonized the chapters and
resolved remaining disagreements between chapters
through facilitated discussion. All major correspon-
dence and discussions at the meeting were recorded
in written and audio protocols and are publicly
available.

Review by ACCP and External Reviewers

The ACCP HSP established a process for the
thorough review of all ACCP evidence-based clinical
practice guidelines. After final review by the editors,
the guidelines underwent review by appropriate
NetWorks of the ACCP (for these guidelines, the
Cardiovascular and Pulmonary Vascular NetWorks),
the HSP, and the Board of Regents. The latter two
have the right of approval or disapproval but usually
work with the guideline authors and editors to make
necessary revisions before final approval. Each group
identified primary reviewers who read the full set of
chapters as well as individual committee members
who were responsible for reviewing one or more
chapters. The reviewers considered both content and
methodology as well as whether there was balanced,
not biased, reporting and adherence to HSP pro-
cesses. Finally, the CHEST editor-in-chief read and
forwarded the manuscripts for nonbiased, indepen-
dent, external peer review before acceptance for
publication.

Limitations of These Guideline Development
Methods

Limitations of these guidelines include the possi-
bility that some authors followed this methodology
more closely than others, although the development
process was centralized by an EPC and supervised
by the editors. Second, it is possible that we missed
relevant studies in spite of the comprehensive
searching process. Third, despite our efforts to begin
centralizing the methodologic evaluation of all stud-
ies to facilitate uniformity in the validity assessments
of the research incorporated into these guidelines,
resources were insufficient to conduct this evaluation
for all but a few of the recommendations in each
chapter. Fourth, we performed only few statistical
pooling exercises of primary study results. Finally,

sparse data on patient preferences and values repre-
sent additional limitations inherent to most guideline
development methods.

Future Directions of ACCP Guidelines

Future iterations of the current guidelines will
continue to address the limitations of the current
iteration. For example, we asked authors making
clinical recommendations to consider concealment;
blinding; loss to follow-up of individual studies; and
precision, consistency, directness, and likelihood of
reporting bias when assigning a grade (ie, A, B, or C)
to the quality of the evidence for a given recommen-
dation. Although final decisions regarding the quality
of evidence must remain the prerogative of the
panelists, a central process for initially generating
these judgments would improve their uniformity. To
further improve the quality of these evidence-based
recommendations, our next objective is to extend the
central assessment of methodologic quality of indi-
vidual studies, overall judgments of evidence quality,
and summaries of findings that we began in this
iteration. This initiative will further enhance the
consistency and transparency of the approach to
grading quality of evidence and strength of recom-
mendations for the Antithrombotic and Thrombo-
lytic Therapy: American College of Chest Physicians
Evidence-Based Clinical Practice Guidelines (9th
Edition).

Conclusion

For the eighth edition of the Antithrombotic and
Thrombolytic Therapy: American College of Chest
Physicians Evidence-Based Clinical Practice Guide-
lines, we have built on the methods of the 7th edition
that introduced explicit definition of questions,
transparent eligibility criteria for including studies,
methodologic evaluation of RCTs included, and
specification of values and preferences and resource
considerations underlying recommendations where
particularly relevant. In combination with our previ-
ous practice of grading recommendations according
to their strength and the methodologic quality of the
supporting studies, these methods establish our
guideline methodology as evidence based.
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