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HE most common indications for warfarin
therapy are atrial fibrillation, the presence of
a mechanical heart valve, and venous throm-

boembolism.

 

1,2

 

 Treatment with warfarin presents a
problem if patients with these indications need sur-
gery, because the interruption of anticoagulant ther-
apy increases the risk of thromboembolism. After
warfarin therapy is discontinued, it takes several days
for its antithrombotic effect to recede, and when it
is resumed, several days are needed to reestablish
therapeutic anticoagulation.

There is no consensus on the appropriate periop-
erative management of anticoagulation for patients
who have been receiving long-term warfarin therapy.
Rational decisions about the treatment of such pa-
tients can be made only if one can quantify the risks
of thrombosis and bleeding associated with the var-
ious alternatives. In this review, we will consider the
expected risks and benefits of different approaches
to anticoagulation in patients who require warfarin
because of atrial fibrillation, a mechanical heart valve,
or a history of venous thromboembolism. Our as-
sessment of the consequences of arterial and venous
thromboembolism and postoperative bleeding is then
used as the basis for an approach to management de-
signed to maximize the patient’s safety and the effi-
cient use of health care resources.

We quantified the estimated risks and benefits of
two different strategies: an aggressive approach, in
which intravenous heparin is given for two days be-
fore and two days after surgery; and a minimalist
strategy, under which patients receive no heparin
immediately before or after surgery. These two ap-
proaches were chosen because they are widely used
in clinical practice, conceptually clear, and likely to

T

 

be associated with the most divergent levels of risk
of thromboembolism and bleeding. Whenever pos-
sible, our estimates of risk and benefit are based on
data from randomized trials or prospective studies.

 

RISKS ASSOCIATED WITH TEMPORARILY 

STOPPING WARFARIN THERAPY

 

After warfarin therapy is stopped, it takes about
four days for the international normalized ratio (INR)
to reach 1.5 in almost all patients

 

3

 

; once the INR
reaches 1.5, surgery can be safely performed.

 

3-8

 

 After
warfarin therapy is restarted, it takes about three
days for the INR to reach 2.0.

 

9

 

 Therefore, if warfarin
is withheld for four days before surgery and treat-
ment is restarted as soon as possible after surgery,
patients can be expected to have a subtherapeutic
INR for approximately two days before surgery, and
two days after surgery. However, because the INR
will be elevated to some extent for much of this pe-
riod, patients can still be expected to have partial
protection against thromboembolism.

 

10-12

 

 The tem-
porary discontinuation of warfarin thus exposes pa-
tients to a risk of thromboembolism equivalent to
one day without anticoagulation before surgery and
another day without anticoagulation after surgery.
Regardless of the approach to perioperative antico-
agulation used, patients need to have a normal or
nearly normal state of coagulation during surgery, so
some increase in the risk of thromboembolism is un-
avoidable.

Independently of the intensity of anticoagulation,
the perioperative risk of thromboembolism may be
increased by other factors, in particular a rebound hy-
percoagulable state caused by the discontinuation of
warfarin and the prothrombotic effect of the surgery
itself. Although there is biochemical evidence sugges-
tive of a rebound hypercoagulable state after therapy
with oral anticoagulants is stopped,

 

13-18

 

 the phenom-
enon has yet to be seen clinically.

 

19

 

 Surgery can in-
duce hemostatic changes that may increase the risk of
thromboembolism.

 

20

 

 Although there is good evi-
dence that surgery increases the risk of venous
thromboembolism,

 

21,22

 

 there is no evidence that sur-
gery increases the risk of arterial embolism in patients
with atrial fibrillation or mechanical heart valves. 

Consequently, for patients whose INR returns to
normal shortly after stopping warfarin therapy, we
have assumed that the risk of preoperative arterial
thromboembolism, postoperative arterial throm-
boembolism, and preoperative venous thromboem-
bolism will be similar to that which is expected
in the absence of anticoagulation. However, the risk
of postoperative venous thromboembolism will be
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greatly increased. Calculating a risk of pulmonary
embolism of 1.7 percent per year for patients with
previous venous thromboembolism who do not un-
dergo surgery

 

23

 

 and a risk of 6.4 percent in the two
weeks after operation for surgical patients with the
same history (on the basis of a 1.6 percent risk for
surgical patients,

 

24

 

 multiplied by 4 because of the pre-
vious episode of venous thromboembolism

 

25

 

), we es-
timate that major surgery increases the short-term
risk of recurrence 100-fold.

 

RISKS OF THROMBOEMBOLISM

IN SPECIFIC SETTINGS 

 

Venous Thromboembolism

 

After an acute episode of venous thromboem-
bolism, the risk of recurrence declines rapidly over the
following three months

 

26

 

 (Table 1). The risk of recur-
rent venous thromboembolism in the three months
after proximal deep-vein thrombosis is approximately
50 percent in the absence of anticoagulation

 

27

 

; one
month of warfarin therapy reduces this risk to about
10 percent,

 

28,29

 

 and three months of warfarin therapy
reduces it to about 5 percent.

 

27-29

 

 On the basis of
these data, we estimate that stopping anticoagulation
in the first month after an acute event is associated
with a very high risk of recurrent venous thromboem-
bolism (40 percent in a one-month interval) and that
the risk becomes intermediate if anticoagulants are
not stopped until the second or third month (10 per-
cent in a two-month interval).

Long-term anticoagulation is usually reserved for
patients with multiple episodes of venous thrombo-
embolism, a hereditary hypercoagulable state, or ac-
tive cancer. In these patients, discontinuation of war-
farin is estimated to be associated with a much lower
risk of thromboembolism (15 percent per year).

 

30

 

 
Anticoagulation reduces the risk of recurrent venous

thromboembolism by about 80 percent.

 

23,27,29,31,32

 

Arterial Thromboembolism

 

Patients with nonvalvular atrial fibrillation who do
not receive antithrombotic therapy have an average
risk of systemic embolism of 4.5 percent per year.

 

33

 

The risk for an individual patient varies from about
1 percent to 20 percent depending on the presence of
risk factors

 

33

 

; in patients with previous cerebral embo-
lism it is approximately 12 percent per year.

 

34

 

 Less re-
liable data suggest that the risk of recurrent embolism
from any cardiac source is approximately 0.5 percent
per day in the first month after an acute event.

 

35

 

 An-
ticoagulation reduces the risk of embolism by 66 per-
cent in patients with nonvalvular atrial fibrillation.

 

33,34

 

Mechanical Heart Valves

 

The average rate of major thromboembolism in
patients with mechanical heart valves who are not
given anticoagulant therapy is estimated at 8 per-

cent; there is evidence that anticoagulation reduces
this risk by 75 percent.

 

36,37

 

RISK OF BLEEDING

 

A two-day course of intravenous heparin before
surgery is unlikely to cause much bleeding. Howev-
er, if heparin therapy is resumed immediately after
surgery, there is likely to be a marked increase in the
risk of major bleeding.

 

38-45

 

 The size of this increase
is uncertain, although in one study the reported in-
cidence of major bleeding in patients with deep-vein
thrombosis who were judged to be at high risk for
bleeding was 11 percent during the first five days of
intravenous heparin therapy.

 

46

 

 We therefore estimate
that two days of intravenous heparin therapy will
increase the absolute rate of major postoperative
bleeding by about 3 percent.

 

CONSEQUENCES OF THROMBOSIS

AND BLEEDING

 

It is important to consider the consequences of
venous and arterial thromboembolism, and of bleed-
ing, in addition to the rates at which these outcomes
occur. Six percent of recurrent episodes of venous
thromboembolism are expected to be fatal.

 

23,28,29

 

 A
small group of patients with recurrent events, per-
haps 2 percent, will have serious permanent disabil-
ity, though the majority will make a good recovery.
The consequences of arterial thromboembolism are

 

*The increase in the risk of venous thromboembolism as-
sociated with surgery (estimated to be 100-fold) is not in-
cluded in these rates.

†The term refers to patients whose last episode of venous
thromboembolism occurred more than three months before
evaluation but who require long-term anticoagulation be-
cause of a high risk of recurrence.

‡The rate shown is per year.
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percent

 

Acute venous thrombo-
embolism*

Month 1 40 80
Months 2 and 3 10 80

Recurrent venous thrombo-
embolism*†

15‡ 80

Nonvalvular atrial fibrillation 4.5‡ 66

Nonvalvular atrial fibrillation 
and previous embolism

12‡ 66

Mechanical heart valve 8‡ 75

Acute arterial embolism
Month 1 15 66
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much more serious; approximately 20 percent of
these episodes are fatal, and 40 percent result in
serious permanent disability.

 

33,34,47,48

 

 Approximately
3 percent of episodes of major postoperative bleed-
ing are fatal,

 

38,49

 

 but most patients make a full recov-
ery, despite the need for reoperation in as many as
50 percent of them.

 

49

 

 Rarely, perhaps half as often
as they are fatal, episodes of major postoperative
bleeding result in permanent disability.

 

RISKS AND BENEFITS OF PERIOPERATIVE 

INTRAVENOUS HEPARIN

 

We will now provide estimates of the net effect, in
terms of the frequency of major disability, of admin-
istering intravenous heparin for two days before and
two days after surgery in patients with different in-
dications for anticoagulation.

 

Venous Thromboembolism

 

In the first month after an acute episode of venous
thromboembolism, each day without anticoagula-
tion is associated with a 1.0 percent absolute in-
crease in the risk of recurrence. Despite doubling
the rate of bleeding, postoperative intravenous hep-
arin therapy results in a net reduction in serious
morbidity in these patients, because the risk of post-
operative venous thromboembolism is extremely high.
Preoperative intravenous heparin is also warranted
while the INR is subtherapeutic (Table 2).

In the second and third months after an acute ep-
isode of venous thromboembolism, the risk of re-
currence has dropped sufficiently that preoperative
intravenous heparin therapy is not justified unless
the patient has other risk factors for thromboembo-
lism (e.g., hospitalization). However, because of the
expected 100-fold increase in the risk of venous
thromboembolism after surgery, postoperative ther-
apy with intravenous heparin is indicated (Table 2).

More than three months after an acute episode of
venous thromboembolism, preoperative anticoagu-
lation is not warranted. In these circumstances, the
argument for postoperative intravenous heparin is
also weak because of the marked decline over time
in the absolute risk of venous thromboembolism. In
this setting, postoperative intravenous heparin can
be expected to cause as many episodes of major
bleeding as it will prevent major thromboembolic
events (Table 2). Because the consequences of venous
thromboembolism are usually more severe than those
of bleeding, the use of postoperative intravenous
heparin will thus produce a small net decrease in se-
vere morbidity. However, prophylactic measures that
are associated with a lower risk of bleeding than in-
travenous heparin (for instance, subcutaneous low-
molecular-weight heparin, given with or without the
use of graduated-compression stockings and inter-
mittent pneumatic compression) are likely to be a
safer alternative for such patients.

 

Arterial Thromboembolism

 

For patients at risk of arterial thromboembolism,
there is a stronger argument in favor of preoperative
intravenous heparin than there is for postoperative
therapy. The risk of thromboembolism is similar be-
fore and after surgery, but the risk of bleeding is
much higher after surgery.

In the first month after an acute episode of arterial
thromboembolism, preoperative intravenous hepa-
rin is indicated. However, the reduction in the rate
of long-term disability achieved by intravenous hep-
arin therapy after major surgery is small and is gained
at the expense of a large number of episodes of less
serious major bleeding (Table 2). Consequently, we
think it reasonable to recommend postoperative
therapy with intravenous heparin only for patients
undergoing minor surgery in which the risk of bleed-
ing is low.

In conditions associated with a lesser risk of arte-
rial thromboembolism (e.g., atrial fibrillation or the
presence of a mechanical heart valve in patients with
no recent embolism), our analysis suggests that
postoperative intravenous heparin therapy increases
rather than decreases serious morbidity. This is be-
cause the risks associated with postoperative throm-
boembolism are lower than the risks associated with
heparin-induced bleeding (Table 2). Although pre-
operative heparin therapy should reduce morbidity
due to thromboembolism, the achieved benefit is

 

*Values shown are estimated numbers of major events caused (

 

�

 

) or pre-
vented (

 

�

 

) if therapy is administered to 10,000 patients undergoing major
surgery.

†A 100-fold increase in the postoperative rate of venous thromboem-
bolism has been assumed, to reflect the added risk associated with major
surgery.

‡The term refers to patients whose last episode of venous thromboem-
bolism occurred more than three months before evaluation but who re-
quire long-term anticoagulation because of a high risk of recurrence.
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no. of events caused or prevented/
10,000 patients

 

Acute venous thromboembolism
Month 1

 

�

 

7162†

 

�

 

300

 

�

 

559
Months 2 and 3

 

�

 

1328†

 

�

 

300

 

�

 

93

Recurrent venous thromboembolism‡

 

�

 

332†

 

�

 

300

 

�

 

13

Nonvalvular atrial fibrillation

 

�

 

2

 

�300 �12

Nonvalvular atrial fibrillation and
previous embolism

�4 �300 �11

Mechanical heart valve �3 �300 �12

Arterial embolism
Month 1 �65 �300 �26
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small, because the absolute risk of embolism during
the short period of subtherapeutic anticoagulation is
extremely low.

QUALIFYING REMARKS

The validity of our recommendations depends on
the validity of our assumptions. It was often not pos-
sible in our analysis to estimate rates of thromboem-
bolism and bleeding on the basis of randomized tri-
als. Among our analytic estimates, those involving
postoperative bleeding causing death or disability
are the least certain. We estimated that two days of
postoperative intravenous heparin therapy will cause
3 percent of patients to have episodes of major bleed-
ing, of which 3 percent will be fatal or disabling. On
the basis of the frequency of major bleeding ob-
served in high-risk patients during initial heparin
therapy46 and the case fatality rate among patients
with postoperative bleeding in trials that evaluated
prophylactic doses of heparin,38,49 these estimates
appear reasonable.

To examine the robustness of our conclusions, we
performed sensitivity analyses in which our assumed
rates of thromboembolism and bleeding were, alter-
natively, doubled and halved. Even when we dou-
bled the estimated rate of thromboembolism and
halved the rate of bleeding, none of our ultimate
recommendations needed to be changed. Similarly,
although the risks of thromboembolism33,37,50,51 and
bleeding52,53 for individual patients may differ from
the average values we used, this fact is unlikely to al-
ter our recommendations.

We analyzed two options, one at each end of the
therapeutic spectrum. There is, of course, a middle
ground. We certainly recognize that other forms of
perioperative antithrombotic therapy may be reason-
able for patients whose INR has returned to normal,
even if intravenous heparin is not indicated. Low-dose
heparin is routinely recommended as prophylaxis
against venous thromboembolism after major sur-
gery.38 Low-molecular-weight heparin is more effec-
tive than low-dose heparin in orthopedic patients who
are at high risk for venous thromboembolism, does
not increase the risk of bleeding any more than low-
dose heparin, and is convenient for hospital use.54,55

These forms of heparin may also lessen the risk of ar-
terial thromboembolism. Consequently, we recom-
mend these antithrombotic regimens for all patients
who require long-term anticoagulation but in whom
perioperative intravenous heparin is not justified.

Mechanical techniques, such as those involving
graduated-compression stockings or intermittent
pneumatic compression, should also be used to make
prophylaxis against venous thromboembolism more
effective.56-58 The insertion of a vena caval filter to
prevent pulmonary embolism should be considered
if the risk of venous thromboembolism is very high
(for instance, in a patient with a very recent venous

thromboembolism) and effective anticoagulation can-
not be undertaken.59,60 

Although the subcutaneous administration of ther-
apeutic doses of heparin or low-molecular-weight
heparin to outpatients may appear attractive, the ap-
proach has limitations. The procedure is difficult to
arrange on an outpatient basis. Moreover, the action
of subcutaneous heparin is more prolonged and its
clearance less predictable than is the case with intra-
venous heparin.61 This makes it difficult to time the
last preoperative injection and complicates the man-
agement of any bleeding.

Considerations other than those we evaluated may
influence the management of anticoagulation, such
as a perhaps disproportionate fear of thromboembo-
lism or bleeding on the part of patients or their phy-
sicians.62 There are also legal issues that may arise, al-
though adherence to clinical-practice guidelines is
one way to limit any potential liability.63,64

Our overall conclusion is that although there is jus-
tification for the perioperative use of intravenous hep-
arin, particularly in patients who have had an acute
episode of venous thromboembolism in the three
months before surgery, it is not indicated for most pa-
tients who are being given long-term oral anticoagu-
lant therapy. The absolute risk of thromboembolism
associated with a few days of perioperative subthera-
peutic anticoagulation is generally very low, and the
risk of bleeding associated with postoperative intrave-
nous heparin therapy is often relatively high.

RECOMMENDATIONS

We offer a number of recommendations for the
perioperative management of anticoagulation in pa-
tients who are taking oral anticoagulants (Table 3).
If a patient’s INR is between 2.0 and 3.0, four
scheduled doses of warfarin should be withheld to
allow the INR to fall spontaneously to 1.5 or less be-
fore surgery. Warfarin should be withheld for a long-
er period if the INR is normally maintained above
3.0 or if it is necessary to keep it at a lower level (i.e.,
�1.3). The INR should be measured a day before
surgery to ensure adequate progress in the reversal
of anticoagulation; the physician then has the op-
tion of administering a small dose (1 mg, subcuta-
neously) of vitamin K, if required (that is, if the INR
is 1.8 or higher). Alternative preoperative or postop-
erative prophylaxis, or both, against thromboembo-
lism should be considered for the period during
which the INR is less than 2.0 (Table 3).

Patients with a History of Venous Thromboembolism

Elective surgery should be avoided in the first
month after an acute episode of venous throm-
boembolism. If this is not possible, intravenous hep-
arin should be given before and after the procedure
while the INR is below 2.0. If the activated partial-
thromboplastin time is in the therapeutic range,
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stopping continuous intravenous heparin therapy six
hours before surgery should be sufficient for heparin
to be cleared before surgery.

Heparin therapy should not be restarted until 12
hours after major surgery and should be delayed
even longer if there is any evidence of bleeding from
the surgical site. Heparin should be restarted with-
out a bolus, at no more than the expected mainte-
nance infusion rate.65 The activated partial-throm-
boplastin time should be checked 12 hours after
restarting therapy to allow time for a stable antico-
agulant response.

If the patient has been receiving anticoagulant
therapy for less than two weeks after a pulmonary
embolism or a proximal deep-vein thrombosis or if
the risk of bleeding during intravenous heparin ther-
apy is considered unacceptable, a vena caval filter
should be inserted.

If the patient has been receiving anticoagulant
therapy for acute venous thromboembolism for
more than one month but less than three months,
preoperative intravenous heparin therapy is not jus-
tified unless there are additional risk factors for re-
current venous thromboembolism, such as the pa-
tient’s having been hospitalized for acute illness.
However, postoperative intravenous heparin is rec-
ommended for such patients until warfarin therapy
is resumed and the INR is above 2.0.

Patients who have been receiving anticoagulants
for more than three months since their last episode

of acute venous thromboembolism do not need pre-
operative heparin. They should receive postoperative
prophylaxis, as recommended for patients at high
risk for venous thromboembolism (e.g., with low-
molecular-weight heparin),66 until oral anticoagula-
tion is reestablished (an INR of 2.0 or higher). This
therapy should be combined with mechanical meth-
ods of prophylaxis, such as graduated-compression
stockings or intermittent pneumatic compression.
Intravenous heparin therapy is an acceptable postop-
erative alternative.

Patients at Risk for Arterial Thromboembolism

Elective surgery should be avoided in the first
month after an arterial embolism, but if surgery is
essential, preoperative intravenous heparin should be
administered. Postoperative heparin therapy is recom-
mended for such patients only if the risk of postop-
erative bleeding is low.

In all other patients who receive anticoagulants to
prevent arterial embolism, such as those with mechan-
ical heart valves or a history of nonvalvular atrial fibril-
lation, the risk of embolism is not high enough to
warrant either preoperative or postoperative therapy
with intravenous heparin. Intravenous heparin thera-
py should, in fact, be avoided after major surgery be-
cause of the high risk of bleeding. Subcutaneous low-
dose heparin or low-molecular-weight heparin, in the
dosage used for prophylaxis against venous throm-
boembolism in high-risk patients,66 is recommended
for hospitalized patients whose risk of arterial embo-
lism does not justify the use of intravenous heparin.
However, neither hospitalization to administer subcu-
taneous heparin nor the administration of subcutane-
ous heparin to outpatients appears to be justified.

We are indebted to Drs. Mark Crowther, Jeffrey Ginsberg, Thomas
Kiss, and Jeffrey Weitz for their helpful suggestions.
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