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Perioperative Management of Patients
on Oral Anticoagulants: A Decision Analysis
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Thomas McGinn, MD, MPH, Henry S. Sacks, MD, PhD

Background. To better inform clinicians on the optimal man-
agement of patients on oral anticoagulation who need to un-
dergo surgery or invasive procedures, the authors performed
a decision analysis examining whether a perioperative
aggressive or minimalist strategy results in greater quality-
adjusted survival. Methods. A decision analysis model was
created comparing withholding warfarin (minimalist strat-
egy) to withholding warfarin and administering treatment-
dose subcutaneous low-molecular-weight heparin (LMWH)
or intravenous heparin perioperatively (aggressive strategy).
The base-case analysis examined a hypothetical 60-year-old
hypertensive individual with mechanical aortic valve re-
placement undergoing major abdominal surgery. A probabil-
istic sensitivity analysis was performed using a Monte Carlo
simulation with quality-adjusted life expectancy (QALE) as
the outcome. Secondary analyses examined patients with a
mechanical mitral valve and atrial fibrillation. Sensitivity
analyses were performed for each variable. Results. Under

the base-case scenario, the minimalist strategy was preferred
for 78% of trials in the Monte Carlo simulation, with a mean
benefit of 0.003 years (95% confidence interval, –0.005 years
to 0.011 years). Sensitivity analyses based on point estimates
indicate that the aggressive strategy is preferred when the an-
nual stroke rate is >5.6% or the increase in postoperative ma-
jor bleeding induced by heparin is <2.0%; however, the bene-
fit is small over the range of plausible values. Conclusions.
For most patients with a mechanical aortic valve or atrial fi-
brillation undergoing major surgery, a minimalist strategy of
simply withholding oral anticoagulation provides similar
QALE as an aggressive strategy of administering
perioperative subcutaneous LMWH or intravenous heparin.
The aggressive therapy provides greater QALE for patients at
higher risk of stroke (e.g., mechanical mitral valves), although
the benefit is small. Key words: surgery; anticoagulation; de-
cision analysis; mechanical heart valves; atrial fibrillation;
stroke. (Med Decis Making 2005;25:387–397)

Oral anticoagulants are commonly prescribed for
patients with conditions predisposing them to

thromboembolism to decrease the risk of life-threaten-
ing events, such as stroke. An example of such a condi-
tion is atrial fibrillation, which affects 2.3 million Amer-
icans and has been projected to affect more than 5.5
million Americans by the year 2050.1 The peri-
operative management of patients on oral anticoagu-
lants is problematic, as the medication needs to be dis-
continued to prevent excessive bleeding for most
invasive procedures and surgeries. Substituting treat-
ment-dose subcutaneous low-molecular-weight hepa-
rin (LMWH) or intravenous heparin while oral antico-
agulants are withheld can decrease the risk of
thromboembolism but increases the hospitalization re-
quirement and may increase the risk of postoperative
bleeding. In part owing to a lack of randomized trials or
rigorous nonrandomized studies, there is no consensus
on whether therapeutic anticoagulation should be ad-

ministered while warfarin is withheld periopera-
tively.2,3 The lack of consensus was noted in a survey of
physicians, which found that although most would ad-
minister perioperative full-dose intravenous heparin
or LMWH for patients with mechanical aortic valves,
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approximately one third would do nothing other than
withhold oral anticoagulation.4

To better inform clinicians on this decision, we per-
formed a decision analysis comparing 2 distinct strate-
gies: 1) a minimalist strategy consisting of simply with-
holding oral anticoagulants perioperatively and 2) an
aggressive strategy consisting of withholding oral anti-
coagulants and administering LMWH or intravenous
heparin perioperatively. These strategies were chosen,
as they are commonly utilized and recommended.2,5–7

METHODS

Decision Analytic Model

A decision tree model was constructed to describe
the possible outcomes of 2 strategies for the peri-
operative management of patients on oral anticoagu-
lants (Figure 1). For both strategies, oral anticoagulants
were withheld for 4 days prior to the procedure and
reinitiated on the evening of the procedure. For the
strategy designated as “aggressive,” treatment-dose
LMWH or intravenous heparin was administered for
the 2 days immediately prior to and the 2 days immedi-
ately following the procedure. For the strategy desig-
nated as “minimalist,” therapeutic-dose heparin was
not administered. The perioperative period was de-
fined as the 4 days prior to surgery (the preoperative
period) and the day of and 4 days following surgery
(the postoperative period). Patients are followed in the
model until death.

The primary analysis (base case) was based on a 60-
year-old individual with a history of hypertension and
prosthetic aortic valve replacement undergoing elec-
tive major abdominal surgery. To vary the risk of
thromboembolic stroke, we assessed as secondary
analyses the outcomes of 2 other hypothetical patients
undergoing the same surgery: a 60-year-old individual
with a history of hypertension and atrial fibrillation
(low stroke risk) and a 60-year-old individual with a
history of hypertension and prosthetic mitral valve re-
placement (high stroke risk). To examine the impact of
the potential bleeding risk of the procedure, the out-
comes for the 3 hypothetical patients were also exam-
ined using dental extraction (low bleeding risk) as the
elective procedure.

The probability of each event in the model was
based on a review of the literature using the MEDLINE
(1 January 1966 to 31 December 2003) and Cochrane
Collaboration computerized databases. The references
of the retrieved articles were examined to further iden-
tify studies. Information was extracted from the rele-
vant studies for each input variable. Sensitivity analy-

ses were performed around a wide range of plausible
values based on the literature review. Analyses were
performed using TreeAge software (TreeAge Software
Inc, Williamstown, MA).

Probabilities and Assumptions

The baseline values for probabilities and utilities
and ranges for the variables noted in the literature are
shown in Table 1.

We assigned the anticoagulation status for each day
in the perioperative period as being either “therapeu-
tic” or “subtherapeutic.” Preoperatively, the initial 2
days warfarin was withheld were considered therapeu-
tic for both strategies, and the subsequent 2 days were
considered therapeutic for the aggressive strategy and
subtherapeutic for the minimalist strategy. Postopera-
tively, the day of surgery was considered subtherapeutic
for both strategies, the subsequent 2 days were consid-
ered subtherapeutic for the minimalist strategy and
therapeutic for the aggressive strategy, and the following
2 days were considered therapeutic for both strategies.

For days in which anticoagulation was considered
subtherapeutic, the probability of stroke was considered
to be the annual rate of stroke without anticoagulation
divided by 365. For days in which the patient was con-
sidered anticoagulated, the daily rate was reduced by
the relative risk reduction demonstrated in trials of
anticoagulation.

The probability of major bleeding in the preopera-
tive period was considered to be the annual rate of ma-
jor bleeding on oral anticoagulants, as determined in
nonsurgical settings, divided by 365, and multiplied by
the number of days the patient was considered thera-
peutically anticoagulated. The probability of preopera-
tive major bleeding on days assigned as subtherapeutic
was considered to be negligible, as the daily rate of ma-
jor bleeding in the absence of anticoagulation or
surgery is low.

The probability of stroke for patients with prosthetic
mitral valves who are not anticoagulated is unknown.
As prosthetic mitral valve thromboembolic events are
1.8 times more common than for prosthetic aortic
valves, the stroke rate without anticoagulation for mi-
tral valves was calculated as the stroke rate without
anticoagulation for aortic valves multiplied by 1.8.13

The increase in postoperative major bleeding due to
the administration of treatment-dose LMWH or intra-
venous heparin soon after procedures or surgery is un-
known. Based on the available literature, a 3% increase
was used as the baseline estimate for major surgery;
however, given the limited nature of the literature, a
wide range (0%–10%) was used in a sensitivity analy-
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sis.54–56 For dental extraction, based on a review dem-
onstrating that major bleeding is rare during dental pro-
cedures when oral anticoagulation is continued
throughout the procedure, it was assumed that major
bleeding did not occur in the absence of
anticoagulation and that the aggressive strategy results
in a 0.2% incidence of major bleeding.40 As there is no
clear evidence for a difference in the rates of periopera-
tive major bleeding and stroke for treatment-dose

LMWH and intravenous heparin, we assumed these
agents to be equivalent options for the aggressive strat-
egy. Based on studies performed in other settings, how-
ever, it is also plausible that LMWH may cause less
bleeding than unfractionated heparin.57–59 The wide
range for the bleeding rate chosen for the sensitivity
analysis will also allow examination of whether use of
a medication with a low bleeding rate impacts whether
an aggressive strategy is preferred.
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Figure 1 The decision-analysis model. Circles represent chance events. (A) The basic structure of the model. The square represents the choice
of 2 treatment strategies: the minimalist strategy, consisting of withholding warfarin perioperatively, and the aggressive strategy, consisting of
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As the surgical milieu or the discontinuation of war-
farin inducing a transient hypercoagulable state has
not been extensively studied and is not established as
increasing the risk for arterial events, the base-case
analysis assumed the absence of perioperative
hypercoagulability. Perioperative hypercoagulability
was considered in a sensitivity analysis, using a
“hypercoagulable” variable to modify the daily stroke

rate. For example, setting this variable to 2 would ex-
amine whether a hypercoagulable state that doubles
the risk of stroke in the perioperative period relative to
the nonoperative period has an impact on which
strategy is preferred.

Stroke was considered to result in death or perma-
nent disability. Stroke severity was classified as minor
(minimal or mild residual neurologic deficits corre-
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Table 1 Probabilities and Utilities

Input Variable Base-Case Value % Range % References

Probabilities
Stroke, annual rate without anticoagulation

Atrial fibrillation 2.8 1–12 8–12
Mechanical valves

Mitrala 7.2 4–12 13
Aortic 4.0 2.9–5.2 13–16

Stroke, annual rate with anticoagulationb

Atrial fibrillation 1.7 0.38–4.6 9, 10, 17
Mechanical valves

Mitral 1.1 0.9–1.5 13, 18
Aortic 0.7 0.5–0.9 13, 18

Major preoperative bleeding (daily rate on anticoagulation)c 0.0082 0.0054–0.0384 19–25
Postoperative major bleeding, without intravenous heparin 3 0–9 26–33
Absolute increase in postoperative major bleeding by
intravenous heparin
Minor and major surgery 3 0–10 34–39
Dental extraction, cataract surgery, and joint aspiration 0 0–2 40–46

Mortality, preoperative major bleed 15 1.5–29 19–22, 30, 47–49
Mortality, postoperative major bleed 1 0–2 26–28, 30, 31, 33
Effectiveness of anticoagulation (relative risk reduction)

Atrial fibrillation 62 50–75 8–10
Mechanical valves 75 60–85 13, 50

Consequences of thromboembolic stroke 51
Fatal 30.3 20–35
Mild (Rankin 1–2) 21.1 10–30
Moderate (Rankin 3) 9.0 5–20
Severe (Rankin 4–5) 39.6 25–40

Utilities
Baseline utility for patients experiencing no events or fully 1.0 0.5–1.0
recovering from a perioperative event

Stroke 52, 53
Minor (Rankin 1–2) 0.76 0–1.0
Moderate (Rankin 3) 0.39 0–1.0
Severe (Rankin 4–5) 0.07 0–1.0

Note: The mortality rate for a major preoperative bleed was considered to be equivalent to the mortality rate for major bleeding determined in nonoperative
settings.
a. For mechanical mitral valves, studies examining the stroke rate without anticoagulation are not available. As mitral valve thromboembolic events are approxi-
mately 1.8 times more common than aortic valve thromboses, the stroke rate without anticoagulation for mitral valves was calculated as the stroke rate without
anticoagulation for aortic valves multiplied by 1.8.
b. For atrial fibrillation, the baseline estimate of the stroke rate on anticoagulation was determined using the stroke rate without anticoagulation multiplied by the
relative risk reduction provided by anticoagulation.
c. The daily rate of preoperative major bleeding was calculated based on the annual rate of major bleeding determined in studies of patients receiving oral
anticoagulation in nonsurgical settings.
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sponding to class 0 or 1 on the modified Rankin scale),
moderate (corresponding to class 2 or 3 on the modi-
fied Rankin scale), or severe (corresponding to class 4
or 5 on the modified Rankin scale).

Major bleeding was assumed to lead to either death
or full recovery. The probability of death after postop-
erative major bleeding was determined from studies of
patients who received anticoagulation for peri-
operative prophylaxis of venous thromboembolism.
The probability of death from major bleeding was not
considered to be altered by the anticoagulation status at
the time of the event. A permanent disability state due
to major bleeding was not included in the model, as
this is rare.2

In the base-case analysis, we assumed that patients
who experienced a preoperative stroke or bleeding
event would not undergo surgery in the future. In a sec-
ondary analysis, we assumed that patients who suf-
fered a preoperative stroke or major bleeding event
from which they fully recovered were given a 2nd at-
tempt at surgery. Under this analysis, if the preopera-
tive event was a stroke, we assumed the patient would
receive the aggressive strategy for the 2nd surgery, and
if the event was a major hemorrhage, we assumed the
patient would receive the minimalist strategy for the
2nd surgery. If the patient suffered an event during the
preoperative period of the 2nd attempt at surgery, it
was assumed that the patient would not undergo
surgery in the future.

We assumed that anticoagulation was held for 1
week after a major bleeding event and that
anticoagulation was subtherapeutic during these days.

Outcomes of the Analysis

Quality-adjusted life expectancy (QALE) was used
as the measure of health outcomes. The QALEs were
obtained by multiplying the appropriate life-years in
the different health states with the utility estimate for
each health state. Life expectancy was estimated using
the declining exponential approximation of life expec-
tancy (DEALE) method.60,61 The mean mortality rates
were estimated based on the US age-specific death
rates as reported by the National Center for Health Sta-
tistics.62 The excess annual mortality associated with
aortic and mitral prosthetic valves; atrial fibrillation;
and hypertension and minimal, moderate, or severe
disability following a stroke was estimated based on a
review of the literature.63–71 Quality-adjusted life ex-
pectancy was discounted at an annual rate of 3% to
account for time preferences.

Quality Adjustments

We adjusted life expectancy to reflect the quality of
life for any given state of health by multiplying the life
expectancy by the utility for that health state. Death
was defined as having a utility of zero, and patients ex-
periencing no events or fully recovering from a
perioperative event without permanent disability were
defined as having a utility of 1.0. A sensitivity analysis
was performed to examine the effect of varying the
baseline utility, as the baseline utility for patients expe-
riencing no events or fully recovering from a
perioperative event may be substantially less than 1.0,
particularly for elderly patients with multiple
comorbidities. Utilities for disabilities associated with
minor, moderate, and major stroke were assigned based
on a study that used the time tradeoff method to elicit
these values.48 For patients who had surgery canceled
due to a preoperative event, the utility of living without
having had total hip replacement was assigned as 0.6,
based on a cost-effectiveness study that included sur-
vey data showing a utility difference of 0.4 for living
with and without total hip replacement.72

Probabilistic Sensitivity Analysis

We conducted a probabilistic sensitivity analysis
using a Monte Carlo simulation. For this analysis, each
variable in the model was represented by a triangular
distribution in which the peak was equal to the base-
case value and the lower and upper bounds were equal
to the extreme values for the variables found in the lit-
erature. We performed 10,000 simulations to generate
confidence intervals around the difference in the
QALE under the 2 strategies and determine the propor-
tion of trials in which each strategy is favored.

Sensitivity Analyses

One-way sensitivity analyses using point estimates
were performed on the base case for all variables pre-
sented in Table 1 using the range of values noted in the
literature.

RESULTS

For a 60-year-old individual with hypertension and
a mechanical aortic valve undergoing elective major
abdominal surgery, the expected value for the mini-
malist strategy was slightly greater than for the aggres-
sive strategy. In a probabilistic sensitivity analysis con-
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sisting of 10,000 Monte Carlo simulations, the mean
difference in QALE for the 2 strategies was 0.003 years
favoring the minimalist strategy (95% confidence in-
terval, –0.005 years to 0.011 years). In 22% of the simu-
lations, the difference in the QALE was ≤0 days, indi-
cating that the minimalist strategy was favored for 78%
of simulations.

Sensitivity Analyses

One-way sensitivity analyses based on point esti-
mates found that the outcome was insensitive to the
preoperative bleeding rate, mortality rate for preopera-
tive major bleeding, effectiveness of anticoagulation,
consequences of stroke, life expectancy, baseline util-
ity for patients experiencing no events or fully recover-
ing from a perioperative event, and utility for stroke.

Sensitivity analysis demonstrates that annual stroke
rates above 5.6% favor the aggressive strategy (Figure
2). The difference in QALE, however, is small for all es-
timates of the annual risk of stroke. For example, the
benefit of the aggressive strategy when the annual risk
of stroke is 20% is 0.014 quality-adjusted life years
(QALYs) (5.1 days). The aggressive strategy is also fa-
vored when the increase in postoperative major bleed-
ing caused by LMWH or intravenous heparin is less
than 2.0% (Figure 3). Again, the difference is small
even at the extremes of the bleeding risk range. For ex-
ample, if there is no increase in major bleeding induced

by heparin, the aggressive strategy is favored by 0.003
QALYs (1.1 days). If heparin increases the rate of major
bleeding by 10%, the minimalist strategy is favored by
0.010 QALYs (3.7 days).

Figure 4 allows determination of the preferred strat-
egy based on patients’ individualized risks of stroke
and bleeding. Figure 4 also demonstrates the potential
impact of a hypothetical transient hypercoagulable
state that doubles the baseline stroke rate in the
perioperative period. Under this assumption, the ag-
gressive strategy is favored for most values for stroke
and major bleeding, including the values assumed for
the base case.

To make the analyses clinically meaningful, 2 addi-
tional hypothetical patients on long-term oral
anticoagulation were analyzed using the model: a 60-
year-old individual with hypertension and atrial fibril-
lation and a 60-year-old subject with hypertension and
a mechanical mitral valve (Table 2). For the base-case
and the 2 additional patients, decision analyses were
performed for major abdominal surgery and dental ex-
traction. For dental extraction, the aggressive strategy
resulted in greater QALE for all 3 individuals because
of the minimal risk of major bleeding from peri-
procedure heparin. The absolute incremental gain in
QALE, however, is small for all 3 patients (0.5 to 2.1
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Figure 3 Quality-adjusted life expectancies for the aggressive and
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is favored when the increase in bleeding is greater than 2.0%. LMWH
= low-molecular-weight heparin; IV = intravenous.
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days). For major abdominal surgery, which has a
greater risk of bleeding, the aggressive strategy was
beneficial only for the patient with the highest stroke
risk (mechanical mitral valve), although the incremen-
tal benefit was again noted to be small (0.4 days).

The base-case analysis was also examined using the
assumption that a 2nd attempt at surgery is made for
patients who fully recover from a preoperative event
(e.g., mild stroke or major bleeding). The minimalist
strategy remained preferred using this approach.

DISCUSSION

The analysis found that for a patient with a mechani-
cal aortic valve undergoing major surgery, simply with-
holding warfarin preoperatively and restarting the
night of the surgery leads to greater quality-adjusted
survival than administering LMWH or intravenous
heparin perioperatively. Although the difference is
minimal, the result is clinically important, as it indi-
cates that the more expensive and difficult strategy of
administering full-dose perioperative anticoagulation
is unnecessary and potentially harmful.

Our analysis is limited by the lack of definitive data
for several of the variables in the model. To examine
uncertainty surrounding the estimates, 1-way sensitiv-
ity analyses around wide ranges of values and a proba-
bilistic sensitivity analysis using a Monte Carlo simula-
tion for the base case were performed. The probabilistic
sensitivity analysis found the 95% confidence interval
for the difference in QALE for the strategies to be from
1.8 days favoring the aggressive strategy to 4.0 days fa-
voring the minimalist strategy. The narrow confidence
interval and minimal difference between the strategies
across the 95% confidence interval supports the result
of the primary analysis that there is no meaningful
clinical difference between the strategies.

The sensitivity analyses identified clinical circum-
stances in which LMWH or intravenous heparin ad-
ministration is beneficial; the aggressive strategy is fa-
vored when the annual stroke rate is greater than 5.6%
or when the increase in postoperative major bleeding
induced by heparin is less than 2.0%. However, a con-
sistent finding for the 3 indications for long-term
anticoagulation (aortic and mitral valve replacement
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Figure 4 A 3-way sensitivity analysis allowing determination of the
preferred strategy based on the patient’s annual risk of stroke without
anticoagulation and the estimated increased risk of major postopera-
tive bleeding due to the administration of treatment-dose low-molec-
ular-weight heparin (LMWH) or intravenous (IV) heparin. The solid
line represents the baseline assumption of the absence of a
perioperative hypercoagulable state that increases the risk for arte-
rial events. The dashed line demonstrates the impact of a
hypercoagulable state that doubles the risk of stroke. The patient de-
scribed in the base-case scenario is marked by the x.

Table 2 Quality-Adjusted Life Expectancy Differences for the Minimalist and
Aggressive Anticoagulation Strategies by Sample Case Scenarios

Increased Risk
of Major Bleeding Incremental

60-year-old from Low-Molecular- Difference in
Patient Annual Weight Heparin or Preferred Quality-Adjusted
Hypertension Stroke Ratea Procedure Intravenous Heparin Strategy Life Expectancy

Mechanical 4.0% Dental extraction 0.2% Aggressive 0.0024 years (0.9 days)
aortic valve Abdominal surgery 3.0% Minimalist 0.0011 years (0.4 days)

Atrial fibrillation 2.8% Dental extraction 0.2% Aggressive 0.0015 years (0.5 days)
Abdominal surgery 3.0% Minimalist 0.0020 years (0.7 days)

Mechanical 7.2% Dental extraction 0.2% Aggressive 0.0058 years (2.1 days)
mitral valve Abdominal surgery 3.0% Aggressive 0.0011 years (0.4 days)
a. Annual stroke rate without anticoagulation.
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and atrial fibrillation) is that the difference in QALE be-
tween the 2 strategies is small regardless of which strat-
egy is preferred. Analyses examining the extremes of
the ranges of the variables reveal that the gain in QALE
ranges from half a day to 1 week. To place this finding
in context, a report by the Evidence-based Medicine
Working Group stated that a gain of 2 or more months of
QALE can be considered important, and “a gain of a
few days would represent a toss-up.”73

It is intuitive that because the 2 strategies produce
similar QALEs, the patient’s preference (i.e., utility for
living with a stroke) should have an important impact
on the result. We found, however, that the model is in-
sensitive to variations in stroke utilities. The reason for
the lack of impact of the utility of stroke on the outcome
is the small number of expected strokes; using the base-
line estimates, 1 patient will suffer a thromboembolic
stroke for every 1515 and 3030 patients treated with the
minimalist and aggressive strategies, respectively.

The baseline utility (i.e., utility for patients who
have no perioperative events or fully recover from a
perioperative event) may vary to a large degree among
patients and may be substantially less than 1.0 for el-
derly patients with multiple comorbidities. Therefore,
a wide range of values were examined in a sensitivity
analysis to determine whether the baseline utility af-
fects whether an aggressive strategy is preferred. The
outcome was insensitive to this variable, indicating
that the results are applicable over a broad range of
baseline utilities.

A variable with a great impact on which strategy is
preferred is the potential presence of a transient
perioperative hypercoagulable state. Although most
reviews of bridging therapy discount or do not address
the possible presence of a hypercoagulable state that
impacts the risk of perioperative arterial thrombo-
embolic events, a hypercoagulable state is accepted as
leading to an increased risk of venous thromboembo-
lism in the perioperative period and has been esti-
mated as increasing the venous thromboembolism rate
by as much as 100-fold.2,74 Factors postulated as theo-
retically inducing hypercoagulability in the surgical
setting are rebound hypercoagulability after the dis-
continuation of warfarin and a prothrombotic state in-
duced by the surgical milieu. A theoretical risk of re-
bound hypercoagulability after the discontinuation of
oral anticoagulation has been described based on stud-
ies demonstrating increases in markers of thrombin
generation, including prothrombin fragments F1+2,
thrombin-antithrombin complexes, and d-dimers, and
increased levels of factor VIII.75–77 Similarly, the surgical
milieu has been found to induce a hypercoagulable
state, including increased levels of plasminogen acti-

vator inhibitor-1.78–80 Although clinical studies
examining perioperative bridging therapy have not
had sufficient power to make precise determinations of
the perioperative stroke rate, most trials have found
rates greater than would be expected mathemati-
cally.3,81,82 The base-case analysis indicates that a tran-
sient hypercoagulable state that increased the arterial
thromboembolic rate more than 1.4 times the baseline
rate would result in the aggressive strategy being pre-
ferred over the minimalist strategy. For the aggressive
strategy to result in a 2-month gain in QALE, however,
a hypercoagulable state would have to increase the
baseline rate 58-fold. Given the potentially important
impact on the decision, future clinical trials need to ex-
amine whether the perioperative stroke rate is greater
than mathematically predicted due to a
hypercoagulable state.

A sensitivity analysis found that the aggressive strat-
egy is favored when the annual stroke rate is greater
than 5.6%. Table 2 demonstrates that risk stratification
based on the annual risk of stroke can thus identify pa-
tients undergoing major surgery who may achieve a
benefit, albeit small, from perioperative LMWH or in-
travenous heparin. Patients at low annual risk (e.g.,
atrial fibrillation with 0–2 stroke risk factors) and pa-
tients at intermediate annual risk (e.g., mechanical aor-
tic valve) do not benefit, and patients at high annual
risk (e.g., mechanical mitral valve) achieve a small
benefit.

In our study, a sensitivity analysis revealed that the
aggressive strategy is also favored when the increase in
postoperative major bleeding induced by intravenous
heparin is less than 2.0%. Future studies are needed to
more precisely determine the rates of postoperative
major bleeding for patients treated with therapeutic-
dose LMWH or intravenous heparin after surgery. Pos-
sibly the greatest difference in practice between the
perioperative use of LMWH and unfractionated heparin
would be the treatment costs. LMWH can be given sub-
cutaneously and without laboratory monitoring,
which allows for home administration for selected pa-
tients. The dramatic decrease in health care costs
achieved through elimination of the need for addi-
tional hospitalization may make this alternative rea-
sonable for patients at high risk for stroke. However, as
our analysis indicates that perioperative treatment-
dose anticoagulation is not superior to simply with-
holding and restarting warfarin, a formal cost analysis
is unnecessary for most patients on oral anticoagulation.

In conclusion, our analysis found a minimal differ-
ence between aggressive and minimalist strategies for
the base-case analysis and the secondary analyses, in-
dicating that there is no advantage to complex and
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costly administration of perioperative heparin and that
simply discontinuing oral anticoagulants before sur-
gery and restarting after the procedure is preferred for
most patients with mechanical aortic valves and atrial
fibrillation. The addition of perioperative LMWH or in-
travenous heparin is burdensome for patients and phy-
sicians and increases health care costs but provides no
additional benefit. Although an aggressive strategy
provides benefit for certain patients at high risk of
stroke (e.g., those with mechanical mitral valves), the
magnitude of the benefit is small and of questionable
clinical significance. Further studies are needed to de-
termine whether a hypercoagulable state exists, which
may substantially impact the perioperative rate of
stroke, and the incremental costs for the benefit gained
from an aggressive strategy for patients at the highest
risk of stroke.
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