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BACKGROUND Venous thromboembolism (VTE), which consists of deep vein thrombosis (DVT) and pulmonary
embolism, is a common complication after total knee replacement surgery. It is also considered to be the
most common preventable cause of hospital-related death. Hence, prophylaxis is recommended following
major orthopedic surgery. Thromboprophylaxis with heparin and low-molecular weight heparins
(LMWH) has significantly decreased the risk of thromboembolic complications after total knee or total
hip replacement. Heparins are only given by injections and many patients are hesitant to use it. With
the advent of direct thrombin inhibitors (DTI) which can be taken orally, patient may adhere more
with the therapy and reduce the incidence of proximal DVT. The objective of this study was to
determine if oral DTIs are comparable with LMWHs in preventing DVT after major orthopedic
surgery.

METHODS Computer search was conducted using the MEDLINE, National Library of Medicine, COCHRANE,
NCBI, Embase, and PubMed for articles published from year 2000 up to 2010. Search was restricted
to meta-analyses and randomized controlled trials comparing oral DTIs and LMWHs. Search terms
used were “venous thromboembolism”, “deep vein thrombosis”, “arthroplasty”, “knee surgery”, “hip
surgery”, “oral thrombin inhibitor”, and “low molecular weight heparin”. The primary author and
another independent reviewer reviewed and screened titles and trial abstracts identified through the
search strategy.  The reviewers used Cochrane Quality Score to evaluate the quality of the study. Results
were analyzed using RevMan version 5software.  Chi2 test was used to analyze heterogeneity.

RESULTS Eight trials were analyzed for proximal DVT events, with 4234 patients randomized to oral DTI and
4189 patients randomized to LMWH. Overall, the risk of proximal DVT was not significantly different
for LMWH compared with the oral DTI [OR 0.87 (95% C.I. 0.69, 1.09; P=0.22). Nine trials were
analyzed for major bleeding events, with 7302 patients randomized to oral DTI and 7309 patients
randomized to LMWH. The combined studies revealed that oral DTIs had significantly more major
bleeding events than LMWHs [OR 1.33 (95% C.I. 1.10, 1.61; P=0.003)].

CONCLUSIONS This review demonstrated no overall advantage for either LMWH or oral DTI in thromboprophylaxis
following major orthopedic surgery.   The benefits of oral DTIs in the prevention of proximal DVT are
at the expense of higher risk of major bleeding events as compared with LMWH.

Venous thromboembolism (VTE) is increased in
patients who underwent major orthopedic surgery.1 VTE
includes deep vein thrombosis (DVT) and pulmonary
embolism (PE). In a study which involved patients who
underwent total knee arthroplasty without
thromboprophylaxis, DVT occurred in 67%, and about
15% of the thrombosis was proximal DVT.2 Proximal leg
DVT in particular has a high associated mortality among
hospitalized patients, and the risk for PE is high among
this population. Since there is an increase in the frequency,

morbidity and mortality associated with proximal DVT,
the prevention of DVT is an important goal for patients
undergoing major orthopedic surgery.

Present guidelines for the prevention of DVT after
orthopedic surgery includes the use of low molecular
weight heparin (LMWH), which is administered
subcutaneously.3 A study by Merli, et. al., showed that
subcutaneously administered LMWH is as safe and as
effective as the continuous infusion of unfractionated
heparin.4 Despite its efficacy and safety, about 30% of
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patients still develop DVT.5 This is possibly because
heparins are poor inhibitors of clot-bound thrombin.6

Moreover, LMWH is administered through injections,
which are found inconvenient for some patients. Oral
vitamin K antagonists, such as warfarin, also have
limitations that limit its use, such as a narrow therapeutic
window, interaction with other drugs and food, and
frequent monitoring and dose adjustment.
The investigation of oral anticoagulant therapy has led to
the development of direct thrombin inhibitors (DTI), such
as ximelagatran and dabigatran. The ability of DTIs to
inhibit clot-bound thrombin has gained a role in the
prevention of DVT and PE.5 Furthermore, DTIs can be
administered orally, which may significantly affect
compliance with treatment.
The primary aim of this study is to compare oral direct
thrombin inhibitor with LMWH in preventing proximal
DVT after major orthopedic surgery.

METHODS
Criteria for considering studies for this review  

This study selected double-blind randomized
controlled trials (RCTs) comparing oral DTIs with
LMWH in preventing DVT. Studies with secondary
outcomes such as major bleeding events were also included
in this study. Studies included must have enrolled patients
18 years old and above who underwent major orthopedic
surgery of the knee or hip, and were randomly assigned to
oral DTIs or LMWH group. Oral DTIs include either
ximelagatran or dabigatran, given from 1 hour to 12 hours
post surgery. LMWHs include either deltaparin or
enoxaparin. The treatment period was 7 to 35 days.

Studies comparing oral DTIs with warfarin, those
comparing oral DTIs and LMWH with warfarin, open-
label trials, and dose escalation oral DTI studies were
excluded.

The primary outcome of this study is the incidence of
DVT in each group, assessed via venography, during the
treatment period. The secondary outcome of this study is
a major bleeding event.
Search strategy for identification of studies

A computer search for human studies in English was
conducted using MEDLINE, National Library of

Medicine, COCHRANE, NCBI, Embase, and PubMed
published from 2000 to 2010 using the combined
keywords “randomized controlled trial”, “meta-analysis”,
“deep vein thrombosis”, “venous thromboembolism”,
“arthroplasty”, “hip surgery”, “hip replacement”, “knee
surgery”, “knee replacement”, “oral direct thrombin
inhibitor”, “ximelagatran”, “dabigatran”, “low molecular
weight heparin”, “enoxaparin”, “fondaparinoux”, and
“deltaparin”.  The primary author limited the search to
meta-analysis and randomized double blind controlled
trials.
Data Collection and Analysis

All RCTs that compared oral DTIs with LMWH for
the prevention of proximal DVT thrombosis after major
orthopedic surgery were considered.  Two reviewers had
independently reviewed and screened titles and trial
abstracts using the standard data abstraction form to reduce
bias.  Endpoint data and data on the characteristics and
population characteristics were abstracted. The diagnosis
of DVT should be defined using venography and
sufficiently reported data to construct a 2x2 table and
calculate the primary effect measure.

The methodological quality of each trial was assessed
by two independent reviewers using the Cochrane Quality
score.  The details and method of randomization,
concealment or allocation and blinding were recorded.
Data from the different studies were collated in continuous
form with reference to drug therapy and outcome. The
results were analyzed to calculate the standard mean
difference, 95% confidence intervals (CI) using RevMan
version 5 software (The Nordic Cochrane Centre,
Copenhagen, Denmark).

A Chi2 test was used to analyze heterogeneity and a p
value of 0.05 or less was considered as significant.
Dichotomous data were analyzed using the fixed-effects
model with the assumption that any differences between
the component trials were due to chance.

RESULTS
Literature Search Results

Literature search identified 14 journals, but five articles
were excluded because it did not meet the criteria for
selection of included studies (Figure 1 and Table 1).
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Phase II,
double-blind
RCT

Phase II,
Double-blind,
double-
dummy RCT

Phase III,
double-blind,
double-
dummy RCT

Phase III,
double-blind,
double-
dummy RCT

Phase III,
double-blind
RCT

adults (age > 18 years
and weight at least 40
kg) undergoing knee
replacement

Between 18-85 years
old, weighing between
50-110kg undergoing
total hip or knee
replacement surgery

age > 18 years and
weight at least 40 kg
undergoing hip or knee
replacement

European patients
undergoing hip or knee
replacement

adults 18 years old and
above, weighing 40-
125Kg undergoing
total hipreplacement
surgery

Ximelagatran 8, 12, 18
or 24 mg orally b.i.d., at
least 12 h after surgery
for 6–12 days

Enoxaparin 30 mg s.c.
b.i.d.,starting at least 12
h after surgery for 6–12
days
Melagatran 1–3 mg s.c.
immediately before
surgery, melagatran
same day, then
ximelagatran 8–24 mg
orally b.d. for 7–10 days

Dalteparin 5000 IU
o.d., started evening
before surgery for 7–10
days
Melagatran 3 mg s.c. 4–
12 h after surgery, then
followed by
ximelagatran 24 mg
orally b.i.d. for 7–10
days

Enoxaparin 40 mg s.c.
o.d. 12 h before surgery
for 7–10 days
Melagatran 2 mg s.c. up
to 30 min before
surgery, then melagatran
3 mg at least 8 h after
surgery, then
ximelagatran 24 mg
orally b.i.d. for 8–11
days

Enoxaparin 40 mg s.c.
o.d., starting 12 h
before surgery for 8–11
days
Ximelagatran 24 mg
orally b.i.d., starting at
least 12 h after surgery
for 7–12
daysEnoxaparin 30 mg
s.c. b.i.d., starting at
least 12 h after surgery
for 7–12 days

Follow-up for 6–12 days after
surgery to centrally adjudicated
venography; confirmed DVT
and/or PE; severe bleeding; any
bleeding;other adverse events

Follow-up for 7–10 days after
surgery to centrally adjudicated
venography: confirmed distal or
proximal DVT and/or PE;
severe bleeding; blood volume
loss and blood transfusion
requirement;other adverse
events

Follow-up for 8–11 days after
surgery to centrally adjudicated
venography: confirmed distal or
proximal DVT and/or PE;
severe bleeding; volume of
blood loss and transfusion
requirement;other adverse
events

Follow-up after surgery to
centrally adjudicated
venography:confirmed proximal
DVT, PE, possible PE death;
distal or proximal DVT, PE,
all-cause death; severe
bleeding;volume of blood loss
and transfusion requirement;
other adverse events

7–12 days after surgery,
patients will follow-up and
subjeced to centrally
adjudicated
venography:confirmed distal or
proximal DVT and/or PE;
severe bleeding and any
bleeding; blood transfusion
requirement; wound problems;
adverse events

Yes, by the use of
computer
generated
random numbers

Yes, by stratified
central
randomization
scheme

Yes, by stratified
central
randomization
scheme

Yes, by stratified
central
randomization
scheme

Yes, by stratified
central
randomization
scheme

B

B

B

B

B

Phase 2
20015

METHRO
II20027

METHRO
III 20038

EXPRESS
20039

PLATIUM
200310

Table 1.  Description of Selected Studies

Study Methods Participants Interventions Outcomes Allocation Cochrane
 concealment Quality

 Score
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Double-blind
RCT

Randomised
double-blind
controlled
Trial

Randomised
Double-Blind
Controlled
Trial

Randomised
double blind
controlled
trial

18 years or older,
weighing at least 40 kg,
scheduled for primary
elective THR or TKR

18 years old and above,
weighing at least 40kg
undergoing total knee
replacement

18 years old and above,
weighing at least 40kg
undergoing unilateral
hip replacement

Patients e” 18 y/o, >40
kg undergone primary
elective unilateral total
knee replacement

dabigatran etexilate
with doses of 50 and
150 mg BID, 300 mg
OD, and 225 mg BID,
started 1-4 hours after
surgery or earliear.

Enoxaparin of 40mg
OD was started in the
evening before surgery
and was continued once
daily until venography
Dabigatran initially
given at at half dose
(75mg and 110mg) 1-4
hours after the
completion of the
surgery the succeeding
dose of 150mg and
210mg once a day for 6-
10 days.

Enoxaparine 40mg given
daily starting on the
evening of the surgery
unitl 6-10 days
Dabigatran initially
given at half dose (75mg
and 110mg) 1-4 hours
after the completion of
the surgery the
succeeding dose of
150mg and 220mg once
a day for 28-35
days.Enoxaparine 40mg
given daily starting on
the evening of the
surgery unitl 28-35 days
Dabigatran given at at
half dose 75mg and
110mg then 220mg,
150 mg, or enoxaparin
30 mg sc bid after
surgery

Bilateral venography was
performed within 12 h of the
last dose of oral medication.
Bilateral venography was
performed within 12 h of the
last dose of oral medication, ;
severe bleeding and any
bleeding; blood transfusion
requirement; wound problems;
adverse events

follow up for 6-10 days after
surgery to centrally adjucated
venography; confirmed deep
vein thrombosis, pulmonary
embolism and bleeding
episodes; other adverse events

follow up for 28-35 days after
surgery to centrally adjucated
venography; confirmed deep
vein thrombosis and pulmonary
embolism and bleeding
episodes; other adverse events

 Treatment was continued for a
total of 12-15 days, followed
by mandatory bilateral
venography performed within
12 hours of the last
administration of  medication

Yes, by stratified
central
randomization
scheme

Yes, by stratified
central
randomization
scheme

Yes, by stratified
central
randomization
scheme

Not stated

B

B

B

B

BISTRO
II 200511

RE-
MODEL
200712

RE-
NOVATE
200713

RE
MOBILZE
200814

Study Methods Participants Interventions Outcomes Allocation Cochrane
 concealment Quality

 Score
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Study or Subgroup
BISTRO II 2005
METHRO II 2002
METHRO III 2003
Phase 2 2001
Platinum 2003
RE MOBILIZE
RE-MODEL 2007
RE-NOVATE 2007

Total (95% CI)
Total events
Heterogeneity: Chi² = 10.77, df = 7 (P = 0.15); I² = 35%
Test for overall effect: Z = 1.22 (P = 0.22)

Events
5
6

64
3
8

20
18
28

152

Total
297
285

1146
95

782
219
525
885

4234

Events
17
17
67
3
7

10
16
32

169

Total
300
308

1122
97

775
163
510
914

4189

Weight
10.2%
9.8%

39.2%
1.8%
4.3%
6.4%
9.6%

18.7%

100.0%

M-H, Fixed, 95% CI
0.29 [0.10, 0.78]
0.37 [0.14, 0.95]
0.93 [0.65, 1.33]
1.02 [0.20, 5.19]
1.13 [0.41, 3.14]
1.54 [0.70, 3.38]
1.10 [0.55, 2.17]
0.90 [0.54, 1.51]

0.87 [0.69, 1.09]

Oral Thrombin Inhibitor LMWH Odds Ratio Odds Ratio
M-H, Fixed, 95% CI

0.001 0.1 1 10 1000
Oral thrombin Inhibitor LMWH

Figure 2.  Analysis of proximal DVT in patients randomized to either oral DTI or LMWH

DVT=deep vein thrombosis; DTI=direct thrombin inhibitor; LMWH=low molecular weight heparin.

 
14 Articles obtained 

from literature search 

9 journals included for 
analysis 

Trials excluded: 
1. 1 study  comparing 

oral DTI and 
coumadine 

2. 1 study  wherein 
primary aim is safety 
assessment regarding 
oral DTI 

3. 1 study is unblinded 
4. 1 study comparing oral 

DTI and LMWH with 
coumadine 

5 1 study deals with dose
8 journals included 
for analysis for risk 
for DVT analysis 

9 journals included for 
analysis for risk for major 

bleeding episode 

Figure 1. Results of literature search
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Study or Subgroup
BISTRO II 2005
EXPRESS study 2003
METHRO II 2002
METHRO III 2003
Phase 2 2001
Platinum 2003
RE MOBILIZE
RE-MODEL 2007
RE-NOVATE 2007

Total (95% CI)
Total events
Heterogeneity: Chi² = 14.23, df = 8 (P = 0.08); I² = 44%
Test for overall effect: Z = 2.93 (P = 0.003)

Events
15

172
18
20

0
7
5
9

15

261

Total
393

1378
379

1399
127
906
871
703

1146

7302

Events
8

113
9

23
1
8

12
9

18

201

Total
392

1387
381

1389
125
910
868
694

1163

7309

Weight
4.2%

53.1%
4.6%

12.3%
0.8%
4.3%
6.4%
4.8%
9.5%

100.0%

M-H, Fixed, 95% CI
1.90 [0.80, 4.55]
1.61 [1.25, 2.06]
2.06 [0.91, 4.65]
0.86 [0.47, 1.58]
0.33 [0.01, 8.07]
0.88 [0.32, 2.43]
0.41 [0.14, 1.17]
0.99 [0.39, 2.50]
0.84 [0.42, 1.68]

1.33 [1.10, 1.61]

Oral Thrombin Inhibitor LMWH Odds Ratio Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Direct Thrombin inhibitor LMWH

Figure 3.  Analysis of major bleeding events in oral DTI group and LMWH group

DTI=direct thrombin inhibitor; LMWH=low molecular weight heparin

Study or Subgroup
2.2.1 Postoperative start
BISTRO II 2005
METHRO III 2003
Platinum 2003
RE-NOVATE 2007
Subtotal (95% CI)
Total events
Heterogeneity: Chi² = 2.39, df = 3 (P = 0.49); I² = 0%
Test for overall effect: Z = 0.08 (P = 0.94)

2.2.2 Preoperative start
EXPRESS study 2003
METHRO II 2002
Subtotal (95% CI)
Total events
Heterogeneity: Chi² = 0.62, df = 1 (P = 0.43); I² = 0%
Test for overall effect: Z = 4.19 (P < 0.0001)

Total (95% CI)
Total events
Heterogeneity: Chi² = 14.39, df = 5 (P = 0.01); I² = 65%
Test for overall effect: Z = 2.84 (P = 0.005)
Test for subgroup differences: Not applicable

Events

12
16

7
15

50

37
14

51

101

Total

270
966
906

1163
3305

914
254

1168

4473

Events

6
17

8
18

49

10
6

16

65

Total

270
957
910

1154
3291

942
256

1198

4489

Weight

9.0%
26.5%
12.5%
28.1%
76.2%

14.9%
8.9%

23.8%

100.0%

M-H, Fixed, 95% CI

2.05 [0.76, 5.53]
0.93 [0.47, 1.85]
0.88 [0.32, 2.43]
0.82 [0.41, 1.64]
1.02 [0.68, 1.51]

3.93 [1.94, 7.95]
2.43 [0.92, 6.43]
3.37 [1.91, 5.95]

1.58 [1.15, 2.16]

Favours oral DTI Favours LMWH Odds Ratio Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours oral DTI Favours cLMWH

Figure 3.  Subanalysis of major bleeding events in hip surgery, by timing of administration of study drug

DTI=direct thrombin inhibitor; LMWH=low molecular weight heparin.
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Incidence of proximal DVT
Eight trials were included for the analysis of risk for

proximal DVT.  The EXPRESS study was not included
because the incidence of proximal DVT was not clearly
specified.  The oral DTI group included 4234 patients,
and the LMWH group included 4189 patients. Meta-
analysis of the data for proximal DVT showed an overall
OR of 0.87 (95% C.I. 0.69, 1.09) for oral DTI compared
with LMWH, demonstrating no significant difference
between the two anticoagulants (P=0.22) (Figure 2). The
test for heterogeneity among studies using Chi2 test
showing low heterogeneity (chi2=10.77, df=7 [p= 0.15]
and I2=35) signifying presence of some variations between
the results of a set of studies. This could be explained by
the methodological and clinical diversities of the studies.
Major Bleeding Events

Nine trials were included in the analysis for major
bleeding events. The oral DTI included 7302 patients,

and 7309 patients were included in the LMWH group.
Analysis for major bleeding events showed a significantly
higher bleeding event rate in the oral DTI group than in
the LMWH group, with an overall OR of 1.33 (95% C.I.
1.10, 1.61; p=0.003) (Figure 3). Heterogeneity was
moderate among the studies (chi2=14.23, df=8 [p=0.08],
I2=44%).

A posthoc subgroup analysis was performed to
determine if the type of surgery influenced bleeding event
rates. The analysis showed that in patients who underwent
hip surgery and received anticoagulant pre-operatively,
those who received oral DTIs had significantly more major
bleeding events than those receiving LMWH (OR 3.37
[95% CI 1.91, 5.95; p<0.0001]).  Meta-analysis showed
homogeneity among studies (Chi2=0.62, df=1 [p=0.43],
I2=0). For those who underwent hip surgery and received
medications postoperatively, the study showed similar

Asuncion et al
Oral Direct Thrombin Inhibitor versus Low Molecular

Study or Subgroup
2.1.3 Post-operative start
BISTRO II 2005
METHRO III 2003
RE MOBILIZE
RE-MODEL 2007
Subtotal (95% CI)
Total events
Heterogeneity: Chi² = 2.19, df = 3 (P = 0.53); I² = 0%
Test for overall effect: Z = 1.16 (P = 0.25)

2.1.4 preoperative start
EXPRESS study 2003
METHRO II 2002
Subtotal (95% CI)
Total events
Heterogeneity: Chi² = 0.01, df = 1 (P = 0.94); I² = 0%
Test for overall effect: Z = 0.79 (P = 0.43)

Total (95% CI)
Total events
Heterogeneity: Chi² = 3.79, df = 5 (P = 0.58); I² = 0%
Test for overall effect: Z = 0.53 (P = 0.60)
Test for subgroup differences: Not applicable

Events

3
4
5
9

21

9
4

13

34

Total

123
433
871
703

2130

463
125
588

2718

Events

2
6

12
9

29

6
3

9

38

Total

122
432
868
694

2116

445
125
570

2686

Weight

5.2%
15.8%
31.7%
23.7%
76.4%

15.9%
7.7%

23.6%

100.0%

M-H, Fixed, 95% CI

1.50 [0.25, 9.14]
0.66 [0.19, 2.36]
0.41 [0.14, 1.17]
0.99 [0.39, 2.50]
0.72 [0.41, 1.26]

1.45 [0.51, 4.11]
1.34 [0.29, 6.13]
1.42 [0.60, 3.34]

0.88 [0.55, 1.40]

Favours oral DTI Favours LMWH Odds Ratio Odds Ratio
M-H, Fixed, 95% CI

0.002 0.1 1 10 500
Favours oral DTI Favours LMWH

Figure 4. Subanalysis of major bleeding events in knee surgery, by timing of administration of study drug

DTI=direct thrombin inhibitor; LMWH=low molecular weight heparin.
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major bleeding events between the two groups (OR 1.02;
95% CI 0.68, 1.51; p=0.94).

In the subgroup analysis of patients who underwent
knee surgery and received medications post-operatively,
there was no significant differences in the major bleeding
events between oral DTI and LMWH (OR=0.72 [95%
CI 0.41, 1.26; p=0.25]). Similarly, major bleeding events
were similar between the two groups when medication
was administered preoperatively, with OR=1.42 (95% CI,
0.60, 3.34; p=0.43).  There was low heterogeneity of these
studies (chi2=0.01, df=1 [p=0.94], I2=0%).

DISCUSSION
This study compared more than 14,000 patients for

the risks and benefits of oral DTI and LMWH after major
orthopedic surgery.  It demonstrated that the benefit of
oral DTIs in preventing DVTs is similar, but at the expense
of higher risk for major bleeding events. However, the
subanalysis suggests that this increased risk may be limited
to only a specific group.

Both DTIs and LMWH can be given in fixed doses.
The advantages of DTIs over LMWH are that DTIs can
be given orally and do not require laboratory monitoring.
However, this study shows that the overall advantage of
DTIs is limited by the propensity for major bleeding
events when both surgical interventions were considered
together, but the risk may very depending on the type of
surgery and whether these drugs are given preoperatively
and postoperatively.

DTIs are a new class of anticoagulants that bind directly
to thrombin and block its interaction with its
substrates.15After a vessel wall injury, tissue factor is
exposed on the surface of the damaged endothelium.
Coagulation cascade is activated when tissue factor
interacts with plasma factor VII producing thrombin then
followed by a series of proenzyme activation. Thrombin-
inhibiting drugs can block the action of thrombin by
binding to three domains: the active site or catalytic site
and two exosites.15 The enzymatic activity of thrombin is
relatively protected from inactivation by the heparin–
antithrombin complex because both thrombin exosites are
occupied within this fibrin–heparin–thrombin complex.
Thus, the difference between DTIs and heparins is that
the latter have a reduced capacity for the inhibition of
fibrin-bound thrombin while the former act

independently of antithrombin; hence they can inhibit
thrombin bound to fibrin or fibrin degradation products.

In 2004, the United States Food and Drug Authority
Advisory Committee responsible for cardiovascular and
renal drugs recommended against approval of ximelagatran
due to liver toxicity.16 Newer oral DTIs such as dabigatran
has recently been used in VTE prophylaxis. In the
systematic review of Ndegwa et. al., it showed that
dabigatran was non-inferior to other anticoagulants in
orthopedic surgery.17

In the clinical setting, with the advent of oral DTIs,
these drugs may be used for the prevention of proximal
DVTs following major orthopedic surgery; however,
physicians must be cautious with its risk for any bleeding
events and liver toxicity.

In conclusion, oral DTIs are now available, and are
safe and effective while not requiring dosage adjustment
and laboratory monitoring. These are now being used for
the prevention of VTE as replacement for injected LMWHs
and oral vitamin K antagonists. With this study, the authors
concluded that oral DTIs can be given as a prophylaxis
for VTE in major orthopedic surgery.  However, because
of their adverse bleeding events, this may still hinder
physicians from using these medications.
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