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Abstract Patients who undergo orthopaedic surgery are at substantially increased risk for

venous thromboembolic events. These include proximal and distal deep vein

thrombosis, with the former more likely to lead to pulmonary embolism and fatal

complications. Anticoagulants are routinely used for venous thromboembolism

prophylaxis in patients undergoing total hip or total knee replacement surgery.

Although current treatments offer effective prophylaxis, they have disadvantages.

Warfarin is limited by the requirement for coagulation monitoring to ensure effective

and safe use. Similarly, low-molecular-weight heparins (LMWHs) have disadvan-

tages, including the need for parenteral administration. This article brings together

data from clinical trials of the novel oral direct thrombin inhibitor, ximelagatran, in

the prevention of venous thromboembolism in patients undergoing elective total hip

or total knee replacement. The ximelagatran clinical trial programme in orthopaedic

surgery has focused primarily on five large multicentre studies in Europe (the

Melagatran Thromboprophylaxis in Orthopaedic surgery II and III and Expanded

Prophylaxis Evaluation Surgery Study studies) and in the United States (the Exanta

Used to Lessen Thrombosis A and B studies), which enrolled more than 8000

patients. In addition, the USA clinical trial programme included three other trials that

investigated ximelagatran in orthopaedic surgery; two of these studies focused on

prevention of venous thromboembolism after total knee replacement, and one study

investigated prevention of venous thromboembolism after total hip replacement.

These studies compared ximelagatran with the LMWHs dalteparin and enoxaparin

and with warfarin, and were designed to reflect regional differences in venous

thromboembolism prophylaxis and to build on findings from previous studies.

Generally, ximelagatran has been shown to possess comparable or greater efficacy

relative to comparators. The timing and dose of ximelagatran have been shown to be

important determinants of its efficacy and safety. As ximelagatran can be given in

fixed oral dosing without coagulation monitoring, it is an attractive choice for the

prevention of venous thromboembolism in major elective orthopaedic surgery.

1. Introduction

Venous thromboembolism, which includes deep

vein thrombosis (DVT) and pulmonary embolism,

can lead to significant morbidity and death, and is

difficult to detect. Patients undergoing elective hip

replacement or total knee replacement surgery are

at increased risk of developing venous thromboem-

bolism after surgery. Indeed, without prophylactic

therapy, DVT occurs in as many as 84% of patients

undergoing total knee replacement and 57% of

those undergoing total hip replacement.
[1]

Further-

more, proximal DVT, which is more likely to lead

to potentially fatal pulmonary embolism than is

distal DVT, occurs in up to 70% and 36% of those
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undergoing total knee and total hip replacement,

respectively.
[1]

Anticoagulants are routinely used for venous

thromboembolism prophylaxis in patients under-

going total hip or total knee replacement. Current

treatments include warfarin and low-molecular-

weight heparins (LMWHs) such as dalteparin and

enoxaparin.
[2,3]

Although both warfarin and

LMWHs are effective in reducing the risk of

venous thromboembolism after orthopaedic sur-

gery, there are drawbacks associated with their use.

Warfarin has a slow onset of action, a narrow

therapeutic window and inter-patient variability in

efficacy. Because of these factors, there is a need

for regular coagulation monitoring as a surrogate

marker of the efficacy and safety of warfarin.

Although such monitoring and the subsequent dose

adjustments are not required with LMWHs, they

can be administered only parenterally, which limits

outpatient use. There is also a minor risk of

heparin-induced thrombocytopenia, a serious al-

lergic drug reaction, which can limit the use of

LMWHs.
[4]

Ximelagatran is a novel, orally administered

direct thrombin inhibitor. After administration,

ximelagatran is rapidly bioconverted to its active

form, melagatran, which can also be administered

subcutaneously. Melagatran has stable and pre-

dictable pharmacokinetics and pharmacody-

namics, and therefore ximelagatran does not

require dose adjustment or coagulation mon-

itoring.
[5,6]

This article gives an overview of the

findings from a number of clinical studies invol-

ving the use of ximelagatran in the prevention of

venous thromboembolism in major elective ortho-

paedic surgery.

2. Clinical Studies

To assess the efficacy of ximelagatran and

melagatran in patients undergoing orthopaedic

surgery, several large multicentre clinical studies

have been completed. These have examined a

range of different dosing regimens and have

compared melagatran and ximelagatran with drugs

that are currently used in this clinical setting.

2.1 Melagatran Thromboprophylaxis in

Orthopaedic Surgery II

After an initial dose-ranging pilot study (Mel-

agatran Thromboprophylaxis in Orthopaedic sur-

gery [METHRO] I),
[7]

the METHRO II study
[8]

was conducted. This was a large-scale dose–

response study comparing four different doses of

melagatran/ximelagatran with dalteparin in 1876

patients undergoing elective total hip or total knee

replacement.

Patients received melagatran (1, 1.5, 2.25 or

3mg subcutaneously) immediately before the

operation. Melagatran was then administered twice

daily from 7h to 11h after the operation until oral

dosing was possible. At this point, patients

received ximelagatran (8, 12, 18 or 24mg orally

twice daily) for the remainder of the treatment

period (figure 1). Patients not receiving melaga-

tran/ximelagatran received dalteparin 5000IU sub-

cutaneously the night before the operation. This

treatment was continued once daily until the night

before the end of the study period (7–10 days after

surgery for all patients), at which point bilateral

venograms were performed in all patients.

Total venous thromboembolism rates (proximal

and distal DVT, clinical pulmonary embolism and

overall mortality), the primary endpoint of the

study, were significantly lower in patients treated

with the highest dose of melagatran/ximelagatran

than in those patients treated with dalteparin

(figure 2). Moreover, a reduction in thromboem-

bolic events relative to dalteparin was observed in

the rates of major venous thromboembolisms

(proximal DVT, clinical pulmonary embolism and

fatal pulmonary embolism). There was also a

significant trend towards lower rates of venous

thromboembolism in patients treated with higher

doses of melagatran/ximelagatran (p , 0.0001).

The rates of excessive bleeding (as judged by the

investigator) increased with increasing doses of

ximelagatran, but in the highest dose group (3mg

subcutaneously/24mg twice daily by mouth),

this difference was not statistically significant

compared with findings with dalteparin. In sum-

mary, the effects of melagatran/ximelagatran were
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highly dose-dependent and this combination ex-

hibited superior efficacy to dalteparin in the

prevention of venous thromboembolism in patients

undergoing elective total hip or total knee replace-

ment.

Thus the results of the METHRO II study

demonstrated that the most effective dose of

melagatran/ximelagatran was 3mg subcuta-

neously/24mg twice daily by mouth. To assess

further the use of melagatran/ximelagatran and the

influence of dose and timing on efficacy and safety,

the METHRO III study was subsequently per-

formed.
[9]

2.2 METHRO III

The METHRO III study was a postoperative

study of parallel-group design similar to the

METHRO II study, but only the 3mg subcuta-

neous/24mg oral dose of melagatran/ximelagatran

was used, as this was the most efficacious dose in

the METHRO II study (figure 1). A total of 2788

patients undergoing total hip or total knee replace-

ment were enrolled.
[9]

In an attempt to reduce the

rate of severe bleeding that was observed in the

METHRO II study, melagatran was administered

only postoperatively. Once again, an LMWH

METHRO II
n � 1876

METHRO III
n � 2788

EXPRESS
n � 2764

EXULT A
n � 2301

EXULT B
n � 2303

Melagatran SC Ximelagatran PO bid

3mg 24mg

2mg 3mg 24mg

Ximelagatran PO bid

Operation

7 to 12-day study perioda 4–6 weeks’ follow-up

Bilateral venogram

1/8mg
1.5/12mg
2.25/18mg
3/24mg
dalteparin 5000IU od

3/24mg

Enoxaparin 40mg od

2/3/24mg

Enoxaparin 40mg od

24mg (n � 614)
36mg (n � 629)
Warfarin
target INR 2.5 (n � 608)

36mg (n � 1151)

Warfarin
target INR 2.5 (n � 1151)

Fig. 1. Study design in the METHRO II, METHRO III, EXPRESS, EXULTA and EXULT B studies. aFor the METHRO II, METHRO III and
EXPRESS studies, the study period was 8–11 days. bid ¼ twice daily; od ¼ once daily; PO ¼ orally; SC ¼ subcutaneously.
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(enoxaparin 40mg once daily instead of dalteparin)

was used as a comparator, and it was administered

in the same way as in the METHRO II study.

The rate of total venous thromboembolism was

slightly lower with enoxaparin than with melaga-

tran/ximelagatran (27.3% and 31.0%, respectively;

p ¼ 0.053) (figure 2). The rate of major throm-

boembolic events, including proximal venous

thromboembolism, was similar in both treatment

groups (melagatran/ximelagatran 5.7%; enoxapar-

in 6.2%).

A post-hoc analysis
[10]

of the combined total hip

replacement and total knee replacement population

in METHRO III has shown that patients who

received their first dose of melagatran 4–8h after

surgery had an incidence of total venous throm-

boembolism (27.2%) that was lower than that in

patients whose first dose was given more than 8h

after surgery (35.3%) and similar to that with

enoxaparin (27.3%). The risk of major venous

thromboembolism was comparable to that with

enoxaparin, irrespective of the timing of the first

melagatran dose.

Postoperative administration of melagatran/

ximelagatran reduced the rate of severe bleeding

events relative to that observed in the METHRO II

study. The rate of severe bleeding in patients

treated with melagatran/ximelagatran was similar

to the rate observed in patients treated with

enoxaparin. Moreover, there was a significant

reduction in blood transfusion requirement in

patients treated with melagatran/ximelagatran re-

lative to enoxaparin.

In summary, melagatran/ximelagatran initiated

after operation showed efficacy and safety compar-

able to those of LMWH in patients undergoing

major elective orthopaedic surgery.

2.3 Expanded Prophylaxis Evaluation Surgery

Study

It was clear from the findings of the METHRO

studies that the timing of the first dose relative to

surgery is important in determining the efficacy

and safety of melagatran/ximelagatran treatment.

Preoperative administration (METHRO II) yielded

lower rates of venous thromboembolism, but

higher rates of excessive bleeding relative to

postoperative administration (METHRO III). The

design of the Expanded Prophylaxis Evaluation

Surgery Study (EXPRESS) allowed further assess-

ment of the balance between the efficacy observed

in the METHRO II study and the favourable

bleeding rates observed in the METHRO III study.

The EXPRESS study was similar in design to

the METHRO III study in that enoxaparin, admin-

istered before operation, was used as the compara-

tor. The EXPRESS study differed from the

METHRO II study, however, in that the dose used

before operation was 2mg (rather than 3mg), with a

subsequent postoperative dose of melagatran of

3mg subcutaneously, followed by oral ximelaga-

tran at a dose of 24mg twice daily (figure 1).
[11]

The trial was designed with two sequentially

assessed primary endpoints, as described in recent

guidelines for drug development.
[11]

The first-

stage primary endpoint was to demonstrate that

ximelagatran was not inferior to enoxaparin in

preventing major venous thromboembolism. If

non-inferiority was demonstrated, the analysis

could proceed to the second stage, which was to
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Fig. 2. Total rates of venous thromboembolism in the
METHRO II, METHRO III and EXPRESS studies (defined as
confirmed overall deep vein thrombosis/pulmonary embo-
lism; in the METHRO III study, this included unexplained death,
and in the EXPRESS study, death from any cause). LMWH ¼
low-molecular-weight heparin. *p ¼ 0.053, **p, 0.001,
†p, 0.0001.
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demonstrate that ximelagatran was more effective

than enoxaparin in preventing total venous throm-

boembolism. Secondary endpoints included death,

pulmonary embolism or symptomatic DVT during

the study period, and severe bleeding rates and

changes in laboratory variables.

A total of 2764 patients undergoing total hip or

total knee replacement were treated in the EX-

PRESS study. Patients treated with melagatran/

ximelagatran experienced a significantly lower rate

of total venous thromboembolism (enoxaparin

26.6% compared with ximelagatran 20.3%;

p ¼ 0.0003). Similarly, patients treated with mel-

agatran/ximelagatran had a significantly lower rate

of major venous thromboembolism (proximal

DVT/pulmonary embolism/death: enoxaparin

6.3% compared with melagatran/ximelagatran

2.3%; p , 0.0001) (figure 2). There was no

difference between treatments in critical site or

fatal bleeds or bleeding leading to re-operation;

however, investigator-judged excessive bleeds

were more common in the ximelagatran group.
[11]

In summary, in patients undergoing elective

total hip or total knee replacement, preoperatively

initiated subcutaneous melagatran followed by oral

ximelagatran was significantly more effective in

preventing venous thromboembolism than preo-

peratively initiated subcutaneous enoxaparin.

The results of the METHRO/EXPRESS studies

further confirmed recent data indicating that the

balance between efficacy and safety for thrombo-

prophylaxis in patients undergoing joint replace-

ment procedures is influenced by the timing of

initiation relative to surgery.
[12]

A pooled analy-

sis
[13]

of the ximelagatran trials showed that

thromboprophylaxis with subcutaneous melagatran

followed by oral ximelagatran was effective and

well tolerated in all three studies (figure 3). The

lowest bleeding rates, and efficacy comparable to

that of enoxaparin, were observed in the METHRO

III postoperative regimen. The greatest prophylac-

tic efficacy was achieved in METHRO II with a

3mg preoperative dose of melagatran. The balance

between venous thromboembolism and bleeding

rates in EXPRESS was intermediate between

METHRO II and III (which reflects the lower

preoperative dose of subcutaneous melagatran),

although the efficacy seen with this regimen was

significantly greater than with enoxaparin.

2.4 Exanta Used to Lessen Thrombosis Study

Clinical development of ximelagatran has

evolved to take into account differences in regio-

nal/international clinical practice with respect to

venous thromboembolism prophylaxis. For exam-

ple, in Europe, LMWHs are generally initiated 12h

before operation in an attempt to optimise the

efficacy of prophylaxis whereas, in North America,

prophylaxis is initiated 12–24h after operation in

an attempt to minimise bleeding risk. In this

respect, the Exanta Used to Lessen Thrombosis

study (EXULT A) was a large multicentre investi-

gation with the majority of study centres located in

the United States,
[14]

in contrast to the METHRO/

EXPRESS studies, which were based mainly in

Europe. In line with prevalent treatment practices

in the USA, warfarin was used as a comparator, and

there was no pre- or postoperative melagatran

treatment, only oral ximelagatran treatment, 24mg

or 36mg twice daily, postoperatively (figure 1).

The EXULT A study was similar in design to a

smaller study by Francis and colleagues,
[15]

in

which ximelagatran 24mg twice daily was com-

pared with warfarin (target international normal-

ised ratio [INR] 2.5) in 680 patients undergoing

total hip or total knee replacement. In that study,

ximelagatran was found to have an efficacy similar

to that of warfarin for reducing the rate of venous

thromboembolism. The purpose of the EXULT A

study was to determine whether a higher dose of

ximelagatran (36mg twice daily) would be superior

to warfarin in efficacy and equivalent in safety

(bleeding), and to determine which was the optimal

postoperative dose of ximelagatran (24mg or 36mg

twice daily).

In the EXULT A study, 1851 patients (efficacy

population) were treated, all of whom were under-

going total knee replacement surgery. The rates of

total venous thromboembolism and all-cause mor-

tality (the primary endpoint of the study) were

significantly reduced in patients receiving ximela-
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gatran 36mg twice daily relative to those receiving

warfarin (20.3% compared with 27.6%; p ¼ 0.003;

figure 4).

In summary, compared with warfarin, ximela-

gatran 36mg twice daily provides superior preven-

tion of venous thromboembolism to patients

undergoing total knee replacement surgery,

whereas the 24-mg twice daily dose showed rates

of prevention similar to those achieved with

warfarin. Furthermore, no significant difference

in bleeding was observed between warfarin and

ximelagatran use in this patient population. Con-

sequently, the 36-mg twice daily dose of ximela-

gatran was carried forward into the EXULT B trial.

2.5 EXULT B

A second study of similar design, EXULT B,

was conducted, again with the majority of centres

located in the USA. A total of 2303 patients were

allocated randomly to groups to receive treatment

with either warfarin (target INR 2.5) or ximelaga-

tran 36mg twice daily (the most effective dose

from the EXULT A study; figure 1).
[16]

As was

found in the EXULT A study, ximelagatran 36mg

twice daily was significantly more effective than

warfarin in reducing total venous thromboembo-

lism and all-cause mortality (figure 4) and showed

bleeding rates comparable to those observed with

warfarin in this patient population.

2.6 Other Studies in the USA

In addition to EXULT A and EXULT B, the

clinical trial programme in the USA included three

earlier trials that investigated ximelagatran 24mg

twice daily in orthopaedic surgery. Two of these

focused on the prevention of venous thromboem-

bolism after total knee replacement,
[15,17]

and one

study investigated the prevention of venous throm-

boembolism after total hip replacement.
[18]

The

studies by Francis et al.
[15]

and Heit et al.
[17]

showed that ximelagatran was well tolerated and at

least as effective as warfarin and enoxaparin in

preventing venous thromboembolism. In the total

hip replacement trial by Colwell et al.,
[18]

ximela-

gatran (24mg twice daily) was less effective than

enoxaparin, although both agents decreased the

overall rate of venous thromboembolism compared

with that reported historically. Bleeding rates with

ximelagatran were comparable to those observed

with enoxaparin.
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3. Practical Aspects of Ximelagatran
Treatment

Practical experience gained with ximelagatran

treatment in major elective orthopaedic surgery has

shown that the dosing regimens studied, particu-

larly postoperative initiation of ximelagatran,

provide a number of potential benefits. For

example, postoperative dosing with ximelagatran

avoids the need for patients to be admitted the

evening before surgery for prophylaxis to com-

mence. In addition, potential problems with use of

neuraxial anaesthesia and the potential risk of

spinal bleeding/haematoma are avoided. Where

indwelling epidural catheters are used, these should

not be removed until 8h after the latest dose of

ximelagatran/melagatran (reflecting the half-life of

the drug of 4–5h); the next dose of drug should not

be given earlier than 1–2h after the removal of the

catheter.

Another important benefit of ximelagatran is

that the pharmacokinetic and pharmacodynamic

profile of the drug lends itself to management of

patients with respect to the prevention and

treatment of venous thromboembolism. For ex-

ample, if severe bleeding occurs during venous

thromboembolism prevention, haemostasis will be

restored within a short time after cessation of

ximelagatran. Stopping ximelagatran and ensuring

adequate diuresis (bearing in mind the renal

clearance of drug) may be all that is required in

such cases.

Another benefit, for example within the treat-

ment setting in which duration of treatment is

longer, is that, should an acute or elective

procedure be required whilst the patient is

receiving ximelagatran, administration can be

managed to ensure that normal haemostasis is

resumed quickly before the procedure, followed

by a fast onset of action once ximelagatran is

resumed. Thus, risk of bleeding is minimised, as

is time without venous thromboembolism protec-

tion.

Ximelagatran should not be used in patients

with a creatinine clearance of less than 30 ml/

min, reflecting the renal route of elimination of

the drug. In addition, patients with hepatic

impairment, or with a pretreatment alanine

aminotransferase (ALT) value greater than twice

the upper limit of normal, should not receive

ximelagatran; an ALT value should be obtained

before surgery. During longer-term use of xime-

lagatran (more than 35 days), transient increases

in liver enzymes, mainly ALT, of more than 3-

fold higher than the upper limit of normal have

been observed in a proportion of patients. These

have mostly occurred between 1 and 6 months of

treatment and have resolved either spontaneously

or upon discontinuation of treatment.
[19,20]

In

orthopaedic surgery, ximelagatran has not been

evaluated beyond 12 days of treatment, and in-

creases in ALT were infrequent, transient and

occurred more often with LMWH than with

ximelagatran.
[9,14]

4. Conclusions

The clinical development of ximelagatran has

involved the study of the effects of this agent in

more than 8000 patients undergoing orthopaedic

surgery and has encompassed regional differences

regarding venous thromboembolism prophylaxis.

The results from the METHRO, EXPRESS and

EXULT clinical studies have shown that ximelaga-

tran has similar or greater efficacy at reducing the

rates of venous thromboembolism than LMWHs or

warfarin. The EXPRESS study results showed a

good efficacy/safety profile for melagatran/xime-

lagatran, bearing in mind the greater bleeding rates

observed in METHRO II, whereas the METHRO

III results showed efficacy and safety comparable

to those of LMWH, with an overall low rate of

major bleeding after total hip and total knee

replacement. The importance of the balance be-

tween the efficacy and safety profiles of melaga-

tran/ximelagatran treatment was recently

highlighted in a meta-analysis of METHRO II/III

and EXPRESS. The results showed that prevention

of venous thromboembolism with subcutaneous

melagatran followed by oral ximelagatran was

effective and well tolerated. Furthermore, the

timing and dose of melagatran administration are
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important clinical considerations, leading to a

trade-off of enhanced efficacy at the cost of

increased surgical bleeding.

Overall, the efficacy of melagatran/ximelaga-

tran initiated after operation shows comparable

rates of DVT/pulmonary embolism compared

with LMWHs initiated before operation (enox-

aparin). In addition, the safety profile of melaga-

tran/ximelagatran is similar to that of LMWHs

and warfarin. The oral ximelagatran and subcuta-

neous melagatran formulations in Europe allow

flexibility in dosing soon after surgery. In addi-

tion, the fixed oral dosing and absence of

coagulation monitoring associated with the ad-

ministration of ximelagatran provide advantages

over warfarin.

In conclusion, the oral direct thrombin inhibitor,

ximelagatran, is an attractive choice for the

prevention of venous thromboembolism in major

elective orthopaedic surgery.
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