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Introduction

The two widely used classes of anticoagulant are the heparins,
and the vitamin K antagonists such as warfarin. Heparins are
best suited for short-term prevention and initial treatment

of venous thromboembolism or arterial occlusion, but can

be given long-term. Warfarin is the mainstay of long-term
therapy and is also used for atrial fibrillation and patients with
mechanical heart valves. These drugs are highly effective, but
have well-known limitations in addition to the risk of bleeding.
Heparins require injection or infusion. Warfarin has a narrow
therapeutic window, variable dose response and multiple
interactions with other drugs and concurrent illnesses, and
there is a need for frequent laboratory monitoring of dose—
effect.

Rivaroxaban and dabigatran etexilate are new oral
anticoagulants which should be simpler to use than heparins
or warfarin.2 They have predictable oral bioavailability and
pharmacokinetics, few drug interactions and are suitable for
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daily dosing.3* One dose regimen should suit most patients
regardless of body weight, age and gender without the need
for laboratory monitoring.

Preventing venous thromboembolism after
major joint surgery

As the Australian population ages there will be increasing
demand for elective hip or knee replacement and surgery after
hip fracture. As these procedures are often complicated by
thromboembolism, clinical practice guidelines recommend
effective anticoagulant prophylaxis for at least ten days

after surgery.? Enoxaparin is the most widely used low
molecular weight heparin. In Australia and Europe 40 mg

is given daily, whereas in North America the dose is 30 mg
12-hourly. Despite prophylaxis, about 2.5% of patients develop
symptomatic deep vein thrombosis or pulmonary embolism
during the three months after major joint surgery. About
two-thirds of cases occur after discharge from hospital.67

In clinical trials subclinical deep vein thrombosis is found
despite effective prophylaxis in up to 30% of patients when
screening venography is done 7-10 days after surgery. The
rate of clinical thromboembolism after hip replacement is
reduced when prophylaxis is continued for 4-5 weeks after
discharge. Selected patients who have an ongoing risk of

Box
Assessment of efficacy

m total venous thromboembolism — a composite of
subclinical deep vein thrombosis detected at routine
venography (the most frequent component) and
confirmed clinical deep vein thrombosis, non-fatal
pulmonary embolism, fatal pulmonary embolism
or death from any cause (which are much less
common)

B major venous thromboembolism - subclinical
proximal deep vein thrombosis, symptomatic venous
thromboembolism, and death related to venous
thromboembolism or all-cause mortality

m clinical venous thromboembolism — non-fatal or fatal



Table 1

Comparative efficacy and safety of rivaroxaban after elective total hip or knee replacement

Study, surgery and Treatment dose and Efficacy (rivaroxaban vs enoxaparin) Safety (rivaroxaban vs
patient numbers duration (outcomes by the end of study treatments) enoxaparin)
Rivaroxaban Enoxaparin | Total VTE Major VTE Clinical VTE = Major Clinically
bleeding relevant
non-major
or major
bleeding
RECORD1
Total hip replacement 10 mg/day 40 mg/day 1.1%vs3.7% 0.2%vs2.0% 0.3% vs 0.5% | 0.3%vs0.1% 3.2% vs 2.5%
n=4541 (3153 evaluable | for 30-42 for 30-42 RRR 70% RRR 88%
for 'total VTE') days days p < 0.001 p <0.001
NNT =39 NNT =58
RECORD2
Total hip replacement 10 mg/day 40 mg/day | 2.0%vs9.3% 0.6%vs5.1% 0.2%vs 1.2% | <0.1%vs<0.1% 3.3% vs 2.8%
n=2509 (1733 evaluable  for31-39 for 10-14 RRR 75% RRR 88% RRR 83%
for 'total VTE') days days p < 0.0001 p < 0.0001 p = 0.004
NNT = 14 NNT =22 NNT = 101
RECORD3
Total knee replacement | 10 mg/day 40 mg/day 9.6%vs 18.9% 1.0% vs 2.6% 0.7% vs 2.0%  0.6% vs 0.5%  3.3% vs 2.7%
n=2531 (1702 evaluable | for 13-17 for 13-17 RRR 49% RRR 62% RRR 65%
for 'total VTE') days days p < 0.001 p =0.02 p = 0.005
NNT =11 NNT = 63 NNT =77
RECORD4
Total knee replacement | 10 mg/day 30 mg 6.9%vs 10.1% 1.2%vs2.0% 0.7% vs 1.2% | 0.7% vs 0.3%  3.0% vs 2.3%
n=3148 (1924 evaluable for 10-14 12-hourly RRR 31% RRR 40% RRR 42%
for 'total VTE') days for 10-14 p=0.012 p=0.124 p=0.187
days NNT = 32
VTE venous thromboembolism
RRR relative risk reduction by rivaroxaban
NNT number of patients who need to be treated in order to prevent one thrombotic event during the relevant study period
Total VTE (the primary measure of efficacy in these trials) subclinical deep vein thrombosis found by screening
venography or non-fatal symptomatic venous thromboembolism or death from any cause
Major VTE  proximal deep vein thrombosis or non-fatal or fatal pulmonary embolism

Clinical VTE symptomatic deep vein thrombosis or pulmonary embolism

Rates refer to events during or soon after study treatment

Rivaroxaban dose was 10 mg once daily, starting 6-8 hours after wound closure. In RECORD 1, 2 and 3, enoxaparin 40 mg
was given 12 hours before surgery and then daily from 6-8 hours after wound closure. Enoxaparin dose in RECORD4 was

30 mg twice daily, starting 12-24 hours after surgery.

thromboembolism after knee replacement may also benefit
from extended prophylaxis.?

Efficacy versus bleeding risk

Surgeons are wary of surgical bleeding after joint replacement,
since wound haematoma delays recovery and may predispose
to infections that can endanger the prosthesis. This adds
importance to evidence regarding the balance of efficacy and
risk of bleeding with the new anticoagulants.

In clinical trials the efficacy of the new drugs was assessed
by the incidence of total, major and clinical venous
thromboembolism (see box). The primary measure of efficacy

was the incidence of 'total venous thromboembolism'. A
reduction in this composite end point has been accepted by
government regulators and most guideline development
groups as indicating efficacy. However, others argue that

a composite of proximal vein thrombosis with clinical
thromboembolism or even symptomatic pulmonary
embolism alone should be the main measure. This debate is
unfinished.8

Bleeding was reported as 'major' or ‘clinically relevant but
non-major'. The studies also reported bleeding from the
wound, but this was not always considered as major bleeding
if re-operation was not needed.
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Rivaroxaban

This orally active factor Xa inhibitor was compared with
enoxaparin in four double-blind randomised trials for the
prevention of venous thromboembolism. These were
RECORD1 and RECORD?2 for total hip replacement,®'% and
RECORD3 and RECORDA4 for total knee replacement'!12
(Table 1). The rivaroxaban dose was 10 mg once daily starting
6-8 hours after wound closure. The enoxaparin dose was

40 mg once daily in RECORD 1, 2 and 3 (the studies most
relevant to Australian practice) and 30 mg 12-hourly in
RECORDA4. Study drugs were given for about five weeks after
hip replacement in RECORD1 and for about two weeks after
knee replacement in RECORD3 and RECORD4. RECORD2
compared five weeks of rivaroxaban with 10-14 days of
enoxaparin after hip replacement.

Efficacy (Table 1)

Rivaroxaban was more effective than enoxaparin in

RECORD 1, 3 and 4, when used for a similar duration. For total
thromboembolism there was a statistically significant relative
risk reduction of 30-70%. For major thromboembolism

the risk reduction was 40-90% which was statistically
significant in RECORD1 and RECORD3. Clinical venous
thromboembolism during two weeks after knee replacement
was reduced in RECORD3 from 2.0 to 0.7% (relative risk
reduction 65%, p = 0.005).

RECORD?2, where rivaroxaban was continued for three
weeks longer than enoxaparin, was primarily a comparison
of treatment durations rather than an equal comparison of
competing anticoagulants. It confirmed the value of post-
discharge prophylaxis after hip replacement. Continuing
rivaroxaban prophylaxis reduced cases of clinical venous
thromboembolism within six weeks of surgery from 1.2%
t0 0.2% (p = 0.004) when compared with 10-14 days of

enoxaparin.10

Pooled analysis of the results of the comparisons with 40 mg
once-daily enoxaparin (RECORD 1, 2 and 3) found that

after two weeks symptomatic venous thromboembolism
and all-cause mortality was reduced from 0.8% to 0.4% by
rivaroxaban (p = 0.005).13

Bleeding (Table 1)

The rates of major or clinically relevant non-major bleeding
were similar with rivaroxaban and enoxaparin 40 mg once
daily. The apparent increases in bleeding were small and
statistically insignificant. An overview found that rates of
wound infection and re-operation due to bleeding were low
and comparable.’3 The near absence of 'major' bleeding is
explained in part by a study definition which excluded wound-
related bleeding unless it was fatal or led to re-operation.
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Dabigatran etexilate

This orally active thrombin inhibitor has been compared
with enoxaparin in three double-blind randomised trials
(Table 2). One trial was in hip replacement (RE-NOVATE)14
and two were in knee replacement (RE-MODEL and
RE-MOBILIZE).'56 All compared two doses of dabigatran
(220 mg once daily and 150 mg once daily) with enoxaparin.
Treatment continued for 28-35 days in RE-NOVATE,

6-10 days in RE-MODEL, and 12-15 days in RE-MOBILIZE.

The studies most relevant to Australia are RE-NOVATE and
RE-MODEL as dabigatran was given as a half-dose 1-4 hours
after surgery, and 40 mg once-daily enoxaparin was started
on the evening before surgery. In RE-MOBILIZE the initial
half-dose of dabigatran was given 6-12 hours after surgery
and 30 mg enoxaparin 12-hourly was started 12-24 hours
after surgery.

Efficacy (Table 2)

Both doses of dabigatran were statistically 'non-inferior' to
enoxaparin in RE-NOVATE and RE-MODEL. In RE-MOBILIZE
the total rates of venous thromboembolism with the two
dabigatran regimens were significantly higher than with

twice-daily enoxaparin.

Bleeding (Table 2)

The rates of major or clinically relevant non-major bleeding
were similar with the two dabigatran regimens and with
enoxaparin. An overview showed a slight excess of
bleeding with dabigatran 220 mg once daily, compared with
enoxaparin 40 mg once daily, but this was not statistically

significant.’”

Response to bleeding

Rivaroxaban and dabigatran etexilate have no antidote.
Circulating half-lives of 9-13 hours (rivaroxaban) and

12-14 hours (dabigatran) mean the first response to bleeding
should be local and supportive since the drugs will wash

out quickly once treatment is withdrawn. Routine tests of
coagulation are unhelpful. Recombinant factor Vlla to bypass
factor Xa or thrombin inhibition may help to control massive

bleeding, although clinical experience is lacking.

Other adverse effects

Ximelagatran, the first orally active thrombin inhibitor,
caused severe liver toxicity so all new oral anticoagulants
are being closely watched for this and other unexpected
organ effects. So far, an excess of liver effects has not been
reported with rivaroxaban or dabigatran etexilate. There has
not been an excess of myocardial infarction after surgery,
which was another concern with ximelagatran. Other



Table 2

Comparative efficacy and safety of dabigatran etexilate after elective total hip or knee replacement

Study, surgery, Treatment Efficacy (dabigatran vs enoxaparin) Safety (dabigatran vs
patient numbers and enoxaparin)
treatment duration
Dabigatran Enoxaparin  Total VTE Major VTE  Clinical VTE = Major Clinically
bleeding relevant
non-major
or major
bleeding
RE-NOVATE
Total hip replacement 220 mg 40 mgonce 6.0%vs6.7% 3.1%vs3.9% 1.0%vs0.4% 2.0% vs 1.6% 6.2% vs 5.0%
n = 3494 (2651 once daily daily RRR 10.5%
evaluable for efficacy) 'non-inferior'
At akys 150 mg 8.6% Vs 6.7% 4.3%vs3.9% 09%vs04% 1.3%vs1.6% 6.0% vs5.0%
once daily RRR -28%
‘non-inferior'
RE-MODEL
Total knee replacement | 220 mg 40 mg once | 364%vs37.7% 2.6% vs 3.5% 0.15%vs13%  1.5% vs 1.3% 7.4% vs 6.6%
n =2076 (1541 once daily daily RRR 3.5%
evaluable for efficacy) 'non-inferior'
6-10 days 150 mg 405%vs37.7% 3.8%vs35% 0.6%vs13% 1.3%vs1.3% 8.1%vs 6.6%
once daily RRR -7.4%
‘non-inferior'
RE-MOBILIZE
Total knee replacement | 220 mg 30 mg 31.1%vs 25.3% 3.4% vs 2.2% 0.6% vs0.7% | 0.6% vs 1.4% 3.3% vs 3.8%
n =3016 (1896 once daily  12-hourly RRR -29%
evaluable for efficacy) 'inferior’
12-15 days (p =0.023)
150 mg 33.7%vs25.3% 3.0%vs2.2% 0.7%vs0.7% 0.6% vs 1.4% 3.1% vs 3.8%
once daily RRR -33%
'inferior’
(p <0.001)
VTE venous thromboembolism
RRR relative risk reduction by dabigatran
Total VTE (the primary measure of efficacy in these trials) subclinical deep vein thrombosis found by screening

venography or non-fatal symptomatic VTE or death from any cause

Major VTE
Clinical VTE

related death reported separately in the dabigatran studies

proximal deep vein thrombosis or non-fatal or fatal pulmonary embolism

derived from symptomatic deep vein thrombosis or pulmonary embolism or venous thromboembolism-

Dabigatran doses were 220 mg once daily and 150 mg once daily, beginning after surgery with a half-dose. In RE-NOVATE and
RE-MODEL, the half-dose was given 1-4 hours after surgery and the enoxaparin dose was 40 mg once daily starting on the evening
before surgery. In RE-MOBILIZE, the half-dose was given 6-12 hours after surgery and 12-hourly enoxaparin 30 mg was started
12-24 hours after surgery. A new drug is considered 'non-inferior' (no less effective) than standard therapy if study outcomes meet
predefined statistical targets, as in RE-NOVATE and RE-MODEL.

adverse events were equally distributed between treatment

groups.

other?

There are well-known limitations to any use of results from

How do the new drugs compare with each

Spinal or epidural anaesthesia

Over two-thirds of patients in these studies had surgery under
regional (spinal or epidural) anaesthesia with or without a
general anaesthetic, but study protocols required epidural
anaesthesia to cease before the first (postoperative) dose of
oral anticoagulant.

separate clinical trial programs to estimate relative efficacy of
different drugs. Nevertheless, for rivaroxaban and dabigatran,
in these large studies the demographics of study populations
appear similar, as were study inclusion and exclusion criteria,
so results should be broadly comparable — provided
comparisons are of relative and not absolute outcome rates.
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With that proviso, the results with rivaroxaban appear more
impressive, since 10 mg once daily started 6-8 hours after
surgery was superior to enoxaparin 40 mg once daily for
several outcomes with a similar risk of bleeding. The efficacy
and bleeding risk of dabigatran etexilate 220 mg once daily
was similar to enoxaparin 40 mg once daily. While dabigatran
etexilate 150 mg once daily was formally 'non-inferior' to
enoxaparin, the total rates of venous thromboembolism

were consistently higher than with 220 mg once daily or with
enoxaparin 40 mg once daily and bleeding rates were not
reduced. However, the definitions used for 'major bleeding'
differed and reported bleeding rates with enoxaparin were
consistently higher in the dabigatran trials, as were the

total rates of venous thromboembolism. Comparisons with
enoxaparin 30 mg 12-hourly (a higher total daily dose) are less
relevant to Australian clinical practice.

Future developments

Ongoing or recently published studies include evaluating the
new oral anticoagulants for acute and longer-term treatment

of venous thrombosis and pulmonary embolism, and in acute
coronary syndromes. Prevention of systemic embolism in atrial
fibrillation is also being studied.'®

Conclusion

Both drugs are acceptable alternatives to enoxaparin 40 mg
once daily for the prevention of venous thromboembolism

after elective hip or knee replacement. While rivaroxaban is
more effective than enoxaparin, dabigatran etexilate is no less
effective. Bleeding risks are small and appear to be similar to
those with enoxaparin. Attempts to draw fine distinctions about
the relative safety of the two drugs are prevented by systematic
differences between the two sets of study results. An advantage
of the new drugs is the lack of the need for routine monitoring.
Oral daily dosing will appeal especially to patients who need 3-4
weeks of continued prophylaxis after discharge from hospital.
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Book review

Therapeutic Guidelines: Respiratory. Version 4.

Melbourne: Therapeutic Guidelines Limited; 2006.
295 pages. Price $39, students $30, plus postage

Scott Twaddell, Advanced Trainee in
Respiratory and Sleep Medicine, Conjoint
Fellow, University of Newcastle, John Hunter
Hospital, Newcastle, NSW

Version 4 of Therapeutic Guidelines: Respiratory continues the
tradition of easy to access content and eminent readability that
has become the hallmark of this series. The Respiratory Expert
Group has again condensed a large volume of information into

a pocket-sized quick reference manual.

Chapter 1 uses the familiar 'Getting to know your drugs' format
and outlines the pharmacology, indications and importantly
many of the adverse effects of common respiratory drugs.

The broad content of the rest of the book covers all areas of
respiratory practice from obstructive lung diseases through
interstitial and pleural diseases to oxygen therapy. It also
includes state-based information on access requirements to
services such as domiciliary oxygen. There are clear, brief
explanations of some difficult management areas, such as
sleep disorders and in particular non-invasive ventilation,

especially in the acute setting.

Perhaps the next version could include an expanded
discussion on pulmonary artery hypertension (formerly called
idiopathic pulmonary hypertension). With the advent of
various treatments for pulmonary artery hypertension, these
patients are increasingly managed by respiratory physicians
as part of multidisciplinary teams. The brief mention of

cor pulmonale secondary to chronic obstructive pulmonary
disease and the use of diuretics also oversimplifies an often
difficult management problem. These criticisms are slightly
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Self-test questions

The following statements are either true or false
(answers on page 59)

3. When used in the prevention of venous thromboembolism,
dabigatran etexilate and rivaroxaban cause fewer bleeding
complications than enoxaparin.

4. Patients given dabigatran etexilate or rivaroxaban to
prevent venous thromboembolism should have their
platelet count checked after one week of therapy.

unfair as this is clearly not intended to be an exhaustive
text and information on specialised management of these
conditions is available elsewhere.

This book will find application with students, junior doctors
and their more senior colleagues. | believe it has managed to
find a balance between presenting enough detail to inform
decision-making while maintaining the formula of best practice
standards and brevity.

Editor's note: Information about pulmonary hypertension can
be found in Therapeutic Guidelines: Cardiovascular. Version 5
(published in June 2008).
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