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Abstract In the last decade, major advances in venous
thromboembolism (VTE) prophylaxis in orthopaedic sur-
gery have included the development of new anticoagulants
that are poised to replace low molecular weight heparins
(LMWHs) and improvements in operative and periopera-
tive care that have likely led to a decline in the rates of
symptomatic VTE and mortality independent of anticoag-
ulant use. A systematic review of the literature was per-
formed to identify phase III randomized controlled trials of
VTE prevention that compared new anticoagulants
(fondaparinux, rivaroxaban, dabigatran, apixaban) with
LMWH (enoxaparin) in major elective orthopaedic sur-
gery. Our aims were to obtain best estimates of the rates of
patient important events (symptomatic VTE, mortality, and
bleeding) in contemporary trials of VTE prevention, and to
consider the implications of these contemporary rates for
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clinical practice and future research. Fourteen studies,
which enrolled 40,285 patients, were included in the
analyses. The combined median rates (ranges) for all five
anticoagulants for symptomatic VTE and mortality to the
end of follow-up were 0.99 % (0.15-2.58 %) and 0.26 %
(0-0.92 %) respectively, whereas the median rate (range)
of clinically important bleeding was 3.44 % (2.25-7.74 %).
In contemporary trials of anticoagulants, the rates of
symptomatic VTE and mortality are low, but the rates of
clinically important post-operative bleeding remain rela-
tively high. Based on these results, we propose that
approaches that minimize bleeding without substantially
reducing efficacy merit investigation, particularly if
improvement in surgical and perioperative care have also
resulted in falling baseline patient important VTE rates
independent of anticoagulant use.
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Introduction

Fatal and non-fatal pulmonary embolism (PE), symptom-
atic deep vein thrombosis (DVT) of the leg and bleeding
are patient important complications of major hip and knee
surgery [1]. It is widely accepted that patients undergoing
such surgery should receive prophylactic anticoagulant
therapy. Although the number of studies examining the
effect of prophylaxis on the most important complication,
fatal PE, is limited, the results are consistent. Studies
performed between 1959 and 2009, comparing no pro-
phylaxis with anticoagulants such as vitamin K antagonists,
low dose unfractionated heparin and low molecular weight
heparins (LMWHs) have shown that anticoagulants pro-
duce a relative risk reduction in fatal PE of up to 70 % [2,
3]. The corresponding reductions in the risk of symptom-
atic non-fatal symptomatic PE and DVT were similar [3].
In many of these trials, anticoagulants were associated with
a modest increase in risk of major bleeding but rates of
other types of bleeding were not recorded [3]. Bleeding
associated with anticoagulant use can vary in severity, and
though some bleeds do not meet criteria for major bleed-
ing, “clinically relevant non-major” (CRNM) bleeding, a
recently defined outcome, can have important adverse
consequences for patients [4, 5].

Since the approval and widespread clinical use of LMWHs
for prevention of PE and DVT, collectively known as venous
thromboembolism (VTE), two parallel developments, that
could influence future approach to VTE prevention in ortho-
paedic surgery, have occurred. First, improvements in oper-
ative and perioperative care have reduced postoperative
complications, and likely led to a reduction in baseline inci-
dence of VTE and mortality. Second, four additional antico-
agulants (fondaparinux, apixaban, rivaroxaban and
dabigatran) have been evaluated in large, similarly designed
phase III studies; all have been approved by regulatory
agencies for the prevention of VTE in total hip or knee
replacement surgery because they were found to be at least as
effective as LMWH, and in the case of new oral anticoagu-
lants, have the convenience of easy administration. These new
oral anticoagulants are now poised to replace LMWH.

Because of the large combined sample size and similarity
in design, the trials comparing the new oral anticoagulants
with LMWH (enoxaparin) provide a unique opportunity to re-
examine the contemporary risk of VTE, mortality and
bleeding following orthopaedic surgery. All used mandatory
venography performed at the end of drug treatment, typically
between days 5 and 15 (for standard thromboprophylaxis),
and between days 28 and 35 (for extended thromboprophy-
laxis) after surgery [6—19]. The primary efficacy outcome
included DVT detected by mandatory venography, symp-
tomatic DVT, and fatal and non-fatal PE. The importance for
patients of asymptomatic DVT diagnosed by venography,
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included as a component of the primary composite outcome to
increase the event rates and make the studies feasible, is
unknown since most such thrombi remain asymptomatic and
only an uncertain (but likely small) proportion become
symptomatic [20, 21]. We therefore limit our primary analy-
ses to patient important outcomes, namely symptomatic VTE
confirmed by objective testing, mortality, including fatal PE
during the period of surveillance, and bleeding.

Our aims are twofold: the first is to document the rates of
symptomatic VTE, postoperative mortality and bleeding
with new anticoagulants and enoxaparin in patients under-
going major elective hip and knee surgery in contemporary
practice; the second is to discuss the implications of the
results of these studies in the light of evidence suggesting that
baseline postoperative risks of symptomatic VTE and mor-
tality have fallen independent of thromboprophylaxis use.

Methods

We included all phase III randomized trials that compared
fondaparinux, apixaban, rivaroxaban, or dabigatran with a
LMWH (enoxaparin) in patients undergoing elective total
hip or knee arthroplasty.

Search criteria, study selection, and quality assessment

We searched Medline via PubMed for articles published
between Jan 1990 and July 2013 with the following search
terms: “fondaparinux or apixaban or BMS-562247 or riva-
roxaban or BAY 59-7939 or dabigatran or BIBR-1048 and
prophylaxis™ and limited the search to clinical trials. This
was supplemented by a manual review of reference lists of
review articles and eligible papers. A trial was eligible for
inclusion if it was a phase III randomized study that com-
pared a new anticoagulant to a LMWH (enoxaparin) in
patients undergoing elective total hip or knee arthroplasty
and reported incidence of symptomatic VTE. Studies were
selected independently by two authors (NC and DS) and
disagreements were resolved by consensus. We assessed
study quality using the Jadad scale [22] (reported in Table 1).

Data extraction

Two investigators (NC and DS) independently extracted
data for type of surgery, dose and duration of prophylaxis,
timing of prophylaxis relative to surgery, median time of
venography following surgery, site of adjudication com-
mittee, venographic DVT, symptomatic VTE, fatal PE
(when reported), major bleeding, CRNM bleeding and
mortality during the intended treatment period and to end
of follow-up. Disagreements regarding data extraction
were resolved by consensus.
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Outcome measures

The primary efficacy outcome measures were the rates of
symptomatic VTE and mortality at end of follow-up, cal-
culated as the number of subjects with the event of interest
divided by the size of the population at the start of the
study period. The primary safety outcome measures were
the rates of the composite of major bleeding or CRNM
bleeding, and major bleeding within 2 days of anticoagu-
lant cessation. Secondary outcomes included the rates of
venographic DVT, fatal PE at follow-up.

Statistical analysis

We report the medians and ranges of the primary and
secondary outcomes. The median rates (ranges) of symp-
tomatic VTE, postoperative mortality, venographic DVT
and major bleeding (and ranges) were based on all 14 trials
while median rates (ranges) of CRNM bleeding and fatal
PE were based on the 11 and 12 trials, respectively, that
reported on these outcomes.

Results

Our search strategy identified 220 potentially eligible
citations. The flow diagram (Fig. 1) shows an overview of
the study selection process. After screening titles, and
abstracts, we retained 15 citations. One additional study,

PENTHIFRA [23], performed in non-elective hip fracture
patients was excluded, leaving 14 randomized trials at low
risk of bias in the full review.

Seven trials were conducted in knee arthroplasty
patients and seven trials in hip arthroplasty patients
(Table 1). Five trials in hip arthroplasty evaluated extended
duration of thromboprophylaxis following elective hip
surgery. The earliest start times of the anticoagulants
postoperatively were: 4 h for dabigatran, 6 h for both riv-
aroxaban and fondaparinux, 12 h for apixaban, and 12 h
for enoxaparin.

The 14 studies randomized a total of 40,285 patients and
documented 260 (0.7 %) symptomatic VTE events, 56
(0.1 %) fatal events, 9 (<0.1 %) fatal PE events, 2,988
(10.5 %) venographic DVT events, 383 (1.0 %) major
bleeds and 1,371 (4.0 %) major or CRNM bleeds during
the intended treatment period. An additional 120 symp-
tomatic episodes of VTE occurred and 39 patients died in
the post-treatment follow-up period. The follow-up dura-
tion varied among trials (see Table 1) with a median of
3040 days after cessation of study drug.

Symptomatic VTE with individual anticoagulants

Figure 2 shows the median symptomatic VTE rates (and
ranges) at end of follow-up with all five anticoagulants.
The rates were all low and similar among anticoagu-
lants: 1.06 % (0.97-2.58 %) for fondaparinux, 0.79 %

Fig. 1 Flow diagram of
included and excluded studies

PubMed
Jan 1990 to July 2013
220 Citation(s)

Reference list of review articles
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~
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220 Non-Duplicate
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205 Articles Excluded

15 Articles Retrieved
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4

1 Articles Excluded
After Full Text Screen
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During Data Extraction

14 Articles Included
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Fig. 2 Efficacy outcomes of new anticoagulants and enoxaparin.
Box-plots of the mortality and symptomatic VTE rates of individual
anticoagulants showing median, interquartile range, and range. VTE
venous thromboembolism

@ - Major or CRNM bleeding

Major bleeding

) Ezﬁé

Apix Riva Dabi Enox

Fonda Apix Riva Dabi Enox

Fig. 3 Safety outcomes of new anticoagulants and enoxaparin. Box-
plots of major bleeding or CRNM bleeding and major bleeding rates
of individual anticoagulants showing median, interquartile range, and
range. CRNM bleeding rates were not available for the three
fondaparinux trials. The major bleeding rates in the fondaparinux
trials were primarily driven by bleeding with a bleeding index > 2.
CRNM clinically relevant non-major

(0.15-1.44 %) for apixaban, 0.62 % (0.31-1.09 %) for
rivaroxaban, 0.87 % (0.30-1.56 %) for dabigatran, and
1.20 % (0.44-2.22 %) for enoxaparin (see Table 1 for
individual trial results).

Mortality with individual anticoagulants

Figure 2 also shows the mortality rates at the end of the
follow-up with the five anticoagulants. The rates were very
low with all anticoagulants used: 0.39 % (0.18-0.53 %) with
fondaparinux, 0.19 % (0.18-0.20 %) with apixaban, 0.27 %
(0-0.39 %) with rivaroxaban, 0.20 % (0-0.40 %) with da-
bigatran and 0.33 % (0.07-0.92 %) with enoxaparin.

Bleeding with individual anticoagulants (within 2 days
of cessation)

Data addressing the risks of major or CRNM bleeding were
available for 11 studies. The three fondaparinux studies did
not report rates of CRNM bleeding.

Figure 3 shows the median rates (and ranges) for com-
posite outcome of major or CRNM bleeding and for major
bleeding for each anticoagulant. The major or CRNM
bleeding rates were: 3.53 % (2.88-4.90) with apixaban,
325 % (3.01-3.34 %) with rivaroxaban, 4.88 %
(3.18-7.74 %) with dabigatran, and 3.80 % (2.25-6.65 %)
with enoxaparin.

The major bleeding rates with the five anticoagulants
were: 2.13 % (1.77-4.12 %) with fondaparinux, 0.69 %
(0.60-0.82 %) with apixaban, 0.42 % (0.08-0.66 %) with
rivaroxaban, 1.38 % (0.58-1.65 %) with dabigatran, and
0.89 % (0.19-2.82 %) with enoxaparin.

Combined rates of patient important events

Figure 4 shows median rates (ranges) of symptomatic
VTE, mortality and major or CRNM bleeding for all
anticoagulants combined. The rates of symptomatic VTE
and mortality to end of follow-up were 0.99 %
(0.15-2.58 %) and 0.26 % (0-0.92 %) respectively while
the median rate (range) of major or CRNM bleeding was
3.44 % (2.25-7.74 %).

Very few fatal PE (n = 21) were observed in the 12
studies that reported on this outcome; this total included
fatal events in which PE could not be excluded as cause of
death. The median rate of fatal PE (and range) by end of
follow-up with all anticoagulants was 0.08 % (0-0.19 %).

Rates %

. L

[
o I ——

Mortality

Symptomatic VTE ~ Major or CRNM bleeding

Fig. 4 Combined patient important event rates for new anticoagu-
lants, and enoxaparin. Box plots showing the medians, interquartile
ranges and ranges of mortality, symptomatic VTE, and Major or
CRNM bleeding rates for all anticoagulants. CRNM clinically
relevant non-major, VTE Venous thromboembolism
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Venographic DVT rates

All 14 studies used mandatory venography, which was
performed shortly after cessation of study drug, and
reported a composite primary efficacy outcome made up of
a combination of asymptomatic DVT and symptomatic
VTE (including fatal PE). The median rates (and ranges) of
venographic DVT for the new anticoagulants and enox-
aparin were 6.95 % (0.75-38.27 %) and 8.58 %
(3.40-37.57 %), respectively.

Discussion

The main reason to use prophylactic anticoagulants in high
risk surgical patients is to reduce mortality, particularly
fatal PE. Prevention of other patient important events is
also relevant, but if there is no reduction in mortality, any
observed benefit must be weighed against harm from
postoperative bleeding. Our analysis, which included over
40,000 patients enrolled in clinical trials and randomized to
either one of the new anticoagulants or LMWH, demon-
strates that contemporary risks of symptomatic VTE and
mortality are low. The median rate of symptomatic VTE
was 0.99 % (range: 0.15-2.58 %) and the median postop-
erative mortality rate was 0.26 % (range: 0-0.92 %) by the
end of follow-up.

Our interest here is not to estimate the relative or
absolute effects of LMWH versus the other four antico-
agulants; others have dealt with this issue [24, 25]. Rather,
our interest is to document that the current rates of patient-
important adverse thrombotic events and mortality are low,
irrespective of what antithrombotic agent is used, and that
these low rates are consistent across studies. Because of
statistical heterogeneity, the consistent low incidence is
best captured by the median and range, which our sum-
maries present, rather than meta-analytic estimates.

Our estimates of symptomatic VTE based on trials using
mandatory venography are susceptible to two biases, but as
discussed elsewhere, the biases work in opposite directions,
so their overall effect on our estimate of symptomatic VTE
is likely minimal [4]. Large observational studies in major
orthopaedic surgery performed over the last decade that
showed similarly low incidence of symptomatic VTE,
ranging from 1.1 to 3.7 %, support for the validity of our
estimates [26-32]. The most recent of these observational
studies reflecting real life practice, the XAMOS study [33]
(n = 17,000 patients), a phase IV study of rivaroxaban
with LMWH control in an unselected population, showed
that the incidence of symptomatic VTE (about 1 %), and
mortality (about 0.07 %) were both low.

The low post-operative incidences of symptomatic VTE
and death with the new oral anticoagulants, together with
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their convenience represent an important advance for
patients and their physicians. We may, however, have
reached the end of the line with orthopaedic thrombopro-
phylaxis. Previous developments in anticoagulant prophy-
laxis focused on efficacy and convenience. In the light of
the falling baseline rates of symptomatic and fatal VTE,
other approaches that might be less effective but that are
less expensive, as convenient, and/or produce less bleeding
might be worth considering.

Considering such approaches is justifiable on the fol-
lowing grounds: First, the current low symptomatic VTE,
and very low mortality rates are not solely due to effective
thromboprophylaxis. Since the first thromboprophylaxis
trial, surgical techniques and postoperative care have
improved. A report by Murray and associates [34] also
indicates that mortality following elective joint replace-
ment surgery has fallen over time. In their meta-analysis
(n > 100,000 patients), 30 day mortality risk following
total hip replacement were reported to be 1.10 % (95 % CI
0.96-1.24 %) in 1960s, 1.11 % (95 % CI 1.00-1.21 %) in
1970s and 0.38 % (95 % CI 0.29-0.47 %) in the 1980s and
1990s. A secular trend for a reduction in mortality was also
reported in a recent retrospective study, which showed that
in an 8 year period (from 2003 to 2011), the 90 day mor-
tality following total hip replacement in the United King-
dom’s National Joint registry (>400,000 patients) fell from
0.56 % in 2003 to 0.29 % in 2011 [35]. In the latter study,
improvements in surgical approach and anesthetic proce-
dure as well as the use of thromboprophylaxis were all
associated with a reduction in mortality. Although there are
limitations in estimating baseline symptomatic VTE inci-
dence from indirect comparisons, others have shown a
similar secular trend for a reduction [3]. It is therefore
likely, as suggested by others, that improvement in oper-
ative technique, methods of anesthesia and postoperative
care have contributed to the reduction in postoperative
mortality and symptomatic VTE over time. Although the
true baseline mortality and symptomatic VTE incidences
(without prophylaxis) are unknown, both are likely to be
low and much lower than previously reported. Therefore, a
substantial number of patients are being exposed to anti-
coagulant without the expectation of a clinical benefit in
contemporary practice.

Second, in contrast to the low VTE and mortality rates
with anticoagulant prophylaxis, bleeding rates remain
substantial (Fig. 3). Although the comparative bleeding
rates without prophylaxis, using contemporary surgical
techniques and similar definitions for clinically important
bleeding, are unknown, the evidence indicates that anti-
coagulants used in effective anti-thrombotic doses increase
the risk of bleeding. If indeed contemporary baseline
patient important efficacy outcomes are lower than previ-
ously thought, then any harm induced by anticoagulant use
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assumes greater importance in any trade-off. Postoperative
bleeding with anticoagulants is important because it can
lead to wound infection and in the longer term, to joint
dysfunction [36]. Postoperative bleeding continues to
concern orthopaedic surgeons [37-41]. Consequently, an
approach to VTE prophylaxis that has the potential to
lower bleeding without substantially reducing efficacy,
would constitute an important advance in health care,
particularly if such an approach is inexpensive and simple
to use.

A number of plausible strategies have been proposed to
reduce bleeding, namely, aspirin & compression stockings,
delay in the first postoperative anticoagulant dose, reduc-
tion in anticoagulant dose and confining prophylaxis to
high risk subgroups (risk stratification) [41-44]. Of these,
we consider aspirin the most appealing because it is
effective, inexpensive, and simple to use. Aspirin proved
effective in reducing the frequency of patient important
outcomes in high risk orthopaedic patients [42] but, thus
far, it has not been considered to be a first line agent for this
indication. Even though aspirin might be less effective than
anticoagulants, it is likely to cause less bleeding than new
anticoagulants, and in the context of their low baseline
incidence, be associated with acceptable risks of symp-
tomatic VTE and mortality.

We now have evidence that aspirin used post-discharge
(after 10 days of prophylactic dalteparin), is at least as
effective and safe as extended dalteparin in the primary
prevention of VTE following total hip replacement [45].
With these positive results and the real possibility that the
baseline rates of patient important events have been lowered
by improvements in operative and postoperative care, the
ethical barrier to evaluating aspirin as a first line treatment no
longer exists. If successful, a randomized controlled trial
comparing aspirin directly with one of the new oral antico-
agulants using patient important outcomes could have an
enormous impact on clinical practice and health care costs.

Conclusions

In contemporary trials of new anticoagulants in major
elective hip and knee surgery, the rates of patient important
events are low (symptomatic VTE) to very low (fatal PE
and mortality) with the use of any of the four new anti-
coagulants or enoxaparin. However, the risk of postoper-
ative bleeding remains high. Based on the strong possibility
that owing to improvements in surgical and perioperative
care, the incidence of patient important thrombotic events
without prophylaxis is now low, prophylactic approaches
that minimize bleeding without substantially reducing
efficacy merit investigation, particularly if such approaches
are inexpensive and simple to use.
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