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Objectives: Due to a high risk of thromboembolism in patients undergoing major orthopedic surgery, it has become standard practice to give thromboprophylactic treatment. We
assessed the relative efficacy and cost-effectiveness of two new oral anticoagulants, rivaroxaban and dabigatran, relative to subcutaneous enoxaparin for the prevention of
thromboembolism after total hip replacement (THR) and total knee replacement surgery (TKR).
Methods: We conducted a systematic review of the literature to assess efficacy and safety, and evaluated quality of documentation using GRADE. Cost-effectiveness was assessed by
developing a decision model. The model combined two modules; a decision tree for the short-term prophylaxis and a Markov model for the long-term complications and survival gain.
Results: For rivaroxaban compared with enoxaparin, we found statistically significant decreases in deep vein thrombosis, but also a trend toward increased risk of major bleeding. For
mortality and pulmonary embolism there were no statistically significant differences between the treatments. We did not find statistically significant differences between dabigatran
and enoxaparin for our efficacy and safety outcomes. Assuming a willingness to pay of EUR62,500 per QALY, rivaroxaban following THR had a probability of 38 percent, and
enoxaparin following TKR had a probability of 34 percent of being cost-effective. Clinical efficacy had the greatest impact on decision uncertainty.
Conclusions: Dabigatran and rivaroxaban are comparable with enoxaparin following THR and TKR regarding the efficacy and safety outcomes. However, there is great uncertainty
regarding which strategy is the most cost-effective. More research on clinical efficacy of rivaroxaban and dabigatran is likely to change our results.
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Venous thromboembolism (VTE) is a common complication
after orthopedic surgery, causing considerable morbidity, mor-
tality, and resource usage. VTE is the presence of a blood clot
that blocks a blood vessel within the venous system. It includes
deep vein thrombosis (DVT) and pulmonary embolism (PE).
Furthermore, patients with DVT may go on to develop post-
thrombotic syndrome (PTS), a painful disabling condition that
carries an increased risk of recurrent DVT.

Patients undergoing major lower extremity orthopedic
surgery are at high risk for VTE (1). The results of previous
studies have indicated that the development of VTE almost
doubled the costs of inpatient care for patient undergoing major
orthopedic surgery (2).

Due to high risk of VTE in elective hip- or knee replacement
surgery, it has become standard care to offer thromboprophylac-
tic treatment (3;4). For many years, subcutaneous low molec-
ular weight heparins (LMWHs) like enoxaparin have been the
primary choice for thrombosis prevention after major orthope-
dic surgery. Recently, two new anticoagulants, rivaroxaban and
dabigatran, have been suggested as possible alternative prophy-
lactic treatments. In contrast to LMWH, which is given subcu-
taneously, both these new drugs can be given orally. Overall,
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according to the summary of product characteristics for the in-
cluded interventions, the recommended treatment duration is
between 28 and 35 days for patients having major hip surgery
(THR), and 7–14 days for patients having major knee surgery
(TKR) (5).

Major orthopedic surgery is one of the most common surg-
eries among the elderly. Due to a large and increasing number of
major orthopedic surgeries and the debate concerning a possi-
ble change in current practice, it was of great interest to explore
the health and cost consequences of replacing the convention
treatment with LMWH by new anticoagulants as thrombopro-
phylaxis after THR or TKR. The objectives of this study were
to assess the relative efficacy, safety and cost-effectiveness of
rivaroxaban and dabigatran compared with LMWH (i.e., enoxa-
parin) for the prevention of thromboembolism after THR and
TKR.

METHODS

Clinical Efficacy
We searched systematically for systematic reviews (SRs) and
randomized controlled trials (RCTs) in Ovid Embase, Ovid
Medline, Cochrane Library, and Centre of Reviews and Dis-
semination from inception to July 2010 (SR) or 2009 to Septem-
ber 2010 (RCT). We used a combination of keywords and text
words relating to orthopedic surgery and the relevant drugs,
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Figure 1. Model structure (the branches marked with plus signs are similar to their respective opposite branch). THR, total hip replacement; TKR, total knee replacement; DVT, deep-vein thrombosis; PE: pulmonary
embolism; PTS: post-thrombotic syndrome; VTE: venous thromboembolism.

and finally added filters for SR or RCT if available in the
database (Supplementary Table 1, which can be viewed on-
line at www.journals.cambridge.org/thc2013096). In addition,
we manually searched reference lists from the included publica-
tions, and Web sites for other published HTA reports (INAHTA
and NIHR). Two reviewers independently screened abstract and
title in all citations identified against predefined eligibility cri-
teria. Possible relevant articles were retrieved in full text. Pub-
lications were included if they were SRs or RCTs comparing
new anticoagulants to traditional treatment with LMWT for pa-
tients undergoing THR or TKR. Our primary outcomes were
mortality, DVT, PE, PTS, major bleeding, and other adverse
events. For evaluation of bleeding, we have focused on major
bleedings because they were defined in the included studies. The
definition varied somewhat among the studies; however, all the
studies defined a severe bleeding if it involved a critical site (in-
tracranial, intraocular, intraspinal, or retroperitoneal bleeding).
Length of stay in hospital, need for re-operations, re-admission
to hospital, infections, ability to work, and quality of life were
considered as secondary outcomes.

The quality of the included publications were assessed in-
dependently by two reviewers using the Cochrane method of
Risk of Bias assessment for RCTs or a check list for SRs (6).
Data were collected from the SRs. In cases where the SRs had
pooled data into composite end points or mixed populations, we
extracted data from the identified RCTs to fit our outcomes. All
data were extracted by one person, and controlled by a second
person for accuracy.

When appropriate, we pooled data by meta-analyses with
the software; RevMan 5. We used a random-effects model calcu-
lating relative risks (RR) with 95 percent confidence intervals.
As far as possible, our analyses were performed according to
the principle of intention-to-treat populations. For the end points
related to efficacy, PE and DVT, we included treatment with all
doses, but only treatment duration comparable to the generally
recommended treatment duration after THR and TKR. How-
ever, for the end points related to safety, mortality, and major
bleeding, we included all data irrespective of treatment time and
dose. This was to ensure that all safety information become eas-
ily accessible. The quality of the documentation for each end
point was evaluated using the Grading of Recommendation,
Assessment, Development, and Evaluation (GRADE) tool (7).

Any disagreements after independent assessments regard-
ing literature selection, data extraction, and quality assessment
were dissolved by discussion or by consulting a third reviewer.

Cost-Effectiveness
To assess the cost-effectiveness of the alternative thrombopro-
phylactic interventions, we made a decision model (Figure 1).
The model combined two modules; a decision tree for the short-
term prophylaxis (acute phase; 90-day postsurgery time hori-
zon) and a Markov model for the long-term complications and
survival gains (lifetime horizon). DVT, PE, and major bleed-
ing events were modeled for the acute phase. Patients entered
the Markov model at the end of the acute phase. The chronic
phase model contained three health states “symptoms-free
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patient,” “PTS,” and “Dead” with cycle length of one year.
The two surgery types, THR and TKR, were modeled sepa-
rately to reflect differences in the underlying risk of developing
DVT, PE, and major bleeding.

The model calculated quality-adjusted life-years (QALYs)
and life time costs related to the different strategies. The results
of economic evaluations were expressed as incremental cost-
effectiveness ratios (ICERs; equation 1) and net health benefit
(NHB; equation 2) by incorporating the society threshold will-
ingness to pay for an additional unit of health benefit (WTP).

1. ICER = Incremental costs / Incremental QALYs (Eq. 1)

2. NHB = Incremental QALYs - (Incremental costs / WTP) (Eq. 2)

In the absence of an explicit threshold value for cost-
effectiveness in Norway, we assumed a value of EUR62,500
per QALY gained as a best possible temporary estimate. An
intervention can in other words be considered cost-effective if
it yields a positive NHB.

Analysis was carried out from a healthcare payer perspec-
tive. Costs and QALYs were discounted at a rate of 4 percent
per annum.

Model Probabilities
The incidence of symptomatic DVT and PE in patients undergo-
ing THR and TKR are based on a Norwegian study (8). LMWH
was given to all patients while hospitalized in that study. The
baseline risk of major bleeding following thromboprophylaxis
were taken from a review article that reported major bleeding
rates in patients treated with enoxaparin during THR and TKR
trials (9). These baseline probabilities were multiplied by the
estimate of relative efficacy of each intervention versus conven-
tional treatment with enoxaparin.

The annual risk of recurrent VTE and developing PTS were
estimated from a prospective study of the long-term follow-up
of acute VTE over a 5-year period (10). The risk of PTS was
assumed to begin after day 90. Patients who had no VTE event
in the postsurgical period were assumed to be at the same risk
for a VTE event and PTS as the general population (11;12).

For calculating the risk of death in the acute phase, we
collected age and gender specific Norwegian all-cause mortality
data from Statistics Norway (13). These data were multiplied
by the relative risk of all-cause mortality from meta-analyses of
the included articles in our systematic review for acute phase
and the relative risk of death from VTE for the postoperative
phase (10). The model probabilities are presented in Table 2.

Clinical Outcomes
Efficacy estimates and Grading are presented in Table 1. We in-
corporated the GRADE assessments into the model by assigning
probability distributions related to the quality of the evidence,
with a wider distribution for the lower quality documentation.
For efficacy estimates based on high quality evidence, probabil-

ity distributions were based on 95 percent confidence intervals.
For moderate, low or very low quality results, we have used
confidence intervals of respectively 90 percent, 80 percent, and
70 percent which reflects that we have less trust in the data (14).

Costs
All costs were expressed in 2010 Norwegian kroner and con-
verted into Euros (EUR1.00 ≈ NOK8.01) and presented in
Table 2. The cost of thromboprophylaxis after hospital discharge
is based on maximum pharmacy retail prices. In-hospital drug
costs are calculated based on the price list we received from
the Drug procurement cooperation. Administration cost related
to injection of enoxaparin was included in the model based on
the following assumptions: it is most likely that patients are
discharged to rehabilitation centers (65–95 percent) (15) and
will receive enoxaparin injections in these centers (therefore,
these injection costs were not included in the analysis). Among
the patients discharged to their homes, we assumed that 5–13
percent of patients require nurse assistance during the period
after hospital discharge. The cost of one nurse visit was esti-
mated based on the average of administration cost of private
and municipal nurse visit at home.

The costs of treating bleeding, DVT, or PE events were
based on prices within the Norwegian Diagnosis Related Group
(DRG) system (16). For the cost of diagnosing DVT or PE,
we assumed one physician visit and one diagnostic investiga-
tion (for DVT: ultrasound and venography [for 8 percent of
patients] (17); and for PE: spiral computed tomography and
chest radiography). The cost of physician visits and diagnos-
tic investigations were obtained from the price list for cost per
outpatient clinic consultation and procedure (18).

The cost of PTS was estimated based on the cost of acute
and chronic PTS reported by Bjorvatn and Kristiansen (19). We
have assumed that the cost of diagnosing PTS is the difference
between the cost related to the acute phase and the later chronic
phase. The cost of diagnosing PTS was included in the Markov
model in the first year only.

Utilities
The literature search emphasized a lack of good-quality utility
data for this population. Therefore, the utility values are based
on different sources (Table 2).

The baseline health state value for patients who had THR
and TKR without complications and the utility for one year after
the operation were taken from Räsänen and co-workers (20).

Utility value for symptomatic DVT, PE, and recurrent VTE
were derived from Haentjens et al. 2004 (21). The duration
of symptomatic DVT and PE was estimated to 3 months and 6
months, respectively. These utility values were adjusted by mul-
tiplying them by the values reported by Räsänen and co-workers
(20) because no distinction was made between complications
following THR and TKR.
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Table 1. Efficacy and Safety Results for Dabigatran and Rivaroxaban Compared to Enoxaparin

Dabigatran vs. enoxaparin Rivaroxaban vs. enoxaparin

No. of No of
Relative effect participants Quality of the Relative effect Participants Quality of the

Outcomes (95% CI) (studies) evidencea (95% CI) (studies) evidencea

Mortality - THR RR 1.17 5428 RR 0.73 8905
(0.04 to 36.52) (2 studies) Very low (0.29 to 1.8) (5 studies) Low

PE - THR RR 0.84 5428 RR 1.0 6890
(0.25 to 2.77) (2 studies) Low (0.07 to 15.28) (2 studies) Very low

DVT- THR RR 0.98 4222 RR 0.21 4886
(0.78 to 1.22) (2 studies) Moderate (0.14 to 0.32) (2 studies) LowFo

llo
w-

up
60

-90
da

ys
b

Major bleeding - THR RR 1.24 6805 RR 2.23 9064
(0.83 to 1.86) (3 studies) Moderate (1.06 to 4.67) (5 studies) Moderate

Mortality - TKR RR 1.06 4652 RR 0.62 6106
(0.36 to 3.12) (2 studies) Low (0.13 to 2.9) (3 studies) Low

PE - TKR RR 0.66 4997 RR 0.50 6106
(0.27 to 1.65) (3 studies) Low (0.17 to 1.46) (3 studies) Low

DVT - TKR RR 0.97 3886 RR 0.62 3992
(0.7 to 1.34) (3 studies) Very low (0.51 to 0.75) (3 studies) ModerateFo

llo
w-

up
35

-90
da

ys

Major bleeding - TKR RR 0.89 5292 RR 1.61 6106
(0.47 to 1.69) (3 studies) Moderate (0.8 to 3.24) (3 studies) Moderate

aQuality of the evidence relates the GRADE evaluation. The levels correspond to whether further research is likely to change our confidence in the
estimate of effect. Generally, we downgraded due to low number of events, wide confidence intervals and incomplete outcome data insufficiently
addressed.
b35-90 days follow-up for major bleeding.
CI, confidence interval; THR, total hip replacement; TKR, total knee replacement; DVT, deep-vein thrombosis; PE, pulmonary embolism

For major bleeding, we have used utility values for central
nervous system bleeding in our model. Utility values for major
bleeding and PTS were estimated based on values reported by
Lenert and Soetikno (22) and adjusted for the base-line utilities
(20).

Sensitivity Analysis
To explore the consequences of uncertainties in the base-
case parameter values, we performed a probabilistic sensitivity
analysis (PSA) in which all input parameters were randomly
drawn from probability distributions and the model was run
10,000 times. For probabilities and utility estimates, the beta-
distributions were constructed on plausible ranges for param-
eters. For cost, we modeled gamma-distributions where limits
were within a 30 percent of the base-case value. Efficacy and
safety parameters were assumed to have a log-normal distribu-
tion.

PSA was presented by cost-effectiveness acceptability
frontier curves (CEAFs), which have been recommended
for decision analyses involving more than two interven-
tions (23). The CEAFs showed the decision uncertainty

surrounding the optimal strategy at different values of
WTP.

We also performed an analysis of the expected value of per-
fect information (EVPI) to explore the uncertainty surrounding
specific groups of parameters and to show which groups of input
parameters it is most useful to conduct further research on. The
EVPI for the parameter or group of parameters is the difference
between the expected net benefit with perfect (additional) infor-
mation and the expected value with current information about
the parameter(s) (24).

We could not identify reliable data that could show the ef-
fect of the different methods of administrating the medication
on patients’ utility. Thus, the possible disutility associated with
injections was not included in the base-case analyses. Because
part of the purpose of the new anticoagulants was the oral
administration, we performed scenario analyses to test the as-
sumption of the possible disutility associated with the subcuta-
neous administration of enoxaparin in our model. We adjusted
the baseline health state value with 0.5 percent (expert opin-
ion) for the duration patients were treated with enoxaparin as
thromboprophylaxis after THR and TKR.
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Table 2. Probabilities, Cost of Prophylaxis and of Thromboembolic Events, and Utilities Values Used in the Model

Total hip replacement (THR) Total knee replacement (TKR)

DVTa (8) 0.016 0.016
PEa (8) 0.011 0.011
Major bleedinga (9) 0.017 0.005
Developing PTS: year 1 (10) 0.180 0.180
Developing PTS: year 2b 0.131 0.131
Developing PTS: year 3b 0.068 0.068
Developing recurrent VTE: year 1–2 (10) 0.090 0.090Pro

ba
bil

itie
s

Developing recurrent VTE: year 3+b 0.054 0.054
PTS for patients who had no VTE event (11) 0.0008 0.0008
Recurrent VTE for patients who had no VTE event (12) 0.0014 0.0014

Dabigatran Rivaroxaban Enoxaparin Dabigatran Rivaroxaban Enoxaparin

Cost of medicament Inpatientc d 16e 21f 8 g 12e 15 f 6 g

Cost of medicament outpatient (5) 145 186 140 31 65 48
Drug administration (outpatient)h (41;42) 1,296 185
Major bleeding (16) 3,068 3,068
Treatment DVT (16) 2,850 2,850
Treatment PE (16) 6,331 6,331
DVT diagnosis (post discharge) (18) 254 254Co

sts
pe

rp
ati

en
ts

in
EU

R
(E

UR
1.

00
≈N

OK
8.

01
)

PE diagnosis (post discharge) (18) 391 391
Treatment PTS (19)i 934 934
PTS diagnosis (19)i 700 700
No VTE event (20) 0.805 0.807
Symptomatic DVTj (20;21) 0.676 0.678
PEj (20;21) 0.612 0.613
Major bleedingj (20;22) 0.531 0.532
No VTE event; long-term (20) 0.858 0.841Ut

ilit
ies

PTSj,k (20;22) 0.647 0.735
Recurrent VTEj (20;21) 0.721 0.706

DVT, deep-vein thrombosis; PE, pulmonary embolism; VTE, venous thromboembolism; PTS, post-thrombotic syndrome.
aIn the model, these baseline probabilities were multiplied by the estimate of relative efficacy of each intervention versus conventional treatment with
enoxaparin.
bEstimated based on Prandoni et al 1997 (10).
cLength of stay: total hip replacement: 5–12 days; total knee replacement: 3–10 days.
dIn-hospital drug costs are calculated based on the price list.
eTwo 110 mg tablets per day, except on day 1.
f10 mg per day.
g40 mg per day.
hRelated to injection of enoxaparin. Among the patients discharge to their homes, assumed 5–13% required nurse assistance (43).
iCosts were adjusted from 2003 to 2010 kroner by using the Norwegian consumer price index. http:/www.ssb.no/vis/kpi/kpiregn.html
jThese utility values were adjusted based on the baseline values reported by Räsänen et al 2007 (20).
kMean PTS utilities are adjusted for the proportion with mild and severe PTS based on Ashrani et al 2009 (44).
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Figure 2. Results of the probabilistic analysis (CEAF) which show the best choice at different levels of willingness to pay; a: total hip replacement (THR), and b: total knee replacement (TKR).

RESULTS

Clinical Effectiveness
Our search for literature identified 909 references. Based on
the inclusion criteria, we finally included two SRs and two
newly published RCTs (Supplementary Table 2, which can
be viewed online at www.journals.cambridge.org/thc2013097,
and Supplementary Figure 1, which can be viewed online
at www.journals.cambridge.org/thc2013098). Among the in-
cluded studies, there were one SR and two RCTs identified
by hand search. We did not identify studies that directly com-
pared dabigatran with rivaroxaban. Data for PTS or any of our
secondary outcomes were not reported.

The doses and treatment duration varied from study to
study. In general, dabigatran and rivaroxaban were tested in sev-
eral doses with treatment start after surgery, while enoxaparin
treatment started the night before surgery (Supplementary Ta-
ble 3, which can be viewed online at www.journals.cambridge.
org/thc2013099, and Supplementary Table 4, which can be
viewed online at www.journals.cambridge.org/thc2013100).

Efficacy of Dabigatran versus Enoxaparin
We included one SR (4), containing four RCTs comparing dabi-
gatran to enoxaparin, BISTRO (25), RE-MOBILIZE (26), RE-
MODEL (27), and RE-NOVATE (28). In addition, we added a
new RCT, RE-NOVATE II (29).

In summary, we did not find statistical significant differ-
ences between dabigatran and enoxaparin for the outcomes
mortality, PE, DVT, or major bleeding. The quality of the doc-
umentation ranged from moderate to very low. Overall results
are presented in Table 1.

Efficacy of Rivaroxaban Versus Enoxaparin
Based on the included SR (4) and hand search of reference lists,
we included in total eight RCTs, four phase II dose-finding stud-
ies (three from the ODIX-program (30–32)), one by Eriksson
and co-workers (31), and four phase III studies RECORD 1 to
4 (3;33–35).

In summary, for rivaroxaban compared with enoxaparin, we
found a statistical significant decrease in DVT, but also a trend
toward increased risk of major bleeding (only significant for
THR). For the end points mortality and PE, there were too few
events to make a conclusion with regard to potential risks. The
quality of the documentation ranged from moderate to very low.
Overall results are presented in Table 1.

Cost-Effectiveness
Thromboprophylactic Treatment after THR. The base-case analyses indicated
that dabigatran decreased both lifetime costs (by EUR76) and
effectiveness (by 0.304 QALYs) relative to enoxaparin. Ri-
varoxaban compared with enoxaparin, however, would yield
0.175 additional QALYs at an additional cost of EUR983
(Supplementary Table 5, which can be viewed online at
www.journals.cambridge.org/thc2013101).

Probabilistic sensitivity analysis indicated great uncer-
tainty regarding which strategy that was most likely to be
cost-effective. Assuming a willingness to pay (WTP) per
QALY gained of EUR62,500, the probability that rivaroxaban
was the most cost-effective strategy after THR was 38 percent
(Figure 2a).

Thromboprophylactic Treatment after TKR
The base-case analysis in a TKR population indicated that
both dabigatran and rivaroxaban decreased lifetime cost (by
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EUR22 and EUR39, respectively) relative to enoxaparin. How-
ever, the results of our analyses showed that both dabi-
gatran and rivaroxaban also resulted in fewer QALYs (by
0.020 QALYs and 0.018 QALYs, respectively) than enoxa-
parin (Supplementary Table 6, which can be viewed online at
www.journals.cambridge.org/thc2013102).

Probabilistic sensitivity analysis revealed that the simu-
lated incremental cost-effectiveness ratios (ICER) were widely
spread and indicated a considerable uncertainty with regard to
which strategy was most likely to be cost-effective. Assuming
a WTP per QALY gained of EUR62,500, the probability that
enoxaparin was the most cost-effective strategy after TKR was
34 percent (Figure 2b).

Scenario Analyses
We adjusted the baseline health state value with 0.5 percent
(expert opinion) for the duration patients were treated with
enoxaparin after THR and TKR. The analyses indicated that
the correction factor had a very small impact on the results and
the conclusion remained the same.

Expected Value of Perfect Information
The results of value of information analyses on all uncertain
parameters indicated that efficacy estimates for both popula-
tions (THR and TKR) had the greatest impact on decision
uncertainty, and if new research is to be undertaken then
it seems that efficacy data has the biggest potential to re-
duce decision uncertainty (Supplementary Figure 2, which can
be viewed online at www.journals.cambridge.org/thc2013103,
and Supplementary Figure 3, which can be viewed online at
www.journals.cambridge.org/thc2013104).

DISCUSSION
To our knowledge, this is the first study which assessed clinical
efficacy and performed cost-utility analysis of dabigatran and
rivaroxaban compared with conventional treatment with enoxa-
parin as thromboprophylaxis after THR and TKR in a lifetime
perspective.

The evaluation of clinical effectiveness of new anticoag-
ulants was based on multi-national RCTs and, therefore, the
results would be generally transferable between countries. In
addition, we have developed a decision model to assess the
cost-effectiveness of different treatment strategies. Although
the results from cost-effectiveness analyses, which is based on
country specific underlying risks, resource use and unit cost,
may not directly be transferable between countries, the model
structure and the approach used in health economics analyses
should be of interest for other researchers modeling the same
research question. Moreover, we have discussed the different
choices and their possible impact on the final result.

Overall, there was no clear best choice among dabigatran,
rivaroxaban, and the conventional treatment with enoxaparin
regarding relative efficacy. Our health economic analyses also

indicated a great uncertainty regarding which strategy is the
most cost-effective. More research on clinical efficacy would
contribute to decrease the uncertainty surrounding the estimated
ICERs.

Limitations of the Study
The quality of the evidence on efficacy and safety ranged from
moderate to very low. This was mainly due to a low number of
events on rare outcomes like mortality, PE and major bleeding.
Hence, it is likely that further research with additional events
will change the efficacy estimates.

Important end points, DVT and PE, are often difficult to di-
agnose. In all included studies, symptomatic DVT events were
evaluated if the diagnosis was confirmed by venography. In a
substantial proportion of the trials patients, venography was not
performed or the interpretation of the venography was incon-
clusive. However, the nature and the scale of this problem seem
to have been similar in all studies.

It is subject to discussion which data should be combined
in a meta-analysis, especially with regard to events in the early
dose-finding studies included in our safety analyses. However,
the uncertainty added by pooling data across doses, may in some
instances, be counteracted by the fact that the number of events
increases.

Attention should also be given to the duration of treatment,
in one of the trials of rivaroxaban versus enoxaparin (36), the
former therapy was extended for 31–39 days while enoxaparin
was given only for 10–14 days. This study design with a longer
rivaroxaban treatment period might have favored rivaroxaban,
and a priori one would expect lower frequency of DVT/VTE in
the rivaroxaban group than in the enoxaparin group, a finding
that in fact was confirmed.

Any simulation model is a simplification of real life. There-
fore limitations associated with our simplistic health economic
model and the cost-effectiveness analysis should be considered.

As pooled effect estimates were used, it is possible that
different input in the meta-analyses like restricting to only spe-
cific doses or treatment lengths would give different effect esti-
mates and hence, different cost-effectiveness results. This is an
important notion given that the value of information analyses
indicated that efficacy data have the greatest impact on decision
uncertainty in our model. Moreover, we only included the most
common long-term VTE complications (i.e., PTS and recurrent
VTE) (37) in the postacute phase sub-model.

We performed a systematic literature search to identify the
best possible evidence on utilities for our model. The search did
not identify any single study or combination of studies reporting
the utility values measured by a common instrument for all the
events and the health states included in our model. In the lack of
good–quality utility data for our study population, the utility val-
ues were therefore based on different sources and instruments,
which may introduce inaccuracies in the results. However,
the same approach has been used in the previous cost-utility
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analyses of thromboprophylaxis after THR or TKR (38;39). For
major bleeding, we have used utility values for central nervous
system bleeding (intracranial or spinal bleeding) in our model.
This was based on assumption that treatment with anticoagu-
lant medicaments can cause critical hemorrhage affecting the
central nervous system, which will have long-term health conse-
quences. However, focusing just on the utility related to central
nervous system may be considered as a limitation of our study.

In addition, we could not identify reliable data that showed
the probable effect of the different methods of administrating the
medication on patients’ utility. Hence, the possible advantage to
patients of taking oral medication is not considered in the base-
case results. However, we adjusted the baseline health state
value for the duration patients were treated with enoxaparin as
thromboprophylaxis after THR and TKR. The correction factor,
however, had a very small impact on the results.

With regard to the uncertainty related to the quality of
the efficacy documentation, we incorporated results from the
GRADE evaluations into efficacy parameters in our probabilis-
tic model by differentiating the confidence interval used (14).
It is conceivable that such adaption may change the results and
the uncertainty around the conclusions. Hence, our model anal-
yses may have underestimated the cost-effectiveness of the new
thromboprophylactic treatments.

Comparison with Other Health Economic Studies
We found two other studies which compared the cost and the
effects of prophylaxis with the new oral anticoagulants with
enoxaparin. Wolowacz and co-workers concluded that dabiga-
tran was dominant compared with enoxaparin in both THR and
TKR analyses (40). McCullagh and co-workers showed that ri-
varoxaban dominated both enoxaparin and dabigatran in both
THR and TKR analyses (39).

Different assumptions for the estimation of clinical effec-
tiveness may be considered as the most important cause of the
differences between our results and the two other economic
studies. We included and combined all relevant studies, across
all doses and treatment lengths in the meta-analyses to achieve
most robust data, while the two other economic evaluations
(39;40) were only performed for a 220-mg dose of dabigatran
and 40 mg of enoxaparin. Moreover, the results of economic
analysis of rivaroxaban compared with enoxaparin for patients
undergoing THR in McCullagh and co-workers study (39) were
based solely on one trial (36). Because rivaroxaban therapy in
this study (34) was extended for 31–39 days while enoxaparin
was given only for 10–14 days, one would, therefore, expect a
lower frequency of DVT in the rivaroxaban group.

Furthermore, variation in model structure (e.g., McCullagh
and co-workers developed a decision-tree model with a 180-
day time horizon) and differences in methodology, for example,
variation in country specific costs, may also be considered as
possible causes for the observed differences in the results.

CONCLUSION AND POLICY IMPLICATIONS
The efficacy and safety of dabigatran and rivaroxaban in hip
and knee replacement surgery are comparable with enoxaparin.
In addition, our economic analyses showed that there is a great
uncertainty regarding which strategy is the most cost-effective.
The results of the model analyses to explore the uncertainty
surrounding each group of parameters indicated that more re-
search on clinical end points would have the greatest impact on
reducing decision uncertainty.

Intuitively, a main advantage of the new anticoagulants is
the oral administration. It has been hypothesized that the sub-
cutaneous administration of LMWHs after discharge is more
cumbersome and might affect patient compliance. However, to
our knowledge, the issue has not been addressed in clinical stud-
ies and it remains a hypothesis and might be considered when
treatment decisions are made.

At present, there is no antidote for the new oral agents.
The risk of bleeding when acute surgery (re-operations) and
spinal aesthesia need to be performed on patients taking these
drugs has not been sufficiently examined. Moreover, the long-
term safety of the new anticoagulants is not as well known as
for treatment with LMWH. There is also a lack of knowledge
around potential drug interactions with the new anticoagulants.
Therefore, particular awareness regarding these issues should
be exercised.
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