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ABSTRACT
Objective: This was an evaluation of the cost

effectiveness of oral dabigatran etexilate compared
with subcutaneous low-molecular-weight heparin
(enoxaparin) for the prevention of venous thrombo
embolism (VTE) after total knee replacement (TKR)
and total hip replacement (THR) surgery from the
perspective of the UK National Health Service.

Methods: Dabigatran etexilate (220 mg once daily)
was compared with enoxaparin (40 mg once daily)
in patients undergoing TKR (duration of prophylaxis,
6-10 days) and THR (duration of prophylaxis,
28-35 days). The 10-week acute postsurgical phase
was modeled using a decision tree. A Markov process
(l-year cycle length) was used to model long-term
events (recurrent VTE, postthrombotic syndrome,
and consequences of intracranial hemorrhage) for pa
tients' remaining lifetimes. Relative risks for VIE and
bleeding events were derived from 2 Phase III studies
that compared dabigatran etexilate with enoxaparin
40 mg once daily. The probabilities of long-term events
were estimated using data from published longitudinal
studies.

Results: Rates of VTE and bleeding events did not
differ significantly between dabigatran etexilate and
enoxaparin. Dabigatran etexilate was less costly than
enoxaparin in TKR and substantially less costly in
THR, primarily due to differences in administration
costs. The cost of prophylaxis for THR patients,
including drugs and administration costs, was esti
mated at £137 for dabigatran etexilate and £237 for
enoxaparin (£7 for nursing time during the hospital
stay, £91 for nurse home visits for administration
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after hospital discharge, and an additional £2 in drug
costs). At a willingness-to-pay threshold of £20,000
per quality-adjusted life-year, the probability of cost
effectiveness for dabigatran etexilate was 75% in TKR
and 97% in THR. These results were robust across a
range of sensitivity analyses.

Conclusion: From the perspective of the UK National
Health Service, thromboprophylaxis with dabigatran
etexilate was cost-saving compared with enoxaparin
40 mg once daily, with comparable efficacy and safety
profiles. (Clin The1: 2009;31:194-212) © 2009 Excerpta
Medica Inc.

Key words: thromboembolism, primary prevention,
total hip replacement, total knee replacement, model,
economICS.

INTRODUCTION
Patients undergoing orthopedic surgery are at consid
erable risk for development of deep-vein thrombosis
(DVT) and pulmonary embolism (PE),l collectively
known as venous thromboembolism (VTE). In the
longer term, thromboembolic events may recur and
may result in chronic venous insufficiency in the lower
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extremity, producing chronic pain, venous ulceration,
swelling, and skin changes in the affected leg, collec
tively known as postthrombotic syndrome (PTS).2

The majority of patients undergoing orthopedic sur
gery receive some kind of thromboprophylaxis, most
commonly low-molecular-weight heparin (LMWH).3,4
Recent guidelines recommend prophylaxis for most pa
tients undergoing total knee replacement (TKR) and ex
tended prophylaxis for those undergoing total hip re
placement (THR).5,6 However, the subcutaneous route of
administration of LMWH may act as a barrier to imple
mentation of the more effective extended prophylactic
regimens7,8; therefore, many patients (30%-40%) may
not receive continued anticoagulant prophylaxis after
their discharge from the hospita1.9 Current trends toward
shorter lengths of hospital stay may lead to increasingly
fewer patients receiving prophylaxis for the guideline
recommended durations.5,6 There is a clear need for new,
effective interventions that do not present barriers related
to administration after hospital discharge.

Dabigatran etexilate"' is a new direct thrombin in
hibitor that is approved for the primary prevention of
VTE events in adults who have undergone elective
TKR or THR.lO It is administered orally at a fixed
dose of 220 mg once daily and has no specific moni
toring requirements. ll Three Phase III trials have in
vestigated the safety profile and efficacy of dabigatran
etexilate compared with those of the LMWH enoxa
parin after TKR (RE-MODEL12 and RE-MOBILIZE13)
and THR (RE-NOVATE14). The objective of the pres
ent analysis was to estimate the cost-effectiveness of
dabigatran etexilate compared with LMWH, the most
commonly used intervention in the United Kingdom,
from the perspective of the UK National Health Ser
vice. A cost-utility framework was selected, as this
enables the benefits and adverse effects of prophylaxis
to be evaluated in terms of a single measure-the
quality-adjusted life-year (QALY). A cost-effectiveness
analysis also was performed to estimate the incremen
tal cost per VIE avoided and cost per life-year gained.

MATERIALS AND METHODS
Decision Model

To estimate the differences in costs and outcomes
between alternative prophylactic interventions, the
analysis was designed to capture acute and recurrent

*Trademark: Pradaxa' (Boehringer Ingelhelm GmbH, Ingelhelm
am Rhein, Germany).
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VTE events, their long-term consequences (ie, PTS),
prophylaxis-related adverse events (ie, bleeding,
heparin-induced thrombocytopenia [HIT]), and deaths
associated with VTE and adverse events. A modeling
approach was necessary to capture events occurring
beyond the ends of the trial periods (6-week follow-up
for TKR, lO-week follow-up for THR) and to incor
porate external evidence as necessary (eg, to estimate
the long-term risk of PTS).

The model structure was devised based on the find
ings of a systematic review of economic evaluations of
VTE prophylaxis after TKR or THR.15 The structure
was similar to that of the model described by Botte
man et al 16 and included a decision tree and a Markov
model component. The decision tree modeled events
occurring within the initial lO-week period (the acute
phase) (Figure lA). Adverse events were modeled si
multaneously in such a way that all patients were at
risk for major and minor bleeding events and HIT
(Figure lB). The Markov component simulated events
occurring over the longer term (the chronic phase)
(Figure lC).

The primary end point of the Phase III dabigatran
etexilate trials was total VTE (defined as the com
posite of venographic and/or symptomatic DVT and
symptomatic PEl and all-cause mortality. This end
point was applied as the primary efficacy measure in
the model and was used to estimate the probability of
VTE. A VTE could be DVT (proximal or distal) or PE
only and could be symptomatic or asymptomatic. PE
could be fatal before symptoms emerged (ie, immedi
ately fatal). Symptomatic events could be detected
while the patient was in the hospital after surgery
(possibly resulting in an increased length of stay) or
could be detected after discharge and require readmis
sion or outpatient treatment. Patients could present
with symptoms of VTE that were not subsequently
confirmed (ie, false-positive events), resulting in costs
associated with diagnostic procedures but having no
effect on the outcomes. Patients also could die after
surgery from causes unrelated to VTE (ie, other post
surgical death).

Major bleeding events were categorized in the model
as intracranial, gastrointestinal, surgical site, or other so
that costs and outcomes could be assigned appropriately.
Patients with an intracranial hemorrhage could recover,
die, or be permanently disabled. Patients with other types
of major bleeding or HIT could recover or die. Patients
with minor bleeding events were assumed to recover.
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Figure 1. Diagram ofthe model structure. (A) Decision-tree model forvenousthromboembolism (VTE) events
(1 O-week acute phase).

(continued)

At the end of the acute phase, patients could enter
the Markov model in 1 of 5 health states. All patients
who had no VTE event, including those who recov
ered from a bleeding event, entered the model in the
"well" state. Patients who had an asymptomatic VTE
that was, therefore, not treated entered the model in
the "untreated VTE" state. Patients who had recov
ered from a VTE that was symptomatic and treated
entered the model in the "treated VTE" state. Patients
who were permanently disabled after intracranial
hemorrhage remained in the "disabled" state, and
patients who had a fatal VTE, fatal bleeding event, or
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other postsurgical death remained in the "dead" state.
The "treated VIE" and "untreated VTE" states actually
represent 3 health states-"proximal DVT," "distal
DVT," and "PE"-but were simplified in the figure.

In each Markov cycle (cycle length, 1 year), patients
could develop symptoms of recurrent VTE (DVT or
PEl or PTS (mild to moderate or severe at the time of
diagnosis) or could die from other causes. To allow for
differences in diagnostic and/or treatment patterns
and associated costs in the first year, separate health
states were used for the first and subsequent years of
PTS. To simplify transitions for which there were
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Figure 1 (continued). Diagram of the model structure. (B) decision-tree model for adverse events (10-week
acute phase); and (C) Markov model (chronic phase). *Primary end point of the dabigatran etexilate
trials (total VTE and all-cause mortality). DVT = deep-vein thrombosis; t = treated; D = died; u =
untreated; PE = pulmonary embolism; W = well; Dis = disabled after intracranial hemorrhage; HIT =
heparin-induced thrombocytopenia; M/M = mild to moderate; PTS = postthrombotic syndrome;
Y = year.
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scarce data,16 patients did not transition between the
"mild to moderate PTS" and "severe PTS" states;
rather, costs and utility weights for each state repre
sented the average for this group of patients for the
remainder of their lifetimes. Thus, a proportion of
patients in the "severe PTS" state could have an open
ulcer at diagnosis that healed and then recurred. Once
patients entered a PTS state, they could experience a
recurrent VTE event or remain in this state until death
or the end of the simulation.

The time horizon of the analysis was chosen to en
compass the maximum lifetime of patients undergo
ing TKR or THR (60 years from the time of surgery,
based on a minimum age at surgery of 40 years4 and
a maximum age of 100 years).

Patient Population
The 2 surgery types were modeled separately to

reflect differences in the underlying risk of VTE, age
and sex distribution, and duration of VTE prophy
laxis. The mean age of patients entering the model
was 70 years for TKR patients and 68 years for THR
patients; the proportion of male patients was 43 % for
TKR patients and 40% for THR patients, as reported
by the National Joint Registry for England and
Wales.4 Subgroup analyses were performed by age,
sex, and risk factors for VTE (eg, previous VTEI7).

Interventions
The interventions analyzed were dabigatran etexi

late given at the approved dose of 220 mg once daily,
with a half-dose on day 1, initiated 1 to 4 hours after
surgery,18 and enoxaparin sodium·' given at 40 mg
once daily (the approved dose in patients undergoing
orthopedic surgery in the United Kingdom19

), initiated
12 hours before surgery. The durations of prophylaxis
were those investigated in 2 of the Phase III trials of
dabigatran etexilate (Table 1).12,14 The third Phase III
trial (RE-MOBILIZEI3) was not included in the pri
mary analyses because the dose of enoxaparin used
was 30 mg BID, a strength and regimen that are not
approved or available in the United Kingdom.

Event Probabilities
In the base-case analysis, probabilities of all acute

VTE events were linked to the primary end point of

*Trademark: Clexane' (sanofl-aventls, Pans, France).
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the Phase III trials of dabigatran etexilate-total VTE
and all-cause mortality. For enoxaparin, the probabili
ties of VTE (total VTE and all-cause mortality), major
bleeding, and minor bleeding were calculated based on
the incidence of events in the TKR trial (RE-MODEL12)
and the THR trial (RE-NOVATEI4) (Table I). For
dabigatran etexilate, probabilities were calculated by
applying the relative risk for each end point to the
probabilities in the enoxaparin arm.

The probability of each type ofVTE event within the
primary end point (asymptomatic and symptomatic
proximalJdistal DVT, symptomatic PE, or fatal) and the
types and consequences of adverse events were as
sumed to be the same for both interventions (Table II).
These data were identified from the published literature
by means of a systematic review. 15 The probability of
HIT for dabigatran etexilate was taken from the Phase
III trials l2,14 and for enoxaparin from a published meta
analysis25 (Table I).

Time-dependent probabilities of recurrent VTE and
PTS were estimated from Weibull functions fitted to
longitudinal follow-up data from 16 published studies
(Figure 2),47-62 Two further distributions were fitted
to the data from the studies reporting the highest and
lowest incidence estimates to derive high and low dis
tributions. These values were assumed to represent the
upper and lower 95% CIs of the distribution and were
used to estimate an SE for the Weibull scale parameter
(as the CI width.;. 2 x 1.96). The scale parameters
(A) were sampled in the probabilistic analysis from
normal distributions defined by the mean and esti
mated SE; the shape (y) parameters were assumed to
be constant. The range of reported estimates was very
large for PTS, which is likely due to differences in the
definition of PTS between studies. The study by Pran
doni et al,50 which was also used by Botteman et al,16
was selected for the central estimate.

Because the incidence of recurrent VTE has been
reported to be lower for females than for males,51 this
value was adjusted by sex in the subgroup analysis,
using a relative risk of 3.6 for males versus females.
The incidence of PTS after distal DVT, which has been
reported to be lower than that of PTS after proximal
DVT,63 was reduced in the model using a relative risk
of 4.0 for proximal DVT versus distal DVT. Twenty
three percent of PTS cases were assumed to be se
vere at diagnosis, based on the mean of data from
8 studies.48 ,50,54,55,57,58,60,61 Patients who had no VTE

event in the postsurgical period were assumed to be at
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Table I. Intervention-specific input parameters: Cost of prophylaxis, efficacy, and safety.

Dabigatran Etexilate Enoxaparin 40 mg
Distribution for220 mg Once Daily Once Daily

Cost of Probabilistic

Prophylaxis TKR THR TKR THR Sensitivity Analysis

No. of days of prophylaxis,

mean (SO) 7.7 (1.3)d 33.0 (5.2)b 7.6 (l.4)d 33.2 (5.1)b Normal

Drug cost per day, £C 4.20 d 4.20 d 4.20 e 4.20 e Fixed

Administration cost per day, £
Inpatient 0 0 0.82f 0.82f Fixed

Outpatient 0 25.10g

RR, Dabigatran Etexilate vs Incidence,
Distribution forEnoxaparin (95% CI) % (n/N)
Probabilistic

Efficacy TKR THR TKR THR Sensitivity Analysis

Total VTE and 0.97d 0.90 b 37.7d 6.7b RR, log-normal;

all-cause mortality (0.82-1.13) (0.63-1.29) (193/512) (60/897) incidence, ~

RR, Dabigatran Etexilate vs Incidence,
Enoxaparin (95% CI) % (n/N) Distribution for

Probabilistic

Safety TKR THR TKR THR Sensitivity Analysis

Major bleeding 1.14d 1.29b 1.3d 1.6b RR, log-normal;

event (0.46-2.78) (0.70-2.37) (9/694) (18/1154) incidence, ~

Minor bleeding 0.96d 1.04b 15.3d 9.9b RR, log-normal;
eve nth (0.75-1.24) (0.82-1.33) (106/694) (114/1154) incidence, ~

Incidence of HIT,

% (95% CI) Od Ob 0.2' (0.1-0.4) 0.2' (0.1-0.4) Normal

TKR ~ total knee replacement; TH R ~ total hlp replacement; RR ~ relative risk; VTE ~ venous thromboembolism; HIT ~

heparin-induced thrombocytopenia.
a Sources: references 12 and 20.
b Sources: references 14 and 20.
e Source: reference 21.
d Cost: two 11 O-mg tablets per day, except on day 1, when It was one 11 O-mg tablet (£2.10).21
e Dose: 40-mg prefdled sYrlnge.19.21

fCost: 2.14 minutes of nurse tlme22 at £0.38 per mlnute. 23

g Estimate for patients unable to self-administer subcutaneous injections (13% of patlents24; 1 district nurse VISit per day
at £25.1023 ). For patients able to self-administer (87% of patlents24), a one-time cost was attributed for 30 minutes of
nurse time for training In self-admlnlstratlon1? at £11.50. 23

hCombined end POint for clinically relevant and minor bleeding.
I Source: reference 25.
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Table II. Other model parameters.

Proximal Distal Sources
Parameter DVT DVT PE (References)

VTE events, non-intervention-
specific probability

Type of event 0.310 0.591 d 0.098 Calculated from 17
Symptomatic event DAD 0.05 0.29 26, 27
Event detected before discharge 0.53 b 0.53 b 0.53 b 28
Symptomatic event not confirmed 0.13 0.13 0.10 27,29,30

Mortality, no n-i ntervention-specific
probability

Immediately fatal 0.11 27
Death during treatment 0.03 0.03 0.14 26,31
Asymptomatic, untreated event 0.05 c 0.05 c 0.30 27

Costs of events detected before
discharge, £

Diagnosisd 95 95 142 Calculated from 17,32
Treatmente 1627 1565 2511 Calculated from Hospital

Episode Statistics,e 17,32

Costs of events detected after
discharge, £

Diagnosis f 213 213 288 Calculated from 17,32
Treatment of admitted patientsg 1390 1328 1729 Calculated from 17,32,33
Treated on outpatient basis

(38% of DVTs)h 463 401

Utility weights
Period of inpatient stay

(utility = 0), d 4.9 4.9 5.7 Hospital Episode Statisticse

Treatment period after discharge
(decrement of 0.08 applied), wk 26 12 26 17,34

Surgical Sources
Major Bleeding Events Intracran ial Site Gastrointestinal Other (References)

Site of bleeding event,' probability 0.01 0.36 0.10 0.53 Calculated
from 17

Mortality, probability 0044 0.008 0.008 0.008 35, 36

Survivor permanently disabled,
probability 0.65 37

Costs, £
Acute careJ 7268 2355 2355 1027 32, 38, 39
Long-term care 5953 32, 38, 39

Utility decrement 0.10 for period of hospitalization (SA d) 32,40

(continued)
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Table II (continued).

PTS

Minor Mild to Sources

Other Events Bleeding HIT Moderate Severe (References)

Mortality, probability 0 0.23 Minor bleeding, assumption; HIT, 41

Costs, £
Year 1 89 293 541 2461 42,43; minor bleeding, assumption
Year 2+ 220 602

Utility decrement 0 0 0.02 0.07 44; minor bleeding and HIT, assumption

DVT ~ deep-vein thrombosIs; PE ~ pulmonary embolism; VTE ~ venous thromboembolism; PTS ~ postthrombotlc syn
drome; HIT ~ hepann-Induced thrombocytopenia.
aThe remaining 0.1% was death from other causes recorded dunng the tnal.
b Data for total knee replacement; the estimate for total hlp replacement was 24%.
cThe relative nsk of death for untreated versus treated PE events reported by Oster et all? was applied to DVT patients.
d DVT: Doppler ultrasound1?; PE: computed tomography pulmonary angiogram, chest radiograph, and electrocardlogramY
e Personal communication from the Hospital Episode Statistics Service Team, Northgate Information Solutions, Hemel

Hempstead, United Kingdom, Apnl 2007. Increased length of stay for DVT and PE estimated from UK Hospital Episode
Statistics (2005-2006) for a total of 97,582 discharge episodes: 52,344 episodes of total knee replacement (Office of

Population Censuses and Surveys Classification ofSurgical Operations and Procedures, 4th ReVISion [OPCS-4] codes W40.1, W41.1,
and W42.1 45 ) and 45,238 episodes of total hlp replacement (OPCS-4 codes W37.1, W38.1, and W39.1 45 ), of which 317
had a diagnOSIs of DVT (but no PE) and 282 had a diagnOSIs of PE (International Statistical Classification ofDiseases and Related

Health Problems, 10th ReVISion [/CD-1O] codes 180.1 and 180.2 for DVT and 126.0 and 126.9 for PE46 ). Total cost Included
the Incremental length ofstay (4.9 days for DVT, 5.7 days for PE), 7 injections of low-molecular-weight hepann, 6 months
ofwarfan n th erapy, grad uated com pression stockl ngs, 7 antlcoagu latlon c11 nIC VI SitS (5% of patl ents req uIn ng am bu lance
transport), and 2 full blood countsY Patients treated for distal DVT (5% of all distal DVTs1?) received the same treat
ment, but only 3 months ofwarfann therapy and 5 anticoagulation cliniC VISltSY

f Outpatient VISit for DVT; accident and emergency department VISit for PE plus diagnostics (see note d).
g National Health Services reference cost for a PE or DVT admlsslon 32 (weighted average of elective and nonelective In

patient Healthcare Resource Groups E20 and E21 for DVT and Healthcare Resource Groups Dl0 and Dll for PE) plus
6 months ofwarfann therapy (3 months for distal DVT) and 7 anticoagulation cliniC VISitS (5 for distal DVT).

h Five injections of low-molecular-weight hepann, 3 months ofwarfann therapy, graduated compression stockings, 5 anti
coagulation cliniC VISitS, 8 dlstnct nurse VISitS, and a full blood countY The percentage of patients treated on an outpa
tient baSIS was taken from DaVies et al. 33

I Probabilities for the type of major bleeding event were sampled In the probabilistic analysIs from a ~ dlstnbutlon defined
by the number of patients expenenclng an event of that type and the number expenenclng another type of major bleed
Ing event.

JThe cost of acute care for intracranial bleeding was sampled In the probabilistic analysIs from a normal dlstnbutlon (Cis
were symmetncal about the mean estimate) defined by the mean and SE.

the same risk for a VTE event and PTS as the general
population. 16,64

Death in the postoperative period from causes other
than VTE or bleeding events was included in the analysis
to account for the cost of prophylaxis in this group of
patients in whom the benefit of prophylaxis cannot be
realized. The probability in both prophylaxis cohorts

January 2009

was 0.4%, taken from the National Joint Registry for
England and Wales.4 Death from other causes in the
long term was governed by time-dependent probabili
ties estimated from age- and sex-specific mortality
rates for the United Kingdom,65 which were adjusted
for the age and sex distribution of the starting popula
tion and for the aging of patients in each model cycle.
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Figure 2. Estimation of the probabilities of recurrent venous thromboembolism (VTE) and postthrombotic
syndrome (PTS). Cumulative incidence of (A) recurrent VTE and (8) PTS from published longitudi
nal follow-up studies.47- 62
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Resource Use and Cost Estimates
The cost year of the analysis was 2008; unit costs

not available for 2008 were inflated using the Hospi
tal and Community Health Services Pay and Prices
Index. 23 Drug acquisition costs assumed the mean
durations of prophylaxis in the TKR and THR trials
(Table I). Nursing time for injection of LMWH during
hospitalization (2.14 minutes per injection) was taken
from an economic analysis by Offord et a1.22 For pro
phylaxis after hospital discharge, THR patients who
were able to self-administer medication were assumed
to require 30 minutes of nurse time for instruction
during their hospital stay. Thirteen percent of pa
tients were assumed to be unable or unwilling to self
administer medication24 and to require 1 district nurse
visit per injection. No administration costs were as
sumed for dabigatran etexilate.

The costs of managing VIE and adverse events are
summarized in Table II. Patients with symptoms of DVT
were assumed to undergo Doppler ultrasound investi
gation,17 and those with symptoms of PE were assumed
to undergo a computed tomography pulmonary angio
gram, chest radiography, and an electrocardiogramY

The increased length of stay for confirmed cases of
DVT and PE detected before discharge was estimated
from UK Hospital Episode Statistics (HES) for 2005
2006 (personal communication, HES Service Team,
Northgate Information Solutions, Hemel Hempstead,
United Kingdom, April 2007). Because VTE occurs
more frequently in older TKR and THR patients,S
who are likely to have longer-than-average hospital
stays, inpatient episodes were grouped by age (0-59,
60-69, and ::::70 years), sex, and surgery type, and the
length of stay for patients with and without VTE was
compared within each group. A weighted average of
the incremental mean length of stay was calculated for
the overall population (4.9 days for DVT, 5.7 days for
PEl. The cost associated with the additional length of
stay was estimated using a per diem cost (general
ward).66 Ten percent of PE patients were assumed to
receive care in the intensive care unit. 17 Other re
source use for VTE treatment (Table II) was based on
an economic analysis conducted by the UK National
Collaborating Centre for Acute Care,17 which under
pinned recent guidelines for thromboprophylaxis is
sued by the National Institute for Health and Clinical
Excellence (NICE).6

Patients first presenting with symptoms of VTE
after discharge were assumed to have an outpatient
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visit for a suspected DVT or an accident and emer
gency department visit for a suspected PE, as well as
undergoing the diagnostic tests described previously.
Sixty-two percent of patients with confirmed DVT
and all patients with confirmed PE were assumed to
be readmitted 33 and were assigned the mean National
Health Service reference cost for a DVT or PE admis
sion. 32 Resource use after hospital discharge or for
DVT patients treated on an outpatient basis was
based on the National Collaborating Centre for Acute
Care analysis. 17

The cost associated with the diagnosis and manage
ment of PTS was derived from an analysis of the eco
nomic burden of the long-term complications of DVT
after THR surgery in the United States.43

The cost of major bleeding events was based on UK
National Health Service reference costs for inpatient
admissions. 32 The cost of acute care for intracranial
bleeding was based on a retrospective study involving
38 patients with a major bleeding event associated
with warfarin treatment in the United Kingdom. 38

The cost of long-term care was based on a study of
resource-use data from 457 stroke patients treated in
the United Kingdom,3 9 adjusted for the disability level
expected after intracranial bleeding. 37 For minor
bleeding events, the proportion of patients requiring
medical attention was estimated from the proportion
of all patients with minor bleeding considered clini
cally relevant in the dabigatran etexilate trials (38 %).20
Resource use for clinically relevant minor bleeding
was estimated as 2 outpatient visits, based on clinical
opinion. Other minor bleeding events were assumed
to result in negligible costs. Resource utilization for
HIT was based on a published economic analysis. 42

Utility Estimates
For VTE events, the assumed utility decrement was

equal to the duration of hospitalization for the
event,16,17 plus a decrement of 0.08 for the duration
of treatment after discharge. Both decrements were
based on a study that involved 121 DVT patients re
ceiving warfarin treatment and used the EuroQol
EQ-5D to estimate utility weights (Table 11).34 Utility
estimates for PTS were taken from a study that en
rolled 30 healthy volunteers and 30 physicians and
used standard gamble methods.44

For major bleeding events, a utility decrement of
0.1 was assumed for the duration of hospital stay,
based on a study that involved 54 patients with atrial
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fibrillation rece1vmg warfarin treatment and used
standard gamble methods. 40 For patients with long
term disability after an intracranial bleeding event,
a utility decrement of 0.5 was applied to the remain
der of their lifetime (based on the mean of 109 pub
lished decrements for stroke). Minor bleeding and
nonfatal HIT were assumed to have a negligible effect
on health-related quality of life. This simplifying as
sumption was expected to be conservative for dabiga
tran etexilate, as HIT can result in necrosis and ampu
tation, and may occur in patients receiving enoxaparin
but not those receiving dabigatran etexilate.

To model the impact of aging, a utility weight that
decreased over time was attributed to all surviving
patients. Age- and sex-specific utility weights for the
general population were taken from a national survey
conducted in England using the EuroQol EQ-5D.67

Analysis
Costs and outcomes were discounted at 3.5% per

annum (varied from 0% to 6% in the sensitivity
analysis).68

Uncertainty in the estimated incremental cost
effectiveness ratios was explored by univariate and
probabilistic sensitivity analyses. In the probabilistic
analysis, key model parameters were sampled from
parametric distributions to generate 1000 estimates of
the costs and effects in each arm, from which the
probabilistic mean incremental cost-effectiveness ra
tios and 95% CIs were estimated. Parameters were
sampled from appropriate statistical distributions for
each parameter type (Table 1).69

In addition to the cost-effectiveness analysis, a cost
minimization analysis was performed to estimate cost
differences if the incidence of VTE and bleeding events
was assumed to be equivalent for the 2 interventions.

In the univariate sensitivity analysis, the relative
risks for dabigatran etexilate versus enoxaparin were
applied from 2 meta-analyses, one of the 2 European
studies (RE-MODEL and RE-NOVATE) and the other
of all 3 dabigatran etexilate trials. 20 Subgroup analy
ses were performed by age, sex, and risk factors for
VTE (general anesthesia, body mass index ::::30 kg/m2,
previous VTE, cancer, use of oral contraceptives, use
of hormone replacement therapy, and varicose veins).
Differences between these subpopulations were prop
agated through the model by adjusting the underlying
risk ofVTE17 and differences in life expectancy (using
age- and sex-specific probabilities of all-cause mortali-

204

ty65). An exploratory analysis was performed to com
pare the cost-effectiveness of extended dabigatran
etexilate use (33 days) versus enoxaparin for the dura
tion of the hospital stay (7.6 days66) by adjusting the
treatment effects observed in the RE-NOVATE trial 14

for the difference in efficacy and safety between
LMWH given during the inpatient stay only and
LMWH given for an extended period after discharge.
The relative risks for VTE and major bleeding were
taken from a large network meta-analysis. 17 The rela
tive risks for minor bleeding were taken from a sup
plementary analysis of the same trial set. 20

Model Validation
The model was designed to comply with the NICE

reference case for economic analyses,68 and its struc
ture and parameters were reviewed and validated by
2 of the authors (G.D. and I.].B.), who are practicing
clinical experts in the United Kingdom. Quality con
trol of model programming and verification of all in
put data against the original sources were performed
according to a prespecified test plan by health econo
mists who were not involved in model development.

RESULTS
The results of the base-case analysis are presented in
Table III. The outcomes were comparable for patients
receiving dabigatran etexilate and enoxaparin in both
the TKR and THR analyses, although the incidence of
VTE events was slightly lower for dabigatran etexilate
than for enoxaparin and the incidence of bleeding
events was slightly higher. In both the TKR and THR
analyses, the incidence of HIT was 0% for dabigatran
etexilate and 0.2 % for enoxaparin. Overall, mean es
timated QALYs were slightly higher in the dabigatran
etexilate cohort, but the differences were small, re
flecting the similar efficacy and safety profiles of the
2 interventions in the RE-MODEL12 and RE-NOVATE14
trials.

In patients undergoing TKR, the cost of prophy
laxis was slightly higher for enoxaparin relative to
dabigatran etexilate due to the cost of nursing time for
administration of subcutaneous injections during the
inpatient stay. The slightly lower drug cost for dabiga
tran etexilate was due to the half-dose given on the
first day of prophylaxis. The cost of VTE events was
slightly lower for dabigatran etexilate than for enoxa
parin, and the cost of adverse events was slightly high
er. Overall, mean total expected lifetime costs were
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Table III. Base-case results for total knee replacement (TKR) and total hip replacement (THR).*

TKR THR

Dabigatran Dabigatran
Variable Etexilate Enoxaparin Incremental Etexilate Enoxaparin Incremental

Estimated outcomes
Symptomatic VTE, % 16.0 16.3 -0.4 5.9 6.1 -0.2

Nonfatal proximal DVT 9.8 10.0 -0.2 3.7 3.9 -0.1
Nonfatal distal DVT 2.3 2.4 -0.1 0.9 0.9 0
Nonfatal PE 2.1 2.2 0 0.9 0.9 0
VTE-related death 1.7 1.7 0 0.4 0.4 0

PTS,% 8.4 8.5 -0.1 4.8 4.9 -0.1
Major bleeding, % 1.5 1.3 0.2 2.0 1.6 0.5
Minor bleeding, % 14.7 15.3 -0.6 10.3 9.9 0.4
HIT,% 0 0.2 -0.2 0 0.2 -0.2
Mean no. of life-years

per patient 10.261 10.252 0.009 11.242 11.234 0.008
Mean no. of QALYs

per patient 7.647 7.639 0.007 8.432 8.426 0.006

Estimated costs, 2008 £
Prophylaxis (total) 30 38 -8 137 237 -101

Drug 30 32 -2 137 139 -3
Administration in hospital 0 6 -6 0 7 -7
Administration after discharge 0 0 0 0 91 -91

VTE events 531 543 -12 220 227 -7
Adverse events 25 22 3 35 28 7
Management of other
acute events 1 1 0 0 0 0
Total 589 606 -17 392 493 -101

Cost-Effectiveness
Variable

Incremental cost per VTE avoided

Incremental cost per LYS

Incremental cost per QALY

Probability of cost-effectiveness, %
£20,000 per QALY
£30,000 per QALY

TKR

Dabigatran etexilate dominant

Dabigatran etexilate dominant

Dabigatran etexilate dominant

75
75

THR

Dabigatran etexilate dominant

Dabigatran etexilate dominant

Dabigatran etexilate dominant

97
96

VTE ~ venous thromboembolism; DVT ~ deep-vein thrombosIs; PE ~ pulmonary embolism; PTS ~ postthrombotlc syn
drome; HIT ~ heparin-induced thrombocytopenia; QALYs ~ quality-adJusted life-years; LYS ~ life-year saved.
*Numbers may not sum precisely due to rounding.
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slightly lower in the dabigatran etexilate arm (Table
III); therefore, dabigatran etexilate was dominant over
enoxapann.

In patients undergoing THR, the cost of prophy
laxis was substantially higher for enoxaparin com
pared with dabigatran etexilate, primarily due to the
cost of administration after hospital discharge. Again,
the cost of VTE events was slightly lower for dabiga
tran etexilate relative to enoxaparin, and the cost of
adverse events was slightly higher. Overall, the total
expected lifetime costs were substantially lower in the
dabigatran etexilate arm (Table III); again, dabigatran
etexilate was dominant over enoxaparin.

The results of the probabilistic sensitivity analysis
are presented in Figure 3. In TKR patients, dabigatran
etexilate was dominant over enoxaparin in ~66% of
simulations and was dominated by enoxaparin in
~25% of simulations. The probability of cost-effectiveness
at the UK willingness-to-pay threshold of £20,000 per
QALy68 was 75% (Table III). In THR patients, dabiga
tran etexilate was dominant in the majority of simula
tions; the probability of cost-effectiveness at the thresh
old of £20,000 per QALY was 97%.

Results of the cost-minimization and univariate sen
sitivity analyses are presented in Table IV. In the cost
minimization analysis, dabigatran was cost-saving in
both TKR and THR patients. If the cost of LMWH was
altered to reflect the mean for the various LMWH
agents available in the United Kingdom (enoxaparin,
dalteparin, tinzaparin, and bemiparin), the incremental
cost was reduced, but the overall findings were not
affected.

The results were sensitive to the sources of the ef
ficacy and safety data that were applied. The results of
the meta-analysis of the 2 trials that compared dabi
gatran etexilate with enoxaparin 40 mg once daily20
were similar to those of the base-case analysis. When
data from the meta-analysis of all 3 dabigatran etexi
late trials were used,20 the results for THR patients
were largely unchanged; in TKR patients, however,
dabigatran etexilate was no longer dominant but was
dominated. Although the results were sensitive to the
efficacy data applied, differences in outcomes between
the 2 interventions were small, reflecting the similarity
in efficacy and safety profiles in the clinical trials.

If all THR patients were assumed to be willing and
able to self-administer LMWH, the total costs for
dabigatran etexilate were still slightly lower than
those for enoxaparin due to the cost associated with

206

nurse time for LMWH injections during the inpatient
stay and the time for training patients to administer
LMWH after discharge. Alteration of the time horizon
and discount rates had little effect on the results. Cost
savings were greater in males than in females, as the
risk of recurrent VTE is higher for males. 51 In the
youngest age group «60 years), cost savings were
slightly lower because the underlying risk of VTE is
lower 17; in the oldest age group (>70 years), cost sav
ings were also slightly lower because shorter life ex
pectancy resulted in lower long-term benefits. In the
group at highest risk for recurrent VTE (those with a
previous VTE event),17 cost savings were increased,
as a slight reduction in VTE risk with dabigatran
etexilate resulted in a greater reduction in the absolute
number of VTE events in this high-risk population
compared with that in populations at lower risk.

Although extended LMWH prophylaxis is recom
mended for the majority of THR patients,6 most pa
tients (30%-40%) do not in fact continue antico
agulant prophylaxis after hospital discharge. 9 In the
exploratory analysis comparing extended prophylaxis
with dabigatran etexilate (33 days) with enoxaparin
given only for the duration of the hospital stay
(7.6 days), dabigatran etexilate was cost-effective com
pared with enoxaparin. Prophylaxis costs were higher
for dabigatran etexilate than for enoxaparin (£137 vs
£38, respectively), and bleeding events were slightly
more frequent (major bleeding: 2.0% vs 1.3%; minor
bleeding: 10.3% vs 9.3%). However, the estimated in
cidence of symptomatic VIE events over patients' life
times was substantially lower for dabigatran etexilate
than for enoxaparin (5.9% vs 8.6%). Overall, a mean
of 0.04 QALY per patient was gained in the dabigatran
etexilate cohort compared with the enoxaparin cohort,
and total costs were £24 higher. The incremental cost
per QALY was estimated at £754.

DISCUSSION
LMWH is the most widely used4 and recommended5,6
prophylactic intervention in patients undergoing TKR
and THR in the United Kingdom. Dabigatran etexi
late has been reported to have comparable efficacy
to LMWH with a similar safety profile. 12- 14,20 The
study results suggest that from the perspective of the
UK National Health Service, dabigatran etexilate was
cost-effective compared with the dose of enoxaparin
approved for use in patients undergoing orthopedic
surgery in the United Kingdom (40 mg once daily). In
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Figure 3. Resu Its of the probabilistic analysis for dabigatran etexilate versus enoxaparin in (A) total knee re
placement and (B) total hip replacement. The white diamonds in the cost-effectiveness planes rep
resent the deterministic mean incremental costs and quality-adjusted life-year (QALY) estimates.

TKR patients, costs and outcomes were similar for the
2 interventions; modest cost savings may be expected
with dabigatran etexilate as a result of its oral route
of administration. In THR patients, in whom extend
ed prophylaxis is recommended,6 the estimated cost
savings were more substantial. When enoxaparin use

was limited to the duration of the inpatient stay, ex
tended prophylaxis with dabigatran etexilate was as
sociated with a clear benefit in terms of VTE events
avoided (and thus QALYs) and was cost-effective. The
findings were consistent across age groups and sexes,
as well as in those at high risk for VTE.
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Table IV. Sensitivity analysis results for dabigatran etexilate versus enoxaparin in total knee replacement (TKR)
and total hip replacement (THR).

Variable

Base case

Cost-minimization analysis (all VTE and bleeding
outcomes assumed to be equivalent)

Mean cost of LMWH (based on mean use of licensed
agents in the United Kingdom*)

Meta-analysis of the RE-MODEL and
RE-NOVATE trials20

Meta-analysis ofal13 Phase III trials of
dabigatran etexilate20

Proportion of patients unable or unwilling to self
administer LMWH after hospital discharge set to zero

Time horizon reduced to 10 wk

Discount rate 0% for costs and outcomes

Discount rate 6% for costs and outcomes

Males only

Females only

Age <60 y

Age 60-69 y

Age :::70 y

High-risk patients

TKR THR

Dominant (-£17) Dominant (-£101)

Cost savi ng (-£8) Cost saving (-£112)

Dominant (-£16) Dominant (-£95)

Dominant (-£23) Dominant (-£99)

Dominated Dominant (-£99)
(-0.003 QALYs; +£10)

Not applicable Dominant (-£21)

Dominant (-£9) Dominant (-£96)

Dominant (-£19) Dominant (-£102)

Dominant (-£16) Dominant (-£100)

Dominant (-£22) Dominant (-£104)

Dominant (-£12) Dominant (-£97)

Dominant (-£13) Dominant (-£97)

Dominant (-£18) Dominant (-£101)

Dominant (-£16) Dominant (-£100)

Dominant (-£29) Dominant (-£123)

VTE ~ venous thromboembolism; LMWH ~ low-molecular-weight hepann; QALY ~ quality-adJusted life-year.
*The analysIs assumed that 80% of patients received enoxapann, 20% received daltepann, and 20% received tmzapann at

a daily cost of £4.20, £2.82, and £3.83, respectlvely.21

The analysis included a substantial amount of mod
eling to estimate the occurrence and impact of symp
tomatic VTE events and adverse events, as well as the
long-term impact of recurrent VTE and PTS. Although
systematic searches were performed and the model
structure and parameters were validated by clinical
experts, as in any model, uncertainty in the parame
ters is propagated into the results. In addition, certain
assumptions were necessary to perform the analyses.
The event probabilities estimated from the trial data
reflected the probability of having at least 1 event of
that type, and it was not possible to reflect, for ex
ample, >1 DVT occurring in an individual patient
during the trial period. When a single patient had
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>1 event (eg, DVT and PTS), the impact of the events
was assumed to be additive (ie, the cost of managing
a patient with DVT and PTS was identical to the sum
of the cost of each individual event).

The analyses were most sensitive to the efficacy
data applied, reflecting the fact that the 2 interven
tions have similar safety and efficacy profiles and drug
acquisition costs. 70 Because dabigatran etexilate has
been reported to be statistically noninferior in efficacy
to enoxaparin 40 mg once daily12,14 with a similar
safety profile, the study analyses, at their simplest,
compared the costs of the 2 interventions that were
unaffected by uncertainty in other parameters. The
simple cost-minimization analysis indicated that da-
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bigatran etexilate was expected to be cost-saving
compared with enoxaparin 40 mg once daily. As the
drug acquisition costs were essentially equivalent, the
key uncertainty lay in the costs associated with ad
ministration of enoxaparin. However, under any plau
sible set of assumptions in which the duration of
prophylaxis is equivalent, the total cost of dabigatran
etexilate prophylaxis would be expected to be lower
than that of enoxaparin.

This analysis did not include costs associated with
platelet monitoring for HIT, needle-stick injuries, or
sharps disposal. Neither did it include any utility bene
fits that might be associated with the oral route of
administration and avoidance of daily subcutaneous
injections. For these reasons, the benefits of dabigatran
etexilate may have been underestimated. 70

Finally, because this analysis was performed from the
perspective of the UK National Health Service, the re
sults may not be generalizable to other health systems.
This is likely to be particularly pertinent to jurisdictions
that differ substantially from the United Kingdom in
terms of the proportion of patients receiving assistance
for enoxaparin administration or the cost of this assis
tance, or in terms of the proportion of resources commit
ted to monitoring for HIT. In addition, no analyses were
performed in which dabigatran etexilate was compared
with enoxaparin 30 mg BID, which is not approved or
available in the United Kingdom but may be used in
other countries. In the Phase III trial comparing these
regimens (RE-MOBILIZE13), dabigatran etexilate did
not satisfy the criterion for noninferiority. However, the
incidence of major bleeding was lower with dabigatran
etexilate (0.6% vs 1.4%, respectively), and the cost of
the higher enoxaparin dose and twice-daily administra
tion also needs to be taken into account. Country-specific
analyses are needed to evaluate the overall balance of
costs and outcomes for this comparison.

Dabigatran etexilate prophylaxis appears to offer
important practical benefits over LMWH prophylaxis.
The oral route of administration removes the need to
train patients in self-administration or, for those who
are unwilling or unable to self-inject, the need for ad
ditional health care contacts to administer LMWH
after hospital discharge. Both are recognized barriers
to wider use of extended prophylaxis. Also avoided
are the costs of platelet monitoring for HIT, needle
stick injuries, and sharps disposal. In addition, patients
may prefer an oral medication to subcutaneous injec
tion, which may potentially improve compliance.
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CONCLUSION
In this analysis from the perspective of the UK Na
tional Health Service, thromboprophylaxis with da
bigatran etexilate was cost-saving compared with
enoxaparin 40 mg once daily, with comparable effi
cacy and safety profiles.

ACKNOWLEDGM ENTS
This study was funded by Boehringer Ingelheim Inter
national GmbH. Mr. Plumb and Mr. Robinson are
employees of Boehringer Ingelheim. Dr. Wolowacz,
Ms. Maciver, Mr. Roskell, Mr. Beard, Dr. Dolan, and
Dr. Brenkel acted as paid external consultants to
Boehringer Ingelheim on this project. All authors par
ticipated in the development of the model and its in
puts, the interpretation of the findings, and the draft
ing and final approval of the manuscript.

REFERENCES
1. Arcelusjl, Monreal M, Capnnl jA, et ai, for the RIETE In

vestigators. Clinical presentation and time-course of post

operative venous thromboembolism: Results from the

RIETE Registry. Thromb Haemost. 2008;99:546-551.

2. Prandonl P, Lensing AW, Pnns MR. Long-term outcomes

after deep venous thrombosIs of the lower extremities.

Vasc Med. 1998;3:57-60.

3. Tapson VF, Hyers TM, Waldo AL, et ai, for the NABOR

(National Anticoagulation Benchmark and Outcomes Re

port) steenng Committee. Antlthrombotlc therapy prac

tices In US hospitals In an era of practice gUidelines. Arch

Intern Med. 2005;165:1458-1464.

4. National JOint Registry for England and Wales 4th Annual

Report. http://www. nJrcentre.org. uk/NJrCentre/ Lin kCllck.
aspx? fi Ietlcket~8ym2z0o RfVw<>103d &tabl d~86&m Id ~5 23.

Accessed September 30, 2008.

5. Geerts WH, Bergqvlst D, Pineo GF, et ai, for the Amencan

College of Chest PhysIcians. Prevention of venous throm

boembolism: Amencan College ofChest PhysIcians eVldence

based clinical practice gUidelines (8th edition). Chest. 2008;

133(suppl):381s-453s.

6. National Institute for Health and Clinical Excellence. Ve

nous thromboembolism: Reducing the nsk of venous

thromboembolism (deep vein thrombosIs and pulmonary

embolism) In inpatients undergoing surgery. http://www.

nlce.org.uk/CG046. Accessed September 30, 2008.

7. O'Donnell M, Llnklns LA, Kearon C, et al. Reduction of

out-of-hospltal symptomatic venous thromboembolism

by extended thromboprophylaxls with low-molecular
weight hepann following elective hlp arthroplasty: A

systematic review. Arch Intern Med. 2003;163:1362

1366.

209



Clinical Therapeutics

8. Enksson BI, QUinlan DJ. Oral anti

coagulants In development: Focus

on thromboprophylaxls In patients

undergoing orthopaedic surgery.

Drugs. 2006;66:1411-1429.

9. Anderson FA jr, Hirsh j, White K,

Fitzgerald RH jr, for the Hlp and

Knee Registry Investigators. Tempo

ral trends In prevention of venous

thromboembolism following pn

mary total hlp or knee arthroplasty

1996-2001: Findings from the Hlp

and Knee Registry. Chest. 2003;

124(Suppl):349S-356S.
10. StassenjM, Hauel NH, Nar H, et al.

Identification and In vitro charac

tenzatlon of BIBR 953 ZW, a novel

synthetic low molecular weight di

rect thrombin inhibitor. Presented

at: 28th Congress of the Interna

tional Society on ThrombosIs and

Haemostasls; july 6-12, 2001;

Pans, France.

11. Stangler j. Clinical pharmacokinet

ICS and pharmacodynamics of the
oral direct thrombin inhibitor dabl

gatran etexllate. Cltn Pharmacoktnet.

2008;47: 285-295.

12. Enksson BI, Dahl OE, Rosencher N,

et ai, for the RE-MODEL Study

Group. Oral dablgatran etexllate vs.

subcutaneous enoxapann for the

prevention ofvenous thromboembo

lism after total knee replacement:
The RE-MODEL randomized trial.

J Thromb Haemost. 2007;5:2178

2185.
13. The RE-MOBILIZE Wntlng Commit

tee. The oral thrombin inhibitor

dablgatran etexllate vs the North

Amencan enoxapann regimen for

the prevention of venous throm

boembolism after knee arthroplasty

surgery [published online ahead of

pnnt Apn111, 2008].J Arthroplasty.

14. Enksson BI, Dahl OE, Rosencher N,

et ai, for the RE-NOVATE Study

Group. Dablgatran etexllate versus

enoxapann for prevention ofvenous

thromboembolism after total hlp

replacement: A randomlsed, double

blind, non-Infenonty trial [published

correction appears In Lancet. 2007;

210

370:2204]. Lancet. 2007;370:949

956.

15. Wolowacz SE, Hess N, Brennan VK,
et al. Cost-effectiveness of venous

thromboembolism prophylaxIs In

total hlp and knee replacement sur

gery: The evolving application of

health economic modelling over

20 years. Curr Med Res Optn. 2008;

24: 2993-3006.

16. Botteman MF, Capnnl j, Stephens

jM, et al. Results of an economic
model to assess the cost-effectiveness

of enoxapann, a low-molecular

weight hepann, versus warfann for

the prophylaxis of deep vein throm

bosIs and associated long-term

complications In total hlp replace

ment surgery In the United States.

Cltn Ther. 2002;24:1960-1986.

17. National Collaborating Centre for
Acute Care. Venous thromboembo

lism: Reducing the nsk of venous

thromboembolism (deep vein throm

bosIs and pulmonary embolism) In

inpatients undergoing surgery. http://
www.rcseng.ac. u k/ su rgl ca 1_

research_u n ItS/ nccac/gu Idell nes/
venous_th rombo_gu Idell ne. html.

Accessed September 30, 2008.

18. Electronic Medicines Compendium.

Pradaxa 110 mg hard capsules.

Boehnnger Ingelhelm Limited. http://

eme. med ICI nes.org. ukjemc/assets/c/

htm Ifd Isp laydoc.asp ?docu mentl d ~

20760. Accessed September 30,

2008.

19. Electronic Medicines Compendium.

Clexane pre-filled synnges and multl

dose vial. http://eme.medlclnes.org.

uk/. Accessed September 30,2008.

20. Wolowacz S, Roskell N, Plumb j,

Enksson B. Efficacy and safety of

dablgatran etexllate for the preven

tion of venous thromboembolism

following total hlp or knee arthro

plasty: A meta-analysIs. Thromb Hae

most. 2009;101 :77-85.

21. Royal Pharmaceutical Society of

Great Britain and British Medical
Association. Bntlsh National Formu

lary 56. London, UK: Pharmaceuti

cal Press; 2008.

22. Offord R, Lloyd AC, Anderson P,

Bearne A. Economic evaluation of

enoxapann for the prevention of
venous thromboembolism In acute

ly III medical patients. Pharm World

SCI. 2004;26:214-220.

23. Personal Social Services Research

Unit. Unit costs of health and social

care 2007. http://www.pssru.ae.uk/

uc/uc2007contents.htm. Accessed

September 30, 2008.

24. Watts AC, Howie CR, Simpson AH.
Assessment of a self-administration

protocol for extended subcutane

ous thromboprophylaxls In lower

11mb arthroplasty. J Bone JOtnt 5urg

Br. 2006;88:107-110.

25. Martel N, Lee j, Wells PS. Risk for

hepann-Induced thrombocyto

penia with unfractlonated and low

molecular-weight hepann throm

boprophylaxls: A meta-analysIs.

Blood. 2005;106:2710-2715.

26. Menzlnj, Coldltz GA, Regan MM, et

al. Cost-effectiveness of enoxapann
vs low-dose warfann In the preven

tion of deep-vein thrombosIs after

total hlp replacement surgery. Arch

Intern Med. 1995;155:757-764.

27. Oster G, Tuden RL, Coldltz GA. A

cost-effectiveness analysIs of pro

phylaxIs against deep-vein throm

bosIs In major orthopedic surgery.

JAMA. 1987;257:203-208.

28. White RH, Romano PS, Zhou H, et

al. Incidence and time course of

thromboembolic outcomes following

total hlp or knee arthroplasty. Arch

Intern Med. 1998;158: 1525-1531.

29. Haentjens P, De Groote K, An

nemans L. Prolonged enoxapann

therapy to prevent venous throm

boembolism after pnmary hlp or

knee replacement. A cost-utility

analysIs. Arch Orthop Trauma 5urg.

2004;124:507-517.

30. LeciercjR, Gent M, Hlrshj, et ai, for

the Canadian Collaborative Group.

The incidence of symptomatic ve
nous thromboembolism dunng and

after prophylaxIs with enoxapann:

A multi-institutional cohort study

of patients who underwent hlp or

Volume 31 Number 1



knee arthroplasty. Arch Intern Med.

1998;158:873-878.

31. Gordols A, Posnett J, Borns L, et al.
The cost-effectiveness of fonda

pannux compared with enoxapann

as prophylaxis against thromboem

bolism following major orthopedic

surgery. J Thromb Haemost. 2003; 1:

2167-2174.

32. Department of Health. NHS refer

ence costs 2005-06. http://www.dh.
gov. uk/en/ Pu b II cationsan dstatlstlcs/

Pu bllcatl ons/ Pu bll catlonsPollcy

AndGuldance/DH_062884. Ac

cessed September 30,2008.

33. Davies LM, Richardson GA, Cohen
AT. Economic evaluation of enoxa

pann as postdlscharge prophylaxIs

for deep vein thrombosIs (DVT) In

elective hlp surgery. Value Health.

2000;3:397-406.

34. Ingelgard A, Hedner E, Stlgendal J,

Carlsson J. Patient-reported out

comes In patients with deep vein

thrombosIs treated with warfann.

Presented at: 17th International

Congress on ThrombosIs; October

26-30, 2002; Bologna, Italy.
35. Llebesklnd DS. Intracranial hemor

rhage. http://www.emedlclne.com/

neuro/toplc177.htm. Accessed May

23,2007.

36. Muntz J, Scott DA, Lloyd A, Egger

M. Major bleeding rates after pro

phylaxIs against venous throm

boembolism: Systematic reView,

meta-analysIs, and cost Implica

tions. IntJ Technol Assess Health Care.

2004;20:405-414.

37. Dubinsky I, Penello D. Can specific

patient vanables be used to predict
outcome of Intracranial hemor

rhage? AmJ EmergMed. 2002;20:26

29.

38. Bond S, Rhodes S, James R, et al.

Healthcare costs oftreatlng bleeding

and other complications associated
with warfann treatment of atnal fi

bnllatlon and venous thromboem

bolism In the UK. Presented at: 44th

Annual SCientific Meeting of the

Bntlsh Society for Haematology;

Apnl 19-21, 2004; Cardiff, Wales.

January 2009

39. Youman P, Wilson K, Harraf F, Kal

ra L. The economic burden ofstroke

In the United Kingdom. Pharmaco

economics. 2003;21 (Suppl 1):43-50.

40. Robinson A, Thomson R, Parkin D,

et al. How patients with atnal fibnl
latlon value different health out

comes: A standard gamble study.

J Health Serv Res Poltcy. 2001 ;6:92-98.

41. AlmeldaJI, Coats R, LlemTK, Silver

D. Reduced morbidity and mortali

ty rates of the hepann-Induced

thrombocytopenia syndrome.J Vasc

Surg. 1998;27:309-314.

42. Honorato J, G6mez-Outes A,
Navarro-Quills A, et al. Pharmaco

economic analysIs ofbemlpann and

enoxapann as prophylaxIs for ve

nous thromboembolism In total

knee replacement surgery. Pharmaco

economics. 2004;22:885-894.

43. CapnnlJA, Botteman MF, Stephens

JM, et al. Economic burden of long

term complications of deep vein

thrombosIs after total hlp replace

ment surgery In the United States.

Value Health. 2003;6:59-74.

44. Lenert LA, Soetlkno RM. Automat

ed computer Interviews to elicit

utilities: Potential applications In

the treatment of deep venous

thrombosIs. J Am Med Inform Assoc.

1997;4:49-56.
45. OPCS-4 Intervention Classification.

http://www.connectlngforhealth .

nhs. u k/ systemsandservi ces/ datal

cll nlcalcod lng/cod Ingstandards/

opcs4/lndex.html. Accessed Decem

ber 9,2008.

46. World Health Organization. Interna
tional Statistical Classification of Dls

eases and Related Health Problems,

10th RevIsion, Version for 2007.

http://www.who.lnt/c1asslficatlons/
apps/lcd/lcd100nline/. Accessed Oc

tober 1, 2008.

47. Hansson PO, Sorbo J, Enksson H.
Recurrent venous thromboembo

lism after deep vein thrombosIs:
Incidence and nsk factors. Arch In

tern Med. 2000;160:769-774.

48. Ziegler S, Schillinger M, Maca TH,

Minar E. Post-thrombotic syndrome

S.E. Wolowacz et al.

after pnmary event of deep venous

thrombosIs 10 to 20 years ago.

Thromb Res. 2001;101 :23-33.

49. Prandonl P, Lensing AW, Plccloll A,
et al. Recurrent venous thromboem

bolism and bleeding complications

dunng anticoagulant treatment In

patients with cancer and venous

thrombosIs. Blood. 2002;100:3484

3488.

50. Prandonl P, Villalta S, Bagatella P,

et al. The clinical course of deep

vein thrombosIs. Prospective long

term follow-up of 528 symptomatic

patients. Haematologlca. 1997;82:

423-428.

51. Kyrle PA, Minar E, Blalonczyk C, et

al. The nsk of recurrent venous
thromboembolism In men and wom

en. N Engl J Med. 2004;350:2558

2563.
52. Prandonl P. Risk factors of recur

rent venous thromboembolism: The

role of residual vein thrombosIs.

Pathophysiol Haemost Thromb. 2003

2004;33:351-353.

53. Beyth RJ, Cohen AM, Landefeld CS.

Long-term outcomes of deep-vein

thrombosIs. Arch Intern Med. 1995;

155:1031-1037.

54. Prandonl P, Lensing AW, Pnns MH,
et al. Below-knee elastic compres

sion stockl ngs to prevent the post

thrombotic syndrome: A random

Ized, controlled tnal. Ann Intern Med.

2004; 141 :249-256.

55. Singh H, Masuda EM. Companng
short-term outcomes of femoral

popliteal and iliofemoral deep ve

nous thrombosIs: Early lysIs and

development of reflux. Ann Vasc

Surg.2005;19:74-79.

56. GlnsbergJS, Turkstra F, Buller HR,

et al. Postthrombotlc syndrome af

ter hlp or knee arthroplasty: A

cross-sectional study. Arch Intern

Med. 2000;160:669-672.

57. Monreal M, Martorell A, Callejas

JM, et al. Venographic assessment

of deep vein thrombosIs and nsk of

developing post-thrombotic syn

drome: A prospective study. J Intern

Med.1993;233:233-238.

211



Address correspondence to: Sorrel E. Wolowacz, PhD, Williams House,
Manchester University Science Park, Lloyd Street North, Manchester
MIS 6SE, UK. E-mail: swolowacz@rti.org

Clinical Therapeutics

58. Kakkar W, Lawrence D. Hemody

namic and clinical assessment after

therapy for acute deep vein throm

bosIs. A prospective study. Am

} Surg. 1985;150:54-63.

59. Lindner DJ, Edwards JM, Phinney

ES, et al. Long-term hemodynamic

and clinical sequelae of lower ex

tremity deep vein thrombosIs.} Vase

Surg. 1986;4:436-442.

60. Franzeck UK, Schalch I, Bollinger A.

On the relationship between chang

es In the deep veins evaluated by

duplex sonography and the post

thrombotic syndrome 12 years after

deep vein thrombosIs. Thromb Hae

most. 1997;77: 11 09-1112.

61. Janssen MC, Haenen JH, van Asten

WN, et al. Clinical and haemody

namlc sequelae of deep venous

thrombosIs: Retrospective evalua

tion after 7-13 years. Clin SCI (Land).

1997;93:7-12.

62. McNally MA, McAllnden MG,
O'Connell BM, Mollan RA. Post

phlebitic syndrome after hlp arthro

plasty. 43 Patients followed at least

5 years. Acta Orthop Seand. 1994;

65:595-598.

63. Siragusa S, Beltramettl C, Barone

M, Plovella F. Clinical course and

InCidence of post-thromboph lebltlc

syndrome after profound asymp

tomatic deep vein thrombosIs. Re

sults of a transverse epidemiologic

study [In Italian]. Minerva Card/o

ang/ol. 1997;45:57-66.

64. HeltJA, Rooke TW, Silverstein MD,
et al. Trends In the incidence of ve

nous stasIs syndrome and venous

ulcer: A 25-year population-based

study.} Vase Surg. 2001;33:1022

1027.

65. Office for National Statistics, UK

Statistics Authority. Table 6.1:

Deaths: Age and sex. http://www.

statlstlcs.gov. uk/STATBAS E/ Expo

data/Spreadsheets/D9552.xls. Ac

cessed September 30,2008.

66. NHS Returns 2003/4. Leeds, UK:

N HS Executive; 2008.

67. Prescott-Clarke P, Pnmatera P. The

Health Survey for England 1996.

London, UK: The Stationery Office;

1998.

68. National Institute for Health and

Clinical Excellence. GUide to the

methods of technology appraisal.

http://www. nice. org. u k/ page.
aspx?o~201974.Accessed Septem

ber 30, 2008.

69. Bnggs A. Probabilistic analysIs of
cost-effectiveness models: Statisti

cal representation of parameter

uncertainty. Value Health. 2005;8:

1-2.

70. National Institute for Health and

Clinical Excellence. Final appraisal

determination. Dablgatran etexilate

for the prevention ofvenous throm

boembolism after hlp or knee re

placement surgery In adults. http://

www.nlce.org.uk/nlcemedla/pdf/

Dablgatran FAD. pdf. Accessed Sep

tember 30, 2008.

212 Volume 31 Number 1




