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Deep-vein thrombosis (DVT) and pul-
monary embolism (PE) are important
causes of morbidity, mortality, and costs.
DVT can cause local symptoms such as
acute pain and swelling and may lead to
recurrences and postthrombotic syn-
drome.DVT is also the source of over 90%
of cases of PE [1].PE may cause symptoms
such as acute dyspnea,chest pain,cough,
and in some cases death.

There are several diagnostic methods
for identifying DVT and PE.Ultrasound,
phlebography, and spiral-computed
tomography are the three most common-
ly used methods in Sweden today [2].The
total incidence of venous thromboembo-
lism (VTE), i.e., DVT or PE, in Western
countries has been estimated at about
1.5–2 cases per 1,000 persons and year,
but the estimate is uncertain since many
VTE probably are undetected [3].The risk
of these events increases with age and pa-
tients undergoing major surgery have a
particularly high risk of developing VTE
[2, 4, 5, 6].

Total hip replacement (THR), total
knee replacement (TKR),and hip fracture
surgery (HFS) entail a high risk of causing
postoperative VTE.About 30,000 patients
undergo these operations every year in
Sweden [7, 8]. The number of orthopedic
operations in Sweden is increasing,main-
ly due to the increasing age of the popu-
lation but also because the upper age lim-
it for surgery has increased. The average
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age of a hip fracture patient in Sweden to-
day is about 80 years, and about 70% of
the patients are women [7].The hospital-
ization time for hip fracture patients in
Sweden has decreased in recent decades.
The average hospitalization time at the
end of the 1980s was about 19 days and to-
day is about 10 days. Patients having hip
and knee replacements are on average
10–15 years younger than hip fracture pa-
tients [9].

The incidence of VTE after surgery
varies substantially,depending on the pa-
tient population and the type of surgery
performed. VTE can develop during the
hospitalization (early VTE) or after dis-
charge from hospital (late VTE). Detec-
tion of VTE can be based on a diagnostic
method (venographic VTE) or on clinical
symptoms (clinical VTE). Venographic
VTE can stay asymptomatic without lead-
ing to any clinical symptoms. The rela-
tionship between venographic and clini-
cal VTE is not yet clear. The incidence of
venographic thrombosis without prophy-
laxis has been estimated at about 50–60%
after TKR, about 45–50% after THR, and
about 40–60% after HFS [2]. There are,
however,effective prophylactic treatments
available and the incidence of thrombosis
after prophylaxis is considerable lower.
Colwell et al. [10] found the incidence of
clinical VTE after THR to be 3.6% and
3.7% after enoxaparin and warfarin pro-
phylaxis. Le Clerc et al. [11] found the in-

cidence of clinical VTE after enoxaparin
to be 3.9% and 4.3% after TKR and THR,
respectively.Data on incidence of VTE af-
ter surgery in Sweden is limited.One study
of THR surgery found the 1-month post-
operatively incidences of clinical DVT to
be 6.9% and the incidences of clinical PE
1.7% in patients receiving enoxaparin as
prophylaxis [12].

The acute cost of VTE is due mainly to
treatment and hospitalization, but there
is also risk of substantial long-term costs.
A Swedish study estimated the average
cost of treating long-term complications
of thrombosis to about $4,700 in patients
with a history of deep venous thrombosis
compared to about $400 in patients with-
out thrombosis [4].

The most common prophylactic drugs
used in Sweden today are the low molec-
ular weight heparins [2]. Enoxaparin is
one of the most commonly used low mo-
lecular weight heparins,and several stud-
ies have analyzed the effect and cost-ef-
fectiveness of enoxaparin. Studies have
found enoxaparin to be cost-effective
compared to unfractionated heparin and
warfarin in prophylaxis after orthopedic
surgery [13, 14, 15, 16]. A Swedish study
found prolonged prophylaxis with enoxa-
parin after THR to be less expensive than
in-hospital prophylaxis only [12]. Pure
thrombin inhibitors and pure Xa in-
hibitors belong to a new generation of an-
tithrombotic drugs. These drugs have a
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Table 2

Unit costs used in analyses 

TKR THR HFS

Fondaparinux (7 days) 76.9 76.9 76.9

Enoxaparin (7 days) 25.2 25.2 25.2

Treat clinical DVT, before discharge 2384.9 2075.6 8085.3

Treat clinical DVT, after discharge, base case 1162.7 1230.8 1356.8

Treat clinical DVT, after discharge, case 2 (66% treated in-hospital) 1497.8 1634.1 1885.9

Treat clinical DVT, after discharge, case 3 (20% treated in-hospital) 1028.8 1069.6 1145.2

Treat clinical PE, before discharge 2593.5 2476.9 2304.5

Treat clinical PE, after discharge 3144.9 3032.1 4274.4

Suspected DVT 368.2 368.2 368.2

Suspected PE 425.6 425.6 425.6

Bleeding, prophylaxis related 563.0 563.0 563.0

Bleeding, treatment related 1464.0 1464.0 1464.0

PTS, acute (per quarter) 1046.8 1046.8 1046.8

PTS, chronic (per quarter) 165.3 165.3 165.3

(THR total hip replacement,TKR total knee replacement, HFS hip fracture surgery, DVT deep vein thrombosis,
PE pulmonary embolism, PTS postthrombotic syndrome)

Table 1

Probabilities of events in the model 

Event Surgical group References

THR TKR HFS

Early venographic DVT 0.0904 0.2715 0.1878 2, 17, 18, 19, 20

Clinical DVT (from early DVT) 0.0171 0.0242 0.0289 2, 10, 11, 18, 19, 27, 29, 30

Clinical PE (From early DVT) 0.0097 0.0103 0.0164 2, 10, 11, 18, 19, 27, 29, 30

Late venographic DVT 0.1932 0.1256 0.1932 25, 26

Clinical DVT (from late DVT) 0.0101 0.0031 0.0171 2, 18, 19, 27, 30, 32

Clinical PE (from late DVT) 0.0013 0.0016 0.0021 2, 18, 19, 27, 30, 32]

Recurrent VTE (5-year rate) 0.0451 0.0451 0.0451 33, 37, 38, 39, 40, 41, 56

PTS (from clinical VTE) 0.2800 0.2800 0.2800 34

PTS (from subclinical DVT) 0.1168 0.1168 0.1168 35, 36

False-positive DVT 0.1000 0.1000 0.1000 1

False-positive PE 0.0200 0.0200 0.0200 1

Prophylaxis-related major bleeding 0.0260 0.0260 0.0260 2, 17, 18, 19, 20

Treatment-related major bleeding 0.0294 0.0294 0.0294 37, 38, 39, 40, 41

Death following PE 0.1450 0.1450 0.6820 10, 18, 28, 42, 43

Death following major bleed 0.0063 0.0063 0.0063 2, 17, 18, 19

Death following recurrent VTE 0.0279 0.0279 0.1312 10, 18, 28, 34, 42, 43

Natural death (5-year rate) 0.0524 0.0524 0.259 57, 58

(THR total hip replacement,TKR total knee replacement, HFS hip fracture surgery, DVT deep vein thrombosis, PE pulmonary embolism,VTE venous thromboembolism)

more specific inactivation effect which is
believed to result in an effective inhibi-
tion of thrombin generation.Fondaparin-
ux is one such new drug for use as pro-
phylaxis against venous thromboembo-
lism. Clinical trials have found fonda-

parinux to yield a 54% risk reduction in
venographic DVT by day 11 after elective
major knee surgery and HFS compared
to enoxaparin [2, 17, 18, 19], although no
statistical difference in symptomatic VTEs
was found [20]. Symptomatic VTE, how-

ever,was not the primary endpoint in the
clinical trials.

This study compared the cost-effec-
tiveness of fondaparinux and enoxaparin
as prophylaxis after major orthopedic sur-
gery in Sweden.Enoxaparin was chosen as
comparator since it is one of the most
commonly used prophylaxis in Sweden
today, and since clinical trials have com-
pared fondaparinux and enoxaparin pro-
phylaxis [21].We used a model to estimate
the cost and consequences of thrombosis
prophylaxis as modeling provides a con-
venient way to incorporate the different
sources of information into an economic
evaluation. Models can also be used to
simulate consequences beyond the obser-
vation times in a clinical trial, which is
necessary in this study since thrombosis
prophylaxis can have long-term conse-
quences that are not captured within the
clinical trial of fondaparinux.

Knowledge about cost-effectiveness of
new drugs is important for rational choic-
es between different therapies. Fonda-
parinux is a new drug and it is important
to have information about the cost-effec-
tiveness as basis for decisions about pric-
ing,reimbursement,and use of this drug.
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the probability of clinical VTE following
HFS was estimated at 70% greater than
that following hip replacement [2,18,19,30,
31]. This estimate was consistent with the
clinical VTE rates seen between HFS and
THR in the Pulmonary Embolism Preven-
tion study [32]. Fondaparinux was esti-
mated at reduce the risk of early veno-
graphic DVT by 54% compared to enoxa-
parin [2,17,18,19,20,21].Since a direct re-
lationship between venographic VTE and
clinical VTE was assumed,this also meant
that the risk of clinical VTE was reduced
by 54% in the model.

The risk of recurrent VTE was estimat-
ed from a long-term follow-up study [33].
The risk of PTS following clinical DVT
was estimated from a long-term prospec-
tive cohort study [34]. Risks of PTS fol-
lowing venographic DVT were derived
from two retrospective studies [35, 36].
The same risks of suspected but uncon-
firmed DVT and PE were assumed for
both prophylaxes [1].The probabilities of
prophylaxis-related major bleeding were
estimated from pooled rates observed in
the clinical trials of fondaparinux [2, 17,
18, 19, 20, 21]. The probability of bleeding
related to treatment of clinical DVT or PE
was calculated from pooled data observed
in studies in which patients were treated
with therapeutic heparin and warfarin for
at least 3 months [37, 38, 39, 40, 41].

The mortality risk for patients under-
going THR or TKR who develop PE was
estimated from four different studies [10,
28, 42, 43]. Results from the fondaparin-
ux clinical trial were used to estimate mor-
tality after HFS [18]. The mortality from
bleeding events was derived from the fon-
daparinux studies.Probabilities of deaths

Table 3

Results from regression model including all patients (DVT deep vein thrombosis, PE pulmonary embolism)

No of observations Coefficient Standard error P 95% confidence interval

Age 96,004 0.009446 0.000180 >0.0001 0.00909 to 0.00979

Sex 96,110 –0.060224 0.004382 >0.0001 −0.06881 to –0.05163

PE in hospital 224 0.332162 0.056088 >0.0001 0.22223 to 0.44209

Bleeding 586 0.114084 0.029701 >0.0001 0.05587 to 0.17230

DVT in hospital 315 0.562981 0.038805 >0.0001 0.48692 to 0.63904

Constant − 1.55347 0.013406 >0.0001 1.5272 to 1.5797

Methods

The analyses were performed using a de-
cision model previously used to analyze
the cost effectiveness of fondaparinux in
the United Kingdom and the United States
[22, 23, 24] (S. Sullivan, submitted). The
model simulates a cohort of patients un-
dergoing THR, TKR, or HFS over a peri-
od of 5 years. Cohorts of 10,000 patients
receiving either enoxaparin or fonda-
parinux as prophylaxis were simulated.
The model estimated costs,clinical DVTs
and PEs, and VTE-related deaths. A dis-
count rate of 3% was used as base case in
the analyses.

Model structure

Patients in the model may develop a
thrombosis during hospitalization that
can be clinically apparent or silent.Detec-
tion of clinical DVT or PE is based on
symptomatic presentation which is subse-
quently confirmed. The model also ac-
counts for patients incorrectly suspected
of having a DVT or PE.Patients with con-
firmed clinical VTE receive treatment and
remain at risk of long-term complications
(recurrent VTE or postthrombotic syn-
drome,PTS).Patients with undetected and
untreated venographic DVT are also as-
sumed to be at risk of PTS. PE can devel-
op from either clinical and venographic
DVT. Patients are also at risk of having
bleeding complications. Patients with PE
or bleeding complications have increased
mortality.

The model is dived into two phases: an
acute phase, from surgery to 3 months
postsurgery, and a chronic phase, from
3 months to 5 years after the surgical pro-

cedure. Patients may develop early clini-
cal or venographic thrombi during the pe-
riod of hospitalization or late clinical or
venographic thrombi between hospital
discharge and day 30.

Event probabilities

The main probabilities were derived from
four randomized trials comparing fonda-
parinux and enoxaparin following THR,
TKR,and HFS,supplemented by data from
the literature [2, 17, 18, 19]. ⊡ Table 1 shows
the probabilities used in the model.

The prevalence of venographic DVT in
the fondaparinux clinical trial was used to
estimate the risk of early venographic DVT
in the model [17, 18, 19]. The risk of late
venographic DVT (between discharge and
day 30) was estimated from a study of THR
patients with negative findings on a veno-
gram at hospital discharge [25]. The risk
of late venographic DVT following TKR
was estimated at 65% of that following
THR, based on a large cohort study [26].

The model assumes a direct relation-
ship between venographic and clinical
VTE,i.e.,patients with venopgraphic VTE
have a probability of developing clinical
VTE.The probabilities of developing clin-
ical DVT or PE following early and late
venographic DVT were estimated from
cohort studies and randomized trials of
patients undergoing total hip or knee re-
placement [10,27,28].No similar data ex-
isted for HFS, but the probability of clin-
ical VTE is expected to be higher follow-
ing HFS than following THR because of
age,comorbidities,and traumatic injuries
[2,17,18,19,20,29].Using evidence of veno-
graphic proximal DVT rates seen in both
recent studies and the fondaparinux trials
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unrelated to VTE were estimated from
Swedish life tables [44].

Model validation

The model used in the analyses was based
on various international studies of throm-
botic diseases. The incidence of clinical
VTE in the model for patients treated with
enoxaparin was about 3.9% after TKR and
THR and about 6.4% after HFS. It is im-
portant to validate these assumptions to
determine whether they are applicable to
Swedish settings.The incidence of clinical
VTE in our sample from the inpatient care
statistics was about 1.4%, which is lower
than the model assumptions. Missing di-
agnosis reporting and outpatient treat-
ment are believed to be the major sources
of this discrepancy. The inpatients sam-
ple can thus not be used as a reliable esti-
mate of the incidence in Sweden. Other
studies of incidence of VTE in Sweden
must be used.There are,however,very few
studies available estimating the incidence
of VTE after prophylaxis with low molec-
ular weight heparins in Sweden.One study
of THR surgery compared in-hospital
enoxaparin prophylaxis with prolonged
enoxaparin prophylaxis.The study found
the 1-month postoperatively incidences
of clinical DVT to be 6.9% and the inci-
dences of clinical PE to 1.7%,in the normal
prophylaxis group [12]. The study found
the incidence of venographic DVT to be
39% in the normal prophylaxis group [45].
Another study of hip replacement surgery
performed at 11 centers in Scandinavia
found incidences of venographic DVT of
7% and 23% in patients receiving prophy-
laxis with either desirudin or unfraction-
ated heparin [46].Eriksson et al.[47] com-
pared hirudin and enoxaparin in patients
undergoing hip replacements in 10 Euro-
pean countries and found overall inci-
dences of venographic DVT to be 18% and
26%.It is difficult to find reliable Swedish
estimates to be able to assess the validity
of the model assumptions in Sweden.The
few studies found, however, agreed fairly
well with the assumptions in the model.

Inpatient care statistics

All costs in the model were estimated in a
Swedish context. The cost estimations

were mainly based on information from
the national inpatient care statistics in
Sweden and from the literature. The in-
patient care statistics is a national register
of all hospitalization episodes [8].Patient
characteristics and information of the
cause of the hospitalization (e.g., diag-
noses, surgical procedures) can be found
in the statistics. There is a slight lag time
for hospitalization episodes to be includ-
ed in the statistics, and information after
year 2000 could therefore not be used.

The information from the national in-
patient care statistics was collected for the
years 1998–2000.A sample of patients un-
dergoing TKR, THR, or HFS was identi-
fied in the statistics by operation codes
NGBxx (TKR),NFBxx (THR),and NFJxx
(HFS of the femoral neck,pentrochanter-
ic or subtrochanteric). Patients from the
sample also having a secondary diagnosis
for PE,DVT or major bleedings were iden-
tified by International Disease Classifica-
tion (ICD-10) codes (I80, I26, T81.0, I60,
I61,I62,R04,R58,K62.5 and K92.2).All pa-
tients in the sample who were readmitted
to a hospital within 3 months with a diag-
nosis of PE or DVT were identified. Be-
tween 1998 and 2000 there were totally
96,110 admissions due to TKR, THR, or
HFS. Of these were 17,208 due to TKR,
36,492 to THR,and 42,410 to HFS.The av-
erage ages of the patients identified in the
sample were 70 years for TKR,72 years for
THR, and 83 years for HFS. There were
224 cases of PE, 315 cases of DVT, and 586
cases of bleeding among the 96,110 admis-
sions in the sample.

A regression model was constructed
to predict the length of stay in hospital.
The distribution of length of stays was
found to be heavily skewed. A log-linear
model was found to be the most suitable,
although some heteroscedasticity was
present. The presence of PE, DVT, or
bleeding was analyzed as explanatory
dummy variables in the model.The mod-
el also included age and sex of the patients
as explanatory variables.

Costs

The regression analyses presented above
were the basis of the cost calculations.All
unit costs are summarized in ⊡ Table 2.All
costs were converted to 2002 price level,
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using the Swedish consumer price index.
All cost are presented in euros,using a rate
of 9.1 Swedish crowns to €1.

Cost of prophylaxis
The cost of 7 days enoxaparin (40 mg per
day) was estimated at €25.2 [48] and the
cost of 7 days fondaparinux (2.5 mg per
day) estimated at €76.9.

Cost of clinical VTE treatment 
in hospital
The cost of treating DVT and PE in hos-
pital was calculated from the additional
hospital days in the regression analysis.
The cost of one additional day in hospital
was estimated at €507,based on the cost of
a hospital day at a surgical ward at middle-
sized hospitals in Sweden [49]. Costs of
standard treatments and diagnostic tests
of DVT and PE were added.

Cost of clinical VTE treatment 
after discharge
The total incidence of DVT after discharge
in our sample was about 0.5%, while the
estimated incidence of DVT after dis-
charge in the model was about 2.5%.Some
of this difference was believed to be due to
missing diagnoses in the inpatient care
statistics and some to the fact that many
patients having a DVT after discharge are
treated as outpatients.No information of
the distribution of outpatients and in-hos-
pital patients was available, but we esti-
mated in a base case that 33% were treat-
ed in-hospital and 66% were treated as
outpatients.The assumptions were based
on the incidence in our sample compared
to the estimated incidence in the model
after adjustment for some lost cases due
to missing diagnoses.We also test two ad-
ditional cases in which 66% and 20% were
treated in-hospital.

The total incidence of PE after dis-
charge in our sample was about 0.3%
while the estimated incidence of PE after
discharge was about 0.9%. As for DVT,
some of this difference was believed to be
due to missing diagnoses.However,since
PE is a more severe diagnosis than DVT,
we estimated that all patients having a PE
were treated as in-hospital patients.

Cost of in-hospital treatment of DVT
and PE after discharge was calculated
from average length of stay for patients
readmitted with a diagnosis of DVT or PE
within 90 days after discharge,with addi-
tion of costs of standard treatments and
diagnostic tests.The cost of one addition-
al day in hospital was estimated at €340,
based on the cost of a hospital day at a
medicine ward at middle-sized hospitals
in Sweden [49]. Outpatient treatment of
DVT and PE was expected to be the same
as for DVT in hospital, except for addi-
tional costs for administration of enoxa-
parin during outpatient care and for two
outpatient visits to a physician. These es-
timates were based partly on a previous
Swedish study [12, 50].

Suspected VTE
A suspected but unconfirmed DVT was
assumed to lead to one physician visit and
one ultrasound/duplex Doppler or phle-
bography investigation [2, 30].A suspect-
ed but unconfirmed PE was estimated at
lead to one physician visit and one diag-
nostic spiral computed tomography [2,30].

Bleeding adverse events
The additional length of stay for patients
undergoing TKR,THR,and HFS and also
having a secondary diagnosis of bleeding
was calculated from the regression anal-
ysis.The average additional length of stay
was estimated at 1.1 days. The cost of one
additional day in hospital was estimated
at the cost of a hospital day at a surgical
ward at middle-sized hospitals in Sweden.
Cost of bleeding caused by treatment of
DVT or PE was based on diagnosis-relat-
ed group number 175,with a mean cost of
€1,464.

Postthrombotic syndrome
The cost of post thrombotic syndrome is
based on a Swedish study of cost of long-
term complication of DVT [4]. The cost

Table 5

Simulation results, base case (THR total hip replacement, TKR total knee 
replacement, HFS hip fracture surgery, VTE venous thromboembolism)

Prophylaxis Clinical VTEs Total costs VTE-related deaths 
(per 10,000 patients) (€/patient) (per 10,000 patients)

DVT PE

TKR
Fondaparinux 149 66 272.9 12

Enoxaparin 273 119 312.0 20

Difference −124 −53 −39.1 −8

THR
Fondaparinux 184 58 268.7 11

Enoxaparin 271 109 265.4 19

Difference −87 −51 3.3 −8

HFS
Fondaparinux 325 99 365.2 73

Enoxaparin 460 185 443.3 134

Difference −135 −86 −78.1 −61

Table 4

Additional days in hospital, calculated from three separate regression models 

TKR THR HFS

PE 4.1 3.8 3.5

DVT 3.8 3.2 15.0

Bleedinga 1.1 1.1 1.1

aThe effect of bleeding on length of stay for the three types of surgeries was analyzed in one model including
all patients
(THR total hip replacement,TKR total knee replacement, HFS hip fracture surgery, DVT deep vein thrombosis,
PE pulmonary embolism)
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Table 6

Results from sensitivity analyses (Fond. fondaparinux, Enox. enoxaparin, THR total hip replacement,
TKR total knee replacement, HFS hip fracture surgery, DVT deep vein thrombosis, VTE venous thromboembolism)

Assumption Costs (€/patient) Clinical VTEs (per 10,000 patients) Cost per VTE prevented

Fond. Enox. Fond. Enox.

New DVT cost after HFS
TKR 272.9 312.0 215 392 Dominating

THR 268.7 265.4 242 380 €238.9

HFS 338.4 385.2 424 645 Dominating

66% DVT patients treated in-hospital
TKR 276.3 317.5 215 392 Dominating

THR 275.7 275.2 242 380 €39.8

HFS 380.4 463.0 424 645 Dominating

20% DVT patients treated in-hospital
TKR 271.5 309.8 215 392 Dominating

THR 265.9 261.5 242 380 €318.6

HFS 359.0 435.5 424 645 Dominating

0% differences in rate of major bleeding
TKR 271.8 312.0 215 392 Dominating

THR 267.6 265.4 242 380 €159.2

HFS 364.0 443.3 424 645 Dominating

15% differences in rate of major bleeding
TKR 274.0 312.0 215 392 Dominating

THR 269.8 265.4 242 380 €318.6

HFS 366.2 443.3 424 645 Dominating

27% risk reduction for early DVT with Fond.
TKR 318.9 312.0 303 392 €777.9

THR 293.5 265.4 310 380 €4018.8

HFS 430.7 443.3 534 645 Dominating

44% risk reduction for early DVT with Fond.
TKR 289.9 312.0 248 392 Dominating

THR 277.9 265.4 267 380 €1107.8

HFS, base case 389.5 443.3 465 645 Dominating

HFS, with new DVT cost 356.8 385.2 465 645 Dominating

63% risk reduction for early DVT with Fond.
TKR 257.6 312.0 185 392 Dominating

THR 260.4 265.4 219 380 Dominating

HFS, base case 343.3 443.3 387 645 Dominating

HFS, with new DVT cost 321.8 385.2 387 645 Dominating

Fond. cost €13.2 per day
TKR 272.9 312.0 215 392 Dominating

THR 268.7 265.4 242 380 €1353.7

HFS 338.4 385.2 424 645 Dominating

of acute post thrombotic syndrome (first
quarter) was estimated at €1,047 and the
cost of chronic PTS at €156 per quarter.

Results

⊡ Table 3 shows the result from the regres-
sion analyses of the length of stay in hos-
pital.Since the model is a log-linear mod-
el, the coefficients show the relative effect

on additional hospital days. The coeffi-
cients in the table were therefore convert-
ed to show the absolute effect of the ex-
planatory variables on additional days in
hospital. This means that the calculated
additional days in hospital only corre-
sponds to the additional hospital days of a
specified patient, which in this case were
average patients at the same ages as the
average ages in the simulated cohorts,i.e.,

65 years for TKR and THR and 80 years
for HFS.

The regression analyses were also car-
ried out separately for the three different
types of surgery. All variables except
bleeding were found highly significant in
the separate regressions. The bleeding
variable, however, was significant when
all types of surgery were run together.The
effect of bleeding on length of stay for the
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three types of surgery was therefore ana-
lyzed as a group. ⊡ Table 4 shows the re-
sults from the regression models.

The length of stays for patients read-
mitted with a diagnosis of PE or DVT were
analyzed separately; 317 patients were
readmitted due to PE and 488 patients
were readmitted due to DVT.The average
length of stay in hospital for these patients
was calculated for the three types of sur-
gery. The average length of stay was 3.8,
4.4, and 5.6 days after a DVT for TKR,
THR,and HFS,and 7.6,7.3 and 10.9 days af-
ter a PE for TKR, THR, and HFS.

The results from the base case simula-
tions,presented in ⊡ Table 5,show that the
cost difference between fondaparinux and
enoxaparin varies with the type of sur-
gery. Fondaparinux had higher cost than
enoxaparin after THR at 5 years follow-
up but lower cost after TKR and HFS.Fon-
daparinux was found to avoid between 87
and 135 clinical DVTs and between 51 and
86 clinical PEs per cohort of 10,000 pa-
tients.The cost per clinical VTE event (i.e.,
DVT or PE) prevented was €239 after
THR. During the inpatient care period,
fondaparinux had additional costs of
€28.0 and €43.4 per patient after TKR and
THR, but lower costs after HFS.

Fondaparinux reduced the risk of VTE,
and since these events are associated with
increased mortality, fondaparinux also
had a lower predicted mortality rate.Fon-
daparinux prevented between 8 and 61
deaths per 10,000 treated patients.

Sensitivity analyses

The additional length of stay in hospital
for a DVT after HFS was estimated at
15 days, using the regression model pre-
sented above.This additional hospitaliza-
tion time for DVT after HFS was much
longer than after the other types of sur-
gery and also longer than for a PE after
HFS.We therefore used another estimate
of this additional hospitalization days to
test the effect on the results. We used the
average hospitalization time for the DRG
group related to DVT,which was 5.4 days.
The new total costs of confirm/treat DVT
in hospital after HFS was estimated at
€3,202. Fondaparinux was still found to
be cost saving after HFS.

Sensitivity analyses were made with
new discount rates of 0% and 5%, with
new estimates of the proportion of DVT
patients treated in-hospital of 66% and
20% and with new relative risks of pro-
phylaxis-related bleeding of 0% and 15%.
These analyses affected only the cost out-
comes, and the results were found stable.
The discount rate had only minor effects,
which was not surprising since the max-
imum follow-up time was only 5 years.

Additional sensitivity analyses were
made where the risks of early and late
DVT was changed.In the first analyses the
95% confidence interval of the risk reduc-
tion in early DVT for fondaparinux from
the clinical trials was analyzed,and in the
second analysis the risk difference in late
DVT between enoxaparin and fonda-
parinux was set to +50% and −50%. The
effects of using the new calculated cost of
confirm/treat DVT in hospital after HFS
was tested in two-way sensitivity analy-
ses.Selected results from sensitivity anal-
yses are presented in ⊡ Table 6.The results
were fairly insensitive to the different as-
sumptions.

If the reduction in venographic VTE
cannot be directly translated into the same
relative reduction in clinical VTE, the ef-
ficacy of fondaparinux in reducing clini-
cal VTE may be lower than assumed. We
made a sensitivity analysis where only
50% of the base case fondaparinux effi-
cacy was assumed to determine how a
large reduction in efficacy would affect
the results. Fondaparinux was still cost-
saving after HFS, while the cost per VTE
prevented after THR was about €4,000.

Discussion

The clinical trials of fondaparinux esti-
mated the risk reduction in venographic
DVT, which in the model was translated
into risk reduction in clinical DVT and
PE.One of the clinical studies comparing
fondaparinux and enoxaparin did not find
a statistically significant difference in ef-
ficacy. However, a pooled analysis of the
clinical trials for patients treated with the
recommended dose regimen of fonda-
parinux vs. enoxaparin showed a signifi-
cant difference in incidence of venograph-
ic VTE [20]. The relationship between
venographic DVT and clinical DVT and

PE has been questioned, although stud-
ies have demonstrated a link between
venographic DVT and clinical events [1,
51, 52, 53, 54, 55]. The exact nature of the
relationship between venographic and
clinical VTE is not clear,however.A meta-
analysis of the clinical trials of fondaparin-
ux,for example,showed no significant dif-
ference in symptomatic VTE.

The sample taken from the national in-
patient care statistics included 96,110 ad-
missions but contained only few cases of
PE,DVT,and bleeding.The calculation of
additional hospitalization time is sur-
rounded with some uncertainty particu-
larly since there were fewer events in the
sample than expected.The reasons for the
few cases of PE,DVT,and bleeding are un-
clear,but one might be missing diagnosis
reporting. Many patients are also treated
as outpatients, which might explain the
low incidence of postdischarge DVT in
our sample. The number of additional
hospital days for patients with DVT after
HFS was much larger than after the oth-
er types of operation,which did not seem
logical. The reason is unclear but could
partly be a result of the low incidence of
DVT in our sample.Another explanation
could be that hip fracture patients are el-
derly,and some elderly patients with com-
plications are transferred from hospital
to medical care at other institution,for ex-
ample,nursing home.It is sometimes dif-
ficult, however, to find places for patients
at these institutions, and some patients
may therefore stay hospitalized while wait-
ing to be transferred to another institu-
tion. Normally it is expected that PE is a
more complicated diagnosis than DVT
and therefore has longer treatment time.
This was the case for the first two types of
surgery and can also be seen in the aver-
age DRG hospitalization times, but was
not seen after the HFS in our sample.

The base case analyses showed that
fondaparinux was cost saving and more
effective than enoxaparin in two surgery
cases and had costs per prevented clini-
cal VTE event of about €239 in the third.
The sensitivity analyses showed that the
results were stable.The result for the HFS
case was a bit more uncertain than the
other two cases due to the somewhat un-
certain hospitalization time for patients
with DVT after hip fracture.However,the
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analyses of HFS showed that fondaparin-
ux was both cost saving and more effective
than enoxaparin and the result was sta-
ble also when the additional hospital days
after DVT were reduced to about one-
third of the estimate based on the data
from the inpatient care statistics sample.
The sensitivity analyses included effica-
cy estimates corresponding to the 95%
confidence interval from the clinical trial
of fondaparinux.However,this,represents
only the uncertainty around the efficacy of
fondaparinux in reducing venographic
VTE and does not reflect the uncertainty
around the relationship between veno-
graphic and clinical VTE.As noted above,
the model is based on the assumption that
a reduction in venographic VTE leads to
the same relative reduction in clinical
VTE.Since this relationship still is uncer-
tain,the findings in this study may be seen
as potential cost-effectiveness of fonda-
parinux, provided that the relationship
between venographic and clinical VTE
can be established.

Fondaparinux was found to be associ-
ated with a higher risk of bleeding com-
plications than enoxaparin.Bleeding may
cause severe consequences, and subanal-
yses of patients with different risk of
bleeding may therefore affect results, al-
though the variations in risk of bleeding
made in the sensitivity analyze did not af-
fect the cost-effectiveness considerably.
The risk of bleeding is also assumed to be
related to the timing of prophylaxis, and
different starting time for prophylaxis may
therefore affect the cost-effectiveness [53].

The price of fondaparinux was €11 per
day,based on an estimate of the expected
retail price of fondaparinux in Sweden.
The sensitivity analyses showed that a
20% higher fondaparinux price increased
the cost per VTE prevented to about €1,354
after THR while fondaparinux was still
more cost-effective than enoxaparin af-
ter the other two types of surgery.

Unit costs for a stay in a middle-sizes
hospital were based on average costs for 28
county and community hospitals in Swe-
den. The costs for diagnostic procedures
were taken from the University Hospital in
Lund. Only this hospital was used since
estimates were not available from all hos-
pitals in Sweden. The costs, however, are
believed to be valid since the variation in

these costs between hospitals in Sweden is
small [44].

The model simulated a patient cohort
over a period of 5 years.Modeling the con-
sequences of prophylaxis beyond the ini-
tial hospitalization was considered neces-
sary to capture the effects of long-term
complications of VTE. The 5-year follow-
up time was considered long enough to
capture the relevant VTE-related conse-
quences.The clinical trials of fondaparin-
ux followed patients up only to 49 days,
and extrapolation of results from the clin-
ical trials were therefore necessary.Extrap-
olation of intermediate surrogate out-
comes to final endpoints, however, intro-
duces uncertainties into the model. Data
on utility or long-term mortality was not
available,and the number of life-years and
quality-adjusted life-years gained was
therefore not estimated.The cost per VTE
prevented is a cost effectiveness ratio di-
rectly related to thrombotic diseases and
cannot be used to compare the cost effec-
tiveness of fondaparinux with treatments
in other therapeutic areas.Other outcome
measures,for example,life-years saved and
quality-adjusted life-years, must be used
to be able to make such comparisons.The
results showed that fondaparinux could
prevent between 8 and 61 more deaths per
10,000 treated patients than enoxaparin.

This study was based on a simulation
model using clinical data taken from in-
ternational studies carried out in different
countries, in combination with Swedish
cost data. It is therefore important to val-
idate whether the clinical data and the as-
sumptions in the model are relevant to
Swedish practice. This is one important
potential source of bias that may occur in
studies such as this one, where different
data sources are used.It was difficult,how-
ever, to validate the clinical assumptions
in this model since only very few studies
have been performed on Swedish patients.
The few Swedish studies found agreed fair-
ly well with the assumption used in the
model.

Transferability of economic evaluations
between different countries is an impor-
tant and complicated issue. Country spe-
cific information is in most cases not avail-
able for new drugs, at least not in small
countries such as Sweden, since clinical
trials of new drugs often are multination-

al.Data must therefore be imported from
studies performed in other countries.The
validity of this imported data and the ap-
plicability of the results are therefore im-
portant issues to assess,but decisions must
be made even with less than perfect data.
However,real-world data from epidemio-
logical and long-term follow-up studies
are necessary to validate results from
models such as the one used in this study.
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