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Abstract

Objective:

Deep vein thrombosis and pulmonary embolism – together referred to as venous thromboembolism (VTE) –

result in a major burden on healthcare systems. However, to the authors’ knowledge no comprehensive

review of the economic burden of VTE has so far been published.

Methods:

A literature search was carried out to identify references published in English since 1997 using Medline, the

Cochrane Library and the Health Economic Evaluations Database. The primary outcomes of interest were

‘all-cause’ VTE and VTE after major orthopedic surgery.

Results:

A total of 1,037 full research articles and abstracts were screened for inclusion in the review. Of these, ten

cost-of-illness studies were identified that met the inclusion criteria and are included in the current review.

The results of large US database analyses vary, indicating costs of the initial VTE of approximately

US$3,000–9,500. The total costs related to VTE over 3 months (US$5,000), 6 months (US$10,000) and

1 year (US$33,000) were considerable. Studies conducted in the European Union indicate lower additional

inpatient costs after VTE of E1,800 after 3 months and E3,200 after 1 year, which still represent a

considerable impact on healthcare systems. Complications after VTE can be very expensive, with estimates

of the additional cost of treating the post-thrombotic syndrome ranging from $426 to $11,700 and heparin-

induced thrombocytopenia from $3,118 to $41,133. A limitation of studies using older data is that recent

changes in the treatment of VTE may affect the generalizability of these findings.

Conclusions:

Complications associated with VTE are frequent and costly. In particular, the cost of complications resulting

from prophylaxis and treatment of VTE, such as post-thrombotic syndrome and heparin-induced

thrombocytopenia, had a considerable economic impact.

Introduction

Deep vein thrombosis (DVT) and pulmonary embolism (PE) – together referred
to as venous thromboembolism (VTE) – result in a major burden on healthcare
systems. With an estimated annual incidence of approximately 5–12 persons per
10,0001–3, VTE is a common disorder. Approximately 10% of all hospital deaths
can be attributed, at least in part, to PE4.

DVT and PE are important causes of morbidity and mortality. Without pro-
phylaxis, the risk is especially high in patients undergoing major orthopedic
surgery5, with an incidence of DVT without prophylaxis estimated at
40–60%5. Even with standard prophylaxis with enoxaparin or warfarin up to
4 weeks after surgery, 1.4–2.8% of patients develop symptomatic DVT after total
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knee replacement (TKR) or total hip replacement (THR),
and PE occurs in 0.4–1.2% of patients6.

The prognosis for patients with VTE is characterized by
the risk of recurrent events or post-thrombotic syndrome
(PTS) and pulmonary hypertension after PE7, resulting in
an additional burden on healthcare systems. A Swedish
prospective cohort study showed a cumulative recurrent
VTE incidence of 7.0% after 1 year, 12.1% after 2 years,
15.0% after 3 years, 17.9% after 4 years and 21.5% after
5 years8. Long-term morbidity due to PTS is common and
may be substantial. The most common symptoms of PTS
are persistent or intermittent pain, heaviness, swelling,
itching, tingling or cramping in the limb. About one-
third to half of DVT patients will develop PTS, in most
cases within 1–2 years of acute DVT9.

Although the data show that VTE and its consequences
constitute a considerable medical problem, to the authors’
knowledge no comprehensive review of the substantial
economic burden of VTE has so far been published.
In this systematic literature review, the data on the eco-
nomic impact of VTE in clinical practice are compiled,
summarized and interpreted, with the focus particularly
on VTE after THR and TKR.

Methods

A systematic literature review was carried out on the eco-
nomic burden of VTE. The focus was on the costs of ‘all-
cause’ VTE and of VTE after THR and TKR. A literature
search was carried out for references published since 1997
using Medline (Dialog Data star), the Cochrane Library
(including NHS Economic Evaluation Database), Health
Economic Evaluations Database and Inside Conferences
(for the identification of convention contributions and
poster publications). This timeframe was chosen because
the treatment patterns prior to 1997 were regarded as less
relevant for the focus of the study. The literature search
included the following search terms and keywords: ‘Deep
vein thrombosis OR pulmonary embolism OR venous
thromboembolism OR thromboembolism’ AND ‘cost of
illness OR cost of disease OR economic burden OR
economics OR healthcare cost OR cost’. In addition,
references were manually identified from the reference
lists of key papers found during the searches and one
study was manually identified as published online but
not yet listed in literature databases. The search was
restricted to studies published in English, French,
German or Spanish – although only those with transla-
tions to English were included. In order to be included,
studies had to identify and measure healthcare utilization
and economic consequences of VTE, DVT and/or PE
as well as associated complications (especially PTS
and bleeding) in clinical practice. The included analy-
ses primarily use healthcare claims databases,

prospective/retrospective patient chart reviews and deci-
sion-analytic modeling. Cost of disease studies of VTE
with a sole focus on specific subpopulations other than
orthopedic surgical patients (focusing on medically ill
patients and non-orthopedic surgical patients) were
excluded. Full papers were obtained and formally assessed
for all studies that appeared to be potentially relevant. In
addition, available abstracts published by
the International Society for Pharmacoeconomics and
Outcomes Research/Value in Health and on Inside
Conferences have been assessed and included if the pre-
sented data was relevant and sufficient for presentations in
this review, acknowledging the limitation of this inclusion.

Results

A total of 1,037 full research articles and abstracts were
screened for inclusion in the review. Of the titles and
abstracts screened, 951 publications were excluded (855
that were not cost-of-disease studies [i.e., studies that
did not identify and measure either direct, indirect or
intangible costs of VTE and its complications]; 90 cost-
minimization, cost-effectiveness or cost-utility analyses of
diagnostic procedures, screening or interventions in indi-
cations other than VTE prevention/treatment in patients
undergoing major orthopedic surgery; one cost-of-disease
study in other indications; four published comments/let-
ters; one duplicate). In all, 86 studies were ordered as full
papers and assessed in detail. Of these, 17 cost-of-illness
studies were identified that met the inclusion criteria and
were included in the review.

Economic burden of ‘all-cause’ venous
thromboembolism: costs in the US

A total of ten studies assessed in depth the economic
burden of DVT, PE and related complications (Table 1).
Of these, seven were in the US and five studies reported
the results of direct medical costs from large administrative
claim, hospital and ambulatory care databases10-14.
Bullano et al.10 examined the costs per venous thrombo-
embolic event in patients with a hospital claim of primary
or secondary diagnosis of DVT and/or PE. Costs included
were for inpatient care for the first venous thromboem-
bolic event and costs of anticoagulation therapy and asso-
ciated monitoring (inpatient and outpatient) (Table 1).

Rehospitalization due to recurrent VTE and costs of
bleeding events (with or without hospitalization) from
the index diagnosis to the end of eligibility or the study
(21 months) were also included. Events were separated
into DVT only, PE only and DVT plus PE, for
which there were different lengths of hospital stay
(Table 2). Recurrent and bleeding events had a clear

Journal of Medical Economics Volume 14, Number 1 February 2011

66 Economic burden of venous thromboembolism Ruppert et al. www.informahealthcare.com/JME ! 2011 Informa UK Ltd



Ta
bl

e
1.

Ec
on

om
ic

bu
rd

en
of

‘a
ll-

ca
us

e’
ve

no
us

th
ro

m
bo

em
bo

lis
m

.

R
ef

er
en

ce
an

d
co

un
tr

y
Ye

ar
of

da
ta

us
ed

/
co

st
in

g
ye

ar
S

tu
dy

de
si

gn
C

os
tin

g
pe

ri
od

R
es

ul
ts

(c
os

ts
,

re
so

ur
ce

ut
ili

za
tio

n)

B
ul

la
no

et
al

.
20

05
U

S
A

19
97

–
20

01
/

19
97

–
20

01
R

et
ro

sp
ec

tiv
e,

ob
se

rv
at

io
na

l
co

ho
rt

st
ud

y
of

pa
tie

nt
s

w
ith

a
ho

sp
ita

lc
la

im
w

ith
pr

im
ar

y
or

se
co

nd
ar

y
di

ag
no

si
s

of
VT

E
(n
¼

2,
14

7)

21
m

on
th

s
C

os
ts

pe
r

in
ci

de
nt

ve
no

us
th

ro
m

bo
em

bo
lic

ev
en

t:
D

VT
:

U
S

$7
,7

12
�

18
,3

39
PE

:
U

S
$9

,5
66
�

13
,5

12
D

VT
pl

us
PE

:
U

S
$1

2,
20

0
�

24
,0

38
M

ea
n

co
st

s
of

re
cu

rr
en

t
ev

en
t:

Pe
r

ev
en

t:
U

S
$1

4,
97

5
VT

E:
U

S
$1

2,
32

6
B

le
ed

in
g:

U
S

$1
5,

33
9

VT
E

pl
us

bl
ee

di
ng

:
U

S
$2

4,
08

5
A

ve
ra

ge
co

st
of

bl
ee

d
w

ith
ou

t
ho

sp
ita

liz
at

io
n:

U
S

$2
39
�

38
6

A
ve

ra
ge

co
st

s
of

w
ar

fa
ri

n:
U

S
$1

30
A

ve
ra

ge
co

st
s

of
m

on
ito

ri
ng

:
U

S
$8

4
A

ve
ra

ge
co

st
s

of
in

-o
ff

ic
e

m
on

ito
ri

ng
:

U
S

$1
27

A
ve

ra
ge

co
st

s
of

LM
W

H
:

U
S

$7
03

K
ni

gh
t

et
al

.
20

05
U

S
A

19
99

–
20

00
/

19
99

–
20

00
R

et
ro

sp
ec

tiv
e,

ob
se

rv
at

io
na

l
co

ho
rt

st
ud

y
of

pa
tie

nt
s

w
ith

pr
im

ar
y

ad
m

is
si

on
fo

r
D

VT
(n
¼

95
3)

an
d

PE
(n
¼

3,
93

3)

30
da

ys
To

ta
l

in
pa

tie
nt

co
st

s
of

VT
E

an
d

re
la

te
d

co
m

pl
ic

at
io

ns
:

D
VT

:
U

S
$3

,0
18

–
5,

04
0

PE
:

U
S

$5
,1

98
–

6,
92

8

O
’B

ri
en

an
d

C
ar

o
20

02
U

S
A

19
97

/1
99

9
R

et
ro

sp
ec

tiv
e,

ob
se

rv
at

io
na

l
co

ho
rt

st
ud

y
w

ith
pa

tie
nt

s
di

sc
ha

rg
ed

fo
r

D
VT

(n
¼

29
,2

95
)

6
m

on
th

s
6

m
on

th
s’

in
pa

tie
nt

co
st

s:
A

ll
D

VT
pa

tie
nt

s:
U

S
$1

0,
07

2
U

S
$9

,7
84

w
ith

ou
t

se
le

ct
ed

co
m

pl
ic

at
io

ns
U

S
$1

4,
64

9
w

ith
PE

U
S

$1
7,

16
9

w
ith

m
aj

or
bl

ee
di

ng
U

S
$1

2,
14

2
w

ith
m

in
or

bl
ee

di
ng

U
S

$1
3,

46
9

w
ith

dr
ug

-i
nd

uc
ed

th
ro

m
bo

cy
to

pe
ni

a
C

os
t

of
ou

tp
at

ie
nt

ca
re

ra
ng

ed
fr

om
U

S
$2

,3
94

–
3,

36
9

M
ac

D
ou

ga
ll

et
al

.
20

06
U

S
A

19
97

–
20

04
/

20
04

R
et

ro
sp

ec
tiv

e,
ob

se
rv

at
io

na
l

co
ho

rt
st

ud
y

of
pa

tie
nt

s
w

ith
a

D
VT

or
PE

di
ag

no
si

s
(n
¼

26
,9

58
)

1
ye

ar
M

ea
n

an
nu

al
iz

ed
to

ta
lc

os
ts

:
D

VT
:

U
S

$3
3,

20
0

PE
:

U
S

$3
1,

30
0

D
VT

pl
us

PE
:

U
S

$3
8,

30
0

C
on

tr
ol

s:
U

S
$2

,8
00

PT
S

pa
tie

nt
s:

U
S

$4
7,

60
0

vs
.

U
S

$3
5,

90
0

in
m

at
ch

ed
co

nt
ro

ls
w

ith
D

VT
an

d/
or

PE
bu

t
no

PT
S

S
py

ro
po

ul
os

an
d

Li
n

20
07

U
S

A
19

98
–

20
04

/
19

98
–

20
04

R
et

ro
sp

ec
tiv

e,
ob

se
rv

at
io

na
l

co
ho

rt
st

ud
y

of
pa

tie
nt

s
w

ith
a

pr
im

ar
y

or
se

co
nd

ar
y

di
sc

ha
rg

e
di

ag
no

si
s

of
D

VT
or

PE
(n
¼

14
,0

44
)

1
ye

ar
To

ta
l

in
pa

tie
nt

an
d

ou
tp

at
ie

nt
co

st
s

du
ri

ng
12

m
on

th
s:

D
VT

as
pr

im
ar

y
di

ag
no

si
s:

U
S

$1
0,

80
4

D
VT

as
se

co
nd

ar
y

di
ag

no
si

s:
U

S
$7

,5
94

PE
as

pr
im

ar
y

di
ag

no
si

s:
U

S
$1

6,
64

4
PE

as
se

co
nd

ar
y

di
ag

no
si

s:
U

S
$1

3,
01

8
H

os
pi

ta
lf

ac
ili

ty
co

st
s

fo
r

D
VT

:
U

S
$8

,2
28

;
PE

:
U

S
$1

3,
22

3
H

os
pi

ta
lp

ro
fe

ss
io

na
l

co
st

s
fo

r
D

VT
:

U
S

$8
98

;
PE

:
U

S
$1

,3
55

O
ut

pa
tie

nt
pr

oc
ed

ur
e

co
st

s
fo

r
D

VT
:

U
S

$8
21

;
PE

:
U

S
$9

89
M

ea
n

ho
sp

ita
l

co
st

fo
r

re
-a

dm
is

si
on

fo
r

D
VT

:
U

S
$1

1,
86

2
vs

.
U

S
$9

,8
05

fo
r

in
iti

al
ho

sp
ita

liz
at

io
n

M
ea

n
ho

sp
ita

l
co

st
fo

r
re

-a
dm

is
si

on
fo

r
PE

:
U

S
$1

4,
72

2
vs

.
U

S
$1

4,
14

6
fo

r
in

iti
al

ho
sp

ita
liz

at
io

n

G
ro

ce
19

98
U

S
A

19
96

–
19

98
/

19
98

C
oh

or
t

st
ud

y
of

12
5

pa
tie

nt
s

w
ith

ac
ut

e
D

VT
en

ro
lle

d
in

an
ou

tp
at

ie
nt

m
an

ag
em

en
ts

tr
at

eg
y

of
D

VT
w

ith
LM

W
H

3
m

on
th

s
To

ta
l

di
re

ct
co

st
s

of
ou

tp
at

ie
nt

tr
ea

tm
en

t
st

ra
te

gy
:

U
S

$9
65

vs
.

in
pa

tie
nt

tr
ea

tm
en

t
co

st
s

of
U

S
$3

,4
36 (c
on

tin
ue

d
)

Journal of Medical Economics Volume 14, Number 1 February 2011

! 2011 Informa UK Ltd www.informahealthcare.com/JME Economic burden of venous thromboembolism Ruppert et al. 67



Ta
bl

e
1.

C
on

tin
ue

d.

R
ef

er
en

ce
an

d
co

un
tr

y
Ye

ar
of

da
ta

us
ed

/
co

st
in

g
ye

ar
S

tu
dy

de
si

gn
C

os
tin

g
pe

ri
od

R
es

ul
ts

(c
os

ts
,

re
so

ur
ce

ut
ili

za
tio

n)

Ti
llm

an
et

al
.

20
00

U
S

A
19

96
–

19
98

/
19

98
Pr

os
pe

ct
iv

e
co

ho
rt

st
ud

y
of

39
1

pa
tie

nt
s

in
an

ou
tp

at
ie

nt
m

an
ag

em
en

t
st

ra
te

gy
of

D
VT

3
m

on
th

s
D

ir
ec

t
co

st
s:

O
ut

pa
tie

nt
tr

ea
tm

en
t:

U
S

$1
,8

68
In

pa
tie

nt
tr

ea
tm

en
t:

U
S

$4
,6

96

B
ac

km
an

et
al

.
20

04
S

w
ed

en
N

S
/1

99
7

R
an

do
m

iz
ed

tr
ia

le
va

lu
at

in
g

an
in

pa
tie

nt
tr

ea
t-

m
en

t
st

ra
te

gy
(n
¼

61
)

vs
.

an
ou

tp
at

ie
nt

st
ra

t-
eg

y
(n
¼

63
)

in
tr

ea
tin

g
ac

ut
e

D
VT

w
ith

LM
W

H

3
m

on
th

s
To

ta
lc

os
ts

:
In

pa
tie

nt
st

ra
te

gy
:

S
EK

15
,6

00
(E

1,
80

4)
O

ut
pa

tie
nt

st
ra

te
gy

:
S

EK
11

,5
00

(E
1,

33
0)

va
n

de
n

B
el

t
et

al
.

19
98

Th
e

N
et

he
rl

an
ds

N
S

/1
99

3
Ec

on
om

ic
ev

al
ua

tio
n

al
on

gs
id

e
a

ra
nd

om
iz

ed
tr

ia
l

co
m

pa
ri

ng
an

in
pa

tie
nt

tr
ea

tm
en

t
st

ra
te

gy
of

ac
ut

e
D

VT
us

in
g

U
FH

(n
¼

22
)

ve
rs

us
ou

tp
a-

tie
nt

st
ra

te
gy

us
in

g
LM

W
H

(n
¼

29
)

6
m

on
th

s
To

ta
lc

os
ts

:
In

pa
tie

nt
st

ra
te

gy
:

N
LG

8,
60

9
(E

3,
90

6)
O

ut
pa

tie
nt

st
ra

te
gy

:
N

LG
3,

08
1

(E
1,

39
8)

A
nn

em
an

s
et

al
.

20
02

B
el

gi
um

19
98

/N
S

R
et

ro
sp

ec
tiv

e
pa

tie
nt

ch
ar

t
re

vi
ew

of
54

pa
tie

nt
s

w
ith

PE
fr

om
fiv

e
ce

nt
er

s
In

pa
tie

nt
st

ay
(m

ea
n:

14
.6

da
ys

)
To

ta
la

ve
ra

ge
in

pa
tie

nt
co

st
of

PE
:
E

3,
39

4

D
VT

,
de

ep
ve

in
th

ro
m

bo
si

s;
LM

W
H

,
lo

w
m

ol
ec

ul
ar

w
ei

gh
t

he
pa

ri
n;

N
LG

,
N

et
he

rl
an

ds
G

ui
ld

er
;

N
S

,
no

t
st

at
ed

;
PE

,
pu

lm
on

ar
y

em
bo

lis
m

;
PT

S
,

po
st

-t
hr

om
bo

tic
sy

nd
ro

m
e;

S
EK

,
S

w
ed

is
h

K
ro

na
;

U
FH

,
un

fr
ac

tio
na

te
d

he
pa

ri
n;

VT
E,

ve
no

us
th

ro
m

bo
em

bo
lis

m
.

Journal of Medical Economics Volume 14, Number 1 February 2011

68 Economic burden of venous thromboembolism Ruppert et al. www.informahealthcare.com/JME ! 2011 Informa UK Ltd



economic impact. During an average period of
21.3 months, 13.4% of patients experienced recurrent
VTE, 7.9% experienced bleeding and 3.6% had recurrent
VTE plus bleeding that required hospitalization. There
were also costs of VTE prophylaxis with warfarin (plus at
least one office visit attributable to warfarin monitoring),
and outpatient low molecular weight heparin (LMWH)
therapy (mean duration 14.2 days). In summary, the
main cost drivers were initial inpatient treatment of
VTE and subsequent recurrent events requiring
hospitalization.

An analysis by Knight et al.11 using an administrative
hospital database from 132 US hospitals yielded consider-
ably lower inpatient costs (Table 1). The frequency of
VTE-related re-admission within 30 days after discharge
is given in Table 2. The inpatient and outpatient costs of
patients with an in-hospital diagnosis of DVT were esti-
mated by O’Brien and Caro13. Costs were assessed by VTE-
related complication status (no complications, DVT with
PE, major bleeding and minor bleeding) during the initial
hospitalization (Table 2). Eight percent of patients were
re-admitted to hospital within 6 months after discharge for
DVT (Table 2). There were also considerable costs asso-
ciated with outpatient care (Table 2).

Spyropoulos14 reported an analysis of data from 30 man-
aged-care organizations for a total of 14,000 patients with a
primary or secondary discharge diagnosis of DVT or PE.

Inpatient and outpatient costs of DVT, PE and subsequent
rehospitalizations were assessed during a follow-up period
of 12 months (Table 1). The primary cost drivers were
hospital facility costs, followed by professional costs and
lastly outpatient procedure costs (Table 1). They also
reported a different length of stay for the initial hospital-
ization for DVT and PE (Table 2). A clear trend of early
recurrence was observed for DVT and PE occurring in the
first 30 days after the initial event (Table 2). Mean hospi-
tal costs for re-admission were considerably higher for
recurrent DVT compared with costs for the initial hospi-
talization, but were comparable in the PE group (Table 1).
The trend of early recurrence was identified as a main cost
driver – over half of hospital re-admissions occur within
90 days – which may explain the similarity between
the treatment costs over a 6-month period revealed
by O’Brien and Caro13 and the costs during 12 months
reported by Spyropoulos14.

In another US-based retrospective observational cohort
study by MacDougall et al.12, inpatient and outpatient
direct costs related to the treatment of DVT, PE or DVT
plus PE were examined. The frequency and costs of PTS
after DVT and/or PE were evaluated (Table 1). All costs
were compared with the costs of matched controls (i.e.,
patients with no DVT and/or PE or – for the PTS subco-
hort – patients with VTE, but no PTS during follow-up).
The average length of hospital stay differed with the

Table 2. Mean, or incremental, length of hospital stay and re-admissions due to venous thromboembolism.

Reference

Cause Bullano et al. 2005 Spyropoulos and Lin 2007 MacDougall et al. 2006

Average length of hospital stay (days): all-cause
DVT 5.3 5.6 7.0
PE 8.0 7.0 6.0
DVT and PE 8.3 — 9.0

Oster et al. 2004 Ollendorf et al. 2002 Tilleul et al. 2006

Average length of hospital stay (days): after THR or TKR
VTE 11.1 (THR 13.1, TKR 10.1) — —
DVT — 11.5 THR 18.9, TKR 17.4
PE — 12.4 THR 19.5, TKR 20.1

Incremental length of hospital stay (days): after THR or TKR vs. patients with no VTE
VTE 4.5 (THR 5.9, TKR 3.4) 5.4 —
DVT — — THR 3.9, TKR 3.3
PE — — THR 4.6, TKR 6.0

Knight et al. 2005* O’Brien and Caro 2002y Spyropoulos and Lin 2007z

Frequency of hospital re-admission: all-cause (%)
DVT 2.6 8.0 —
PE 3.1 1.5 —
DVT or PE — — 5.3
Bleeding — 1.2 —

*Within 30 days of discharge; ywithin 6 months of discharge; zwithin 1 year of discharge.
DVT, deep vein thrombosis; PE, pulmonary embolism; THR, total hip replacement; TKR, total knee replacement; VTE, venous thromboembolism.
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type of VTE (Table 2). The mean annualized total costs
were considerably higher than those observed in the
studies described above, which may in part be explained
by the inclusion of recurrent VTE costs in the main
cost calculations of this study. Two small studies have
reported lower costs associated with VTE in the
US (Table 1)15,16. However, it should be noted
that both studies were conducted between 1996 and
1998 and may, therefore, not reflect current treatment
standards.

Economic burden of ‘all-cause’ venous
thromboembolism: costs by treatment
strategy in the EU

Further studies have assessed the costs associated with
VTE in Sweden17, the Netherlands18 and Belgium19. For
Sweden, the costs of outpatient treatment compared with
in-hospital treatment during a 3-month period were
assessed by randomly assigning patients with acute DVT
to one of two treatment strategies: patients assigned to the
inpatient strategy were admitted to the ward and were
expected to remain there as long as they needed inpatient
care. Patients assigned to outpatient care were encouraged
to leave hospital after sufficient recovery. Both groups
were treated with a LMWH for at least 5 days.
Treatment with warfarin began within 24 hours of the
start of LMWH therapy and was continued for a minimum
of 3 months. Outpatient treatment included a daily visit to
the outpatient department at a primary care center. Direct
medical costs were 26% greater for the inpatient strategy
(Table 1). A similar design was used in a study in the

Netherlands, resulting in marginally higher medical costs
(Table 1)18. However, these results were based on a trial
conducted in the early 1990s; hence current treatment
practices may not be reflected in this study. In a retrospec-
tive patient chart review conducted in Belgium, the inpa-
tient costs of treating 54 patients with PE were assessed
(Table 1)19.

Despite the considerably different analyses used, these
findings are relatively consistent and indicate that in the
US overall initial costs of DVT are in the region of
US$10,000 and of PE are around US$15,000. When recur-
rent VTE costs are included these costs approximately
double. Initial costs in the EU appear to be far less, at
approximately E2,000–4,000; recurrent costs have not
been reported.

Frequency and economic burden of
complications related to ‘all-cause’
venous thromboembolism

Complications of VTE include the development of PE
after DVT, bleeding, recurrent venous thromboembolic
events (DVT, PE, DVT plus PE, VTE-related bleeding)
and PTS. In the studies described above, these complica-
tions had a considerable economic impact (see Tables 1
and 3)13,20,21.

The costs of mild-to-moderate PTS and severe PTS
over 1 year were assessed in a prospective cohort study
of 90 patients in Brazil (Table 3)20.

Heparin-induced thrombocytopenia (HIT) is a serious
complication of heparin therapy, mediated by the immune
system, often resulting in devastating thromboembolic

Table 3. Frequency and costs of complications of ‘all-cause’ venous thromboembolism.

Reference and
country

Follow-up
period

Complications during initial hospitalization (vs. no complications)

Frequency Costs

O’Brien and Caro 2002
USA

6 months PE after DVT: 2.5%
Major bleeding: 1.0%
Minor bleeding: 1.4%

HIT: 0.5%

US$3,915
US$5,628
US$2,419
US$3,118

PTS

Frequency Costs

Ramacciotti et al. 2006
Brazil

12 months Mild-to-moderate PTS
Severe PTS

US$426
US$1,188

HIT

Frequency Additional costs (vs. no HIT)

Creekmore et al. 2006
USA

Hospital stay HIT: 0.43% US$41,133

DVT, deep vein thrombosis; HIT, heparin-induced thrombocytopenia; PE, pulmonary embolism; PTS, post-thrombotic syndrome.
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outcomes22. In a retrospective patient chart analysis of
patients receiving prophylaxis for VTE by Creekmore
et al.21, the incidence of HIT was comparable with the
incidence determined by O’Brien and Caro13 (Table 3).
The cost of hospital admissions that included develop-
ment of HIT was higher than admissions without HIT
(Table 3), although this cost was considerably higher
than the costs estimated for HIT over 6 months by
O’Brien and Caro13.

Economic consequences of venous
thromboembolism after major
orthopedic surgery

Total costs of venous thromboembolism after major
orthopedic surgery in the US
Table 4 summarizes the economic burden of VTE after
major orthopedic surgery. Using a large healthcare
claims database, the economic burden of VTE after

Table 4. Economic burden of venous thromboembolism after major orthopedic surgery.

Reference and country Year of data used/
costing year

Study design Costing period
cumulative incidence

Results
(costs, resource utilization)

Caprini et al. 2003
USA

Various/2000 Literature-based Markov
model to project the
economic burden of
long-term complications
(PTS and recurrent DVT or
PE) of primary DVT
after THR

1 year

(21.5%)
(8.4%)

(24.4%)
(6.5%)

Annual projected costs (first year) of
complications:
Mild-to-moderate PTS: US$839
Severe PTS: US$3,817
Recurrent DVT: US$3,798
Recurrent PE: US$6,404

Ollendorf et al. 2002
USA

1998–1999/
NS

Retrospective cohort study of
patients with MOS
(n¼ 105,562) with or
without VTE

THR 37%, TKR 38%, hip
fracture 26%

Inpatient stay
(mean: 11.5–12.4
days)

Mean costs of inpatient care:
DVT: US$17,114
PE: US$18,521
No VTE: US$9,345

Oster et al. 2004
USA

1993–1998/
1999

Retrospective cohort study of
patients with MOS
(n¼ 11,960) using
administrative claims data

THR 26.5%, TKR 33%, hip
fracture 40.5%

At index admission
and after 90 days

Mean cost difference (costs of patients
with VTE minus costs of controls
without VTE):

On index admission
All procedures: US$17,552
THR: US$25,853
Major knee surgery: US$9,297

After 90 days
All procedures: US$18,834
THR: US$27,034
Major knee surgery: US$7,351
Hip fracture repair: US$24,599

Post discharge VTE: US$5,765

McBride et al. 2007
Germany

2002/2003 Prospective observational
cohort study in patients
undergoing THR or TKR
(n¼ 309)

3 months Total inpatient and outpatient costs of
THR: E11,686:
Direct costs related to surgery:
E10,731

Direct costs related to
thrombosis prophylaxis: E313

Indirect costs: E954
Total costs of TKR: E12,270

Direct costs related to surgery:
E12,018

Direct costs related to
thrombosis prophylaxis: E398

Indirect costs: E252

Tilleul et al. 2006
France

Various/1999 Estimation of annual costs of
VTE associated with MOS
using a decision tree and
various data sources
(hospital database,
physician survey, literature)

1 year Total annual inpatient and outpatient
costs per patient with VTE: E8,265

Main cost drivers:
In-hospital DVT (E1,527)

and PE treatment (E2,177)
New hospital admission (for

re-admission due to DVT:
E2,682 and due to PE: E4,111)

Costs for treating PTS: E3,778

DVT, deep vein thrombosis; MOS, major orthopedic surgery; NS, not stated; PE, pulmonary embolism; PTS, post-thrombotic syndrome; THR, total hip replacement;
TKR, total knee replacement; VTE, venous thromboembolism.
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major orthopedic surgery was estimated in the US23. In all,
2.2% of patients developed clinical VTE over a 90-day
period after admission (DVT 1.7%, PE 0.4%, DVT plus
PE 0.01%). Over 60% of cases occurred after hospital dis-
charge. Cases were paired with age- and procedure-
matched controls (two per case) without VTE after
major orthopedic surgery. Patients who developed in-hos-
pital VTE had a longer length of hospital stay related to
orthopedic surgery compared with patients without VTE
(Table 2). The mean billed charges for index admission,
and at day 90, were higher for patients with VTE compared
with controls (Table 4). For patients with post-discharge
VTE, mean total costs were higher than for matched con-
trols. Most of the differences in charges resulted from
higher costs of inpatient care (either during the index
admission for in-hospital VTE or re-admissions for post-
discharge VTE).

Using data from discharge summaries and itemized bills
from 220 acute care hospitals, Ollendorf et al.24 examined
the inpatient costs of VTE after major orthopedic surgery.
During the initial hospital stay, DVT occurred in 0.7%
of patients, and 0.4% of patients experienced PE (with
or without DVT). The mean length of hospital stay in
patients with DVT and PE was substantially higher than
in patients with no VTE (Table 2). The mean total costs
for patients who developed DVT or PE were almost twice
as high compared with the costs of patients without VTE
(Table 4).

Total costs of venous thromboembolism after major
orthopedic surgery in the EU
In a study in France, the annual costs of prophylaxis and
treatment of venous thromboembolic events associated
with major orthopedic surgery were estimated from a
national database and the literature25. The estimated inci-
dence rate of in-hospital VTE after TKR and THR was
1.4% and 2.4%, respectively, and VTE increased the
length of hospital stay (Table 2). The estimated main
cost drivers were in-hospital DVT and PE treatment,
costs related to hospital re-admission and costs for
treating PTS (Table 4). If DVT or PE occurred after
hospital discharge, the costs associated with these events
were considerably higher compared with events that
occurred in-hospital. Overall, the costs associated with
VTE represented approximately half of the costs of major
orthopedic surgery. Total annual costs of VTE associated
with major orthopedic surgery in France were estimated
to be E58 million: E28 million for inpatient care and
E30 million for outpatient care25.

The costs of thrombosis prophylaxis in patients under-
going THR or TKR and followed up over 3 months were
estimated in a prospective observational cohort study in
Germany26. The inpatient and outpatient costs of drugs,
administration, monitoring (platelet counts) and

rehospitalization for complications related to thrombosis
prophylaxis were included. All patients received LMWH
during hospitalization, and after discharge for a mean of
38 days, and 9% of patients received subsequent oral antic-
oagulation for a mean of 38 additional days. The mean
direct cost of thrombosis prophylaxis accounted for less
than 3% of overall costs (Table 4)26.

Again, despite the considerably different analyses used,
these findings are relatively consistent and indicate that
after THR and TKR overall costs of VTE in the US are in
the region of US$8,000–26,000 and in the EU appear to be
less, at approximately E8,000–12,000.

Long-term complications of deep vein thrombosis
after total hip replacement
In a US study, the economic burden over a year of com-
plications of DVT after THR surgery was estimated using a
literature-based Markov model27. The model reflected the
natural history of DVT and projected long-term complica-
tion costs of DVT after THR using estimates from the lit-
erature. Costs for mild-to-moderate PTS, annual direct
costs of severe PTS, and costs of diagnosis and treatment
of recurrent DVT and PE are given in Table 4. These
estimates are considerably less than the estimates of
MacDougall et al.12 of ‘all-cause’ PTS.

Discussion

The results of this systematic literature review have shown
that VTE, and its consequences, have considerable eco-
nomic impacts on healthcare systems. The results of large
US database analyses vary, indicating costs of initial VTE
of approximately US$3,000–9,500. The total costs related
to VTE over 3 months (US$5,000), 6 months
(US$10,000) and 1 year (US$33,000) were considerable.
Studies conducted in the EU indicated lower additional
inpatient costs after VTE of E1,800 after 3 months, and
E3,200 after 1 year, which still represent a considerable
impact on healthcare systems. Complications associated
with VTE are frequent and costly. In particular, the cost
of complications resulting from prophylaxis and treatment
of VTE, such as HIT, had a considerable economic impact.

The main cost drivers in VTE appear to be the initial
inpatient treatment cost and recurrent events requiring
hospitalization. In US studies, 57–75% of the total costs
were due to inpatient costs for the first venous thrombo-
embolic event and recurrent events, with between 9% and
43% of the costs due to outpatient post-acute care.
Outpatient costs over 1 year revealed in studies in the
EU were approximately 30% of inpatient costs.

Longer-term complications of VTE include recurrent
VTE and the development of PTS. Recurrence rates
were reported as being high and the incidence increased
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with duration of follow-up and accord with estimates of
recurrent VTE after DVT8,28. The costs of treatment of
recurrent DVT were high (approximately US$12,000–
15,000). PTS occurred in 3.8% of patients and caused
substantial additional costs. In addition, chronic thrombo-
embolic pulmonary hypertension is observed in approxi-
mately 3% of people who survive a PE29, and is associated
with considerable morbidity. However, the costs associ-
ated with chronic thromboembolic pulmonary hyperten-
sion remain unknown, but will add to the overall costs of
long-term complications of VTE.

Patients undergoing major orthopedic surgery are clas-
sified as being at high risk of developing VTE. Even with
VTE prophylaxis, the majority of studies included in this
review indicated rates of VTE in patients who underwent
major orthopedic surgery of between 1.1% and 3.3%. The
incremental inpatient costs of patients with major ortho-
pedic surgery who developed VTE were substantially
higher compared with those patients with no VTE
(approximately US$12,000–17,000 higher). With annual
costs of treating VTE after major orthopedic surgery of
approximately E8,000 indicated in a study from
France25, the economic burden of VTE in other countries
seems to be less, but reasonably similar to that in the US.
This may be due to the fact that costs beyond hospitaliza-
tion are possibly more intensive and less cost-controlled
in the US.

Limitations of the study: given the wide range of meth-
odologies used to evaluate costs associated with VTE and
its clinical sequelae, no meta-analysis of the data was pos-
sible. Moreover, it is important to consider the limitations
of the various methods employed when drawing conclu-
sions. Retrospective analyses using large administrative or
hospital databases are always subject to limitations. The
most relevant is the difficulty in isolating the medical costs
associated with VTE, as these patients typically have
multiple comorbid conditions. In the study reported by
Bullano et al.10, 59% of the patients had a history of
active malignancy and rates of comorbid malignancy
(32–35%) were also high in the study reported by
MacDougall et al.12. The reason for the lower costs of
VTE revealed by the study reported by Knight et al.11 com-
pared with the other US-based studies using claims data-
bases could be a difference in the criteria used to identify
VTE patients, resulting in differences in the cohorts
between studies.

In pharmacoeconomic analyses using decision-analytic
models, the burden of VTE was estimated using a variety of
data sources and assumptions regarding the projected clin-
ical and economic burden of VTE. The results were tested
in sensitivity analyses by changing key parameters of the
model within plausible ranges and have been shown to be
robust. A limitation of studies using older data is that
recent changes in the treatment of VTE may affect the
generalizability of those findings. Finally, cost estimates

vary from one analysis to another and reflect the range
of healthcare services included, the proportion of patients
who use them and the unit costs applied. Thus, results may
not be applicable to different geographical regions because
of differences in healthcare systems, medical practice and
unit costs.

Despite the limitations described above, the systematic
review of the literature reported here demonstrated the
substantial economic burden of treating VTE and related
complications, compared with the relatively low costs of
thromboprophylaxis. VTE is a common disease in the gen-
eral population and in patients undergoing major orthope-
dic surgery, and related complications are relatively
frequent. If the economic consequences of the total
number of venous thromboembolic events are included
in the estimate, the potential economic burden of VTE
on both public health and healthcare systems becomes
clear. In a multinational cross-sectional study (VITAE)
the estimated burden of VTE in six European countries
(France, Germany, Italy, Spain, Sweden and the UK)
per annum was 465,715 cases of DVT and 295,982 of PE,
with 370,012 VTE-related deaths30. This reinforces the
fact that there is an urgent need for effective VTE prophy-
laxis strategies, at least in those patients at high risk (e.g.,
after major orthopedic surgery). Although some form of
prophylaxis is given to most major orthopedic surgery
patients, studies have shown that the type, duration and
intensity of prophylaxis are often insufficient31,32. There is
a clear need for more effective strategies for prophylaxis
to reduce the burden of this disease.
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