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Thromboprophylaxis practice patterns in two
Western Australian teaching hospitals

Venous thromboembolism occurs in one
to two individuals per 1000 persons in
the general community1,2 and remains

one of the single most common causes of
preventible death among hospitalized
patient.3,4 Patients undergoing elective hip or
knee arthroplasty are at very high risk of
venous thromboembolism; asymptomatic
deep vein thrombosis occurs in 40-60% and
symptomatic venous thromboembolism,
including fatal pulmonary embolism, occurs
in up to 5% of these patients.5 Furthermore,
with the aging of the Australian population
and associated increasing utilization of hip
and knee arthroplasty for the treatment of
degenerative joint diseases, the morbidity,
mortality, and health care costs of venous
thromboembolism in this high-risk popula-
tion are likely to rise.6-9 Since 1988 it has
been known, from a systematic review of
randomized controlled trials, that thrombo-

prophylaxis with low-molecular-weight
heparin or warfarin reduces the risk of
venous thromboembolism, including non-
fatal symptomatic events and fatal pul-
monary embolism, by about 50% among
high-risk orthopedic patients.10 However,
surveys conducted during the 1990s sug-
gested that only one-quarter to one-half of
Australian and New Zealand surgeons rou-
tinely prescribed pharmacological thrombo-
prophylaxis in high-risk orthopedic
patients.11-13 Moreover, a recent single-center
audit in Canberra published in 2002 demon-
strated that only 5% of high-risk hospital-
ized patients received appropriate thrombo-
prophylaxis,14 which is considerably lower
than the percentage reported in contempo-
rary North American studies.15-18 Appropriate
thromboprophylaxis therefore varies widely,
but wherever, it is underutilized.5 The Amer-
ican College of Chest Physicians therefore

Background and Objectives. Evidence-based international guidelines recommend that
all patients undergoing elective hip or knee arthroplasty receive thromboprophylaxis with
low-molecular-weight heparin or adjusted-dose warfarin. Our objective was to determine
what proportion of patients undergoing elective hip or knee arthroplasty actually receive
recommended thromboprophylaxis according to international guidelines.

Design and Methods. We performed a prospective cohort study of 396 consecutive
patients undergoing elective hip or knee arthroplasty between 1 May and 30 October,
2002. We collected baseline data, surgical and anesthetic details and recorded use of
thromboprophylaxis and episodes of venous thromboembolism that occurred within 3
months of surgery.

Results. The mean age of the patients was 69.4 years (SD 11.5 years), and 62.2% (95%
CI: 57.3 to 66.9%) were female. Hip arthroplasty was performed in 39.4% (34.6 to 44.2%)
and knee arthroplasty in  57.1% (52.2 to 61.9%). Recommended thromboprophylaxis with
low-molecular-weight heparin or warfarin was administered to 51.5% (46.6 to 56.4%).
Objectively diagnosed venous thromboembolism occurred in 5.3% (3.3 to 8.0%) of
patients; 3.5% (1.9 to 5.9%) of events occurred during hospitalization and 1.8% (0.7 to
3.6%) occurred following discharge from hospital. There was no significant reduction in
the incidence of venous thromboembolism among patients treated with recommended
thromboprophylaxis compared with those who did not but this is not a randomized com-
parison and is potentially confounded by the indication for treatment.

Interpretation and Conclusions. Current thromboprophylaxis practice at our institutions
falls substantially short of national and international guidelines. The reasons for low
thromboprophylaxis use should be further explored and strategies for change imple-
mented in order to optimize clinical practice.
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published guidelines in 2001 to augment the uptake of
level 1 evidence into clinical practice. They recom-
mended that all patients undergoing hip or knee arthro-
plasty receive prophylaxis with either low-molecular-
weight heparin or adjusted-dose warfarin for at least 7-
10 days (Grade 1A recommendation).5 Similar recom-
mendations were made concurrently by Australian and
other International experts.19

In order to determine the uptake of the evidence-
based guidelines for perioperative thromboprophylax-
is, and its possible impact on the incidence of sympto-
matic venous thromboembolism, bleeding and death
during the three months after these operations, we con-
ducted a prospective cohort study of the frequency, type
and duration of recommended thromboprophylaxis for
elective hip or knee arthroplasty at two major West
Australian teaching hospitals in 2002.

Design and Methods

This study was conducted in accordance with the eth-
ical standards of the responsible committee on human
experimentation (institutional and national) and with
the Helsinki declaration of 1975, as revised in 2000.20

Patients
All patients admitted to Royal Perth Hospital and Sir

Charles Gairdner Hospital, Western Australia, for elec-
tive hip or knee arthroplasty from 1 May to 30 October
2002 were included. Eligible patients were identified
by a dedicated study nurse using daily admissions lists.

Data sources
Data were obtained by the study nurse from the clin-

ical history, the patients’ charts, surgical records, anes-
thetic records, radiology and pathology reports, and
medication charts. Verification of outpatient events was
obtained from the General Practitioner or radiology
practice in those cases in which the results of objective
diagnostic testing were not readily available.

Data collection commenced at the time of admission
to hospital or as soon as possible thereafter (usually
within 48 hours) and the patients were followed
throughout their admission to identify any changes in
management or clinical outcomes. All patients were
followed-up at three months by telephone interview to
determine whether any clinical outcomes had occurred
since discharge from hospital.

Data collection
We obtained the following baseline data for each

patient: demographic data (age, gender); clinical risk
factors for venous thromboembolism (previous history
of venous thromboembolism, active malignancy); reg-

ular medications on admission that may affect the risk
of venous thromboembolism or bleeding (aspirin, clopi-
dogrel, non-steroidal anti-inflammatory drugs, war-
farin, oral contraceptive pill, hormone replacement
therapy). In-hospital data included: the date and type
of surgery (hip arthroplasty, knee arthroplasty, bilater-
al or combined procedure); type of anesthetic (general,
spinal, epidural, combined general and spinal and/or
epidural); the type and duration of post-operative
thromboprophylaxis, including mechanical (graduated
compression stockings, intermittent pneumatic com-
pression devices) or pharmacological measures (low-
molecular-weight heparin, warfarin, low-dose or
adjusted-dose unfractionated heparin, antiplatelet
therapies [aspirin, clopidogrel]); and clinical outcomes
during hospitalization or within three months of surgery
(objectively diagnosed symptomatic venous throm-
boembolism, major bleeding, deaths). For the purpose of
this study, patients were considered to have received
recommended thromboprophylaxis if they were treat-
ed with low-molecular-weight heparin or warfarin irre-
spective of the duration of treatment.

Clinical outcomes
Venous thromboembolism was recorded as a clinical

outcome only if the patient’s symptoms led the clinician
to suspect the diagnosis and venous thromboembolism
and was then confirmed to be present by objective
diagnostic testing. For deep vein thrombosis this
required compression ultrasound or ascending contrast
venography and for pulmonary embolism this required
ventilation perfusion lung scanning or spiral computed
tomography of the chest. We accepted the diagnosis as
reported and did not attempt to re-adjudicate any out-
come events.

The outcome of bleeding or transfusion included
bleeding requiring surgical intervention, a reduction in
hemoglobin of at least 20 g/L or transfusion with
packed red cells. Patients with multiple episodes of
venous thromboembolism or with multiple episodes of
bleeding or transfusion were counted only once.

Analyses
Continuous data are presented as means and stan-

dard deviations when normally distributed and were
compared using a t-test. Skewed data (not normally
distributed) are presented as medians and range and
were compared using non-parametric statistics
(Wilcoxon rank sum test). Categorical data are pre-
sented as numbers and proportions and were compared
using a χ2 test or Fisher’s exact test.

Logistic regression models were used to examine the
association between recommended thromboprophylax-
is with low-molecular-weight heparin or warfarin and
venous thromboembolism or bleeding after adjustment
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for baseline differences between patients who did or did
not receive recommended thromboprophylaxis.

Results

We included 396 consecutive patients admitted to
Royal Perth Hospital (n=228) or Sir Charles Gairdner
Hospital (n=168) for elective hip or knee arthroplasty
between 1 May to 30 October 2002. 

Baseline characteristics
The patients’ baseline characteristics are summarized

in Table 1. Their mean age was 69.4 years (SD 11.5) and
62.1% were female. More than one quarter (26.9%,
95% CI: 22.4 to 31.1%) were taking aspirinfor other
indications at the time of hospital admission.  Thirty-
six patients (9.1%, 95% CI: 6.4 to 12.4%) had a histo-
ry of venous thromboembolism and 32 patients (8.1%,
95% CI: 5.6 to 11.2%) had known malignancy at the
time of hospital admission.

Operative details
The operative details of patients undergoing hip or

knee arthroplasty who were included in our study are

summarized in Table 1. Hip arthroplasty was undertak-
en in 39.4% (95% CI: 34.6 to 44.2%) of patients, and
knee arthroplasty in 51.7% (95% CI: 52.2 to 61.9%). The
majority of patients (80.6%, 95% CI: 76.7 to 84.5%)
received combined general and regional anesthesia.

Thromboprophylaxis
At least one form of mechanical, pharmacological, or

combined mechanical and pharmacological thrombo-
prophylaxis was administered to 95.7% (95% CI: 93.2
to 97.5%) of patients undergoing hip or knee arthro-
plasty. However, only 51.5% (95% CI: 41.6 to 56.4%)
received recommended thromboprophylaxis with low-
molecular-weight heparin or warfarin, including 40.7%
(35.8 to 45.5%) who received low-molecular-weight
heparin and 15.2% (11.6 to 18.7%) who received war-
farin. In all cases, low-molecular-weight heparin or war-
farin thromboprophylaxis was commenced post-opera-
tively. Most of the remainder received mechanical
thromboprophylaxis with stockings, foot pumps, or
aspirin (Table 2).

At least one form of thromboprophylaxis was contin-
ued beyond hospital discharge in 56.6% (95% CI: 49.5
to 64.1%) of patients but, after exclusion of those tak-
ing aspirin or warfarin at the time of hospital admission,

Table 1. Baseline patients’ characteristics and operative details.

Characteristic Hip replacement* Knee replacement* Total
Number, n % Number, n % Number, n %
(N=157) (95% CI) (N=220) (95% CI) (N=396) (95% CI)

Age in years, mean (SD) 67.6 − 71.1 − 69.4 −
(13.4) (9.8) (11.5)

Males 67 42.7% 75 34.1% 150 37.8%
(34.9 to 50.4%) (27.8 to 40.3%) (33.1 to 42.7%)

Weight, mean (SD) 79.2 (16.6) − 83.1 (15.0) − 81.4 (15.7) −
Current Smoker 20 12.7% 31 14.2% 57 14.4% 

(7.5 to 18.0%) (9.6 to 18.9%) (10.9 to 17.9%)
Prior venous 36 9.1%
thromboembolism (6.4 to 12.4%)
Malignancy 11 7.1% 20 9.1% 32 8.1%

(3.0 to 11.1%) (5.3 to 12.9%) (5.6 to 11.2%)
Regular medications
aspirin 37 23.9% 65 29.5% 106 26.8% 

(17.2 to 30.6%) (23.5 to 35.6%) (22.4 to 31.1%)
warfarin 10 6.4% 18 8.2 % 28 7.1%

(2.4 to 10.2%) (4.6 to 11.8%) (4.7 to 10.1%)
hormone replacement 13 8.3% 21 9.5% 37 9.3%

(4.0 to 12.6%) (5.7 to 13.4%) (6.7 to 12.6%)
Anesthetic
General alone 37 23.6% 23 10.4% 63 15.9%

(16.9 to 30.2%) (6.4 to 14.5%) (12.3 to 19.5%)
Regional alone 11 7.0% 2 0.9% 14 3.5%

(3.0 to 11.0%) (0 to 3.3%) (1.9 to 5.9%)
Combined general 109 69.4% 195 88.6% 319 80.6%
and regional (62.2 to 76.6%) (84.4 to 92.8%) (76.7 to 84.5%)
Minutes in OR, 134.7 − 117.8 − 124.0 −
mean (SD) (45.7) (34.2) (39.9)

*19 patients underwent hemi-arthroplasty or a bilateral procedure. SD denotes standard deviation.
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recommended thromboprophylaxis with low-molecu-
lar-weight heparin, warfarin or both was continued
out-of-hospital in 50/265 (18.9%) patients. After
excluding those patients taking pharmacological
thromboprophylaxis prior to admission to hospital the
median duration of thromboprophylaxis was 8 days.    

Clinical outcomes
Twenty-one patients (5.3%, 95% CI: 3.3 to 8.0%)

developed objectively diagnosed venous thromboem-
bolism within three months of surgery, five in patients
who had undergone hip replacement surgery and 16 in
patients who had undergone knee replacement.
Approximately two-thirds of these events occurred dur-
ing hospitalization (3.5%, 95% CI: 1.9 to 5.9%) and
one-third after discharge from hospital (1.8%, 95% CI:
0.7 to 3.6%) (Table 3). Fifteen events (3.8%, 95% CI: 2.1
to 6.2%) presented as deep vein thrombosis, approxi-
mately one-half of which occurred in hospital and one-

half after discharge. All six episodes of pulmonary
embolism occurred during hospitalization.

Three patients died, one in hospital of a myocardial
infarction and two following discharge from hospital:
one of these deaths was caused by Escherichia Coli
meningitis, the other by suicide. Bleeding occurred or
transfusion was required in 150/396 (37.9%) patients
during hospitalization (Table 3).

Clinical outcomes according to
thromboprophylaxis with
low-molecular-weight heparin or warfarin

A similar proportion of patients who received low-
molecular-weight heparin or warfarin developed venous
thromboembolism compared with those who did not
receive recommended thromboprophylaxis (5.4% versus
5.2%), and the proportions were also similar among
those treated with low-molecular weight heparin
(5.6%; 2.6 to 10.3%) compared with warfarin (3.3%; 0.4

Table 2. Post-operative thromboprophylaxis use in patients undergoing hip or knee arthroplasty.

Thromboprophylaxis Hip replacement* Knee replacement* Total
Number, n % Number, n % Number, n %
(N=157) (95% CI) (N=226) (95% CI) (N=396) (95% CI)

Mechanical
TED stockings 107 68.2% 106 48.2% 222 56.1%

(60.9 to 75.4%) (41.6 to 54.8%) (51.2 to 60.9%)
Foot pump 70 44.6% 65 29.5% 138 34.8%

(36.8 to 52.4%) (23.5 to 35.6%) (30.2 to 39.5%)
Any mechanical 109 69.4% 109 49.5% 227 57.3%

(62.2 to 76.6%) (42.9 to 56.2%) (52.5 to 62.2%)
Pharmacological

LMWH 81 51.6% 76 34.5% 161 40.7%
(43.8 to 59.4%) (28.3 to 40.8%) (35.8 to 45.5%)

UFH 13 8.3% 11 5.0% 24 6.1%
(3.4 to 12.6%) (2.1 to 7.9%) (3.9 to 8.9%)

Warfarin 16 10.2% 43 19.5% 60 15.2%
(5.5 to 14.9%) (14.3 to 24.8%) (11.6 to 18.7%)

Aspirin 66 42.0% 112 50.9% 187 47.2%
(34.3 to 49.8%) (44.3 to 57.5%) (42.3 to 52.1%)

LMWH or warfarin 91 58.0% 108 49.1% 204 51.5%
(50.2 to 65.7%) (42.5 to 55.7%) (46.6 to 56.4%)

Aspirin alone 37 23.6% 78 35.4% 123 31.1%
(16.9 to 30.2%) (29.1 to 41.8%) (26.5 to 35.6%)

Continued out-of-hospital° 70 44.6% 150 68.2% 224 56.6%
(36.8 to 52.4%) (62.0 to 74.3%) (49.5 to 64.1%)

LMWH° 3 2.7% 12 8.6% 15 5.7%
(0 to 7.7%) (3.4 to 13.3%) (3.2 to 9.2%)

Warfarin° 7 6.3% 30 21.6% 38 14.3% 
(1.8 to 10.8%) (14.7 to 28.4%) (10.1 to 18.6%)

LMWH or warfarin° 10 9.0% 39 28.1% 50 18.9%
(3.7 to 14.3%) (20.6 to 35.5%) (14.2 to 23.6%)

Aspirin alone° 21 18.9% 32 23.0% 53 20.0% 
(11.6 to 26.2%) (16.0 to 30.0) (15.2 to 24.8%)

*19 patients underwent hemi-arthroplasty or a bilateral procedure. °The denominator here is the patients who were not taking aspirin or warfarin at the time of admission
to hospital. LMWH denotes low-molecular-weight heparin; UFH, unfractionated heparin.
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to 11.5%) (Table 4). By contrast, a significantly greater
proportion of patients who received low-molecular-
weight heparin or warfarin developed bleeding or
required transfusion (44.6% versus 30.7%, p=0.004).

However, these comparisons are potentially con-
founded because this was not a randomized study and

patients at highest risk of bleeding complications were
also likely to have been at the highest risk of venous
thromboembolism and thus most likely to have received
thromboprophylaxis with low-molecular-weight heparin
or warfarin.

Logistic regression modeling revealed that after

Table 3. Clinical Outcomes within three months of elective hip or knee arthroplasty.*

Outcome Hip replacement* Knee replacement* Total
Number, n % Number, n % Number, n %
(N=157) (95% CI) (N=226) (95% CI) (N=396) (95% CI)

Symptomatic VTE
Total 5 3.2% 16 7.3% 21 5.3%

(1.0 to 7.3%) (4.2 to 11.6%) (3.3 to 8.0%)
In hospitall 3 1.9% 11 5.0% 14 3.5% 

(0 to 5.5%) (2.5 to 8.8%) (1.9 to 5.9%)
Out of hospital 2 1.3% 5 2.3% 7 1.8% 

(0 to 4.6%) (0 to 5.3%) (0.7 to 3.6%)
Deep vein thrombosis

Total 4 2.5% 11 5.0% 15 3.8%
(0 to 6.4%) (2.5 to 8.8%) (2.1 to 6.2%)

In hospital 2 1.3% 6 2.7% 8 2.0% 
(0 to 4.6%) (1.0 to 5.9%) (0.9 to 3.9%)

Out of hospital 2 1.3% 5 2.3% 7 1.8% 
(0 to 4.6%) (0 to 5.3%) (0.7 to 3.6%)

Pulmonary embolism 
Total 1 0.6% 5 2.3% 6 1.5% 

(0 to 3.5%) (0 to 5.3%) (0.6 to 3.3%)
In hospital 1 0.6% 5 2.3% 6 1.5% 

(0 to 3.5%) (0 to 5.3%) (0.6 to 3.3%)
Out of hospital 0 − 0 − 0 −
Bleeding or transfusion 79 50.3% 69 31.4% 150 37.9%

(42.5 to 58.1%) (25.2 to 37.5%) (33.1 to 42.7%)
Death 0 − 3 1.4% 3 0.8% 

(0 to 4.0%) (0.2 to 2.2%)

*Three patients were lost to follow-up at three months; VTE denotes venous thromboembolism.

Table 4. Clinical outcomes within three months of elective hip or knee arthroplasty according to type of thrombo-
prophylaxis.* 

Outcome Low-molecular weight Warfarin Low-molecular-weight Neither
heparin % (95% CI) heparin or warfarin % (95% CI)

% (95% CI) % (95% CI)

Symptomatic VTE
Total 5.6% (2.5 to 10.4%) 3.3% (0 to 11.6%) 5.4% (2.7 to 9.5%) 5.2% (2.5 to 9.4%)
In hospital 3.1% (1.0 to 7.1%) 3.3% (0 to 11.6%) 3.4% (1.3 to 11.6%) 3.6% (1.4 to 7.4%)
Out of hospital 2.5% (0 to 6.3%) 0 2.0% (0 to 5.0%) 1.6% (0 to 5.4%)

Deep vein thrombosis
Total 5.0% (2.1 to 9.6%) 1.7% (0 to 9.0%) 4.4 (2.0 to 8.3%) 3.1 (1.1 to 6.7%)
In hospital 2.5% (0 to 6.3%) 1.7% (0 to 9.0%) 2.5 (0 to 5.7%) 1.6 (0 to 4.5%)
Out of hospital 2.5% (0 to 6.3%) 0 2.0 (0 to 5.0%) 1.6 (0 to 4.5%)

Pulmonary embolism 
Total 0.6 (0 to 3.5%) 1.7% (0 to 9.0%) 1.0 (0 to 3.5%) 2.1 (0 to 5.3%)
In hospital 0.6 (0 to 3.5%) 1.7% (0 to 9.0%) 1.0 (0 to 3.5%) 2.1 (0 to 5.3%)
Out of hospital 0 0 0 0

Bleeding or transfusion 47.2% 36.7% 44.6% 30.7%
(39.4 to 54.9%) (24.5 to 50.2%) (37.8 to 51.4%)° (24.2 to 37.2%)°

Death 1.2% (0 to 4.5%) 0 1.0% (0 to 3.5%) 0.5% (0 to 2.9%) 

*Three patients were lost to follow-up at three months; °p<0.05 for comparison between low molecular weight heparin or warfarin versus neither; VTE denotes venous
thromboembolism.



adjustment for age, gender, body weight, prior history
of venous thromboembolism, known malignancy, drugs,
type of surgery (hip versus knee), time spent in the oper-
ating room, duration and type of anesthetic (regional
versus general vs. combined regional and general), there
was no association between recommended thrombo-
prophylaxis and risk of venous thromboembolism (OR
1.0; 95% CI: 0.4 to 2.5, p=1.0) but treatment with low-
molecular-weight heparin or warfarin therapy was
independently predictive of bleeding or need for trans-
fusion (OR 1.74; 95% CI 1.1 to 2.7, p=0.004). A similar
analysis to examine an independent association
between low-molecular-weight heparin or warfarin
thromboprophylaxis and venous thromboembolism risk
was not possible because of the small number of out-
come events. Likewise an association between duration
of thromboprophylaxis or duration of hospitalization
and risk of venous thromboembolism could not be
demonstrated.

Discussion

Our study demonstrates that at least one form of
pharmacological or mechanical thromboprophylaxis
was administered to more than 90% of patients under-
going hip or knee arthroplasty in two Western Aus-
tralian teaching hospitals but that the recommended
guidelines were followed in only about one-half of
patients. Recommended treatment was continued
beyond hospital discharge in less than one quarter of
patients. These efforts failed to prevent symptomatic
venous thromboembolism in 5.3% of patients (95% CI:
3.3 to 8.0%); two-thirds of these events occurred in
hospital and one-third after discharge from hospital. 

The high rate of thromboprophylaxis use suggests
that there is widespread awareness of hip and knee
arthroplasty as a risk factor for venous thromboem-
bolism among orthopedic surgeons in the hospitals sur-
veyed in our study. However, our data indicate that the
most effective type of thromboprophylactic regimen,
as recommended by international guidelines, is not
being implemented. Our data also appear to suggest
that the type of thromboprophylaxis did not influence
patient outcome (i.e. the incidence of venous throm-
boembolism was similar among patients treated with
low-molecular-weight heparin, warfarin, or those who
did not receive recommended thromboprophylaxis with
one of these agents), but this comparison is potential-
ly flawed because the non-randomized design of this
study did not allow for systematic bias in treatment
allocation to be minimized (patients were not random-
ized to different thromboprophylactic regimens and,
indeed, it is likely that those at highest risk of venous
thromboembolism were also selected to receive more

intensive thromboprophylaxis), and the small number of
outcome events failed to minimize the play of random
chance (the 95% confidence intervals of the odds ratio
are wide and are consistent with a 2.5-fold odds reduc-
tion or odds increase in venous thromboembolism asso-
ciated with  recommended thromboprophylaxis). Nev-
ertheless, the 5% incidence of symptomatic venous
thromboembolism in patients who received recom-
mended thromboprophylaxis is higher than expected
and suggests that prophylaxis failure is a common and
important cause of venous thromboembolism in high
risk orthopedic patients.21

One of the impediments to more widespread use of
thromboprophylaxis in patients undergoing major
orthopedic surgery is concern regarding the risk of
bleeding. Bleeding complications are highly visible and
frequently attributed to the use of thromboprophylax-
is. Randomized studies have demonstrated only a mar-
ginal increase in the risk of major hemorrhage associ-
ated with low-molecular-weight heparin or warfarin
thromboprophylaxis.5 Approximately one in three
patients in our study experienced bleeding or required
transfusion and treatment with low-molecular-weight
heparin or warfarin appeared to be independently asso-
ciated with the risk of bleeding or transfusion. We did
not collect data on different subtypes of bleeding but
a substantial proportion of these events is likely to have
been attributable to factors other than the use of
thromboprophylaxis (e.g. the nature of the surgery
being performed). Furthermore, in a non-randomized
study, the relation between thromboprophylaxis and
bleeding or transfusion may be confounded because
those patients who are at highest risk of bleeding may
also be those at greatest risk of venous thromboem-
bolism and therefore most likely to receive thrombo-
prophylaxis. Nevertheless, the increase in bleeding or
transfusion associated with low-molecular-weight
heparin or warfarin suggests that safer thrombopro-
phylaxis strategies are required in patients undergoing
elective hip or knee arthroplasty.

A further barrier to the more widespread use of
thromboprophylaxis in high-risk orthopedic patients is
the belief that advances in surgical and medical man-
agement have reduced the incidence of venous throm-
boembolism to an insignificant level.5 Venous throm-
boembolism is frequently a silent disease in patients
undergoing major orthopedic surgery, which reduces
the perceived efficacy of thromboprophylaxis, while
failures of thromboprophylaxis (patients who develop
venous thromboembolism despite thromboprophylaxis)
are readily apparent. However, venous thromboem-
bolism remains a common, under-diagnosed and poten-
tially fatal condition, with an incidence in the general
community that is comparable to that of stroke1 and is
also a common complication of elective hip or knee
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arthroplasty, as highlighted by the results of our study.
The cost of drugs, laboratory monitoring, and the need

for clinical follow up may also be considered impedi-
ments to the implementation of thromboprophylaxis
guidelines in patients undergoing elective hip or knee
arthroplasty. However, proper evaluation of the phar-
macoeconomics of recommended thromboprophylaxis
strategies requires consideration of the incremental
cost and incremental effectiveness since it is the cost
per event prevented that determines the economic via-
bility of interventions in medicine. Numerous studies
have demonstrated that the routine use of low-molec-
ular-weight heparin to prevent venous thromboem-
bolism following hip or knee arthroplasty is highly cost-
effective.22-24

By themselves the publication of the results of ran-
domized trials or consensus conference recommenda-
tions are insufficient to ensure the routine use of appro-
priate thromboprophylaxis in high risk hospitalized
patients. Improvements in thromboprophylaxis practice
patterns have, however, been documented when physi-
cians participate in formal education programs
designed to increase awareness of venous thromboem-
bolism, particularly when hospital-specific data are also
available to demonstrate the potential benefits of
thromboprophylaxis.5,25,26 Automated reminder systems
for physicians have also been shown to be effective to

improve the use of thromboprophylaxis in high risk pop-
ulations.27 The development and implementation of such
strategies is ultimately an issue of clinical governance
that must be addressed at a departmental or institu-
tional level. The American College of Chest Physicians
Consensus Conference on Antithrombotic Therapy rec-
ommends that every hospital develops a formal strate-
gy addressing the prevention of thromboembolic com-
plications.5 Specific reasons why physicians at our insti-
tutions did not institute recommended thrombopro-
phylaxis need to be further explored.

In conclusion, our study demonstrates that thrombo-
prophylaxis practice patterns remain suboptimal in
patients undergoing surgery for elective hip or knee
arthroplasty in our two Western Australian teaching
Hospitals. These data should prompt the implementa-
tion of strategies to improve thromboprophylaxis prac-
tice patterns in this population.
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