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Background and Objectives

The rate of post-operative asymptomatic deep-vein thrombosis in Asian patients
remains uncertain. The aim of this study was to estimate the rate of venous throm-
boembolism, including asymptomatic deep-vein thrombosis, in Asian patients under-
going hip or knee surgery and not receiving pharmacological thromboprophylaxis.

Design and Methods

This was a prospective observational study of a cohort of consecutive Asian patients.
The primary study outcome was the composite of venographically detected asympto-
matic, or confirmed symptomatic venous thromboembolism, or sudden death at hos-
pital discharge. Bilateral venography was to be performed in all patients between days
5 and 14 after surgery. Follow-up lasted 1 month.

Results

A total of 386 patients (median age: 65 years, female: 63.7%, body-mass index ≥30
kg/m2: 15.4%) undergoing hip (n=160) or knee (n=226) replacement surgery satis-
fied the study selection criteria and 326 (84.5%) had evaluable venograms. The rate
of the primary outcome was 36.5% (119 patients, 99% confidence interval: 29.7 to
43.7). The rate of symptomatic venous thromboembolism was 0.9% (3 patients, 99%
confidence interval: 0.1 to 3.3). During follow-up (358 patients for a median duration
of 33 days after surgery), two additional episodes of symptomatic venous throm-
boembolism occurred. Multivariate analysis identified that knee replacement surgery,
duration of surgery and treatment with antibiotics within 1 week before surgery were
independent risk factors (p<0.05) for venous thromboembolism or sudden death at
hospital discharge.

Interpretation and Conclusions

In Asian patients, the incidence of asymptomatic and symptomatic venous throm-
boembolism after major orthopedic surgery is high. These results suggest that throm-
boprophylaxis should be considered in these patients.

Key words: Asia, epidemiological study, orthopedic surgery, venography,
venous thromboembolism.
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Several recent data have challenged the belief that
postoperative venous thromboembolism is rare in
Asian patients. In the recently reported prospective

epidemiological study of Asian patients undergoing
orthopedic surgery without receiving thromboprophy-
laxis (SMART), the rate of symptomatic venous throm-
boembolism or sudden death, as notified by the investi-
gators, was 2.3% (99% confidence interval [CI]: 1.6-3.2),
and 1.2% (28 patients, 99% CI: 0.7-1.8) after adjudica-
tion by an independent committee.1 Chronic heart fail-
ure, varicose veins and a history of venous thromboem-
bolism were found to be independent risk factors
(p<0.05) for the occurrence of the primary outcome.1 In a
recent review of published studies in Asian patients
undergoing surgery and not receiving thromboprophy-
laxis, the adjusted incidence of total (symptomatic and
asymptomatic) deep-vein thrombosis was 13% (95% CI:
10-16) in general surgery, 16% (95% CI: 13-20) after total
hip replacement, 50% (95% CI: 44-55) after total knee
replacement, and 18% (95% CI: 12-24) after hip fracture
surgery. The adjusted incidence of symptomatic pul-
monary embolism was 1% (95% CI: 0-2) in general sur-
gery and 1.4% (95% CI: 1-3) after total hip replacement.2

Furthermore, it was shown that the incidence of fatal
pulmonary embolism had increased over time.2 Taken
together, these results suggest that the risk of venous
thromboembolism in Asian patients is significant and
that both the risk and pattern of venous thromboem-
bolism are comparable to those reported in Western
countries.3,4 Asymptomatic venous thromboembolism
has long been recognized as a valid surrogate outcome
measure for symptomatic venous thromboembolism.5

However, the rate of post-operative asymptomatic deep-
vein thrombosis in Asian patients remains uncertain.

As part of the SMART program, we therefore per-
formed a prospective epidemiological study to estimate
the rate of venous thromboembolism, including asymp-
tomatic deep-vein thrombosis, in Asian patients under-
going hip or knee surgery and not receiving pharmaco-
logical thromboprophylaxis. Venous thromboembolism
was assessed by venography, the reference method for
detecting deep-vein thrombosis in asymptomatic
patients.5-8 A secondary objective was to determine risk
factors for venous thromboembolism. The recently
reported AIDA study was conducted during the same
period of time as our study, in different Asian centers,
and had a comparable design.9

Design and Methods

This was a prospective, international, multicenter,
observational study of a cohort of consecutive Asian
patients undergoing total hip or knee replacement. It was
conducted in eight centers in three Asian countries:
Bangladesh, Korea and Taiwan (see Appendix). None of
the participating centers routinely used pharmacological

thromboprophylaxis. The SMART Venography Study
was conducted according to a parallel protocol of the
SMART study, in different patients and centers.1

Patients
Asian patients aged at least 40 years old, hospitalized

for a first elective total hip or knee replacement, or bilat-
eral total hip or knee replacement if performed during
the same intervention, were recruited. Patients scheduled
to undergo a revision procedure or total hip or knee
replacement following trauma, and those scheduled to
receive thromboprophylactic drugs during their hospital
stay, i.e. unfractionated heparin, low-molecular-weight
heparins, heparinoids, vitamin K antagonists, hirudin,
antiplatelet agents or dextran, were to be excluded.
Other main exclusion criteria were the use of antiplatelet
agents or vitamin K antagonists within the week preced-
ing inclusion, and any contraindication to venography
according to the investigator. The use of non-steroidal
anti-inflammatory drugs, elastic bandaging, support
stockings, and physiotherapy was left to the investiga-
tor’s discretion.

Study design
Patients were to be systematically examined for deep-

vein thrombosis by bilateral ascending contrast venogra-
phy of the lower extremities10 between days 5 and 14
after surgery. If deep-vein thrombosis was clinically sus-
pected before the planned day of venography, ultra-
sonography could be performed. This was to be fol-
lowed by bilateral venography in the event of any per-
sistent doubt on ultrasonography examination. If the
ultrasonography was negative, bilateral venography was
to be performed on the scheduled day. Clinically suspect-
ed pulmonary embolism was to be confirmed by a high-
probability lung scan, pulmonary angiography, helical
computed tomography, or at autopsy. All venograms
were reviewed centrally.

After hospital discharge, patients were contacted, by
mail or telephone, 1 month (i.e. between 30 and 37 days)
after surgery and asked to report any symptoms or signs
of venous thromboembolism, bleeding and re-hospital-
ization. In the event of venous thromboembolism during
the study, treatment was left to the investigator's discre-
tion.

The study was conducted according to the ethical prin-
ciples stated in the Declaration of Helsinki and local reg-
ulations. The protocol was approved by independent
ethics committees and written informed consent was
obtained before inclusion into the study.

Study outcomes
The primary study outcome was the incidence of the

composite of adjudicated confirmed asymptomatic or
symptomatic venous thromboembolism (defined as deep-
vein thrombosis, fatal or non-fatal pulmonary embolism,
or both) or sudden death at hospital discharge. Other
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study outcomes were the composite of venous throm-
boembolism or sudden death at the 1-month follow-up,
and overall mortality at 1-month follow-up. 

All reported venous thromboembolic events and
deaths that occurred during the course of the study were
reviewed centrally by a two-member committee. Patient
cases were reviewed using data from case report forms,
patients’ records, ultrasonography reports, venograms,
angiograms, scintigrams and all other available addition-
al documentation. Patients with no events were not
reviewed. Evaluation of the main study outcomes was
based on this central assessment. 

Statistical analysis
The number of patients to be included in the study

was set at approximately 400. It was calculated that this
sample size would allow a precision of about ±4.2% at a
level of 95% with an assumed event rate of 25%. 

The risks of documented asymptomatic or sympto-
matic venous thromboembolism and sudden death at
hospital discharge and at the 1-month follow-up were
analyzed by multiple logistic regression. Univariate
analysis was performed to screen potential variables for
inclusion in the final multivariate model. The following
patient-related and surgical characteristics were record-
ed at baseline and further tested as potential risk factors
for venous thromboembolism or sudden death (primary
outcome): age, gender, body-mass index, smoking (cur-
rent or within the last 5 years), history of cancer or
active cancer, family or personal history of venous
thromboembolism, known thrombophilia, chronic heart

failure, chronic respiratory failure, varicose veins, hor-
mone therapy (i.e. estrogen, hormone replacement and
anti-androgen therapy) within 1 week before surgery,
time between admission and surgery, type of surgery,
duration of surgery, type of anesthesia, concomitant
treatment, duration of immobilization, and duration of
hospital stay. Variables that were significant at the 0.10
level in the univariate analysis were included in the mul-
tivariate logistic regression analysis. Variables significant
at the 0.05 level in the Wald χ2 test in the final multivari-
ate analysis were retained as independent predictive fac-
tors. The odds ratio and associated 95% CI for the vari-
ous potential risk factors were calculated. All analyses
were performed using SAS Windows V8 software (SAS
Institute, Cary, NC, USA).

Results

Patients’ characteristics
Between May 2002 and January 2004, 393 patients

were enrolled. Seven patients were not considered in the
final analysis, three because they did not undergo sur-
gery and four because they received anticoagulant treat-
ment within 1 week before surgery. The median age of
the patients was 65 years (range: 58-85) and 63.7% of
patients were female (Table 1). A body-mass index of 30
kg/m2 or more was recorded in 15.4% of patients. Within
1 week before surgery, 307 (79.5%) patients received
antibiotics, and 84 (21.8%) received non-steroidal anti-
inflammatory agents.

Table 1. Patient characteristics.

Hip Knee All
replacement* replacement* patients

(n=160) (n=226) (n=386)

Female, no. (%) 58 (36.3) 188 (83.2) 246 (63.7)
Median age (range), yr 57 (28-77) 68 (41-85) 65 (28-85)
Age ≥ 60 yr, no. (%) 66 (41.3) 199 (88.1) 265 (68.7)
Median weight (range),† kg 63 (38-110) 64 (36-95) 63 (36-110)
Median body mass index (range),‡ kg/m2 24 (17-45) 27 (17-42) 26 (17-45)
Body mass index ≥30 kg/m2,‡ no. (%) 8 (5.1) 51 (22.6) 59 (15.4)
Smoking,§ no. (%) 66 (41.5) 10 (4.5) 76 (19.9)
Arterial hypertension, no. (%) 30 (18.8) 107 (47.3) 137 (35.5)
History of cancer or active cancer, no. (%) 4 (2.5) 10 (4.4) 14 (3.6)
Personal or familial history of venous thromboembolism, no. (%) 0 0 0
Known thrombophilia, no. (%) 0 0 0
Chronic heart failure, no. (%) 4 (2.5) 11 (4.9) 15 (3.9)
Chronic respiratory failure,¶ no. (%) 5 (3.1) 1 (0.4) 6 (1.6)
Varicose veins,|| no. (%) 2 (1.3) 4 (1.8) 6 (1.6)
Hormone therapy,** no. (%) 1 (0.6) 0 0

*Bilateral surgery was performed in two and eleven patients in the hip replacement and knee replacement groups, respectively; †Data were missing for one patient in the hip replacement
group; ‡Data were missing for two patients in the hip replacement group; §Current smoker or smoker within the last five years; data were missing for one patient and three patients in the
hip replacement and knee replacement groups, respectively; ¶Data were missing for two patients in the knee replacement group;|| Data were missing for one patient in the knee replace-
ment group; **Including estrogen therapy, hormone replacement therapy and anti-androgen therapy.
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Surgical characteristics and concomitant treatments
after surgery

The majority (58.5%) of patients underwent surgery
for knee replacement (Tables 1 and 2). The median inter-
val from admission to surgery was 2 (range: 0-23) days
and the median duration of hospital stay was 7 (range: 3-
76) days. Operations were conducted mainly under gen-
eral anesthesia (77.2% of patients). 

From surgery to hospital discharge, graduated com-
pression devices were applied to 32.1% of patients and
physiotherapy was provided to 38.6%. Aspirin and non-
steroidal anti-inflammatory drugs were administered to
2.1% and 80.3% of patients, respectively. Unfractionated
heparin, low-molecular-weight heparin and/or vitamin K
antagonists were given to 3.6% of patients. Most
patients (99.2%) received antibiotics.

Venous thromboembolic events until
hospital discharge

Venography was performed in 348 (90.2%) patients
from 3 to 22 days after surgery (median: 7 days). The
main reasons for not performing venography were
patient withdrawal from the study (n=12) and patient
refusal (n=12). All venograms were reviewed centrally,
and 326 (84.5%) were considered to be evaluable.
Among these, 272 (83.4%) were performed between
days 5 and 14 after surgery (as planned), 47 were per-
formed before day 5 (44 on day 4 and 3 on day 3), and 7
after day 14 (6 on day 15 and one on day 22).

The rate of the composite of adjudicated asympto-
matic or symptomatic venous thromboembolism or sud-
den death up to hospital discharge was 36.5% (119
patients, 99% CI: 29.7-43.7; Table 3). The rate of symp-
tomatic venous thromboembolism, all events correspon-

ding to episodes of deep-vein thrombosis, was 0.9%
(three patients, 99% CI: 0.1-3.3). Both distal deep-vein
thrombosis and proximal deep-vein thrombosis occurred
more frequently in patients undergoing total knee
replacement than in those undergoing total hip replace-
ment.

Clinical events up to one month
Overall, 92.7% of patients (n=358) were followed up

for a median of 33 (range: 5–102) days after surgery; 14
patients were lost to follow-up, 13 patients withdrew
consent and one patient died. 

From discharge to the end of follow-up, two addi-
tional episodes of adjudicated symptomatic venous
thromboembolism occurred. One patient, who under-
went a knee replacement, presented with asympto-
matic distal deep-vein thrombosis at day 4, experienced
a symptomatic deep-vein thrombosis during follow-up.
In addition, one patient who had a hip replacement
experienced a pulmonary embolism. The rate of the
composite of adjudicated symptomatic venous throm-
boembolism or sudden death at the 1-month follow-up
was 1.5% (5/323 patients; 99% CI: 0.3-4.3). Overall,
1.9% (6/322) of patients were re-admitted to hospital
during the follow-up. 

Risk factors for symptomatic venous thromboembolism
or sudden death 

Among baseline and surgical characteristics of
patients, and risk factors previously identified in Western
patients,3,4 age, gender, smoking habit, obesity (a body
mass index of more than 30 kg/m2), knee replacement
surgery, duration of surgery, treatment with antibiotics
within 1 week before surgery, and duration of hospital

Table 2. Surgical characteristics and treatment from surgery to discharge.

Hip replacement Knee replacement All patients
(n=160) (n=226) (n=386)

Median interval from admission to surgery (range), days 2 (0-8) 1 (0-23) 2 (0-23)
Median duration of surgery (range), minutes 130 (55-420) 142 (55-405) 139 (55-420)
Median duration of immobilization (range),* days 5 (1-87) 4 (1-29) 4 (1-87)
Median duration of hospital stay (range),† days 10 (3-76) 6 (3-42) 7 (3-76)
Type of anesthesia

General anesthesia, no. (%) 139 (86.9) 159 (70.4) 298 (77.2)
Regional anesthesia, no. (%) 21 (13.1) 67 (29.6) 88 (22.8)

Graduated compression device, no. (%) 80 (50.0) 44 (19.5) 124 (32.1)
Physiotherapy, no. (%) 69 (43.1) 80 (35.4) 149 (38.6)
Aspirin, no. (%) 3 (1.9) 5 (2.2) 8 (2.1)
Non-steroidal anti-inflammatory agents, no. (%) 138 (86.3) 172 (76.1) 310 (80.3)
Anticoagulant agents,‡ no. (%) 3 (1.9) 11 (4.9) 14 (3.6)

Unfractionated heparin, no. (%) 0 2 (0.9) 2 (0.5)
Low-molecular-weight heparin, no. (%) 3 (1.9) 4 (1.8) 7 (1.8)
Vitamin K antagonists, no. (%) 2 (1.3) 7 (3.1) 9 (2.3)

Antibiotics, no. (%) 159 (99.4) 224 (99.1) 383 (99.2)

*Data were missing for 7 and 11 patients in the hip replacement and knee replacement groups, respectively; †Data were missing for 6 and 10 patients in the hip replacement and knee
replacement groups, respectively; ‡A patient could have received more than one anticoagulant agent.
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stay after surgery were associated with venous throm-
boembolism (asymptomatic or symptomatic) or sudden
death at hospital discharge in the univariate analysis.
Multivariate analysis confirmed that knee replacement
surgery, duration of surgery and treatment with antibi-
otics within 1 week before surgery were significant inde-
pendent risk factors (p<0.05) for venous thromboem-
bolism or sudden death at hospital discharge, with odds
ratios of 5.81, 1.47 and 3.08, respectively (Table 4). The
same analyses performed in the subgroup of patients
undergoing knee replacement surgery gave similar
results.

Discussion

This study is one of the largest epidemiological studies
conducted in Asian patients to evaluate the rate of
venous thromboembolism after hip or knee replacement
surgery, including asymptomatic deep-vein thrombosis.
We used bilateral venography, the gold standard for
detecting deep-vein thrombosis in asymptomatic
patients.5-7 In addition, as in modern large Western stud-
ies, all venograms were reviewed centrally. The propor-
tion of evaluable patients (84.5%) was high compared
with the percentages of patients evaluable for primary
efficacy (69.0 to 82.0%) recently reported in large multi-
center studies using venography in orthopedic sur-
gery,11–16 and the vast majority of patients (92.7%) under-
went clinical follow-up. We found a rate of asympto-
matic or symptomatic venous thromboembolism or sud-
den death (primary outcome) of 36.5% (99% CI: 29.7-
43.7) and a rate of proximal deep-vein thrombosis of

9.8% at hospital discharge. Both the primary outcome
and proximal deep-vein thrombosis occurred more fre-
quently in patients undergoing knee replacement surgery
(50.0% and 14.1%, respectively) than in those undergo-
ing hip replacement surgery (17.2% and 3.7%, respec-
tively). Besides knee replacement surgery, duration of
surgery was identified as an independent risk factor for
venous thromboembolism at hospital discharge, as was
treatment with antibiotics within 1 week before surgery.
The latter finding was unexpected and may be related to
chance as we could not conceive any obvious relation-
ship between the prevention of infection and post-oper-
ative venous thromboembolism. It is worth noting that
these high rates of events were observed in a study pop-
ulation with a low risk profile for venous thromboem-
bolism. First, patients scheduled to receive thrombopro-
phylaxis were excluded from our study. In addition, only
15.4% of patients were obese and none reported a previ-
ous history of venous thromboembolism compared with
approximately 26% and 4.5%, respectively, in recent
studies performed in Western patients undergoing ortho-
pedic surgery.17 Thus, it is likely that the venous throm-
boembolism rates observed in our study represent a con-
servative estimate of the true rates in Asian patients
undergoing hip or knee replacement without receiving
thromboprophylaxis.

In previous Asian epidemiological studies, the rate of
systematically detected deep-vein thrombosis varied con-
siderably, ranging from 0 to 64.3% after hip replacement
surgery and from 11.3% to 76.5% after knee replacement
surgery.1 However, the majority of these studies were
small in size and some used unilateral venography of the
operated leg or ultrasonography, creating uncertainty as
to the actual rate of asymptomatic deep-vein thrombosis
in these settings. The more recent AIDA study was con-
ducted in 407 Asian patients undergoing orthopedic sur-
gery in six Asian countries and used bilateral venography
to screen for asymptomatic deep-vein thrombosis 6-10
days after surgery, with central adjudication of
venograms.9 Its results were very similar to ours, with a

Table 3. Adjudicated rate of events up to hospital discharge.

Events Hip Knee All
replacement replacement patients

(n=134) (n=192) (n=326)
no. (%) no. (%) no. (%)

Venous thromboembolism 23 (17.2) 96 (50.0) 119 (36.5)
or sudden death (primary outcome)

Asymptomatic deep-vein thrombosis 22 (16.4) 94 (49.0) 116 (35.6)

Vena caval thrombosis 2 (1.5) 0 2 (0.6)

Proximal deep-vein thrombosis only 0 1 (0.5) 1 (0.3)

Proximal and distal deep-vein 3 (2.2) 26 (13.5) 29 (8.9)
thrombosis

Distal deep-vein thrombosis only 17 (12.7) 67 (34.8) 84 (25.8)

Symptomatic venous 1 (0.7) 2 (1.0) 3 (0.9)
thromboembolism

Symptomatic deep-vein thrombosis 1* 2† 3

Symptomatic pulmonary embolism 0 0 0

Sudden death 0 0 0

*Distal deep-vein thrombosis; †One proximal and one distal deep-vein thrombosis.

Table 4. Multivariate analyses of significant risk factors for venous
thromboembolism or sudden death at hospital discharge (primary
outcome).

Potential predictive factors Odds Ratio 95% p
confidence

interval

Increasing age (years) 0.8281
Gender (male vs. female) 0.9214
Smoking habit (present vs. ex- or non-smoker) 0.7940
Body mass index  (≥30 kg/m2 vs. < 30 kg/m2) 0.2714
Type of surgery (knee vs. hip replacement) 5.81 3.29 to 10.27 <0.0001
Duration of surgery (hours) 1.47 1.08 to 2.01 0.0155
Antibiotics before surgery (yes vs. no) 3.08 1.50 to 6.33 0.0022
Hospitalization during surgery (days) 0.0598

A. Leizorovicz et al. 
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rate of total deep-vein thrombosis of 41.0% (95% CI:
35.4-46.7) and a rate of proximal deep-vein thrombosis of
10.2%. As in our study, the rates of adjudicated deep-vein
thrombosis and proximal deep-vein thrombosis were
higher in patients undergoing knee replacement surgery
(58.1% and 17.1%, respectively) than in those undergo-
ing hip replacement surgery (25.6% and 5.8%, respective-
ly). In a recent study in Taiwan conducted on three groups
of patients receiving either nadroparin, indomethacin or
no treatment, and undergoing bilateral venography up to
7 days after total knee arthroplasty, the rates of total and
proximal deep-vein thrombosis in the control group were
71% and 5.9%, respectively.18 In another study conduct-
ed in Singapore on 149 patients undergoing total knee
arthroplasty, the rate of proximal deep-vein thrombosis
detected by ultrasonography performed on post-opera-
tive day 5 or 6 was 4.7%.19 Our results are remarkably
consistent with those obtained in the above-mentioned
studies, conducted during the same period of time in dif-
ferent centers and countries, and unequivocally indicate
that asymptomatic venous thromboembolism occurs fre-
quently after orthopedic surgery in Asian patients, at rates
similar to those reported in Western patients (42-57% and
41-85% for hip and knee replacement surgery, respective-
ly),3,4 at least with respect to knee replacement surgery.

In our study, the rate of symptomatic venous throm-
boembolism or sudden death was 0.9% at hospital dis-
charge and 1.5% at 1 month follow-up. Again, previous
small epidemiological studies performed in Asian patients
undergoing major orthopedic surgery, and using different
designs and confirmatory diagnostic tools, gave disparate
results with rates of symptomatic events ranging from
0.0% to 47.1%.20-25 However, in the recently reported large
epidemiological study in 2420 Asian patients (11 Asian
countries) undergoing major orthopedic surgery (SMART),
the rates of the composite of adjudicated confirmed symp-
tomatic venous thromboembolism or sudden death were
1.2% (99% CI: 0.7-1.8) up to hospital discharge and 1.5%
(99% CI: 1.0-2.3) at 1 month,2 which are similar to those
found in our study. Recent data regarding the rate of
symptomatic events in Western patients undergoing
orthopedic surgery without receiving thromboprophylax-
is are limited. In one study, however, symptomatic events
were reported in 1.2% of such patients, 10 days after sur-
gery,26 a rate close to those reported in Asian patients in the
SMART study and in the present study. As in AIDA and

SMART, very few symptomatic events occurred after hos-
pital discharge, in contrast to rates ranging from 2.7 to
4.3% in Western patients during the month following 1
week of thromboprophylaxis.27-30 Treatment of asympto-
matic deep-vein thrombosis based on the local site assess-
ment of venography may have modified the natural histo-
ry of the disease, preventing the occurrence of sympto-
matic events after discharge.9 Lack of awareness of clinical
symptoms in Asian patients may also contribute to this
discrepancy.2

In conclusion, without pharmacological thrombopro-
phylaxis, the incidence of asymptomatic and sympto-
matic venous thromboembolism after major orthopedic
surgery in Asian patients is high. These results suggest
that thromboprophylaxis should be considered in this
context. To our knowledge, only five small open studies
have evaluated a prophylactic method in Asian
patients.18,31-34 These studies were small in size and the
beneficial effect of treatment was in general not statisti-
cally significant, but all showed that prophylaxis could
reduce the rate of venous thromboembolism to some
extent. Although these data should be confirmed in larg-
er well-conducted multicenter studies, we believe that
there is no reason why the benefit of thromboprophylax-
is, well documented in the West,4 should not also be
achieved in Asian patients.
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