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Venous Thromboembolism in Korean Patients Undergoing Major
Orthopedic Surgery: A Prospective Observational Study using 
Computed Tomographic (CT) Pulmonary Angiography and Indirect CT
Venography

In patients undergoing major orthopedic surgery, data of deep venous thrombosis
(DVT) and pulmonary embolism (PE) are lacking as studied by computed tomo-
graphic (CT) pulmonary angiography and indirect CT venography (CTPA-CTV). A
prospective observational study was performed for 363 Korean patients undergo-
ing major orthopedic surgery to determine the incidence of venous thromboembolism
(VTE), especially proximal DVT and PE. The incidence of VTE was 16.3% (n=59).
Of them, 8 patients (2.2%) were symptomatic. The rate of VTE was the highest in
patients who underwent total knee replacement (40.4%), followed by hip fracture
surgery (16.4%), and total hip replacement (8.7%; P<0.001). The incidence of PE
was 6.6% (n=24). Of them, 4 patients (1.1%) were symptomatic. Forty-one patients
(11.3%) were in the proximal DVT or PE group. Based on multivariate analysis, total
knee replacement and age ≥65 yr were significant risk factors for proximal DVT
or PE in patients undergoing major orthopedic surgery (odds ratio [OR], 2.4; 95%
confidence interval [CI], 1.1-5.1; P=0.025; and OR, 2.1; 95% CI, 1.0-4.4; P=0.046,
respectively). Taken together, the overall incidence of PE was 6.6% and rate of symp-
tomatic PE rate was 1.1%. Knee joint replacement and age ≥65 yr were significant
risk factors for proximal DVT or PE. 
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INTRODUCTION

Although venous thromboembolism (VTE) is a major pub-
lic health issue in Western countries (1), it has traditionally
been thought to be rare in Asian population. Therefore, phar-
macologic thromboprophylaxis is not routinely given to Asian
patients undergoing major orthopedic surgery of the lower
limbs, which is considered as one of the high risk groups for
VTE in the Western population (2). According to recently
published epidemiologic data (1, 3, 4), the incidences of symp-
tomatic and venographic deep venous thromboses (DVT) after
major orthopedic surgery are not as low in Asian patients as
once thought and in fact, approach the rates are similar with
those observed in Western countries. 

Because epidemiologic studies regarding postoperative
DVT have been done using conventional contrast venogra-
phy or ultrasonography, the incidence of pulmonary embo-
lism (PE) is therefore less certain (2). This results from the

fact that the diagnosis of PE is mainly based on perfusion-
ventilation lung scanning in these studies (5-7). Advances in
computed tomography (CT) technology, such as multi-detec-
tor row CT (MDCT), have improved the diagnosis of PE,
replacing lung scanning as the most frequently used imag-
ing tool for PE (8). Furthermore, addition of indirect venog-
raphy during CT pulmonary angiography has improved the
diagnosis of DVT in patients with suspected PE (9), facilitat-
ing the determination of the incidence of DVT along with
PE. At present, CT venography is known to have a similar
sensitivity and specificity as sonography in diagnosing proxi-
mal DVT of the lower extremities in patients with suspect-
ed PE (10). For patients with a clinically suspected DVT, CT
venography has demonstrated results comparable to conven-
tional venography in the detection of DVT (11). Indirect CT
venography has also shown similar results to sonography in
diagnosing or excluding DVT (12). However, data using CT
pulmonary angiography and indirect CT venography (CTPA-



CTV) in detecting asymptomatic, as well as suspected VTE,
in patients undergoing major orthopedic surgery are still lack-
ing (13).

We performed a prospective study to determine the inci-
dence of VTE, specifically proximal DVT or PE, from the
perspective of PE in Korean patients undergoing major ortho-
pedic surgery without thromboprophylaxis. Another objective
of this study was to investigate the risk factors and the value
of CTPA-CTV for proximal DVT or PE in these patients.

MATERIALS AND METHODS

Study population

All patients who were ≥18 yr of age who underwent elec-
tive major orthopedic surgery, including total hip replace-
ment, total knee replacement, or hip fracture surgery, at a
tertiary referral center (Kyungpook National University Hos-
pital [KNUH] in Daegu, Korea) were eligible for recruitment.
Exclusion criteria were: 1) preoperative azotemia (serum crea-
tinine >1.5 mg/dL); 2) an experience of hypersensitivity to
contrast media; 3) receiving any kind of pharmacologic throm-
boprophylaxis, such as unfractionated heparin, low-molecu-
lar-weight heparins, vitamin K antagonists, antiplatelet agents,
or dextran. Aspirins or non-steroidal anti-inflammatory drugs
were discontinued 3-7 days before surgery. Elastic stockings
were used postoperatively at least until discharge in all patients.

Study design

Between October 2005 and February 2008, 375 patients
undergoing the aforementioned orthopedic surgeries at KN-
UH were recruited in the present study. Of these, 12 were
excluded from the study. Seven patients did not agree to the
study protocol and five patients were eliminated due to poor
quality of CTPA-CTV. Consequently, 363 patients were in-

cluded in the present study. The patients were scheduled to
undergo CT scan 5-9 days after the major orthopedic surgery
but CT scan may be delayed until 14 days depending on
their clinical conditions, such as postoperative azotemia. This
study was approved by the Institutional Review Boards of
Kyungpook National University Hospital, and written in-
formed consent was obtained from each patient.

Clinical data

Characteristics of the patients were recorded at baseline and
during the hospital stay including age, gender, body mass
index (BMI), smoking, history of a VTE, past or active malig-
nancy, congestive heart failure, varicose veins, estrogen use
or hormone replacement therapy, type of surgery, type of anes-
thesia, duration of surgery, and length of hospital stay. A pati-
ent who had smoked at least once a day for >1 yr in his or
her lifetime was regarded as an ever-smoker. The cumulative
cigarette dose (pack-years) was calculated using the follow-
ing formula: pack-years=(packs per day)×(years smoked). 

Radiologic data

All patients were examined by a CT scan from 5-14 days
after the major orthopedic surgery. On CT scan, PE was diag-
nosed when a sharply delineated pulmonary arterial filling
defect was observed in at least two consecutive image sections
and located centrally within the vessel or with acute angles
at its interface with the vessel wall (Fig. 1) (14). A DVT was
defined as a low-attenuating partial or complete intralumi-
nal filling defect surrounded by a high-attenuating ring of
enhanced blood that was seen on at least two consecutive
transverse images (Fig. 2) (15). A proximal DVT was defined
as a thrombosis at the level of the popliteal vein or above and
a distal DVT as a thrombosis affecting the axial calf veins (4).

CT scans were performed using MDCT scanners with 16
detector rows (Light Speed 16; General Electric, Milwaukee,
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Fig. 1. On CT scan, a pulmonary embolus is visualized as a sharply delineated filling defect (arrow) in posterobasal segmental artery of
right lower lobe with intact marginal blood flow in at least two consecutive image sections.



WI, USA) or with 64 detector rows (Aquilion 64; Toshiba
Medical System, Tokyo, Japan). The scan was obtained in the
craniocaudal direction during a single inspiratory breath-hold,
ranging from the apex to the diaphragm. The CT parame-
ters used were 120 kVp and a 16×0.75 mm collimation
with a pitch of <1.5. Low osmolar non-ionic contrast mate-
rial (2 mL/kg; up to 150 mL) was injected through an ante-
cubital vein at 3-4 mL/sec. Individual contrast optimization
was achieved using bolus tracking within the main pulmonary
artery. Indirect CT venography was done from the diaphragm
to the ankles to detect DVT 140 sec after a thoracic scan. 

Statistical analysis

Statistical analyses were performed using SPSS software,
version 12.0 (SPSS Inc., Chicago, IL, USA). The data are
expressed as the mean±standard deviation (SD) or median
with range (minimum-to-maximum), if the data were skewed
for continuous variables, and percentages for categorical vari-
ables. Between the two groups, the continuous variables were
compared by the Student’s t-test and Mann-Whitney U test
if non-normally distributed, whereas the categorical variables
were compared using a chi-square test or Fisher’s exact test.
Multiple logistic regression analysis was performed to eval-
uate the variables determining the risk of VTE. The associa-
tion between VTE and the variables that were significant at
a P value <0.1 in the univariate model was analyzed using
logistic regression model. In the remaining analyses, two-
sided P values <0.05 was considered to be statistically sig-
nificant. 

RESULTS

Clinical characteristics

The baseline characteristics of the subjects are summarized

in Table 1. The patients were female dominant (male-to-fe-
male ratio, 1:1.4) with a mean age of 63 yr. Approximately
30% of the patients were ever smokers with a median pack-
years of 23 pack-years (range, 1-94 pack-years). The mean
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Fig. 2. On CT scan, a deep venous thrombus is demonstrated in right superficial femoral vein as an intraluminal filling defect (arrow) sur-
rounded by a high-attenuating ring of enhanced blood on at least two consecutive transverse images.

Gender (M/F) 153/210
Age 63±14.8 
Smoking status

Ever-smoker 101 (27.8%)
Pack-years 30 (1-94)

Body mass index (kg/m2) 23±3.4
Past history of venous thromboembolism 2 (0.6%)
Comorbidities 

Hypertension 118 (32.5%)
Trauma 115 (31.7%)
Ischemic heart disease or congestive heart failure 53 (14.6%)
Diabetes 27 (7.4%)
Cerebrovascular accident 16 (4.4%)
Malignancies 13 (3.6%)
Connective tissue diseases 12 (3.3%)
Chronic lung diseases 12 (3.3%)
Hyperlipidemia 11 (3.0%)
Chronic liver diseases 11 (3.0%)
Other neurologic diseases 5 (1.4%)
Chronic renal failure 5 (1.4%)
Nephrotic syndrome 4 (1.1%)
Estrogen use or hormonal replacement therapy -
Varicose vein -

Type of orthopedic surgery
Total hip replacement 184 (50.7%)
Hip fracture surgery 122 (33.6%)
Total knee replacement 57 (15.7%)

Duration of surgery (min) 150 (80-490)
Anesthesia

General 220 (60.6%)
Regional 143 (39.4%)

Interval from admission to surgery (days) 2 (1-30)
Hospital stay from surgery to discharge (days) 14 (0-221)
Duration of follow-up (months) 3.5 (1-19) 

Table 1. Baseline characteristics of the subjects (n=363)
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BMI was 23 kg/m2. The most common co-morbid condition
was hypertension followed by trauma, ischemic heart disease
and congestive heart failure. The patients were classified as
follows according to the type of orthopedic surgery; total
hip replacement group (n=184, 50.7%), hip fracture surgery
group (n=122, 30.6%), and total knee replacement group
(n=57, 15.7%). The median duration of surgery was 150 min
(range, 80-490 min) and the length of hospital stay after the
surgery was 14 days (range, 7-221 days). Approximately 60%
of the patients had general anesthesia and the remaining pa-
tients had regional anesthesia (spinal or epidural).

Incidence of venous thromboembolism

VTE occurred in 59 patients (16.3%; Table 2), of whom 8
patients were symptomatic (2.2%; Table 3). The rate of VTE
was the highest in total knee replacement group (40.4%),
followed by hip fracture surgery (16.4%), and total hip replace-
ment groups (8.7%; P<0.001). The frequency of distal DVT
(P<0.001), proximal DVT (P=0.018), and the combined rate
of proximal DVT and PE (P=0.002) were significantly higher
in the patients undergoing total knee replacement compared
with the other groups of patients. 

Proximal DVT occurred in 5.5% of the patients (n=20;
Table 2), including 0.8% of patients who were symptomatic
(n=3; Table 3). The overall incidence of PE was 6.6% (n=24;
Table 2) and the symptomatic PE rate was 1.1% (n=4; Table
3). Only two patients presented with a form of massive PE,
but no patients died of VTE.

Risk factors for proximal DVT or PE

The proximal DVT or PE group consisted of 41 patients

Numbers in parentheses are percentage. 
VTE, venous thromboembolism; DVT, deep venous thrombosis; PE, pulmonary embolism.

Total knee
replacement (n=57)

Hip fracture
surgery (n=122)

Total hip
replacement (n=184)

P value
Total

(n=363)

Total VTE 59 (16.3) 23 (40.4) 20 (16.4) 16 (8.7) <0.001
Distal DVT 26 (7.2) 15 (26.3) 7 (5.7) 4 (2.2) <0.001
Proximal DVT 20 (5.5) 7 (12.3) 8 (6.6) 5 (2.7) 0.018
PE 24 (6.6) 7 (12.3) 9 (7.4) 8 (4.3) 0.100
Massive PE 2 (0.6) 0 (0.0) 1 (0.8) 1 (0.5) 0.788
Proximal DVT or PE 41 (11.3) 13 (22.8) 16 (13.1) 12 (6.5) 0.002

Table 2. Frequency of venous thromboembolism by the type of orthopedic surgery

VTE, venous thromboembolism; DVT, deep venous thrombosis; PE, pul-
monary embolism.

No. of patients (%)Types of embolism

Types of embolism

Distal DVT 2 (0.6)
Proximal DVT 3 (0.8)
PE 4 (1.1)
Proximal DVT or PE 7 (1.9)
Total VTE 8 (2.2)

Table 3. Number of symptomatic venous thromboembolism (n=
363)

Numbers in parentheses are percentage or range (minimum to maxi-
mum). 
VTE, venous thromboembolism; DVT, deep venous thrombosis; PE, pul-
monary embolism; IHD, ischemic heart disease; CHF, congestional heart
diseses.

Proximal DVT 
or PE group 

(n=41)

Control group
(n=322)

P
value

Female gender 30 (73.2) 180 (55.9) 0.035
Age ≥65 yr 29 (70.7) 158 (49.1) 0.009
Ever-smoker 5 (12.2) 96 (29.8) 0.018
Body mass index >25 kg/m2 16 (41.0) 97 (31.0) 0.206
Past history of VTE 0 (0.0) 2 (0.6) 1.000
Comorbidities

Hypertension 16 (39.0) 102 (31.7) 0.344
Trauma 25 (61.0) 223 (69.3) 0.283
IHD or CHF 6 (22.2) 21 (6.5) 0.062
Diabetes 0 (0.0) 11 (3.4) 0.621
Cerebrovascular accident 4 (9.8) 12 (3.7) 0.093
Malignancies 1 (2.4) 12 (3.7) 1.000
Connective tissue diseases 2 (4.9) 10 (3.1) 0.633
Chronic lung diseases 1 (2.4) 11 (3.4) 1.000
Hyperlipidemia 0 (0.0) 11 (3.4) 0.621
Chronic liver diseases 1 (2.4) 10 (3.1) 1.000
Other neurologic diseases 0 (0.0) 5 (1.6) 1.000
Chronic renal failure 1 (2.4) 4 (1.2) 0.453
Nephrotic syndrome 1 (2.4) 3 (0.9) 0.382

Type of surgery
Total hip replacement 12 (29.3) 172 (53.4) 0.004
Hip fracture surgery 16 (39.0) 106 (32.9) 0.436
Total knee replacement 13 (31.7) 44 (13.7) 0.003

Type of anesthesia
General 16 (39.0) 204 (63.4) 0.003
Regional 25 (61.0) 118 (36.6) 0.003

Duration of surgery (min) 135 (75-520) 150 (70-490) 0.078
Interval from admission 2 (1-42) 2 (1-83) 0.714
to surgery (days)

Hospital stay from surgery  19 (13-89) 14 (0-221) <0.001
to discharge (days)

Table 4. Characteristics of patients with and without proximal
deep venous thrombosis or pulmonary embolism

Parameters
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(11.3%). The females were the majority (73.2% vs. 55.9%;
P=0.035) and patients ≥65 yr of age was more common
(70.7% vs. 49.1%; P=0.009) (Table 4). However, ever-smok-
ers were less common in the proximal DVT or PE group com-
pared with the patients of control group without the proxi-
mal DVT or PE. Among co-morbid conditions, ischemic
heart disease or congestive heart failure (22.2% vs. 6.5%; P=
0.062) and cerebrovascular accidents (9.8% vs. 3.7%; P=
0.093) tended to be more common in the proximal DVT or
PE group than the control group. In the proximal DVT or
PE group, more patients underwent total knee replacement
(31.7% vs. 13.7%; P=0.003) and were more frequently anes-
thetized regionally compared with the control group (61.0%
vs. 36.6%; P=0.003). Regional anesthesia is known to reduce
the odds of postoperative VTE (16, 17), type of anesthesia
was not included in the multivariate analyses, despite a sta-
tistical significance on the univariate analysis.

On univariate analyses, the risk factors for proximal DVT
or PE, we included female gender, age ≥65 yr, ischemic heart
disease or congestive heart failure, cerebrovascular accidents,
and total knee replacement surgery as significant factors for
multivariate analysis. On multivariate analysis, total knee
replacement and age ≥65 yr were significant risk factors
for proximal DVT or PE in patients undergoing major ortho-
pedic surgery (odds ratio [OR], 2.4; 95% confidence inter-
val [CI], 1.1-5.1; P=0.025; and OR, 2.1; 95% CI, 1.0-4.4;
P=0.046; Table 5).

DISCUSSION

This is the first large scale study reporting the incidence of
PE as well as DVT using CTPA-CTV after major orthopedic
surgery. While the incidences of VTE, proximal DVT, and
PE were 16.3%, 5.5%, and 6.6%, respectively, symptomatic
VTE, proximal DVT, and PE were observed in 2.2%, 0.8%,
and 1.1%, respectively. One of the strong points of CTPA-
CTV is making more accurate diagnosis of PE possible (9).
Therefore, we focused on the occurrence of PE. In terms of
the development of PE, the proximal DVT or PE group com-
prised 11.3% of all subjects. Subsequently, a multivariate anal-
ysis confirmed that total knee replacement and age ≥65 yr
were significant risk factors for proximal DVT or PE after
major orthopedic surgery in Korean patients.

The ability of CT venography to detect DVT is compara-
ble to that of Doppler sonography in symptomatic patients,

implying that CT venography is an alternative modality, at
least in symptomatic patients or patients with a clinical sus-
picion for a DVT (11, 12, 18, 19). There have been no stud-
ies comparing CT venography versus conventional venogra-
phy in detecting DVT in asymptomatic patients. Recently
published epidemiologic studies (1, 3, 4) have demonstrated
that the incidence of VTE, especially DVT, in Asian patients
was comparable to that in Western populations. Several stud-
ies involving Korean patients undergoing total hip replace-
ment without pharmacologic thromboprophylaxis (20-22)
demonstrated that the incidence of postoperative DVT was
10-25% based on conventional venography, which was con-
siderable, but less than reported in Western countries. In the
present study, however, the incidence of DVT after total hip
replacement was only 5%, which was much lower than expect-
ed. After total knee replacement, the incidence of DVT (39%)
was consistent with that in a previous study (23) for Korean
patients, but less than reported in Asian multicenter studies
(3, 4). These findings suggest that, unlike suspected DVT,
asymptomatic venographic DVT may be underdiagnosed with
CT venography compared to conventional venography. 

Most of the epidemiologic studies regarding postoperative
VTE, especially after orthopedic surgery, have focused on the
development of DVT. We directed our attention to PE and
tried to determine the combined incidence of PE and proxi-
mal DVT on the basis of CTPA-CTV. Although a study (13)
in which CTPA-CTV was performed to detect DVT and PE
after total knee arthroplasty was recently published, it was
small-numbered and PE was not observed in any patient. The
incidence of proximal DVT (5.5%) was lower in the present
study compared with that based on contrast venography for
Asian patients (9.2% and 10.2%, respectively) (3, 4). The over-
all incidence of CT-angiographic PE was 6.6%, but patients
with symptomatic PE constitute 1.1% of the subjects, defin-
ing more certainly the incidence of asymptomatic or symp-
tomatic PE. Symptomatic PE was reported to be 0-0.5% on
the basis of lung perfusion scans in Asian patients, such as
Korean after total knee arthroplasty or total hip arthroplasty
(3, 4, 22, 23).

A literature review for Asian populations (24) demonstrat-
ed that the adjusted incidence of symptomatic PE was 1.4%
after total hip replacement. From these results, we infer that
PE develops less frequently in Asian patients compared with
the Western population (2). In addition, we confirm that PE
is more readily diagnosed on CT pulmonary angiography
compared with conventional methods, such as lung perfusion
scanning.  

Knee joint replacement and age ≥65 yr were confirmed
as the risk factors for postoperative proximal DVT or PE. Old
age has already been considered as an important risk factor
for VTE (2). The importance of knee joint replacement as a
risk factor for VTE was noted in previous studies (3, 4, 18).
Immobilization, soft tissue swelling, and inflammation after
joint surgery are considered the main causes (18). However,

Odds
ratio

95% confidence 
interval

P value

Age ≥65 yr 2.1 1.0 to 4.4 0.046
Total knee replacement 2.4 1.1 to 5.1 0.025

Table 5. Multivariate analyses of risk factors for proximal deep
venous thrombosis or pulmonary embolism

Risk factors
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this can be explained by a notion that the timing of postop-
erative VTE may differ with the type of surgery (25, 26). Com-
pared with total hip replacement, total knee replacement is
associated with twice the frequency of asymptomatic, veno-
graphically detected DVT at discharge from hospital and a
median of 7 rather than 17 days to the occurrence of postop-
erative symptomatic VTE (26). In the present study, the inci-
dences of total VTE, distal DVT, and proximal DVT were
higher in the total knee replacement group than the remain-
ing surgical groups. The incidence of VTE in the total knee
replacement group (-40%) was very similar to the 39% report-
ed by Miyagi and colleagues (13).

Several limitations need to be noted. First, the data were
not compared with conventional pulmonary angiography and
venography of the lower extremities, the gold standard for
the diagnosis of VTE. Compared with the earlier reports based
on conventional venography (2), the frequency of venograph-
ic DVT may have been underestimated in the present study.
Second, as this study was not a multicenter study, there may
be a limitation in applying these findings to the whole Kore-
an population. However, except for asymptomatic DVT cases,
the incidence of symptomatic VTE was consistent with a pre-
vious report (1), suggesting that the estimates in the present
study may reflect those of the overall Korean population. Last-
ly, the time of CT scan from the surgery was variable. As des-
cribed above, CT scan was planned 5-9 days after the surgery
but delayed until 14 days due to the clinical conditions, such
as postoperative azotemia. However, one of the largest epi-
demiologic studies for postoperative VTE in Asians (3) adopt-
ed the same timing of venography as the present study.

In conclusion, the incidence of symptomatic VTE in Kore-
an patients was comparable to that of other Asian patients,
but lower than the Western population. The overall incidence
of PE was 6.6% with a symptomatic PE rate of 1.1%. Knee
joint replacement and age ≥65 yr were significant risk fac-
tors for postoperative proximal DVT or PE. CTPA-CTV may
be useful in assessing symptomatic or clinically suspected
VTE after major orthopedic surgery.
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