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Abstract
Purpose Venous thromboembolism (VTE) is a common
complication of orthopaedic surgery in the industrialised
world; though there may be variability between population
groups. This study aims to define the incidence and risk
factors for symptomatic VTE following primary elective
total hip and knee arthoplasty surgery in a single centre in
Eastern Europe.
Methods This prospective study included 499 adult patients
undergoing total hip and knee arthroplasty for symptomatic
osteoarthritis over a two-year period at the Clinic of Ortho-
paedic Surgery and Traumatology, Belgrade.
Results The overall rate of confirmed symptomatic VTE
during hospitalisation was 2.6%. According to the univariate
logistic regression, an age greater than 75 years (OR03.08;

95%CI01.01–9.65), a family history of VTE (OR06.61; 95%
CI01.33–32.90), varicose veins (OR03.13; 95% CI01.03–
9.48), and ischemic heart disease (OR04.93; 95% CI01.61–
15.09) were significant risk factors for in-hospital VTE. A
family history of VTE and ischemic heart disease were
independent risk factors according to multivariate regression
analysis. Preoperative initiation of pharmacological thrombo-
prophylaxis (p00.03) and a longer duration of thrombopro-
phylaxis (p00.001) were protective for postoperative DVT.
Though thromboprophylaxis was safe, with very few patients
suffering major haemorrhage or heparin-induced thrombocy-
topenia, there was a general reluctance by our local surgeons
to use prolonged thromboprophylaxis.
Conclusion VTE is common following hip and knee arthro-
plasty surgery. Orthopaedic patients with a family history of
VTE, heart failure and coronary heart disease are at a
considerable risk of thromboembolic complications in the
postoperative period. There may be a role for preoperative
thromboprophylaxis in addition to prolonged postoperative
treatment.

Introduction

Venous thromboembolism (VTE) is an important cause of
mortality and morbidity. The incidence of VTE in the gen-
eral population is about one to five per 1000, but in the
surgical population it is more than 50% in the absence of
thromboprophylaxis. Despite improved medical manage-
ment, the high incidence of thromboembolic complications
has remained fairly static over the last 30 years [1, 2].

VTE, including both deep-vein thrombosis (DVT) and/or
pulmonary thromboembolism (PE), is one of the most serious
complications of major orthopaedic surgery. It is estimated
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that operations of hip and knee arthroplasty are in the highest
risk categories for venous thromboembolic complications.
About 40–60% of patients undergoing major orthopaedic
surgery of the hip and knee develop DVT and 4–10% of
patients without prophylaxis develop PE [3–5]. Most cases
of symptomatic VTE present following discharge from hos-
pital and often result in hospital readmissions [5], although
VTE can often be asymptomatic and the first signs of a PE can
be sudden death. With this in mind many surgeons now
administer prolonged thromboprophylaxis, and there have
been significant advances in the use of regional anaes-
thetic techniques and oral pharmacological anticoagulants
[6–10].

VTE incidence and risk factors have already been identified
in the industrialised world, though there may be variability
between different population groups [11]. This study aims to
assess the incidence and risk factors for symptomatic VTE
following primary elective total hip and knee arthoplasty
surgery in a single centre in Eastern Europe.

Patients and methods

This prospective study was carried out at the Clinic of
Orthopaedic Surgery and Traumatology, Clinical Centre of
Serbia, Belgrade, between January 2008 and January 2010.
This teaching hospital has a catchment population of ap-
proximately 1.5 million people. All adult patients undergo-
ing hip and knee replacement surgery for symptomatic
osteoarthritis were included. Hip fracture, polytrauma and
revision arthroplasty patients were excluded from the study.
DVT was confirmed by ultrasonography and PE by pulmo-
nary scintigraphy. Clinically significant bleeding was defined
as fatal bleeding, bleeding leading to re-operation or bleeding
leading to blood transfusion. Routine screening for postoper-
ative VTE was not performed.

The following data were collected on standardised pre-
coded forms: patients’ demographic characteristics, comor-
bidities, thromboembolic risk factors, thromboprophylaxis
regimes, surgical data (type of prosthesis, physical status
defined as a score by the American Society of Anesthesiol-
ogists—ASA), anaesthesia techniques and postoperative
complications.

Study outcomes

The primary outcome was the incidence of a confirmed
symptomatic VTE event defined as DVT, fatal or non-fatal
PE, or both, during hospitalisation. Other study outcomes
were overall mortality, the incidence of any clinically
significant bleeding event or other complications, and the
identification of predictors for symptomatic VTE in this
patient population.

Statistical analysis

Continuous variables (age, length of stay, etc.) were
summarised in terms of mean values with standard deviation
and range as measures of variability. Categorical values
were presented as absolute frequencies and percentages.
Continuous and categorical variables were compared using
Student’s t-test and the chi-square test to assess the relation
between potential risk factors and the outcome of interest.
Univariate analysis and multivariate analysis were carried
out. Variables associated with categorical outcome (devel-
opment of VTE) in the univariate analysis were introduced
into stepwise forward multivariate logistic regression
analysis, with an entry probability of 0.5 and a probability
of removal of 0.1. Data were processed and analysed by
SPSS version 10.

Formal approval of this study was granted by the Institu-
tional Ethics Committee.

Results

Patients

During the study period, 499 patients underwent elective
total hip and knee arthoplasty surgery. Descriptive charac-
teristics of surgical patients and thromboembolic risk factors
are summarised in Table 1. The mean age of the population
was 66.2±9.5 years (range 30–90 years), with 61.1% greater
than 65 years of age. Knee surgery patients were signifi-
cantly older than hip surgery patients (p00.002). There were
more women (68.1 %) than men in both groups, but the
differences were not statistically significant (p>0.05). The
most frequent risk factor for VTE was varicose veins occur-
ring in 139 (27.9%) patients, while 3% of affected patients
had a family history of VTE and post-thrombotic syndrome.
Other thromboembolic risk factors such as active cancer,
thrombocytosis, acute infection and chronic obstructive pul-
monary disease were seen only in low numbers of affected
patients. Diabetes mellitus, heart failure, ischemic heart
disease and dehydration were found in 11–24% of patients.
There were no significant differences in any of these variables
between patients undergoing hip and knee arthoplasty. None
of the patients had active chemotherapy, myeloproliferative
disorders, thrombophilia, polycythemia rubra verae or
nephrotic syndrome. Moderate and severe renal impairment
(creatinine clearance 30–50 ml/min, or<30 ml/min) were
found in 35 (7.0%) patients.

Surgery characteristics

A total of 392 patients (78.6%) underwent total hip replace-
ment surgery. Approximately 40% of patients had a poor
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physical status, defined as an ASA score of three or greater
(Table 2). Surgery was performed under regional anaesthe-
sia in 162 (32.5%) patients, and more frequently in knee
surgery patients (p<0.001). Surgical time was less than two

hours in 80.6% of patients. However, the mean surgical time
in knee patients was 140.1±30.2 minutes, significantly lon-
ger than hip patients (105.3±22.1 min) (t-test0 −13.25, df0
497, p<0.001). Patients were discharged after a mean of

Table 1 Demographic charac-
teristics and thromboembolic
risk factors

Creatinine clearance was calcu-
lated using the Cockroft formula

COPD chronic obstructive
pulmonary disease

Characteristics Any arthroplasty
(N0499), n (%)

Total hip replacement
(N0392), n (%)

Total knee replacement
(N0107), n (%)

Gender Men 159 (31.9) 129 (32.9) 30 (28.0)

Women 340 (68.1) 263 (67.1) 77 (71.0)

Age (years±SD) 66.2±9.5 65.5±9.8 68.7±7.7

Thromboembolic risk factors

Personal history of DVT 16 (3.2) 10 (2.6) 6 (5.6)

Family history of VTE 15 (3.0) 11 (2.8) 4 (3.7)

Post-thrombotic syndrome 7 (1.5) 7 (1.8) 0 (0.0)

Varicose veins 139 (27.9) 102 (26.0) 37 (34.6)

Active cancer 27 (5.4) 21 (5.4) 6 ( 5.6)

Thrombocitosis 16 (3.2) 14 (3.6) 2 (1.9)

Dehydration 122 (24.4) 90 (23.0) 32 (29.9)

Acute infection 9 (1.8) 7 (1.8) 2 (1.9)

Heart failure 90 (18.0) 66 (16.8) 24 (16.5)

Ischemic heart disease 78 (15.6) 61 (15.6) 17 (15.9)

COPD 18 (3.6) 16 (4.1) 2 (1.9)

Diabetes mellitus 55 (11.0) 47 (12.0) 8 (7.3)

Creatinine clearance <30 ml/min 2 (0.4) 2 (0.5) 0 (0.0)

Creatinine clearance 30-50 ml/min 33 (6.6) 27 (6.9) 6 (5.6)

Creatinine clearance >50 ml/min 464 (93.0) 363 (92.6) 101 (94.4)

Table 2 Surgery characteristics, thromboprophylaxis and treatments

Characteristics Any arthroplasty
N0499, n (%)

Total hip replacement
N0392, n (%)

Total knee replacement
N0107, n (%)

ASA score ≥3 188 (37.7) 153 (39.0) 35 (32.7)

Type of anaesthesia (regional) 162 (32.5) 112 (28.6) 50 (46.7)

Duration of surgery (min) 112.7±28.0 105.3±22.1 140.1±30.2

Preoperative administration of LMWH 153 (28.9) 113 (26.8) 40(37.0)

Type of thromboprophylaxisa

LMWH 493 (98.8) 387 (98.7) 106 (99.1)

UFH 3 (0.6) 2 (0.5) 1 (0.9)

VKA 16 (3.2) 10 (2.6) 6 (5.6)

Aspirin preoperative 105 (21.0) 77 (19.6) 28 (26.2)

Duration of pharmacological
thromboprophylaxis (days), mean±SD

18.5±9.1 18.4±7.5 19.0±13.7

Duration of pharmacological thromboprophylaxis

≤7 days 10 (2.0) 7 (1.8) 3 (2.8)

8–21 days 376 (75.4) 295 (75.3) 81 (75.7)

≥22 days 113 (22.6) 90 (23.0) 23 (21.5)

Graduated compression stockings 8 (1.6) 6 (1.4) 2 (1.9)

Duration of hospital stay (days), mean±SD 26.5±16.4 25.6±13.1 29.6±24.8

LMWH low-molecular-weight heparin, UFH unfractionated heparin, VKA vitamin K antagonist, SD standard deviation
a The total number of patients is higher than 499 because some of the patients received different types of thromboprophylactic agent concurrently
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26.5±16.4 days and knee patients were hospitalised for
longer (t-test0−2.21, df0497, p<0.05). A large proportion
of patients (21.2% hip patients and 29.9% knee patients)
were in hospital for more than 30 days.

Thromboprophylaxis and treatments

In almost all patients the thromboprophylaxis used was
low-molecular-weight heparin (LMWH) (98.8% cases)
(Table 2). The mean duration of thromboprophylaxis was
18.5±9.1 days, with 124 (23.4%) patients receiving treatment
for more than 21 days. Graduated compression stockings were
only worn by eight (1.6%) patients, due to resource constraints.
There was no difference between knee and hip patients for the
above data. A total of 105 (21.0%) patients were taking aspirin
pre-surgery (predominantly for ischaemic heart disease); these
patients were recommenced on aspirin following hospital dis-
charge and received LMWHduring their hospital stays. Antith-
rombotic agents were started 12 hours preoperatively in 132
(26.5%) patients (LMWH in 129 patients and unfractionated
heparin in three patients) and more frequently in knee surgery
patients (p <0.05).

Thromboembolic events and complications

The overall rate of confirmed symptomatic VTE during
hospitalisation was 2.6%. The median onset of a VTE event
was three days post surgery. Below-knee DVTs were twice
as common as above-knee DVTs. The rates of symptomatic
deep vein thrombosis and pulmonary embolism were 1.3%
and 1.5% in hip replacement patients and 0.9% and 1.9% in
knee replacement patients, respectively, with no significant
differences between the groups (p >0.05) (Table 3).

Two knee replacement patients (0.4%) were readmitted
during their first follow-up year, one for a joint infection and
the second for another surgical reason.

Six of 499 (1.5%) arthroplasties died while in hospital;
these were all hip replacement patients. Two died from con-
gestive heart failure, one from acute renal failure, one from a

cerebral haemorrhage, and one from a small bowel obstruc-
tion. One patient died on the first postoperative day from
an acute pulmonary embolism (confirmed on post-mortem
examination).

Risk factors for symptomatic venous thromboembolism

Several risk factors associated with symptomatic venous
thromboembolism in the univariate logistic regression anal-
ysis are shown in Table 4. An age greater than 75 years, a
family history of VTE, varicose veins, and ischemic heart
disease were significant (p<0.05) risk factors for symptom-
atic venous thromboembolism during patient hospitalisation
(Table 4). Preoperative initiation of pharmacological throm-
boprophylaxis (odds ratio 0.29; 95% CI 0.09–0.89; p00.03)
and a longer duration of thromboprophylaxis (odds ratio
0.84; 95% CI 0.75–0.93; p00.001) protected patients from
DVT after surgery.

According to multivariate regression analysis, a family
history of VTE (odds ratio 7.63; 95% CI 1.43–40.56;
p00.02), and ischemic heart disease (odds ratio 5.24; 95%
CI 1.67–16.38; p00.004) were independent risk factors for a
VTE event following hip and knee arthroplasty, while a
duration of thromboprophylaxis greater than 19 days (odds
ratio 0.81; 95%CI 0.72–0.91; p00.01) was a protective factor.

Oestrogen-containing oral contraception and hormone-
replacement therapy (HRT), both considered potential
VTE risk factors, were not analysed, as these treatments
are not widely used in our country and this data was not
recorded.

Discussion

VTE has been traditionally regarded as a disease of the
developed world and despite thromboprophylaxis the rates
of VTE in hip and knee arthroplasty patients both inpatient
and post-discharge remains between 1% and 3% [12–17];
and very high levels of VTE have been seen in Asian

Table 3 Rate of events
Events Any arthroplasty

(N0499), n (%)
Total hip replacement
(N0392), n (%)

Total knee replacement
(N0107), n (%)

Symptomatic venous
thromboembolism

13 (2.6) 10 (2.6) 3 (2.8)

Symptomatic deep-vein
thrombosis (DVT)

6 (1.2) 5 (1.3) 1 (0.9)

Symptomatic pulmonary
embolism (PE)

8 (1.6) 6 (1.5) 2 (1.9)

Clinically significant bleeding 8 (1.6) 7 (1.8) 1 (0.9)

Heparin-induced
thrombocytopenia (HIT)

2 (0.4) 1 (0.3) 1 (0.9)

Death 6 (1.5) 6 (1.5) 0 (0.0)

Readmission 2 (0.4) 0 (0.0) 2 (1.9)
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patients not receiving preventive therapy [18, 19]. This
study is one of very few longitudinal studies of in-hospital
VTE following hip and knee arthroplasty in a developing
country, and we found VTE incidence rates of 2.6%.

Although not statistically significant, VTE incidence rates
tended to be greater following knee arthroplasty surgery
(2.8% versus 2.6% following hip arthroplasty surgery), as
seen in other countries [12, 20], possibly relating to the use
of a thigh tourniquet and the associated venous stasis, more
extensive soft-tissue damage, the release of prothrombotic
tissue factors and longer surgical times [21].

In our study, the most commonly used thromboprophy-
lactic agents were LMWHs (in 98.8% cases), as in most
other countries, except than the United States where vitamin
K antagonists are most frequently used [22]. Other throm-
boprophylactic agents (unfractionated heparin and vitamin
K antagonist) were used considerably less frequently in our
study.

Our mean duration for thromboprophylaxis was 18.5±
9.1 days, with some patients (23%) receiving thrombopro-
phylactics for more than 21 days; we found longer-duration
thromboprophylaxis, greater than 19 days, to be a protective
factor for VTE in both univariate and multivariate analyses.
We also found that preoperative thromboprophylaxis was a
significant factor protecting against thromboembolic com-
plications (p<0.05), with possible implications that all
patients should also receive preoperative VTE prophylaxis.

Despite the American College of Chest Physicians
(ACCP) [3] recommendations for the prolonged use of

thromboprophylactics, longer courses of treatment are still
not routine practice in many hospitals in Serbia, or indeed in
many other countries [20, 21]. The explanations for this lie
with an inadequate organisation of our primary healthcare
services (for home visits and the administration of thrombo-
prophylaxis for our discharged patients), the high cost of
many of the thromboprophylactic agents, the fears of peri-
operative haemorrhage and heparin-induced thrombocyto-
penia (HIT), and a possible lack of sufficient awareness of
our surgeons about the significantly high risks of thromboem-
bolic complications (PE and DVT) in the post-hospitalisation
period. Nevertheless, the mean duration of thromboprophy-
laxis observed in our patient cohort as well as in the
recent FOTO Study (36.1±9.8 days) and RIETE Registry
(17±9.6 days) indicate an increasing trend for prolonged
thromboprophylaxis [17, 23].

Risks of haemorrhage and HIT have been claimed as
reasons for not using thromboprophylaxis routinely [3].
The safety of thromboprophylaxis is reflected by the low
levels of haemorrhage (1.5%) seen in our patients, where
there was one fatal haemorrhage, and no patients required
re-intervention. A similar frequency of haemorrhage was
seen in other series [7, 24]. Two of our patients suffered
HIT; however this did not cause any major long-term
problem.

Univariate analysis indicated that an age greater than
75 years was a risk factor for VTE (p00.05), as previously
reported [7, 24, 25]. Multivariate analysis revealed that a
family history of VTE and coronary artery disease were

Table 4 Univariate analysis of
significant risk factor for
symptomatic venous
thromboembolism (VTE)

TKR total knee replacement,
THR total hip replacement

Predictive factors for symptomatic venous thromboembolism Odds ratio 95% CI P value

Gender −1.05 0.32–3.47 0.93

Age <75 years vs ≥75 years 3.08 1.01–9.65 0.05

Family history of VTE 6.61 1.33–32.90 0.02

Varicose veins 3.13 1.03–9.48 0.04

Heart failure 2.95 0.94–9.23 0.06

Ischemic heart disease 4.93 1.61–15.09 0.01

Dehydration 1.39 0.42–4.58 0.59

Diabetes mellitus 0.67 0.08–5.23 0.70

Obesity 1.93 0.58–6.40 0.28

Creatinine clearance >30 ml/min vs. ≤30 ml/min 0.40 0.08–1.88 0.25

ASA score ≥3 1.97 0.65–5.94 0.23

Type of anaesthesia regional vs. general 1.31 0.42–4.07 0.64

Duration of operation ≥2 h vs. <2 h 1.88 0.57–6.23 0.30

Type of surgery TKR vs. THR 1.10 0.30–4.08 0.88

Preoperative initiation of pharmacological thromboprophylaxis 0.29 0.09–0.89 0.03

Preoperative use of aspirin 0.67 0.15–3.10 0.61

Preoperative use of vitamin K antagonist 2.61 0.32–21.44 0.37

Mean duration of thromboprophylaxis (days) 0.84 0.75–0.93 0.001

Graduated compression stockings 5.70 0.65–50.03 0.12

Weight bearing after surgery >72 h vs. ≤72 h 4.41 0.52–37.67 0.17
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independent factors for VTE. Our study supports the find-
ings of Spyropoulus et al. [21], who demonstrated that a pre-
index VTE diagnosis, involving a VTE history, was the
strongest independent predictor of a postoperative thrombo-
embolic event. Others have identified comorbid conditions
as independent risk factors for VTE [20, 24]. Considering
the burden of these diseases within the older population, it is
not surprising that among all comorbidities, cardiovascular
diseases present the most significant risk for VTE. However,
in contrast to our results, some investigators have reported
that coronary artery disease is a poor predictor of VTE, or
can even diminish the risk of VTE [9, 11], possibly due to
general better health in the populations of these countries or
stricter criteria for monitoring and treatment of cardiovascular
diseases, including earlier aggregation therapy.

The limitations of our study are the relatively small
number of patients with follow-up only during the hospital-
isation period. VTE risks are known to persist beyond
11 days in elective hip replacement surgery, and fatal pul-
monary embolism can still occur up to 49 days postopera-
tively [25]. Most of our patients went to rehabilitation
centres, whereby the time to discharge was often dependent
on the capacity of the facility; hence our postoperative
hospital stay is longer than many Western countries. How-
ever, as our patients were generally in hospital for much
longer periods, and receiving VTE prophylaxis, we consider
that the number of post-discharge VTEs might not be great.
This is supported by the fact that there were only two
readmissions of our operated patients, and none for VTE.

Conclusion

Based on our findings, VTE is common following hip and
knee arthroplasty surgery. Patients with a family history of
VTE, heart failure and coronary heart disease are at a consid-
erable risk of thromboembolic complications in the postoper-
ative period. VTE thromboprophylaxis is safe and significant
clinical bleeding and heparin-induced thrombocytopenia were
rare. There may be a role for preoperative thromboprophylaxis
in addition to prolonged postoperative treatment.
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