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Abstract: Analysis of the safety and efficacy of the currently marked oral anticoagulants was performed in patients after large joints
arthroplasty. A total of 5025 patients after total knee arthroplasty and 5216 patients after total hip arthroplasty were examined. All
patients were divided into groups by the prescribed anticoagulant. The duration of anticoagulant therapy was 35 days and 6 weeks after
surgery, respectively. Ultrasonography of the lower extremities veins was performed in all patients prior to the surgery and 5 days after
surgery. In patients receiving Dabigatran, the incidence of clinically significant deep vein thrombosis was lower compared with
patients receiving Rivaroxaban and Apixaban; in contrast, the rate of postoperative hematomas in the last two groups was higher.
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1. Introduction
The development of venous thrombosis and
thromboembolism in traumatology and orthopedics is
still a huge issue despite the available standards and
clinical guidelines. Data from clinical studies, both
national and foreign, suggest that the primary
prevention of venous thrombosis may significantly
reduce the incidence of deep vein thrombosis and PE
(pulmonary embolism) [1-3]. In Europe, the annual
number of deaths after venous thromboembolism
reaches 600,000 cases. In comparison, breast cancer
kills 86,831 people annually, prostate cancer—63,636,
traffic accidents—53,599, and AIDS—5,860 people
[4].
Knee and hip joints surgery is an intervention with
high risk of thrombosis and thromboembolism; the
incidence of thrombotic events without anticoagulant
therapy may reach 57 and 85%, respectively [4-8]. PE
(pulmonary embolism) is a particularly severe
complication; its incidence may reach 28% [7, 8].
Corresponding author: Firsov Sergey Anatolyevich,
Doctor of Medical Science, Head of the Centre of
Traumatology and Orthopaedics.

Anticoagulant therapy may reduce incidence of these
complications tenfold. Moreover, if the patient has
additional risk factors, deep vein thrombosis may
complicate the postoperative period even after
minimally invasive arthroscopic surgery [2, 9, 10].
Currently, the wide range of anticoagulant drugs are
marketed [1]. However, orthopedic and traumatic
surgeon is still concerned about the optimal balance
between effective prevention of the deep vein
thrombosis and the risk of major bleeding [10, 11]. All
marketed drugs are excellent anticoagulants; however,
all of them have adverse effects, and bleeding in the
postoperative period is the most dangerous. The risk
of these adverse events is in particularly determined
by the characteristics of the patient and the drug
pharmacokinetics.
Data from many clinical studies show that the
efficacy and safety of thromboprophylaxis is not
significantly depend on the time of the therapy
initiation [11, 12]. Comparative results of the first
dose effect of the anticoagulant administered 12 hours
and 2 hours before the surgery show that anticoagulant
administration 2 hours before the surgery affects only
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the severity of the intraoperative hemorrhage towards
its increase [7, 9, 13]. Therefore, many early clinical
guidelines suggested only starting anticoagulant
therapy after surgery, and the time of the therapy
initiation depended on the particular drug.
Objective of the study was to evaluate the safety and
efficacy of the oral anticoagulants in the national
pharmaceutical market in patients undergoing large
joints arthroplasty.

2. Patients and Methods
We performed the analysis of the case histories of
patients who were treated at Russian hospitals after
total hip arthroplasty and total knee arthroplasty and
were receiving thromboprophylaxis with oral
anticoagulants since 2009 to 2014. The number of
patients after TKAP (total knee arthroplasty) was
5025; the number of patients after THAP (total hip
arthroplasty) was 5216. Age of the patients was 55.4
years (95% CI (confidence interval) 35-75).
All patients were divided into groups by the
administered anticoagulant drug. Dabigatran etexilate
was administered at dose of 220 mg once daily,
rivaroxaban was administered at dose of 10 mg once
daily, and apixaban (starting since 2013) was
administered at dose of 2.5 mg twice daily (Table 1).
The duration of treatment with these agents was 35
days after surgery in patients with THAP and 6 weeks
after surgery in patients with TKAP * (see page 6).
According to clinical guidelines, dabigatran was
started 4 hours after the surgery, rivaroxaban - 10 hours
after the surgery, and apixaban - 12 hours after the
surgery.
In addition, all patients had additional
thromboprophylaxis with intermittent compression
device and compression stockings.
Table 1

All patients underwent twice Doppler ultrasound of
the lower limb veins: before surgery and before
discharge from the hospital on the fifth postoperative
day.
The safety of anticoagulant drugs was assessed
based on the incidence of bleeding in the
postoperative period; the effectiveness was assessed
based on the incidence of clinically significant deep
vein thrombosis of the lower limbs.
Statistical analysis was performed using EpiInfo
(TM) software v. 3.4.1 and SPSS 17.0 for Windows.
Quantitative data are presented as the arithmetic mean.
Nominal data are presented as relative frequencies and
95% confidence intervals. Results were considered
significant at p <0.05.

3. Results
Among patients after TKAP, deep vein thrombosis
of the lower extremities was less frequent in the group
of patients receiving dabigatran—214 (9%) patients
(Table 2). The highest incidence was recorded in the
apixaban group—93 (15.2%) patients. Postoperative
hematomas were also less frequent in the dabigatran
group - 2.1% of patients; in the rivaroxaban group this
adverse event was reported in 5.8% of patients (p <
0.05), in the apixaban group—in 5.4% of patients (p <
0.05). Fatal pulmonary embolism occurred only in
dabigatran the group (3 (0.1%) patients), but the
difference with the other groups was not significant.
The incidence of non-fatal pulmonary embolism in all
three study groups was comparable (see Table 2). The
incidence of asymptomatic venous thrombosis
(diagnosed by ultrasound at day 5 after surgery) was
comparable in the dabigatran and rivaroxaban groups
noted - 11 and 11.8%, respectively, whereas in the
apixaban group the incidence of asymptomatic venous

The distribution of patients by groups.

Surgery
TKAP (n = 5025)
THAP (n = 5216)
Total

Dabigatran
2359
2746
5105

Rivaroxaban
2054
1945
3999

Apixaban
612
525
1137
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thrombosis was nearly 2-fold higher, although no
statistically significant differences have been identified
due to the small the sample size (see Table 2).
In general, a similar trend was found in the patients
who received thromboprophylaxis after THAP, (Table
3). Deep vein thrombosis in the dabigatran group was
diagnosed in 4.9% of patients, in the rivaroxaban
group—in 8.6% of patients (p < 0.05), in the apixaban
group - in 12.9% of patients. The incidence of
postoperative hematoma was significantly (p < 0.01)
lower in the group of patients receiving
dabigatran—4.9% compared to 8.6 and 11.2% in the
rivaroxaban and apixaban groups, respectively. Two
(0.06%) cases of fatal pulmonary embolism were
reported in the dabigatran group (see Table 3).

4. Discussion
Requirements to the current anticoagulant drugs,
are the follows: the drug should provide high efficacy
along with a low risk of bleeding, ease of use (oral, no
need for dosage adjustments and special monitoring),
safety (may be administered in elderly patients with
Table 2

renal insufficiency, hepatic insufficiency) and
convenient for use in ambulatory practice [14-17].
Dabigatran, rivaroxaban, and apixaban are the new
oral anticoagulant drugs widely used in traumatology
and orthopedics in the management of patients
undergoing hip and knee arthroplasty [4-6]. These
anticoagulants are claimed as effective, convenient and
safe agents. They require no continuous laboratory
monitoring and dose titration as warfarin. Their
undoubted advantage is lack of thrombocytopenia
during long-term treatment in contrast to heparin.
However, clinical studies of their safety and efficacy in
traumatology and orthopedics and continuing at
present time [18].
In 2010, M. Huisman et al. [13] summarized the
data on the efficacy and safety of dabigatran and
rivaroxaban obtained from the six phase III
randomized trials that included 18,450 patients
undergoing hip and knee arthroplasty. The
efficacy was assessed based on the incidence of
venous thromboembolism and overall mortality, the
safety was assessed based on the incidence of bleeding.

The incidence of thrombotic and bleeding complications in patients after TKAP.

Complication

Dabigatran
214 (9%, 95%
Deep vein thrombosis (clinically significant)
CI 6.9-9.1)
49 (2.1%, 95%
Postoperative hematoma
CI 0.8-3.5)
12 (0.4%, 95%
Non-fatal PE
CI 0.1-0.7)
3 (0.1%, 95%
Fatal PE
CI 0.05-0.2)
Asymptomatic venous thrombosis
296 (11%, 95%
(diagnosed by ultrasound)
CI 9.8-12.2)

Rivaroxaban
251* (12.2%, 95%
CI 10.5-13.4)
121* (5.8%, 95%
CI 4.2-7.2)
18 (0.9%, 95%
CI 0.4-1.4)

Apixaban
93 (15.2%, 95%
CI 13.7-16.3)
33 (5.4%, 95%
CI 4.1-6.8)
6 (0.8%, 95%
CI 0.3-1.3)

-

-

243 (11.8%, 95%
CI 6.4-12.9)

136 (22.2%, 95%
CI 20.8-23.7)

Note. The significance of differences compared with the dabigatran group: * - р<0.05, ** - р<0.01 (Tables 2 and 3).
Table 3

The incidence of thrombotic and bleeding complications in patients after THAP.

Complication

Dabigatran
133 (4.9%, 95%
Deep vein thrombosis (clinically significant)
CI 2.9-5.4)
134 (4.9%,
Postoperative hematoma
95% CI 3-5)
8 (0.2%, 95%
Non-fatal PE
CI 0.1-0.3)
2 (0.06%, 95%
Fatal PE
CI 0.02-0.09)
Asymptomatic venous thrombosis
245 (8.9%, 95%
(diagnosed by ultrasound)
CI 6.3-8.5)
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Rivaroxaban
167* (8.6%, 95%
CI 7.1-9.7)
169* (8.6%, 95%
CI 8.2-10.2)
5 (0.3%, 95%
CI 0.2-0.4)

Apixaban
68 (12.9%, 95%
CI 12.4-15.2)
59** (11.2%, 95%
CI 10.2-12.4)
4 (0.6%, 95%
CI 0.3-0.9)

-

-

256** (13.1%, 95%
CI 12.7-14.9)

69 (13.1%, 95%
CI 12.2-15.0)
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The incidence of complications (%) during anticoagulation therapy according to the XAMOS study [20].

Rivaroxaban
Standard therapy
Relative risk (95% CI)
(n = 85483)
(n = 79683)
Major bleedings1
0.4
0.3
1.35 (0.94-1.93)
Major bleedings EMA2
1.9
1.5
1.21 (1.01-1.45)
Minor bleedings ЕМА
4.4
2.9
1.52 (1.35-1.71)
Minor bleedings
3
1.7
1.76 (1.52-2.04)
All bleedings
4.9
3.3
1.50 (1.34-1.68)
Wound discharge
0.5
0.2
2.65 (1.78-3.92)
Note. 1—clinically significant bleeding, fatal or bleeding in a critical organ, or requiring re-operation, or bleeding outside the surgical
wound and accompanied by a decrease of hemoglobin level by 2 g/dL or more, or to require transfusion of 2 or more blood units.
2
—Major bleedings EMA (European Medicines Agency) - also included bleedings leading to the treatment discontinuation, or
bleeding from the surgical wound accompanied by a decrease of hemoglobin level by 2 g/dL or more, or to require transfusion of 2 or
more blood units. 3— presented data are adjusted for safety population.
Endpoint

Dabigatran was comparable to enoxaparin, whereas
rivaroxaban was less safe. Thus, the risk of major
bleeding during rivaroxaban therapy increased by 21%,
and the risk of all bleeding increased by 50% in
comparison with standard anticoagulation therapy.
In 2012, N. Rosencher et al. [19] published data from
the international observational clinical study where
5292 patients undergoing hip and knee arthroplasty
were treated with dabigatran 220 mg/day as
anticoagulant. In 40% of patients, more than one
potential risk factor for bleeding and/or venous
thromboembolism was reported. The incidence of
major bleeding was 0.72% (95% CI, 0.51-0.98%), the
incidence of all bleeding was 3.82% (95% CI,
3.32-4.37%). In this study, dabigatran was
characterized by a low risk of bleeding even in patients
with positive history (chronic heart failure, history of
venous thromboembolic events, long-term use of
nonsteroidal anti-inflammatory drugs, active smoking,
concomitant aspirin therapy, and coronary artery
disease).
According to the results of the open-label
post-marketing study XAMOS (17,701 patients after
THAP or TKAP) published in 2014, rivaroxaban was
characterized as a highly effective drug for all
thromboembolic events [20]. However, the risk of
bleeding complications was increased compared with
dabigatran and fondaparinux (Table 4).
A new oral anticoagulant drug apixaban that has
relatively recently appeared in the Russian market is

different from dabigatran and rivaroxaban. Apixaban is
a structurally new neutral bicyclic pyrazole that works
as a selective factor Xa inhibitor [21]. In 2010, the first
data on this drug from the ADVANCE-3 study that
included 1949 patients were published. Apixaban was
administered to the patients undergoing total hip and
knee arthroplasty. Venous thromboembolic event were
reported in 1.4% (95% CI, 1.22-1.54) of patients in the
apixaban group compared with 3.9% of patients in the
enoxaparin group. The incidence of major bleeding
was 0.8%, whereas in the enoxaparin group the
incidence of major bleeding was 0.7% (see Figure). No
fatal bleeding in either group was reported [21].
In this study, dabigatran etexilate showed the
maximum efficiency in preventing clinically
significant deep vein thrombosis of the lower
extremities after the TKAP (9% vs. 12.2 and 15.2% in
the rivaroxaban and apixaban groups, respectively),
and after THAP (4.9 vs. 8.6% and 12.9%,
respectively).
The incidence of postoperative hematomas in the
dabigatran group also was lower, accounting for 2.1
and 4.9% after TKAP and THAP, respectively. In the
rivaroxaban and apixaban groups, this complication
was diagnosed almost 2-fold more frequently
regardless of the type of surgery.
Comparative data on rivaroxaban and dabigatran are
consistent with the results of clinical studies where
these drugs were compared with enoxaparin (Table 5).
Thus, data obtained in the present study suggest that
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Table 5
[22].
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The incidence of clinically significant bleedings during therapy with new anticoagulants compared with enoxaparin

Study

New anticoagulant Enoxaparin Relative risk
In favor of new
Events / total
anticoagulants

In favor of
enoxaparin

The rate of
Relative risk
adverse events, % (95% CI)

Dabigatran
RE-MODEL
RE-NOVATE
RE-MOBILIZE

107/1402
141/2331
55/1739

46/699
58/1162
33/876

9.0
10.0
6.9

1.16 (0.83-1.62)
1.21 (0.9-1.63
0.84 (0.55-1.28)

RE-NOVATE II

37/1036

29/1019

5.9

1.25 (0.78-2.02)

Total

340/6508

166/3756

31.8

0.12 (0.94-1.35)

105/2266
63/1252
54/1254
66/1584
3/84
3/102

87/2275
52/1257
45/1277
46/1564
3/162
5/105

106
8.3
7.7
8.1
0.8
1.0

1021 (0.92-1.6)
1.22 (0.85-1.74)
1.22 (0.83-1.8)
1.42 (0.98-2.05)
1.93 (0.4-9.35)
0.62 (0.15-2.52)

11/139

2/136

0.9

5.38 (1.22-23.83)

ODIXA HIP
(once daily)

4/147

8/60

1.3

0.54 (0.17-1.77)

Total …

309/6838

248/6936

38.6

1.25 (1.05-1.49)

Rivaroxaban
RECORD 1
RECORD 2
RECORD 3
RECORD 4
PROFF CONCEPT
ODIXA KNEE
ODIXA HIP
(twice daily)

Apixaban 2.5 мг (n = 2673)

Incidence, %

Enoxaparin 40 mg (n = 2659)

Severe
NCS
Severe / NCS
All
bleedings
bleedings
bleedings
bleedings
The incidence of bleeding during treatment with anticoagulants according to the ADVANCE-3 study [21].
NCS - Nonsevere clinically significant.

new oral anticoagulant drugs are safe and effective in
preventing thrombosis in traumatology and
orthopedics. However, treatment with these drugs is

associated with the risk of serious adverse events,
including postoperative bleeding. Our 6-year
experience of the use of these drugs and results of the
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international studies suggest that rivaroxaban
demonstrated the worst results in terms of bleeding in
the postoperative period. Dabigatran etexilate should
be recognized as the drug with the highest efficiency
and the best safety profile, as it showed the best results
in patients undergoing major orthopedic surgery of the
knee and hip joints.
According to the Pradaxa® prescribing information,
for the prevention of venous thromboembolism after
total knee arthroplasty a maintenance dose 150 or 220
mg once daily for 6-10 days is administered.

[5]

[6]

[7]

5. Conclusion
Having analyzed 6-year follow-up data, we can
conclude that modern oral anticoagulant drugs are
efficient and safe to apply in orthopaedics and
traumatology. However, numerous studies show that
these drugs should be used in outpatient period as well
and cannot be used in short term only. Short-term
inpatient prophylaxis fails to prevent thrombosis
developing in outpatient period. In our opinion, the
most efficient available drug is dabigatran, which
demonstrated the best safety and efficacy levels among
oral anticoagulants while being used in clinical practice
in patients after large-scale orthopaedic surgeries.
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