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Introduction

Venous thromboembolism (VTE) comprises pulmonary 
embolism (PE) and deep-vein thrombosis (DVT).1 These 
complications are associated with significant morbidity and 
mortality subsequent to total hip replacement (THR) or 
total knee replacement (TKR).2 The American College of 
Chest Physicians (ACCP) and the American Academy of 
Orthopedic Surgeons have computed an estimate of symp-
tomatic VTE rate for the immediate postoperative period to 
be 1.5%, 1% for DVT, and 0.5% for PE. For major orthope-
dic surgeries like TKR, THR, and hip fracture surgery 

(HFS), a combined 35-day untreated baseline risk for 
symptomatic VTE was estimated to be 4.3%.3 The occur-
rence rate of VTE in anticoagulated patients who have 
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undergone TKR and THR at 90 days can go up to 5% for 
DVT and up to 2% for PE.4 A 5-year Korean study reported 
an incidence of postoperative DVT for hip replacement 
arthroplasty and knee replacement arthroplasty as 0.15% 
and 0.22%, respectively.5 The incidence of DVT in Indian 
patients undergoing orthopedic surgery without any proph-
ylaxis ranges from 0.98% to 23.3%.6

The ACCP clinical practice guidelines for VTE prophy-
laxis post THR or TKR procedures have recommended 
either pharmacological agents or mechanical compressive 
devices, or both as the standard of care for thromboprophy-
laxis.3 ACCP endorses the routine use of traditional antico-
agulants; for example, low-molecular-weight heparins 
(LMWHs), vitamin K antagonists (VKAs) like warfarin, 
fondaparinux, aspirin, and newer oral anticoagulants—
apixaban, rivaroxaban, or dabigatran for thromboprophy-
laxis post THR or TKR surgery.3

Apixaban directly inhibits factor Xa3 and has been 
approved in India for “prevention of venous thromboembolic 
events (VTE) in adult patients who have undergone elective 
hip or knee replacement surgery.”7 Apixaban has been evalu-
ated in phase-III orthopedic studies like ADVANCE-2 and 
ADVANCE-3. ADVANCE-2 and ADVANCE-3 clinical stud-
ies recruited patients who had undergone elective knee- or 
hip-replacement surgeries, respectively. Both the studies con-
cluded apixaban to be superior to enoxaparin without increas-
ing the risk of bleeding.8,9

There is a paucity of data on safety of apixaban in Indian 
patients undergoing major orthopedic surgeries. Hence, we 
conducted this study to evaluate the safety of apixaban 
2.5 mg orally twice daily for 2 weeks in patients undergoing 
TKR or for 5 weeks in patients undergoing THR.

Methods

Patients

Inclusion and exclusion criteria. Patients aged ⩾ 18 years 
undergoing elective TKR or THR surgery, or a revision of at 

least one component of TKR or THR, were eligible to par-
ticipate in this study. Patients were included if they were 
willing to provide informed consent to participate in the 
study and willing to take precautions to avoid pregnancy.

The major exclusion criteria were bleeding or coagulation 
disorder in the patients or first-degree relative, active bleed-
ing or at a risk of bleeding, history of major surgery or trauma 
within the past 90 days, and active hepatobiliary disease. The 
concomitant use of any antiplatelet agents (including clopi-
dogrel but other than aspirin), oral anticoagulants (VKAs 
and direct factor Xa or II inhibitors), unfractionated heparin, 
LMWH, and fondaparinux was prohibited.

Study design and medications

The present study was a multi-center, phase-IV, prospective, 
non-comparative clinical trial with endpoint adjudication. 
The study was funded by Bristol-Myers Squibb and Pfizer. 
The study was compliant with the norms set in the 
Declaration of Helsinki and Good Clinical Practice guide-
lines. The study was approved by the respective institutional 
ethics committees of the participating centers prior patient 
enrollment. The participating patients provided written 
informed consent prior their enrollment. The patients were 
screened until 14 days before the surgery and potentially eli-
gible patients were assigned a unique sequential number by 
the interactive voice response system (IVRS). The eligible 
patients were assigned to apixaban 2.5 mg by the IVRS 
between 4 days prior to surgery to 24 h after surgery (refer 
Figure 1).

The first oral dose of apixaban 2.5 mg was given 12 to 24 
h after completing skin wound closure, typically on the 
morning of day 2, followed by twice a day dosing for the 
next 12 ± 2 days in patients who underwent TKR and for 
35 ± 2 days in patients who underwent THR. The follow-up 
visit was scheduled 30 days after the last dose of the study 
drug. The study drugs were supplied by Bristol-Myers 
Squibb. The total duration of the study for TKR was 42 days 
and for THR was 65 days.

Figure 1. Study design.
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Procedures

Patients from both the surgery groups were evaluated on day 
1, day 2, and on the day of discharge from the hospital. The 
subsequent follow-ups were conducted on day 7 ± 2, and day 
12 ± 2 for patients who underwent TKR. The patients who 
underwent THR, an additional follow-up was scheduled on 
day 35 ± 2. During the follow-up, the patients were checked 
for suspected symptomatic VTE, bleeding events, or any 
adverse events (AEs) or serious AEs (SAEs). Patients with 
signs and/or symptoms of VTE underwent appropriate diag-
nostic evaluations such as ultrasound, computer tomography 
(CT), and magnetic resonance imaging (MRI). If study med-
ication was discontinued for a suspected DVT and/or PE, 
alternative antithrombotic prophylaxis was initiated per the 
investigator’s discretion and standard-of-care. Follow-up 
assessments were conducted on day 42 ± 2 for patients who 
underwent TKR and on day 65 ± 2 for patients who under-
went THR.

Outcome measures

The primary safety outcome was to assess the composite of 
the International Society on Thrombosis and Haemostasis 
(ISTH) for major bleeding and clinically relevant non-major 
(CRNM) bleeding in patients undergoing elective TKR or 
THR at the end of treatment + 2 days. The ISTH major 
bleeding was defined as

a fatal bleeding, or bleeding in critical organs such as brain, 
spine, eye, retroperitoneum, pericardium, and skeletal muscle, 
or resulting in reduction of hemoglobin by 2 g/dL or more, or 
transfusion of 2 units or more of packed red cells or whole blood 
within 24 hours.10

The CRNM bleeding was defined as the bleeding that was 
clinically acute and overt, and did not qualify as a major 
bleed, but required medical intervention.11 An Independent 
Central Adjudication Committee (ICAC) evaluated the 
bleeding AEs and SAEs.

The secondary efficacy endpoint was the composite of 
VTE/all-cause death at the end of the treatment + 2 days, 
where VTE was the combination of DVT and non-fatal PE.

Statistical analyses

Sample size calculation. The sample size of the study was 
determined as per the requirement of the regulatory agency 
and not statistical considerations. With 500 patients in the 
apixaban arm and an event rate of 4.36% for ISTH major or 
CRNM bleeding, the 95% confidence interval (CI) for the 
event rate would be (2.6%, 6.2%) and width of the 95% CI 
would be 3.6%.

Frequency distribution and summary statistics for demo-
graphic and baseline variables were presented by the type of 
surgery. The event rate with 95% CI of the adjudicated major 
bleeding or CRNM bleeding events and the composite of 

VTE and all-cause death during the treatment period were 
summarized. Sub-group analyses by surgery type were also 
conducted.

Results

Patients

Across 17 centers in India, 561 patients were screened, and 
557 patients were enrolled between April 2015 and June 
2018. Among the eligible patients, 498 received the prophy-
laxis treatment with apixaban 2.5 mg BID. The study was 
completed by 493 patients (refer Figure 2). The baseline 
characteristics and demographics of the patients are high-
lighted in Table 1.

The mean duration of exposure for the TKR group was 
12 ± 1.37 days and for the THR group was 34.7 ± 2.81 days. 
Majority of the patients were noted to have treatment com-
pliance between 80% and 120%; 99.1% patients from the 
TKR group and 99.4% patients from the THR group.

Safety results

Only one event, an incision-site hemorrhage of moderate 
intensity, was adjudicated as an ISTH-defined CRNM bleed-
ing event in the THR surgery group.

There were no fatal bleeding events following treatment 
with apixaban in the study population, regardless of the type 
of orthopedic surgery and the associated different lengths of 
VTE prophylaxis.

As shown in Table 2, there were a total of six (1.2%) 
bleeding AEs reported in 498 patients (three from each sur-
gery type). The onset of these AEs occurred during the treat-
ment period. Of these, four were considered not related to 
apixaban and two were considered related to apixaban.

In the TKR group, 132 AEs occurred in 82 patients which 
were considered to be not related to apixaban. In the THR 
group, 34 such AEs occurred in 19 patients which were 
determined to be not related to apixaban. A total of four 
drug-related AEs were reported in TKR group and 2 in THR 
group (Table 2).

There were three (0.01%) SAEs reported in the TKR 
surgery group onset during the treatment period. Of these 
three SAEs, two events (anemia and vertigo) were reported 
in the same subject and were considered not related to study 
treatment. The third SAE was a mild DVT that was adjudi-
cated and considered as a secondary efficacy event which 
led to discontinuation. No SAEs were reported in the THR 
group.

The most common AE (> 5%) was incision site pain, 
reported in 23 out of 326 (7.1%) TKR patients.

Efficacy results

Only one VTE event (symptomatic distal left leg DVT) was 
reported in a patient from TKR group and adjudicated during 
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Figure 2. Patient disposition.

Table 1. Baseline demographic characteristics of treated patients.

No. of TKR 
patients (n = 326)

No. of THR 
patients (n = 172)

Race
 Asian 326 (100%) 172 (100%)
Gender
 Male 89 (27.3%) 119 (69.2%)
 Female 237 (72.7%) 53 (30.8%)
Age range (years) 23–82 18–74
 < 65 208 (63.8%) 163 (94.8%)
 65 to < 75 96 (29.4%) 9 (5.2%)
 ⩾ 75 22 (6.7%)  0
Weight, mean (kg) 67.7 60.2
Level of renal impairment, measured by CrCL, n (%)
 Severe: < 30 mL/min 1 (0.3) 1 (0.6)
 Moderate: ⩽ 30 to < 60 mL/min 45 (13.8) 12 (7.0)
 Mild: ⩽ 60 to < 90 mL/min 137 (42.0) 49 (28.5)
 Normal: ⩾ 90 mL/min 142 (43.6) 108 (62.8)
 Not available 1 (0.3) 2 (1.2)
No. of blood units transferred (n ± SD) 48 ± 0.25 29 ± 0.41

TKR: total knee replacement; THR: total hip replacement; SD: standard deviation.
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the treatment period, resulting in an overall event rate (95% 
CI) of the composite of all-cause deaths + adjudicated VTE 
(DVT/PE) of 0.20% (0, 1.25).

Discussion

In this study, apixaban 2.5 mg b.i.d was given to patients 
undergoing TKR or THR surgery, as an antithrombotic 
prophylaxis. Six (1.2%) bleeding adverse events were 
observed in 498 patients during the treatment period and 
only two of these events were considered to be related to 
apixaban. The two related bleeding adverse events occurred 
in the THR surgery group. One of the events was mild sero-
sanguinous wound discharge. The other event was moderate 
incision-site hemorrhage and was adjudicated as an ISTH-
defined CRNM bleeding event of moderate severity. There 
were no fatal bleeding events reported in the study popula-
tion. One VTE event, that is, symptomatic distal left leg 
DVT was reported in a TKR subject and was adjudicated 
during the treatment period.

In ADVANCE-2, efficacy and safety of apixaban 2.5 mg 
(twice daily) was assessed in comparison with subcutaneous 
enoxaparin 40 mg (once daily) given prophylactically to 
patients undergoing elective TKR. In the study, 4% of the 
patients treated prophylactically with apixaban experienced 
a major or CRNM bleeding was reported. In ADVANCE-3, 
apixaban 2.5 mg (twice daily) and subcutaneous enoxaparin 
40 mg (every 24 h) were assessed for thromboprophylaxis 
after hip replacement surgery. As per the results of 
ADVANCE-3, 4.8% patients receiving apixaban were 

reported to have major and clinically relevant nonmajor 
bleeding events.8,9 Raskob et al. conducted a pooled analysis 
to compare VTE and bleeding events of apixaban with 
enoxaparin in 8464 patients from ADVANCE-2 and 
ADVANCE-3 trials. In the apixaban group, 0.7% patients 
experienced major bleeding events. Bleeding events at the 
surgical site which would necessitate reoperation or inter-
vention were very uncommon in both groups (< 1 in 1000 
patients). The analysis indicated that apixaban has a favora-
ble balance of antithrombotic benefit and bleeding risk as 
compared with enoxaparin. In the apixaban group, a propor-
tion of bleeding events occurred prior to the first dose of 
apixaban. Hence, the absolute incidence of major bleeding at 
the surgical site associated with apixaban was 0.2%.12 Yu 
et al.,13 in their meta-analysis, reported that bleeding events 
occurred in 4.09% patients of apixaban group from the 16 
studies included. The safety analysis of the present study 
revealed that the bleeding events occurred in 0.01% patients 
treated with apixaban.

VTE and death from all-cause was reported in 1.4% and 
15.06% patients from ADVANCE-2 and ADVANCE-3 tri-
als, respectively, who had received apixaban. Major throm-
boembolism was reported in 0.5% patients from the apixaban 
group in ADVANCE-2 and in 1.09% patients from the apixa-
ban group in ADVANCE-3.8,9 In the pooled analysis by 
Raskob et al.,12 major VTE was reported in 0.7% patients 
from apixaban group and in 1.5% patients from the enoxapa-
rin group. Total efficacy events (“composite of DVT, non-
fatal PE, and all-cause mortality”) occurred in 6.81% patients 
treated with apixaban.13 In this study, 1 VTE event (distal left 

Table 2. Summary of adverse events—by type of surgery.

TKR (N = 326) THR (N = 172)

Primary endpoint: ISTH-defined 
major and CRNM bleeding

0 1 (Moderate incision-site hemorrhagea)

Bleeding AEs
 Not related 3 (2 mild decreased hemoglobin; 1 mild 

hematuria)
1 (Moderate incision-site hemorrhagea)

 Related to study drug 0 2 (1 Mild serosanguinous wound discharge; 
1 moderate incision-site hemorrhagea)

AEs leading to discontinuation
 Not related 1 (Mild pyrexia) 0
 Related to study drug 1 (Mild DVT—popliteal) 2 (1 Mild serosanguinous wound discharge; 

1 moderate incision-site hemorrhagea)
Serious adverse events
 Not related 2 (1 mild anemia; 1 mild vertigo) 0
 Related to study drug 1 (Mild DVT—popliteal) 0
AEs
 Not related 132 (125 mild events; 6 moderate events; 

1 severe event)
34 (31 mild events; 3 moderate events)

 Related to study drug 4 (3 mild: DVT, incision site pain, urinary 
retention; 1 moderate: hypertension)

2 (1 mild: serosanguinous wound discharge; 
1 moderate: incision-site hemorrhagea)

TKR: total knee replacement; THR: total hip replacement; CRNM bleeding: clinically relevant nonmajor bleeding; DVT: deep vein thrombosis; AE: ad-
verse event; ISTH: International Society on Thrombosis and Haemostasis.
aThis event was adjudicated as an ISTH-defined CRNM bleeding event.
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leg DVT) was reported in a TKR patient and was adjudicated 
during the treatment period.

There is a correlation between increased risk of excessive 
hemorrhage in patients during an invasive procedure and sur-
gery and genetics. Though the evidence on association 
between bleeding symptoms and race and ethnicity is sparse, 
Mauer et al.14 reported less bleeding symptoms in Asian 
healthy volunteers as compared to Caucasians. The presence 
of “prothrombin gene mutation of factor V Leiden” is respon-
sible for a 3 to 4 times increased risk of VTE. Since this trait is 
less prevalent in Asian population as compared to Caucasians, 
the prevalence of VTE is implied to be lower. The Asian popu-
lation is also reported to have a 3 to 5 times lower incidence of 
symptomatic first-time idiopathic and secondary VTE.15 The 
results of the present study concur with the lower bleeding risk 
associated with the race and reports a lower rate of bleeding 
events as well as lower rate of VTE events in Indian patients.

This study was however limited in terms of the sample 
size and inadequate efficacy data since it was a single-arm, 
non-comparative study. A comparative study will help to 
ascertain the benefit-to-risk ratio of apixaban as compared to 
other available therapeutic options in Indian population.

Conclusion

Overall, apixaban was concluded to have a favorable safety 
profile for VTE prevention in Indian patients undergoing 
TKR or THR.
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