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Background: Low-molecular-weight heparin (LMWH) is a recommended anticoagulant for 

thromboprophylaxis after major orthopedic surgery. Dabigatran etexilate is an oral anticoagulant 

recognized as noninferior to LMWH. We aimed to assess the incidence of symptomatic venous 

thromboembolic events (VTEs) after discharge in patients who underwent joint replacement, 

using a hospital registry. 

Patients and methods: Patients who underwent total knee and hip arthroplasty between 

September 2011 and March 2015 were selected. Subcutaneous enoxaparin (30 mg twice daily) 

was given during hospitalization. At discharge, patients received either enoxaparin 30 mg twice 

daily/40 mg once daily or dabigatran 220 mg/150 mg once daily. Patients were seen or called at 2, 

6, and 12 weeks after surgery. Outcomes were the number of VTEs, including deep venous throm-

bosis, pulmonary embolism, and the number of major/minor bleeding events after discharge.

Results: After discharge, 1468 patients were prescribed enoxaparin and 904 dabigatran (1396 

total knee arthroplasty and 976 total hip arthroplasty patients). Mean age was 66±10 years, and 

60% were female. The cumulative incidence of VTEs during the 12-week follow-up was 0.7%. 

One patient sustained a VTE during the switch window. Seven patients sustained a pulmonary 

embolism (0.3%). There was no statistical difference between the total knee arthroplasty and 

total hip arthroplasty groups. The incidence of major and minor bleeding events during follow-

up was 0.3% and 30.3%, respectively. These events had a higher incidence in the dabigatran 

group compared to the enoxaparin group after discharge (p<0.05), but not between knee and 

hip replacement groups for major bleeding events.

Conclusion: A pharmaceutical prophylaxis protocol using LMWH and dabigatran during the 

post-discharge period resulted in low incidences of VTE and equivalence between treatments. 

However, the increased number of major and minor bleeding events in patients taking dabiga-

tran is of concern regarding the safety and needs to be evaluated using analyses adjusted for 

risk factors.

Keywords: arthroplasty, prophylaxis, enoxaparin, dabigatran, venous thromboembolism, 

pulmonary embolism

Introduction
Venous thromboembolic events (VTEs), a major health issue associated with significant 

mortality and morbidity, are a common complication following orthopedic surgeries, 

especially in total hip arthroplasty (THA) or total knee arthroplasty (TKA).1,2 A supple-

mental study of the ninth American College of Chest Physicians (ACCP) guidelines 
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on antithrombotic therapy and prevention of thrombosis 

derived estimates of nonfatal symptomatic VTE rates using 

contemporary populations under prophylaxis from several 

randomized clinical trials (RCTs). They estimated a baseline 

risk of symptomatic VTEs, without prophylaxis after major 

orthopedic surgery, at 4.3% (0–35 days after surgery).3 It is 

currently impossible to predict which patients will develop 

symptomatic VTE following major orthopedic surgery, hence 

the necessity for routine thromboprophylaxis.1 The efficacy 

of pharmacologic prophylaxis in reducing the risk of VTEs 

after THA and TKA is well proven and has been standardized 

for over 20 years.1,4

The 2012 ACCP guidelines on antithrombotic therapy 

and prevention of thrombosis advocate a minimum of 10–14 

days of thromboprophylaxis after both THA and TKA.5 

Given that many studies have demonstrated the importance 

of prolonged prophylaxis following major orthopedic sur-

gery,3,6–8 the ACCP recommends extended prophylaxis for 

up to 35 days in patients undergoing THA. This also applies 

to patients undergoing TKA, but with a lower level of evi-

dence. The standard recommended anticoagulant agent for 

thromboprophylaxis after THA or TKA, according to the 

ACCP and the American Academy of Orthopedic Surgeons 

guidelines, is low-molecular-weight heparin (LMWH).5,9,10 

It has been shown to consistently reduce asymptomatic 

deep vein thrombosis (DVT) by 50%3 and to be more 

effective than low-dose unfractionated heparin, aspirin, and 

vitamin K antagonists in preventing VTEs, for both types 

of surgery.1,3,11–13 However, LMWH requires parenteral 

administration, which can be problematic for long-term 

thromboprophylaxis in the outpatient setting,14 negatively 

affecting patient compliance,15 while also requiring home 

visits by health professionals for up to 20% of patients, 

unable to perform self-injections.16

Direct oral anticoagulants have been developed to facili-

tate prophylaxis and the treatment of VTEs.17 Among these, 

dabigatran etexilate, an oral direct thrombin inhibitor, has 

been approved in 75 countries, including Canada, but not the 

USA, for prophylactic use in high-risk orthopedic surgical 

patients.18 Data from large and well-designed RCTs found it 

to be at least noninferior to enoxaparin, the LMWH compara-

tor, in preventing VTEs.7,19,20

There are ~1000 hip and knee arthroplasty procedures 

performed every year in our institution (Hôpital Jean-Talon, 

Montréal, QC, Canada). With the purpose of optimizing VTE 

prevention after orthopedic surgery and improving the qual-

ity of care, we aimed to evaluate the effectiveness and safety 

of post-discharge thromboprophylaxis up to 12 weeks after 

surgery as well as the treatment switch from subcutaneous 

enoxaparin to oral dabigatran at discharge.

Patients and methods
Study design
Using hospital registry data on thromboprophylaxis, we 

conducted a retrospective observational study of patients 

who underwent THA or TKA. The registry was implemented 

at Hôpital Jean-Talon from September 2011 to March 2015. 

The registry was authorized by the director of professional 

services of Hôpital Jean-Talon, and the study protocol was 

approved by the ethics committee of the Centre Intégré 

Universitaire de Santé et de Services Sociaux Nord-de-l’Île-

de-Montréal. Informed consent was waived because data 

collection was within an implemented best clinical practice 

thromboprophylaxis protocol and data were gathered in a 

registry.

Patients were initially met at the preoperative clinic 

where thromboprophylaxis regimens, either enoxaparin or 

dabigatran etexilate, were explained and they were free to 

choose one or the other before discharge. However, given 

that dabigatran is not covered by local public insurance, only 

patients with private insurance, or those willing to pay, took 

the oral treatment. In Quebec, Canada, provincial public 

health insurance (Régie de l’assurance maladie du Québec) 

covers the drug expenses for every citizen not covered by 

private insurance.

Patients
All patients 18 years or older undergoing THA or TKA 

were included in our thromboprophylaxis registry, with no 

exclusion criteria, in order to maximize recruitment. For 

the purpose of this study, only those patients who were pre-

scribed subcutaneous enoxaparin or oral dabigatran etexilate 

after discharge were selected. Thus, patients following other 

therapies (warfarin, rivaroxaban, apixaban) after hospital 

discharge were not considered for analysis. As per the pro-

tocol, patients who sustain a VTE during hospitalization are 

prescribed therapeutic warfarin and were, therefore, excluded 

from the study.

Treatment regimens/procedure
After surgery, every patient was given 30 mg subcutaneous 

enoxaparin twice daily, starting 12 hours postoperatively. At 

the time of discharge, patients either continued subcutane-

ous enoxaparin 30 mg twice daily or 40 mg once daily, or 

received a prescription of prophylactic oral dabigatran etexi-

late 220 mg once daily or 150 mg once daily if creatinine 
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clearance was between 30 and 50 mL/hour, as per product 

description.21,22 On the morning of discharge, all patients 

received a final dose of subcutaneous enoxaparin at the 

hospital. The next anticoagulant dose, whether enoxaparin 

or dabigatran, was given 12 hours later to ensure continued 

appropriate thromboprophylaxis. Patients followed the treat-

ment for a total of 14–35 days depending on the prescribing 

orthopedic surgeon.

Patients were followed over a 3-month period after the 

date of surgery. They were seen or contacted by phone at 

2, 6, and 12 weeks after surgery. Collected data included 

age, gender, joint replaced, type of prophylaxis treatment, 

treatment length, patient-reported complications, VTE, and 

VTE history. Medical files of patients reporting a VTE were 

consulted to validate the event. Patients that switched from 

enoxaparin to dabigatran were asked specifically about the 

time window (2-3 days following discharge) to report the 

surge in VTE incidence.

Outcome measures
One of the primary outcomes was the rate of symptomatic 

DVT and pulmonary embolism (PE) up to 12 weeks after 

surgery during the post-discharge period. The other primary 

outcome was the rate of VTE during the switch period for 

patients taking dabigatran. Clinically relevant VTEs included 

symptomatic proximal and distal DVT and symptomatic 

PE. Subsegmental PE was not excluded. Patients presenting 

clinical signs of DVT (swelling, pain, and/or rigidity of the 

limb) and/or PE (desaturation, dyspnea, tachycardia, hypo- or 

hypertension) were investigated with duplex Doppler ultra-

sound imaging and ventilation–perfusion scan/computed 

tomography angiography, respectively. If diagnosed, they were 

referred to Department of Internal Medicine for treatment.

The secondary outcomes were the incidence of major 

and minor bleeding events registered for patients after 

discharge during the follow-up period. Major and minor 

bleeding were defined according to accepted guidelines.23 

Major bleeding referred to the following: fatal bleeding; 

clinically overt bleeding in excess, associated with ≥2 g/mL 

fall in hemoglobin and/or leading to transfusion of ≥2 units 

of packed cells or whole blood; symptomatic retroperito-

neal, intracranial, intraocular, or intraspinal bleeding; and 

bleeding requiring treatment cessation and/or operation/

hospitalization. Minor bleeding events excluded the events 

meeting the definition of major bleeding and included 

wound bleeding or discharge, spontaneous skin hemato-

mas, spontaneous nose bleeding, spontaneous macroscopic 

hematuria, or blood in stools.

Statistical analysis
Demographic and clinical data were compared between 

TKA and THA patients as well as between patients taking 

enoxaparin and patients taking dabigatran after discharge 

using Pearson’s chi-squared/Fisher’s exact tests and indepen-

dent samples Student’s t-test for categorical and continuous 

variables, respectively.

The total cumulative incidence of VTE, major bleed-

ing events, and minor bleeding events after discharge were 

reported according to thromboprophylaxis and the joint 

replaced. Differences between groups were measured using 

absolute risk differences (ARD) with 95% CIs and Pearson’s 

chi-squared/Fisher’s exact tests. Statistical significance was 

declared when p≤0.05. All statistical analyses were completed 

using SPSS statistics software, version 23.0 (IBM Corpora-

tion, Armonyk, NY, USA, 2015). 

Results
Patients
Between 2011 and 2015, 2921 patients underwent TKA or 

THA in our institution, with data on 2516 (86.1%) patients 

gathered in the registry. All 2516 received a regimen of 

enoxaparin thromboprophylaxis during inpatient stay. After 

discharge, 58.3% (n=1468) were prescribed subcutaneous 

enoxaparin, 35.9% (n=904) were prescribed oral dabigatran 

etexilate, and 5.7% (n=144) of patients were prescribed other 

treatments (warfarin, rivaroxaban, apixaban). After discharge, 

1402 (95.5%) patients receiving enoxaparin and 870 (96.2%) 

receiving dabigatran were retained throughout the entire 

follow-up period (Figure 1). During inpatient stay, 35 VTEs 

(30 proximal DVT, 5 distal DVT, 23 DVT that evolved to a 

PE) were reported. These patients were prescribed therapeutic 

warfarin dosage. There was a higher number of VTEs in TKA 

(n=31) patients than in THA patients (n=4; p<0.01).

Baseline characteristics
Table 1 shows the characteristics of the entire cohort and 

those specific to the joint replaced. Overall, the mean age 

was 66 years and 60% of patients were female. Almost 

90% of procedures were unilateral. A twice-daily dose 

of 30 or 40 mg once daily (mostly for THA) was equally 

prescribed among patients treated with enoxaparin,  

whereas most patients (83%) prescribed with dabigatran 

had a 220 mg dose once daily. TKA patients were older, 

with more female patients than THA patients, and there 

were more bilateral knee replacements than bilateral hip 

replacements. The number of postoperative transfusions 

was higher in TKA patients than in THA patients, with a 
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prescribed enoxaparin or dabigatran after discharge. There 

was a higher number of total symptomatic VTEs in patients 

treated for 35 days (n=7) than in those treated for 14 days 

(n=5, p=0.002), but no significant differences for subtypes 

of VTEs and major/minor bleeding events.

Figure 1 Flow diagram of the registry.
Notes: aEnoxaparin dose during hospitalization: 30 mg BID. bOther therapies 
prescribed at discharge included warfarin, rivaroxaban, or apixaban. cDabigatran 
dose, options after discharge: 220, 150 mg DIE. dEnoxaparin dose, options after 
discharge:  30 mg BID, 40 mg DIE. ePatients were either contacted by phone or seen 
at the outpatient orthopedic clinic. 
Abbreviations: BID, twice daily; DIE, once daily.

Number of patients contacted at
12 weeks: 870

Number of patients contactede

at 2 weeks: 1464

Number of patients contacted at
6 weeks: 1457

Number of patients contacted at
12 weeks: 1402

Number of patients with knee or hip replacements between
September 2011 and March 2015: 2921

Patients lost to follow-up: 405

Number of patients who received enoxaparina during hospitalization:
2516

Number of patients with knee or hip replacements with follow-up data
in the registry: 2516

Number of patients who were prescribed
other therapiesb after discharge: 144

Number of patients who were
prescribed dabigatranc after
discharge: 904

Number of patients contactede

at 2 weeks: 896

Number of patients contacted at
6 weeks: 890

Number of patients who were prescribed with either enoxaparin or
dabigatran after discharge: 2372

Number of patients who were
prescribed enoxaparind after
discharge: 1468

Table 1 Patient characteristics specific to the joint replaced

Characteristics Total 
(N=2372)

TKA 
(n=1396)

THA 
(n=976)

Age (years), mean (±SD) 65.9 (10.4) 66.5 (9.7) 65.2 (11.3)*
Female, n (%) 1431 (60.3) 877 (62.8) 554 (56.8)*

Unilateral, n (%) 2123 (89.5) 1188 (85.1) 935 (95.8)
Bilateral, n (%) 249 (10.5) 208 (14.9) 41 (4.2)*
Enoxaparin dosagea 614

30 mg BID 723 (49.3) 416 (48.7) 307 (50.0)
40 mg DIE 651 (44.3) 374 (43.8) 277 (45.1)

Dabigatran dosageb

220 mg DIE 751 (83.1) 447 (82.5) 304 (84.0)
150 mg DIE 107 (11.8) 63 (11.6) 44 (12.1)

Other dosage/missing data 140 (5.9) 96 (6.9) 44 (4.5)
Patients with PO 
transfusion(s), n (%)

140 (5.9) 95 (6.8) 45 (4.6)*

Infectionsc, n (%) 26 (1.1) 20 (1.4) 6 (0.6)

Notes: aDenominator is 1468 for the total cohort, 854 for TKA, and 614 for THA. 
bDenominator is 904 for the total cohort, 542 for TKA, and 362 for THA. cDeep 
infections that required debridement and washout. *p-value <0.05 using Pearson’s 
chi-squared test or Fisher’s exact test, except for age (independent samples 
Students t-test).
Abbreviations: BID, twice daily; DIE, once daily; PO, postoperative; THA, total hip 
arthroplasty; TKA, total knee arthroplasty.

total of 6% of all patients needing a transfusion. Overall, 

26 deep infections (1.1%) necessitating debridement and 

washout were reported over 12 weeks, mostly in TKA 

patients (20/26 [76.9%]).

Patient characteristics, according to thromboprophylaxis, 

are presented in Table 2. Patients prescribed enoxaparin 

after discharge were older, and ~60% of patients on either 

treatment regimen underwent a knee replacement. In both 

treatment expositions, the proportion of patients prescribed 

thromboprophylaxis for 35 days averaged 80%, the rest 

of treatment lengths neighboring 14 days. Almost 6% of 

patients reported previous DVT history and <1% reported 

previous PE history in both groups. The number of transfu-

sions did not differ between treatments, but the number of 

deep infections was significantly higher in patients taking 

dabigatran (16/26). Regarding treatment lengths, there was 

no statistically significant differences in age, gender, whether 

the patient had a TKA or a THA and whether the patient was 

Table 2 Patient characteristics according to thromboprophylaxis 
after discharge

Characteristics Dabigatran 
(n=904)

Enoxaparin 
(n=1468)

p-valuea

Age (years), mean (±SD) 64.1 (10.6) 67.1 (10.1) <0.001
Female, n (%) 534 (59.1) 897 (61.1) 0.326
Joint replaced, n (%)

Knee 542 (60.0) 854 (58.2) 0.392
Hip 362 (40.0) 614 (41.8)

Treatment length (days), n (%)
<14 6 (0.7) 9 (0.6) 0.237
14 109 (12.1) 156 (10.6)
15–34 10 (1.1) 18 (1.2)
35 736 (81.4) 1218 (83.0)
>35 16 (1.8) 12 (0.8)
Missing data 27 (3.0) 55 (3.7)

DVT history, n (%)b 53 (5.9) 95 (6.5) 0.552
PE history, n (%) 4 (0.4) 13 (0.9) 0.214
Patients with PO 
transfusion(s), n (%)

62 (6.9) 78 (5.3) 0.121

Infections,c n (%) 16 (1.8) 10 (0.7) 0.013

Notes: aPearson’s chi-squared test or Fisher’s exact test, except for age 
(independent samples Student’s t-test). bTen patients with history of both DVT and 
PE. cDeep infections that required debridement and washout.
Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism; PO, 
postoperative.
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Primary outcomes
During the 12 weeks post-discharge follow-up, the total 

incidence of symptomatic VTE was 0.7% (Table 3). These 

results were distributed as follows: 12 VTE (4 PE) at 2 weeks 

(0.53%), 3 VTE (2 PE) at 6 weeks (0.13%), and 1 VTE (1 PE) 

at 12 weeks (0.04%), with no statistical difference between 

patients taking enoxaparin and dabigatran.

One patient taking dabigatran sustained a VTE during 

the switch window (1 day after discharge, after 4 days of 

inpatient stay). This patient was a 72-year-old female who 

had undergone a TKA, with no history of VTE.

Mean time from surgery to post-discharge symptomatic 

VTE was 20.4 days, ranging from 5 to 84 days, with a mean 

time of 27.7 days for the dabigatran group and 14.7 days 

for the enoxaparin group. Mean time from surgery to post-

discharge symptomatic VTE was 17.7 days for the TKA 

group and 23.9 days for the THA group. Mean time from 

surgery to post-discharge PE was 29.7 days, ranging from 9 

to 84 days, with a mean time of 42.3 days for the dabigatran 

group and 20.3 days for the enoxaparin group. Mean time 

from surgery to post-discharge symptomatic PE was 36.7 

days for the TKA group and 24.5 days for the THA group. 

No patient died. A PE was reported 110 days after surgery 

during a retrospective telephone follow-up for a patient who 

was not reached at 12 weeks (an 81-year-old woman antico-

agulated for 35 days with dabigatran after discharge). This 

patient was not included in the 12-week follow-up analysis. 

Table 4 shows the primary and secondary outcomes for 

TKA and THA patients. There was no significant difference 

between knee and hip replacements in VTE incidence after 

hospital discharge.

Secondary outcomes
Major bleeding
During the follow-up period, the total incidence of major 

bleeding events was 0.3% (Table 3). There was a statistically 

significant increase in the number of major bleeding events 

in the dabigatran group (5 patients), compared to the enoxa-

parin group (1 patient). Among those taking dabigatran after 

discharge who suffered major bleeding, 2 were hospitalized 

10 and 16 days after the arthroplasty for a hematoma related 

to dabigatran use. One of the patients that received dabigatran 

after discharge was hospitalized 10 days after joint replacement 

surgery for important vomiting and diarrhea with melena (dark 

black feces). Dabigatran was ceased during this second inpatient 

stay. Another one was hospitalized for digestive hemorrhage 

secondary to dabigatran use (16 days postoperatively), and the 

last one had to cease taking dabigatran because of significant 

wound bleeding 14 days after surgery (outpatient clinic). In 

the enoxaparin group, the only major bleeding event was that 

of a patient seen at the outpatient clinic 14 days after surgery 

with significant wound bleeding, where enoxaparin was ceased. 

There was no significant difference in the number of major 

bleeding events between TKA and THA patients (Table 4).

Table 3 Thromboprophylaxis efficacy and safety outcomes for patients prescribed dabigatran or enoxaparin after joint replacement 
and discharge

Outcomes Total, n(%) 
(N=2372)

Dabigatran, 
n(%) (n=904)

Enoxaparin, 
n(%) (n=1468)

Absolute risk differencea 
(per 100 patients, 95% 
confidence intervals)

p-valueb

Efficacy outcomes
After discharge

Total symptomatic VTE 16 (0.7) 7 (0.8) 9 (0.6) −0.16 (−0.87; 0.54) 0.641
Proximal DVT 13 (0.6) 6 (0.7) 7 (0.5) −0.19 (−0.83; 0.45) 0.559
Distal DVT 3 (0.1) 1 (0.1) 2 (0.1) * 0.672
Symptomatic PE 7 (0.3) 3 (0.3) 4 (0.3) * 0.543

Safety outcomes
After discharge

Major bleeding events 6 (0.3) 5 (0.6) 1 (0.1) −0.50 (−0.94; −0.07) 0.033**
Minor bleeding events 688 (30.3) 288 (33.1) 400 (28.5) −4.57 (−8.46; −0.69) 0.021**
Hematomas 521 (22.9) 217 (24.9) 304 (21.7) −3.26 (−6.81; 0.30) 0.072
Wound bleeding/discharge 118 (5.2) 53 (6.1) 65 (4.6) −1.46 (−3.33; 0.42) 0.129
Nose bleeding 69 (3.0) 23 (2.6) 46 (3.3) 0.64 (−0.81; 2.09) 0.389
Hematuria or blood in stool 62 (2.7) 36 (4.1) 26 (1.9) −2.28 (−3.66; −0.90) 0.001**

Notes: Denominators are the numbers at the last follow-up (12 months): 870 for dabigatran and 1402 for enoxaparin. aDifference in VTE risk for patients prescribed 
dabigatran compared to patients prescribed enoxaparin after total joint replacement. A negative value means an increased risk for patients prescribed dabigatran compared 
to patients prescribed enoxaparin. bPearson’s chi-squared test or Fisher’s exact test. *Numbers too small to obtain significant results. **Statistically significant with p-value 
of <0.05.
Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism; VTE, venous thromboembolic event.
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Minor bleeding
During the follow-up period, the total incidence of minor 

bleeding events was 30.3% (Table 3). The incidence 

of minor bleeding events was statistically significantly 

higher in patients taking dabigatran etexilate (33.1%) 

than in patients taking enoxaparin (28.5%). According to 

the ARD, for every 100 patients treated with dabigatran, 

5 patients sustained a minor bleeding event compared to 

patients treated with enoxaparin. This association was more 

specific to hematuria and blood in stools. The most com-

mon minor bleeding events were hematomas and wound 

bleeding which generally occurred at 2 weeks after surgery 

(27%). The incidence of minor bleeding events was higher 

in patients with knee replacements than in patients with 

hip replacements, specifically for hematomas and wound 

bleeding (Table 4).

Discussion
These results show that thromboprophylaxis after joint 

arthroplasty, using subcutaneous enoxaparin or oral dabi-

gatran etexilate, limited symptomatic VTE incidence after 

discharge to 0.7%. One DVT was reported during the switch 

window from enoxaparin to dabigatran after discharge. The 

overall incidence of major bleeding events post-discharge 

was of 0.3% and was higher in patients taking dabigatran, 

although the total number of events remained low. There was 

also a higher number of minor bleeding events in patients 

taking dabigatran compared to patients taking enoxaparin 

after discharge.

During hospitalization, the VTE incidence rates of 2.2% 

after TKA and 0.4% after THA were similar to data reported 

in RCTs and observational studies (patients taking enoxa-

parin). There were also 8 (0.3%) potential critical bleeding 

events reported during inpatient stay. A meta-analysis of 47 

studies performed by Januel et al reported that the pooled 

incidence rates of VTE for patients treated with LMWH were 

1.4% (95% CI: 1.0%–1.8%) in TKA studies and 0.6% (95% 

CI: 0.4%–0.8%) in THA studies.24 VTE incidence after TKA 

was slightly higher in our registry, which could be explained 

by the inclusion of subsegmental PE in the efficacy outcome. 

Their meta-analysis also noted that the incidence rates of VTE 

in patients undergoing TKA are significantly heterogeneous.

Regarding the primary effectiveness and safety outcomes, 

our study shows that there was no statistically significant 

difference between treatment groups in VTE incidence dur-

ing the follow-up period. Our findings were consistent with 

those observed in 3 prospective Phase III RCTs comparing 

the efficacy and safety of dabigatran to enoxaparin in THA 

patients (RE-NOVATE) and TKA patients (RE-MOBILIZE 

and RE-MODEL).7,19,20 Pooled analysis of the 3 trials by 

Friedman et al demonstrated that dabigatran (220 or 150 mg) 

was equivalent to enoxaparin in decreasing the risk of major 

VTE and VTE-related mortality, as well as in terms of safety, 

given that each treatment had a similar bleeding profile.25

The switch period between enoxaparin and dabigatran 

could have led to 1 DVT event among the 904 patients in 

our study (0.1%). Ozler et al also compared switch-therapy 

modalities from enoxaparin to rivaroxaban or dabigatran, to 

Table 4 Thromboprophylaxis efficacy and safety outcomes after joint replacement and discharge between knee and hip replacements

Outcomes Total, n (%)
N=2372

TKA, n (%)
N=1396

THA, n (%)
N=976

Absolute risk differencea

(per 100 patients, 95% CI)
p-valueb

Efficacy outcomes
After discharge

Total symptomatic VTE 16 (0.7) 9 (0.7) 7 (0.7) 0.06 (−0.65; 0.77) 0.832
Proximal DVT 13 (0.6) 7 (0.5) 6 (0.6) 0.10 (−0.53; 0.74) 0.745
Distal DVT 3 (0.1) 2 (0.1) 1 (0.1) * 1.000
Symptomatic PE 7 (0.3) 3 (0.2) 4 (0.4) * 0.460

Safety outcomes
After discharge

Major bleeding events 6 (0.3) 3 (0.2) 3 (0.3) 0.09 (−0.34; 0.52) 0.699
Minor bleeding events 688 (30.3) 437 (33.0) 251 (26.5) −6.53 (−10.36; −2.70) 0.001**
Hematomas 521 (22.9) 323 (24.4) 198 (20.9) −3.51 (−7.01; 0.00) 0.050
Wound bleeding/discharge 118 (5.2) 89 (6.7) 29 (3.1) −3.66 (−5.51; −1.81) <0.001**
Nose bleeding 69 (3.0) 43 (3.2) 26 (2.7) −0.50 (−1.94; 0.93) 0.489
Hematuria or blood in stool 62 (2.7) 35 (2.6) 27 (2.7) 0.20 (−1.15; 1.56) 0.768

Notes: Denominators are the numbers at the last follow-up (12 months): 1324 for TKA and 948 for THA. aDifference in VTE risk for patients with TKA compared to patients 
with THA. A negative value means an increased risk for TKA patients compared to THA patients. bPearson’s Chi-squared test or Fischer’s exact test. *Numbers too small 
to obtain significant results. **Statistically significant with p-value of <0.05.
Abbreviations: CI, confidence interval; DVT, deep vein thrombosis; PE, pulmonary embolism; THA, total hip arthroplasty; TKA, total knee arthroplasty; VTE, venous 
thromboembolic event.
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an enoxaparin monotherapy for thromboprophylaxis, after 

THA and TKA, and found no DVT.26 Two other studies evalu-

ated the outcomes of a VTE protocol when switching from 

LMWH to dabigatran, which showed promising results.27,28 

However, all these studies had insufficient number of patients 

to extrapolate their findings to the general population, as 

opposed to this study, given the size of our patient sample.

The main reason for comparing a treatment switch instead 

of a dabigatran monotherapy to an enoxaparin monotherapy 

was that dabigatran was not included in the hospital throm-

boprophylaxis algorithm. Thus, patients who wanted to take 

the oral treatment were only able to do so after discharge. 

The choice of dabigatran over rivaroxaban was motivated by 

the higher incidence of bleeding complications and wound 

infections associated with the latter4 and the convenience 

of dabigatran over LMWH for the patient in an outpatient 

setting. However, the increase in major and minor bleeding 

events (hematuria/blood in stools), which could possibly 

influence the infection rate, has to be investigated and 

considered before further use of this oral anticoagulant for 

thromboprophylaxis after THA and TKA.

The total incidence of major bleeding events after dis-

charge was 0.3% and was significantly higher in patients 

taking dabigatran than in patients taking enoxaparin (the risk 

of major bleeding event was 0.5% higher when dabigatran 

was received rather than enoxaparin). Pedersen et al found a 

0.6% risk of readmission for major bleeding 3 months postop-

eratively in a cohort of >83,000 patients undergoing knee or 

hip replacements, where most patients used heparin as throm-

boprophylaxis. Their definition of major bleeding included 

intracranial bleeding, gastrointestinal bleeding, and urinary or 

pulmonary bleeding.29 RCTs comparing the therapies of inter-

est did not report a difference in major bleeding event rates.25 

A recent Cochrane review also reported a nonsignificant 

difference between the use of direct oral anticoagulants and 

heparin (odds ratio =1.11, 95% CI: 0.79–1.54).30 Consistent 

with the results of the previously mentioned studies, we did 

not find a difference in incidence of major bleeding events 

between TKA and THA patients. Therefore, our findings 

could be attributed to the study period chosen, the 3 months 

following surgery excluding inpatient stay, regardless of the 

length of treatment. In other studies, only the postopera-

tive period was considered. Of our 2372 studied patients, 8 

reported a major bleeding event during inpatient stay (n=2 

were prescribed dabigatran after discharge, n=6 continued 

enoxaparin after discharge). If we add these results with 

those of the follow-up, we obtain the following ARD: −0.30 

for 100 patients (95% CI: −0.97 to 0.36), similar to those of 

other studies. Nevertheless, the reported increase of major 

bleeding events during follow-up could indicate a risk when 

using dabigatran for extended prophylaxis.

Minor bleeding post-discharge, although defined accord-

ing to the same guidelines or as not fulfilling the criteria 

for major or clinically significant bleeding events,17,31,32 had 

a high incidence in this study (33.1% for dabigatran and 

28.5% for enoxaparin) compared to that observed in other 

studies and in RCTs. This can be attributed to the high 

incidence of hematomas (22.9%) reported by patients, inde-

pendently of their size and location. Indeed, except for the 

2- and 6-week assessments when a majority of patients were 

met at the outpatient clinic or health community service 

center for a follow-up, most of the assessments were done 

over the phone. Despite nurses describing as thoroughly 

as possible injuries and symptoms, there was a high risk 

for patients to confuse a hematoma and an ecchymosis. 

Thus, this patient-reported outcome could be biased and 

overestimated. Our results show that dabigatran was associ-

ated with a significant increase in minor bleeding events, 

especially at 2 weeks after the surgery, where hematuria or 

blood in stools subtype of event was statistically significant 

for this group. Bloch et al found that the use of dabigatran 

led to an increase in wound leakage after total joint replace-

ment, which resulted in a longer hospital stay.33 In another 

study comparing minor bleeding events when using either 

dabigatran or enoxaparin, a significant increase in serous 

discharge was found in the dabigatran group. Thus, delayed 

administration of dabigatran may prevent some wound leak-

age, but can still increase the risk of minor bleeding events 

compared to LMWH therapy.17

The main strength of this study was the minimal loss 

to follow-up, difficult to achieve given the size of our 

patient sample, which reduced the risk of selection bias. 

Nonetheless, there are several limitations to consider. As 

the risk for major bleeding events and VTEs is higher dur-

ing the early postoperative period,3 and patients with VTE 

events during hospitalization were excluded, it should be 

noted that the risk for VTEs or major bleeding events over 

3 months of follow-up is probably lower for this sample, 

which can impact external validity by underestimating risk. 

Generalizability is also compromised by the fact that most 

patients on dabigatran had private insurance. Furthermore, 

the treatment period was not clearly defined within the 

follow-up period. Thus, there was no distinction between 

VTEs and bleeding events that occurred during or after 

the treatment period. It would also have been relevant to 

check compliance between the treatment groups, given that 
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oral anticoagulants are associated with better compliance. 

Although symptomatic VTE and PE were all included in the 

registry, it is possible that asymptomatic minor VTEs were 

not detected, leading to an underestimation of risk. Using 

patient-reported outcomes implies a possibility for infor-

mation bias. Finally, this is a registry-based observational 

study limited by the possibility of confounding variables 

because of a lack of randomization.

Conclusion
We found a low incidence of VTE and major bleeding events 

after using either subcutaneous enoxaparin or oral dabigatran 

etexilate after inpatient stay for joint replacement. How-

ever, dabigatran was associated with a significant increase 

in major and minor bleeding events. Switching treatment 

from LMWH to oral anticoagulants is a safe way to achieve 

appropriate thromboprophylaxis after joint replacement 

surgery discharge.
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