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Abstract Management of acute venous thromboembolism (VTE) with anticoagulants in elderly
patients and those with chronic kidney disease poses special challenges. The RE-COVER
and RE-COVER II trials showed that dabigatran 150 mg twice daily was as effective as
warfarin over 6months in preventing recurrent VTE, with a lower bleeding risk. We now
assess the effects of old age and renal impairment (RI) on pooled trial outcomes in
5,107 patients: 4,504 aged <75 years and 603 aged �75 years. The primary efficacy
outcome was symptomatic VTE/VTE-related death. Safety outcomes were centrally
adjudicated major bleeding events (MBEs), MBEs or clinically relevant non-major
bleeding events (MBEs/CRBEs) and any bleeds. Baseline renal function was categorized
as normal, mild RI or moderate RI. A total of 3,698 had normal renal function and 1,100
and 237 hadmild and moderate RI, respectively (23 patients with severe RI and 49 with
missing creatinine clearance data were not included). For dabigatran, VTE/VTE-related
death decreased from 3.1% (normal renal function) to 1.9% for mild RI and to 0.0% for
moderate RI. For warfarin, the event rates were 2.6, 1.6 and 4.1%, respectively. Overall,
major bleeding increased with increasing RI (p ¼ 0.0037) and with age (p ¼ 0.4350),
with no apparent difference between the dabigatran and warfarin patients. Dabigatran
shows better efficacy than warfarin in RI and in the elderly patients, probably because
of an increase in the concentration of dabigatran. However, bleeding risk increases with
both dabigatran and warfarin in the presence of RI.
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Introduction

Anticoagulation constitutes the foundation of venous throm-
boembolism (VTE)management. The elderly1 and thosewith
chronic kidney disease2 pose special challenges to optimal
anticoagulation prescribing. The efficacy of dabigatran in
elderly patients and the effect of renal impairment (RI) on
bleeding complications in patients taking dabigatran have
not been the primary focus of large-scale VTE trials.

No clinical trial has specifically randomized elderly pa-
tients as the population of primary interest to compare non-
vitamin K oral anticoagulants (NOACs) with warfarin.3

Furthermore, there is little evidence to guide treatment in
patients with moderate renal disease.4

Dabigatranwas evaluated in two large-scale phase III trials
of acute VTE (RE-COVER and RE-COVER II).5,6 In these trials,
dabigatran was as effective as warfarin for the treatment of
acute VTE, with a lower risk of bleeding. Because dabigatran is
approximately 80% renally eliminated, higher plasma concen-
trations are expected in renally impaired patients, potentially
increasing the bleeding risk.7–9 Renal function decreases with
increasing age, and a substantial proportion of patients with
VTE are elderly and/or renally impaired patients.10 We there-
fore performed these post hoc subgroup analyses of pooled
data from the RE-COVER (NCT00291330) and RE-COVER II
(NCT00680186) trials5,6 to assess the individual effect of
baseline age and renal function as well as their combined
effect on the efficacy and safety of dabigatran versus warfarin
in patients with acute VTE.

Materials and Methods

Patients
Patients with acute, symptomatic, objectively verified prox-
imal deep vein thrombosis (DVT) of the legs or pulmonary
embolism (PE), and for whom 6 months of anticoagulant
therapy was considered to be an appropriate treatment,
were included in the RE-COVER and RE-COVER II studies.5,6

In both studies, the principal exclusion criteriawere duration
of symptoms longer than 14 days, PE with hemodynamic
instability or requiring thrombolytic therapy, use of warfarin
for other indications, recent unstable cardiovascular disease,
a high risk of bleeding, liver disease (aminotransferase level
>2 times [RE-COVER] or >3 times [RE-COVER II] the local
upper limit of the normal range), an estimated creatinine
clearance (CrCl) <30 mL/min, life expectancy <6 months,
contraindication to heparin or to radiographic contrast
material, pregnancy or risk of becoming pregnant or a
requirement for long-term antiplatelet therapy (�100 mg
of acetylsalicylic acid daily was acceptable).

Study Design
In both trials, treatment was started with a parenteral antic-
oagulant (unfractionated heparin, low-molecular-weight he-
parin or fondaparinux). On the day of randomization
(interactive voice response system and a computer-generated
randomization sequence), eitherwarfarin orwarfarin-placebo
in a 1:1 ratio was added to the parenteral treatment and

continued for�5 days until the international normalized ratio
(INR)was�2 on two consecutive days. Parenteral therapywas
then discontinued, and patients continued either warfarin or
warfarin-placebo (therapeutic INR range: 2.0–3.0) and re-
ceived dabigatran or dabigatran-placebo 150 mg twice daily,
respectively. Dabigatran or dabigatran-placebo was given in
the 2 hours before the next scheduled dose of subcutaneous
parenteral therapy or when intravenous unfractionated he-
parinwasstopped. The studydrugwas continued for 6months
(oral-only treatment period).

The protocol and all amendments of the two studies were
approved by the institutional review board at each participat-
ing clinical centre, and all patients provided informed consent.
The trials were performed in compliancewith the clinical trial
protocol, in accordance with the principles of the Declaration
of Helsinki, the International Conference on Harmonization
Guideline for Good Clinical Practice and applicable regulatory
requirements. Central adjudication committees, whosemem-
berswere unaware of the treatment assignments, classified all
suspected outcome events, bleeding events and deaths. An
independent data and safety monitoring board reviewed
efficacy and safety outcomes in the two studies.

Study Outcomes and Statistical Analyses
In the pooled analysis, the primary efficacy outcome was
recurrent, symptomatic objectively confirmed VTE or VTE-
related death (hereafter referred to as VTE), assessed from
randomization up to the end of treatment (i.e., 6 months)
plus 30 days. The safety outcomes were MBEs defined
according to International Society on Thrombosis and Hae-
mostasis (ISTH) criteria,11 the composite of MBEs or CRBEs,
and any bleeds occurring on treatment.

The population analysed for efficacy consisted of all
randomized patients who took at least one dose of the study
drug. The safety analysis set consisted of patients who
received dabigatran or warfarin during the 6-month dou-
ble-dummy oral-only treatment period.

Patientswere divided into two age subgroups (<75 or�75
years) and into three subgroups based on renal function (CrCl
30 to <50, 50 to <80 and �80 mL/min). A further multi-
variate analysis grouped the patients aged <75 or �75 years
by their renal function.

The hazard ratios (HRs) for efficacy and safety outcomes
were obtained from a Cox model, stratified by study, assum-
ing different baseline hazards for the two studies and a
common treatment effect, the corresponding subgroup fac-
tor(s) and the interaction of treatment and subgroup factor
(s), as applicable. Statistical analyses were performed with
SAS version 9.2 (Cary, North Carolina, United States).

Results

Population
Overall, 2,553 patients randomized to dabigatran and 2,554
randomized towarfarinwere included in the pooled analysis
for efficacy. Their mean age was 54.8 years (►Table 1). The
qualifying event was symptomatic DVT alone in 69% and PE
with or without symptomatic DVT in 31% (►Table 1).
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Baseline characteristics stratified byage (<75 and�75 years)
and renal function are shown in ►Table 2.

For the pooled safety analysis, 2,456 patients received DE
and 2,462 patients received warfarin during the oral-only
treatment period. Mean days on study drug were 163
(standard deviation [SD]: 38) for dabigatran and 163
(SD: 39) for warfarin.

Efficacy and Safety Outcomes

Overall
Outcomes in the overall pooled RE-COVER and RE-COVER II
populations have been published previously.6 Recurrent VTE
occurred in 68/2,553 (2.7%) patients in the dabigatran group
and 62/2,554 (2.4%) receiving warfarin ([HR]: 1.09; 95%
confidence interval [CI]: 0.77–1.54).4 MBEs, MBEs/CRBEs
and any bleeding were significantly lower with dabigatran
than with warfarin (MBEs, HR: 0.60; 95% CI: 0.36–0.99;

MBEs/CRBEs, HR: 0.56; 95% CI: 0.45–0.71; any bleeds, HR:
0.67; 95% CI: 0.59–0.77).6

By Baseline Renal Function
Analysis of efficacy results for the combined treatment
groups according to baseline renal function showed a sta-
tistically significant difference for mildly impaired versus
normal renal function (HR: 0.61; 95% CI: 0.37–0.99). The
incidence of recurrent VTE was lower with moderately
impaired compared with normal renal function at baseline
(HR: 0.75; 95% CI: 0.31–1.84; ►Table 3). In the dabigatran
treatment group, event rates appeared to decline with
worsening renal function, while there was no trend in the
warfarin group (►Table 3). By Cox’s regression analysis, there
was no statistically significant treatment-by-baseline CrCl
interaction for efficacy, indicating that there was no consis-
tent treatment effect of dabigatran relative to warfarin with
respect to baseline renal function.

Bleeding events (MBEs, MBEs/CRBEs and any bleeds) in
the combined treatment groups increased significantly with
declining renal function (lower limits of the 95% CIs of the
HRs were all >1.0). This pattern appeared to be broadly
similar in the dabigatran and warfarin treatment groups
(►Fig. 1). For most renal function subgroups, the incidence
of bleeding events was lower with dabigatran than with
warfarin (►Fig. 1). Cox’s regression analysis showed no
statistically significant treatment-by-baseline-by-CrCl inter-
action for MBEs (p ¼ 0.36), MBEs/CRBEs (p ¼ 0.22) or any
bleeds (p ¼ 0.39), indicating that the safety profile of dabi-
gatran relative to warfarin is maintained, irrespective of
baseline renal function.

Bleeding causing a �20 g/L fall in haemoglobin or leading
to�2 units of transfusion of whole blood or red cells was the
most prevalent ISTH criterion triggering classification of
events as MBEs, regardless of renal function (mild/moderate
RI or normal). Gastrointestinal and urogenital were the most
common sites of MBEs in either subgroup. Reflecting the
overall results, these events and MBEs at these sites were
higher in the renally impaired patients, and inmost cases the
incidences were lower with dabigatran than with warfarin
(►Supplementary Table 1).

By Baseline Age
In the combined treatment groups, there was no apparent
difference in the incidence of recurrent VTE/VTE-related
mortality across the age subgroups in any of the analyses
(►Table 4). However, results for the dabigatran group
showed a trend towards reduction in risk with increasing
age, whereas warfarin results had no consistent pattern. No
clear difference in VTE/VTE-related deaths between dabiga-
tran and warfarin was apparent. Cox’s regression analysis
showed no statistically significant treatment-by-age inter-
action, indicating similar relative treatment effects of dabi-
gatran versus warfarin across the age groups (►Table 4).

The incidence of bleeding events increasedwith age in the
combined treatment groups, and the same pattern was
observed for each treatment group individually (►Fig. 2).
However, MBEs, MBEs/CRBEs and any bleeds were less

Table 1 Baseline characteristics in the overall population

DE
(n ¼ 2,553)

Warfarin
(N ¼ 2,554)

Total
(N ¼ 5,107)

Age, mean (SD), y 54.8 (16.0) 54.7 (16.2) 54.8 (16.1)

Age category, n (%)

< 75 y 2,265 (88.7) 2,239 (87.7) 4,504 (88.2)

�75 y 288 (11.3) 315 (12.3) 603 (11.8)

Male, n (%) 1,520 (59.5) 1,521 (59.6) 3,041 (59.5)

Race, n (%)

White 2,206 (86.4) 2,193 (85.9) 4,399 (86.1)

Black 54 (2.1) 51 (2.0) 105 (2.1)

Asian 292 (11.4) 310 (12.1) 602 (11.8)

Missing 1 (0.0) 0 (0.0) 1 (0.0)

Body mass index,
mean (SD), kg/m2

28.6 (5.7) 28.4 (5.7) 28.5 (5.7)

CrCl, mean (SD),
mL/min

107.0 (42.2) 105.8 (40.5) 106.4 (41.4)

CrCl category at screening,a n (%)

�80 mL/min 1,860 (72.9) 1,838 (72.0) 3,698 (72.4)

50 to <80 mL/min 539 (21.1) 561 (22.0) 1,100 (21.5)

30 to <50 mL/min 114 (4.5) 123 (4.8) 237 (4.6)

Qualifying event,b n (%)

Symptomatic PE and
symptomatic DVT

226 (8.9) 240 (9.4) 466 (9.1)

Symptomatic PE only 569 (22.3) 567 (22.2) 1,136 (22.2)

Symptomatic
DVT only

1,755 (68.7) 1,744 (68.3) 3,499 (68.5)

Neither symptomatic
PE nor symptomatic
DVT

3 (0.1) 3 (0.1) 6 (0.1)

Abbreviations: CrCl, creatinine clearance; DE, dabigatran etexilate; DVT,
deep vein thrombosis; IQR, interquartile range; PE, pulmonary embo-
lism; SD, standard deviation.
aPatients with missing CrCl data (n ¼ 49) or with CrCl < 30 mL/min
(n ¼ 23) were excluded from the analyses by renal function.

bResults of objective testing for initial symptomatic DVT/PE performed
locally. If a patient had more than one event, the last event prior to
randomization was classified as the qualifying event.
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frequent with dabigatran than with warfarin in all age
subgroups during the double-dummy, oral-only treatment
period. There was no significant treatment-by-age interac-
tion for MBEs, MBEs/CRBEs or any bleeds in any of the age
subgroup analyses, indicating similar comparative safety of
dabigatran versus warfarin regardless of age.

Bleeding causing a �20 g/L fall in haemoglobin or leading
to�2 units of transfusion of whole blood or red cells was the
most prevalent ISTH criterion for MBEs, and gastrointestinal
and urogenital were the most common sites of MBEs regard-
less of age group (<75 or �75 years). Reflecting the overall
results, these events were higher in the elderly, and in most
cases the incidences were lower with dabigatran than with
warfarin (►Supplementary Table 1).

By Baseline Age and Renal Function
In both age groups (<75 and�75 years), recurrent VTE/VTE-
related death decreased with declining renal function in
patients assigned to dabigatran, while there was no clear
pattern with warfarin (►Table 5). No systematic difference
was apparent between dabigatran and warfarin across the
different subgroup combinations of baseline CrCl and age
(►Table 5). Cox’s regression analysis showed no statistically
significant treatment-by-age-by-CrCl interaction (p ¼ 0.99),
indicating similar efficacy of dabigatran relative to warfarin
regardless of the combination of renal function and age.

In both age groups, bleeding events increasedwith declin-
ing renal function with dabigatran as well as with warfarin
treatment (►Table 6). Bleeding events were less frequent

Table 3 Incidence of VTE or VTE-related deaths in the DE and warfarin groups by baseline renal function

CrCl, mL/min VTE or VTE-related death
Patients, n/N (%)

HR (95% CI) between
creatinine clearance groupsa

DE Warfarin

30 to <50 0/114 (0.0) 5/123 (4.1) 0.75 (0.31–1.84)
(30 to <50 vs. �80)

50 to <80 10/539 (1.9) 9/561 (1.6) 0.61 (0.37–0.99)
(50 to <80 vs. �80)

�80 58/1,860 (3.1) 48/1,838 (2.6)

p-Value for treatment-by-CrCl
interactiona

0.9964

Abbreviations: CI, confidence interval; CrCl, creatinine clearance; DE, dabigatran etexilate; HR, hazard ratio; VTE, venous thromboembolism.
aPooled patient group irrespective of assigned treatment.

Table 2 Baseline characteristics by patient’s age and renal function

CrCl, mL/min

Patients aged <75 y Patients aged �75 years

30 to <50 50 to <80 �80a 30 to <50 50 to <80 �80

Treated, N 67 784 3,608 170 316 90

Mean (SD) age, y 66.9 (6.7) 63.2 (10.3) 48.5 (13.4) 81.3 (4.1) 79.1 (3.4) 77.5 (2.0)

Mean (SD), BMI, kg/m2 25.4 (5.3) 26.5 (4.4) 29.2 (6.0) 25.3 (3.8) 27.3 (3.9) 30.7 (5.2)

Male, n (%) 20 (29.9) 406 (51.8) 2,303 (63.8) 66 (38.8) 161 (50.9) 57 (63.3)

Race, n (%)

White 54 (80.6) 634 (80.9) 3,151 (87.3) 145 (85.3) 284 (89.9) 78 (86.7)

Black 2 (3.0) 15 (1.9) 78 (2.2) 3 (1.8) 4 (1.3) 1 (1.1)

Asian 11 (16.4) 135 (17.2) 378 (10.5) 22 (12.9) 28 (8.9) 11 (12.2)

Mean (SD) CrCl, mL/min 43.4 (4.9) 68.1 (8.1) 123.6 (35.8) 42.2 (5.1) 63.2 (8.3) 93.8 (15.9)

Patients with qualifying event, n (%)b

Symptomatic PE and symptomatic DVT 6 (9.0) 70 (8.9) 341 (9.5) 10 (5.9) 24 (7.6) 8 (8.9)

Symptomatic PE only 19 (28.4) 167 (21.3) 759 (21.0) 47 (27.6) 96 (30.4) 23 (25.6)

Symptomatic DVT only 42 (62.7) 546 (69.6) 2,504 (69.4) 113 (66.5) 195 (61.7) 59 (65.6)

Neither symptomatic PE
nor symptomatic DVT

0 (0.0) 1 (0.1) 4 (0.1) 0 (0.0) 1 (0.3) 0 (0.0)

Abbreviations: CrCl, creatinine clearance; DVT, deep vein thrombosis; IQR, interquartile range; PE, pulmonary embolism; SD, standard deviation.
aDetails on race missing for one patient.
bResults of objective testing for initial symptomatic DVT/PE performed locally. If a patient had more than one event, the last event prior to
randomization was classified as the qualifying event.
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with dabigatran than with warfarin in most age and CrCl
subgroups, with the exception of similar MBEs in the mod-
erate renal dysfunction subgroup aged <75 years, and
slightly fewer MBEs and MBEs/CRBEs in warfarin-treated
patients with moderate renal dysfunction aged �75 years
(►Table 6). However, the number of events and patients in
these subgroups was small. The treatment-by-age-by-CrCl
interaction was not significant for MBEs, MBEs/CRBEs or any
bleeding.

Among patients receiving warfarin who had MBEs or
MBEs/CRBEs and who had an INR measurement within 28
days prior to the bleed, mean pre-event INRswere somewhat
higher (3.31 and 3.11, respectively) than the average of INR
values recorded over the entire oral-only treatment period in

Fig. 1 Incidence of bleeding events in the dabigatran etexilate and
warfarin groups by baseline renal function. �Applies to the pooled patient
group irrespective of assigned treatment. †Treatment-by-creatinine-clear-
ance interaction. Hazard ratios (HRs) were estimated using the Cox model
assuming different baseline hazards for the studies and a common treat-
ment effect. CI, confidence interval; CRBE, clinically relevant non-major
bleeding event; CrCl, creatinine clearance; MBE, major bleeding event.

Table 4 Incidence of VTE or VTE-related deaths in the DE and
warfarin groups by baseline age category

Age, y VTE or VTE-related
death, n/N (%)

HR (95% CI)
between age
groupsa

DE Warfarin

<75 65/2,265
(2.9%)

52/2,239
(2.3)

0.84 (0.48–1.50)
(�75 vs. <75)

�75 3/288 (1.0%) 10/315 (3.2)

p-Value for
treatment-by-age
interaction

0.0517

Abbreviations: CI, confidence interval; DE, dabigatran etexilate; HR,
hazard ratio; VTE, venous thromboembolism.
aPooled patient group irrespective of assigned treatment.

Fig. 2 Bleedingevents in thedabigatranetexilate (DE) andwarfaringroups
by baseline age category. Pooled analysis of data from RE-COVER and
RE-COVER II; bleeding events were counted from the start of the double-
dummy period to the end of the 6-month treatment period. �Applies to the
pooled patient group irrespective of assigned treatment. †Treatment-by-
age interaction. Hazard ratios (HRs) were estimated using the Cox model
assuming different baseline hazards for the studies and a common treat-
ment effect. CI, confidence interval; CRBE, clinically relevant non-major
bleeding event; MBE, major bleeding event.
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patients who did not have MBEs or MBEs/CRBEs (2.49 and
2.48, respectively). We note, however, that these compar-
isons should be interpretedwith caution. In patients younger
than 75 years, there was a trend to these INR values increas-
ing with declining renal function, whereas there were no
clear differences in INR between age groupswithin each level
of renal function (►Supplementary Table 2).

Discussion

In patients receiving dabigatran in the RE-COVER trials, the
incidence of VTE/VTE-related death tended to decrease,

and bleeding events tended to increase with increasing age
or declining renal function. This is expected for a drug that
is primarily eliminated renally, because the plasma dabiga-
tran concentration is higher in patients with RI, and RI
becomes more prevalent with older age. With both dabi-
gatran and warfarin, the risk of bleeding increased with
increasing age, with increasing RI or both. However, bleed-
ing was less frequent with dabigatran than with warfarin in
most subgroups. In the analysis of RE-COVER subgroups
according to age and renal function together, no increase in
either VTE recurrence or bleeding in dabigatran-treated
patients was apparent for older (�75 years) versus younger
(<75 years) patients when they had equivalent ranges
of CrCl.

Previous studies of the relationship between age and the
risk of recurrent VTE have yielded contradictory results: a
positive association (Olmsted County, Minnesota, United
States; N ¼ 1,71912), an inverse association (California hos-
pital discharge records; N ¼ 36,924;13 RIETE, N ¼ 16,19914)
or no association (Worcester, Massachusetts, United States;
N ¼ 1,89715 and N ¼ 1,22316). In contrast, the association
of increasing age with an increased frequency of major
bleeding has been observed more consistently.14,15 Large
observational studies of patients receiving vitamin K an-
tagonists for various indications in Sweden showed similar
patterns: increasing age correlated with major bleeding but
not with thromboembolic events.17 Lower glomerular fil-
tration rates were associated with increased bleeding risk
(especially in elderly patients) but not with thrombo-
embolic events.18 The best anticoagulation strategy for
patients with severe renal insufficiency is not known,
because patients with a creatinine clearance less than
30 mL per minute were excluded.

The pattern of efficacy and safety results seen with
warfarin in the RE-COVER trials was more variable than

Table 5 Incidence of VTE or VTE-related death in the DE and
warfarin groups by age and renal function

CrCl, mL/min VTE or VTE-related
death, n/N (%)

DE Warfarin

Age < 75 y

30 to <50 0/32 (0.0) 1/35 (2.9)

50 to <80 8/381 (2.1) 6/403 (1.5)

�80 57/1,828 (3.1) 45/1,780 (2.5)

Age � 75 y

30 to <50 0/82 (0.0) 4/88 (4.5)

50 to <80 2/158 (1.3) 3/158 (1.9)

�80 1/32 (3.1) 3/58 (5.2)

p-Value for treatment-
by-age-by-CrCl interactiona

0.9994

Abbreviations: CrCl, creatinine clearance; DE, dabigatran etexilate; VTE,
venous thromboembolism.
ap-Value from Cox’s regression model with factors treatment, age, CrCl
and all possible interaction terms stratified by study.

Table 6 Incidence of bleeding events in the DE and warfarin groups by baseline age and renal function

MBEs, n/N (%) MBEs/CRBEs, n/N (%) Any bleeds, n/N (%)

Age, y CrCl, mL/min DE Warfarin DE Warfarin DE Warfarin

<75 30 to <50 2/30
(6.7)

2/31
(6.5)

3/30
(10.0)

4/31
(12.9)

6/30
(20.0)

8/31
(25.8)

50 to <80 5/359
(1.4)

10/387
(2.6)

26/359
(7.2)

43/387
(11.1)

70/359
(19.5)

90/387
(23.3)

�80 9/1,780
(0.5)

17/1,728
(1.0)

58/1,780
(3.3)

106/1,728
(6.1)

227/1,780
(12.8)

332/1,728
(19.2)

�75 30 to <50 4/76
(5.3)

3/83
(3.6)

9/76
(11.8)

8/83
(9.6)

15/76
(19.7)

21/83
(25.3)

50 to <80 4/145
(2.8)

6/149
(4.0)

10/145
(6.9)

23/149
(15.4)

27/145
(18.6)

35/149
(23.5)

�80 0/31
(0.0)

2/55
(3.6)

1/31
(3.2)

4/55
(7.3)

4/31
(12.9)

10/55
(18.2)

p-Value for treatment-by-
age-by-CrCl interactiona

0.9920 0.6473 0.9827

Abbreviations: CrCl, creatinine clearance; CRBE, clinically relevant non-major bleeding event; DE, dabigatran etexilate; MBE, major bleeding event.
ap-Value from Cox’s regression model with factors treatment, age, CrCl and all possible interaction terms stratified by study.
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with dabigatran, likely reflecting the more complex phar-
macology and multiple factors influencing the pharmacoki-
netics and pharmacodynamics of the vitamin K antagonists.
In warfarin-treated patients, most categories of bleeding
events increased with declining renal function. The inci-
dence of bleeding events in warfarin-treated patients also
increased with increasing age, but warfarin efficacy showed
no consistent pattern with age or renal function. With
dabigatran, the finding of fewer VTE events but more bleed-
ing may reflect higher dabigatran levels (though unmea-
sured)with declining renal function. Caution is neededwhen
using dabigatran in patients with significant RI. This is
particularly important because ‘real-world’ patients are
less selected than clinical trial patients and often have
additional bleeding risk factors.

In the current study, bleeding eventswere assessed during
the double-dummy, oral-only treatment period only. There-
fore, any events occurring during parenteral anticoagulation
were not included. This approach allows for an appropriate
comparison of dabigatran versus warfarin.

A cautionary note is that the combined data from the
two studies were not powered for subgroup analysis.
Therefore, statistical power is relatively low for testing
interactions, and a non-significant result does not rule
out the possibility of treatment heterogeneity. Further-
more, only approximately 5% of the patients had moderate
renal insufficiency.

Our study found that in the elderly, dabigatran was
associated with a trend towards decreased recurrent DVT
but increased bleeding events. In contrast, in randomized
trials of rivaroxaban for DVT19 and rivaroxaban for PE,20

there was no difference in efficacy or in major bleeding
between elderly and non-elderly patients.3 Our study found
that with increasing RI, dabigatran was associated with less
recurrent DVT and increased bleeding. In contrast, a meta-
analysis of NOACs showed no difference in efficacy or safety
compared with warfarin with respect to moderate renal
disease.4 However, in the VTE trials of rivaroxaban, patients
with symptomatic VTE and RI are at increased risk of
recurrent VTE.21 The only NOAC trial that downward-ad-
justed dosing in the VTE patients with moderate renal
disease was HOKUSAI-VTE, which studied edoxaban versus
warfarin. The 30-mg daily reduced dose of edoxaban main-
tained efficacy but was safer than warfarin in renally im-
paired VTE patients.22

In conclusion, among patients with acute VTE receiving
dabigatran, impaired renal function at baseline was asso-
ciated with lower recurrent VTE rates (probably because of
an increase in the concentration of dabigatran) and higher
bleeding event rates. Irrespective of renal function groups,
the overall rates of recurrent VTE were similar with dabiga-
tran and warfarin. The rates of bleeding events with dabiga-
tran were generally lower than those observed with
warfarin. The efficacy and safety profile of dabigatran com-
pared with warfarin does not appear to be influenced by age.
This is a substudy, but the trials were not designed specifi-
cally to identify the efficacy and safety of dabigatran versus
warfarin in elderly or renally impaired patients. Therefore,

the results that we present should be considered with
caution.

What is known on this topic?

• Use of anticoagulants for the management of venous
thromboembolism (VTE) in elderly patients and those
with chronic kidney disease presents special chal-
lenges in balancing efficacy and safety.

• In phase III trials (RE-COVER and RE-COVER II), dabi-
gatranwas as effective as warfarin for the treatment of
acute VTE but had a lower risk of bleeding.

What this paper adds?

• Results from this study suggest that the efficacy and
safety of fixed dose dabigatran 150 mg twice daily
versus warfarin is not significantly affected by age in
patients with acute VTE. However, there was a trend
towards increased efficacy of dabigatran with increas-
ing age as well as a trend towards increased bleeding
complications with dabigatran with increasing age.

• As renal insufficiency (RI) increased, the efficacy of
dabigatran 150 mg twice daily appeared to increase,
probably because the concentration of dabigatran in-
creased. These results differ from trials of rivaroxaban,
in which patients with RI had an increased risk of
recurrent VTE.We found in the present study that with
RI, the bleeding complication rate increased with both
dabigatran and warfarin.

• Regardless of baseline renal function, the safety profile
of dabigatran relative to warfarin was maintained.

• These results should provide some reassurance to
clinicians who might otherwise hesitate to anticoagu-
late elderly patients or those with renal impairment.
However, these findings also illustrate the need for
careful monitoring of renal function and awareness of
the trend towards increased bleeding complications
when anticoagulating patients with renal impairment.
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