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Extended anticoagulation and mortality in venous 

thromboembolism. A meta-analysis of six randomized trials 

Abstract 

Data on all-cause mortality in patients with venous thromboembolism 

(VTE) and prolonged anticoagulation are inconclusive. The aim of this 

study was to compare the incidence of all-cause mortality in patients with 

VTE at intermediate risk of recurrence, ie without transient risk factors or 

cancer, exposed to shorter (at least three months) or longer 

anticoagulation.                                                                                                                                    

We did a systematic revue and meta-analysis of randomized clinical trials 

searching  MEDLINE and COCHRANE bibliographic databases. A random-

effects model was used to pool study results. I2 testing was used to test 

for heterogeneity.                                                                                                

Six studies (5920 patients) entered in the final analysis. Mean course of 

anticoagulation was 7.5 months in the shorter and 18.6 months in the 

longer treatment arm. Prolonged anticoagulation was associated with a 

statistically significant reduction in all-cause mortality (RR 0.47, 95% CI 

0.29 to 0.75; 0.8% vs 1.8%).  Pulmonary embolism-related death was also 

lowered in the longer anticoagulation arm  (RR 0.32, 95% CI 0.12 to 0.83; 

0.2% vs 0.6%).                                                                                                          

Longer compared with shorter anticoagulation significantly reduced all-

cause mortality in patients with VTE at intermediate risk of recurrence.  

 

 

 

 

 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT
 

3 
 

Introduction 

Patients with venous thromboembolism (VTE), which encompasses deep 

vein thrombosis and pulmonary embolism, are usually treated with three 

to six months of anticoagulant therapy for their acute episode (1,2).                    

Beyond this period the management is based on the risk factors 

associated with the episode of VTE. Patients with transient risk factors 

have a low risk of recurrences and  generally discontinue their treatment, 

while patients with  cancer are usually treated indefinitely due to  a high 

risk of recurrences. 

In patients with VTE at intermediate risk of recurrences (mostly with 

unprovoked events), who have a risk of recurrences  of about  30% at five 

years (3,4), the optimal duration of anticoagulation is matter of debate 

(5-7). Several studies have consistently shown  a reduction of  about  90% 

of the recurrences with extended use of vitamin k antagonists (VKA) (8-

10). However, once the anticoagulant is discontinued, there is no 

difference in the subsequent  rate of recurrences with three compared 

with six or  twelve months of therapy (11). Moreover, the reduction of 

recurrences while on anticoagulants, come  at the cost of an increase in 

major bleedings (7). 

Current guidelines recommend extended anticoagulation (beyond three 

months) in patients with unprovoked VTE and low-to moderate risk of 

bleeding (12). However inconsistencies in the duration of anticoagulation 

are reported in clinical practice (13-14). 

Information on mortality  in patients with different duration of treatment 

for VTE may  affect the decision of the clinicians about continuing or not 

the anticoagulation. However, the studies designed  to evaluate the 

efficacy and safety of the VKA in the prevention of recurrent VTE were 

not powered to assess this outcome.  Previous meta-analyses did not 
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report this result (15, 16), or might have been underpowered to assess 

differences in mortality during treatment (17). 

In the last years three direct oral anticoagulants (DOACs) (dabigatran, 

rivaroxaban and apixaban) have been evaluated in the secondary 

prevention of VTE, increasing the number of patients involved in the 

prophylaxis, and allowing for a more accurate determination of risks and 

benefits of the extended anticoagulation (18-20). 

We therefore performed a meta-analysis of available data from 

randomized clinical trials (RCTs) on secondary prevention of VTE, with the 

aim to update the evaluation of the risk of all-cause mortality in patients 

with VTE at intermediate risk of recurrences treated for at least three 

months, compared with those treated for longer periods.  
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Methods 

Search strategy for identification of studies 

A systematic review of the literature was performed. We sought relevant 

articles in the Medline data source and Cochrane Database of Systematic  

Review, from inception through May 2015. There were no language 

restrictions. The search was conducted using the terms “venous 

thromboembolism or pulmonary embolism or deep vein thrombosis or 

DVT or PE; warfarin or coumarin or heparin or low-molecular- weight 

heparin or anticoagulant(s) or anticoagulant treatment or anticoagulant 

therapy or duration of anticoagulant therapy or anticoagulation, or 

secondary prevention; rivaroxaban or apixaban or edoxaban or 

dabigatran” as both medical subject heading terms and text words. This 

was followed by a manual search of the reference list of the retrieved 

articles to identify additional studies.  

Study selection 

Two of the authors (CB, VM) independently reviewed all potentially 

relevant publications to determine whether an article met the 

inclusion/exclusion criteria. Disagreements were discussed at a team 

meeting where a final decision was reached. Studies were included in the 

meta-analysis if they met all the following criteria:                                                                    

a) were RCTs;                                                                                                                                                 

b) randomized patients with VTE to a  course of anticoagulants of at least 

three months or to a longer period;                                                                                                                   

c)  included patients with clinical equipoise to continued anticoagulation, 

or a population with at least 70% of unprovoked events, or with recurrent 

(provoked or unprovoked) VTE;                                                                                                                                                        

d) showed the outcomes of interest, that is all-cause mortality, fatal 

pulmonary embolism, sudden unexplained death, fatal bleeding and ICH;                                                                                                                                                                                              

e) presented the results at the end of the anticoagulation in the longer 
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treatment arm, that is without additional follow-up.                                                         

We made this choice because the follow-up, although informative on the 

long term outcomes of the patients with shorter versus longer 

anticoagulation, might dilute potential benefits (or risks) of continued 

anticoagulation.                                                                                                                           

To avoid excluding studies with only a few months of unintended 

additional observation (for example due to drop-out of some patients), 

we considered  the follow-up  present if it lasted at least six months. 

Since we planned a study-level meta-analysis, we accepted studies that 

included some patients with cancer or low risk of recurrence such as 

patients with transient risk factors for VTE, provided a substantial 

proportion (at least 70%) of patients included had an unprovoked VTE.  

Trials on DOACs in which patients were randomized to the drug or 

placebo, were also eligible, provided the randomization had been 

preceded by at least three months of anticoagulation. 

We excluded trials that focused on particular subgroups of patients, such 

those with abnormal d-dimer (10) or residual vein thrombosis (21,22), or  

that evaluated only patients with transient risk factors for VTE (23), or 

compared less than three months of anticoagulation with longer periods 

(24,25). We also excluded one study on Ximelagatran (26) because the 

drug is no more available.  

The main outcome of interest was all-cause mortality. We also sought 

data about pulmonary embolism-related mortality. For this purpose we 

considered fatal pulmonary embolism (as adjudicated in each study) and 

sudden unexplained deaths, as pulmonary embolism-related mortality. 

Finally, we collected information on fatal, intracranial (ICH), major and 

non-major bleeding (as defined in each study).  

Data extraction 
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For each study the following data were sought: mean age and gender; 

number of participants in  each treatment arm; proportion of unprovoked 

VTE; duration, type, and intensity of anticoagulation; incidence of all-

cause mortality; deaths due to pulmonary embolism and sudden 

unexplained death; fatal bleedings and ICH. 

Assessment of study quality 

Two of the authors (CB, VM) independently reviewed the studies included 

in the meta-analysis to appraise their quality. The risk of bias were 

assessed based on the following domains: random sequence generation, 

allocation concealment, blinding, incomplete outcome data, selective 

reporting and other bias (27). For each of the domains, the study was 

ranked at high risk of bias, low risk of bias, or unclear risk of bias. In 

addition, quality of studies was evaluated with  the Jadad score (28). 

Disagreements were resolved by discussion. 

 

Statistical analysis 

The number of months of anticoagulation in the shorter and longer arms 

was calculated as weighted mean.                                                                                                    

The pooled effects estimates were used to combine the values from the 

single studies and were expressed as relative risk (RR) and the related 

95% confidence intervals (CI).                                                                                                                                             

RR and CI were obtained using the DerSimonian and Laird random effect 

model, that calculates a weighted average of the RRs by incorporating 

within-study and between-study variations.                                                       

The Mantel-Haenszel method (fixed effects model) was also used to 

assess the effect of model assumptions on our conclusions. Compared 

with the fixed effect model, which considers only the within-study 

variation, the random effect model generally provides a similar estimate 

of the RR but a wider CI if heterogeneity is present.                                                      
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Statistical heterogeneity was assessed using Cochran Q and I2 measure;                       

I2 values above 50% and 75% were predefined as indicative of moderate 

and high heterogeneity respectively.                                                                                     

Publication bias was explored by Egger’s test and Begg’s rank correlation 

test.                                                                                                                                                                       

A sensitivity analysis was planned to explore the results of the three 

studies evaluating VKAs, compared to the overall analysis.                                                                     

The data of the two doses of apixaban used in the Amplify-extension 

study (20) were pooled in the analysis.                                                                                         

The reporting of study’s findings was in accordance with the PRISMA 

statement (29). 

All statistical analyses were performed using Stata software, version 11 

(Stata Corporation 4905 Lakeway Drive, College Station, TX). 

 

 

 

 

 

 

 

 

 

 

 

 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT
 

9 
 

Results 

Eighteen articles were selected for full review (figure 1). After evaluation 

of inclusion and exclusion criteria, six trials (5920 patients, 2532 in the 

short and 3388 in the long treatment arm) were finally included in the 

meta-analysis (8,9,18-20,30) (table 1). 

The trials were published between 1997 and 2013. Patients enrolled 

ranged from 162 to 2484. Overall, the risk of bias was considered low, 

and the quality of studies high, with a mean Jadad score of 4.3 (table 2).               

In three studies (8,9,30) warfarin was used. The INR-range was 2 to 3 in 

the first trial (8), 2 to 2.85 in the second (9), and 1.5 to 2 in the third (30).                        

Three studies evaluated DOACs (18-20). In one (20) two different doses of 

apixaban (2.5 mg b.i.d. and 5 mg b.i.d.) were used. 

The mean period of anticoagulation was 7.5 months in the shorter, and 

18.6 months in the longer anticoagulation arm. Mean age was 56.9 years 

in the shorter treatment group and 56.8 years in the longer. Males were 

56.0 % and 57.5 % respectively. 

The proportion of unprovoked episodes of VTE ranged from 74% to 100%. 

In one study (18) all patients had clinical equipoise in continuing 

anticoagulation. 

Forty-five (1.8%) of 2532 participants in the short treatment arm died at 

the end of longer anticoagulation, as did 27 (0.8%) of 3388 participants in 

the long treatment arm.                                                                                                     

Analysis of pooled data from these studies showed that prolonged 

anticoagulation was associated with a statistically significant reduction in 

all-cause mortality (RR 0.47, 95% CI 0.29 to 0.75; NNT 102). There  was no 

evidence of heterogeneity among the studies (Fig.2).      
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Funnel plots showing RRs of the individual studies vs the reciprocal of 

their standard errors did not exhibit any patent asymmetry. The p values 

for the Egger and Begg tests were 0.286 and  0.216, respectively. 

In the sensitivity analysis of the three studies evaluating VKAs, point 

estimates for all-cause mortality were comparable to the overall analysis, 

although the result only approached statistical significance (Fig. 3).  

Fatal pulmonary embolism occurred in in 4 patients in the short 

anticoagulation  arm and in no patients in the longer arm.                                          

There were 10  sudden unexplained deaths in the shorter treatment arm 

and six in the longer arm.                                                                                                                

Thus, there were overall 6 deaths (0.2%) in the longer treatment arm 

related to pulmonary embolism, versus 14 deaths (0.6%) in the shorter 

treatment arm, a statistically significant reduction (RR 0.32, 95% CI 0.12 

to 0.83; NNT 266) 

Major bleedings were not significantly increased in the longer 

anticoagulation arm (RR 2.29, 95%CI 0.85-6.18), while non-major 

bleeding were (RR 2.26, 95%CI 1.52-3.37) (Fig. 4 and 5).                                                                                       

Fatal bleedings occurred in two patients in both groups.                                                                 

ICH occurred in one patient the longer anticoagulation arm, and in  3 

patients in the shorter arm. 
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Discussion 

The main finding of this meta-analysis is that a prolonged anticoagulation 

for an  average of 18.6 months, compared with a treatment for a mean of 

7.5 months, significantly reduced all-cause mortality in patients with VTE 

and intermediate risk of recurrences, sparing  one life every 102 patients 

treated for about one additional year. In the ongoing debate on benefits 

and risks of extended anticoagulation, these results add value to the 

concept of prolonged treatment.                                                                                                       

A reduction in all-cause mortality was recently reported by a meta-

analysis on secondary prevention of VTE with DOACs compared with 

placebo (31), though the results were mainly driven by a single larger trial 

(20).  Instead, a  meta-analysis on VKA  showed only a non-significant 

trend toward a mortality reduction with longer anticoagulation (17).  

Our analysis on VKA and direct anticoagulants showed a significant 

reduction in overall mortality without heterogeneity between old and 

new anticoagulants. Although in the sensitivity analysis on studies with 

VKA the difference in mortality only approached statistical significance, 

this is likely to be due to insufficient statistical power, considered the 

lack of heterogeneity in our analysis and the equivalence in efficacy and 

mortality outcomes between VKA and DOAC in head-to-head 

comparisons in the VTE treatment (32). 

Our results are different from those of Middeldorp  and coll. (17). 

However the number of patients evaluated in our analysis was  more than 

five-fold larger. In addition differences in the  inclusion criteria of the 

studies can aid to explain this discrepancy. In particular in the analysis of 

Middeldorp and coll. two studies (33,34) had very short courses of 

anticoagulation in both arms, and one of them (34) enrolled only 

patients with transient risk factors for VTE. Both these studies might 

have contributed to a reduction in differences of mortality. Instead  we 
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included only studies with at least three months of treatment in the 

shorter arm, and with at least 70% of patients with unprovoked events. 

Finally we included an additional study (9) with a few months of 

unintentional follow-up after the end of anticoagulation in the longer 

arm, excluded in the other meta-analysis. 

Our findings are in keeping with a recent report that showed that 

anticoagulant therapy (mostly with VKA) for periods longer than three 

months was associated with a mortality benefit in a large population-

based cohort of incident VTE (35) 

Admittedly, the absolute reduction in all-cause and PE-related mortality 

was low in our analysis, with a NNT of 102 and 266 respectively. 

However, in the real world,  all-cause mortality (mostly due to 

cardiovascular diseases) in patients with VTE seems to be much higher, 

reaching 15% (versus 4% in the general population) in the first year after 

the index event (36). Thus in the real practice the advantage of extended 

anticoagulation, in terms of absolute reduction of mortality, might be 

higher than that we observed. On the other hand, the incidence of major 

and fatal bleedings might also be higher in the real-life. 

The causes of the reduction in mortality in patients treated for longer 

periods are not completely clear. We observed a significant reduction in 

fatal pulmonary embolism and sudden unexplained death in patients with  

longer duration of treatment, which cannot completely explain the 

decrease in mortality. It is possible that, in absence of systematic autopsy, 

some fatal pulmonary embolism might have been missed. Another 

potential explanation might be that patients anticoagulated for longer 

periods are more protected  against (fatal) arterial cardiovascular events 

(37). 

Fatal bleedings and ICH were rare in the studies evaluated, probably due 

to the fact that patients at high risk of bleeding are unlikely to undergo 
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extended anticoagulation. Major bleedings showed a non-significant 

trend toward an increase in in the longer treatment arm, whereas non-

major bleedings were significantly more frequent in that group. Of note, 

we pooled the data of the two doses of apixaban used in one study (20). 

In the original publication a reduced dose did not increase major or 

clinical relevant non-major bleedings compared to placebo.                                                                                                                                                                                                                                                                                          

Strengths of our analysis include the large number of patients evaluated, 

the hard end-points considered and the high quality of included  studies. 

In particular we did not identify in the studies any confounding factor 

(for example co-morbidities) potentially responsible for the observed 

differences in mortality. 

Some aspects of the study deserve further consideration.                                                      

First of all, different drugs and dosages were used in the included studies. 

Still, the relative-risk reduction in all-cause mortality was surprisingly 

consistent among the trials. 

Second, two studies (20,30) used low doses of apixaban or warfarin, and a 

third, differently from the other trials, enrolled patients with a second 

episode of VTE (9). It could be argued that low-dose anticoagulants might 

have reduced the risk of fatal bleeding. On the other hand, patients with 

recurrent VTE could have been at higher risk of (fatal) recurrences, and 

this could have enhanced the advantage of anticoagulation.                              

However, there was no  evidence that low doses of apixaban or warfarin 

reduced the incidence of fatal bleeding  compared with standard doses 

(20,38). Similarly, there was no evidence that patients with a second 

episode of VTE experienced more frequently recurrences compared with 

patients with a first episode (9,39). 

Third, in a study (9), due to refusal by some patients  to adhere to the 

protocol, there was an additional unintended observation period, after 

the longer anticoagulation, of about five months (on a total amount of 48 
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months). Given the relative rarity of the outcomes we evaluated, it is 

unlikely that this brief period of follow-up altered our results. However, in 

that case it is likely that the results would have been biased towards a 

reduction in differences of mortality.  

Fourth, due to the study-level meta-analysis, we were unable to eliminate 

the results pertaining to patients with transient risk factors or cancer. 

Also in this case, the presence of patients with low risk of recurrence or 

cancer, albeit for opposite reasons, might have reduced the difference in 

mortality between the two arms of anticoagulation. 

A limitation of the study is that it cannot answer to the question about 

the optimal duration of anticoagulation. However the advantages of 

extended treatment are lost once the anticoagulation is stopped (11), and 

this might be true also for mortality (17) . Our findings reinforce therefore 

the suggestion, by current guidelines ( 12), of indefinite anticoagulation in 

patients with unprovoked VTE and low-to moderate risk of bleeding. 

Reduced doses of DOAC (20,40) might be an interesting option in this 

regard. 
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Table 1  Characteristics of studies included in the meta-analysis 

 

(1): All patients had clinical equipoise in continuing anticoagulation                                                                                                

VTE: venous thromboembolism                                                                                                                                                                        

VKA: Vitamin K  Antagonists                                                                                                                                                                             

NA: not applicable 

 

 

 

 

 

 

 

 

 

 

Studies 
(acronyms) 
and 
publication 
year 

n of 
patients 
in the 
shorter 
arm  

n of 
patients 
in the 
longer 
arm  

Duration of 
anticoagulation 
in the shorter 
arm (months) 
(weighted 

mean: 7.5) 

Duration of 
anticoagulation 
in the longer 
arm  
(months) 
(weighted 

mean: 18.6) 

Proportion 
of 
unprovo-
ked VTE 
(%) 

n of 
deaths 
in the 
shorter 
arm 

n of 
deaths 
in the 
longer 
arm 

TTR in 
VKA 
Studies 
(%) 

LAFIT (8)  
1999 

83 79 3 10 100 3 1 64 

DURAC2 
(9)  
1997 
 

111 116 6 48 81 16 10 62 

PREVENT 
(28) 
2003 

253 255 6.5 25 100 8 4 No 
data 

RESONATE 
(18) 2013 
 

662 681 10 15.5 No data 
(1) 

2 0 NA 

EINSTEIN-
EXT (19) 
2010 
 

594 602 8 16.5 74 2 1 NA 

AMPLIFY-
EXT (20) 
2013 
 

829 1655 6 18 91 14 11 NA 
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Tab. 2 

Risk of bias (based on authors’ judgement) and Jadad score of included studies 

 

+: low risk of bias 

-: high risk of bias 

?: unclear risk of bias 

 

  

 

 

 

 

 

 

 

 

 

 

Studies 

(acronyms) 

Random 

sequence 

generation 

Allocation 

concealment 

Blinding 

participants 

and 

personnel 

Blinding of 

outcome 

assessment 

Incomplete 

outcome 

data 

Selective 

reporting 

Other 

bias 

Jadad 
score 

LAFIT (8) + + + + + ? + 5/5 

DURAC2 (9) + + - ? + ? + 4/5 

PREVENT (28) ? ? + + ? ? + 3/5 

RESONATE (18) + + + + + + + 4/5 

EINSTEIN-EXT 

(19) 
+ + - + + + + 5/5 

AMPLIFY-EXT 

(20) 
+ + + + + + + 5/5 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT
 

25 
 

 

Figure 1 

Flow diagram of study selection 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

723 Reports identified by computerized search 

705  excluded  by title or abstract review because not 

relevant for the study 

18 evaluated in detail 

12 excluded  after  detailed Evaluation 

4 special population studied                                                   

1 transient risk factors for VTE                                                

2 less than three months of anticoagulation                                                     

1 less than 70% of unprovoked events                      

1 RCT on ximelagatran                                                      

2 data only at the end of follow-up                                  

1 no data of unprovoked VTE at the end of 

treatment 

6 Reports included in final meta-analysis 
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Figure 2 

Relative risk of all-cause mortality between longer and shorter treatment, in six RCTs (from random-effects 

model) 
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Figure 3 

Relative risk of all-cause mortality between longer and shorter treatment, in RCTs on Vitamin K Antagonists 

(from random effects model) 
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Figure 4 

Relative risk of major bleeding  between longer and shorter treatment, in six  RCTs (from random-effects 

model 
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Figure 5 

Relative risk of non-major bleeding all-cause  between longer and shorter treatment, in five * RCTs (from 

random-effects model 

 

* One study (9) did not report data on non-major bleeding 
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Highlights 

 Data on mortality in patients with VTE and prolonged 

anticoagulation are inconclusive  

 We did a meta-analysis of six randomized trials to investigate this 

relation   

 Prolonged anticoagulation was associated with a significant 

reduction in all-cause and PE-related mortality  


