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ARTICLE INFO ABSTRACT

Introduction: Studies suggest a decreasing risk of recurrent venous thromboembolism (rVTE) in relation to time
since the index event. We sought to conduct a meta-analysis examining the time course of rVTE over the first 3-
months of anticoagulation.
Materials and Methods: A literature search of MEDLINE, EMBASE and CENTRAL (through 4/2013) was conducted
to identify randomized trials of acute pharmacologic treatment and prevention of rVTE, enrolling >200 subjects/
treatment arm, requiring anticoagulation for >3-months and reporting time-to-objectively-confirmed rVTE.
Trials assessing extended-duration treatment, randomizing only cancer patients or not in English were excluded.
Treatment arms were divided into monthly and weekly time periods for comparison (months 1-3 and weeks 1-12
after the index event). Treatment arm rVTE rates (per person-year) were pooled using a random-effects approach.
Results: Fifteen trials (31 treatment arms; n = 27,237) were included. Higher rVTE rates were observed during
the first month after the index event (0.19, 95%CI = 0.16-0.23) compared to the second (0.05, 95%Cl
0.04-0.06; p < 0.001 vs. first month) and third months (0.02, 95%Cl = 0.02-0.03; p < 0.001 vs. first month).
While the highest rate of rVTE was in week 1 (0.29, 95%Cl = 0.21-0.37; p < 0.01 vs. week 2), rates remained
high through the fourth week (between 0.15 and 0.10 events/person-year) before decreasing and stabilizing at
week 5 (<0.05 events/person-year; p < 0.01 vs. week 4).
Conclusions: Our findings demonstrate a significant interaction between rVTE rates and time after the index
event. High rVTE rates during the 3-4 weeks following the index event emphasize the importance of frequent
surveillance during this time and the early optimization of pharmacologic therapy.
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Introduction ‘COLUMBUS’ trial [3,4] suggests that the incidence of rVTE is highest
during the first 21-days following the index event and then

Acute venous thromboembolism (i.e., deep-vein thrombosis or decreases thereafter. If the rate of rVTE is in fact highest in the first

pulmonary embolism) is a common disorder with an annual inci-
dence of approximately 1 or 2 cases per 1000 persons in the general
population [1]. Current guidelines for the acute treatment and
prevention of recurrent venous thromboembolism (rVTE) recom-
mend at least 3-months of anticoagulation, starting with the early
initiation of a vitamin K antagonist (VKA) along with at least 5-
days of bridging therapy with a parenteral anticoagulant or initiation
and continued therapy with rivaroxaban [2].

Limited formal analysis of the early time course of rVTE in antico-
agulated patients is available in the medical literature; and therefore,
there is little agreement about the magnitude of any event-time in-
teraction. A post-hoc analysis of the moderate-sized, randomized
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few weeks of treatment, this would strongly support the need for
rapid obtainment and optimization of anticoagulation to minimize
early events and frequent clinical surveillance during this period to
allow for early diagnosis and management of recurrence.

To address this gap in the medical literature, we sought to conduct a
systematic review and meta-analysis of randomized controlled trials to
better evaluate the time course of rVTE over the first 3-months of
treatment.

Materials and Methods
Study Selection
A systematic literature search of the MEDLINE (earliest possible date

through April 2013), EMBASE (earliest possible date through April 2013)
and CENTRAL (earliest possible date through April 2013) computerized
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bibliographic databases was performed. The search strategy used for
MEDLINE is provided in Appendix 1. A manual review of references
from identified studies and review articles was also performed to identi-
fy additional relevant studies.

Potentially eligible trials were evaluated independently by 2 re-
viewers, with disagreements resolved by discussion or a third investigator
(if necessary). To be included in this analysis trials must have: 1) been
arandomized, controlled and evaluating the acute pharmacologic treat-
ment and prevention of r'VTE; 2) enrolled >200 subjects per treatment
arm, 3) required anticoagulation for at least 3-months; and 4) reported
time to objectively-confirmed rVTE event data. Trials that assessed
extended duration treatment (additional therapy following an initial
3-12 months of anticoagulation after the index event), randomized
only cancer patients, or were not published in full-text English were
excluded.

Validity Assessment

Validity assessment was performed using the Jadad scale [5] and
other markers of validity including objective diagnosis of rVTE and
amount of loss to follow-up. The Jadad scale assesses inherent control-
lers of bias by assessing randomization, double-blinding, and proper
reporting of patient withdrawals. These individual components were

assessed and an aggregate score was calculated for each included trial
(0 = weakest, 5 = strongest). The diagnosis of the initial and rVTE
was objectively confirmed if the suspected DVT was based upon
compression ultrasonography or venography, if the suspected PE was
confirmed by spiral computed tomography, pulmonary angiography, a
high-probability ventilation/perfusion scan, or a nondiagnostic finding
with symptoms of PE and an objectively confirmed DVT. Two investi-
gators performed all quality assessments independently with dis-
agreement resolved through discussion or by a third investigator
(if necessary).

Data Abstraction

Two investigators, through the use of a standardized data extraction
tool, independently extracted all data, with discrepancies resolved by a
third investigator. Data for each trial collected included: 1) study iden-
tifier and year of publication; 2) characteristics of study design; sample
sizes; number of patients at risk and patient-years of follow-up at each
time point; 3) anticoagulant treatment employed and planned duration
of therapy; 4) study validity characteristics (Jadad score criteria [5],
objective diagnosis of rVTE, percent loss to follow-up); 5) patient risk
factors for venous thromboembolic disease; and 6) the incidence of
rVTE events per time period.

Recordsidentified through Additional records included
e database searching through other sources
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3
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Fig. 1. Citation Inclusion and Exclusion Flow Diagram. RCT = randomized controlled trial; rVTE = recurrent venous thromboembolism; VTE = venous thromboembolism; rVTE =

recurrent venous thromboembolism.
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Table 1
Characteristics of Included Studies.

Trial Design Jadad  Treatment Intended Inclusion  Proximal DVT” (%) PE"(%) Cancer Loss to follow-up
Score Duration Criteria (%) (%)
EINSTEIN-PE, 2012 R, OL, ITT 3 Rivaroxaban (n = 2419) 3-12 months PE — 100 4.7 03
(2,0,1) Enoxaparin/warfarin (n = 2413) 100 4.5 04
Cassiopea, 2012 R,DB, DD, ITT 5 Enoxaparin/idrabiotaparinux (n = 1599) 3-6 months PE — 100 6 6
(2,2,1) Enoxaparin/warfarin (n = 1603) 100 6 7+
EQUINOX, 2011 R, DB, ITT 5 Idrabiotaparinux (n = 386) 6 months DVT 100 0 4.7 1
(2,2,1) Idraparinux (n = 371) 100 0 5.7 0.8
EINSTEIN-DVT, 2010 R, OL, ITT 3 Rivaroxaban (n = 1731) 3-12 months DVT 100 0.7 68 0.9
(2,0,1) Enoxaparin/VKA (n = 1718) >99 06 52 1.0
RE-COVER, 2010 R,DB,DD, ITT 5 UFH or LMWHy/dabigatran (n = 1274) 6 months DVTor PE 100 212 50 0.7
(2,2,1) UFH or LMWH/warfarin (n = 1265) 100 214 45 0.5
van Gogh (DVT), 2007 R, OL, ITT 3 Idraparinux (n = 1452) 3-6 months  DVT - 0 15.2 2.8l
(2,0,1) UFH or LMWH/VKA (n = 1452) 0 138 5.1
van Gogh (PE), 2007 R, OL ITT 3 Idraparinux (n = 1095) 3-6 months  PE — 100 14.2 3.8
(2,0,1) UFH or LMWH/VKA (n = 1120) 100 14.7 5.0
LITE Trial, 2007 R, OL, ITT 3 Tinzaparin (n = 369) 12 weeks DVT 100 26.6% 271 03
(2,0,1) UFH/Warfarin (n = 368) 100 2239 272 0.3
THRIVE, 2005 R,DB,DD, ITT 5 Ximelagatran (n = 1240) 6 months DVT 91 37 13 0.8
(2,2,1) Enoxaparin/warfarin (n = 1249) 91 36" 14 1.1
DOTAVK, 2001 R,OL ITT 3 UFH or LMWH/VKA (n = 270) 12 weeks DVTor PE 60.3 309 - 3.7
(2,0,1) UFH or LMWH/VKA (n = 269) 24 weeks 62.3 29.6 2.21F
DURAC, 1995 R, OL, ITT 3 UFH or LMWH/VKA (n = 454) 6 months DVTor PE 58 11 5 5
(2,0,1)
CORTES, 2001 R,OL ITT 2 UFH/VKA (n = 375) 3 months DVT - 0 112 —
(2,0,0) Reviparin QD/VKA(n = 388) 0 144
Reviparin BID/VKA (n = 312) 0 10.6
Merli, 2001 R, PBH, ITT 3 UFH/VKA(n = 290) 3 months DVTor PE 80.7 303 155 0.3
(2,0,1) Enoxaparin QD/VKA (n = 298) 82.2 315 164 0
Enoxaparin BID/VKA (n = 312) 79.5 337 151 0.3
FRAXODI, 1998 R,DB,DD, ITT 3 Nadroparin QD/VKA (n = 316) 3 months DVT 78 0 14 0
(1,1,1) Nadroparin BID/VKA (n = 335) 76 0 14 03
Hull, 1992 R,DB,DD, ITT 5 UFH/VKA (n = 219) 3 months DVT 100 16.0 224 0
(2,2,1) LMWH/VKA (n = 213) 100 127 216 0

BID = twice daily; DB = double blind; DD = double-dummy; DVT = deep vein thrombosis; ITT = intention-to-treat; LMWH = low molecular weight heparin; OL = open label;
PB = partially blinded; PE = pulmonary embolism; QD = once daily; R = randomized; UFH = unfractionated heparin; US = United States; VKA = vitamin K antagonist.

— = not reported.
Proportion of DVTs that were proximal.
PE with or without DVT at trial entry.

- %

Value represents premature treatment discontinuation defined as: poor compliance to protocol, loss to follow-up, or patient’s request.

II' Premature discontinuation for other reasons not specified.

9 Symptoms of pulmonary embolism.

Pulmonary embolism accompanying qualifying DVT.

T Includes patients with confirmed calf-DVT not included in present analysis.
# Ppartially blinded; nonblinded UFH arm and blinded enoxaparin/VKA arms.

Statistical Analysis

For each included trial, rates of rVTE for individual treatment arms
(events per person-year) for each time period after the index event
(e.g., weeks 1-12) were calculated along with accompanying 95%

Table 2
Traditional Meta-Analysis of Rate of Recurrent Venous Thromboembolism.

Time Period After Index Event rVTE Rate* (95%CI) [I]

Month 1 0.19 (0.16 t0 0.23) [73.1]
Month 2 0.05 (0.04 to 0.06) [19.5]
Month 3 0.02 (0.02 to 0.03) [183]
Week 1 0.29 (021 to0 0.37) [66.7]
Week 2 0.15 (0.12 t0 0.18) [0.0]
Week 3 0.11 (0.07 to 0.14) [26.9]
Week 4 0.10 (0.07 t0 0.13) [0.0]
Week 5 0.05 (0.03 to 0.07) [0.0]
Week 6 0.04 (0.02 to 0.06) [0.0]
Week 7 0.03 (0.01 to 0.04) [0.0]
Week 8 0.04 (0.02 to 0.05) [0.0]
Week 9 0.04 (0.02 to 0.06) [0.0]
Week 10 0.02 (0.01 to 0.04) [0.0]
Week 11 0.02 (0.01 to 0.03) [0.0]
Week 12 0.03 (0.02 to 0.05) [0.0]

CI = confidence interval; r'VTE = recurrent venous thromboembolism.

confidence intervals. In many cases, required data was extracted from
studies’ published Kaplan-Meier curves using Engauge Digitizer soft-
ware (available at: http://digitizer.sourceforge.net); with subsequent
event rates calculated using the methods described by Parmar 1998,
Williamson 2002 and Tierney 2007 [6-8]. This was done by dividing
the number of recurrent events by the number of patient-years in a
given time period. Data from each study for each time interval was
then pooled to calculate weighted average rates (with 95% confidence
intervals) using a random-effects approach [9]. The I? statistic was
used to assess for the presence of statistical heterogeneity between
study arms within a given time period (I > 50% suggested the presence
of important statistical heterogeneity). The presence of a statistical
event-rate by time period interaction was assessed using the methods
described by Altman and Bland [10], with a p-value < 0.05 considered
statistically significant. A nearly identical analysis was also performed
using monthly instead of a weekly time intervals through 3-months of
follow-up (0-30 days, 31-60 days and 61-90 days).

We performed subgroup and sensitivity analyses to determine
whether any observed event by time interaction was consistently seen
when analyses on treatment arms stratified by presentation of patient
population (DVT only, PE with or without DVT, or a mixed DVT or PE
population) were undertaken, or when analyses were restricted to
treatment arms of trials published after 2004, using bridging therapy,
and reporting the number “at risk” on the Kaplan-Meier curve.
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Fig. 2. Weekly Rates of Recurrent Venous Thromboembolism During the 3-Months following an Index Event. rVTE = recurrent venous thromboembolism. *p < 0.01 compared to preced-

ing week. T Indicates the presence of statistical heterogeneity (I* > 50%).

Moreover, for time points where statistical heterogeneity was noted, we
also performed multivariate linear mixed modeling meta-regression
(weighted by the inverse variance of rVTE incidence) in an attempt to
explain its presence. Fixed-effects were assumed for study-level factors,
including year of publication, presentation of patient population (DVT
only, PE with or without DVT, or a mixed population), use of bridging
therapy, and reporting the number “at risk” on the Kaplan-Meier curve.

All statistical analyses was performed using Comprehensive
Meta-Analysis version 2 (Biostat, Inc., http://www.meta-analysis.
com/index.html) or SAS version 9.2 (SAS Institute Inc., Cary, NC,
USA). We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement in reporting this
systematic review and meta-analysis [11].

Results
Study Characteristics

A total of 248 potentially eligible citations were identified in our ini-
tial literature search, and four additional trials were identified through
manual reference searches. Reasons for exclusion during title and
abstract and full-text article review are described in Fig. 1. Of 14 identi-
fied publications [12-25] one [17] reported results of two unique RCTs;
thus 15 unique RCTs reporting a total of 31 treatment arms (n = 27,237
patients) were available for meta-analysis at each time point. Table 1
summarizes the characteristics of these trials.

Of the 15 RCTs, all utilized an intention-to-treat approach and 7
(47%) were partially- or double-blinded. Jadad scores ranged from 2-5,

Table 3
Subgroup and Sensitivity Analysis based on One Month Time Periods.

with the majority (60%) receiving a score of 3. In 8 trials (17 treatment
arms), DVT (without PE) was the indication for inclusion, in 3 PE with or
without DVT (6 treatment arms) was the indication for inclusion, while
the other 4 (8 treatment arms) included a mixed DVT or PE population.
No trial assessed a patient population with >30% history of cancer or
had a loss to follow-up of >10%. In most treatment arms (68%), ini-
tial treatment of VTE consisted of unfractionated heparin (UFH) or
low-molecular-weight heparin (LMWH) bridging to a VKA. The
number of patients at risk of rVTE was reported at specified time
points on the Kaplan-Meier curve in 10 of 15 trials (21 of 31 treat-
ment arms). Finally, 9 of 15 trials (18 of 31 treatment arms) were
published after 2004.

Rates of VTE

Upon traditional meta-analysis, patients experienced a higher rVTE
rate during the first month after the index event (0.19, 95%CI 0.16 to
0.23; I = 73.1%) compared to the second (0.05, 95%Cl 0.04to 0.06;
> =195% p<0001 vs. first month) and third months (0.02,
95%Cl = 0.02to 0.03; I> = 18.3%; p < 0.001 vs. first month) (Table 2).
The highest rates of rVTE were observed during the first week (0.29,
95%CI 0.21 to 0.37; > = 66.7%) following the index event, but rates
remained high through the second (0.15, 95%CI 0.12 to 0.18; I*> =
0.0%), third (0.11, 95%CI 0.07 to 0.14; I> = 26.9) and fourth weeks
(0.10, 95%CI 0.07 to 0.13; I> = 0.0%), eventually dropping significantly
in the fifth week (0.05, 95%CI 0.03 to 0.07; I*> = 0.0%; p < 0.007 com-
pared to weeks 1-4 individually) and remaining low through week 12
(Fig. 2).

Number of Tx Arms
(number of patients)

*Rates reported as events

per person-year (95%CI) [12]

rVTE Rate; Month 1

IVTE Rate™; Month 2
(95%CI) [12]

rVTE Ratet; Month 3
(95%CI) [12]

Published after 2004 18 (23,124) 0.18 (0.14 to 0.21) [67.6]
Bridgingt 21 (15,301) 0.20 (0.15 to 0.24) [75.7]
At Risk reported 21(21,842) 0.19 (0.15 t0 0.22) [70.9]
DVT only 7 (12,556) 0.27 (0.21 to 0.33) [70.1]
PE only 6 (10,249) 0.14 (0.10 to 0.18) [54.8]
DVT or PE 8 (4,432) 0.12 (0.06 to 0.18) [62.2]

0.05 (0.03 t0 0.06) [39.1] 0.02 (0.02 t0 0.03) [0.3]
0.05 (0.04 to 0.07) [214] 0.03 (0.02 to 0.04) [31.0]
o 05 (0.04 to 0.06) [29.9] 0.02 (0.02 to 0.03) [0.0]
04 (0.03 to 0.05) [0.0] 0.02 (0.01 t0 0.03) [2.9]
0 06 (0.03 to 0.09) [70.0] 0.03 (0.01 to 0.04) [15.6]
04 (0.02 to 0.07) [0.0] 0.03 (0.01 to 0.06) [47.0]

CI = confidence interval; DVT = deep vein thrombosis; PE = pulmonary embolism; rVTE = recurrent venous thromboembolism; Tx = treatment.

* Rates reported as events per person-year.
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Subgroup and Sensitivity Analysis based on One Week Time Periods.

rVTE Rate’; Week 2
(95%CI) [2]

IVTE Rate™; Week 3
(95%CI) [12]

rVTE Rate'; Week 4
(95%C1) [1]

Number of Tx Arms rVTE Rate’; Week 1
(number of patients) (95%CI) [12]
Published after 18 (23,124) 0.31 (0.21 to 0.40) [75.6]
2004
Bridging" 21 (15,301) 0.24 (0.15 to 0.33) [61.1]
At Risk reported 21(21,842) 032 (0.23 to 0.41) [74.9]
DVT only 17 (12,556) 0.49 (0.33 to 0.64) [70.0]
PE only 6 (10,249) 0.18 (0.08 to 0.29) [70.6]
DVT or PE 8 (4/432) 0.16 (0.07 to 0.24) [0.0]

0.16 (0.12 t0 0.19) [0.0]

0.15 (0.10 t0 0.19) [0.0]
0.16 (0.12 t0 0.19) [0.0]
0.20 (0.14 to 0.26) [0.0]
0.13 (0.08 t0 0.18) [0.0]
0.1 (0.04 t0 0.18) [0.0]

0.09 (0.06 to 0.13) [29.4]

0.12 (0.07 t0 0.16) [9.5]
0.10 (0.06 to 0.14) [32.7]
0.13 (0.07 to 0.20) [39.4]
0.08 (0.04 t0 0.12) [5.6]
0.14 (0.06 t0 0.22) [0.0]

0.10 (0.07 t0 0.13) [0.0]

0.13 (0.09 t0 0.17) [0.0]
0.10 (0.07 to 0.12) [0.0]
0.08 (0.05 t0 0.12) [0.0]
0.14 (0.09 to 0.19) [0.0)
0.09 (0.03 t0 0.16) [0.0]

CI = confidence interval; DVT = deep vein thrombosis; PE = pulmonary embolism; rVTE = recurrent venous thromboembolism; Tx = treatment.

* Rates reported as events per person-year.

T Patients initiated on heparin or low molecular weight heparin and transitioned to vitamin K antagonist after achieving therapeutic International normalized ratio levels.

Subgroup and sensitivity analyses demonstrated the abovementioned
event timing trend remained consistent when evaluating treatment arms
enrolling DVT patients only, enrolling PE (with or without DVT) patients
only, enrolling a mixed DVT or PE population, published after 2004, or
evaluating bridging therapy only (Tables 3 and 4).

Mixed linear model meta-regression on the month 1 pooled data
suggested that in the first month after the index event, the rate of
I'VTE was significantly lower in treatment arms enrolling only patients
with a PE (with or without DVT; 0.16 fewer events per patient-year)
compared to DVT only populations (referent) (Table 5). Similarly, in
the first week after the index event, a statistically significant decrease
in the rate of rVTE was found in treatment arms that enrolled only
patients with a PE (with or without DVT; 0.24 fewer events per patient
year) or a mixed DVT/PE population (0.24 fewer events per patient
year) compared with studies enrolling DVT only populations (referent).
No other study-level characteristics were shown to have a significant
effect on rVTE rates during month 1 or week 1.

Discussion

The results of this meta-analysis reveal a significant interaction
between the rate of rVTE and time after the index thrombotic event.
Rates of rVTE were highest during the initial month after the index
event. The weekly rate of rVTE was highest during the first week (0.29
events per person-year), but remained high through the third and
fourth weeks (>0.10 events per person-year). After the first month,
rates of rVTE began to stabilize and stayed low through the remainder
of the 3-month treatment period (weekly rates <0.05 events per
person-year). This general recurrence over time trend was consistently
seen upon subgroup and sensitivity analyses.

Table 5

Results of Meta-Regression Analysis of Rate of Recurrent Venous Thromboembolism.
Study-Level Adjusted Difference Adjusted Difference
Factor in rVTE Rate™ Month 1 (95%CI)  in rVTE Rate” Week 1 (95%CI)

Year of publication

2004 or prior 0.06 (-0.11 to 0.23) 0.06 (-0.32 to 0.44)
After 2004 Referent Referent
Bridging'
No 0.02 (-0.07 to 0.11) 0.14 (-0.05 to 0.33)
Yes Referent Referent
At Risk Reported
No 0.02 (-0.17 t0 0.21) -0.03 (-0.44 t0 0.37)
Yes Referent Referent
Presentation
DVT or PE -0.10 (-0.19 to 0.0) -0.24 (-0.44 to -0.04)
PE only -0.16 (-0.27 to -0.05) -0.24 (-0.47 to -0.01)
DVT only Referent Referent

CI = confidence interval; DVT = deep vein thrombosis; PE = pulmonary embolism;
rVTE = recurrent venous thromboembolism.

* Rates reported as events per person-year.

T Patients initiated on heparin or low molecular weight heparin and transitioned to
vitamin K antagonist after achieving therapeutic International normalized ratio level.

Little statistical heterogeneity in rVTE rates were seen in most time
period analyses, but important levels were observed during the first
month and week time periods; with meta-regression suggesting the
type of VTE at presentation as a potential source. During the initial
month after the index event, treatment arms enrolling PE only pop-
ulations were independently and statistically associated with a 0.16
decrease in rVTE rates compared to DVT only populations. Similar
results were seen in the analysis of treatment arms during week 1
(0.24 decrease in rVTE rates).

Our finding that the highest risk in the first few weeks following the
index event is consistent with data presented in the frequently cited
COLUMBUS trial [4]. In a post-hoc analysis, Douketis and colleagues
evaluated 1,021 patients with DVT, PE or both who were anticoagulated
and followed for 3-months and found a clustering of rVTE episodes in
the initial 3 weeks following the index event [3]. They did not; however,
report detailed data on rVTE rates in latter weeks as our meta-analysis
does. The investigators reported 26% (15 of 58) of all recurrent events
occurred within the first week, 57% (33 of 58) of them by week 2, and
72% (42 of 58) during the first 3 weeks of the start of anticoagulation.
Based upon these findings, the investigators concluded that increased
clinical surveillance for recurrent events was warranted in patients
with VTE during the first 3 weeks of anticoagulation. While not
discussed by Douketis and colleagues, the fact that most recurrent
events happen in the first month following the index event also seems
to support the need for rapid attainment and rigid maintenance of ade-
quate anticoagulation during the first 3 to 4 weeks following an index
event. In the greater than a decade’s time since the completion of
COLUMBUS, many new anticoagulants with the ability to rapidly
achieve adequate levels of anticoagulation and maintain these levels
without monitoring (including low-molecular weight heparins and
parenteral and oral factor Xa inhibitors) have received FDA approval.

Current American College of Chest Physician guidelines for the acute
treatment and prevention of rVTE recommend at least 3-months of
anticoagulation, starting with the early initiation (within 24 hours) of
a VKA along with at least 5-days of bridging therapy with a parenteral
anticoagulant or initiation and continued therapy with rivaroxaban
[2]. Although a VKA-based regimen has historically been the mainstay
for treatment of VTE, newer oral anticoagulants have been FDA
approved (rivaroxaban) or are being evaluated for this indication. Like
currently used parenteral agents, these oral agents provide the promise
of a rapid onset necessary to combat high recurrence rates in the first
few weeks, but do not require the switch to a VKA (or continued paren-
teral therapy) which can be burdensome to patients and caregivers out
of the hospital [26], and which, as often as not, provides suboptimal
anticoagulation [27]. In fact, a meta-analysis of time spent in the
therapeutic international normalized range (INR) during random-
ized trials or cohort studies of VTE demonstrated patients spent
only 54% of time spent in a therapeutic range during the first
month, and 42.4% of their time at a sub-therapeutic INR. Moreover,
in real-world settings INR control is likely to be significantly worse
than in RCTs, further compounding this concern [28,29].
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It should be noted that the treatment arms pooled in this meta-
analysis were derived from randomized trials, and therefore, report-
ed rates may not fully represent what would be seen in real-world
settings. In addition, we would ideally have conducted a parallel
analysis evaluating the risk of bleeding to address the risk:benefit
ratio during the early weeks of anticoagulation. Unfortunately, due
to inconsistencies in bleeding endpoints evaluated in identified
trials (some assessed major, some clinically-relevant, some any
bleed) and the lack of time-to-bleed data reporting, this was not
possible. Future studies should be conducted to more thoroughly
evaluate the major and clinically relevant bleeding rates during the
first weeks of anticoagulation in a VTE population. Finally, the
presence of publication bias in this meta-analysis cannot be ruled
out. Some anticoagulation trials in our initial search had to be ex-
cluded because they did not report VTE recurrence data in a fashion
suitable for use in this meta-analysis. These excluded trials; howev-
er, were typically of small size and captured on a few recurrent
events during follow-up. Consequently, the exclusion of these trials
likely had little effect on our estimates as meta-analysis uses an
inverse variance approach (individual trial contributions to the
overall treatment effect is based upon the variance observed).

Conclusion

Our findings expose a significant recurrent event-time relation-
ship which may have an important impact on how acute VTE pa-
tients are managed. High rates of rVTE during the first few weeks
following the index event emphasize the importance of frequent
patient surveillance and early optimization and rigid maintenance
of adequate anticoagulation. Such a strategy would likely minimize
the rate of rVTE and allow clinicians to more rapidly detect rVTE and
expedite treatment.
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