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Abstract Pulmonary embolism (PE) studies used direct oral anticoagulants (DOACs) with or
without initial heparin. We aimed to (1) evaluate if PE patients benefit from initial
heparin; (2) describe patient characteristics in the DOAC studies; and (3) investigate
whether the anatomical extent of PE correlates with N-terminal pro-brain natriuretic
peptide (NT-proBNP) levels, cause of PE, and recurrence rate. Our methods were (1) an
indirect meta-analysis comparing the recurrence risk in DOAC-treated patients with or
without initial heparin to those patients given heparin/vitamin K antagonist (VKA). (2) To
compare the PE studies, information was extracted on baseline characteristics including
anatomical extent. (3) The Hokusai-VTE study was used to correlate anatomical extent of
PE with NT-proBNP levels, causes of PE, and recurrent venous thromboembolism (VTE).
The meta-analysis included 11,539 PE patients. The relative risk of recurrent VTE with
DOACs versus heparin/VKAs was 0.8 (95% confidence interval [CI]: 0.6–1.1) with heparin
lead-in and 1.1 (95% CI: 0.8–1.5) without heparin. In the DOAC studies, the proportion of
patients with extensive PE varied from 24 to 47%. In Hokusai-VTE, NT-proBNP was
elevated in 4% of patients with limited and in over 60% of patients with extensive disease.
Cause of PE and anatomical extent were not related. Recurrence rates increased from
1.6% with limited to 3.2% with extensive disease in heparin/edoxaban-treated patients,
and from 2.4 to 3.9% in heparin/warfarin recipients. In conclusion, indirect evidence
suggests a heparin lead-in before DOACs may be advantageous in PE. Anatomical extent
was related to elevated NT-proBNP and outcome, but not to PE cause.
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Introduction

Direct oral anticoagulants (DOACs) are at least as effective as
vitamin K antagonists (VKAs) for treatment of venous throm-
boembolism (VTE), but are more convenient to administer
and are associated with less bleeding.1 Because of these
attributes, current guidelines give preference to the DOACs
over heparin/VKAs for VTE treatment in patients without
active cancer.2

Studies comparing DOACs with heparin/VKAs have either
started the DOAC after a mandatory heparin lead-in of at
least 5 days, or have adopted an all-oral DOAC regimen.3–8

These approaches have not been directly compared. In all
studies, the comparator was standard of care at that time,
consisting of a minimum 5-day course of heparin overlap-
ping with a VKA targeted at an international normalized
ratio (INR) of 2.0 to 3.0.

Althoughall-oral regimensofDOACsare available, clinicians
are often reluctant to forgo heparin treatment in patients with
pulmonaryembolism(PE),particularly in thosewithcomputed
tomographic (CT) evidence of extensive disease and/or right
ventricular enlargement.9–11

The first objective of the current analysis was to evaluate
whether PE patientsmay benefit from initial heparin therapy
by indirectly comparing the rate of recurrent VTE in studies
with and without a mandatory heparin lead-in. The second
objective was to describe the characteristics of PE patients
across the studies to assess whether relevant differences
exist. The third objective was to better understand whether
the anatomical extent of PE correlates with the presence of
right ventricular dysfunction (RVD), as evidenced by an
elevated serum N-terminal pro-brain natriuretic peptide
(NT-proBNP) level, the cause of PE, and the rate of recurrence.
For the third purpose, we used data from Hokusai-VTE,
because this was the only study that prospectively assessed
all these variables.8,12

Methods

Objective 1: Recurrent VTE with or without
Mandatory Heparin Lead-in
A meta-analysis of phase 3 randomized controlled trials
comparing DOACs with heparin/VKAs for treatment of acute
symptomatic VTE was performed. The selection and identi-
fication of these studies were part of a previously published
study.13 We extracted data on the PE patients from RE-
COVER, RE-COVER II, EINSTEIN-PE, AMPLIFY, and Hokusai-
VTE. In this analysis, we focused on recurrent VTE,whichwas
defined in a similar fashion in these studies, and compared
the rates of recurrence in patients treated with heparin
overlapping with a VKA and DOACs with or without a
mandatory heparin lead-in.

We calculated relative risks (RR) and corresponding 95%
confidence intervals (CI) for recurrent VTE; results were
combined using the Mantel-Haenszel method and compared
using the DerSimonian and Laird random-effects model. We
assessed and quantified statistical heterogeneity across the
studies using the Cochran’s Q and I2 statistics. The analysis

was performed using Review Manager, version 5.2 (Copen-
hagen, The Nordic Cochrane Centre, The Cochrane Collabora-
tion, 2012).

Objective 2: Patient Characteristics in the DOAC Trials
We extracted information on the baseline characteristics of
PE patients including age, gender, creatinine clearance,
causes of PE (unprovoked, cancer, or temporary risk factors),
previous VTE, and anatomical extent of PE from the pub-
lished DOAC trials.6–8,14 In the AMPLIFY study, separate data
for the PE cohort regarding age, gender, creatinine clearance,
causes of PE, and previous VTEwere not provided.7 Informa-
tion on the anatomical extent of PE was unavailable for the
RE-COVER and RE-COVER II studies.14 For the other three
studies, limited extent was defined as involvement of 25% or
less of the vasculature of a single lobe, whereas intermediate
extent was defined as involvement of more than 25% of the
vasculature of a single lobe or multiple lobes with involve-
ment of 25% or less of the entire vasculature. The definition of
extensive disease varied; it was defined as involvement of
multiple lobes with compromise of 25% or more of the entire
vasculature in EINSTEIN-PE and Hokusai-VTE,6,8 whereas in
AMPLIFY, extensive disease was defined as involvement of
two or more lobes compromising 50% or more of the vascu-
lature of each lobe.7 The latter definition may classify more
patients as having extensive disease than the former, because
it focuses only on the vasculature of the involved lobes rather
than the entire vasculature of the lungs.

Objective 3: Anatomical Extent, Right Ventricular
Dysfunction, Causes of PE, and Recurrent VTE in the
Hokusai-VTE Study
The Hokusai-VTE study was a randomized, double-blind trial
that compared heparin/edoxaban with heparin/warfarin in
8,292acute, symptomaticVTEpatients (ClinicalTrials.gov iden-
tifier: NCT00986154).8,12 This analysis focuses on the 3,319
patients with PE. Initial treatment consisted of open-label
enoxaparin or unfractionated heparin for at least 5 days fol-
lowed by either edoxaban or warfarin for a minimum of
3months and amaximumof 12months. The dose of edoxaban
was 60 mg once daily; this was reduced to 30 mg in patients
with a creatinine clearance of 30 to 50 mL/minute, a body
weight 60 kg or less, or in those receiving potent concomitant
P-glycoprotein inhibitors such as verapamil or quinidine. War-
farin was started concomitantly with heparin and the heparin
was stopped when the INR was 2.0 or higher. The primary
efficacy outcome was the incidence of symptomatic recurrent
VTE defined as a composite of deep vein thrombosis (DVT) or
nonfatal or fatal PE over the 12 months of the study. This
outcome was assessed by a central adjudication committee
whose members were unaware of the treatment allocation.8

In patients with PE, RVDwas defined as a NT-proBNP level
of 500 ng/mL or higher. Serum NT-proBNP levels were
measured in samples collected at enrolment. Assays were
performed centrally in Quintiles Laboratories (Marietta,
Georgia, United States) using the Elecsys NT-proBNP elec-
trochemiluminescence kit on the Roche Cobas e411 plat-
form. Data on PE extent were not available for patients with
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NT-proBNP levels of less than 500 ng/mL or patients who did
not have NT-proBNP levels measured. Causes of PE were
classified as either unprovoked or associated with cancer or
temporary risk factors (i.e., recent surgery, trauma, immo-
bilization, or use of estrogen).8 The definitions of cancer used
in the studies were accepted.

In the current analysis, we correlated the anatomical
extent of PE at baseline with NT-proBNP levels, causes of
PE, and recurrent VTE at 12 months of follow-up. The results
are presented as number of events and percentages.

Results

Rates of Recurrent VTE with or without Heparin Lead-
in in PE Patients
►Fig. 1 presents the pooled analyses of results that included
11,539 PE patients. Rates of recurrent VTE in patients treated
with DOACs were compared with those in patients given
standard-of-care treatment. The RR of recurrent VTE with
DOAC treatment versus heparin/VKAwas 0.76 (95% CI: 0.56–
1.05; heterogeneity I2 ¼ 0%; recurrence rates 2.7 vs. 3.5%)
with heparin lead-in and 1.05 (95% CI: 0.76–1.46; hetero-
geneity I2 ¼ 0%; recurrence rates 2.1 vs. 2.0%) without
heparin lead-in.

Patient Characteristics across the DOAC Trials
►Table 1 details the similarities and differences in patient
characteristics across the studies based on the published
data. Three studies (RE-COVER, RE-COVER II, and Hokusai-
VTE) had a mandatory heparin lead-in in the DOAC arm. Age
and gender were comparable across the studies. The anato-
mical extent of PE was not determined in the RE-COVER
studies. Although the Hokusai-VTE and EINSTEIN-PE studies
used an identical definition of anatomical extent, almost 50%
of the patients had extensive PE in the Hokusai-VTE study,
whereas a quarter of the patients had extensive PE in the
EINSTEIN-PE study. In the AMPLIFY study, approximately
35% had extensive PE using a different definition. Another
difference was the proportion of patients with temporary
risk factors, ranging from approximately 16% in RE-COVER to
around 40% in EINSTEIN-PE.

Associations of Anatomical Extent with Right
Ventricular Dysfunction, Causes of PE, and Recurrent
VTE in the Hokusai-VTE Study
Of the3,319PEpatients in theHokusai-VTE study, 90%hadNT-
proBNP levels measured as baseline (1,484/1,650 in the

heparin/edoxaban and 1,505/1,669 in the heparin/warfarin
group). In patients receiving heparin/edoxaban, 465 of 1,650
(28%) had NT-proBNP levels of 500 ng/mL or higher compared
with 507 of 1,669 (30%) in the heparin/warfarin arm; 1,019 of
1,650 (62%) of heparin/edoxaban and 998 of 1669 (60%) of
heparin/warfarin recipients had NT-proBNP levels of less than
500 ng/mL. There was an association between anatomical
extent of PE and elevated levels of NT-proBNP in both treat-
ment arms; the proportion of patients with NT-proBNP levels
of greater than 500 ng/mL was higher in patients with an
intermediate and highest in patients with extensive PE com-
pared with those with limited disease (►Table 2).

The proportion of patients with unprovoked PE was
comparable at approximately 60% in all three categories of
anatomical extent, with similar proportions in the two
treatment arms (►Table 3).

In the edoxaban group, there was an association between
anatomical extent of PE and recurrence rate, increasing from
1.6% with limited extent to 3.2% with extensive disease. This
correlation was less clear in the heparin/warfarin group,
because the recurrence rates in patients with intermediate
and extensive PE were similar (►Table 4). In fact, the risk
reduction with edoxaban appears consistent across the
categories of anatomical extent.

Discussion

ManagementofPEpatients remainschallenging,but this study
provides new insights that could aid in guiding treatment
decisions. There are three main findings. First, the indirect
meta-analysis comparing DOAC and heparin/VKA therapy
suggests a possiblebenefit for a heparin lead-in before starting
the DOAC, because even though the CIs overlap, the point
estimate with a heparin lead-in is lower. Another observation
is that the incidence of VTE recurrencewas 3.5% in the control
arm of the studies where a heparin lead-in was used with the
DOACs, whereas it was 2.0% in the control arm in the other
comparison, suggesting that PE patients at higher risk of
recurrence were enrolled in the heparin lead-in studies. The
dilemma of whether or not to use heparin before starting a
DOAC can only be resolved with a head-to-head comparison.

Second, the cross-study comparison of the PE patients
enrolled in the DOAC studies reveals similarities among
many of the baseline characteristics such as age, gender,
and the proportion of patients with previous VTE. The most
notable difference is the proportion of patients with exten-
sive PE at the time of diagnosis, with 45% of patients in

Fig. 1 Relative risk of recurrent venous thromboembolism with or without a heparin lead-in. DOAC, direct oral anticoagulant; VKA, vitamin K
antagonist.
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Hokusai-VTE having extensive PE compared with 25% in
EINSTEIN-PE. A potential explanation for this difference
might be the heparin lead-in, because physicians may have
been more willing to enroll patients with extensive PE in a
study that used a heparin lead-in in all patients.

Third, the in-depth analysis of the Hokusai-VTE study
reveals an association between the anatomical extent of PE

and elevated NT-proBNP levels, a knownmarker of RVD.15,16

Only 4% of patients with limited disease had an elevated NT-
proBNP, whereas the proportion with an elevated NT-
proBNP was 29% with intermediate and 65% with extensive
disease, findings indicative of a biological gradient. The risk
of recurrence was almost twofold higher in patients with
extensive disease than in those with limited disease in both
treatment arms. Hence, the more patients with extensive
disease, the greater the likelihood that the population stu-
died has RVD, a known indicator of an increased risk of
recurrent VTE and mortality.17–20 Previous studies corre-
lated PE extent to right ventricular enlargement,21 and to
thrombus load on CT with degree of right ventricular enlar-
gement.22 However, to our knowledge, our study is the first
to investigate a correlation between anatomical extent of PE
and NT-proBNP levels, and recurrent VTE events. Another
novel finding is that the proportion of patients with unpro-
voked PEwas comparable in all groups of anatomical extent,
suggesting that the extent of the PE is independent of
whether the PE is provoked or unprovoked.

A few aspects of the present analyses require comment.
The results come from three different approaches: an indir-
ect meta-analysis, a cross-study comparison, and a further
in-depth analysis of data from the Hokusai-VTE study. How-
ever, all of the data come from well-executed, randomized,
controlled trials. The results of the meta-analysis need to be
interpreted with caution, because they are based on an
indirect comparison. In addition, the observed difference
in the point estimate in recurrent VTE between the two
approaches (with or without heparin) may also be due to
unknown differences between the study populations.
Furthermore, an informal analysis of heparin lead-in among
patients with DVT only appeared not to support a potential
benefit of initial heparin (data not shown). Nonetheless, the
findings are intriguing and require further investigation.
Another remark is that since the Hokusai-VTE study was
the last of the phase 3 DOAC trials, it had the advantage of
taking somemethodological issues from the previous studies
a priori into account. The Hokusai-VTE study was the first to
prospectively collect patient data on right ventricular dys-
function, as assessed by NT-proBNP levels and right ventri-
cular/left ventricular (RV/LV) diameter ratio on CT, whereas
the other studies did not. NT-proBNP levels were measured
at the time of enrolment in the study, whereas anatomical
extent of PE was measured at the time of diagnosis, and
although the timebetween the diagnosis and inclusion in the
study was only a couple of hours in the majority of patients,
this may have influenced the findings.

In conclusion, we show an association between anatomi-
cal extent of PE, RVD, and the risk of recurrence. Because the
indirect meta-analysis suggests a possible benefit of a
heparin lead-in, future DOAC studies evaluating the role of
heparin might focus on PE patients with more extensive
disease.
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Table 2 Correlation between anatomical extent of PE and
elevated NT-proBNP levels

Characteristics Hokusai-VTE study

Heparin/
Edoxaban
N ¼ 465

Heparin/
Warfarin
N ¼ 507

PE extent for patients with NT-proBNP �500 ng/mL, n (%)

Limited 18 (4) 22 (4)

Intermediate 133 (29) 136 (27)

Extensive 293 (63) 327 (65)

Not assessable 21 (4) 22 (4)

Abbreviations: NT-pro BNP, N-terminal pro-brain natriuretic peptide; PE,
pulmonary embolism; VTE, venous thromboembolism.

Table 3 Anatomical extent of PE and the proportion of patients
with unprovoked PE

PE extent and
unprovoked PE

Hokusai-VTE study

Heparin/
Edoxaban
N ¼ 1,650

Heparin/
Warfarin
N ¼ 1,669

Unprovoked PE per category of PE extent, n/N (%)

Limited 75/128 (59) 72/123 (59)

Intermediate 415/679 (61) 422/682 (62)

Extensive 489/743 (66) 494/778 (64)

Not assessable 68/100 (68) 54/86 (63)

Abbreviation: PE, pulmonary embolism; VTE, venous
thromboembolism.

Table 4 Correlation between anatomical extent of PE and
recurrence

Recurrence rates Hokusai-VTE study

Heparin/Edoxaban
N ¼ 1,650

Heparin/Warfarin
N ¼ 1,669

VTE recurrence rate per PE extent, n/N (%)

Limited 2/128 (1.6) 3/123 (2.4)

Intermediate 17/679 (2.5) 27/682 (4.0)

Extensive 24/743 (3.2) 30/778 (3.9)

Not assessed 4/100 (4.0) 5/86 (5.8)

Abbreviations: PE, pulmonary embolism; VTE, venous
thromboembolism.
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