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Abstract

Objective:

Venous thromboembolism (VTE) (deep vein thrombosis [DVT] and pulmonary embolism [(PE]) represents a

substantial economic burden to the healthcare system. Using data from the randomized EINSTEIN DVT and

PE trials, this North American sub-group analysis investigated the potential of rivaroxaban to reduce the

length of initial hospitalization in patients with acute symptomatic DVT or PE.

Methods:

A post-hoc analysis of hospitalization and length-of-stay (LOS) data was conducted in the North American

sub-set of patients from the randomized, open-label EINSTEIN trial program. Patients received either

rivaroxaban (15 mg twice daily for 3 weeks followed by 20 mg once daily; n¼ 405) or dose-adjusted

subcutaneous enoxaparin overlapping with (guideline-recommended ‘bridging’ therapy) and followed by

a vitamin K antagonist (VKA) (international normalized ratio¼ 2.0–3.0; n¼ 401). The open-label study

design allowed for the comparison of LOS between treatment arms under conditions reflecting normal

clinical practice. LOS was evaluated using investigator records of dates of admission and discharge.

Analyses were carried out in the intention-to-treat population using parametric tests. Costs were applied

to the LOS based on weighted mean cost per day for DVT and PE diagnoses obtained from the Healthcare

Cost and Utilization Project dataset.

Results:

Of 382 patients hospitalized, 321 (84%), had acute symptomatic PE; few DVT patients required

hospitalization. Similar rates of VTE patients were hospitalized in the rivaroxaban and enoxaparin/VKA

treatment groups, 189/405 (47%) and 193/401 (48%), respectively. In hospitalized VTE patients,

rivaroxaban treatment produced a 1.6-day mean reduction in LOS (median¼ 1 day) compared with

enoxaparin/VKA (mean¼ 4.5 vs 6.1; median¼ 3 vs 4), translating to total costs that were $3419 lower

in rivaroxaban-treated patients.

Conclusion:

In hospitalized North American patients with VTE, treatment with rivaroxaban produced a statistically

significant reduction in LOS. When treating DVT and PE patients, clinicians should consider newer anti-

coagulants with less complex treatment regimens.

Introduction

Venous thromboembolism (VTE), comprising both deep vein thrombosis
(DVT) and pulmonary embolism (PE), remains one of the most common and
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preventable complications of hospitalization1. The conse-
quences of VTE may be serious, accounting for 600,000
annual US hospitalizations2 and nearly 300,000 US deaths
due to PE3. The complications that may arise from inad-
equate treatment can have serious economic conse-
quences, which often manifest as increased length of stay
and re-hospitalization3. Traditional therapy for patients
presenting with acute symptomatic VTE has consisted
of an initial course of low-molecular-weight heparin
(LMWH), such as enoxaparin or the synthetic pentasac-
charide factor Xa inhibitor fondaparinux, usually adminis-
tered in the hospital, followed by a vitamin K antagonist
(VKA), such as warfarin, for post-discharge use4,5.

A variety of factors may affect hospital discharge for
patients with VTE. Because warfarin requires several
days to become therapeutic, ‘bridging’ therapy—transition
from the injectable agents to the oral anticoagulant—is
generally administered. During this period, patients
receive both agents, and those with PE often remain in
the hospital solely for monitoring. Also, while LMWH
has been shown to substantially reduce length of stay
(LOS) compared with unfractionated heparin6,7, delays
in discharge for patients receiving this therapy are
common, for a variety of reasons ranging from hospital
practice8 to physician judgment9. Premature discharge of
at-risk patients has also been noted10.

Rivaroxaban, a specific, direct, oral factor Xa inhibitor,
is approved in the US, Canada, and Europe for reducing
the risk of recurrence of DVT and of PE. In the EINSTEIN
clinical program, rivaroxaban was shown to be as effective
as standard anticoagulant therapy for the prevention and
treatment of DVT and PE without the need for laboratory
monitoring11. The EINSTEIN studies showed similar
efficacy and a lower incidence of major bleeding with
rivaroxaban, with reductions seen mainly in fatal and
non-fatal critical-site bleeding, such as intracranial and
retroperitoneal bleeding, and in patients who were elderly
or frail, had impaired renal function, or had cancer12.

A subsequent analysis investigated the potential of
rivaroxaban to reduce the length of initial hospitalization
in VTE patients enrolled in the EINTEIN DVT and PE
trials13. LOS was evaluated from investigator records of
dates of hospital admission and discharge. For regional
comparisons, hospitalization data were drawn from parti-
cipating study centers in Western Europe, Eastern Europe,
Australia and New Zealand, South America, North
America, Asia, Israel, and South Africa. In the
EINSTEIN DVT trial, 1781 of 3449 (52%) patients were
hospitalized for the qualifying event. Median LOS was sig-
nificantly shorter for rivaroxaban-treated patients com-
pared with those treated with enoxaparin/VKA (5.0 vs
8.0 days; p50.0001). In the EINSTEIN PE trial, 4328 of
4832 (90%) patients were hospitalized. Median LOS was
significantly shorter in patients receiving rivaroxaban than

in patients receiving enoxaparin/VKA (6.0 vs 7.0 days;
p50.0001).

Using data from the EINSTEIN DVT and PE studies,
this post-hoc analysis investigated the potential of rivar-
oxaban to reduce the length of initial hospitalization in the
North American (US and Canada) sub-set of patients pre-
senting with acute symptomatic DVT or PE in the
EINSTEIN DVT and EINSTEIN PE trials.

Methods

Treatment and study design

Full details of the EINSTEIN DVT and PE studies have
been published14,15. Patients were randomized to receive
open-label rivaroxaban 15 mg twice daily for the first 3
weeks, then 20 mg daily or enoxaparin at a dose of
1.0 mg/kg of body weight twice daily followed by warfarin
or acenocoumarol started 48 h after randomization. Prior
to randomization, 84% of all VTE patients (86% in the
rivaroxaban arm and 83% in the enoxaparin/VKA arm)
received parenteral LMWH pre-treatment. Enoxaparin
was discontinued when the INR was �2.0 for 2 consecu-
tive days and the patient had received at least 5 days of
enoxaparin treatment14,15.

This was an open-label study in which attending phys-
icians made treatment decisions under conditions reflect-
ing normal clinical practice. Hospital LOS was evaluated
from investigator records of dates of admission and dis-
charge; an LOS of 0 indicated that a patient was not
hospitalized13.

Statistical and cost analyses

Analyses were performed in the intention-to-treat popula-
tion. Hospital LOS data were reported using descriptive
statistics. 2009 mean costs per VTE hospital day were
obtained from the Healthcare Cost and Utilization
Project (HCUP), sponsored by the Agency for
Healthcare Research and Quality (AHRQ). The individ-
ual DVT and PE costs per day were pooled based on the
distribution of DVT and PE patients in the final hospita-
lized dataset.

Results

Patients

Overall, 812 participants in the North American cohort of
the EINSTEIN DVT and PE studies were treated for DVT
(n¼ 326) or PE (n¼ 486). Of this group, 382 patients were
hospitalized, of whom 189 were treated with rivaroxaban
and 193 with enoxaparin/VKA (Figure 1). Patient
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characteristics such as age, weight, and creatinine clear-
ance were similar between treatment groups at baseline
(Table 1).

Hospitalized patients

The majority of hospitalized patients had PE (n¼ 321;
84%). Only 61 (16%) DVT patients were hospitalized.
In the individual studies, there were no significant differ-
ences between treatment groups in the numbers or propor-
tions of hospitalized patients; i.e., there were 27/162
(16.7%) vs 34/161 (21.1%) hospitalized patients in the
rivaroxaban and enoxaparin/VKA treatment arms of the
DVT trial, respectively, and 162/243 (66.7%) vs 159/240

(66.3%) in the rivaroxaban and enoxaparin-VKA treat-
ment arms of the PE trial, respectively (Figure 1).

LOS of hospitalized VTE patients

Hospitalized VTE patients receiving rivaroxaban
(n¼ 189) had a 1.6-day mean reduction in LOS compared
with patients treated with enoxaparin/VKA (n¼ 193;
mean¼ 4.5 vs 6.1; median¼ 3 vs 4) (Table 2). This was
primarily driven by the 1.7-day mean reduction in hospital
LOS for PE patients treated with rivaroxaban (n¼ 162) vs
enoxaparin/VKA (n¼ 159; mean¼ 4.5 vs 6.2; median¼ 3
vs 4; p¼ 0.0002). However, there was not a significant
difference in LOS in the hospitalized DVT patients,
mainly because of the low numbers of patients

Table 1. Demographic characteristics of North American patients enrolled in the EINSTEIN DVT and PE studies.

Rivaroxaban (n¼ 407) Enoxaparin/VKA (n¼ 405) Total (n¼ 812)

Male, n (%) 235 (57.7) 190 (46.9) 425 (52.3)
Age, years (mean� SD) 53.6� 16.2 53.9� 16 53.7� 16.1
518, n (%) 0 (0.0) 0 (0.0) 0 (0.0)

18–540, n (%) 80 (19.7) 76 (18.8) 156 (19.2)
40–560, n (%) 173 (42.5) 172 (42.5) 345 (42.5)
60–575, n (%) 112 (27.5) 112 (27.7) 224 (27.6)
�75, n (%) 42 (10.3) 45 (11.1) 87 (10.7)

Race, n (%)*
White 348 (85.5) 350 (86.4) 698 (86.0)
Black 40 (9.8) 35 (8.6) 75 (9.2)
Asian 3 (0.7) 1 (0.2) 4 (0.5)
Native American or Alaskan 1 (0.2) 3 (0.7) 4 (0.5)
Hispanic 14 (3.4) 15 (3.7) 29 (3.6)
Other 1 (0.2) 1 (0.2) 2 (0.2)

BMI, kg/m2 (mean� SD) 31.7� 7.8 31.3� 6.9 31.5� 7.4
Creatinine clearance, n (%)y
530 mL/min 0 (0.0) 1 (0.2) 1 (0.1)
30–550 mL/min 17 (4.2) 25 (6.2) 42 (5.2)
50–580 mL/min 70 (17.2) 58 (14.3) 128 (15.8)
�80 mL/min 314 (77.1) 319 (78.8) 633 (78.0)

*N/A for race was not included due to legal reasons.
yCreatinine clearance levels were calculated using the equation of Cockroft and Gault, using the last value up to the day of
randomization.
BMI, body mass index; DVT, deep vein thrombosis; PE, pulmonary embolism; SD, standard deviation; VKA, vitamin K antagonist.
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Figure 1. Hospitalized DVT and PE patients in North American EINSTEIN
trial.

Table 2. Length of hospital stay for all patients with VTE in the EINSTEIN
DVT and EINSTEIN PE trials (n¼ 382).

Patient population/length
of stay

Rivaroxaban
(n¼ 189)

Enoxaparin/
VKA

(n¼ 193)

p-Value*

Hospitalized patients 189 193
Median length of stay, days

(interquartile range)
3.0 (3.0–5.0) 4.0 (3.0–6.0) 0.0004y

Mean length of stay 4.5 6.1

*Please note, p-value is nominal, as no multiplicity control method has been
applied.
yp-value obtained from a stratified Wilcoxon rank-sum test (van Elteren test)
stratified by intended treatment duration.
DVT, deep vein thrombosis; LS, least squares; PE, pulmonary embolism;
VKA, vitamin K antagonist; VTE, venous thromboembolism.
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(rivaroxaban, n¼ 27; enoxaparin/VKA, n¼ 34) (mean
¼ 4.7 vs 5.4; p¼NS).

Cost savings associated with reduced LOS

Mean costs per day were $1842 for PE patients and $295 for
DVT patients (Table 3). The pooled mean cost per VTE
day was $2137. Thus, the reduction in LOS in all VTE
patients treated with rivaroxaban (4.5 vs 6.1; a difference
of 1.6) translated to a total mean cost savings of $3419 per
patient.

Discussion

Medical patients account for more than half of all hospital-
acquired VTE events16. The direct (medical care and
hospitalization) and indirect (e.g., reduced productivity,
need for assistance with activities of daily living as the
result of diminished mobility) costs related to treatment
and re-treatment of VTE in these patients are substantial
for both payers and patients17–21. As shown in the
EINSTEIN studies, North America already has the short-
est LOS compared with the other regions analyzed, and in
an effort to further reduce costs, many low-risk patients
with both DVT and PE are frequently treated on an out-
patient basis22.

In this sub-analysis from the EINSTEIN studies, PE
patients, who comprised 84% of hospitalized VTE
cohort, experienced a mean LOS difference of 1.7 and a
median LOS of 3 days with rivaroxaban vs 4 days with a
standard enoxaparin/VKA regimen. Cost savings from this
1-day reduction in LOS resulted in substantial cost offsets
(4$2000 median savings per patient) using rivaroxaban
compared with warfarin. It should be noted that this sub-
stantial difference in LOS occurred within the conserva-
tive clinical trial setting, but the LOS data presented here
are comparable to previous studies. In a cohort of 29,275
commercial-payer patients, Lin et al.23 reported a mean
LOS of 5.5 days for recurrent VTE within 30 days of the
initial event and 8.4 days for those recurring within 12
months. Moreover, the data were obtained before rivarox-
aban was widely used and its efficacy fully understood. It is,
therefore, possible that patients receiving rivaroxaban may
have been discharged later than necessary as a result of

clinicians’ lack of familiarity with this newer agent at the
time of this study. If this was the case, greater awareness of
the efficacy and safety of rivaroxaban in the treatment of
DVT and PE may allay clinicians’ concerns and result in
more patients being discharged earlier, further reducing
costs of care.

Our study evaluated only LOS, but other factors,
such as the need for bridging therapy and for regular
patient monitoring at anticoagulation clinics, must be
considered in any comprehensive cost-effectiveness evalu-
ation. Consideration of costs for bridging and anti-
coagulation monitoring would have further tipped the
balance in favor of rivaroxaban, as both are required
with LMWH/VKA therapy, and neither is required with
rivaroxaban.

Re-hospitalization costs must also be considered. For
those who are re-hospitalized for a VTE event, costs can
be considerably greater than those related to the initial
event due to significantly longer hospitalization times23.
Re-hospitalization rates may depend to a considerable
extent on patient compliance with medication regimens
post-discharge. The problems inherent in warfarin man-
agement (e.g., requirements for bridging therapy and fre-
quent anticoagulation monitoring and numerous drug–
drug and drug–food interactions) may discourage compli-
ance. The convenience of the newer anti-coagulants,
including rivaroxaban, can improve compliance and,
thereby, help reduce repeat events and re-hospitalization
rates.

Limitations

Canadian centers (included in this study) tend to hospi-
talize few patients for DVT, thus lowering the percentage
of DVT patients in our cohort. Therefore, our conclusions
were based mainly on the patients with PE. Secondly, cost
savings in our study were estimated based on average cost
per day rather than actual cost reductions due to shorter
LOS. Thus, savings could have been over-estimated if VTE
treatment costs were front-loaded during the hospital stay.
LOS may also reflect causes other than the therapeutic
regimen, such as lengthy diagnostic procedures or late dis-
charge procedures8.

The cost savings associated with a shorter LOS were
estimated using HCUP data that were compiled before
the launch of rivaroxaban. While the data indicate that
a shorter LOS can reduce costs, as demonstrated in the
current analysis, it is important to note that this savings
is not explicitly associated with any particular treatment
and does not include any additional outpatient monitoring
or treatment that may be required after hospitalization.
Patient access to outpatient thrombosis services and cost
incentives for early discharge could have affected decisions
about admission and discharge24. Treatment practice in

Table 3. Pooled mean cost per VTE day.

n Percentage of
sample (%)

Cost per
day ($)

Weight times
cost ($)

PE 321 84.03 2192 1841.97
DVT 61 15.97 1848 295.10
VTE (PEþ DVT) 382 100.00 2137.07

DVT, deep vein thrombosis; PE, pulmonary embolism; VTE, venous
thromboembolism.
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participating hospitals may also play a role. Finally, both
clinicians and patients may demonstrate different behav-
iors when they are being studied, so our results may not
reflect real-world practice.

Conclusions

In the North American EINSTEIN cohort, hospitalized
patients with VTE who received initial treatment with
rivaroxaban had a significantly shorter hospital LOS com-
pared with patients who received enoxaparin/VKA.
Treatment with rivaroxaban could potentially ease the
clinical and economic burden of VTE by enabling earlier
discharge, while the convenience of a single-drug
approach with rivaroxaban may facilitate easier transition
from hospitalization to outpatient care than would be pos-
sible with LMWH/VKA therapy.
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