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Background: Rivaroxaban, a fixed-dose oral direct factor Xa inhibitor, does not
require continuous monitoring and thus reduces the hospital stay and economic
burden in low-risk pulmonary embolism (LRPE) patients.

Study Question: What is the effectiveness of rivaroxaban versus the standard of care
(SOC; low-molecular-weight heparin, unfractionated heparin, warfarin) among LRPE
patients in the Veterans Health Administration?

Study Design: Adult patients with continuous health plan enrollment for >12 months
pre- and 3 months post-inpatient PE diagnosis (index date=discharge date) between
October 1, 2011- June 30, 2015 and an anticoagulant claim during the index
hospitalization were included.

Measures and Outcomes: Patients scoring 0 points on the simplified Pulmonary
Embolism Stratification Index were considered low-risk and were stratified into SOC
and rivaroxaban cohorts. Propensity score matching (PSM) was used to compare
hospital-acquired complications (HACs), PE-related outcomes (recurrent venous
thromboembolism, major bleeding, and death), and healthcare utilization and costs
between the rivaroxaban and SOC cohorts.

Results: Among 6746 PE patients, 1918 were low-risk; of these, 73 were prescribed
rivaroxaban, 1546 were prescribed SOC, and 299 were prescribed other
anticoagulants during the index hospitalization. After 1:3 PSM, 64 rivaroxaban and
192 SOC patients were included. During the index hospitalization, rivaroxaban users
(versus SOC) had similar inpatient length of stay (LOS; 7.0 vs 6.7 days, standardized
difference [STD]=1.8) but fewer HACs (4.7% vs 10.4%; STD: 21.7). In the 90-day post-
discharge period, PE-related outcome rates were similar between the cohorts (all
p>0.05). However, rivaroxaban users had fewer outpatient (15.9 vs 20.4; p=0.0002)
visits per patient as well as lower inpatient ($765 vs $2,655; p<0.0001), pharmacy
($711 vs $1,086; p=0.0033), and total costs ($6,270 vs $9,671; p=0.0027).

Conclusions: LRPE patients prescribed rivaroxaban had similar index LOS and PE-
related outcomes, but fewer HACs, and lower total costs than those prescribed SOC.
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INTRODUCTION

Pulmonary embolism (PE) is a common form of
venous thromboembolism (VTE) and is defined as a
mechanical obstruction in the pulmonary artery or its
branches with a blood clot, tumor, air, or fat.1:2 Among
patients with vascular disease, PE is the third most
common cardiovascular event behind myocardial
infarction and stroke, with an annual rate of 112 cases
per 100 000 that rises with age.2:3 The mortality rate in
PE patients is estimated to be 10% at 1-3 months, with
the highest mortality occurring in those presenting
with hypotension and evidence of right ventricular
dysfunction.#=6 In the United States, PE causes 100
000 deaths annually; in Europe, PE-related deaths
were estimated at 300 000 deaths annually. The
economic burden of PE is also substantial. In 2015,
the estimated mean daily per patient hospitalization
costs were $1735, and the total annual initial PE
hospitalization cost was $11 486 per patient in the
United States.”

A majority of PE patients are treated with a vitamin
K antagonist (VKA; ie, warfarin) bridged with a
parenteral anticoagulant of either low-molecular-
weight heparin (LMWH) or unfractionated heparin
(UFH) as the standard of care (SOC) therapy.8-10
Although the effectiveness of warfarin is well-
established, the drug requires more time to achieve
optimal therapeutic anticoagulation (=5 days).!!
Warfarin use also has several limitations, including
frequent laboratory monitoring, dose adjustments,
and numerous medication and dietary interactions.3
Rivaroxaban is a fixed-dose oral direct factor Xa
inhibitor approved by the Food and Drug
Administration in 2011 with fewer food and drug
interactions  compared with SOC  drugs.10
Additionally, it has a quicker onset of action—about
2-4 hours after initiation—and no requirement for
coagulation monitoring.11.12 By eliminating the
temporal necessity for bridging, rivaroxaban can
potentially reduce the hospital length of stay (LOS),
thus reducing economic burden in PE patients.13-16
Additionally, MERCURY PE and HOT PE trials have
evaluated the efficiency of rivaroxaban in the
outpatient management of low-risk PE patients
(LRPE).17.18

The European Society of Cardiology advocates for
the risk stratification of patients with PE and the
consideration of outpatient management options for
patients with LRPE. Additionally, patients with LRPE
may qualify for immediate or early discharge.1¢

However, US physicians have not widely adopted an
outpatient or observation management strategy.19-21
Some factors identified as barriers to outpatient
management of LRPE patients include physician
resistance, medication security, difficulty in risk
stratification, and a lack of uniform approach to risk
stratification.19 Several risk-stratification algorithms

have been developed; the Pulmonary Embolism
Severity Index (PESI) and the simplified PESI (sPESI)
scores are extensively validated prognostic tools.22
However, there is a paucity of research on the impact
of rivaroxaban among LRPE patients using real-world
data. Therefore, our purpose was to evaluate the
effectiveness of rivaroxaban versus SOC among LRPE
patients in the Veterans Health Administration (VHA)
population.

MATERIAL AND METHODS
DATA SOURCE

This was a longitudinal, retrospective cohort study
assessing the VHA population from October 1, 2010 to
September 30, 2015. The VHA is the largest integrated
healthcare system in the United States, providing care
at 1245 healthcare facilities, including 170 VA medical
centers and 1065 outpatient clinics, serving more than
9 million enrolled veterans across the country.23

Electronic health data collected within the VHA
national Medical Statistical Analysis System (SAS)
Dataset and Decision Support System were evaluated
using the medical, pharmacy, laboratory, and VHA
health plan enrollment information.242> These data
include hospital and outpatient diagnoses
(International Classification of Diseases, 9th Revision,
Clinical Modification [ICD-9-CM]) and procedure
codes (ICD-9 procedure and Current Procedural
Terminology codes)26, laboratory results, and
dispensed medication records. Death date was
determined using the VA Vital Status file, which
ascertains mortality using the Social Security Death
Master File, Medicare Vital Status Files, and VA
Beneficiary Identification and Records Locator
Subsystem. The VHA Vital Status File is updated
quarterly, and the three most recent quarterly updates
are maintained.2”

STUDY POPULATION

Patients were included in the study if they had >1
inpatient diagnosis claim for PE (ICD-9-CM codes
415.1,415.11, 415.19) during the identification period
(October 1, 2011 to June 30, 2015), with the first
admission date for a PE claim considered as the initial
diagnosis date and the hospital discharge date
designated as the index date (Figure 1). Included
patients were >18 years of age, had an anticoagulant
claim (UFH, LMWH, warfarin, or novel oral
anticoagulant  [NOAC]) during their index
hospitalization, and were continuously enrolled in
their health plan with medical and pharmacy benefits
for >12 months prior to the index hospitalization
discharge date, including the hospital stay (baseline
period) until 3 months post-index date or death
(follow-up period), whichever occurred first. Patients
administered subcutaneous heparin during their
hospital stay were not included, since many patients
are given subcutaneous heparin as a prophylaxis for

JHEOR 2019;6(3):160-73

161



Clinical and Economic Outcomes in Low-risk Pulmonary Embolism Patients Treated with Rivaroxaban versus Standard of Care

deep vein thrombosis and PE. Patients with a PE claim
or any anticoagulant claim (UFH, LMWH, warfarin, or
NOACs) prior to the initial diagnosis date were
excluded.

Aged 218 years with 21 inpatient diagnosis for acute PE

(ICD-9-CM: 415.1, 415.11, 415.19) during the identification
period (October 1, 2011 to June 30, 2015), with the first
inpatient PE discharge date designated as the index date

(N=15 763)

!

(N=15 335)

Continuous health plan enrollment 212 months pre-index
date, including hospital stay (baseline period) and earliest
of 90-day post-index date or death (follow-up period)

i

hospitalization
(N=14 543)

Prescription claim for an anticoagulant during the index

Excluded

date/subcutaneous heparin during hospital stay

PE/anticoagulant claim prior to diagnosis

(N=7797)

Total PE patients included in the study

(N=6746)

LRPE Patients HRPE Patients
(N=1918) (N=4828)

Rivaroxaban SOC cohort

cohort (N=1546)

(N=73)

§  L3PSM !

Rivaroxaban SOC cohort

cohort (N=192)

(N=64)

Figure 1. Study Design

International Classification of Diseases, 9th Revision, Clinical Modification; PE: pulmonary embolism; PSM: propensity score matching; SOC: standard of care

Eligible PE patients were stratified using the sPESI
criteria into LRPE and high-risk PE (HRPE) cohorts.
The sPESI is a simplified version of the PESI, in which
selected variables of the original score are included
(age, history of cancer, history of chronic
cardiopulmonary disease, pulse, systolic blood
pressure, and oxygen saturation). Patients with a score
of 0 were considered low-risk; all others were
considered high-risk. LRPE patients were further
stratified into rivaroxaban and SOC cohorts based on
the presence of a prescription claim for an
anticoagulant on the index date. SOC drugs included
LMWH or UFH and warfarin. Patients in the SOC
cohort did not have a rivaroxaban claim during the
index hospitalization.

ETHICS APPROVAL

Since the core study herein did not involve the
collection, use, or transmittal of individual
identifiable data, Institutional Review Board approval
to conduct this study was not required.

BASELINE MEASURES

Patient demographics including age, sex, race and
body mass index during the baseline period were
assessed. In addition, clinical characteristics including
various diagnostic tests, Charlson comorbidity index
(CCI) scores, individual comorbidities (hospitalized
deep vein thrombosis [DVT; ICD-9-CM codes 451.1,
453], left ventricular [LV] dysfunction [ICD-9-CM code

429.9], and cardiac dysrhythmia [ICD-9-CM codes
427.0-427.9]) were recorded. Further, the percentage
of patients with hospital-acquired complications
(HACs) and various clinical marker testing (troponin I/
T, B type natriuretic peptide [BNP], and NT-pro BNP)
during the index hospitalization was evaluated. HACs
included any of the following conditions using pre-
specified ICD-9-CM codes (available upon request):

catheter-associated  urinary  tract  infection,
methicillin-resistant Staphylococcus aureus,
Clostridium difficile infection, hospital-acquired

bacterial pneumonia, foreign object retained after
surgery, air embolism, blood incompatibility, pressure
ulcer (stages III & IV), trauma/injury, procedure-

related complications, poor glycemic control,
iatrogenic pneumothorax with venous
catheterization, vascular catheter-associated

infection, or surgical site infection.

OUTCOME MEASURES

PE-related clinical outcomes (recurrent VTE, major
bleeding, or death), and diagnostic tests including
computed  tomography  angiography  (CTA),
Echocardiogram (ECHO), lung ventilation/perfusion
(VQ) scan, and Venous Doppler Ultrasound during the
90-day post-discharge period were evaluated. The
percentage of patients with any (i.e., not disease-
specific) inpatient hospitalizations and outpatient
stays were reported. The mean number of visits per
patient and associated healthcare costs (inpatient,
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outpatient and pharmacy) during the 90-day follow-
up period were also reported. Direct medical and
pharmacy costs were only evaluated in our study using
the corresponding costs directly available in the VA
data. Also, these medical and pharmacy costs were
only from the VA perspective. Costs were adjusted to
2015 US dollars, using the medical care component of
consumer price index (CPI) to reflect inflation.

STATISTICAL ANALYSIS

Descriptive statistics were provided for all study
variables—including baseline demographics, clinical
characteristics, and outcome variables—among
rivaroxaban and SOC cohorts. Statistical tests of
significance (chi-square for categorical variables, t-
test for continuous variables) were conducted to
assess differences between the cohorts. Propensity
score matching (PSM) was used to compare clinical
and economic outcomes among the cohorts. Each
rivaroxaban patient was matched to three SOC
patients within 0.01 units of the propensity score. The
propensity score was calculated via a logistic
regression model. Variables adjusted in the PSM
model included sex, race, clinical characteristics/
markers, baseline diagnostic tests, sPESI score,
cardiac dysrhythmia, LV dysfunction, hospitalized
DVT, and CCI-related individual comorbidities. The
matching procedure's adequacy was assessed using
standardized difference (STD); a difference of <10%
was considered well-balanced.?8 Healthcare resource
utilization (HRU) and costs were compared between
the PSM-matched cohorts and the p-values were
calculated from a generalized linear model (GLM). All
analyses were conducted using SAS statistical
software (Version 9.3, SAS Institute, Cary, North
Carolina, 2012).

RESULTS

After applying the inclusion and exclusion criteria,
6746 PE patients were included in the study, among
which 1918 (28.4%) were stratified as LRPE patients.
Among the LRPE patients, 73 (3.8%) received
rivaroxaban, 1546 (80.6%) received SOC, and 299
(15.6%) received other anticoagulants during index
hospitalization (Figure 1).

Note: The sum of the patients in the rivaroxaban
and SOC cohorts is not equal to the total number of
LRPE patients (1,918) because patients were
prescribed other anticoagulants during the inpatient
stay.

PATIENT CHARACTERISTICS DURING THE BASELINE
PERIOD:

BEFORE MATCHING

The average age of patients in both cohorts was
approximately 60 years, and the majority were male
(97.3% vs 93.1%, STD: 19.6) and white (57.5% vs
64.7%, STD:14.6). The rivaroxaban cohort had a lower
mean CCI score (0.6 vs 1.0; STD: 35.1) and a lower
proportion of patients with diabetes (16.4% vs 26.8%;
STD=25.3). Additionally, the rivaroxaban cohort had
a shorter inpatient length of stay (LOS; 6.2 vs 8.2,
STD:12.4), lower proportion of patients with HACs
(5.5% vs. 10.0%, STD: 17.0) and higher proportion of
patients with BNP measured during their index
hospitalization (38.4% vs 25.3%, STD: 28.2; Table 1).
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Table 1. Demographic and Clinical Characteristics of LRPE Patients prescribed SOC and Rivaroxaban -Baseline and Index hospitalization

Baseline Demographic and Clinical Characteristics Before PSM Matching After 1:3 PSM Matching
SOC Cohort Rivaroxaban Cohort SOC Cohort Rivaroxaban Cohort
N=(1546) N=(73) N=(192) N=(64)
N %STD %SD s W %D N %SD STD
Age
Mean, SD 59.9 111 59.8 117 0.3 57.8 11.2 60.2 11.9 204
Median 62 63 59.5 63
18-45 169 10.9% 9 12.3% 4.3 27 14.1% 9 14.1% 0.0
46-64 788 51.0% 31 42.5% 17.0 106 55.2% 25 39.1% 32.6
65+ 589 38.1% 33 45.2% 14.4 59 30.7% 30 46.9% 334
Gender
Male 1439 93.1% 71 97.3% 19.6 185 96.4% 62 96.9% 2.9
Race
White 1000 64.7% 42 57.5% 14.6 129 67.2% 40 62.5% 9.8
Black 400 25.9% 22 30.1% 9.5 49 25.5% 17 26.6% 24
Unknown 101 6.5% 7 9.6% 11.2 8 4.2% 5 7.8% 15.3
Other 45 2.9% 2 2.7% 1.0 6 3.1% 2 3.1% 0.0
Body Mass Index
Body Mass Index (in kg/m?) 31.7 9.5 323 6.4 7.5 32.2 7.3 32.6 6.7 52
Baseline Comorbid Conditions
Charlson Comorbidity Index Score 1.0 14 0.5 0.9 35.1 0.4 0.8 0.5 0.9 12.2
Myocardial Infarction 72 4.7% 3 4.1% 27 3 1.6% 2 3.1% 10.3
Congestive heart failure 0 0.0% 0 0.0% 0.0 0 0.0% 0 0.0% 0.0
Peripheral vascular disease 84 5.4% 3 4.1% 6.2 9 4.7% 3 4.7% 0.0
Dementia 11 0.7% 0 0.0% 120 0 0.0% 0 0.0% 0.0
Cerebrovascular disease 133 8.6% 3 4.1% 184 4 2.1% 3 4.7% 14.3
Chronic pulmonary disease 108 7.0% 6 8.2% 4.6 17 8.9% 5 7.8% 3.8
Rheumatologic disease or connective tissue disease 23 1.5% 0 0.0% 17.4 0 0.0% 0 0.0% 0.0

JHEOR 2019;6(3):160-73 164



Clinical and Economic Outcomes in Low-risk Pulmonary Embolism Patients Treated with Rivaroxaban versus Standard of Care

Baseline Demographic and Clinical Characteristics
Peptic Ulcer disease
Mild liver disease
Hemiplegia or paraplegia
Moderate or severe renal disease
Diabetes
Any tumor
Moderate or severe liver disease
Metastatic solid tumor
Diabetes + complications
AIDS
Cardiac Dysrhythmia
LV dysfunction
Hospitalized DVT
Baseline Diagnostic tests
CTA
ECHO
VQ Scan
Venous Doppler Ultrasound
Clinical Characteristics During Index Hospitalization
Index hospital Length of stay (days)

Hospital acquired complications (HACs) during index hospitalization,
ANY

Catheter-associated Urinary Tract Infection
Methicillin-resistant Staphylococcus Aureus (MRSA)
Clostridium Difficile Infection

Hospital Acquired (Bacterial) Pneumonia

Foreign Object Retained After Surgery

Pressure Ulcer Stages Il & IV

Trauma/Injury

Poor Glycemic Control

Vascular Catheter-associated Infection

26
15

270
414
12
12

182
120
224
34

525

809
32
37
314

8.2

155

Before PSM Matching

1.7%
1.0%
0.0%
17.5%
26.8%
0.8%
0.8%
0.0%
11.8%
7.8%
14.5%
2.2%
34.0%

52.3%
2.1%
2.4%
20.3%

15.6

10.0%

0.3%
0.4%
0.6%
6.1%
0.1%
0.1%
2.9%
0.5%
0.1%
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1.4%
0.0%
0.0%
11.0%
16.4%
0.0%
0.0%
0.0%
5.5%
0.0%
8.2%
1.4%
32.9%

58.9%
2.7%
0.0%
16.4%

16.3

5.5%

0.0%
0.0%
0.0%
4.1%
0.0%
0.0%
1.4%
0.0%
0.0%

25
14.0
0.0
12.6
252
8.8
7.2
0.0
155
16.2
19.8
6.2
23

13.2
4.4

221
10.0

124

17.0

7.2
8.8
10.8
8.9
3.6
51
10.6
9.5
3.6

© O O N

10

18

80

113

After 1:3 PSM Matching

1.0%
0.0%
0.0%
4.2%
15.6%
1.0%
0.0%
0.0%
5.2%
0.0%
9.4%
0.0%
41.7%

58.9%
2.1%
0.0%
22.4%

19.8

10.4%

0.0%
0.0%
0.0%
4.7%
0.0%
0.0%
5.2%
0.5%
0.0%

1

6.7

O O »r O ON O O O

1.6%
0.0%
0.0%
9.4%
17.2%
0.0%
0.0%
0.0%
6.3%
0.0%
9.4%
1.6%
32.8%

57.8%
0.0%
0.0%
14.1%

21.8

4.7%

0.0%
0.0%
0.0%
3.1%
0.0%
0.0%
1.6%
0.0%
0.0%

4.6
0.0
0.0
14.3
4.2
10.2
0.0
0.0
3.1
0.0
0.0
17.7
18.3

21
20.6
0.0
216

1.8

217

0.0
0.0
0.0
8.0
0.0
0.0
20.2
10.2
0.0
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Baseline Demographic and Clinical Characteristics
Surgical Site Infection
Bacterial Pneumonia

Clinical marker testing during the index hospitalization

# Patients with Troponin |

# Patients with Troponin T

# Patients with BNP

# of Patients with NT Pro BNP

2
154

558
29

391
150

Before PSM Matching

0.1% 0
10.0% 3
36.1% 20
1.9% 1
25.3% 28
9.7% 9

0.0%
4.1%

27.4%
1.4%

38.4%
12.3%

51
23.0

18.7
40
28.2
8.4

14

52
3

69
17

After 1:3 PSM Matching

0.0% 0
7.3% 2
27.1% 17
1.6% 1
35.9% 22
8.9% 7

0.0%
3.1%

26.6%
1.6%

34.4%
10.9%

0.0
18.8

1.2
0.0
33
6.9

BNP: B type natriuretic peptide; CTA: computed tomography angiography; DVT: deep vein thrombosis; ECHO: echocardiogram; LV: left ventricular; LRPE: low-risk pulmonary embolism; SD: standard deviation; SOC: standard of care; STD: standardized difference; VQ: lung

ventilation/perfusion.
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AFTER PSM MATCHING

After 1:3 PSM, 64 LRPE patients were included in the
rivaroxaban cohort and 192 LRPE patients were
included in the SOC cohort. (Table 1). During index
hospitalization, the rivaroxaban cohort had similar
index LOS (7.0 vs 6.7 days, STD: 1.8) but a lower
proportion of patients with HACs (4.7% vs 10.4%;
STD: 21.7) as compared to SOC cohort (Table 1).

PSM-ADJUSTED OUTCOMES DURING THE 90-DAY
FOLLOW-UP PERIOD

There were no statistically significant differences in
follow-up PE-related clinical outcomes between the
rivaroxaban and SOC cohorts, including recurrent VTE
(3.1% vs 4.7%, p=0.5935), major bleeding (0.0% vs
1.0%, p=0.4124), and death (0.0% vs 1.6%, p=0.3145),
respectively. No differences between the cohorts were
found in the proportion of patients with various
diagnostic tests (including CTA, ECHO, VQ scan,
venous Doppler ultrasound) during the 90-day follow-
up period (Table 2).

Table 2. PSM-adjusted Outcomes among LRPE Patients Prescribed SOC Therapy versus Rivaroxaban

SOC Cohort Rivaroxaban Cohort
N=(192) N=(64)
N/Mean %/SD N/Mean %/SD p-value

PE-related Clinical Outcomes during the 90-day follow-up period
Recurrent VTE 9 4.7% 2 3.1% 0.5935

Time to first VTE, days 47.6 24.6 29.5 26.2 0.3763
Major Bleeding 2 1.0% 0 0.0% 04124

Time to first Major Bleeding, days 5.00 2.8
Death 3 1.6% 0 0.0% 0.3145

Time to Death, days 35.33 30.4
90-day Follow-up Diagnostic tests
CTA 63 32.8% 17 26.6% 0.3502
ECHO 14 7.3% 2 3.1% 0.233
VQ Scan 6 3.1% 1 1.6% 0.5068
Venous Doppler Ultrasound 56 29.2% 16 25.0% 0.5208

CTA: computed tomography angiography; DVT: deep vein thrombosis; ECHO: echocardiogram; PE: pulmonary embolism; SD: standard deviation; SOC: standard of care; VQ: lung
ventilation/perfusion; VTE: venous thromboembolism

HRU AND COSTS

Compared to the SOC cohort, the rivaroxaban cohort
had fewer outpatient (15.9 vs 20.4; p=0.0002) visits
per patient and similar re-hospitalization rates (0.1
vs 0.2, p=0.1682; Figure 2). Also, rivaroxaban patients
incurred lower inpatient ($765 vs $2655, p<0.0001),
pharmacy ($711 vs $1086; p=0.0033), total medical
($5559 vs $8585; p=0.0026), and total costs ($6270 vs
$9671; p=0.0027; Figure 2).
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Re-hopitalization rates 18

Inpatient re-hospitalization
LOS (in days)

Outpatient visits*

Pharmacy visits*

= SOC Cohort

M Rivaroxaban Cohort

20.40

7.63

*Significant at p<0.05

$12 000 -
$10000 -
$8000 -
$6000 -
$4.000 5655.00
$2000 -

Health Care Costs (US $)

$0 -

Inpatient Outpatient Pharmacy Total

+
costs

1Significant at p<0.005

5930.00
4794.00

10 15 20 25
# Visits per patient

m SOC Cohort m Rivaroxaban Cohort

9671.00

8585.00

1086.00415 09

Total costs '

costs ' Medical
+
costs

Figure 2. PSM-adjusted HRU and Costs among LRPE Patients Prescribed SOC Therapy versus Rivaroxaban During

the 90-day Follow-up Period

HRU: healthcare resource utilization; LOS: length of stay; LRPE: low-risk pulmonary embolism; PSM: propensity score matching; SOC: standard of care.

DISCUSSION

To our knowledge, this is the first study to evaluate
the efficacy and cost implications of rivaroxaban use
compared to SOC among LRPE patients in a real-world
setting. We found that patients with LRPE prescribed
rivaroxaban had lower HRU and ~1.5 times lower total
healthcare costs than those prescribed SOC therapy.
Our findings are consistent with several previous
reports suggesting rivaroxaban could reduce
healthcare costs by decreasing medication
expenditures for injections and frequent INR
measurement,  which  facilitates = ambulatory
treatment.%11,14,15.29 The results of our study showed
that the LRPE patients prescribed rivaroxaban had
lower pharmacy costs. Other analyses of rivaroxaban
versus heparin/warfarin in LRPE patients identified
using sPESI score reported lower annual costs ($7234
vs $12 143)30 and a Premier database study that used
the In-hospital Mortality for PE using Claims data
(IMPACT) criteria to identify the LRPE patients, found
patients prescribed rivaroxaban had ~1.5 times lower
annual healthcare costs than SOC therapy.3!
Ultimately, our results suggest that rivaroxaban can
significantly reduce the economic burden of LRPE
treatment.

We also note that 28.4% of PE patients in a VHA
population can be stratified as low-risk. This finding
may have implications in regards to potential hospital
admission avoidance and is in agreement with
analyses by Dentali et al in which 26.1% of PE patients

were classified as low-risk per the sPESI criteria.32
Lefebvre et al has also suggested that the number of
hospital admissions could be minimized as outpatient
treatment is available for rivaroxaban due to oral
administration.19 Since hospital costs are the greatest
driver of total LRPE healthcare expenditures,
validation of this finding could have an important
financial impact in the overall management of PE.

The results of our study showed no differences in
the index hospital LOS as well as the inpatient visits
during the 90-day post-discharge date between the
patients prescribed rivaroxaban or SOC therapy, with
an average index LOS of 7 days in both the cohorts.
This may have been the result of the small sample
size limiting our ability to detect a difference in the
hospital LOS, as several previous studies have shown
that PE patients prescribed rivaroxaban had a shorter
LOS, compared to warfarin patients, with a reduction
ranging from 0.9-2 days.%1L1415 A possible
explanation for the longer LOS in these other
investigations is that clinicians need to observe an
appropriate rise in the international normalized ratio
(INR) prior to discharge in the warfarin cohort, which
prolongs the LOS as compared to rivaroxaban.11:15 In
a study conducted by Weeda et al in which the sample
was restricted to only LRPE patients, rivaroxaban use
was associated with even further index LOS reductions
(~4 days).30 Despite no statistical difference in the
index LOS, patients in the rivaroxaban cohort in our
study were less likely to have HACs during index
hospitalization. Despite the differences in study
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design, setting, and population, several previous
studies have shown that patients with longer LOS have
increased HACs.33-35 Additionally, the inpatient costs
during the follow-up were lower in the rivaroxaban
cohort despite the similar rate of inpatient visits.
These results highlight the need for further research
in a larger cohort of LRPE patients to understand the
effect of rivaroxaban on inpatient LOS.

Our study evaluated outcomes in a 90-day follow-up
period because this period is clinically significant with
a higher prevalence of adverse outcomes including
major bleeding, recurrent VTE, and death.3¢ The
rationale was also justified by several previous studies
on PE.37:38 However, the results of our study showed
no differences between the cohorts regarding PE-
related clinical outcomes such as recurrent VTE, major
bleeding, and death during the 90-day follow-up
period. This is consistent with other trials which
reported lower or similar rates of major bleeding in
the rivaroxaban as compared to warfarin cohorts.22,39
Although reported by others, we did not identify an
increased risk of gastrointestinal bleeding with
rivaroxaban.#04l The results of our study are in
agreement with previous clinical trials which conclude
that rivaroxaban and SOC therapy had similar VTE
recurrence, efficacy, and safety outcomes.*2
Therefore, our analysis provides further support that
rivaroxaban is an equally effective treatment option to
SOC therapy for PE.

LIMITATIONS

The findings from our study should be viewed in the
context of its limitations. First, the study relied on
retrospective claims data. While claims data are
valuable for efficient and effective examination of
healthcare outcomes, treatment patterns, and costs,
they are collected for payment and not research. The
presence of a diagnosis code on a medical claim is not
a guarantee of the presence of disease as it may be
incorrectly coded or included as a rule-out criterion
rather than the actual disease. To make sure we did
not include any rule-out PE diagnoses, PE patients
were required to have an anticoagulant pharmacy
claim during their hospital stay. Second, the presence
of a claim for a filled prescription does not confirm
that the medication was taken as prescribed, or at all.
Also, prescriptions filled over-the-counter or provided
as samples by the physician are not observed in claims
data. Thus, the true number of medications prescribed
may not be accurately recorded. Third, certain clinical
and disease-specific parameters are not readily
available in claims data that could affect study
outcomes. It should also be noted that PSM
adjustment cannot resolve problems due to
imbalances in unmeasured factors. It is possible that
there were unobserved variables that the PSM did not
correct for in risk-adjusted tables. With the 1:3
matching, the standardized difference was higher
(>10%) in some variables so a sensitivity analysis was
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performed with 1:1 PSM matching. However, similar
results were reported so the 1:3 matching results are
presented to achieve higher power. Additionally, due
to a very small sample size in the rivaroxaban cohort,
exact matching was not performed, and the results
should be interpreted with caution. Future research
with larger sample size should be conducted to
validate our results. Finally, our study represented US
data from a specific subpopulation (US veterans) who
were mostly elderly men. Therefore, the general
applicability of our findings to a civilian community
population requires further study.

CONCLUSIONS

LRPE patients prescribed rivaroxaban had similar LOS,
and PE-related outcomes, but fewer HACs and
incurred $3401 in lower total costs than patients who
were prescribed the SOC. Therefore, our study
provides evidence that an oral, single-drug approach
with rivaroxaban may be a cost-effective alternative
treatment option to SOC for LRPE patients.

SOURCE OF SUPPORT:

This study was funded by Janssen Scientific Affairs,
LLC.

AUTHOR CONTRIBUTIONS:

WEFP, CIC, PW, GJF, CC, and JS conceptualized and
designed the study. LW and OB verified and analyzed
the data. All authors substantially contributed to the
interpretation of the data and wrote the manuscript
and/or substantially contributed to critical revisions of
the intellectual content. All authors agreed to the final
version of this manuscript.

CONEFLICT OF INTEREST DISCLOSURE:

WEFP has received grants from Abbott, Alere, Banyan,
Cardiorentis, Janssen, Portola, Pfizer, Roche, and ZS
Pharma; is a consultant to Alere, Beckman,
Boehringer-Ingelheim, Cardiorentis, Instrument Labs,
Janssen, Phillips, Portola, Prevencio, Singulex, The
Medicine's Company, and ZS Pharma; and also has
ownership interests at the Comprehensive Research
Associate LLC, Emergencies in Medicine LLC.

CIC has received grant funding and consulting fees
from Janssen Scientific Affairs, LLC, Raritan, NJ and
Bayer Pharma AG, Berlin, Germany.

PW receives speaker fees from Bayer Healthcare and
Daiichi Sankyo, writing committee fees from Itreas,
and grant support fees from Pfizer/BMS. [ORCID
number 000-0002-8657-8326]

GJF has received research support from Novartis,
Siemens, Pfizer, Portola, and PCORI; has advised
Janssen Scientific Affairs, LLC; and receives speaker
fees from Janssen.

169



Clinical and Economic Outcomes in Low-risk Pulmonary Embolism Patients Treated with Rivaroxaban versus Standard of Care

CC and JS are employees of Janssen Scientific ACKNOWLEDGEMENTS:
Affairs.
The authors thank Sulena Shrestha and Sujana Borra
LW is an employee of STATinMED Research, which of STATInMED Research for medical writing
is a paid consultant to Janssen Scientific Affairs. assistance.

OB has no conflicts to declare.

JHEOR 2019;6(3):160-73 170



Clinical and Economic Outcomes in Low-risk Pulmonary Embolism Patients Treated with Rivaroxaban versus Standard of Care

REFERENCES

1. Rali P, Gandhi V, Malik K. Pulmonary embolism.
Crit Care Nurs Q. 2016;39(2):131-138.

2. Halligan K, Filippaios A, Myers W. Pulmonary
embolism. Hospital Med Clin. 2017;6(2):244-260.

3. Torbicki A, Perrier A, Konstantinides S, et al.
Guidelines on the diagnosis and management of
acute pulmonary embolism: the task force for the
diagnosis and management of acute pulmonary
embolism of the European Society of Cardiology
(ESC). Eur Heart J. 2008;29(18):2276-2315.

4. Laporte S, Mismetti P, Décousus H, et al. Clinical
predictors for fatal pulmonary embolism in 15 520
patients with venous thromboembolism: findings
from the Registro Informatizado de la Enfermedad
TromboEmbolica venosa (RIETE) Registry.
Circulation. 2008;117:1711-1716.

5. Pollack CV, Schreiber D, Goldhaber SZ, et al.
Clinical characteristics, management, and outcomes
of patients diagnosed with acute pulmonary
embolism in the emergency department: initial report
of EMPEROR (multicenter emergency medicine
pulmonary embolism in the Real World registry). J
Am Coll Cardiol. 2011;57(6):700-706.

6. Goldhaber SZ, Visani L, De Rosa M. Acute
pulmonary embolism: clinical outcomes in the
International Cooperative Pulmonary Embolism
Registry (ICOPER. Lancet. 1999;353(9162):1386-1389.

7. Dasta JF, Pilon D, Mody SH, et al. Daily
hospitalization costs in patients with deep vein
thrombosis or pulmonary embolism treated with
anticoagulant therapy. Thromb Res.
2015;135(2):303-310.

8. Wigle P, Hein B, Bloomfield HE, et al. Updated
guidelines on outpatient anticoagulation. Am Fam
Physician. 2013;87(8):556-566.

9. Biiller HR, Prins MH, Lensin AW, et al. Oral
rivaroxaban for the treatment of symptomatic
pulmonary embolism. N Engl ] Med.
2012;366(14):1287-1297.

10. Lefebvre P, Coleman CI, Bookhart BK, et al. Cost-
effectiveness of rivaroxaban compared with
enoxaparin plus a vitamin K antagonist for the
treatment of venous thromboembolism. ] Med Econ.
2014;17(1):52-64.

11. Roberts KM, Knight TB, Padilla-Tolentino E, et al.
Length of stay comparison between rivaroxaban and
warfarin in the treatment of pulmonary embolism:
results from a real-world observational cohort study.
Thrombosis. 2015;2015:414523.

12. Margolis JM, Deitelzweig S, Kline J, et al.
Pulmonary embolism inpatients treated with
rivaroxaban had shorter hospital stays and lower
costs compared with warfarin. Clin Ther.
2016;38(11):2496-2503.

13. Kearon C, Akl EA, Comerota AJ, et al.
Antithrombotic therapy for VTE disease:
antithrombotic therapy and prevention of
thrombosis, 9th ed: American College of Chest
Physicians evidence-based clinical practice
guidelines. Chest. 2012;141(suppl 2):e419-e494.

14. van Bellen B, Bamber L, Correa de Carvalho F, et
al. Reduction in the length of stay with rivaroxaban as
a single-drug regimen for the treatment of deep vein
thrombosis and pulmonary embolism. Curr Med Res
Opin. 2014;30(5):829-837.

15. Bookhart BK, Haskell L, Bamber L, et al. Length of
stay and economic consequences with rivaroxaban vs
enoxaparin/vitamin K antagonist in patients with
DVT and PE: findings from the North American
EINSTEIN clinical trial program. ] Med Econ.
2014;17(10):691-695.

16. LaMori JC, Shoheiber O, Mody SH, et al. Inpatient
resource use and cost burden of deep vein thrombosis
and pulmonary embolism in the United States. Clin
Ther. 2015;37(1):62-70.

17. Singer AJ, Xiang J, Kabrhel C, et al. Multicenter
Trial of Rivaroxaban for Early Discharge of Pulmonary
Embolism From the Emergency Department
(MERCURY PE): Rationale and Design. Carpenter CR,
ed. Acad Emerg Med. 2016;23(11):1280-1286. doi:10.1
111/acem.13072

18. Barco S, Lankeit M, Binder H, et al. Home
treatment of patients with low-risk pulmonary
embolism with the oral factor Xa inhibitor
rivaroxaban. Thromb Haemost.
2016;116(07):191-198.

19. Aujesky D, Mazzolai L, Hugli O, et al. Outpatient
treatment of pulmonary embolism. Swiss Med Wkly.
2009;139(47-8):685-690.

JHEOR 2019;6(3):160-73

171


https://doi.org/10.1111/acem.13072
https://doi.org/10.1111/acem.13072

Clinical and Economic Outcomes in Low-risk Pulmonary Embolism Patients Treated with Rivaroxaban versus Standard of Care

20. Hellenkamp K, Kaeberich A, Schwung J, et al. Risk
stratification of normotensive pulmonary embolism
based on the sPESI - does it work for all patients? Int
J Cardiol. 2015;197:162-163.

21. Masotti L, Righini M, Vuilleumier N, et al.
Prognostic stratification of acute pulmonary
embolism: focus on clinical aspects, imaging, and
biomarkers. Vasc Health Risk Manag.
2009;5(4):567-575.

22. Fermann GJ, Erkens PM, Prins MH, et al.
Treatment of pulmonary embolism with rivaroxaban:
outcomes by simplified pulmonary embolism severity
index score from a post hoc analysis of the EINSTEIN
PE study. Acad Emerg Med. 2015;22(3):299-307.

23. Veterans Health Administration, U.S. Department
of Veterans Affairs. About VHA [Department of
Veterans Affairs web site]. https://www.va.gov/health/
aboutVHA.asp. Published 2017.

24. VA Information Resource Center: VIReC The
Researcher’s Guide to VA data. Medical SAS Datasets
[U.S. Department of Veterans Affairs web site]. http
s://www.virec.research.va.gov/Resources/RUGs.asp.
Published 2017.

25. VA Information Resource Center, VIReC Research
User Guide: VHA Decision Support System Clinical
National Data Extracts. 2nd ed. U.S. Dept. of Veterans
Affairs, Health Services Research and Development
Service, VA Information Resource Center, Sept. 1,
2009 [Health and Retirement Study web site]. http://h
rsonline.isr.umich.edu/sitedocs/rda/metadata/VA/VA
refDocs/RUG-Pharmacy-2nd-Ed-CY08-RA.pdf.
Published 2009.

26. VIReC Research User Guide: Fiscal Year 2014 VHA
Medical SAS Inpatient Datasets [Health and
Retirement Study web site]. http://hrsonline.isr.umic
h.edu/sitedocs/rda/metadata/VA/VArefDocs/RUG-Me
dSAS-IP-FY14.pdf. Published 2017.

27. Maynard C, Chapko MK. Data Resources in the
Department of Veterans Affairs. Diabetes Care.
2004;27(Supplement 2):B22-B26. doi:10.2337/diacar
e.27.suppl 2.b22

28. Normand ST, Landrum MB, Guadagnoli, et al. E.
Validating recommendations for coronary
angiography following acute myocardial infarction in
the elderly: a matched analysis using propensity
scores. J Clin Epidemiol. 2001;54(4):387-398.

29. Matsuo H, Prins M, Lensing AW, et al. Shortened
length of hospital stay with rivaroxaban in patients
with symptomatic venous thromboembolism in
Japan: the J-EINSTEIN pulmonary embolism and
deep vein thrombosis program. Curr Med Res Opin.
2015;31(6):1057-1061.

30. Weeda ER, Kohn CG, Peacock WF, et al.
Rivaroxaban versus heparin bridging to warfarin
therapy: impact on hospital length of stay and
treatment costs for low-risk patients with pulmonary
embolism. Pharmacotherapy. 2016;36(10):1109-1115.

31. Weeda ER, Wells PS, Peacock WF, et al. Hospital
length-of-stay and costs among pulmonary embolism
patients treated with rivaroxaban versus parenteral
bridging to warfarin. Intern Emerg Med.
2017;12(3):311-318.

32. Dentali F, Riva N, Turato S, et al. Pulmonary
embolism severity index accurately predicts
long-term mortality rate in patients hospitalized for
acute pulmonary embolism. ] Thromb Haemost.
2013;11(12):2103-2110.

33. Sorbello D, Dewey HM, Churilov L, et al. Very
early mobilisation and complications in the first 3
months after stroke: further results from phase II of A
Very Early Rehabilitation Trial (AVERT). Cerebrovasc
Dis. 2009;28(4):378-383.

34. Ingeman A, Andersen G, Hundborg HH, et al. In-
hospital medical complications, length of stay, and
mortality among stroke unit patients. Stroke.
2011;42(11):3214-3218.

35. Tirschwell DL, Kukull WA, Jr. Longstreth WT.
Medical complications of ischemic stroke and length
of hospital stay: experience in Seattle, Washington. J
Stroke Cerebrovasc Dis. 1999;8(5):336-343.

36. Woller SC, Stevens SM, Adams DM, et al.
Assessment of the safety and efficiency of using an
age-adjusted D-dimer threshold to exclude suspected
pulmonary embolism. Chest. 2014;146(6):1444-1451.

37. Becattini C, Cohen AT, Agnelli G, et al. Risk
stratification of patients with acute symptomatic
pulmonary embolism based on presence or absence of
lower extremity DVT: systematic review and meta-
analysis. Chest. 2016;149(1):192-200.

38. Agterof MJ, Schutgens RE, Snijder R], et al. Out of
hospital treatment of acute pulmonary embolism in
patients with a low NT-proBNP level. ] Thromb
Haemost. 2010;8(6):1235-1241.

39. Sardar P, Chatterjee S, Chaudhari S, et al. New oral
anticoagulants in elderly adults: evidence from a
meta-analysis of randomized trials. ] Am Geriatr Soc.
2014;62(5):857-864.

40. Holster IL, Valkhoff VE, Kuipers EJ, et al. New oral
anticoagulants increase risk for gastrointestinal
bleeding: a systematic review and meta-analysis.
Gastroenterology. 2013;145(1):105-112.

JHEOR 2019;6(3):160-73 172


https://www.va.gov/health/aboutVHA.asp
https://www.va.gov/health/aboutVHA.asp
https://www.virec.research.va.gov/Resources/RUGs.asp
https://www.virec.research.va.gov/Resources/RUGs.asp
http://hrsonline.isr.umich.edu/sitedocs/rda/metadata/VA/VArefDocs/RUG-Pharmacy-2nd-Ed-CY08-RA.pdf
http://hrsonline.isr.umich.edu/sitedocs/rda/metadata/VA/VArefDocs/RUG-Pharmacy-2nd-Ed-CY08-RA.pdf
http://hrsonline.isr.umich.edu/sitedocs/rda/metadata/VA/VArefDocs/RUG-Pharmacy-2nd-Ed-CY08-RA.pdf
http://hrsonline.isr.umich.edu/sitedocs/rda/metadata/VA/VArefDocs/RUG-MedSAS-IP-FY14.pdf
http://hrsonline.isr.umich.edu/sitedocs/rda/metadata/VA/VArefDocs/RUG-MedSAS-IP-FY14.pdf
http://hrsonline.isr.umich.edu/sitedocs/rda/metadata/VA/VArefDocs/RUG-MedSAS-IP-FY14.pdf
https://doi.org/10.2337/diacare.27.suppl_2.b22
https://doi.org/10.2337/diacare.27.suppl_2.b22

Clinical and Economic Outcomes in Low-risk Pulmonary Embolism Patients Treated with Rivaroxaban versus Standard of Care

41. Halperin JL, Hankey GJ, Wojdyla DM, et al. 42. Prins MH, Lensing AW, Bauersachs R, et al. Oral
Efficacy and safety of rivaroxaban compared with rivaroxaban versus standard therapy for the

warfarin among elderly patients with nonvalvular treatment of symptomatic venous thromboembolism:
atrial fibrillation in the Rivaroxaban Once Daily, Oral, a pooled analysis of the EINSTEIN-DVT and PE
Direct Factor Xa Inhibition Compared with Vitamin K randomized studies. Thrombosis Journal.
Antagonism for Prevention of Stroke and Embolism 2013;11(1):21. doi:10.1186/1477-9560-11-21

Trial in Atrial Fibrillation (ROCKET AF). Circulation.
2014;130(2):138-146.

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-4.0). View this license’s legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at
http://creativecommons.org/licenses/by/4.0/legalcode for more information.

JJHEOR 2019;6(3):160-73 173


https://doi.org/10.1186/1477-9560-11-21

	Introduction
	Material and Methods
	Data Source
	Study Population
	Ethics Approval
	Baseline Measures
	Outcome Measures
	Statistical Analysis

	Results
	Patient Characteristics during the Baseline Period:
	Before Matching
	After PSM Matching

	PSM-adjusted Outcomes during the 90-day Follow-up Period
	HRU and Costs


	Discussion
	Limitations
	Conclusions
	Source of Support:
	Author Contributions:
	Conflict of Interest Disclosure:
	Acknowledgements:
	References



