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Abstract We sought to compare length-of-stay (LOS),
total hospital costs, and readmissions among pulmonary
embolism (PE) patients treated with rivaroxaban versus
parenterally bridged warfarin. We identified adult PE
(primary diagnostic code = 415.1x) patients in the Premier
Database (11/2012-9/2015), and included those with >1
PE diagnostic test on days 0-2. Rivaroxaban users (al-
lowing <2 days of prior parenteral therapy) were 1:1
propensity score matched to patients parenterally bridged
to warfarin. LOS, total costs, and readmission for venous
thromboembolism (VTE) or major bleeding within the
same or subsequent 2 months were compared between
cohorts. Separate analyses were performed in low-risk PE
patients. Rivaroxaban use was associated with a 1.4-day
[95 % confidence interval (CI) —1.47 to —1.28] shorter
LOS, and $2322 (95 % CI —$2499 to —$2146) reduction
in costs compared to parenterally bridged warfarin
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(p < 0.001 for both). There was no difference in read-
mission for VTE (1.5 versus 1.7 %) or major bleeding (0.3
versus 0.2 %) between the rivaroxaban and parenterally
bridged warfarin cohorts (p > 0.27 for both). Results were
similar in low-risk patients (0.2-1.0 day and $251-$1751
reductions in LOS and costs, respectively, p < 0.01 for
all). In patients with PE, rivaroxaban was associated with
reduced LOS and costs, without increased risk of read-
mission versus parenterally bridged warfarin. Similar
results were observed in low-risk PE patients.

Keywords Pulmonary embolism - Length-of-stay -
Rivaroxaban - Parenteral bridging - Venous
thromboembolism

Introduction

Acute pulmonary embolism (PE) is a common condition
causing hospitalization in the United States (US), with an
incidence of 176,000 admissions annually and a case
fatality rate of 3.1 % [1]. Direct hospital treatment costs
alone for PE in the US are estimated to approach $1.9
billion per year [1].

Traditional long-term oral anticoagulation therapy for
patients presenting with acute symptomatic PE in the US has
consisted of warfarin [2]. However, since warfarin requires
5+ days to achieve therapeutic anticoagulation, ‘bridging’
therapy (i.e., transition from an immediate acting agent,
usually unfractionated or low-molecular-weight heparin, to
warfarin) is required. During this time period, patients
receive both agents, and, depending on the immediate acting
therapy used, may remain in the hospital for anticoagulation
monitoring or until outpatient international normalized ratio
(INR) measurements can be coordinated [3].
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Rivaroxaban is a US Food and Drug Administration
approved direct oral factor Xa inhibitor to treat PE and
reduce the risk of recurrent venous thromboembolism
(VTE). It does not require bridging therapy or coagulation
monitoring. In the EINSTEIN PE multicenter, randomized
controlled trial (RCT), rivaroxaban was shown to be non-
inferior to parenteral bridging to a vitamin K antagonist
(VKA) in preventing recurrent VTE with no difference in
clinically relevant bleeding [4]. Additional analysis of
EINSTEIN PE subjects also demonstrated a reduced index
hospital length-of-stay (LOS) with rivaroxaban use [5].

To preserve internal validity, RCTs apply strict man-
agement protocols and rarely enroll the full spectrum of
patients with a condition. Medications are often used in
populations not evaluated by RCTs in clinical practice,
which may affect real-world outcomes. Consequently, the
assessment of outcomes outside of RCTs is needed to
confirm results in routine clinical practice.

In this study, we sought to compare index hospital LOS,
costs, and readmission among patients treated with
rivaroxaban versus parenteral bridging to warfarin in a
real-world setting.

Methods

This retrospective claims study used Premier Perspective
Comparative Hospital Database data from November
2012-September 2015. The Premier database captures
20 % of all acute care hospital discharges in the US. This
database provides detailed data regarding hospital
encounters, including a date-stamped listing of all charged
items at the individual patient level (medications, labora-
tory, and diagnostic tests, therapeutic services), as well as,
discharge status and subsequent hospital encounters to the
same institution over time. Data in Premier are de-identi-
fied and fully compliant with all HIPAA privacy and
security requirements to protect participant anonymity and
confidentiality. As the study used only de-identified patient
records, it was granted an exemption from institutional
review board oversight.

We included adult patients (>18 years of age) if they
had all of the following: (1) a hospital encounter for PE
(including those discharged directly from emergency
department [ED], coded as an observation stay or treated as
an inpatient); (2) an International Classification of Dis-
eases, 9th-edition, Clinical Modification (ICD-9-CM)
diagnosis code for PE (ICD-9-CM: 415.1x) in the primary
position; (3) >1 claim for a diagnostic test for PE [com-
puted tomography (CT), ventilation—perfusion scan, or
pulmonary angiography] on days 0-2; and (4) treatment
with either rivaroxaban or parenteral anticoagulation (un-
fractionated heparin, low-molecular-weight heparin, or
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fondaparinux) followed by warfarin. Consistent with the
EINSTEIN PE trial [4], rivaroxaban patients were allowed
to receive <2 days of prior parenteral therapy and still be
included. Patients transferred from another healthcare
facility were excluded from this analysis. While no formal
sample size calculation was performed, we made an a
priori decision to include all identified patients meeting the
aforementioned selection criteria. Given the magnitude of
the LOS benefit observed with rivaroxaban in the EIN-
STEIN PE trial [5], we had high confidence that a suit-
able sample size would be reached in our study.

The primary endpoint for this study was LOS for the
index PE hospital encounter. Secondary endpoints included
total hospital costs (consisting of all costs associated with
the index hospital stay, including but not limited to room
and board, diagnostic, and laboratory tests as well as
medications and other treatment modalities) and readmis-
sion rates for VTE (ICD-9-CM: 451.1, 451.2, 453.4, 453.8,
453.9, and 415.1x) or major bleeding per the Cunningham
algorithm [6]. This algorithm uses ICD-9-CM diagnostic
and procedure codes to systematically identify hospital-
izations related to major bleeding episodes. The algorithm
identifies these bleeding-related hospitalizations via the
primary discharge diagnosis, and had a positive predictive
value >88 % in its validation study. Eligible bleeding
events may occur at various sites (e.g., intracranial, gas-
trointestinal, and genitourinary), but are excluded if they
are trauma related. In Premier, specific dates of patient
discharge and readmission are not provided (therefore, the
total number of days to readmission cannot be calculated).
However, sufficient data to determine if a patient is read-
mitted to the same hospital within the same month or any
subsequent month are available. For this study, we assessed
the readmission rate during the same or the 2 months
subsequent to the index PE (i.e., no more than 3 months
after the index event).

We also performed additional subgroup analyses on two
cohorts of patients deemed to be at low risk for early post-
PE mortality: (1) those with an estimated in-hospital
mortality risk <1.5 % according to the validated In-
Hospital Mortality for Pulmonary Embolism using Claims
Data (IMPACT) prediction rule [absolute risk = 1/
(1 + exp(—x)), where x = —5.833 + (0.026 x age) +
(0.402 x myocardial infarction) 4+ (0.368 x chronic lung
disease) + (0.464 x stroke) + (0.638 x prior major
bleeding) + (0.298 x atrial fibrillation) + (1.061 x cog-
nitive impairment) + (0.554 x heart failure) + (0.364 x
renal failure) + (0.484 x liver disease) + (0.523 x co-
agulopathy) + (1.068 x cancer)] [7, 8] and (2) PE patients
who were considered low risk as evidenced by ED dis-
charge or the decision to utilize observation status [9].

As this was an observational study, the investigators had
no control over which patients received rivaroxaban, and
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which received parenteral bridging to warfarin. As a result,
differences in important observed covariates were expec-
ted, which could lead to a biased estimate of treatment
effect. To reduce bias due to confounding factors,
rivaroxaban users were 1:1 propensity score matched to
patients receiving parenteral bridging to warfarin using a
greedy matching algorithm with calipers set at 1/2 the
standard deviation of the propensity score [10]. Propensity
scores were calculated using a multivariable logistic
regression model incorporating age, gender, race, marital
status, primary payer, attending physician specialty, year of
index encounter, geographic region, hospital characteris-
tics, Agency for Healthcare Research and Quality
(AHRQ)-29 comorbidity status [11], and other comor-
bidities not included in AHRQ-29 (atrial fibrillation,
myocardial infarction, stroke, prior major bleeding, and
cognitive dysfunction). Propensity-score matching using
these same covariates was also performed separately for
the analyses of the two low-risk PE cohorts.

Separate statistical analyses were performed on the
overall population and the two low-risk PE cohorts.
Means =+ standard deviations (SDs) were used to describe
continuous variables, while percentages were used to
summarize dichotomous/categorical variables. The ade-
quacy of the matching procedures was assessed by com-
paring differences in baseline characteristics between the
anticoagulation cohorts by calculating standardized differ-
ences (with difference <10 % considered well balanced)
[10]. Any baseline characteristic exhibiting a standardized
difference >10 % was further adjusted for in subsequent
regression analysis. Differences in LOS and total costs were
compared between anticoagulation groups using a gener-
alized linear regression model with a gamma-distributed
error and log-link. In-hospital mortality, need for throm-
bolysis >2 days after presentation and the proportion of
patients readmitted during the same or subsequent 2 months
following the index PE were compared between cohorts via
logistic regression. SAS version 9.3 (SAS Institute Inc.,
Cary, NC, USA) and IBM SPSS version 22.0 (IBM Corp.,
Armonk, NY, USA) were used to perform database man-
agement and statistical analysis. A p value <0.05 consid-
ered statistically significant in all cases.

Results

After the requirements for a primary ICD-9-CM code for PE,
diagnostic confirmation and initiation of PE treatment with
rivaroxaban or parenteral bridging to warfarin between days
0-2 were applied, 8824 patients were included in the overall
PE analysis cohort. Of these, 4412 rivaroxaban patients were
propensity score matched to 4412 patients receiving par-
enteral bridging to warfarin. Following restriction to patients

deemed to be at low risk of early PE mortality using the
IMPACT risk stratification rule, 2012 rivaroxaban patients
were matched to 2012 patients receiving parenteral bridging
to warfarin. When low risk was inferred by ED discharge or
observation status, 585 rivaroxaban patients were matched
to 585 patients receiving parenteral bridging to warfarin.
Patient and hospital characteristics for the overall and low-
risk cohorts stratified by anticoagulation management
strategy can be found in Table 1 and eTables 1 and 2. Upon
comparing the rivaroxaban group to matched parenteral
bridging to warfarin patients, all baseline characteristics had
a standardized difference <10 % in the overall population
as well as the low risk by IMPACT cohort. After matching of
rivaroxaban and parenterally bridged warfarin patients in the
ED discharge or observation status cohort analysis, several
characteristics (as reported in eTable 2) displayed stan-
dardized differences >10 % (requiring their inclusion into
subsequent multivariable regression analyses). In the full PE
cohort analysis, mean == SD LOS for all patients was
3.9 4+ 2.8 and costs were $5887 + 5846. Rivaroxaban was
associated with a 1.4-day shorter LOS and lower treatment
costs (—$2322) versus parenteral bridging to warfarin
(»p < 0.001 for both) (Table 2). We observed a low inci-
dence of in-hospital mortality (0.4 %) and thrombolysis >2
days after presentation (0.3 %), although rates were higher
in patients receiving parenteral bridging to warfarin
(»p < 0.001 for both). There were no differences in read-
mission for VTE or major bleeding in the same or subse-
quent 2 months between anticoagulation cohorts (p > 0.27
for both).

Mean £ SD hospital LOS and treatment costs for the
low-risk cohort identified by IMPACT were 3.3 & 2.3 days
and $4758 £ 4235. Rivaroxaban again was associated with
a shorter LOS (—1.0 days) and lower treatment costs
(—$1751) compared to parenteral bridging to warfarin
(p < 0.001 for both) (Table 3). Higher in-hospital mortality
(0 versus 0.4 %) and thrombolysis >2 days after presenta-
tion (0 versus 0.5 %) were observed in patients receiving
parenteral bridging to warfarin (p < 0.003), but readmis-
sion for VTE or major bleeding did not differ between
anticoagulant strategies (p > 0.66 for both).

In the analysis restricted to inclusion of only patients
discharged from the ED or managed in observation, the
mean + SD hospital LOS and treatment costs were
2.0 £ 0.8 and $2528 £ 1715. We observed a shorter LOS
(—0.2 days), fewer encounters lasting >2 midnights (15.4
versus 25.1 %) and lower treatment costs (—$251) with
rivaroxaban versus parenteral bridging to warfarin
(p < 0.01 for all) (Table 4). No patient experienced in-
hospital mortality or required thrombolysis within 2 days
of presentation. VTE and major bleeding readmission do
not differ between anticoagulation cohorts (p > 0.43 for
both).
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Table 1 Characteristics of matched rivaroxaban and parenteral bridging to warfarin users

Characteristics

Total n (%)

Rivaroxaban

Parenteral bridging to

Standardized

N = 8824 n (%) N = 4412 warfarin n (%) N = 4412 difference (%)
Demographics
Age
18-24 years 250 (2.8) 127 (2.9) 123 (2.8) 0.6
25-34 years 651 (7.4) 331 (7.5) 320 (7.3) 0.8
35-44 years 1112 (12.6) 551 (12.5) 561 (12.7) 0.6
45-54 years 1585 (18.0) 800 (18.1) 785 (17.8) 0.8
55-64 years 1835 (20.8) 922 (20.9) 913 (20.7) 0.5
65-74 years 1771 (20.1) 879 (19.9) 892 (20.2) 0.8
>74 years 1620 (18.4) 806 (18.3) 814 (18.4) 0.3
Male gender 4239 (48.0) 2114 (47.9) 2125 (48.2) 0.6
Race
White 6676 (75.7) 3317 (75.2) 3359 (76.1) 2.1
Black 1459 (16.5) 733 (16.6) 726 (16.5) 0.3
Other 689 (7.8) 362 (8.2) 327 (7.4) 3.0
Marital status
Married 4223 (47.9) 2112 (47.9) 2111 (47.9) 0
Single 3612 (40.9) 1826 (41.4) 1786 (40.5) 1.8
Other 989 (11.2) 474 (10.7) 515 (11.7) 32
Payer
Medicare 3822 (43.3) 1882 (42.7) 1940 (44.0) 2.6
Managed care 2750 (31.2) 1379 (31.3) 1371 (31.1) 0.4
Medicaid 838 (9.5) 421 (9.5) 417 (9.5) 0
Commercial 807 (9.1) 405 (9.2) 402 (9.1) 0.4
Self-pay 303 (3.4) 162 (3.7) 141 (3.2) 2.7
Other 304 (3.4) 163 (3.7) 141 (3.2) 2.7
Year of admission
2012 83 (0.9) 42 (1.0) 41 (0.9) 1.0
2013 1862 (21.1) 912 (20.7) 950 (21.5) 2.0
2014 3555 (40.3) 1786 (40.5) 1769 (40.1) 0.8
2015 3324 (37.7) 1672 (37.9) 1652 (37.4) 1.0
Hospital characteristics
Urban 7309 (82.8) 3667 (83.8) 3642 (82.5) 35
Large (=500 beds) 1788 (20.3) 903 (20.5) 885 (20.1) 1.0
Teaching 3046 (34.5) 1526 (34.6) 1520 (34.5) 0.2
Region
South 5103 (59.1) 2555 (57.9) 2548 (57.8) 0.2
Midwest 1962 (22.2) 973 (22.1) 989 (22.4) 0.7
Northeast 1005 (11.4) 509 (11.5) 496 (11.2) 1.0
West 754 (8.5) 375 (8.5) 379 (8.6) 0.4
Admitting physician specialty
Internal medicine 7250 (82.2) 3623 (82.1) 3627 (82.2) 0.3
Cardiology 209 (2.4) 106 (2.4) 103 (2.3) 0.7
Emergency medicine 220 (2.5) 110 (2.5) 110 (2.5) 0
Pulmonary 181 (2.1) 91 (2.1) 90 (2.0) 0.7
Other 964 (10.9) 482 (10.9) 482 (10.9) 0
Comorbid conditions, included in IMPACT
Myocardial infarction 85 (1.0) 40 (0.9) 45 (1.0) 1.0
Chronic lung disease 1944 (22.0) 997 (22.6) 947 (21.5) 2.7
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Table 1 continued

Characteristics Total n (%) Rivaroxaban Parenteral bridging to Standardized

N = 8824 n (%) N = 4412 warfarin n (%) N = 4412 difference (%)

Cerebrovascular disease (stroke) 19 (0.2) 7 (0.2) 12 (0.3) 2.0
Prior major bleeding 110 (1.2) 47 (1.1) 63 (1.4) 2.7
Atrial fibrillation 615 (7.0) 316 (7.2) 299 (6.8) 1.6
Cognitive impairment (dysfunction) 326 (3.7) 174 (3.9) 152 (3.4) 2.7
Heart failure 683 (7.7) 347 (7.9) 336 (7.6) 1.1
Renal failure 350 (4.0) 171 (3.9) 179 (4.1) 0.3
Liver disease (dysfunction) 203 (2.3) 95 (2.2) 108 (2.4) 1.2
Coagulopathy 245 (2.8) 122 (2.8) 123 (2.8) 0
Cancer 235 (2.7) 109 (2.5) 126 (2.9) 0.8

Other comorbid conditions
AIDS 2 (0.1) 1(0.1) 1 (0.1) 0
Alcohol abuse 195 (2.2) 103 (2.3) 92 (2.1) 14
Deficiency anemias 29 (0.3) 16 (0.4) 13 (0.3) 1.7
Rheumatoid arthritis/collagen vascular 338 (3.8) 164 (3.7) 174 (3.9) 1.1

diseases

Chronic blood loss anemia 29 (0.3) 16 (0.4) 13 (0.3) 1.7
Depression 1026 (11.6) 537 (12.2) 489 (11.1) 34
Diabetes, uncomplicated 422 (4.8) 207 (4.7) 215 (4.9) 0.9
Diabetes, with chronic complications 71 (0.8) 38 (0.9) 33 (0.7) 2.3
Drug abuse 283 (3.2) 134 (2.0) 149 (3.4) 0
Hypertension 4087 (46.3) 2045 (46.4) 2042 (46.4) 0
Hypothyroidism 169 (1.9) 86 (1.9) 83 (1.9) 0
Lymphoma 12 (0.1) 4 (0.1) 8 (0.2) 2.6
Fluid and electrolyte disorders 909 (10.3) 462 (10.5) 447 (10.1) 1.3
Metastatic cancer 201 (2.3) 97 (2.2) 104 (2.4) 1.3
Other neurological disorders 62 (0.7) 31 (0.7) 31 (0.7) 0
Obesity 1834 (20.8) 924 (20.9) 910 (20.6) 0.7
Paralysis 66 (0.7) 29 (0.7) 37 (0.8) 1.1
Peripheral vascular disease 292 (3.3) 146 (3.3) 146 (3.3) 0
Psychosis 323 (3.7) 153 (3.5) 170 (3.9) 2.1
Solid tumor without metastasis 26 (0.3) 8 (0.2) 18 (0.4) 3.7
Peptic ulcer disease excluding bleeding 2 (0.1) 1 (0.1) 1(0.1) 0
Valvular disease 472 (5.3) 240 (5.4) 232 (5.3) 0.4
Weight loss 134 (1.5) 66 (1.5) 88 (1.5) 0

Unmatched characteristics
Diagnosis via CT 8750 (99.2) 4370 (99.0) 4380 (99.3) -
Time to diagnosis, days (mean + SD) 09+ 04 09 +04 09+ 04 -
IMPACT estimated mortality risk, % 224+£22 224+22 22+ 21 -

(mean + SD)

AIDS acquired immunodeficiency syndrome; CT computed tomography; IMPACT In-hospital Mortality for Pulmonary Embolism using Claims

data; N number; SD standard deviation

Discussion

In this large, administrative claims database study of acute
PE patients, rivaroxaban was associated with both
decreased LOS and lower treatment costs compared to
parenteral bridging to warfarin. These reductions were

observed in the overall PE cohort, as well as, in analyses
restricted to low-risk patients. Furthermore, in the overall
cohort, rivaroxaban was associated with a lower hospital
mortality and lower rates of thrombolysis, although this
was not duplicated in the ED discharge and observation
status cohort, where we would expect extremely low rates

@ Springer



316

Intern Emerg Med (2017) 12:311-318

Table 2 Outcomes of matched rivaroxaban and parenteral bridging to warfarin users

Outcome Rivaroxaban Parenteral bridging to Effect size (95 % CI) p value
N = 4412 warfarin N = 4412
n (%) n (%)
Mean difference
Length-of-stay, days (mean £ SD) 324+ 1.7 46 +34 —1.37 (—1.47 to —1.28) <0.001
Total hospital costs, 2015 US$ (mean £+ SD) 4725 4+ 3817 7047 £ 7147 —2322 (—2499 to —2146) <0.001
Odds ratio
Encounter lasting >2 midnights 2804 (63.6) 2869 (65.0) 0.94 (0.86-1.02) 0.15
In-hospital death 8 (0.2) 31 (0.7) 0.26 (0.12-0.56) <0.001
Thrombolysis >2 days after presentation 4 (0.1) 25 (0.6) 0.16 (0.06-0.46) <0.001
Readmission for VTE in same or subsequent 2 months® 64 (1.5) 77 (1.7) 0.83 (0.59-1.16) 0.27
Readmission for major bleed in same or subsequent 2 months® 12 (0.3) 10 (0.2) 1.20 (0.52-2.78) 0.67

CI confidence interval; SD standard deviation; US$ United States dollars; VTE venous thromboembolism
? International Classification of Diseases, ninth edition, Clinical Modification codes = 451.1, 451.2, 453.40, 453.41, 453.42, 453.8, 453.9

b Specific International Classification of Diseases, ninth edition, Clinical Modification, Current Procedural Technology, and Healthcare Com-

mon Procedure Coding System coding are available in reference [5]

Table 3 Outcomes of matched low-risk pulmonary embolism patients identified by IMPACT

Outcome Rivaroxaban  Parenteral bridging to Effect size (95 % CI) p value
N = 2012 warfarin N = 2012
n (%) n (%)
Mean difference
Length-of-stay, days (mean £ SD) 28+ 13 39+28 —1.03 (—1.14 to —0.92) <0.001
Total hospital costs, 2015 US$ (mean + SD) 3883 £+ 2528 5633 + 5286 —1751 (—1944 to —1556) <0.001
Odds ratio
Encounter lasting >2 midnights 1117 (55.5) 1149 (57.1) 0.94 (0.83-1.06) 0.31
In-hospital death 0 (0) 9 (04 - 0.003
Thrombolysis >2 days after presentation 0 (0) 10 (0.5) - 0.002
Readmission for VTE in same or subsequent 2 months® 37 (1.8) 34 (1.7) 1.09 (0.68-1.74) 0.72
Readmission for major bleed in same or subsequent 2 months® 2 (0.1) 3(0.1) 0.67 (0.11-3.99) 0.66

CI confidence interval; SD standard deviation; US$ United States dollars; VTE venous thromboembolism
# International Classification of Diseases, ninth edition, Clinical Modification codes = 451.1, 451.2, 453.40, 453.41, 453.42, 453.8, 453.9
b Specific International Classification of Diseases, ninth edition, Clinical Modification, Current Procedural Technology and Healthcare Common

Procedure Coding System coding are available in reference [5]

of these events. Finally, regardless of patients estimated
risk of early PE mortality, rivaroxaban use was not asso-
ciated with differences in the short-term readmission rates
for VTE or major bleeding.

Our results are consistent with RCT data from EIN-
STEIN PE and two smaller real-world studies [5, 12—-14].
In an analysis of the intention-to-treat population of EIN-
STEIN PE (n = 4832), van Bellen and colleagues found
patients taking rivaroxaban had a shorter LOS versus those
receiving parenteral bridging to a VKA (6.6 versus
7.5 days, p < 0.0001) [5]. To eliminate any potential
impact of geographic treatment trends on LOS results,
Bookhart and colleagues [12] performed a post hoc
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analysis of EINSTEIN PE data restricted to US and Canada
study sites. Of the 486 patients enrolled in this analysis,
321 were hospitalized for their index PE, with rivaroxaban
associated with a lower mean LOS of nearly 2 days
(p = 0.0002) versus parenteral bridging to warfarin.
Roberts and colleagues [13] retrospectively evaluated
LOS with rivaroxaban compared to parenteral bridging to
warfarin in 158 PE patients treated at several centers within
a Texas hospital network. The study required patients to
have a primary diagnosis of PE at discharge and excluded
patients with abnormal renal function, receiving prior
anticoagulation or having other indications for an antico-
agulant (e.g., atrial fibrillation). A shorter median LOS was
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Table 4 Outcomes of matched pulmonary embolism patients managed as emergency or observation stays
Outcome Rivaroxaban  Parenteral bridging to Effect size (95 % CI) p value
N = 585 warfarin N = 585
n (%) n (%)
Mean difference
Length-of-stay, days (mean £ SD) 1.8 £ 0.7 2.1+09 —0.23 (=0.32 to —0.13)° <0.001
Total hospital costs, 2015 US$ (mean £+ SD) 2405 + 1751 2651 £ 1671 —251 (—440 to —63)¢ 0.01
Odds ratio
Encounter lasting >2 midnights 90 (15.4) 147 (25.1) 0.51 (0.38-0.69)¢ <0.001
In-hospital death 0 (0) 0 (0) - -
Thrombolysis >2 days after presentation 0 (0) 0 (0) - -
Readmission for VTE in same or subsequent 2 months® 11 (1.9) 15 (2.6) 0.73 (0.33-1.60)¢ 0.43
Readmission for major bleed in same or subsequent 2 months® 1 0.2) 2 (0.3) 0.50 (0.05—5.52)d 0.57

CI confidence interval; SD standard deviation; US$ United States dollars; VTE venous thromboembolism
# International Classification of Diseases, ninth edition, Clinical Modification codes = 451.1, 451.2, 453.40, 453.41, 453.42, 453.8, 453.9

b Specific International Classification of Diseases, ninth edition, Clinical Modification, Current Procedural Technology and Healthcare Common

Procedure Coding System coding are available in reference [5]

¢ Effect size was adjusted for age, payer, year, region, heart failure, and liver diseases, because these characteristics had standardized

differences >10 %

9 Incidence of events too small to perform multivariable logistic regression

observed in patients receiving rivaroxaban versus par-
enteral bridging to warfarin (1.8 versus 4.5 days,
p < 0.001). Moreover, the 2.7-day LOS reduction with
rivaroxaban was observed despite 44 % of warfarin-treated
PE patients having a subtherapeutic INR (<2.0) value at
the time of hospital discharge.

A second real-world retrospective study performed at a
single center in the Northeastern US compared LOS and
total hospital treatment costs between rivaroxaban and
parenteral bridging to warfarin among low-risk PE patients
identified using the simplified Pulmonary Embolism
Severity Index (SPESI) (n = 115), Hestia (n = 87), or
IMPACT (n = 108) risk stratification rules [14]. Consec-
utive low-risk PE patients with a primary diagnosis of PE
objectively confirmed by CT were included. The authors
report that in low-risk patients, mean LOS was shorter in
patients receiving rivaroxaban versus parenteral bridging to
warfarin (A = —3.7, —2.1 and —4.3 days in low-risk
patients by sPESI, Hestia, and IMPACT, respectively,
p < 0.001 for all). This study also demonstrated that total
hospital costs were decreased with rivaroxaban compared
to parenterally bridged warfarin by $3835-$7094
(»p <0.001 for all); a finding consistent with this current
administrative claims-based analysis.

Several limitations to our analysis are worthy of dis-
cussion. First, errors or omissions in coding may exist in
administrative claims databases (i.e., readmissions not
occurring at the same Premier institution would be missed).
Second, Premier is a subset of US hospital encounters
rather than a random sample; thus, our population may not
be fully representative of the US population as a whole.

Furthermore, these data from US claims may not be gen-
eralizable to other counties, although shorter hospital stays
would likely be associated with lower costs in any country.
Fourth, we could not determine the exact types of hospital
costs impacted by the different anticoagulant treatment
regimens evaluated in our study. Next, Premier does not
contain data on INR and we could not determine if (time
to) achievement of a therapeutic INR impacted discharge
timing among patients receiving warfarin. Similarly, Pre-
mier does not contain vital signs; therefore, we could not
assess hemodynamic stability or identify low-risk patients
using common PE risk stratification rules (e.g., PESI,
sPESI, and Hestia) [15]. Nonetheless, we did use two
methods of identifying low-risk patients that are supported
by the previous literature [8, 9]. Finally, despite propensity-
score matching and regression analysis, residual con-
founding cannot be ruled out.

Conclusion

Compared with parenteral bridging to warfarin, rivaroxa-
ban was associated with shorter index PE LOS and lower
total hospital treatment costs, without an increased risk of
early readmission for VTE or major bleeding. While
somewhat attenuated, similar cost and LOS findings were
also observed in lower risk PE populations.
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