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Abstract

Little is known about the impact of oral anticoagulation (OAC) choice on healthcare encounters during venous
thromboembolism (VTE) primary treatment. Among anticoagulant-naive patients with VTE, we tested the hypotheses
that healthcare utilization would be lower among users of direct OACs (DOAC:sS; rivaroxaban or apixaban) than among
users of warfarin. MarketScan databases for years 2016 and 2017 were used; healthcare utilization was identified in
the first 6 months after initial VTE diagnoses. The 23,864 patients with VTE had on average 0.2 * 0.5 hospitalizations,
spent 1.3 £ 5.2 days in the hospital, had 5.7 = 5.1 outpatient encounters, and visited an emergency department
0.4 = I.1 times. As compared to warfarin, rivaroxaban and apixaban were associated with fewer hospitalizations, days
hospitalized, outpatient office visits, and emergency department visits after accounting for age, sex, comorbidities, and
medications. Hospitalization rates were 24% lower (incidence rate ratio (IRR): 0.76; 95% ClI: 0.69, 0.83) with rivaroxaban
and 22% lower (IRR: 0.78; 95% Cl: 0.71, 0.87) with apixaban, as compared to warfarin (IRR: 1.00 (reference)). Healthcare
utilization was similar between apixaban and rivaroxaban users. Patients with VTE prescribed rivaroxaban and apixaban
had lower healthcare utilization than those prescribed warfarin, while there was no difference when comparing apixaban
to rivaroxaban. These findings complement existing literature supporting the use of DOACs over warfarin.
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Introduction warfarin, the DOACs have generally been associated with
similar risk of VTE recurrence but lower bleeding rates in
Phase 111 randomized controlled trials'*'® and observa-
tional investigations of real-world databases.!*** Warfarin
has a narrow therapeutic index and requires monitoring
and thus may require more frequent outpatient encoun-
ters. However, the required monitoring for warfarin may
improve compliance and reduce adverse events.?! Among

Venous thromboembolism (VTE), which consists of both
deep vein thrombosis (DVT) and pulmonary embolism
(PE), has a lifetime risk of one in 12,! and affects approxi-
mately one million Americans annually.” Patients with
VTE are at risk of recurrent events (for unprovoked VTE,
about 10% after 1 year and 30% after 5 years)> and bleed-
ing due to treatment with anticoagulants. VTE survivors
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the DOACs, some are once daily after an initial 1-3 week
acute treatment period (rivaroxaban, edoxaban) while oth-
ers are twice daily (apixaban and dabigatran), and differen-
tial compliance with once versus twice daily medications
may affect healthcare utilization.??

Relatively little is known about the effect of OAC ther-
apy choice on healthcare utilization in the context of VTE
primary treatment. Using a large administrative dataset,
we evaluated whether, in the first 6 months post-VTE diag-
nosis, healthcare utilization differed according to whether
the patient was prescribed apixaban, rivaroxaban or warfa-
rin for primary treatment of their VTE event. Dabigatran
and edoxaban were not assessed as they are not frequently
prescribed for the primary treatment of VTE in the United
States.”> Additionally, cancer-related VTE events were
excluded since (a) healthcare utilization would be greater
in this population due to cancer treatment and (b) low-
molecular weight heparin is recommended for treating
cancer-associated VTE.?*?> We hypothesized that the num-
ber of hospitalizations, days hospitalized, emergency
department visits, and outpatient office visits would be
higher among warfarin users than among users of rivar-
oxaban and apixaban.

Methods

IBM MarketScan® Commercial Claims and Encounters
and Medicare Supplemental and Coordination of Benefits
databases for calendar years 2016 and 2017 were used in
the present analysis. The databases contain individual-
level, de-identified, HIPPA-compliant, healthcare claims
information from US employers, health plans, hospitals,
and Medicare programs.?® Individual-level identifiers allow
for linkage of data across enrollment records and inpatient,
outpatient, ancillary, and drug claims. As this is a commer-
cial insurance database, individuals with no insurance are
not included and individuals working at small companies
are underrepresented. The University of Minnesota
Institutional Review Board deemed this research exempt
from review. Because these are de-identified administrative
data, informed consent was not obtained or required.

Identification of VTE cases

The present analysis includes individuals aged 18-99 with
incident VTE, at least one prescription for an OAC within
the 31 days before or after their first VTE claim, and = 3
months of continuous enrollment prior to their first OAC
prescription. As in previous work,!> we defined VTE as
having at least one inpatient claim for VTE or two outpa-
tient claims for VTE, which were 7-185 days apart, in any
position, based on International Classification of Diseases
(ICD) codes (listed in online Supplemental Table 1). The
positive predictive value (PPV) of this definition was 91%
in a recent validation study that employed a definition sim-
ilar to that used in this analysis, which was inclusive of
both inpatient and outpatient encounters and additionally
required treatment.?’

For the present analysis we restricted our analytic sam-
ple to participants whose initial VTE occurred between

January 1, 2016 and December 31, 2017, despite availabil-
ity of data from earlier years. The rationale for this restric-
tion was to (a) minimize bias related to patients with VTE
prescribed soon after the DOAC approvals being different
(likely healthier) than their counterparts prescribed warfa-
rin, (b) provide contemporary estimates of healthcare utili-
zation, and (c) allow for greater consistency since only
ICD-10 codes were used with this approach. The initial
sample included 88,686 patients with VTE aged 18-99
years. The analytic sample was 68,092 once limited to indi-
viduals ever prescribed an OAC in the study period; 46,507
after requiring the first OAC prescription be £31 days of
the VTE ICD code date; 32,938 after requiring = 3 months
of continuous enrollment before the first OAC prescription;
and 23,864 after excluding individuals who used low-
molecular weight heparin as their sole anticoagulant pre-
scription or who had evidence of cancer, as specific
recommendations for treatment exist for this population.'?

Anticoagulant use

For the present analysis of anticoagulant-naive patients
with VTE, we considered only the first OAC prescribed.
We identified prescriptions for apixaban, rivaroxaban, and
warfarin using outpatient pharmaceutical claims data,
which includes information on the National Drug Code, the
prescription fill date, and the number of days supplied.
Validation studies for apixaban and rivaroxaban claims
have not yet been conducted. However, the validity of war-
farin claims in administrative databases is excellent (sensi-
tivity: 94%, PPV: 99%).%8

Healthcare utilization

Inpatient, outpatient, and emergency department utilization
during the VTE primary treatment period (i.e. between the
discharge date for the initial VTE and disenrollment or 6
months post the index date (whichever came first)) were
identified using the MarketScan inpatient and outpatient
databases. Inpatient claims were used to determine the num-
ber of hospitalizations and days hospitalized. Emergency
department and outpatient office visits were derived from
the outpatient claims and distinguished using information
on place of service. In secondary analyses, we also evalu-
ated the number of bleeding-related hospitalizations and
days hospitalized. Incident hospitalized bleeding was
defined according to the Cunningham algorithm,” as we
have done previously.'?3°

Assessment of pre-specified covariates

Information prior to the OAC initiation date (minimum 90
days) from all data sources in MarketScan (i.e. demographic
data, inpatient, outpatient, and pharmacy claims) was
used to derive pre-specified covariates. We identified 14
pre-specified comorbidities using validated algorithms?*3!
applied to the inpatient and outpatient data, and eight differ-
ent medication categories based on pharmacy prescription
fills. These pre-specified covariates are listed in Table 1, and
the codes are in online Supplemental Table 2.
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Table I. Participant characteristics according to oral anticoagulant prescribed for VTE primary treatment: MarketScan 2016-2017.

Warfarin Rivaroxaban Apixaban
n 5777 10,414 7673
Age, mean, years = SD 57.8 = 16.6 54.0 = I5.1 57.8 = 16.2
Female, % 50.0 49.7 50.2
Comorbidities, %
Hypertension 59.7 48.5 59.9
Diabetes 24.9 17.3 22.3
Myocardial infarction 8.8 44 6.9
Heart failure 17.1 8.0 14.1
Ischemic stroke/TIA 42 2.0 3.6
Hemorrhagic stroke 1.2 5.0 83
Peripheral artery disease 15.4 8.1 12.6
Dementia 43 2.0 34
Chronic pulmonary disease 242 19.9 235
Renal disease 14.9 5.3 1.1
Liver disease 8.1 6.3 7.6
Depression 19.2 16.0 17.4
Hematological disorders 14.5 8.9 10.3
Alcohol abuse 3.0 22 2.6
Medications, %
Antiplatelets 6.4 33 5.6
ACE inhibitors 22.1 17.7 21.7
Angiotensin receptor blockers 15.0 1.9 15.3
Beta-blockers 27.3 18.3 26.0
Calcium channel blockers 19.2 13.7 18.6
Statins 304 239 30.0
Diabetes medications 6.3 3.6 5.4
SSRIs 26.5 24.5 259

ACE, angiotension-converting enzyme; SSRIs, selective serotonin reuptake inhibitors; TIA, transient ischemic attack; VTE, venous thromboembolism.

Statistical analysis

Descriptive characteristics are presented as means * SD
and percentages. All outcomes were count data and, as such,
negative binomial regression was used (i.e. SAS GENMOD
procedure with a negative binomial distribution and a log
link) and an offset of log follow-up time was applied to
account for not all participants having 185 days of follow-
up. Incidence rate ratios were calculated. We adjusted for
age, sex, and the comorbidities and medications listed in
Table 1. Multiplicative interactions were evaluated between
OAC use and sex and age (< 65 vs = 65 years). Results
stratified by sex and age are also reported. In a sensitivity
analysis, we restricted the sample to individuals with no evi-
dence of kidney disease, since individuals with severe kid-
ney disease may have additional healthcare utilization due
to dialysis. We also conducted analyses to correspond to a
3-month primary treatment period, by ending follow-up 90
days after the OAC initiation date.

Additional secondary analyses were also conducted.
First, using methods similar to those above, we evaluated
hospitalized bleeding as an outcome (both number of hos-
pitalizations and days hospitalized). Second, in order to
evaluate confounding in a different manner, in head-to-
head OAC comparisons we matched each new user to one
user of the comparator OAC by age (* 1 year), sex, and
drug initiation date (* 90 days) using an automated greedy

matching algorithm.’? After matching, for each OAC com-
parison, a propensity score for exposure to the OAC was
created via logistic regression, using comorbidities and
medications determined a priori (Table 1). This propensity
score was then included in the model, together with age and
sex. All statistical analyses were performed with SAS soft-
ware, version 9.3 (SAS Institute Inc., Cary, NC, USA).

Results

Among the 23,864 patients with incident VTE included in
the present analysis, 50.6% were female and the average
(= SD) age at the time of VTE was 55.7 = 16.1 years. In
the 6 months following discharge from their incident VTE,
3355 individuals (14.1%) were hospitalized at least once.
Allowing for multiple hospitalizations per individual,
there were 4509 hospitalizations in total, the average num-
ber (= SD) of hospitalizations was 0.18 = 0.53, and the
average length of hospitalizations was 1.28 = 5.18 days.
When restricted to individuals who were hospitalized, the
average number of hospitalizations and days hospitalized
were 1.34 = 0.77 and 9.72 = 11.01, respectively. During
the 6 months of follow-up, there were a total of 145,086
outpatient office visits and 11,160 emergency department
visits. On average, they had 5.71 = 5.08 outpatient encoun-
ters, and visited an emergency department 0.44 * 1.11
times.
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Table 2. IRRs for healthcare utilization according to oral anticoagulant prescribed for VTE primary treatment: MarketScan

2016-2017.

Warfarin Rivaroxaban Apixaban
n 5777 10,414 7673
No. of hospitalizations
Mean = SD 0.23 = 0.61 0.14 = 0.47 0.16 = 0.49
IRR (95% ClI) I (Ref) 0.76 (0.69, 0.83) 0.78 (0.71, 0.87)
No. of days hospitalized
Mean = SD 1.81 = 6.29 0.96 * 4.49 .15 = 477
IRR (95% ClI) I (Ref) 0.66 (0.55, 0.77) 0.73 (0.62, 0.88)
No. of office visits
Mean = SD 742 * 6.14 5.10 = 452 521 £ 455
IRR (95% ClI) I (Ref) 0.73 (0.71, 0.74) 0.74 (0.72, 0.76)
No. of emergency department visits
Mean = SD 0.52 £ 1.16 0.40 = 1.05 042 = 1.12
IRR (95% ClI) I (Ref) 0.82 (0.76, 0.88) 0.86 (0.80, 0.92)

IRR, incidence rate ratio; VTE, venous thromboembolism.

Means are unadjusted. IRRs were calculated using negative binomial regression adjusted for age, sex, and prevalent comorbidities (hypertension,
diabetes, myocardial infarction, heart failure, ischemic stroke/transient ischemic attack, hemorrhagic stroke, peripheral artery disease, dementia, chronic
pulmonary disease, renal disease, liver disease, depression, hematologic disorders, alcohol abuse) and medication use (antiplatelets, angiotensin-
converting enzyme inhibitors, angiotensin receptor blockers, beta-blockers, calcium channel blockers, diabetes medications, and selective serotonin

reuptake inhibitors).

The initially prescribed OAC was warfarin for 24.2% of
patients with VTE, rivaroxaban for 43.6%, and apixaban
for 32.2%. As shown in Table 1, patients with VTE initially
prescribed rivaroxaban were younger (54.0 = 15.1 years)
than those prescribed warfarin (57.8 = 16.6 years) or
apixaban (57.8 = 16.2 years). They also tended to be taking
fewer medications and have fewer comorbidities.

Table 2 presents crude mean healthcare utilization and
incidence rate ratios (IRR) adjusted for age, sex, and the
comorbidities listed in Table 1, with warfarin as the refer-
ence OAC. Results with rivaroxaban as the reference are
shown in online Supplemental Table 3. Patients who filled
claims for rivaroxaban and apixaban had fewer hospitaliza-
tions, days hospitalized, outpatient office visits, and emer-
gency department visits relative to patients who filled
claims for warfarin. For example, the mean number of hos-
pitalizations was 24% lower (IRR: 0.76; 95% CI: 0.69,
0.83) for patients prescribed rivaroxaban and 22% lower
(IRR: 0.78; 95% CI: 0.71, 0.87) for patients prescribed
apixaban, as compared to those prescribed warfarin (IRR:
1.00 (reference)). When comparing apixaban to rivaroxa-
ban, there were no differences in the number of hospitaliza-
tions, days hospitalized, or emergency department visits.
For office visits, the IRR comparing apixaban to rivaroxa-
ban was 1.02 (95% CI: 1.00, 1.04). Results were similar
when we restricted to individuals with no evidence of kid-
ney disease (data not shown) and when we restricted
follow-up to the first 3 months after the initial OAC pre-
scription (online Supplemental Table 4).

There were interactions by both sex and age category
(Table 3). The associations between OACs and office visits
and emergency department visits were more pronounced
among men than women, and the associations between
OAC:s and all healthcare utilization metrics were more pro-
nounced among younger than older patients with VTE.

Results were similar in analyses where we matched
each OAC 1:1 to a comparator OAC and then used and
controlled for confounding by adjusting using a propensity
score created using information on 14 common diagnoses
and eight medications (Table 4).

In secondary analyses, we also evaluated outcomes
including hospitalized bleeding (both number of hospitali-
zations and days hospitalized). Of the analytic sample,
180 were hospitalized for bleeding in the 185 days after
their first OAC prescription. Among those hospitalized for
bleeding, enrollees had an average of 1.10 = 0.32 hospitali-
zations and spent a total of 6.21 £ 6.25 days in the hospital.
The IRRs for hospitalized bleeding associated with rivar-
oxaban and apixaban were 0.79 (95% CI: 0.54, 1.15) and
0.57 (95% CI: 0.38, 0.87) as compared to warfarin, respec-
tively. Likewise, as compared to warfarin users, the IRR for
hospitalized bleeding days was lower among users of
apixaban (0.73; 95% CI: 0.36, 1.49) and rivaroxaban (0.58;
95% CI: 0.30, 1.14).

Discussion

In this US population of 23,864 insured individuals who
were treated with warfarin, apixaban or rivaroxaban for
non-cancer-related VTE in 2016-2017, patients initially
prescribed rivaroxaban or apixaban had fewer hospitaliza-
tions, days hospitalized, outpatient office visits, and emer-
gency department visits relative to their counterparts
prescribed warfarin over the 6 months after diagnosis.
Likewise, they also had fewer bleeding-related hospitali-
zations and days hospitalized. The frequency of healthcare
utilization was similar among patients prescribed rivaroxa-
ban and apixaban. Healthcare utilization and the frequency
of healthcare encounters are outcomes of high relevance to
patients, and findings from this analysis can assist patients
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Table 3. IRRs for healthcare utilization according to oral anticoagulant prescribed for VTE primary treatment by sex and age

category: MarketScan 2016-2017.

Men Women Interaction
Warfarin Rivaroxaban Apixaban Warfarin Rivaroxaban Apixaban p-value
n 2890 5243 3823 2887 5171 3850
No. of hospitalizations
Mean = SD 023 £ 0.61 0.13 £045 0.16 = 0.49 022 £ 0.62 0.15* 049 0.16 = 0.49
IRR (95% CI) 1 (Ref) 0.70 (0.61,0.80) 0.74 (0.64,0.86) | (Ref) 0.82 (0.72,0.94) 0.83 (0.72, 0.96) 0.2
No. of days hospitalized
Mean = SD  1.98 £ 6.76 0.89 = 4.40 1.19 = 523 1.63 =578 1.02 = 4.58 .11 =426
IRR (95% CI) | (Ref) 0.52 (0.41, 0.66) 0.68 (0.53,0.88) | (Ref) 0.81 (0.64, 1.02) 0.77 (0.60, 0.99) 0.1
No. of office visits
Mean = SD  7.28 + 6.05 4.64 = 4.17 497 = 440 7.55 £ 6.23 5.56 * 48| 5.46 * 4.69
IRR (95% CI) | (Ref) 0.69 (0.66, 0.71) 0.72 (0.70, 0.75) | (Ref) 0.77 (0.75, 0.80) 0.76 (0.74,0.79) < 0.0001
No. of emergency department visits
Mean = SD  0.42 = 0.97 0.28 = 0.78 0.32 = 0.94 0.63 =132 0.51 £1.25 0.51 = 1.26
IRR (95% CI) | (Ref) 0.76 (0.68, 0.85) 0.84 (0.75,0.94) | (Ref) 0.86 (0.79, 0.94) 0.87 (0.79, 0.96) 0.02
Age < 65 years Age = 65 years
Warfarin Rivaroxaban Apixaban Warfarin Rivaroxaban Apixaban
n 4108 8395 5508 1669 2019 2165
No. of hospitalizations
Mean = SD  0.25 £ 0.65 0.14 = 0.48 0.16 = 0.50 0.18 2049 0.15* 043 0.16 = 0.46
IRR (95% CI) | (Ref) 0.70 (0.62,0.78) 0.72 (0.64, 0.82) | (Ref) 1.01 (0.84, 1.22) 1.00 (0.83, 1.19) < 0.0001
No. of days hospitalized
Mean = SD 198 £ 6.70 0.92 + 444 1.17 = 4.98 1.39 =512 1.09 = 4.68 .10 = 4.19
IRR (95% CI) | (Ref) 0.56 (0.46, 0.68) 0.70 (0.56, 0.86) | (Ref) 1.04 (0.75, 1.46) 0.82 (0.59, 1.14) 0.0002
No. of office visits
Mean = SD  7.72 £ 625 494 = 442 5.10 = 4.38 6.68 = 580 574 + 488 549 + 495
IRR (95% CI) | (Ref) 0.68 (0.66, 0.70) 0.70 (0.68, 0.72) | (Ref) 0.89 (0.85,0.93) 0.87 (0.83,0.91) < 0.0001
No. of emergency department visits
Mean = SD  0.54 £ 1.24 0.40 = 1.09 042 = 1.21 049 =092 0.37 £0.83 0.39 = 0.85
IRR (95% CI) | (Ref) 0.81 (0.74,0.88) 0.85(0.78,0.93) 1 (Ref) 0.89 (0.77, 1.01) 0.90 (0.79, 1.02) < 0.0001

IRR, incidence rate ratio; VTE, venous thromboembolism.

Means are unadjusted. IRRs were calculated using negative binomial regression adjusted for age?, sex,* and prevalent comorbidities (hypertension,
diabetes, myocardial infarction, heart failure, ischemic stroke/transient ischemic attack, hemorrhagic stroke, peripheral artery disease, demen-

tia, chronic pulmonary disease, renal disease, liver disease, depression, hematologic disorders, alcohol abuse) and medication use (antiplatelets,
angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, beta-blockers, calcium channel blockers, diabetes medications, and selective

serotonin reuptake inhibitors).

2Sex-stratified models did not include sex; age category-stratified models retained continuous age as a covariate.

and providers when deciding between warfarin, apixaban
and rivaroxaban.

The fact that office visits were more frequent among
patients prescribed warfarin is consistent with expectation,
since international normalized ratio (INR) monitoring is a
vital aspect of warfarin therapy. As such, primary care pro-
viders may be more likely to see patients on warfarin than
DOACs — which do not require monitoring. Both rand-
omized clinical trials and observational comparative effec-
tiveness studies have reported more bleeding events with
warfarin as compared to the DOACs; !>~ this may also pro-
vide some explanation for the higher number of hospitaliza-
tions, days hospitalized, and emergency room visits among
warfarin users. In secondary analyses, where the outcome
was bleeding-related hospitalizations, results followed a

similar pattern to the primary analysis, with apixaban and
rivaroxaban being associated with less hospitalized bleed-
ing-related healthcare utilization, albeit not always statisti-
cally significantly. Very little research exists evaluating
healthcare utilization among patients with VTE according to
OAC therapy. In an analysis of the observational industry-
funded XALIA study, which recruited from 19 European
countries, Canada and Israel, hospital readmission was simi-
lar between the rivaroxaban group (2%) and the standard
anticoagulation (i.e. vitamin K antagonists) group (2%).>
Though the authors did not report results of statistical test-
ing, in a propensity score-matched set they did demonstrate
that rivaroxaban versus standard anticoagulation was asso-
ciated with fewer outpatient hospital consultations, and vis-
its with general practitioners, specialists, and nurses.
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Table 4. Propensity score-matched® IRRs for healthcare encounters according to oral anticoagulant prescribed for VTE primary

treatment: MarketScan 2016-2017.

Apixaban Rivaroxaban Rivaroxaban Warfarin Apixaban Warfarin
n 7327 7327 5624 5624 5459 5459
No. of hospitalizations
Mean = SD 0.16 = 0.50 0.14 £ 0.46 0.14 = 0.47 0.23 £ 0.62 0.15 = 0.47 0.23 £ 0.62
IRR 0.99 (1.10, 2.69) I (Ref) 0.70 (0.79, 2.02) I (Ref) 0.69 (0.77, 2.00) I (Ref)
No. of days hospitalized
Mean = SD .16 = 481 1.00 = 4.72 0.93 +4.22 1.84 = 6.36 1.09 = 4.44 1.85 = 6.39
IRR 1.12 (1.34, 3.07) I (Ref) 0.64 (0.78, 1.91) | (Ref) 0.68 (0.83, 1.98) I (Ref)
No. of office visits
Mean * SD 5.25 £ 4.56 5.06 * 4.56 5.37 £ 4.65 745 * 6.13 549 * 4.65 7.36 £ 6.10
IRR 1.00 (1.02, 2.71) I (Ref) 0.73 (0.75, 2.07) I (Ref) 0.73 (0.76, 2.08) | (Ref)
No. of emergency department visits
Mean = SD 042 + 1.13 0.38 = 1.02 0.40 = 1.03 0.52 = 1.16 044 = 1.18 052 +=1.16
IRR 1.02 (1.10, 2.76) I (Ref) 0.83 (0.90, 2.29) I (Ref) 0.86 (0.93, 2.37) I (Ref)

IRR, incidence rate ratio; VTE, venous thromboembolism.

2Analyses matched on age, sex, and time since database enrollment. Negative binomial regression adjusted for age, sex, and a comorbidity score

(created using prevalence of 14 common diagnoses and eight medications).

Interactions were noted, whereby the association
between DOAC versus warfarin usage and healthcare uti-
lization was weaker in patients with VTE who were older
and female. Women**~7 and older individuals®’* have
greater healthcare utilization than their male and younger
counterparts. The simplest explanation for the weaker
associations in women and older individuals is that these
individuals have greater healthcare utilization for reasons
independent of their VTE events and treatment, which
may mute differences in healthcare utilization specifically
related to the OAC prescribed. An alternate explanation is
that incidence of adverse events — both major and minor
— differ according to demographic subgroups due to sex-
and aging-related differences in pharmacokinetics and
pharmacodynamics (e.g. differences in volume mass or
distribution, drug clearance, receptor numbers, binding,
or signal transduction post-receptor binding).3**

Strengths and limitations

Strengths of this analysis include the relatively large sam-
ples of participants with a broad spectrum of clinical charac-
teristics (such as may be seen in routine clinical practice),
the contemporary evaluation of healthcare utilization, and
the head-to-head comparison of the three OACs most com-
monly prescribed for VTE primary treatment.”* Uncontrolled
confounding is the most relevant potential limitation of this
analysis. Our results were robust to both a traditional analy-
sis, and a propensity score-adjusted matched analysis.
Misclassification is another concern, as it is with all analy-
ses of administrative data. However, the algorithms for VTE
and warfarin prescription fills all have high PPVs. The PPV
for DOAC prescription fills has not yet been quantified.
An additional limitation is that with the exception of
bleeding-related hospitalization, we did not evaluate the
impetus for healthcare utilization. Outpatient bleeding-
related healthcare utilization was not evaluated due to
poor sensitivity of such definitions. We did not report

healthcare costs as these vary by state, hospital, and
country and relatively small differences in costs can
have a profound impact on findings. We also did not try
to balance the drug cost as retail costs are not representa-
tive of insurance plan costs or costs to patients. Instead,
focusing on patient-centered outcomes (visits to clinics,
emergency rooms, or hospitalizations) allows broader
translation of our results across healthcare systems, juris-
dictions, and even countries.

Conclusions

In conclusion, rivaroxaban and apixaban were associated
with lower post-event healthcare utilization than warfarin in
this analysis of patients who received warfarin, rivaroxaban
or apixaban for VTE primary treatment in 2016-2017. There
was no difference in indices of healthcare utilization based
on whether the patient used rivaroxaban or apixaban. The
frequency of healthcare encounters, such as emergency room
visits, outpatient visits, and hospitalizations, are meaningful
outcomes for patients with VTE. Further research is required
to determine the relative weights of these adverse events
from a patient perspective, but herein we report the absolute
numbers and relative differences of several healthcare utili-
zation indices by whether patients with VTE were initially
prescribed warfarin, rivaroxaban or apixaban. This informa-
tion may assist in decision making when patients and their
providers are deciding between these OAC options.
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