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ABSTRACT

Introduction: Venous thromboembolism (VTE)
is a leading cause of preventable morbidity and
mortality among hospitalized patients in the
US. The objectives of this study were to examine
VTE prophylaxis patterns and risk for VTE
events during hospitalization and post-dis-
charge among patients hospitalized for acute
illnesses in the US.
Methods: Acutely ill hospitalized patients were
identified from the MarketScan databases (Jan-
uary 1, 2012–June 30, 2015). Proportions of
patients that received inpatient and/or outpa-
tient VTE prophylaxis were determined. VTE
rates were calculated for the overall study pop-
ulation and for each subpopulation with each
acute illness type. Risk for VTE events after the
index admission was determined by Kaplan–
Meier analysis.

Results: Of the acutely ill patients (n = 17,895,
mean age: 58.4 years), most were hospitalized
for infectious diseases (40.6%), followed by
respiratory diseases (31.0%), cancer (10.7%),
heart failure (10.4%), ischemic stroke (6.4%),
and rheumatic diseases (0.9%). Among the
entire study population, 59.1% did not receive
any VTE prophylaxis, and only 7.1% received
both inpatient and outpatient prophylaxis.
Among the overall study population, cumula-
tive VTE rate, including during index admission
and within 6 months post-discharge, was 4.6%.
VTE risk in the inpatient and outpatient con-
tinuum of care remained elevated up to
30-40 days after hospital admission, with 60.1%
of VTEs occurring within 40 days of hospital
admission.
Conclusion: In this retrospective analysis of
nearly 18,000 patients hospitalized for acute
illnesses, 59.1% did not receive any VTE pro-
phylaxis and only 7.1% received VTE prophy-
laxis in both the inpatient and outpatient
continuum of care, despite significant VTE risk
extending from hospitalization into the post-
discharge period.
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INTRODUCTION

Venous thromboembolism (VTE), encompass-
ing deep vein thrombosis (DVT) and pulmonary
embolism (PE), is a leading cause of pre-
ventable morbidity and mortality among hos-
pitalized patients in the United States [1].
According to a recent estimate, approximately
500,000 VTE events occur annually in the US,
with 52% related to current or recent hospital-
izations [2]. A cost analysis based on several
studies conducted in the US estimated a person
with a VTE event to have a direct medical cost
of $12,000 to $14,000 (2014 USD) in the first
year, which increases to between $18,000 and
$23,000 per case when including subsequent
complications [3]. In 2011 USD, total healthcare
costs of VTE patients were estimated to range
between $13.5 and $27.2 billion, with $4.5 to
$14.2 billion predicted as preventable hospital-
acquired costs [4].

When applying 2012 criteria of the American
College of Chest Physicians (ACCP) to 2014 US
hospital charges in the National Inpatient
Sample, it was projected that 7.3 million acutely
ill hospitalized patients were at risk for VTE in
the US [5, 6]. Patients hospitalized for acute
illnesses (such as stroke, heart failure, infectious
disease, respiratory disease, or rheumatic dis-
ease) are at increased risk for VTE during hos-
pitalization and for an extended duration
following hospital discharge, primarily within
40 days following hospital admission [2, 7–9]. A
recent observational study of medical and sur-
gical patients showed that implementation of a
hospital protocol to improve compliance with
VTE prophylaxis guidelines achieved a decline
in VTE events occurring during hospitalization
[1]. However, a study of patients hospitalized at
the Rochester Mayo Clinic hospital from 2005
to 2010 did not show a decrease in the VTE
event rate when inpatient VTE prophylaxis was
increased over time [2]. Among this study pop-
ulation, 75% of VTE events occurred after hos-
pital discharge, with a median time to VTE of
19.5 days [2]. These findings led investigators to
conclude that the short-duration in-hospital
VTE prophylaxis (averaging 3 days) failed to
provide acceptable VTE prevention [2].

Because of the significance of the clinical,
healthcare, and economic burden of VTE and
the uncertainty regarding appropriate preven-
tion tactics, further study of VTE prophylaxis
patterns and risk for VTE events in the contin-
uum of care from hospitalization to the outpa-
tient setting is warranted. Thus, the objectives
of this study were to examine VTE prophylaxis
patterns and VTE risk during hospitalization
and post-discharge, as well as the frequency of
hospital readmission among patients hospital-
ized for cancer, heart failure, infectious diseases,
ischemic stroke, respiratory diseases, and rheu-
matic diseases using a large US claims database.

METHODS

Study Population

This study was a retrospective database analysis
to evaluate the patterns of pharmacologic VTE
prophylaxis among patients hospitalized for
acute medical illnesses in the real-world setting.
Patients at risk of VTE due to hospitalization for
acute medical illnesses of cancer, heart failure,
infectious diseases, ischemic stroke, respiratory
diseases, and rheumatic diseases, as the primary
hospital discharge diagnosis, were identified
from the Truven Health Analytics MarketScan
Inpatient Drug Link databases between January
1, 2012 and June 30, 2015. Medical illnesses
were identified by the International Classifica-
tion of Diseases, 9th Revision, Clinical Modifi-
cation (ICD-9-CM) codes. The acute medical
illnesses were based on ACCP guidelines [6] and
other patient types studies in VTE clinical trials
[10, 11].

The MarketScan Inpatient Drug Link data-
bases match patients from the MarketScan
Commercial and Medicare Supplemental
healthcare claims databases with those in the
Hospital Drug Database, which contains inpa-
tient drug utilization data derived from hospital
discharge records. The MarketScan Commercial
and Medicare Supplemental claims databases
encompass[100 million employees, spouses,
and dependents located in all ten US census
regions. The databases consist of healthcare
claims data from[100 different insurance
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companies, Blue Cross Blue Shield plans, and
third-party administrators. The claims data
include inpatient and outpatient information,
laboratory data, and detailed hospital drug data,
reflecting real-world treatment patterns and
costs. The MarketScan claims databases were
further linked to the MarketScan Hospital Drug
Database to allow researchers to evaluate the
details of healthcare services, resource utiliza-
tion, and costs, both inside and outside hospi-
talizations. While such a database-linking
process has reduced the sample size in the final
selected study population, the detailed inpatient
and outpatient healthcare records from tens of
thousands of selected patients were used for this
study evaluation. In compliance with the Health
Insurance Portability and Accountability Act of
1996, the databases utilized for this retrospective
claims database analysis consist of fully de-
identified datasets, with synthetic identifiers
applied to patient-level and provider-level data
to protect the identities of both the patients and
data contributors. The study was exempt from
requiring Institutional Review Board approval as
it involved the assessment of retrospective and
de-identified data.

Index hospitalization was defined as the
earliest hospitalization for acute medical ill-
nesses to occur during the index identification
period. Patients were required to have 6 months
of continuous medical and prescription insur-
ance coverage prior to the index hospitalization
(baseline period). Patients were additionally
required to have 6 months of continuous
insurance coverage after the index admission
date (follow-up period). Patients were excluded
if they had a pregnancy diagnosis during the
baseline period or at the index hospitalization,
death during the index hospitalization, or hip
or knee replacement surgery during the index
hospitalization.

Demographics, Patient Clinical
Characteristics, and Hospital
Characteristics

Patient demographics and clinical characteris-
tics, including age, gender, health plan type,
Charlson Comorbidity Index (CCI) score, and

hospital length of stay (LOS), were evaluated
during the 6-month baseline period and index
hospitalization for the overall study population,
as well as for each subpopulation with each
acute illness type. Hospital characteristics (i.e.,
year of hospitalization, geographic region,
urban/rural status, teaching status, and bed size)
were additionally evaluated.

VTE Prophylaxis Patterns

The proportions of patients who received or did
not receive inpatient and/or outpatient phar-
macologic VTE prophylaxis were determined.
VTE prophylaxis in the inpatient setting was
determined based on pharmacy records for
enoxaparin, warfarin, direct-acting oral antico-
agulants (DOACs: apixaban, dabigatran,
rivaroxaban, edoxaban), fondaparinux, or
unfractionated heparin (UFH) during the index
hospitalization. VTE prophylaxis in the outpa-
tient setting was determined based on pharmacy
claims for the above listed anticoagulants within
15 days after VTE diagnosis [9]. Among patients
who received inpatient and/or outpatient pro-
phylaxis, the proportions of patients who
received enoxaparin only, warfarin only, enoxa-
parin and warfarin combined, a DOAC only, and
‘‘other’’ VTE prophylactic drug combinations or
drugs (e.g., other anticoagulant combinations,
fondaparinux, etc.) were evaluated.

VTE Events

The proportions of patients with VTE events
during the index hospitalization and within
6 months of hospital discharge were evaluated
for the overall study population and for each
subpopulation with each acute illness type.
A VTE event during the index hospitalization
was based on the presence of an ICD-9-CM code
for DVT and/or PE at either primary or sec-
ondary position of discharge diagnosis codes.
A VTE event during the post-discharge follow-
up period was defined by the presence of a pri-
mary or secondary ICD-9-CM code for DVT
and/or PE during an emergency room or inpa-
tient admission, or on an outpatient claim with
1 or more of the following confirmatory events:
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a pharmacy claim for enoxaparin, fonda-
parinux, or UFH within 15 days after VTE diag-
nosis; or a pharmacy claim for warfarin or
DOACs (apixaban, dabigatran, rivaroxaban,
edoxaban) within 15 days after VTE diagnosis,
and no evidence of atrial fibrillation or atrial
flutter in the 6 months preceding the outpatient
diagnosis for DVT and/or PE [9]. Cumulative
VTE rates by time were also evaluated for the
overall study population and for each subpop-
ulation with each acute illness type with
Kaplan–Meier analysis.

All-Cause and VTE-Related Hospital
Readmissions

The proportions of patients with all-cause and
VTE-related hospital readmissions in the
6-month post-discharge follow-up period were
determined for the overall study population
and for each subpopulation with each acute
illness type.

Statistical Analyses

Descriptive statistics were utilized to evaluate
differences in demographics, clinical character-
istics, and hospital characteristics among the
study groups with hospitalizations for each
evaluated acute illness. ANOVA tests and Chi
square tests were used to detect statistically
significant differences in continuous and cate-
gorical variables, respectively. Cumulative rates
for VTE events occurring after the index hospi-
tal admission date were evaluated using
Kaplan–Meier analysis for all patients hospital-
ized for acute illnesses and for the patient pop-
ulations with each particular acute illness. A
critical value of 0.05 was used to determine
statistical significance. All statistical analyses
were carried out using SAS 9.4.

RESULTS

Study Population

Among the overall study population
(n = 17,895), most were hospitalized for

infectious diseases (40.6%, n = 7268), followed
by respiratory diseases (31.0%, n = 5539), can-
cer (10.7%, n = 1919), heart failure (10.4%,
n = 1865), ischemic stroke (6.4%, n = 1148),
and rheumatic diseases (0.9%, n = 156). The
mean age of patients within the overall study
population was 58.4 years, 55.4% were female,
and mean CCI score was 2.2 prior to the index
hospitalization (Table 1). The mean CCI score
was 2.2 among all patients, and patients hos-
pitalized for cancer or heart failure had the
highest CCI scores of approximately 3 (Table 1).
For the overall population, the mean index
hospitalization LOS was 4.8 days, which ranged
from 4.3 days for patients hospitalized for
ischemic stroke to 5.2 days for patients hospi-
talized for infectious diseases (Table 1). Among
the study population, most patients were cared
for in urban (87.2%), non-teaching (95.4%),
large (300 to C 500 beds, 67.6%) hospitals,
which were located in the South Census region
(76.9%), reflecting the distribution of hospital
records contained in the database (Table 1).

VTE Prophylaxis

Among the overall hospitalized study popula-
tion, the majority of patients did not receive
any pharmacologic VTE prophylaxis (59.1%,
n = 10,581), and only 7.1% (n = 1267) of
patients received prophylaxis in both the inpa-
tient and outpatient continuum of care (Fig. 1).
Of those who received inpatient prophylaxis
(38.2%, n = 6,843), the most common antico-
agulant type was enoxaparin only (76.7%;
Table 2). In the outpatient setting, 9.7%
(n = 1738) of patients received VTE prophylaxis,
among whom most received warfarin only
(43.8%). Approximately one-quarter (n = 431)
received other types of anticoagulant prophy-
laxis in the outpatient setting.

VTE Events

Among the overall hospitalized study popula-
tion, 1.8% (n = 321) of patients had a VTE event
rate during the index hospitalization, and 2.8%
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(n = 509) of patients had a VTE event within
6 months of hospital discharge, for a total of
4.6% of patients experiencing a VTE in the
continuum of care (Fig. 2). VTE event rate dur-
ing the index hospitalization was highest
among patients with infectious diseases (2.4%)
and lowest among patients with rheumatic
diseases (0.6%). Within 6 months of hospital
discharge, VTE event rate was highest among
patients with cancer (5.4%), followed by
patients with rheumatic diseases (5.1%).

Cumulative VTE Rate

Among the overall study population, cumula-
tive VTE rate within 6 months of index admis-
sion was 4.6% (Fig. 3). High cumulative VTE
event rates were seen in the follow-up period
among patients hospitalized for cancer (6.9%),
followed by those hospitalized for rheumatic
diseases (5.8%), infectious diseases (5.3%), heart
failure (4.6%), respiratory diseases (3.3%), and
ischemic stroke (3.1%). Of the cumulative VTE
events that occurred among the overall study
population, 60.1% occurred within 40 days of
index admission, and 39.9% occurred after
40 days until the end of the 6-month follow-up
period.

Hospital Readmissions

Within 6 months of hospital discharge, 26.8%
(n = 4790) of the overall study population had a
hospital readmission for any cause of which
7.0% (n = 336) were VTE-related (Fig. 4). VTE-
related hospital readmissions were most fre-
quent among patients with cancer (13.7%) and
rheumatic diseases (11.5%).

VTE Event Risk

Among the overall study population, VTE risk
remained elevated up to 30–40 days after hos-
pital admission across all patient admission
types (Fig. 5).

DISCUSSION

In this retrospective analysis of nearly 18,000
patients with acute medical illnesses who
received care in US hospitals, the VTE event rate
in the inpatient and outpatient continuum of
care was 4.6%:1.8% in the inpatient setting and
2.8% within 6 months of hospital discharge.
Approximately 60% of VTE events occurred
after hospital discharge, with most happening
within 40 days. Our findings on VTE event rates
during hospitalization and after hospital dis-
charge are consistent with those observed in
other previously conducted real-world studies

Fig. 1 Proportions of acutely Ill hospitalized patients who
received VTE prophylaxis in the inpatient and outpatient
settings

Table 2 Pharmacologic VTE prophylaxis in the inpatient
and outpatient settings

Inpatient
setting
(n = 6843)

Outpatient
setting
(n = 1738)

VTE prophylaxis type, n (%)

Enoxaparin only 5251 (76.7) 176 (10.1)

Warfarin only 1043 (15.2) 761 (43.8)

Enoxaparin ? warfarin 362 (5.3) 132 (7.6)

DOAC only 134 (2.0) 238 (13.7)

Othersa 53 (0.8) 431 (24.8)

DOAC direct oral anticoagulant
a Includes other anticoagulant combinations not listed
above as well as the use of other anticoagulants, such as
fondaparinux
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in the US [2, 9, 12]. In a study of acutely ill
hospitalized patients between 2005 and 2008,
Amin et al. reported a 3.3% overall VTE rate,

with 56.6% of VTE events having occurred after
hospital discharge [9]. Additionally, in another
database claims analysis of 141,628 patients
hospitalized for acute illnesses between 2005
and 2009, the VTE rate was 1.9% 90 days post-
discharge [12]. In a population-based cohort
study within a well-defined geographic area of
Olmsted County, MN, USA, between 2005 and
2010, the average annual VTE event rate related
to hospitalization was 282 per 10,000 person-
years, with 75% of events having occurred after
hospital discharge [2].

Among the entire study population of
patients hospitalized for acute illnesses, nearly
60% did not receive any pharmacologic VTE
prophylaxis, while 38% received inpatient pro-
phylaxis, 10% received outpatient prophylaxis,
and only 7% received both inpatient and

Fig. 2 Proportions of patients with VTE events during the index hospitalization and within 6 months of hospital discharge

Fig. 3 Cumulative VTE event rate during the follow-up
period of hospitalized acutely Ill patients

Fig. 4 Proportionsa of VTE-related hospital readmissions in the follow-up period. aThese are percentage of all-cause
hospital readmissions that were VTE-related
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outpatient prophylaxis. Not all hospitalized
acutely ill patients included in this study may
have been considered at high risk for VTE based
on the ACCP criteria [6]. Future real-world
studies are warranted to identify such patient
groups. In this study, we also did not evaluate
VTE occurrences among patients who received
or did not receive prophylaxis; however, the
impact of VTE prophylaxis in terms of reduction
of VTE risk with prophylaxis has been well
demonstrated by randomized clinical trials [6].
The frequency of inpatient VTE prophylaxis
observed in our study is lower than that previ-
ously observed in other studies of patients
hospitalized for acute medical illnesses in the
US [9, 12, 13, 15–17]. Amin et al. reported
inpatient and outpatient pharmacological VTE
prophylaxis rates of 46.7% and 8.8%, respec-
tively [9]. A second study by Amin et al. repor-
ted an inpatient VTE prophylaxis rate of 65.9%
among patients hospitalized for medical ill-
nesses identified from the Premier hospital
database in years 2005 to 2006 [15]. Mahan
et al. reported an inpatient VTE prophylaxis rate
of 41.5% among 141,628 hospitalized medical
patients between 2005 and 2009 [12]. Other
studies have reported inpatient VTE prophylaxis

rates ranging from only 18% within the first
48 h of hospital admission [14] to between 40%
and 60% for at-risk patients during hospitaliza-
tions [16, 17]. The variation in VTE prophylaxis
rates across studies may in part be attributed to
differences in study populations (e.g., propor-
tions with particular acute illnesses, such as
infectious diseases, age distributions of study
populations, and hospital characteristics) and
also whether or not mechanical prophylaxis
was measured. However, our data relative to
that of the earlier conducted studies reflect that
use of pharmacologic VTE prophylaxis has not
increased in either the inpatient or outpatient
setting in the last several years, and may be
declining. This possible decline could be related
to the possible uncertainty surrounding the
impact of VTE prophylaxis and its duration on
patient outcomes [6].

To address the unmet need for appropriate
VTE prophylaxis strategies among acutely ill
hospitalized patients, new paradigms have been
proposed [18]. These paradigms involve an
individualized and more patient-centered
approach for the assessment of VTE and bleed-
ing risks, such as the incorporation of validated
Risk Assessment Models (RAMs) during hospital

Fig. 5 Risk of VTE events (hazard function) by days after
the Index hospital admission date of the overall hospital-
ized study population and stratified by acute illness type.

The hazard function by time for patients hospitalized for
rheumatic dieseases was not determined on account of the
small sample size
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admission [18]. RAMs are used to identify
acutely ill hospitalized patients who are at
increased risk for VTE and would benefit most
from VTE prophylaxis [18]. As of January 1,
2017, the Center for Medicare and Medicaid
Services mandated the use of standardized VTE
RAMs for US hospitals [18]. Also, the use of
elevated D-dimer, a biomarker of coagulation
activity, is undergoing investigation and vali-
dation for the potential utility in the identifi-
cation of high VTE risk acutely ill patients and
may aid in the identification of patients who
may benefit from extended (* 45 days) VTE
prophylaxis after hospital discharge [18–21].

Four randomized controlled studies have
been conducted that examined the potential for
extended VTE prophylaxis versus standard of
care in acutely ill patients hospitalized for a
medical condition [10, 11, 22, 23]. Studies that
evaluated extended-duration (admission-to-
home) enoxaparin, rivaroxaban, and apixaban
failed to demonstrate a reduction in VTE with-
out an increase in major bleeding in acutely
medically ill hospitalized patients when com-
pared with standard-duration enoxaparin
[11, 22, 23]. The phase 3 multinational APEX
trial (Acute Medically Ill VTE Prevention With
Extended Duration Betrixaban Study) showed
that admission-to-home, extended-duration
prophylaxis with betrixaban (up to 35–42 days)
reduced VTE events among acutely ill hospital-
ized patients, without an increase in the risk for
major bleeding, compared with standard-dura-
tion (6–14 days) enoxaparin [10]. Among
patients hospitalized for heart failure, respira-
tory failure, infectious disease, ischemic stroke,
or rheumatic disease, admission-to-home,
extended-duration betrixaban, relative to stan-
dard-duration enoxaparin, was associated with
a reduction in the primary outcome of asymp-
tomatic proximal DVT and symptomatic VTE
[5.3% vs. 7.0%; relative risk: 0.76; confidence
interval (CI): 0.63–0.92, p = 0.006], and no sig-
nificant difference in major bleeding rate (0.7%
vs. 0.6%; relative risk: 1.19; 95% CI, 0.67–2.12;
p = 0.55) [10]. The net clinical benefit (a com-
posite of any component of the primary efficacy
end point or principal safety outcome) occurred
in 5.8% of the betrixaban group and 7.3% of the
enoxaparin group (relative risk: 0.78; 95% CI,

0.65–0.95; p = 0.01; number needed to treat to
reduce one composite endpoint = 67) [10]. In a
follow-up analysis of the APEX trial, it was
additionally shown that extended-duration
betrixaban versus standard-duration enoxa-
parin reduced all fatal or irreversible ischemic or
bleeding events by approximately 30%, and
showed that 65 patients would require treat-
ment with betrixaban to prevent 1 fatal or
irreversible event versis enoxaparin [24]. Fur-
thermore, extended-duration betrixaban versus
standard-duration enoxaparin reduced the risk
of VTE-related rehospitalization at 42 days
(0.25% vs. 0.75%) and at 77 days (0.45% vs.
1.04%) [25].

Claims and hospitalization records in the
MarketScan databases are subject to coding
errors, coding for the purpose of rule-out rather
than actual disease, and under-coding, either by
the healthcare provider or due to limitations
imposed by the database. Additionally, the
MarketScan databases may not be representative
of the US population as a whole; for example,
this study used claims data from MarketScan
commercial and Medicare supplemental data-
bases, which may not generalize to patients
insured by Medicaid. Also, the majority of
claims in the MarketScan databases are from
patients located in the South Census region and
thus may not account for regional differences in
patient care. Despite the potential limitations,
the MarketScan databases are robust in data,
which likely represent real-world patterns asso-
ciated with clinical practice.

Whether hospitalized patients were consid-
ered at low to high risk for VTE could not be
ascertained due to current limitations of the
databases and lack of use of standardized VTE
RAMs during the study period. Also, the Mar-
ketScan database claims do not indicate
patients’ immobility status, which is a risk fac-
tor for VTE, and therefore VTE risk among the
study population may not be comprehensive.
Availability of the CCI score, however, provided
additional information on the severity of
comorbidities of the study population, to sup-
port the notion of some patients being at higher
risk for VTE. Some patients evaluated in this
study might have also received anticoagulation
therapy for other disease indications, such as
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atrial fibrillation. In such cases, since the anti-
coagulation might have served both the pur-
pose of stroke prevention and VTE prophylaxis,
these patients were counted as having received
VTE prophylaxis. This might have led to an
overestimation of VTE prophylaxis rates, but
still reflects the anticoagulation patterns in real-
world patient populations. Additionally, VTE
prophylaxis rates may be higher when
mechanical VTE prophylaxis is considered,
which was not measured in this study as the
data sources do not contain reliable informa-
tion on mechanical VTE prophylaxis. The
observational design of this study is susceptible
to various biases, such as information or classi-
fication bias (e.g., identification of false-positive
VTE events). Lastly, as this study was a retro-
spective, observational analysis, causality
between VTE prophylaxis and VTE event
occurrence cannot be established.

CONCLUSIONS

In this retrospective analysis of nearly 18,000
patients with acute medical illnesses who
received care in US hospitals, the risk for VTE
was present in both the inpatient and outpa-
tient settings. Despite significant VTE risk
extending from hospitalization into the post-
discharge period, with most VTE events occur-
ring within 40 days, only a small portion of at-
risk patients (7.1%) received VTE prophylaxis in
both the inpatient and outpatient continuum
of care. In spite of an accumulation of the evi-
dence of the elevated risk for VTE remaining for
at least 40 days after hospital admission, the
proportion of patients who received VTE pro-
phylaxis in the last few years was low, and thus
a significant number of at-risk patients still do
not receive any prophylaxis [2, 9, 13]. The
results of this real-world study imply that there
is a significant unmet medical need for effective
VTE prophylaxis in both the inpatient and
outpatient continuum of care among patients
hospitalized for acute medical illnesses and who
are at risk of VTE.
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