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ABSTRACT

Background: Clinical guidelines have supported outpatient treatment of low-risk pulmonary embolism (PE) since
2014, but adoption of this practice has been slow. Direct oral anticoagulant (DOAC) therapy for venous
thromboembolism (VTE) is now as common as vitamin K antagonist treatment, but data are sparse regarding
outcomes for patients with low-risk PE treated with DOACs as outpatients. We conducted a systematic review of
literature on outcomes of outpatient management for PE, including comparisons to inpatient treatment and
differences by anticoagulant class.

Methods: We searched Medline, Embase, PubMed, CENTRAL, clinicaltrials.gov, and ICTRN for studies
published from January 1980 through February 2019 using a predefined strategy developed with a medical
librarian. We included English-language randomized controlled trials (RCTs) and prospective nonrandomized trials
(NRTs) of adult patients diagnosed with acute, symptomatic PE, and discharged from the emergency department
or within 48 hours. Our primary outcome included four major adverse outcomes (all-cause mortality, PE-related
mortality, recurrent VTE, and major bleeding) within 30 and 90 days. A preplanned subanalysis of high-quality
studies assessed outcomes associated with different anticoagulation treatment classes.

Results: Our initial search identified 6,818 records, of which 12 studies (four RCT, eight NRT) with a total of
3,191 patients were included in the review. All RCTs and six NRTs were determined to have low to moderate risk
of bias and were classified as high quality. Outpatients in these studies (n = 1,814) had rates of 90-day major
adverse outcomes below 1%, including all-cause mortality (0.7%, 95% confidence interval [CI] = 0.4% to 1.2%),
PE-related mortality (0.06%, 95% CI = 0.01% to 0.3%), recurrent VTE (0.8%, 95% CIl = 0.5% to 1.4%), and
major bleeding (0.8%, 95% CIl = 0.5% to 1.4%). Exploratory analysis revealed no association between
anticoagulant treatment class and rates of major adverse outcomes.

Conclusion: Among patients with low-risk PE treated as outpatients, few patients experienced major adverse
outcomes such as mortality, recurrent VTE, or major bleeding within 90 days.
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ulmonary embolism (PE) is a major cause of car-

diovascular morbidity and mortality, with an esti-
mated 300,000 to 600,000 cases and 100,000 deaths
annually in the United States." The reported mortality
from PE is highly variable, and the exact death rate
directly related to PE remains elusive.” The majority of
patients with acute PE are hemodynamically stable and
have 30-day mortality rates of approximately 4.7% to
5.4%.* Risk assessment models such as the Pul-
monary Embolism Severity Index (PESI) score, the
simplified PESI (sPESI) score, and the Hestia criteria
can identify subsets of hemodynamically stable patients
with acute PE whose risk of shortterm mortality is
even lower (0.5%-2.5%)."7'° Data from multiple
cohorts suggest that approximately 22% to 47% of
hemodynamically stable patients with acute PE have a

low risk using these validated rules or criteria.” >

Clinical

including the American College of Emergency Physi-
14,15

guidelines from professional societies

cians,”” the American College of Chest Physicians,

and the European Society of Cardiology'®!?

suggest
that outpatient management may be appropriate for
select groups of patients with venous thromboem-
bolism (VTE). However, use of outpatientonly treat-
ment (e.g., without initial hospitalization) differs
greatly between patients with PE and those with DVT
alone. In a large systematic review of DVT treatment
studies from 2006 to 2016, more than 40% of
patients in the United States with DVT were treated
on an outpatient basis,'® while data suggest that only
8% to 10% of patients diagnosed with acute PE dur-
ing a similar period were treated on an outpatient
basis.' %

Prior to the FDA clearance to market rivaroxaban
and apixaban (and other direct acting anticoagulants
[DOAC:s]) for the treatment of VTE, most patients in
the United States with VTE were initially treated with
low-molecularweight heparins (LMWH) followed by
months of treatment with either an oral vitamin K
antagonist (VKA) such as warfarin or, in patients with
malignancy, with continued subcutaneous LMWH.
The limitations and problems of VKA treatment are
well documented. From the patient perspective, an
important advantage of DOAC:s is the lack of the need
for frequent needlesticks.”! >

Direct oral anticoagulants have surpassed VKAs to
become the leading outpatient therapy for VTE, with
65% to 82% of patients reportedly using DOACs
instead of VKAs for VTE therapy during 2012 to
2017.29%7  Early  research

suggests  outpatient

management of DVT in the United States has
increased since the release of DOACs,”® but similar
research on management of PE is lacking. Despite the
rapid shift in treatment from VKA to DOAC treat-
ment, only one published randomized controlled trial
(RCT) has used DOACs for outpatient treatment of
PE.?>*° However, since 2016 several prospective non-
randomized trials (NRTs) have assessed outpatient
treatment of PE with DOACs. The goal of this study
was to systematically examine RCTs and NRTs on
outpatient management of PE, including assessment of
differences in outcomes based on anticoagulant class
and treatment location.

METHODS

Data Sources

We  systematically —searched Medline, Embase,
PubMed, CENTRAL, clinicaltrials.gov, and ICTRN
for articles published from January 1, 1980, through
February 19, 2019, using a predefined search strategy
which was reviewed by a medical librarian (Data Sup-
plement S1, Appendix S1, available as supporting
information in the online version of this paper, which
is available at http://onlinelibrary.wiley.com/doi/10.
1111/acem.14108/full). We contacted several authors
to acquire specific subsets of reported data, to identify
relevant unpublished data or studies in press, or to
follow-up on the progress of ongoing studies. We also
hand-searched references from selected articles to iden-
tify sources missed by our review. The initial search
was not limited based upon anticoagulant. The study
was reviewed and approved by the Oregon Health &
Science University Institutional Review Board.

Study Selection and Outcomes

Two independent reviewers (BCM, LF) screened the
retrieved references for relevance based on title and
abstracts alone. Disagreements were resolved through
discussion, and full texts were retrieved for the remain-
ing references. Both reviewers independently reviewed
the retrieved full texts for eligibility. Reviewers were
not blinded to authorship, journal name, or institu-
tion during data extraction. Data were extracted by a
single reviewer (LF) and reviewed by a second reviewer
(BCM) against the primary literature for accuracy.

We included English-language studies that prospec-
tively enrolled adult patients who were diagnosed with
acute, symptomatic PE and discharged either directly
from the emergency department (ED) or within


http://onlinelibrary.wiley.com/doi/10.1111/acem.14108/full
http://onlinelibrary.wiley.com/doi/10.1111/acem.14108/full

ACADEMIC EMERGENCY MEDICINE e www.aemj.org

Records retrieved

)

MEDLINE 1320
H EMBASE 3274
® PubMed 1991
= CENTRAL 71
'*-E' Clinicaltrials.gov 26
2 ICTRP 136
= n=6,818

| S—

— I
%‘J Records after duplicates removed ~ Initial exclusion based on title and abstract
5 n=4,018 i n=3,816
=
9
17}

— Excluded (n=190)

— Retrospective 94
= Review 38
'3 Full-text articles assessed for Excluded p ublication types 14
B cligibility »|  Non-English language 13
= n =202 No data for outpatient cohort 12

No data reported for PE patients 6
No eligible outcomes 4
)
Did not examine treatment 4
S o ] - Unusual outpatient scenario 2
E Studies included in qualitative Ineligible definition of outpatient 2
o] synthesis . .
= n=12 Selective population 1
| S—

Figure 1. PRISMA flow diagram of the study selection process. ®Editorials, letters to the editor, corrections, abstracts without required data
(e.g., enroliment criteria, PE-specific outcomes, etc.), registered clinical trials without results. PE = pulmonary embolism.

48 hours. We included studies that reported any of
seven outcomes, including four major adverse out
comes (all-cause mortality, PE-related mortality, recur-
rent VTE, and major bleeding) and three minor
adverse outcomes (clinically relevant nonmajor bleed-
ing [CRNMB], return visit to ED, and hospital read-
mission). Outcomes were reported as defined in each
study, and we analyzed variation in outcomes based
on differences in these definitions. Studies were
assumed to have no PErelated mortality if they
reported no all-cause mortality, and studies with any
instances of all-cause mortality were assumed to have
no PE-related mortality if all patient deaths were attrib-
uted to another specified cause (e.g., trauma). Eligible
studies were required to report outcomes at 30 or
90 days after discharge. If a study reported 90-day out-
comes and reported specific times (i.e., number of
days discharge) when each adverse event
occurred, we calculated 30-day outcomes if they were

after

not already reported.

Since prior systematic reviews on this topic identi-
fied few RCTs, all of which had uniformly small sam-
ples," we decided a priori to include both RCTs and
prospective NRTs in the review to better characterize

the available evidence.’” Retrospective studies, case

reports, editorials, and other publication types were
excluded. Eligible studies were required to include
patients with radiographic confirmation of PE. We
excluded studies about VTE prophylaxis, those that
did not have a clearly defined outpatient cohort, and
those limited to populations with specified comorbidi-
ties (e.g., cancer). We further excluded studies that
included none of our specified outcomes as well as
those without clearly defined inclusion and exclusion
criteria. Finally, we excluded studies with unusual out
patient scenarios, such as hospitalin-the-home or a
patient hotel.

Quality Assessment

Included studies were independently assessed for
quality by two reviewers (LF and BCM), and differ-
ences were resolved through consensus. We used
the Cochrane Collaboration ROB2 and ROBINSI
risk-of-bias tools to assess bias in RCTs and NRTs,
respectively.”>**  We defined high-quality studies
based on (1) ROB2 classification of “low risk” or
“some concerns” or by (2) ROBINSI classification
of “low” or “moderate” risk of bias; studies that did
not meet these qualifications were classified as lower

quality.
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Selection of Reported Results

Low
Low
Low
Low

Measurement of Outcomes

Low
Low
Low
Low

Missing Data

Low
Low
Low
Low

Deviation From Intended Interventions

Some concerns

Low
Low
Low

Randomization

Low
Low
Low
Low

Overall Risk of Bias

Low
Low
Low
Some concerns

Year
2005
2011
2016
2018

Quality Assessment of Included Studies: RCTs

RCTs = randomized controlled trials.

ROB2 Domains

Author

Wells

Table 3
Aujesky
Den Exter
Peacock
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Data Analysis

Our primary analysis reported the rates of adverse
events among patients treated for PE on an out
patient basis, with results dichotomized both by
study design and by quality. We planned a meta-
analysis of RCTs to compare outcomes in patients
with low risk who received outpatient or inpatient
treatment; however, a Cochrane review on this
topic was published shortly after our search
began,” and as a result we opted to pursue the
RCT meta-analysis only if our review identified
RCTs not included in that review. Given the
high likelihood of different underlying illness
severity, we did not compare outcomes associated
with inpatient and outpatient treatment among
patients in NRTs.

Subgroup Analysis

We preplanned a subgroup analysis of outpatient
cohorts from high-quality RCTs and NRTs to assess
associations between anticoagulant treatment class
and rates of the four major adverse outcomes; we
also used a composite outcome defined as patient
who experienced one or more of the major adverse
outcomes. For this subgroup analysis, we performed
an additional quality assessment of RCT outpatient
cohorts using the ROBINS-I and selected domains
from the Joanna Briggs Institute (JBI) checklist for
nonrandomized experimental studies.”” As an
exploratory analysis, we used the Fisher’s exact test
to compare rates of major adverse outcome by anti-
coagulant treatment category.

RESULTS

Study Selection

Figure 1 shows the PRISMA flow diagram of our
literature search.’® We initially retrieved 6,818 arti-
cles, which were reduced to 4,018 after deduplica-
tion in EndNote X9.>7 A total of 3,816 articles
were excluded during title/abstract review as irrele-
vant to our review, leaving 202 articles for full-text
review. Of those, 12 articles were eligible for inclu-
sion in the study analysis, and the reasons for
excluding the other 190 articles are given in Fig-
ure 1. Table 1 lists the 12 eligible studies, which
included four RCTs****#° and eight NRTs"*># 46
that enrolled a total of 3191 patients. Six studies
included use of DOACs, and only three used
DOAC:s exclusively.
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proBNP) level were admitted and (2) those with a nor-
mal NT-proBNP level were discharged.”® The final
RCT compared two types of outpatient LMWH treat-
ment.*® Seven of eight NRTs were prospective man-
agement studies with specified criteria that guided
aspects of patient care such as treatment type or dis-
charge timing,"*>* ** including six studies with
singlearm designs and one study that compared
results from a prospective outpatient cohort to a retro-
spectively collected inpatient cohort.** The final NRT
was solely observational and compared results from
outpatient (defined as patients discharged within
48 hours) and inpatient (discharged in more than
48 hours) cohorts.*’

Reported Outcomes. All eligible studies
included data on each of the four major adverse out
comes (Data Supplement S1, Appendix S2). All-cause
mortality, recurrent VTE, and major bleeding were
reported by all 12 studies for at least one of our speci-
fied time intervals. Six studies reported PE-related mor-
rality, 03941424445

the six remaining studies based on reported all-cause

and we derived these outcomes for

mortality results. The three minor adverse outcomes
were reported less often. One RCT and three
NRTs"*>* studies reported CRNMB, one RCT’®
and two NRTs>* reported ED visits, and one
RCT?® and four NRTs?**% reported hospital

readmissions.

Quality Assessment
Tables 3 and 4 illustrate the quality assessment of the
included studies. As shown in Table 2, three RCTs

3840

had low overall risk of bias while one had moder-

ate risk (classified as “some concerns” in ROB2 termi-
nology).® Of the eight NRTs, six">** had
moderate overall risk of bias and two**® had serious
risk (using ROBINS.I terminology; Table 4). The
most substantial risks for all NRTs came from poten-
tial confounding in single-arm study designs or from
use of retrospective comparison cohorts. In addition,
one study did not report characteristics of excluded
patients,*® and another study used no criteria to clas-

sify low-risk patients.*

Subgroup Analysis

Among the 10 high-quality studies, we examined the
four major adverse outcomes after stratifying by type of
outpatient anticoagulation treatment. This group was

composed of 1,881 patients (1,018 LMWH,/VKA, 863

DOAC), although denominators differed for individ-
ual outcomes based on outcomes and time intervals
reported by each study. Among the 814 patients on
DOAC treatment for whom a specific drug choice was
reported, 790 (97%) received rivaroxaban and the
remainder received apixaban. Outpatient cohorts from
the four RCTs were evaluated using ROBINSI and
JBI tools as planned, and all four were judged to have
only a moderate overall risk of bias (i.e., high quality)
based on risk of confounding.

Patient Demographics and Comorbidities

Demographics of the outpatient cohorts are shown in
Table 1. The average age of study participants varied
from 41.5 years to 62 years, with the exception of one
lower-quality study that enrolled patients with a med-
Patient comorbidity profiles
across studies suggested low variation regarding a his-
tory of heart failure (range = 0%—3.6%, 10 studies)
and moderate variation in rates of prior VTE (range =

ian age of 76 years.?

15.1%-26.5%, nine studies) or chronic lung disease
(range = 0%—12.5%, nine studies). In contrast, there
was a very substantial difference across eligible studies
regarding the prevalence of active malignancy: 10 stud-
ies reported a range of enrolled patients with malig-
nancy between O and 13.2%, while two others (one
RCT and one NRT) reported higher rates of 22.4 and
45.5%.

Clinical Outcomes

All-cause Mortality. As reported by individual
studies, all-cause mortality was uncommon at both
30 days (range = 0%—1.7%, median = 0%, 11 stud-
ies) and 90 days (range = 0%—3.3%, median = 0.4%,
10 studies), as shown in Table 2. In the pooled analy-
sis of high-quality studies (Table 5), we observed 30-
day all-cause mortality rates of 0.3% (95% CI = 0.1%
to 1.0%) and 0% among patients on VKA therapy
and DOAC therapy, respectively. Pooled 90-day all-
cause mortality was at or below 1% for patients treated
with either VKA (1.0%, 95% CI = 0.5% to 1.8%) or
DOAC (0.3%, 95% CI = 0.1% to 0.9) therapy. These
differences were not statistically significant at either
time point.

PE-related Mortality. Outpatient PE-related mor-
tality was rare at both 30 days (range = 0%-0.6%,
median = 0%, 12 studies) and 90 days (range = 0%-—
0.4%, median = 0%, 10 studies). In pooled analysis,
we identified no statistically significant different in PE-
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DOAC:s (1.5% [95% CI = 0.9% to 2.6%)). This dif

ference was not statistically significant.

Minor Adverse Outcomes. The rate of
CRNMB at 30 days was reported as 1.5% (one study),
and three studies reported a wide range of CRNMB
at 90 days (range = 0.2%-5.1%, median = 2.0%;
Table 2) One of three studies used the ISTH defini-
tion for nonmajor bleeding.*® In contrast, rates of ED
visits and rehospitalization were more consistent across
studies. Rates of ED visits within 30 days were similar
across two studies (range = 14.9%-16.0%, median =
15.5%), and rates at 90 days were only slightly higher
(21.1%) as reported by one study. Hospital readmis-
sion rates at 30 days ranged from 1.5% to 3.0% (me-
dian = 2.4%, three studies), and at 90 days the rates
ranged from 8.2% to 10.5% (median = 9.4%, two
studies).

DISCUSSION

This systematic review examined adverse outcomes
among patients treated for PE on an outpatient basis.
We have three major findings.

Few Controlled Studies

First, we identified few recent studies that used a con-
trol group to compare management strategies for low-
risk PE, either across location (e.g., inpatient vs. outpa-
tient) or anticoagulant class. In particular, RCTs on
outpatient management of low-risk PE remain sparse.
Of the eight studies in this review that were published
since DOAC treatment became available in the Uni-
ted States, only two used a randomized study design.
Of the NRTs included in our review, none used a
prospectively identified control group.

More than 100,000 patients with PE could poten-
tially be eligible for outpatient management each year
in the United States. There is a substantial unmet
need for high-quality randomized trial data on identify-
ing these low-risk patients and optimizing their outpa-
tient treatment. Fortunately, additional RCTs data may
soon be available. The HOMEPE study
(NCTO02811237) is a RCT of patients with acute PE
at 28 hospitals in Europe that compares Hestia criteria
and simplified PESI score in regard to a composite 30-
day outcome of mortality, recurrent VTE, and major
bleeding.* Secondary outcomes will examine the pro-
portion of patients managed as outpatients (defined as
discharge home within 24 hours of study enrollment)

as well as outcomes on patient safety, hospital length
of stay, and patient satisfaction. The study was com-
pleted in October 2019, but no results were published
as of June 2020. Additional randomized studies are
warranted to examine the differences in treatment out-
come based on the type and duration of anticoagula-
tion.

Low Rates of Major Adverse Outcomes

Our second major finding is that major adverse out
comes were rare among the cohorts included in this
review, especially in those without serious risk of bias.
Pooled 90-day all-cause mortality was 0.7% among out-
patients in high-quality studies, suggesting that physi-
cians were generally successful at identify patients at
low risk for shortterm mortality who could be consid-
ered for outpatient treatment. There was a single
instance of PE-related mortality within 90 days among
the 1,814 outpatients (0.06%) in high-quality studies.
While there is no consensus on an optimal approach
to selecting patients with PE who are appropriate for
outpatient treatment, the PESI, sPESI, and Hestia cri-
teria all appear to select patients at low risk of short
term mortality.” *°° Of the three studies that did not
use a validated PE severity assessment tool, two studies
reported the highest mortality rates (1.7% at 30 days
and 3.3% at 90 days) of all studies in the review.***
(The third study reported no mortality.) One of these
two studies, the observational NRT which delegated
the

included an individual who died after requesting to be

disposition  decisions to treating  physician,
discharged early despite having high-risk features (i.e.,
right ventricular dilation) on imaging. Furthermore, all
three patients in this study cohort that died during
outpatient treatment would have been deemed high
risk by PESI and sPESI (although not by Hestia crite-
ria). Until the HOME-PE study and other investiga-
tions provide direct comparisons of PE-risk prediction
tools, it seems reasonable to use either approach.
Major adverse outcomes other than mortality were
also uncommon among studies in our review. A
majority of included studies showed no episodes of
recurrent VTE (7/10 studies) or major bleeding (7/11
studies) at 30 days, and cohorts that did have these
adverse outcomes reported rates of 1.4% or less.
These risks are similar to or lower than the rate of
complications in other ED patients who are often trea-
ted on an outpatient basis, such as patients with undif-
ferentiated chest pain and a HEART score of 1 to 3
(0.9%-1.7% risk of major adverse cardiac events
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within 30 days),”’ patients with suspected transient
ischemic attack who have an ABCD2 score of 1 to 3
(3.1% risk of stroke within 90 days),’* or patients with
community-acquired pneumonia who have a CURB-
65 score of 0 or 1 (0.6%-2.7% mortality within
30 days).”®> These comparisons suggest that outpatient
management of PE in appropriately selected patients
remains a reasonable treatment option, even in the

absence of RCT data.

Outcomes Associated With Anticoagulant
Class

Our third and final major finding is that we identified
no statistically significant association between anticoag-
ulant treatment class and rates of major adverse
events. These results are consistent with prior RCTs
that compared rates of recurrent VTE between
LMWH/VKA and DOAC anticoagulation regimens,
although most of those trials assessed outcomes at
time periods beyond 90 days.”"****° The observed
rates of major bleeding were also similar across classes
of anticoagulation. This is consistent with other
research which suggests similar bleeding outcomes for
VKA and rivaroxaban, the far most common DOAC
used in the included studies.”””® Prior research has
found that treatment of acute VTE with apixaban is
associated with lower rates of major bleeding in com-
parison to patients treated with either rivaroxaban or
warfarin, but only 3% of patients in our study treated

with a specified DOAC were given apixaban.””>’

LIMITATIONS

11

Finally, several confounders could bias our results.
For instance, there was substantial variation across
studies in prevalence of cancer among outpatient
cohorts, and the diagnosis of PE in the setting of
malignancy is associated with much higher mortality
than PE without associated malignancy.®® DOACs are
not recommended for use in patients with malignancy-
associated VTE who have a high risk of bleeding,®'
and as a result our subgroup analysis (Table 5) could
be confounded by this association between a high-risk
condition and the type of drug treatment. In addition,
the subgroup analysis in Table 5 could also suffer
from confounding as it includes patient data from
both RCTs and NRTs.
founded by study-level differences in the type of testing
and duration of observation that patients were eligible

QOutcomes could be con-

to receive prior to discharge; we suggest that future
studies use a consistent standard of measuring these
times in relation to a uniform and unmodifiable refer-
ence such as time of ED arrival. Rather than simply
reporting a time interval before discharge, future
research should assess the prognostic value of the
additional diagnostic tests (e.g.,
lower-extremity compression ultrasound) that patients
with low-risk PE may undergo in the ED or during
these periods of observation. Emergency care research-

echocardiography,

ers should prioritize future studies that assess the value
of these diagnostic tests among patients with low-risk
PE and measure efforts to implement expedited dis-

charge pathways for these patients.®?

CONCLUSION

There are several important limitations to this study.
First, despite the significant number of published stud-
ies on outpatient PE management in recent years,
there remain little data from RCTs or high-quality
two-arm NRTs to assess optimal patient selection or
treatment approaches.

The second major study limitation is a lack of diver-
sity in DOAC treatment regimens. Although apixaban
is one of the most common treatments for VTE,’
only two studies included in this review reported its

use, 344

and in both cases it was used in a minority
of patients. Third, our analysis was limited by a low
number of adverse events. For instance, when compar-
ing outcomes rates by drug treatment class, our com-
posite  90-day outcome had the largest number
observed events and nonetheless had low statistical

power (power = 0.38) for this comparison.

Controlled trials of outpatient management for low-
risk pulmonary embolism remain uncommon. Rates
of all-cause and pulmonary embolism—related mortality
at 30 days were consistently well below 1% in all
high-quality studies in our review, suggesting that out-
patient management is a safe option for appropriately
selected patients with pulmonary embolism. Further-
more, rates of nonfatal adverse events among patients
treated for low-risk pulmonary embolism on an outpa-
tient basis appear similar to other conditions that are
frequently diagnosed in EDs and treated without hos-
pitalization. Finally, we identified no association
between anticoagulant treatment class and rates of
adverse outcomes, although this conclusion must be
addressed in more rigorous (i.e., randomized) studies
addressing a broader set of direct acting anticoagulants
than used in prior research.
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