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Abstract

Introduction: Annual health expense of hospital admissions, due to venous
thromboembolism including pulmonary embolism, exceeds 10 billion dollars
in the United States. Most of these patients still get admitted to the hospital
despite the advent of novel oral anticoagulants. Our aim is to show that low-
risk pulmonary embolism patients can safely be discharged from the emer-
gency department with similar patient satisfaction and lower length of stay.
Methods: A comprehensive search in Medline indexed and non-indexed,
Embase, and Cochrane Central was performed to search for all the random-
ized controlled trials that compared inpatient treatment of low-risk pulmo-
nary embolism to outpatient treatment.

Results: Of 68 potentially relevant studies, a total of 2 studies (453 partici-
pants) met our inclusion criteria and had data available on patient satisfac-
tion, length of stay, efficacy, and patient safety. The pooled estimate of the
included studies showed that at 3-month follow-up, there was no statisti-
cally significant difference between inpatient and outpatient treatment of
these low-risk patients.

Conclusions: In conclusion, our meta-analysis of 2 randomized controlled
trials shows that low-risk pulmonary embolism patients can safely be dis-
charged from the emergency departments in the limited studies available.
We need more randomized controlled trials to confirm these findings.

Key words: pulmonary embolism, outpatient treatment, home
management, mortality.

Pulmonary embolism (PE) is one of the major health problems with
more than 200,000 cases being diagnosed each year in the United States
(US) [1]. We have been seeing increasing incidences of PE over the last
10 years due to the increased life expectancy with associated comor-
bidities in the elderly population, and because of the increased usage of
computed tomography (CT) scanning in the emergency departments (ED)
[2]. The majority of the economic burden for the management of PE is in
the first three days of hospital admission with one study estimating it to
be $6579 [3], whereas the mean total cost of managing 1 patient with
pulmonary embolism was estimated to be $8764 [4]. Mortality related to
PE has remained constant despite the improved diagnostic measures [2],
and for this reason more than 90% of ED units in the US admit all the
patients with PE [5].
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There has been increasing evidence supporting
the outpatient management of selected low-risk
pulmonary embolism (LRPE) patients. We have
had multiple observational studies, prospective
studies, and systematic reviews suggesting that
the outpatient treatment of LRPE patients is rel-
atively safe. However, ED physicians have been
relatively slow in adopting the outpatient man-
agement of LRPE. In 2015, Stein et al. found that
despite the advent of novel oral anticoagulants
(NOAC), 98.3% of patients with PE are treated as
an inpatient [5]. One out of 6 of these admitted
patients was eventually discharged within 48 h
of hospitalization. However, an estimated 50%
of these patients could have been discharged po-
tentially safely with an outpatient treatment plan
[6]. The concern among physicians is due to lack
of evidence from a large randomized trial as well
as lack of consensus on criteria to identify these
LRPE patients.

Our aim is to summarize the best possible evi-
dence from randomized controlled trials (RCTs) in
the form of a meta-analysis to qualitatively and
quantitatively analyze the efficacy and safety of
the management of these LRPE patients. We also
wanted to look at patient satisfaction and length
of stay for these patients.

Methods. We searched the following four elec-
tronic databases on July 31, 2018: Medline (R),
Medline (R) In-Process & other non-indexed ci-
tations, Embase, and Cochrane Central. The key-
words ‘Pulmonary embolism’ and ‘outpatient’
were indexed in all combinations for original ar-
ticles and clinical studies. No restrictions for lan-
guage or publication year were used. Additionally,
we manually checked the bibliography of selected
original articles and reviews to identify any addi-
tional studies.

These articles were evaluated against a priori
inclusion and exclusion criteria. Eligible studies:
1) were randomized controlled trials; 2) were done
in patients with the diagnosis of pulmonary em-
bolism; 3) should involve treatment of pulmonary
embolism on an outpatient basis and the patients
were discharged from the emergency department,
and 4) reported efficacy and safety outcomes
along with patient satisfaction data and their
length of stay. We excluded studies that, 1) did
not evaluate outpatient treatment of PE, 2) had
a comparison control group, 3) kept the patients
in the ED to form an early discharge group rather
than an outpatient group, and 4) collected data
separately for PE rather than combining it with
deep venous thrombosis.

For each included study, data were collected
on the year of publication, participant number
and characteristics, duration and frequency of
follow-up, mortality, major bleeding, and number

of recurrences of venous thromboembolic events
(VTE), length of hospital stay and patient satis-
faction in both the usual care group and the out-
patient treatment group. Quality assessment was
performed using the Jadad score [7].

Statistical analysis. The results of each RCT
were reported either as a relative risk (RR), hazard
ratio, odds ratio (OR), or dichotomous frequency
data. We used the frequency of event rates for
all studies to compute the cumulative OR and the
p-values for mortality, length of hospital stays,
recurrence of VTE, and major bleeding. P-values
< 0.05 were considered statistically significant.
We dichotomized the patient satisfaction data for
our analysis. We performed meta-analyses with
the DerSimonian and Laird random effects model
to obtain the pooled OR for our main outcomes
[6]. We used Cochran’s Q test to assess heteroge-
neity between studies and used the /? statistic to
quantify the proportion of observed inconsistency
across study results not explained by chance [7].
All analyses were performed in RevMan version
5.3 [8].

Results. Our initial search identified 68 publica-
tions across the 4 databases. The search of confer-
ence proceedings and bibliographies identified 2 ad-
ditional articles. We narrowed down the potentially
relevant unique articles after removing duplicates to
65. After title and abstract screening, we excluded
56 articles for a variety of reasons as mentioned in
the PRISMA diagram (Figure 1). We excluded a fur-
ther 7 articles on full-text review and eventually end-
ed up with 2 reports for our primary analysis for the
outcome of mortality, recurrence of VTE, and major
bleeding. In addition, we looked at the patient satis-
faction, cost of the initial visit and the length of stay.

Table | summarizes the characteristics of the
included studies. In the two RCTs, we had 453 pa-
tients. Both trials were published within the last
7 years with the first one in 2011 and the latest
one in 2018. Both studies scored moderately in
quality. There is an inherent bias in a study which
differentiates between inpatient versus outpa-
tient as you cannot blind the patients.

The clinical trial Outpatient Treatment of Pul-
monary Embolism (OTPE) did have a high exclusion
rate [9]. Only 21% of the total screened patients
were included in the primary analysis after ran-
domization. In this study, the time to start antico-
agulation in the outpatient group was 16 (5-23) h
compared to 8 (3—22) h in the inpatient group, but
this difference was statistically insignificant. Hospi-
tal readmissions, hospital visits, and home nursing
visits were slightly higher in the outpatient group
but this difference was also found to be statistically
insignificant. As shown in Table |, the authors used
the pulmonary embolism severity index (PESI) score
to identify low-risk pulmonary embolism patients.
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Figure 1. PRISMA diagram for studies selection

Early discharge group (n = 1)
Outcome data not available (n = 2)
PE and DVT combined (n = 1)

PE — pulmonary embolism, DVT — deep vein thrombosis, RCT — randomized controlled trial.

Table I. Baseline characteristics of studies

Study, year Patients Mean age Males Follow-up  Criteria Previous Cancer  Follow-up

(n) [years] n (%) [days] used VTE %age patients (n) loss (n)
OTPE, 2011 [9] 339 47 84 (49) 14 and 90 PESI 18% 1 7
MERCURY PE, 114 49 55 (48) 90 Hestia 19% 7 13
2018 [10]

OTPE - Outpatient Treatment of Pulmonary Embolism, MERCURY PE — Rivaroxaban for Early Discharge of Low Risk Pulmonary Embolism

From the Emergency Department.

The latest study published this year, Rivarox-
aban for Early Discharge of Low Risk Pulmonary
Embolism From the Emergency Department
(MERCURY PE), is the first trial that has utilized
novel oral anticoagulants (NOACs) for the outpa-
tient management of PE patients [10]. This study
used modified Hestia criteria to identify low-risk
PE patients. This study enrolled only 6% of all the
patients screened for low-risk pulmonary embo-
lism. In addition, 5% of all of the patients were
excluded due to noncompliance with medication,
and another 8% of the patients were excluded
because the physician or patient did not wish
to participate in the study. This trial found that
the initial visit cost to the emergency room was
$2,638 less with outpatient treatment [10]. The
total cost was $2,496 less with outpatient treat-
ment than with inpatient treatment of these pa-
tients.

In the OTPE trial, by post-randomization day 14,
92% of the outpatient group patients and 95% of
the inpatient group patients reported being very
satisfied or satisfied [9]. In the MERCURY PE study,
60.4% of the outpatient group and 62.7% of the
inpatient group were very satisfied [10]. Figure 2
shows a forest plot for patient satisfaction.

In the OTPE trial, the length of initial hospital
stay for the outpatient and inpatient groups was
12 and 93.6 h, respectively [9]. In the MERCURY PE
study, the length of stay was 19.2 h in the outpa-
tient group versus 43.2 h in the inpatient group
[10]. Figure 3 shows a forest plot for the length
of stay.

In the OTPE study, there was only 1 patient who
had recurrent VTE in the outpatient treatment
group. This patient had cervical cancer, and recur-
rent VTE happened on day 83 [9]. The MERCURY
PE trial did not show any recurrence of VTE during
the 3 months after randomization in both groups
[10]. Figure 4 shows a forest plot for recurrent VTE.

In the OTPE study, the only death in the out-
patient group was not related to PE. The patient
died from an accident-related trauma and aortic
rupture. There was 1 death in the inpatient group,
a patient who died of lung cancer and pneumonia
[9]. In the MERCURY PE trial, no deaths occurred
in either the outpatient or inpatient groups [10]
Figure 5 shows a forest plot for mortality.

Inthe OTPE trial, 3 patients had majorbleedingin
the outpatient group, with 2 patients having intra-
muscularbleedingonday3andday 13,andthethird
patient having menometrorrhagia on day 50 [9].
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No patient had major bleeding in the inpatient
group. In the MERCURY PE study, no patient in the
inpatient or outpatient group had major bleeding
[10]. Table Il shows the exclusion criteria used by
both randomized controlled trials [9, 10]. Figure 6
shows a forest plot for major bleeding.

Discussion. In this meta-analysis, we assessed
the evidence from two RCTs regarding home-
based outpatient treatment of low-risk pulmonary
PE patients. Our study also shows that patient
satisfaction and quality of life remain favorable
regardless of the inpatient or outpatient treat-
ment of these LRPE patients. Bledsoe et al. also
reported in August 2018 that patient satisfaction
was high (91%) in the outpatient management of
these patients [1].

Outpatient management of these LRPE pa-
tients results in a shorter hospital stay leading to
decreased healthcare costs and less nosocomial
infections with an improved quality of life [11-13].
Our analysis of outcomes that include mortality,
recurrence of VTE and major bleeding shows that
outpatient treatment of LRPE patients is effective
as well as safe. These findings are consistent with
previous prospective and observational studies
[14-26].

Our meta-analysis adds to the growing body
of data supporting the case for discharging LRPE
patients from the emergency department with an
outpatient treatment plan. The trials in our study
were performed in a heterogeneous group of pa-
tients in a diverse healthcare setting in different

Study or Outpatient Inpatient Weight Risk ratio Risk ratio
supgroup Events Total Events Total (%) M-H, fixed, 95% CI M-H, fixed, 95% CI
Mercury PE 2018 30 49 40 63 18.0 0.96 (0.72-1.29)

OTPE 2011 156 170 158 167 82.0 0.97 (0.92-1.03)

Total (95% Cl) 219 230 100.0  0.97 (0.90-1.04)

Total events 186 198

Heterogeneity: > = 0.00, df = 1 (p = 0.96), I>= 0%
Test for overall effect: Z= 0.88 (p = 0.38)

Figure 2. Forest plot: patient satisfaction

0.01 0.1 1 10 100
Favours outpatient Favours inpatient

Study or Outpatient Inpatient Weight Mean difference IV, Mean difference IV,

supgroup Mean SD Total Mean SD Total (%) fixed, 95% Cl fixed, 95% Cl

Mercury PE 2018 19.2 52.8 49 43.2 64.8 63 23.7 -24.00 (-45.79,-2.21)

OTPE 2011 12 24 171 93.6 76.8 168 76.3 —81.60 (-93.76,-69.44)

Total (95% ClI) 220 231 100.0 -67.92 (-78.54, -57.30) ‘

Heterogeneity: ¥? = 20.48, df = 1 (p < 0.00001), /= 95% f } } i
Test for overall effect: Z=12.54 (p < 0.00001) -100 =50 0 50 100

Figure 3. Forest plot: length of stay in hours

Favours outpatient Favours inpatient

Study or Outpatient Inpatient Weight Risk ratio Risk ratio

supgroup Events Total Events Total (%)  M-H, random, 95% CI M-H, random, 95% Cl

Mercury PE 2018 0 49 0 63 Not estimable

OTPE 2011 1 171 0 168 100.0 2.95 (0.12-71.85) .

Total (95% Cl) 220 231 100.0  2.95 (0.12-71.85) e ——
Total events 1 0

Heterogeneity: Not applicable [ } } |
Test for overall effect: Z= 0.66 (p = 0.51) 0.01 0.1 1 10 100

Favours outpatient Favours inpatient

Figure 4. Forest plot: recurrent venous thromboembolism (VTE)

Study or Experimental Control Weight Risk ratio Risk ratio
supgroup Events Total Events Total (%)  M-H, fixed, 95% Cl M-H, fixed, 95% CI
Mercury PE 2018 0 49 0 63 Not estimable

OTPE 2011 1 171 1 168 100.0 0.98 (0.06-15.58)

Total (95% Cl) 220 231 100.0  0.98 (0.06-15.58)

Total events 1 1
Heterogeneity: Not applicable
Test for overall effect: Z=0.01 (p = 0.99)

Figure 5. Forest plot: mortality

0.01 0.1 1 10 100
Favours outpatient Favours inpatient
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Table Il. Exclusion criteria used for low risk pulmonary embolism patients in both trials

Did not meet inclusion criteria

Were therapeutic on oral anticoagulation

High-risk PE patients

Systolic BP < 100 mm Hg

Not objectively confirmed PE

Pregnancy

< 18 years of age

Severe renal failure

PE diagnosed after 23 h

Were previously enrolled in the trial

Barriers to adherence/follow-up or non-compliance

Imprisonment

Chest pain necessitating parenteral opioids

Cancer diagnosis

Could not consent/declined consent

Troponin elevation

Hypoxemic

Physicians’ discomfort to enroll

Had active bleeding or high risk of bleeding

Medication contraindicated

PE — pulmonary embolism, BP — blood pressure.

countries including Switzerland, France, Belgium,
and the United States. We specifically excluded
the study by Otero et al. from our analysis since
it compared the patients discharged after the
third day (early discharge) to routine discharge
[14]. Due to the lack of a control group, we also
excluded the study by den Exter et al. [15] In the
United States, most patients with PE are admitted
to the hospital regardless of their risk status. This
is partly due to a lack of a standardized widely
accepted risk stratifying system as well as physi-
cians having discomfort in discharging a patient
with a disease which has a 30-day mortality rate
approaching 30% in some cases [27]. The treat-
ment of VTE is extremely variable and is highly
contingent upon the physicians’ personal choice,
resources available, insurance coverage, and the
type of clinical setting [28].

Outpatient management of LRPE patients
comes with the caveat that there should be an
appropriate and safe outpatient follow-up. In ad-
dition, the patients need to be counseled in the
emergency department regarding their disease
risk and the importance of adherence to their
medication. This transition of care (TOC) is critical
in the outpatient management of LRPE patients
as the gaps in the TOC can often lead to adverse
outcomes with a resultant increased mortality
and morbidity. The outpatient management of
LRPE patients has further been aided with the

emergence and widespread availability of NOACs.
These newer medications do not need closer mon-
itoring and have the benefit of being effective im-
mediately without any overlap requirement with
heparin and for two of them (apixaban and rivar-
oxaban) without a need of heparin pre-treatments.
The TOC is much more simplified, and there are no
dietary restrictions. Unfortunately, the adaptation
of these newer NOACs has been variable, with one
study showing that only 33% of the patients with
PE are being discharged on NOAC [5], even though
in 2016 the American College of Chest Physicians
(ACCP) gave NOACs priority over vitamin K antag-
onists in PE treatment [29]. The same document
upgraded the recommendation for outpatient
management of LRPE to grade 2B [29].

The major hurdle in adopting the outpatient
management of LRPE is the lack of a standardized
robust scoring system to identify LRPE patients.
There are several scoring systems that have been
devised and validated to answer that question.
The Hestia criteria and PESI score have been most
validated. Barrios et al found in the PROTECT
(Prognostic Value of CT Scan in Hemodynamically
Stable Patients with Acute Symptomatic PE) tri-
al a 100% negative predictive value for all-cause
mortality by using the simplified PESI score with
multidetector computed tomography (MDCT) to
evaluate for right heart strain [30]. Currently MDCT
is widely used to assess the severity of PE because

Study or Outpatient Inpatient Weight Risk ratio Risk ratio

supgroup Events Total Events Total (%)  M-H, fixed, 95% Cl M-H, fixed, 95% Cl

Mercury PE 2018 0 49 0 63 Not estimable

OTPE 2011 3 171 0 168 1000  6.88 (0.36-132.14) B

Total (95% ClI) 220 231 1000 6.88 (0.36-132.14) ——ee
Total events 3 0

Heterogeneity: Not applicable | } } |
Test for overall effect: Z = 1.28 (p = 0.20) 0.01 0.1 1 10 100

Figure 6. Forest plot: major bleeding

Favours outpatient Favours inpatient
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of its widespread availability [31]. Several other
methods can be used to assess the fluid over-
load often seen in right heart failure patients with
high risk PE, and that may include incorporating
N-terminal pro-B-type natriuretic peptide [32]. The
perfect scoring system must be a combination of
clinical, biomarker, radiological, and social factors
as any single measure such as oxygen saturation
has proven to be unreliable in the past [33].

Our meta-analysis has several limitations. First,
the number of included studies is small. We need
data from more randomized controlled trials. Sec-
ondly, the choice of anticoagulation is not stan-
dardized. We might be able to have a consistent
approach and more reproducible results with an
increased utilization of NOACs.

In conclusion, our comprehensive analysis
suggests that outpatient treatment of LRPE is
feasible, safe, effective, and preferred by the pa-
tients. Future studies such as the Hospitalization
or Out-treatment Management of Patients with
Pulmonary Embolism (HOME-PE) randomized
controlled trial NCT02811237 should further clar-
ify the treatment of LRPE patients. We conclude
that after careful risk stratification, LRPE patients
should be considered for discharge from the
emergency department. This would result in a re-
duction in cost, improved patient satisfaction, and
quality of life, and decreased nosocomial compli-
cations without any negative effects on mortality
or morbidity.
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