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ABSTRACT Our aim was to study the safety of outpatient treatment in low risk patients with acute

pulmonary embolism compared with inpatient treatment, the current clinical standard.

We searched Medline, Web of Science, Cochrane and EMBASE databases and included studies on

outpatient treatment of pulmonary embolism. The outcomes were 3-month recurrent venous

thromboembolism, major bleeding and all-cause mortality. We identified 13 studies (1657 patients) with

outpatients (discharge ,24 h), three studies (256 patients) with early discharge patients (discharged within

72 h) and five studies (383 patients) with inpatients. The pooled incidence of recurrent venous

thromboembolism was 1.7% (95% CI 0.92–3.1%) in outpatients, 1.1% (0.22–5.4%) in patients discharged

early and 1.2% (0.16–8.1%) in inpatients. The pooled incidence of major bleeding was 0.97% (0.58–1.6%)

in outpatients, 0.78% (0.16–3.7%) in early discharge patients and 1.0% (0.39–2.8%) in inpatients. The

pooled incidence of mortality was 1.9% (0.79–4.6%) in outpatients, 2.3% (1.1–5.1%) in early discharge

patients and 0.74% (0.04–11%) in inpatients.

Incidences of recurrent venous thromboembolism, major bleeding and, after correction for malignancies,

mortality were comparable between outpatients, patients discharged early and inpatients. We conclude that

home treatment or early discharge of selected low-risk patients with pulmonary embolism is as safe as

inpatient treatment.
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Introduction
Traditionally, patients with pulmonary embolism (PE) are initially treated with anticoagulants in a hospital

setting, with a mean length of hospital stay of 6 days [1]. The outpatient treatment of patients with deep

vein thrombosis (DVT) is internationally accepted and graded with a 1B recommendation by the American

College of Chest Physicians (ACCP) [2]. Because of limited evidence, the international guidelines give only

a grade 2B recommendation regarding the early discharge of PE patients [2, 3]. Notably, in recent years,

several large studies were published on this matter, including the first completed randomised controlled

trial [4–8]. Results from those studies suggest that outpatient treatment is as safe as standard inpatient

treatment.

Patients with PE treated in the hospital have a low risk of 0.4% for fatal recurrent PE within the first

3 months and a 3% risk for nonfatal recurrent PE [9]. Fatal major bleeding occurs in 0.2% of patients

within 3 months after PE, with a nonfatal major bleeding rate of 2.0% [9, 10]. Before outpatient treatment

in low-risk PE patients can be accepted as standard patient care, comparable safety to inpatient care has to

be proven [11]. Two systematic reviews concerning outpatient treatment in patients with acute PE have

been published [12, 13]. These reviews demonstrated low incidences of recurrent venous thromboembolism

(VTE), major bleeding and mortality, but the quality of the included small observational studies was low.

The most recent and largest studies, including one randomised controlled trial, were not included in these

reviews [5–8].

This meta-analysis compared the risk for adverse outcome in specific low-risk patients who were selected

for outpatient treatment (discharge within 24 h) with the risk for adverse outcome in patients with a

comparable risk profile who were discharged early (discharge within 72 h) and with the risk in patients

treated in the hospital. This second category is relevant in hospitals in which discharge within 24 h is not

possible due to logistical reasons. Our aim was to evaluate whether outpatient treatment and early discharge

are as safe as traditional inpatient treatment in patients with PE.

Methods
Data sources
We performed a systematic literature search in Medline, Web of Science, Cochrane and EMBASE to identify

all studies on clinical outcome of PE patients either treated at home or discharged early. The search was

performed using predefined search terms, which can be found in the online supplementary material.

Selection process
Two investigators (W. Zondag and J. Kooiman) independently performed the study selection. A third

investigator was consulted in case of disagreement (F.A. Klok).

Only randomised controlled trials or cohort studies that included patients with acute, symptomatic,

objectively proven PE were selected. To be eligible, at least a part of the study population had either to be

treated with anticoagulants at home or had to have been discharged early. We did not include studies in

which the definition for home treatment or early discharge allowed for a hospital admission of .3 days.

Also, studies that did not explicitly mention the outpatient setting of the anticoagulant treatment were

excluded. If relevant, outcome data had to be reported for in- and outpatients separately. In studies

including both patients with DVT (without PE) and PE, outcome parameters had to be reported for DVT

and PE patients separately.

To allow for a fair comparison, this meta-analysis was limited to studies with low-risk PE patients, i.e. who

had a clinical condition that made outpatient treatment possible. Because only low-risk patients were

selected in all studies that reported on outpatient treatment or early discharge, patients could only be

included in the inpatient cohort of our analysis if they had been selected on the basis of identical prognostic

criteria. Hence, studies investigating only high-risk PE patients (patients who could not be treated at home

due to medical conditions) or mixed high- and low-risk patients were excluded from the present meta-

analysis.

Data extraction
We developed a data extraction sheet containing items on risk of bias, patient characteristics (age, sex and

comorbidities), study characteristics, inclusion and exclusion criteria for outpatient treatment, definition of

home treatment or early discharge, length of follow-up, outcome measures and anticoagulant treatment.

The data extraction sheet was completed for all eligible studies by two independent authors (W. Zondag and

J. Kooiman). The Cochrane collaboration tool for bias risk assessment was used in order to assess the risk of

bias in the individual studies [14]. More information on the risk of bias assessment is given in the online

supplementary material.
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Statistical analysis
The main outcomes of this study were the pooled incidences of recurrent VTE, major bleeding and all-cause

mortality during 3 months in patients with PE treated at home versus patients discharged early and patients

treated as inpatients. More extensive information on study outcomes can be found in the online

supplementary material. Meta-analysis and meta-regression were performed using an exact likelihood

approach. A logistic regression method with a random effect at the study level was used [15]. A pre-specified

subgroup analysis of studies with low proportions of malignancies (,15%) was performed because

malignancy is a known risk factor for recurrent VTE, mortality and bleeding [16, 17]. The rationale behind

the value of 15% was that studies that included .15% patients with malignancies were not deemed

representative of the general patient population as this percentage was generally observed in recent large

studies on VTE treatment [18, 19]. The outcomes according to the intention to treat principle were used in

the meta-analysis. Confidence intervals of 95% around the reported incidences of recurrent VTE, major

bleeding and all-cause mortality in the individual studies were calculated using the Fisher’s exact test. All

analyses were performed with STATA 12.0 (Stata Corp., College Station, TX, USA).

Results
Study selection and characteristics
The literature search identified a total number of 1576 studies; 1532 were excluded after reviewing the title and

abstract and another 29 were excluded after reading the full article. The reasons for exclusion of studies are

listed in figure 1. The reviewing process resulted in 15 studies eligible for inclusion in the review [4–8, 20–29].

All included studies were published in English. All but two studies reported outcome measures at 3 months;

one study reported outcomes at 6 months [28] and one study reported outcomes at the end of the acute

phase (mean 6 days) [23]. All but one study reported on the three outcome measures: recurrent VTE, major

bleeding and all-cause mortality [24]. Four studies reported both inpatient and outpatient groups [5, 20, 25,

27], of which one study randomised the patients for inpatient or outpatient treatment [5]. Another study

reported early discharge and outpatient groups separately [22]. Finally, one study reported an early

discharge group only [21] and eight studies reported an outpatient group only [4, 6–8, 23, 24, 28, 29].

The included studies (table 1) involved 2296 patients: 1657 were treated as outpatients, 256 were discharged

early and 383 were selected low-risk patients treated as inpatients.

Selection of low-risk patients for outpatient treatment or early discharge
Different methods of defining PE patients as low risk for adverse events were used (table 2). Most studies

used comparable clinical criteria [6–8, 21–23, 25, 27–29] to select patients for outpatient treatment. In

table 2, the clinical criteria for selecting patients for outpatient treatment used in the different studies are

summarised. More than 10 studies used at least the following criteria for exclusion of patients from

outpatient treatment: haemodynamic instability (mostly defined as systolic blood pressure ,100 mmHg),

respiratory instability (mostly defined as hypoxia on breathing room air), severe pain and need for

parenteral narcotics, high bleeding risk and co-existing comorbid diseases or social problems requiring

hospital admission. Other important factors to consider when patients are screened for outpatient

treatment are whether they have altered pharmacokinetics due to pregnancy or renal/liver insufficiency or

1576 studies identified

1532 excluded after review of title
  and abstract, of which:
     1477 excluded after reading title
     55 excluded after reading abstract

29 excluded after reading full text,
  of which:

eight excluded because no home
      treatment (or early discharge)

10 excluded because of no results
      for PE patients reported separately

10 excluded because duplicate
      studies

one excluded because full text
      only available in Slovenian

44 potentially relevant
  studies

15 studies included FIGURE 1 Flow chart showing selection
of studies. PE: pulmonary embolism.
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contra-indications for heparins, such as allergies or previous heparin-induced thrombocytopenia. Some

studies used an additional clinical decision rule [5, 20, 26], a laboratory test [4] or imaging test (table 2)

[24]. The demographic characteristics of age and sex were variable among the studies: mean age ranged

between 47 and 67 years and 30–58% of patients were male (table 1). Notably, the proportion of

malignancies varied widely among the studies, from 1% to 100%. In one study, solely PE patients with

malignancies were investigated [28].

Outpatient anticoagulant treatment
In most of the studies, outpatient treatment was defined as hospital discharge within 24 h. In all 15 studies,

patients were treated with a combination of low molecular weight heparin (LMWH) and vitamin K

antagonists, except for patients with an indication for LMWH treatment alone, for example, patients with

malignancies. Most of the studies reported a minimum of 5 days of LMWH treatment, until the

international normalised ratio was in the therapeutic range of 2.0–3.0. Nine studies used once-daily LMWH

[4, 6, 8, 20–22, 24, 29] and one study used twice-daily LMWH [5]. The other studies either used more than

one LMWH protocol or it was not described. In at least six studies, a proportion of the patients injected

LMWH themselves after instruction by a nurse [4, 5, 8, 22, 25, 28].

Meta-analysis: recurrent VTE
In 13 studies, a total of 1657 PE patients were treated as outpatients and 33 patients had a recurrent VTE

(table 3). None of these recurrent events were fatal. The pooled VTE recurrence risk of patients treated as

outpatients was 1.7% (95% CI 0.92–3.1%). In three studies, a total of 256 patients were discharged early, of

which three patients had a nonfatal recurrent VTE. The pooled VTE recurrence risk of patients discharged

early was 1.1% (95% CI 0.22–5.43%). In the four studies describing 329 PE patients treated as inpatients, six

patients had recurrent VTE. The pooled VTE recurrence risk of patient treated as inpatients was 1.2% (95%

CI 0.16–8.14%) (fig. 2). After excluding studies with a high proportion of patients with malignancies as

previously stated, the pooled incidence of recurrent VTE did not change significantly (p50.053).

Meta-analysis: major bleeding
In the 1657 PE patients that were treated as outpatients, 15 patients had a major bleeding of which three

proved fatal (table 3). The pooled major bleeding incidence of patients treated as outpatients was 0.97%

(95% CI 0.58–1.6%). In 256 patients who were discharged early, two patients had a major bleeding; both

were fatal. The pooled major bleeding risk of patients discharged early was 0.78% (95% CI 0.16–3.73%). In

383 PE patients who were treated as inpatients, four patients had major bleeding; none were fatal. The

pooled major bleeding risk of patients treated as inpatients was 1.0% (95% CI 0.39–2.75%). The pooled

incidences did not differ significantly between the groups (fig. 2). The pooled incidence of major bleeding

did not change significantly after excluding studies with a high proportion of patients with malignancies

(p50.44).

Meta-analysis: all-cause mortality
In the total of 1657 PE patients that were treated as outpatients, 49 patients died (table 3). None of the

patients died of fatal PE. The pooled mortality risk of patients treated as outpatients was 1.9% (95% CI

0.79–4.6%). In the 256 patients discharged early, six patients died. The pooled mortality risk of patients

discharged early was 2.3% (95% CI 1.08–5.12%). In 383 PE patients treated as inpatients, eight patients

died. The pooled mortality risk of patient treated as inpatients was 0.74% (95% CI 0.04–11.14). The pooled

incidences did not differ significantly between the groups (fig. 2). After excluding studies with an over-

representation of patients with malignancy (.15% of study patients), the pooled incidence of mortality in

outpatients decreased to 0.60% (95% CI 0.22–1.6%). This was significantly different from the pooled

incidence of mortality of 4.2% (95% CI 2.0–8.6%) in the outpatient studies with a high proportion (.15%)

of malignancies (p50.003).

Discussion
The results of the present meta-analysis indicate that the pooled incidences of recurrent VTE and major

bleeding in selected patients with PE treated at home or discharged early within 3 days are equivalent to

those incidences of comparable selected patients with PE treated in the hospital.

While the point estimates of mortality were higher in the outpatient than in the inpatient group (1.9%

versus 0.74%), the confidence intervals are overlapping. Importantly, no fatal PE occurred in the patients

either treated at home or discharged early. When outpatients were compared with early discharge or

inpatients with comparable malignancy rates (,15%), the incidences of mortality were comparable in

outpatients and inpatients (0.60% versus 0.74%).
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Most of the studies excluded patients with a high risk for major bleeding. This resulted in low pooled

incidences of major bleeding in outpatients, early discharge patients and inpatients of 0.8–1.0%. The

comparable incidences of major bleeding in outpatients (0.97%) versus inpatients (1.0%) indicate that

treating patients at home may not enhance unfavourable outcome of bleeding events and therefore

underlines the safety of outpatient treatment.

Outpatient treatment and early discharge of patients with PE should be restricted to patients with a low risk

for adverse clinical outcome [32]. In the included studies, different methods for the selection of low-risk

patients were used. All studies used a list of pragmatic exclusion criteria for outpatient treatment (table 2),

which predominantly contained items on haemodynamic or respiratory compromise, high bleeding risk,

comorbidity and predicted therapy compliance. In addition, some studies used a formal, validated method

to select patients at low risk for adverse clinical outcome. The only completed randomised controlled trial

used the pulmonary embolism severity (PES) index, a clinical prognostic score based on signs and

symptoms [5]. Patients in the low risk PES index classes have a risk for 90-day all-cause mortality of f1%

[33]. Other studies used different clinical risk scores [20, 26, 34], the laboratory value N-terminal pro-brain

natriuretic peptide [4], or imaging parameters, such as the size of the embolus [23, 27] or the size of the

perfusion defect [24]. The proportions of patients that could be selected for outpatient treatment varied

among the studies from 30% to 55%, depending on the extensiveness of the selection method.

The strength of this study is that it is the first meta-analysis on outpatient treatment in PE patients with

pooled incidences of adverse clinical outcome. Another strength is that this meta-analysis discriminates

between patients treated entirely at home (,24 h) and patients discharged early (24–72 h). Furthermore, a

highly relevant control group of low-risk patients treated in the hospital was added for the comparison with

outpatient and early discharge groups. The selected control group of low-risk inpatients, i.e. PE patients

with clinical conditions that made them potentially eligible for outpatient treatment, is relevant because it

enhances comparability of baseline risk factors for adverse outcome, such as comorbidity and severity of PE,

between the groups.

This meta-analysis also has some limitations. Although the results presented here indicate that outpatient

treatment and early discharge may be as safe as treatment in the hospital, the level of evidence of the

included studies remains limited. Until now, only one randomised controlled trial on outpatient treatment

of PE patients has been completed [5]. The trial by OTERO et al. [26] was stopped early because of two

deaths within 14 days in the early discharge group versus none in the standard hospitalisation group, which

was too high for their pre-defined margins, but this proportion had wide confidence intervals and was not

statistically significant. The lack of more high-quality randomised controlled trials means that our

conclusions cannot be supported by grade 1A evidence yet. However, well-designed cohort studies can also
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FIGURE 2 Pooled incidences of clinical outcome after pulmonary embolism in patients treated at home, discharged early
or treated as inpatients.
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provide reliable evidence. This meta-analysis included five high quality observational studies with many

patients and no serious sources of bias (appendix II of online supplementary material) (table 1). Therefore,

we conclude that the estimates of incidences of adverse outcome are reliable.

Another drawback of our study is that one of three treatment groups was small: only three studies described

patients discharged early. Therefore, the confidence intervals of the incidences in this group were wide.

Conversely, the incidences of recurrence, bleeding and mortality in the outpatients groups are

representative, because they were based on 1657 patients from 13 studies. Additionally, the autopsy rates

in all studies were low, giving some uncertainty as to whether PE-related mortality was really absent. Finally,

before outpatient treatment can be implemented in clinical care, close follow-up of patients, especially in

the first weeks, must be guaranteed. This could implicate that outpatient treatment of patients with PE will

be reserved for countries with a solid network of thrombosis clinics.

In conclusion, the results of the present meta-analysis demonstrate the safety of outpatient treatment and

early discharge in selected low-risk patients with PE. This conclusion is also supported by the latest ACCP

guidelines with a grade 2B recommendation [2]. More randomised controlled trials on outpatient treatment

of PE patients are needed for outpatient treatment to be graded with a 1A recommendation. Heterogeneous

criteria were used for the selection of patients in the studies included in this meta-analysis. Therefore, it is of

utmost importance to define ‘‘low-risk patients’’ in a uniform manner in future studies.
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