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Abstract

Patients with acutely decompensated heart failure (ADHF) are usually admitted to hospital for management. There is growing
interest in delivering intravenous (IV) diuretic therapy at home, in the community or at hospital day-care units; the safety and
effectiveness of outpatient-based management (OPM) for ADHF has not been established. We conducted a systematic litera-
ture review and meta-analysis to investigate the short-term safety and effectiveness of OPM compared with inpatient man-
agement (IPM) of ADHF. Pre-specified endpoints were 30 day mortality and 30 day hospitalization. The meta-analysis was con-
ducted using RevMan 5.4 software. Twenty-nine studies of OPM were identified, including 7683 patients. Only five studies
directly compared OPM (n = 1303) with IPM (n = 2047), including three observational studies, and two randomized controlled
trials (RCTs). The other 24 studies only stated OPM outcomes. For the five studies comparing IPM versus OPM, patients were
generally aged >75 years and of similar age for each strategy, with a similar proportion of men (56%). In a study-level, aggre-
gate analysis, 30 day all-cause mortality was 9.3% (121/1303) for OPM, compared with 15.6% (320/2047) for IPM [OR 0.29
(95% CI 0.09, 0.93) P = 0.04]. Four studies reported 30 day all-cause hospitalization; 22.0% for IPM versus 16.8% for OPM
[OR 0.73 (95% CI 0.61, 0.89), P = 0.001]. In the two RCTs, we found no difference in 30 day mortality or hospitalization. In
observational studies, OPM of ADHF is associated with lower 30 day hospitalization and lower 30 day mortality; such differ-
ences were not observed in two small, single-centre RCTs. A substantial, multicentre RCT is required to confirm the safety
and effectiveness of OPM for ADHF.
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Introduction

Acute heart failure (AHF) is the primary reason for about
100 000 hospitalizations each year in the United Kingdom,1

with a median length of stay of 5 days for those patients
not seen by specialists and 8 days for those seen by heart
failure (HF) specialists or in cardiology wards. Inpatient
mortality was 10%.2 For some patients with AHF, alternatives

to hospitalization may be appropriate. Indeed, some
centres have initiated outpatient intravenous (IV) diuretic
programmes (furosemide lounges/day-case/ambulatory care
unit in hospital, in the community or at home).3,4 Recently,
a systematic review of 11 observational studies reported that
outpatient management (OPM) with intravenous (IV) di-
uretics was safe and associated with lower mortality rates
than inpatient management (IPM). However, only patients
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who were considered to have a good short-term prognosis
received OPM, potentially biasing the results.5 The review
highlighted the need to consider other outcomes, including
quality of life and re-hospitalization rates, and concluded that
a sufficiently powered randomized controlled trial (RCT) was
required to demonstrate the safety and utility of OPM. We
recently conducted a pilot RCT including 24 patients and be-
came aware of another small RCT. Accordingly, we decided to
update the existing systematic review.

Objectives

This systematic literature review and meta-analysis
investigates the effectiveness of OPM of AHF using IV and
subcutaneous diuretics compared with IPM (considered
current standard of care). The primary outcomes of interest
were 30 day mortality and 30 day re-hospitalization.

Methods

Literature search strategy

Relevant publications were identified by online search en-
gines (Ovid and Scopus) and reference lists from recent sys-
tematic reviews and abstracts/conference proceedings.5,6

Our database search terms incorporated: Heart failure, Di-
uretics, Outpatient, Intravenous and Subcutaneous (‘heart
failure’ AND ‘diuretics’ AND ‘outpatient’ AND (‘intravenous’
OR ‘subcutaneous’).

Inclusion criteria consisted of patients with acute/worsen-
ing HF and publications written in English. There was no limit
applied to the duration of follow-up or the sample size, but
case reports (n = 1) were excluded. Reviews, summaries
and book chapters were also excluded.

Study selection and data extraction

Two first-authors (A. R and J. B.) independently screened the
titles and abstracts of all articles found by searches to identify
potentially eligible publications, for which full texts were sub-
sequently obtained and reviewed. Where uncertainty existed,
the senior author (K. Y. K. W.) was consulted. Data were then
extracted (A. R. and J. B.), including baseline clinical charac-
teristics, selection criteria (inclusion and exclusion), study
measurements, treatment plans and outcomes [all-cause
and HF hospitalizations, mortality, other adverse events,
and New York Heart Association (NYHA) class]. Observational
studies were assessed for risk of bias by the reviewing au-
thors (A. R. and J. B.) using the six factor Quality in Prognosis
Studies (QUIPS) tool.7 RCTs were assessed using the Risk of

Bias 2 (RoB2) tool.8 Pre-specified endpoints were 30 day mor-
tality and 30 day hospitalization.

Meta-analysis methodology

Data synthesis
Data from eligible trials were entered into the RevMan 5.4
software package.9 Where applicable, for dichotomous data
(30 day mortality and 30 day rehospitalization), the odds ratio
(OR) and 95% confidence intervals (CIs) were calculated. The
I2 statistic was used to quantify heterogeneity. The results
from the trials were pooled using a fixed effects model if
the I2 statistic (heterogeneity) were sufficiently low. If the
χ2 statistic was P < 0.10, a random effect model was used
to allow generalization of the results.10

In addition, we performed an aggregate analysis for all the
OPM studies and the five studies comparing OPM with IPM
(Figure S1): weighted mean age and % male patients were
calculated for both OPM and IPM.

Results

Our systematic literature search identified 194 published
studies, of which 165 publications were excluded. Thus, 29
publications met the inclusion criteria, studying OPM for
AHF using parenteral diuretics (Figure 1). The studies in-
cluded 9730 patients, 7683 who had OPM and 2047 who
had IPM.

Of the 29 studies, 5 compared OPM with IPM for the
pre-specified endpoints of 30 day mortality and hospitaliza-
tion. This included three observational studies, two of which
were conference proceedings,11,12,13 and two small
single-centre RCTs with fewer than 100 patients.14,15

There was significant heterogeneity amongst studies in
baseline clinical characteristics (Table 1 and S1A). With the
exception of one observational study,16 all studies enrolled
more men than women. Patients who received OPM were
younger (62 years) and less likely to be women (37%) than
those who received IPM (77 years and 44%, respectively).
The diuretic regime and duration of follow up in each study
are summarized in Table S1B. Few studies provided informa-
tion about changes in plasma concentrations of natriuretic
peptides (6/29) and NYHA class before and after treatment
(4/29) (Table S2). Table S2 summarizes the endpoints re-
ported in each study.

Thirty day mortality and 30 day hospitalization

Based on an analysis of aggregated data from the publica-
tions included in this systematic review which included

2 J. Bahar et al.

ESC Heart Failure (2024)
DOI: 10.1002/ehf2.14841

 20555822, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ehf2.14841 by N

H
S E

ducation for Scotland N
E

S, E
dinburgh C

entral O
ffice, W

iley O
nline L

ibrary on [19/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



mortality data (n = 13), overall, 30 day mortality was 8.9% for
OPM (180 deaths from 2026 patients) (Table 2).

From the five publications which compared OPM with IPM,
121/1303 (9.3%) who received OPM died within 30 days,
compared with 320/2047 (15.6%) for IPM (Figures 2 and
S2A,B). For these five studies, the IPM cohort were on aver-
age only 2 years older (mean age 77 vs. 75 in the OPM stud-
ies) with a similar proportion of male patients (55.5 vs.
55.6%). The three observational studies showed lower mor-
tality for OPM compared with IPM (9.5% vs.16.0%), but the
two RCTs did not (0 vs. 0 in Hamo et al.’s trial of 94 patients
in the United States,15 and 7.7% vs. 9.1% in Wong et al.’s trial
in the United Kingdom).14

Using data from the studies that assessed these endpoints,
all-cause and HF 30 day rehospitalization were 16% (986/
6268) and 13.0% (668/5162) for OPM.12-15,17-23 Four publica-
tions comparing OPM- versus IPM-reported 30 day
hospitalization.12-15 Of the OPM cases, 206/1224 (16.8%)
were hospitalized within 30 days versus 433/1972 (22%)
IPM cases. OPM was associated with lower 30 day hospitali-
zation risk [OR 0.73 (95% CI 0.61, 0.89), P = 0.001] (Figure 3
and S3A,B).

Five publications reporting a composite outcome of 30 day
death or hospitalization,11,15 showed that in 149 patients re-
ceiving OPM, 33 died or were admitted within 30 days (22%).

The risk of bias was deemed lower in clinical trials (Table
S3A) compared with the observation studies (Table S3B).
We found better outcomes for patients receiving OPM for
AHF in observation studies, but this was not replicated in
two small single-centre RCTs.

Randomized trials

In the first UK single-centre feasibility RCT of 24 patients, pa-
tients treated by OPM had significantly more days alive out of
hospital (within 30 days of randomization), with no excess
mortality observed (1/11 vs. 1/13).14 No excess mortality
was observed up to 60 days of follow-up (2/11 vs. 2/13).14

In this RCT, Adult State Hope scores were increased more
with OPM within 30 days but dropped to lower levels than
IPM by 60 days possibly because numerically more OPM
patients were admitted within 60 days (6/13 patients ran-
domized to OPM vs. 2/11 inpatients).24 More outpatients

Figure 1 Flowchart demonstrating the literature selection and inclusion process.
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had increased total well-being scores by 60 days (P = 0.04)
and OPM was associated with estimated mean cost savings
of £2,658 (95% central range 460–4857) per patient.14,24,25

A second small, single-centre trial (OUTLAST)15 in the
United States demonstrated that IV furosemide was more ef-
fective than IV saline at reducing 30 day rehospitalization for
HF (3.7% vs. 23%, P = 0.037). No significant differences in clin-
ical outcomes were reported between the groups.

In addition, we also found lower HF hospitalization for
OPM was observed in the RCT by Hamo et al.15 [16.7%
(6/36) vs. 3.7% (1/27)]. In the pilot RCT in the United
Kingdom,Wong et al.14 found numerically higher HF hospital-

ization in the OPM group [9.1% (1/11) vs. 15.4% (2/13)] (IPM
vs. OPM). According to the detailed OUTLAST study protocol
(https://doi.org/10.1371/journal.pone.0253014.s007—docu-
ment), the ‘standard of care arm will be admitted or
discharged from the emergency room based on the discretion
of the physicians involved. If admitted, the subject will be
treated in the usual manner.’ Thus, it is possible that at least
a proportion of patients randomized to standard care (IPM) in
OUTLAST were discharged from the emergency room, sug-
gesting that they may be less sick than Wong et al.’s cohort.
Similarly, it should be noted that the higher 30 day all-cause
hospitalization in patients randomized to OPM in the small

Table 2 The study population of studies included in statistics for 30 day mortality, 30 day hospitalization and 30 day all-cause
hospitalization for OPM and IPM

30 day mortality 30 day HF hospitalization 30 day all-cause hospitalization

OPM Number of studies with relevant data 12 10 11
Total population 2026 5162 6268
Affected population 180 668 986
% 8.9% 13% 16%

IPM Number of studies with relevant data 5 3 4
Total population 2047 122 1972
Affected population 320 19 443
% 16% 16% 22%

Only studies that reported 30 day outcomes were included in this analysis (Table 2).
Abbreviations: IPM, inpatient management; OPM, outpatient-based management.

Figure 2 A forest plot showing 30 day mortality of the studies directly comparing outpatient management versus inpatient management of acute de-
compensated heart failure using intravenous diuretics.

Figure 3 A forest plot showing 30 day hospitalization of the studies directly comparing outpatient management versus inpatient management of acute
decompensated heart failure using intravenous diuretics.
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trial (Wong et al.) is not replicated in the aggregate analysis.
So when compared with IPM, 30 day all-cause hospitalization
and HF hospitalization is lower whether we only examine the
studies that compare IN versus OUT (Figure 3), or all the stud-
ies that examine OPM (Table 2).

Discussion

The key finding of our study-level aggregate analysis is that
the outpatient management for acute decompensated HF
was associated with lower 30 day mortality compared with
standard inpatient care [9.3% vs. 15.6% (5 studies)]. However,
in our analysis lower mortality for OPM compared with IPM
was seen only in observational studies [9.5% vs. 16.0% (3
studies)]. In contrast, there was no significant difference be-
tween the OPM and IPM 30 day mortality between the two
small single-centre trials [0 vs. 0 in Hamo et al.’s trial of 94 pa-
tients in the United States,15 and 1/13 (7.7%) vs. 1/11 (9.1%)
in Wong et al.’s trial in the United Kingdom].14 This finding
could indicate a degree of selection bias in the observational
studies of OPM although it is likely that the two small trials
do not have sufficient statistical power to detect mortality.
Further, the inclusion criteria for OPM services are likely
designed in such a way to be biased in favour of selecting
patients at low risk of mortality, complication and
rehospitalization.

In the small RCT of 24 patients in the United Kingdom, 4/
13 (30.8%) of OPM were hospitalized within 30 days versus
2/11 (18.2%) of inpatients.14 In contrast, the US RCT
reported lower 30 day hospitalization in the OPM cohort
(7.4% vs. 27.8%),15 which is in keeping with lower 30 day
hospitalization in favour of OPM reported in the two
observational studies (16.9% vs. 21.9%).12,13 However,
according to the detailed study protocol of the US RCT, the
standard of care arm would be admitted or discharged from
the emergency room based on the discretion of the
physicians involved. If admitted, the subject would be
treated in the usual manner, but there were no details on
what proportion of patients in the standard of care group
were admitted to hospital receiving IV diuretics. It should
also be noted that comparing these studies is difficult with
the different healthcare systems.15

Strengths and limitations

In Wierda et al.’s review,5 the authors excluded research in
emergency departments or observation units and studies
where only the abstract was available. We have attempted
to include abstracts/conference proceedings as well as
searched reference list from reviews.5,6 Nevertheless, as with
all systematic reviews, this is still prone to potential publica-
tion bias.

Moreover, one must be cautious interpreting aggregate
analyses that included both RCTs and observational studies,
especially given the greater influence of Salmon et al.’s obser-
vation study as indicated by the weightings in Figures 2 and 3.
Although Salmon et al. carries a big weighting in the 30 day
mortality data, it is evident that the smaller observation stud-
ies outcomes also appear statistically significantly better for
OPM. In Wong et al.’s small trial, there was numerically lower
30 day mortality (but not statistically significant). However,
Wong et al.’s small trial suggested there may be a signal of
concern with numerically higher 30 day hospitalization in pa-
tients randomized to OPM. Nevertheless, all the observation
studies and Hamo’s small trial suggest OPM is associated with
reduced 30 day hospitalization. Thus, meta-analysing all the
trials and observation studies may dampen the signal of
concern.

It is possible that observational studies showed better out-
comes in OPM groups as patients with fewer comorbidities
were selected. Two small RCTs do not have enough patients
to draw any meaningful conclusions from. This is why we ur-
gently need a large randomized trial to inform future HF in-
ternational guidelines. Heterogeneity may render the pooled
effects unreliable. Even amongst the observational studies
comparing IPM with OPM, there was significant heterogene-
ity (P = 0.0007) (Figure S2A). We have therefore used a ran-
dom effect model to potentially improve generalization of
the results. In this study level meta-analysis, we have
attempted to compare age and gender proportion in the
studies that directly compared OPM with standard inpatient
care, to assess possible selection bias. However, there are
other sources of heterogeneity which we are unable to fully
examine in this study-level meta-analysis. It is also important
to note that many studies failed to report consistent patient
BNP levels, which is known to be strongly associated with
mortality.

A trend of expansion of OPM despite limited
evidence from RCTs

Wierda’s systematic review in 2020 reported that OPM is safe
with some observational data suggesting that OPM was
associated with relatively low mortality rates; however, one
major limitation was the absence of comparison with
inpatients.5

In the United States, of over 1.1 million unique HF visits,
across >11 000 hospitals and outpatient clinics, 1%
received outpatient IV diuretics in 2015.26 This has doubled
compared with 2006 before the ‘Hospital readmissions
reduction programme’ in 2012. Nearly 19% of hospitals
administered outpatient IV diuretics.26 There was a
decrease in hospitalization to less than 30%, and a slight
increase in observation units to around 2%, whereas the
emergency department discharges stayed around 4.5% and
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standard clinic visits accounted for >60%.26 This US trend
may be driven by reimbursement rules, which do not
provide institutional reimbursement for HF patients who
are readmitted within 30 days.

In the United Kingdom, OPM service also appeared to have
gained popularity fairly quickly according to two surveys.3,4

An estimated 25 485 patients per year [median 600, inter-
quartile range (IQR 295–800) per site] received inpatient care
for ADHF while 2731 per year patients [median 50 (7–100)
per site] received OPM for AHF, representing 9.7% of total
ADHF population in the 2021 survey.4 The 2021 survey also
confirms there is uncertainty/equipoise amongst the HF com-
munity in the United Kingdom about whether to develop this
service.

Ambulatory emergency care is an increasingly prevalent
model of acute care. Although the potential to manage acute
HF in ambulatory care is recognized,27 there are no standard-
ized guidelines for how to achieve this.

Future research

We hope to perform a patient-level meta-analysis of studies
comparing IPM versus OPM and apply artificial intelligence/
machine learning algorithms to produce a risk score to pre-
dict likelihood of success of OPM. This patient-level meta-
analysis will also enable us to fully investigate sources of
heterogeneity which might include age, gender, renal func-
tion, frailty, BNP/NTproBNP, ejection fraction, sodium and
haemoglobin. This study will provide vital data for the next
steps towards precision medicine in this field. Furthermore,
improvements in quality of life can be measured with the
Kansas City Cardiomyopathy Questionnaire (KCCQ) to identify
any differences between OPM and IPM.

The small pilot trial in Blackpool suggested that OPM is ef-
fective, safe and cost effective and is a strategy favoured both
by patients and carers.14,24,25 Importantly, patients random-
ized to OPM appeared to enjoy an improvement of their
mental well-being. OPM was estimated to save the NHS in ex-
cess of £2600 per patient compared with IPM.25 Although pa-
tients randomized to OPM appeared to have increased levels
of hope initially, by 60 days follow-up, their levels of hope
dropped possibly because there were numerically (albeit
not statistically significantly) higher number of readmissions
by 60 days. In our present systematic review and aggregate
analysis of the 29 studies, HF hospitalization was lower in
the OPM group within 30 days (13% vs. 16%). The US pilot
trial also reported lower 30 day HF hospitalization for OPM
3.7% (1/27) versus 17% (6/36).15 The planned large multicen-
tre trial will help to resolve the uncertainties HF services have
regarding whether to develop outpatient based IV diuretic
treatment for AHF.

Patient public involvement

The Lancashire Cardiac Centre Patient Public Involvement
(PPI) group consists of patients, carers and members of the
public diversified in age, gender and ethnicity. This
meta-analysis is considered to be very important because pa-
tients have indicated that it is more meaningful to feel well
and be out of hospital rather than simply staying alive.

Wong et al.’s small pilot trial14,24,25 suggests that patients
who receive OPM enjoy more days alive outside of hospital
but signals a potentially higher risk of 30 day hospitalization.
Our present meta-analysis shows that in selected patients re-
ceiving OPM in observational studies, 30 day hospitalization
is in fact lower than patients receiving standard IPM care.
We contend that although unpublished abstracts may not
yet have been peer reviewed as rigorously, it is a strength
to include them in the meta-analysis to minimize the risk of
publication bias.

The PPI group unanimously agree that there is a need to
perform a large multicentre RCT to test the safety and effec-
tiveness of OPM.

Conclusions

Outpatient IV diuretics for acute/worsening HF appears safe
and effective in observation studies and two small single-
centre RCTs although one of the small trials suggests possible
increase in 30 day hospitalization in patients randomized to
OPM. A large prospective multicentre RCT is required to de-
termine safety, clinical effectiveness and cost effectiveness,
in order to inform international HF guidelines.
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included in the meta-analysis.
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Figure S2A. 30-day mortality data of the observational papers
included in the meta-analysis.
Figure S2B. 30-day mortality data of the randomized control
trial papers included in the meta-analysis.
Figure S3. Forrest Plots showing 30-day hospitalization data
papers included in the meta-analysis.
Figure S3A. 30-day hospitalization data of the observational
papers included in the meta-analysis.
Figure S3B. 30-day hospitalization data of the randomized
control trial papers included in the meta-analysis.
Table S1. A summary of the papers identified in the literature
review.
Table S1A. Selection criteria and patient characteristics of pa-

pers identified in the literature review.
Table S1B. An overview of study protocols and treatment re-
gimes of papers identified in the literature review.
Table S2. Endpoints and clinical study outcomes of papers
identified in the literature review.
Table S3. Quality assessments using objective risk of bias
tools.
Table S3A. A Quality assessment of Randomized control trials
reviewed using the RoB2 tool.
Table S3B. A Quality assessment of the Observational studies
reviewed using QUIP’s tool.
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