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Abstract

Aims In the coming decade, heart failure (HF) represents a major global healthcare challenge due to an ageing population
and rising prevalence combined with scarcity of medical resources and increasing healthcare costs. A transitional care strategy
within the period of clinical worsening of HF before hospitalization may offer a solution to prevent hospitalization. The outpa-
tient treatment of worsening HF with intravenous or subcutaneous diuretics as an alternative strategy for hospitalization has
been described in the literature.
Methods and results In this systematic review, the available evidence for the efficacy and safety of outpatient treatment
with intravenous or subcutaneous diuretics of patients with worsening HF is analysed. A search was performed in the elec-
tronic databases MEDLINE and EMBASE. Of the 11 included studies 10 were single-centre, using non-randomized, observa-
tional registries of treatment with intravenous or subcutaneous diuretics for patients with worsening HF with highly
variable selection criteria, baseline characteristics, and treatment design. One study was a randomized study comparing sub-
cutaneous furosemide with intravenous furosemide. In a total of 984 unique individual patients treated in the reviewed stud-
ies, only a few adverse events were reported. Re-hospitalization rates for HF at 30 and 180 days were 28 and 46%,
respectively. All-cause re-hospitalization rates at 30 and 60 days were 18–37 and 22%, respectively. The highest HF
re-hospitalization was 52% in 30 days in the subcutaneous diuretic group and 42% in 30 days in the intravenous diuretic group.
Conclusions The reviewed studies present practice-based results of treatment of patients with worsening HF with intrave-
nous or subcutaneous diuretics in an outpatient HF care unit and report that it is effective by relieving symptoms with a
low risk of adverse events. The studies do not provide satisfactory evidence for reduction in rates of re-hospitalization or im-
provement in mortality or quality of life. The conclusions drawn from these studies are limited by the quality of the individual
studies. Prospective randomized studies are needed to determine the safety and effectiveness of outpatient intravenous or
subcutaneous diuretic treatment for patient with worsening HF.
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Introduction

In the coming decade, heart failure (HF) represents a major
global healthcare challenge as due to an ageing of the popu-
lation1 and rising prevalence. The outcome of HF is dismal,
despite advances in treatment options.2 Worldwide, the
prevalence of HF is estimated to be approximately 60 million
patients. Annually, in the United States and Europe, more
than one million patients are hospitalized with HF.3,4 Approx-
imately, 50% of these patients are readmitted within 6
months of discharge, and almost 30% die within 1 year.5,6 Ap-
proximately, 1–2% of the total national healthcare budget in
the developed society is consumed by HF, mostly due to
hospitalizations.1

HF is a progressive condition. For most patients with HF,
the clinical course is characterized by clinical stability
interrupted by episodes of worsening of symptoms.7 While
some hospitalizations are due to acute HF, most patients with
chronic HF have worsening signs and symptoms after a period
of clinical stability that requires escalation of therapy
(worsening HF).8,9 Worsening HF is associated with markedly
worse prognosis and diminished quality of life.10 Signs and
symptoms of congestion are the main reason why patients
with worsening and acute HF seek urgent care.11 Current
HF guidelines therefore recommend intravenous loop di-
uretics as starting treatment to alleviate signs and symptoms
of congestion.12 The majority of patients with acute decom-
pensated HF are hospitalized and treated with intravenous
diuretics.13

In order to improve quality of care for individual HF pa-
tients, healthcare professionals are trying to improve HF
management by looking for effective, value-based alternative
treatment strategies that would avoid HF hospitalization. The
extended period of clinical worsening before hospitalization
offers a time window for intervention before hospitalization
would be required.9,14 One of these interventions is the out-
patient treatment of worsening HF with intravenous or sub-
cutaneous diuretics as an alternative strategy for
hospitalization15 (Figure 1). In this systematic review, the
available data for efficacy and safety of the outpatient

treatment with intravenous diuretics or subcutaneous of pa-
tients are described and critically appraised.

Methods

Objectives

This systematic review aims to determine the efficacy of out-
patient treatment with intravenous or subcutaneous diuretics
compared to standard of care comprised of hospitalization
with intravenous diuretics. Studies were searched on
non-hospitalized patients with HF with reduced ejection frac-
tion (EF) (HFrEF) or HF with preserved EF (HFpEF) with signs
and symptoms of worsening HF who were treated with intra-
venous or subcutaneous diuretics in an outpatient setting.
The outcomes of interest were efficacy [symptomatology,
New York Heart Association (NYHA) classification] and HF
and total re-hospitalization (primary endpoint in the analysis).
Safety of the intervention (adverse events) and all-cause mor-
tality were regarded as secondary endpoint. In addition,
patient-reported outcome measures were of interest (quality
of life by validated questionnaire).

Registration

This review was registered at PROSPERO (International pro-
spective register of systematic reviews) in 2018 ahead of data
extraction (registration number CRD42019118821). The pro-
tocol is available upon request.

Literature search strategy

A search was performed in the electronic Ovid databases
MEDLINE and EMBASE using non-controlled vocabulary
search terms and the following controlled vocabulary index-
ation terms (Medical Subject Headings, MeSH for MEDLINE,
and Emtree for EMBASE): Heart Failure, Diuretics,

Figure 1 Example of an outpatient treatment centre for patients with worsening heart failure (left) and schematic representation of time course of
cardiac decompensation (right, with permission of JAMA Cardiology9). ED, emergency department; WHF, worsening heart failure.
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Outpatients, intravenous, and subcutaneous. The search
strategy was developed with the support of a medical infor-
mation specialist to ensure a comprehensive approach incor-
porating all key search terms. An overview of the complete
search strategy is available upon request. Eligibility criteria
for inclusion in this review required that studies were
full-text articles written in English, studies in humans con-
ducted in adults with acute or worsening HF, and concerned
outpatient treatment with intravenous or subcutaneous di-
uretics. We included studies without limitation on sample size
(no case reports, n > 1) or follow-up duration. Excluded were
studies with treatment in the emergency department or ob-
servation units or review studies or studies where only the
abstract was available. References were checked from the
studies out of the search strategy and a citation index search
was performed in Web of Science. There are currently two
trials studying this subject registered at ClinicalTrials.gov, in-
cluding the SUBQ-HF trial (Subcutaneous Furosemide in
Acute Decompensated Heart Failure, NCT03170219).

Study selection and data extraction

Titles and/or abstracts of studies retrieved using the search
strategy were independently screened by two reviewing au-
thors (E. W., Y. dR.) to identify studies that potentially met
the inclusion criteria. Full texts of relevant studies was re-
trieved and independently assessed for eligibility. Eighty-one
articles were excluded, 11 studies were selected to be of suf-
ficient quality to be included in this systematic review for
data extraction. See Figure 2 for a flowchart of article selec-
tion on eligibility and inclusion of studies for data extraction.
The eligible studies were used to plan a narrative descriptive
synthesis with patient data structured around patient charac-
teristics, selection criteria, study protocol, and treatment reg-
imens and treatment outcome. Data from selected studies
were extracted by single data extraction with verification
(E. W., Y. dR). Patient characteristics, selection criteria, study
protocol and treatment regimens, treatment outcome

(symptomatology, all-cause mortality, re-hospitalizations for
HF, and adverse events), and the limitations of these studies
were tabulated. To ensure systematic and complete reporting
of the studies, the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses checklist was followed that is
available upon request.16 The risk of bias and methodological
quality of included studies was independently assessed by
two reviewing authors (E. W., Y. dR.) using the Quality in
Prognosis Studies tool.

Results

Ten of the 11 included studies were single-centre studies,
non-randomized, observational registries of treatment with
intravenous or subcutaneous diuretics for patients with
worsening HF with highly variable selection criteria, baseline
characteristics, and treatment design. One study was a
randomized study comparing subcutaneous furosemide with
intravenous furosemide.

Selection criteria

Inclusion criteria did not differ substantially across studies.
Most studies included patients with symptoms of HF, either
described as hypervolemia, (pulmonary) congestion, decom-
pensated HF, or worsening HF. Inclusion was at the discretion
of a healthcare professional. Three studies mentioned specific
weight gain in a certain time period that was refractory to
uptitration of oral diuretic treatment. One study excluded pa-
tients with advanced chronic kidney disease (defined as se-
rum creatinine >200 micromol/l), and four studies excluded
patients with an acute significant co-morbid condition, such
as unstable angina pectoris, myocardial infarction, heart
rhythm disorder, or hypertensive crisis.

Figure 2 Flowchart of article selection and inclusion process.
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Patient characteristics

The number of patients included in the studies range from 7
to 283 in the study with the largest population. Mean age
across the studies ranged from 57 to 75 years. In all the stud-
ies, most study participants were male, with 89% male partic-
ipants as the highest percentage. For five studies that
reported EF, mean LVEF ranged from 28–39%. Five studies
differentiated between HF with reduced EF (HFrEF) and pre-
served EF (HFpEF) with 57–94% of the patient having HFrEF.
Five studies mentioned that patients with HFrEF had ischemic
cardiomyopathy as an underlying aetiology. When men-
tioned, most patients were in NYHA classification III and IV,
although in two studies a considerable number of patients
were in NYHA classification II (26 and 44%).17,18 Only one
study reported if patients were on maximally tolerated
guideline-directed medical therapy. An overview of all selec-
tion criteria and patient characteristics is shown in Table 1.

Study protocols and treatment regimens

All of the 11 studies used the loop diuretic furosemide as
main intravenous or subcutaneous diuretic treatment in the
outpatient setting. In five studies, the oral diuretic dosage
prior to ambulatory intravenous or home subcutaneous
treatment was specified, with a mean range from 160 to
396 mg. One study used either furosemide or bumetanide22;
two studies combined the use of furosemide with
metolazone (thiazide diuretic).17,22 All of the studies with in-
travenous furosemide used a bolus of furosemide (40–160
mg) either alone or followed by continuous infusion (maxi-
mum 240 mg). The total dosage differed considerably be-
tween the different study protocols, ranging from 40 to 240
mg. One study mentioned diuretic dosage was chosen at
the discretion of the physician.22 One study used a treatment
protocol with the chosen dosage based on the used oral di-
uretic dosage.24 Two studies used a specific dosage of the bo-
lus therapy for all patients.25 All studies with intravenous
diuretics in the outpatient setting mentioned the number of
visits made to the outpatient clinic. Between 14–45% of pa-
tients had multiple outpatient clinic visits. An overview of
the study protocols and treatment regimens is shown in
Table 2.

Endpoints and clinical study outcomes

Although the primary and secondary endpoints differed and
only one of the studies used re-hospitalization as primary
endpoint, almost all studies described the safety of the inter-
vention. Most studies monitored vital parameters and urine
output during intervention and electrolyte status prior to in-
tervention. In a total of 984 unique individual patients treated

in the reviewed studies, only a few adverse events were re-
ported (see Table 4). Almost all studies mentioned weight
loss, which was between 1.0 and 6.0 kg. Four studies re-
ported a decrease in functional NYHA classification. One
study mentioned a significant decrease in BNP.20

With respect to the objective of this systematic review,
only one study studied HF re-hospitalization as a primary end-
point, four studies as one of the secondary endpoints.26

Re-hospitalization rates for HF at 30 and 180 days amounted
28 and 46% respectively. All-cause re-hospitalization rates at
30 and 60 days amounted 18–3723–25 and 22%,24 respec-
tively. The highest HF re-hospitalization was demonstrated
by Gilotra et al.28 and amounted to 52% in 30 days in the sub-
cutaneous diuretic group and 42% in 30 days in the intrave-
nous diuretic group. An overview of the endpoints and
clinical study outcomes is shown in Table 3.

Qualitative synthesis

The risk of bias and quality of individual studies was indepen-
dently assessed by two reviewing authors (E. W., Y. dR.) using
the Quality in Prognosis Studies tool.29 The summary of this
assessment is shown in Table 4. When assessing the risk of
metabias in this systematic review, specifically selection bias
and comprehensiveness of the literature search, there is a
risk that data are available on this subject that has not been
published before. We performed a systematic literature
search in two electronic databases (MEDLINE and EMBASE)
but did not screen conference abstracts or book chapters,
nor did we contact the authors of the studies included in this
systematic review for possible gathering of unpublished data
from patients treated in the period after the studies were
conducted and reported upon. It is also possible that other
centres treating patients with worsening HF in an outpatient
setting did not report on their data (selective outcome
reporting). With regards to information bias, we performed
single data extraction with verification and not independent
data extraction, which is possibly less accurate and is associ-
ated with a higher error rate.30 The author performing data
extraction (E. W.) however was unknown to the authors or
the results of the individual studies before data extraction.

All studies were performed in the United States or Europe
between 2006 and 2016. The conclusions drawn from these
studies are limited by the quality of the individual studies.
The overall study population is small (total of 984 unique in-
dividual patients); there is considerable heterogeneity in the
study population (including type of HF), and the subsequent
number of events is small. There is also a significant degree
of statistical heterogeneity in the choice for outpatient treat-
ment (assessment of worsening HF and discretion of doctor
or nurse and the compliance and failure of escalation of oral
diuretic therapy), the specifics of intervention (type of
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diuretics, bolus vs. continuous therapy), and the duration of
follow-up.

We did not perform a meta-analysis (standard pair-wise
meta-analysis with comparison of the interventions) of the in-
dividual studies because of the difference in study character-
istics (including primary and secondary endpoints) without a
comparable measured and reported treatment effect or
association.

Discussion: putting the findings into
context

Safety and efficacy of outpatient treatment of
worsening HF

This is the first systematic review to examine the effective-
ness of outpatient intravenous or subcutaneous diuretic use
for treatment of worsening HF. Based on this evidence, the
reviewed studies (all but one non-randomized) report that
outpatient treatment with intravenous or subcutaneous di-
uretics of patients with worsening HF is effective by relieving
symptoms and has a low risk of adverse events but do not
provide satisfactory evidence for reduction in rates of
re-hospitalization or improvement in mortality or quality of

life. In a total of 984 unique individual patients treated in
the reviewed studies, only a few adverse events were re-
ported, mostly electrolyte disturbance (hypokalaemia).

While hospitalization for some patients with worsening HF
is undoubtedly in some cases necessary (in case of cardio-
genic shock or respiratory failure), the decision to hospitalize
a patient is subjective and influenced by many non-clinical
factors31 (patient preference, level of caregiver support, local
outpatient healthcare infrastructure, and local hospital
re-imbursement structure). There is no clear evidence that
hospitalization improves outcome.32 Treatment with intrave-
nous diuretics in an outpatient setting could represent a via-
ble alternative strategy for hospitalization. Patients with
worsening HF have relatively slow onset and progression of
symptoms that provides a window during which outpatient
treatment may relieve symptoms without the need for emer-
gency department presentation or hospitalization.9

The possibility of transition of care of patients with wors-
ening HF from an inpatient to an outpatient setting is a
patient-centred alternative to hospitalization, maximizes time
spent outside the hospital and possibly reduces healthcare
costs.33 The so called ‘home time’ of patients (time alive
and out of a healthcare institution) is an important
patient-centred outcome. One study showed that 91% pa-
tients prefer the outpatient treatment above treatment at
the emergency department and 89% of patients showed a

Table 4 Quality assessment of the studies

Author Selection bias Information bias Bias in the analysis Quality assessment

Ryder Exclusion criteria not clear
GDMT not mentioned
RoB: moderate

RoB: low RoB: low Moderate

Freimark RoB: low Dose of study intervention
not clear
RoB: moderate

RoB: low Moderate

Hebert Exclusion criteria not clear
Recruitment period not clear
RoB: moderate

Dose of study intervention
not clear
RoB: moderate

Duration of follow-up
not clear
RoB: moderate

Poor

Lazkani Response rate inadequate
RoB: moderate

RoB: low RoB: low Moderate

Banerjee Inclusion criteria not clear
Recruitment period not clear
RoB: moderate

Dose and type of study
intervention not clear
Number of visits not clear
RoB: moderate

Definition re-hospitalization
not clear
Duration of follow-up
not clear
RoB: moderate

Poor

Makadia RoB: low RoB: low RoB: low Good
Buckley RoB: low RoB: low RoB: low Good
Al-Ani Mean EF not mentioned

RoB: low
RoB: low RoB: low Good

Buckley Type of HF not mentioned,
mean EF not mentioned
GDMT not mentioned
RoB: moderate

RoB: low RoB: low Moderate

Zatarain Specific inclusion criteria
not mentioned
Mean EF not mentioned
RoB: moderate

RoB: low RoB: low Moderate

Gilotra Randomized protocol Good
RoB: low RoB: low RoB: low

EF, ejection fraction; HF, heart failure; GDMT, guideline-directed medical therapy; RoB, risk of bias.
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100% satisfaction visual score.25 In the United States, approx-
imately 19% of hospitals have the possibility of outpatient
treatment with intravenous or subcutaneous diuretics, and
these treatments comprise 1.4% of all outpatient visits for
HF..31 Outpatient treatment of patients with worsening HF
could avoid delays when presenting to the emergency de-
partment and streamline standard disciplinary HF care and
early follow-up after treatment.32 Furthermore, complica-
tions of hospitalization could be prevented, such as venous
thrombosis, phlebitis, hospital-acquired pneumonia, ulcers
due to lack of mobility, loss of control, and depression, esti-
mated to be as high as 25%.34

Risk stratification and clinical decision making:
choosing the right patient and right treatment for
outpatient treatment of worsening HF

Although inclusion and exclusion criteria were similar across
studies, there was considerable heterogeneity in the patient
characteristics and ambulatory treatment regimens. Average
dosages of diuretic therapy ranged from 40 to 240 mg. In
some studies, patients with chronic kidney disease were ex-
cluded. These patients might need higher doses of diuretic
treatment.32 Orally administered, furosemide has limited
and variable bioavailability,35 particularly when absorption is
hampered by bowel oedema.36 Intravenous doses of furose-
mide are approximately twice as potent as oral doses.37

When hospitalized for acute and worsening HF and treated
with intravenous loop diuretics, 76% of patients report dys-
pnea improvement within 6 h of presentation.38 90% of pa-
tients with acute HF receive intravenous diuretics.39

Intravenous administration of diuretic therapy is more effec-
tive in managing congestion than escalating doses of orally
administered diuretic agents.37 Recently, some studies
showed the effect of treatment with subcutaneous furose-
mide for worsening HF.

It is not possible to extract from the data out of the
reviewed studies selectively which patients (clinical character-
istics: demographics, type of HF, and co-existing conditions)
with worsening HF would benefit the most from outpatient
treatment. There are some data available in the literature
assisting in this risk stratification and clinical decision making.
The BIOSTAT-CHF study included patients with worsening HF
in both hospitalized and outpatient settings. Subdividing pa-
tients into low, intermediate, and high-risk categories (with
a multivariate risk model using age, HF hospitalization in the
last 12 months, edema, blood pressure, kidney function,
urea, N-terminal pro BNP, HDL, anaemia, sodium, and lack
of beta-blockers), the primary composite outcome (of death
or HF hospitalization) event rate was 8.4, 29.9, and 43.3%
for these categories. A comparable risk score could be devel-
oped to select patients who would benefit the most from

outpatient treatment and to choose hospitalization for
high-risk patients.40

Cost-effectiveness of outpatient treatment of
worsening HF

The outpatient treatment option with intravenous diuretics
for patients with worsening HF started in the United States
when the US health care system started to move away from
a volume-based payment system to a quality- and
value-based system including giving financial penalties to hos-
pitals with higher than average HF re-hospitalization rate.41,42

Although recent data show that the implementation of this
Hospital Readmissions Reduction Program possibly leads to
higher mortality, there is no data suggestive of the relation
of this higher HF mortality and the use of outpatient HF care
units.4 A recent study showed that in the United States 18.8%
of hospitals are using the outpatient clinics to treat patients
with worsening HF with intravenous diuretics. These hospitals
demonstrated a modestly lower rate of 30-day mortality.31 It
is estimated that in the United States savings of more USD
650 million to more than USD 2 billion could be realized (on
a total cost of treatment for worsening HF of USD 12 billion)
by shifting hospitalizations for worsening HF towards outpa-
tient treatment.43 In the Netherlands, the cost for one acute
HF hospitalization is around € 6000 (USD 6600). For each ep-
isode of worsening HF, it is estimated that an average of two
treatments (1–5) is necessary. Based on the differences in
costs (around € 1900 for a maximum of five outpatient treat-
ments, USD 2100), the yearly incidence of hospitalizations in
the Netherlands (31 000), and the possibility of preventing
10–25% of all hospitalizations when implementing outpatient
treatment, in a budget period of 4 years, total savings would
be estimated € 33–82million (USD 36–90million). The advan-
tage with outpatient treatment with intravenous or subcuta-
neous diuretics is that while there are costs per intervention
(medication, intravenous or subcutaneous delivery equip-
ment, facility costs, laboratory costs, and follow-up costs)
the treatment is built-in in existing clinical care without addi-
tional costs for staffing.

Conclusion and future directions

This is the first systematic review to examine the effective-
ness of outpatient intravenous or subcutaneous diuretic use
to treat worsening HF. Outpatient intravenous or subcutane-
ous diuretic treatment of worsening HF may be a
patient-centred alternative to inpatient treatment of patients
with worsening HF. It can both be of benefit to patients
(better quality of life when hospitalization is prevented) as
well as healthcare providers (increased capacity for
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hospitalization for other causes than HF) and healthcare pol-
icy makers (for macroeconomic benefit because of cost re-
duction when hospitalization is prevented). The reviewed
studies report that outpatient treatment with intravenous
or subcutaneous diuretics of patients with worsening HF is ef-
fective by relieving symptoms and has a low risk of adverse
events but do not provide satisfactory evidence for reduction
in rates of re-hospitalization or improvement in mortality or
quality of life. It is not possible to extract from these data
more selectively that patients with worsening HF would ben-
efit the most from outpatient treatment (clinical characteris-
tics: demographics, type of HF, and co-existing conditions)

nor which specific intervention (type and dosage of diuretic
therapy) would be most beneficial. Prospective randomized
studies are needed to determine the safety and effectiveness
of outpatient intravenous or subcutaneous diuretic treat-
ment for patient with worsening HF.
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