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ABSTRACT
Background  Advanced heart failure patients 
suffer with breathlessness and peripheral 
oedema, which are frequently treated with 
parenteral diuretics despite limited evidence.
Aim  To analyse the effectiveness of parenteral 
diuretics on breathlessness and peripheral 
oedema in advanced heart failure patients.
Methods  We searched Embase, MEDLINE(R), 
PsycINFO, CINAHL and CENTRAL from 
their respective inceptions to 2021, and 
performed handsearching, citation searching 
and grey literature search; limited to English 
publications. Selection criteria included 
parenteral (intravenous/subcutaneous) diuretic 
administration in advanced heart failure patients 
(New York Heart Association class III–IV). Two 
authors independently assessed articles for 
inclusion; one author extracted data. Data were 
synthesised through narrative synthesis or meta-
analysed as appropriate.
Results  4646 records were screened; 6 trials (384 
participants) were included. All were randomised 
controlled trials (RCTs) comparing intravenous 
continuous furosemide infusion (CFI) versus 
intravenous bolus furosemide infusion (BFI). 
Improvement in breathlessness and peripheral 
oedema (two studies, n=161, OR 2.80, 95% CI 
1.45 to 5.40; I2=0%), and increase in urine 
output (four studies, n=234, mean difference, 
MD 344.76, 95% CI 132.87 to 556.64; I2=44%), 
were statistically significant in favour of CFI. 
Significantly lower serum potassium was found in 
BFI compared with CFI (three studies, n=194, MD 
−0.20, 95% CI −0.38 to −0.01; I2=0%). There was 
no difference between CFI and BFI on reduction in 
weight, renal function or length of hospital stay.
Conclusions  CFI appears to improve congestion 
in advanced heart failure patients in the short 
term. Available data came from small trials. 
Larger, prospective RCTs are recommended to 
address the evidence gap.

INTRODUCTION
The prevalence of heart failure in the 
developed world is 1%–2%; this increases 
to over 10% in those over the age of 
70.1–4 With an ageing population5 and 
continued improvement in cardiovascular 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Intravenous diuretics are widely used in 
the management of acute heart failure 
decompensation. Parenteral diuretics have 
the potential to prevent/treat symptoms of 
advanced heart failure and in turn better 
meet the palliative care requirements of 
this patient population.

WHAT THIS STUDY ADDS
	⇒ The evidence that is available suggests 
that intravenous furosemide, particularly 
administered as a continuous infusion, 
improves congestion status in advanced 
heart failure patients in the short 
term. It is unclear to what extent 
parenteral diuretics are able to improve 
breathlessness and peripheral oedema 
specifically in advanced heart failure, and 
therefore, its effectiveness as a treatment 
in this patient population.

HOW THIS STUDY MIGHT AFFECT 
RESEARCH, PRACTICE OR POLICY

	⇒ This review has highlighted an evidence 
gap. Future studies should determine the 
effectiveness of parenteral diuretics to 
improve breathlessness and peripheral 
oedema in advanced heart failure patients 
in order to understand where, to whom 
and in what context, they should be 
administered. These studies should be 
undertaken in the advanced heart failure 
population, focus on the administration 
of subcutaneous diuretics and use 
appropriate palliative care outcome 
measures and validated tools to do so.
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interventions,6 this is predicted to continue to 
increase.7 8

It is widely recognised that the management of 
acute decompensation of heart failure involves intra-
venous diuretics and inpatient admission to re-estab-
lish euvolaemia.9 In 2018, the National Institute for 
Health and Care Excellence highlighted the use of 
parenteral diuretics in patients with heart failure as an 
area recommended for further research.10 A number of 
palliative care and cardiology societies, including the 
European Association for Palliative Care and the Euro-
pean Society of Cardiology, have come to an agree-
ment that patients with advanced heart failure should 
have access to palliative care.11–13 There are currently 
no systematic reviews that examine the use of paren-
teral diuretics on the improvement of symptom burden 
in advanced heart failure patients specifically. Other 
similar recent reviews either focus on diuretic adminis-
tration in non-advanced heart failure populations14–17 
or parenteral diuretic administration in the outpatient 
setting exclusively.18 These reviews outline the poten-
tial benefits of parenteral diuretics to prevent unneces-
sary hospitalisation, improve the symptoms and signs 
of heart failure (namely breathlessness and peripheral 
oedema) and in turn better meet the palliative care 
requirements of these patients.

In this systematic review, we (1) identify and describe 
the relevant studies and evidence reporting on the 
effectiveness of either intravenous or subcutaneous 
(SC) diuretics to improve symptom control in patients 
with advanced heart failure; (2) critically appraise 
the clinical effectiveness of parenteral diuretics on 
palliative care relevant outcomes; (3) determine any 
side effects or safety issues with this intervention in 
this population group and (4) highlight areas where 
evidence is lacking and in turn determine the scope for 
future research in these areas.

METHODS
Study design
This systematic review was conducted using the 
approach described by the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
statement.19

Eligibility criteria
Population
The updated 2018 Heart Failure Association of the 
European Society of Cardiology criteria for defining 
advanced heart failure was applied to identify the 
target population.20 Participants with other comorbid-
ities were not excluded.

Intervention
The administration of either intravenous or SC diuretics 
to relieve breathlessness or peripheral oedema due to 
advanced heart failure. Diuretics may be administered 
in any setting whether this be in a hospital, hospice 

or in the community. The diuretic intervention being 
investigated must be administered via a specified route 
and the intervention must be a single diuretic and not 
a combination.

Comparators
Included studies required a comparator group, which 
could involve any of the following: (1) alternative 
route/method of diuretic administration, including 
either oral or parenteral diuretic administration, (2) 
alternative dose of diuretic therapy, (3) alternative type 
of diuretic, including any class of diuretic therapy or 
(4) standard care.

Outcomes
The reported outcomes included in this review are as 
follows: improvement in breathlessness and peripheral 
oedema, reduction in body weight, increase in urine 
output, deterioration in renal function, serious adverse 
events, length of hospital stay, improvement in New 
York Heart Association (NYHA) class, reduction in 
thoracic fluid content (TFC).

Study design
Randomised controlled trials (RCTs), quasi-
experimental studies and observational studies were to 
be included in order to obtain all high-quality evidence 
to answer the specified research question. Qualitative 
studies, case reports, conference abstracts, editorials 
and non-English studies were excluded.

Data extraction
Full details of the search and data extraction can 
be found in online supplemental appendices A and 
B, respectively. The search was completed on 10 
November 2021. We contacted study authors for addi-
tional information where necessary.

Study risk of bias assessment
The risk of bias assessment was undertaken by the 
study author (AH) using V.2 of the Cochrane risk-of-
bias tool for randomised trials (RoB2).21 The risk of 
bias for each domain was considered as low, high or 
some concerns. All studies were included regardless of 
score.

Synthesis methods
The synthesis of results was performed using the 
framework based on the Guidance on the Conduct 
of Narrative Synthesis in Systematic Reviews.22 A 
descriptive summary of included studies is provided. 
Where appropriate, we carried out meta-analysis using 
Review Manager (RevMan, V.5.4.1).23 If data allowed 
for meta-analysis, we used the I2 statistic, the χ2 test 
and a visual inspection of the forest plots to assess for 
heterogeneity. A fixed or random effects meta-analysis 
was undertaken depending on the I2 statistic and the p 
value for the χ2 test (a random effects model was used if 
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p<0.10 and/or I2>50%). For most of the primary and 
secondary outcomes, we expressed the pooled effect 
as mean difference for continuous furosemide infusion 
(CFI) compared with bolus furosemide infusion (BFI) 
with the exception of freedom from congestion and 
acute kidney injury (AKI) (measured by number of 
patients with elevated serum creatinine during treat-
ment period) which we expressed as ORs.

RESULTS
The screening process identified six eligible studies and 
the PRISMA flow chart (figure 1) illustrates the flow of 
studies through the selection process. An overview of 
the main characteristics of the included studies can be 
seen in table 1 and online supplemental appendix C.

Study characteristics
Design
All included studies were RCTs with a parallel design, 
of which three were pilot studies,24–26 and one was 
double blinded and used a double-dummy design.27 
The rest were all open labels.

Sample sizes
A total of 384 participants were included across the 6 
studies within this review, with a range of sample sizes 
from 40 to 94 and a range in the length of recruitment 
time from 6 to 43 months.

Location
The studies within this review were undertaken in six 
different countries. Two of the studies recruited from 
cardiac care units,24 27 two from intensive care units25 28 
and two from tertiary care general medicine units.26 29

Sample characteristics
The exclusion criteria within the included studies 
comprised of participants with recent myocardial 
infarction,24 25 27 28 end-stage renal disease,24 27–29 

participants requiring renal replacement therapy24 25 28 29 
and those who had received more than two intrave-
nous doses of diuretics or any continuous infusion of 
diuretics before randomisation.24 26 The mean age of 
participants ranged from 55 to 73 years, with just 
one of the studies reporting a statistically significant 
difference in the mean age between study arms.28 
One study also reported a median age of 54.5 years. 
When analysing the gender distribution, there were 
more males recruited proportionally into each of 
the six included studies. Across all studies, the total 
percentage of participants that were male was 67.5% 
and female 32.4%, with the notable outlier being the 
Frea et al27 study, where 90% of participants were 
male. All studies provided information with regards 
to heart failure classification by reporting participants’ 
NYHA class and left ventricular ejection fraction 
(LVEF). Thirty-eight per cent of all participants clas-
sified as NYHA class III and the other 62% classified 
as NYHA class IV. The mean LVEF across the study 
samples was 34.8%. Persistently high N-terminal pro 
B-type natriuretic peptide (NT-pro-BNP) values can 
be used as a marker of severe cardiac dysfunction and 
were reported in four out of the six studies.24 27–29

Continuous diuretic infusion
The six studies all compared intravenous CFI to BFI, 
with only Frea et al27 specifically designing their study 
to assess for superiority in the continuous infusion 
over the bolus infusion. There was considerable vari-
ability in what constituted a CFI from one study to 
the next, with variability in dose, titration and length 
of infusion time. Frea et al27 and Zheng et al29 both 
set specific daily furosemide doses, with participants 
either receiving a high or low dose depending on the 
participant’s renal function. In comparison, Jaya Shree 
et al28 and Ragab et al25 set hourly infusion rates, with 
Thomson et al26 and Palazzuoli et al24 not setting any 

Figure 1  PRISMA flow chart to illustrate the flow of studies through the review and the selection process. PRISMA, Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses.
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specific daily dose. Furthermore, four of the studies 
allowed for dose escalation and subsequent titration of 
furosemide as guided by clinical response.24–26 28

Bolus diuretic infusion
Similarly, there was significant variation as to how 
a BFI was defined within the included studies, with 
variability in dose, titration and number of bolus infu-
sions per 24 hours. The frequency of bolus infusions 
of furosemide per 24 hours differed between studies, 
with two studies administering a bolus infusion every 
8 hours,25 28 two studies every 12 hours,24 27 one study 
every 24 hours29 and one study did not report the 
frequency of bolus administration.26

Risk of bias in included studies
A risk of bias assessment was undertaken using RoB2 
and an overview of the results of this assessment can 
be found in table 1 and online supplemental appendix 
D. Additionally, the complete risk of bias assessment 
containing the response options and detailed comments 
for each set of signalling questions is presented in 
online supplemental appendix E.

Results of individual studies and results of synthesis
Primary outcomes
Breathlessness and peripheral oedema
Two of the studies reported on participant breathless-
ness and peripheral oedema, both of which used two 
outcome measurement tools to do so.27 29 Freedom 
from congestion at 72 hours was used in both of 
these studies. Zheng et al29 also assessed the degree of 
dyspnoea of study participants by using the 0–10 modi-
fied Borg’s scale, which is a recommended measure 
for breathlessness in advanced disease.30 In addition 
to measuring freedom from congestion, Frea et al27 
assessed for treatment failure, which they defined as 
persistent participant congestion, with a wet score of 
greater than 12 at 72 hours.

As illustrated in figure 2, pooled data from the two 
studies that reported freedom from congestion at 72 
hours with 161 patients showed that CFI led to a 
significant improvement compared with bolus infusion 
(OR 2.80, 95% CI 1.45 to 5.40; I2=0%).

Zheng et al also reported that participants receiving 
a CFI had reduced dyspnoea scores at 48 hours, 
(4.29±1.23 vs 5.97±1.56, p=0.02) which continued 
over the next 24 hours (1.15±0.35 vs 2.66±0.83, 

p=0.003).29 Frea et al reported a higher incidence 
of treatment failure in the BFI group in comparison 
to the CFI group (38% vs 15%,p=0.02).27 Across 
both studies, there were statistically significant differ-
ences in favour of CFI over BFI on breathlessness and 
peripheral oedema outcomes.

Reduction in body weight

Five of the studies provided information on participant 
weight loss from the time of enrolment to treatment 
termination.24–27 29 This outcome measure was used 
as acute changes in body weight are a proxy marker 
for fluid balance and congestion status.31 Three studies 
reported data that could be pooled together in a meta-
analysis, and found no statistically significant reduc-
tion in body weight at longest follow-up (see figure 3).

Three studies (Frea et al,27 Ragab et al,25 Jaya Shree 
et al28) could not be pooled in the meta-analysis. Jaya 
Shree et al28 did not report on this outcome while Ragab 
et al25 reported reduction in median body weight and 
Frea et al27 reported only weight loss normalised for 
amount of furosemide received.

Ragab et al25 found a statistically significant reduction 
in median body weight in the CFI arm after 24 hours, 
compared with the BFI arm (2 (1.5–2.5) kg vs 1.5 (1–2) 
kg, p=0.03), but not at 48 hours (2 (1.1–2.5) kg vs 2 
(1.5–2) kg, p=0.4). Zheng et al29 reported a greater 
reduction in mean body weight in the CFI group at 48 
hours (3.46±0.63 kg vs 2.36±0.57 kg, p=0.03) and 
72 hours (4.72±1.01 kg vs 3.53±0.73 kg, p=0.02). 
Frea et al27 reported a statistically significant result 
of greater weight loss in the CFI group at 72 hours 
(1±0.7 vs 0.6±0.6 kg/40 mg furosemide/72 hours, 
p<0.01).

Urine output

Urine output was assessed in all studies within this 
review, as an objective way of assessing diuretic effec-
tiveness. As shown in figure  4, four of the studies 
reported data from 234 patients that could be pooled 
in a meta-analysis and found that participants receiving 
CFI compared with BFI had a statistically significantly 
greater urine output at 24 hours (mean difference 
344.76, 95% CI 132.87 to 556.64; I2=44%).

The study by Ragab et al25 could not be included 
in the meta-analysis as it reported only median urine 
output, while Zheng et al29 did not report usable 

Figure 2  Meta-analysis of CFI versus BFI on freedom from congestion at 72 hours. BFI, bolus furosemide infusion; CFI, continuous 
furosemide infusion.
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data at 24 hours. We contacted the authors of Zheng 
et al29 but had not received a response at the time of 
submission for publication. In Ragab et al25 differ-
ence in median urine output between the continuous 
and bolus groups during the first 24 hours (p=0.08), 
second 24 hours (p=0.08) and third 24 hours (p=0.1) 
was not significantly different. Zheng et al29 reported 
no difference between groups at 24 hours (p=0.12), 
but urine output in favour of the continuous group 
compared with the bolus group at 48 hours (p=0.01) 
and 72 hours (5145.98 (SE: 621.37) mL vs 3755.95 
(SE: 456.93), p=0.007). Thomson et al26 further 
reported mean net urine output in 24 hours (nUOP/24 
hours), net daily urine output normalised for amount 
of furosemide received (nUOP/mg furosemide) and 
total daily urine output normalised for amount of furo-
semide received (tUOP/mg furosemide). There was no 
statistically significant difference between the groups 
in nUOP/24 hours (p=0.086) and nUOP/mg furose-
mide (p=0.178). The tUOP/mg furosemide favoured 
the continuous group with a mean daily tUOP of 38 
(SD 31) mL/mg of furosemide vs 22 (SD 13) ml/mg 
in the BFI group (p=0.021). Frea et al27 also reported 
total urinary output in favour of the continuous group 
compared with the bolus group after 72 hours (10 020 
(SD 3032) mL vs 8612 (SD 2984) mL, p=0.04). Jaya 
Shree et al28 reported no significant difference between 
the two groups at 24, 48 and 72 hours after admission, 
but no data were provided in the study.

Secondary outcomes
Renal function
Renal function was reported in all six of the studies 
in a number of different ways. This is an important 
outcome measure to report when investigating loop 
diuretics, as their use can lead to excessive diuresis and 
subsequent AKI. The prevalence of AKI was reported 
in five of the studies.24–27 29 Figure 5 shows the pooled 
data from the five studies with 314 participants showed 

no statistically significant difference in the odds of AKI 
between those that received CFI and those that had 
BFI (OR 1.27, 95% CI 0.74 to 2.17; I2=0%).

All the studies reported on serum creatinine levels 
but only four could be pooled together in a meta-
analysis (figure 6). Data from 274 participants showed 
no significant difference between both groups (mean 
difference 0.22, 95% CI −0.04 to 0.48; I2=78%).

One study by Ragab et al25 reported their data in 
different units, while Thomson et al26 only presented 
the mean values without the SD or standard errors. 
Ragab et al25 reported a statistically significant eleva-
tion after 48 hours in the median serum creatinine 
values in the CFI group compared with the BFI 
group (0.2 (0.1 to 0.5) mg % vs 0 (−0.1 to 0.2) mg 
%, p=0.009). By contrast, Thomson et al26 reported 
a significant difference in favour of the CFI group 
compared with the BFI (p=0.035).

The final marker of renal function that was assessed 
was the estimated glomerular filtration rate, with three 
studies reporting on this outcome.24 27 28 Only Palaz-
zuoli et al24 reported a significant difference between 
intervention groups, with the analysis demonstrating 
a reduced renal function in the continuous infusion 
group compared with the bolus group.

Serious adverse events

Serious adverse events were reported in five of the 
studies.24–26 28 29 All five of these studies reported 
electrolyte disturbances,24–26 28 29 with hyponatraemia 
and hypokalaemia considered to be common side 
effects of loop diuretics.32 Pooled data (figure 7) from 
three studies with 194 patients showed no difference 
between the CFI and the BFI group on serum sodium 
levels (mean difference 0.15, 95% CI −1.97 to 2.27; 
I2=0%).

Three studies (Frea et al,27 Ragab et al,25 Thomson 
et al26) could not be included in the meta-analysis. 

Figure 3  Meta-analysis of CFI versus BFI on body weight at longest follow-up. BFI, bolus furosemide infusion; CFI, continuous 
furosemide infusion.

Figure 4  Meta-analysis of CFI versus BFI on urine output at 24 hours. BFI, bolus furosemide infusion; CFI, continuous furosemide 
infusion.
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Thomson et al26 did not report on serum sodium 
while Frea et al27 reported that serum sodium was 
not different between the two groups but no data 
was reported. Ragab et al25 presented median serum 
sodium values during the first 24 hours and found 
that no significant difference between the treatment 
groups. Serum sodium reduced by 0 (−1 to 1) mEq/L 
in the CFI group and increased by 1 (−2 to 1) mEq/L 
in the BFI group (p=0.5).

Three studies with 194 patients reported data that 
could be pooled together on serum potassium (figure 8) 
and found a significantly lower serum potassium in the 
BFI group compared with the CFI group (mean differ-
ence −0.20, 95% CI −0.38 to −0.01; I2=0%).

Data from three studies (Frea et al,27 Ragab et al,25 
Thomson et al26) could not be pooled regarding serum 
potassium. Frea et al27 did not report on serum potas-
sium. Ragab et al25 reported median serum potassium 
levels during the first 24 hours and found no signifi-
cant difference between the CFI and BFI group ((0.1 
(0.1 to 0.5) vs 0.1 (−0.3 to 0.3) mEq/L, p=0.2). Ragab 
et al27 further showed that after 48 hours of treatment, 
hypokalaemia occurred in eight participants receiving 
CFI, compared with just one receiving BFI (p=0.02). 
Thomson et al26 reported no difference in potassium 
replacement between the CFI and BFI group (p=0.86).

The need for additional treatments during the inter-
vention period was documented as an outcome in 
two of the included studies, with varying additional 
treatments administered in these studies. Palazzuoli et 
al24 described how a higher frequency of participants 
receiving the continuous infusion required additional 
hypertonic saline solutions (40% vs 19 %, p<0.01) 
and dobutamine infusions (50% vs 26 %, p<0.01) 
in comparison to the bolus group. Another serious 
adverse event reported in two of the studies was 

hypotension,26 29 with both studies reporting a non-
significant result between the two study arms in terms 
of hypotension prevalence. The last serious adverse 
event which was only reported in the Zheng et al29 
study was the prevalence of tinnitus, with only a small 
percentage of participants affected and no significant 
differences emerging between groups.

Length of hospital stay

Length of hospitalisation was reported in five of the 
included studies,24–26 28 29 with Ragab et al25 and Jaya 
Shree et al28 specifically reporting on the length of stay 
in ICU, and the other three studies documenting the 
total length of hospital stay. Pooled data from the three 
studies with 194 patients showed no statistically signif-
icant difference in the length of hospital stay between 
the continuous group and the bolus group (mean 
difference −1.09, 95% CI −7.05 to 4.86; I2=82%), as 
shown in figure 9.

Data from Ragab et al25 and Jaya Shree et al28 
could not be pooled in a meta-analysis. Ragab et al25 
presented their data as range while Jaya Shree et al28 
presented median length of stay in ICU. There was no 
significant difference between the continuous group 
and the bolus in Ragab et al25 (p=0.7), while Jaya 
Shree et al28 reported an increase in ICU length of 
stay but did not state if this was statistically significant 
or not. These results showed no clear consensus with 
regards to whether a CFI or a BFI resulted in a reduced 
length of hospital stay.

NYHA classification

Improvement in NYHA class from enrolment to treat-
ment termination was an outcome measured in two 
of the studies, both showing an improvement in both 
intervention groups but no statistically significant 

Figure 5  Meta-analysis of CFI versus BFI on acute kidney injury (measured by number of patients with elevated serum creatinine 
during treatment period). BFI, bolus furosemide infusion; CFI, continuous furosemide infusion.

Figure 6  Meta-analysis of CFI versus BFIn on serum creatinine levels. Zheng et al presented mean and SE for creatinine as µmol/L. 
This was converted to mg/dL in this meta-analysis. BFI, bolus furosemide infusion; CFI, continuous furosemide infusion.
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difference between groups.25 28 Ragab et al25 found the 
NYHA class was unimproved during the first 24 hours 
in five patients from the CFI group and six patients in 
the BFI group, and an improvement by 1° (eg, from 
NYHA IV to III or from NYHA III–II) in 15 and 14 
patients from the continuous and bolus groups respec-
tively (p=0.7). Similar results were demonstrated 
during the second day of treatment, with improvement 
by 1° in 15 and 14 patients from the continuous and 
bolus groups, respectively (p=0.6). Shree et al28 did 
not report the number of patients with improvement 
in NYHA class; therefore, data cannot be pooled for 
this outcome.

Thoracic fluid content
Ragab et al25 was the only study to measure the reduc-
tion in TFC. The study reports that in both interven-
tion groups the TFC was significantly reduced after 24 
hours of furosemide treatment compared with enrol-
ment. The decrease in TFC during the first 24 hours 
was significantly greater in the CFI group, compared 
with the BFI group (10 (6.3–14.5)/kΩ vs 7 (3.3–9.8)/
kΩ, p=0.02), which continued over the next 24 hours 
as well.

Summary of results
A number of outcome measures were used in the 
studies and have been summarised in table  2. See 
online supplemental appendix C for full results.

DISCUSSION
Summary
Parental diuretics are used clinically in the manage-
ment of advanced heart failure patients despite a 
lack of evidence in palliative care literature.9 13 33–35 
This review, therefore, aimed to analyse the available 
evidence regarding the effectiveness of parenteral 
diuretics on breathlessness and peripheral oedema in 
this population.

Six studies were identified, all of which compared 
continuous against bolus intravenous furosemide infu-
sion. Only two assessed participant breathlessness 

and peripheral oedema directly, using three different 
outcome measurement tools to do so. Other studies 
used more objective proxy measures of congestion, 
such as reduction in body weight, increased urine 
output and decreased TFC, which are commonplace 
in heart failure research.36

There was variance in results across the studies. The 
one outcome in which there was no variance was that 
of breathlessness and peripheral oedema, which was 
assessed in two studies. Meta analysis of this outcome, 
reported as freedom from congestion, found statis-
tically significant results in favour of the continuous 
intravenous furosemide infusion intervention. Of the 
two studies, one had a low overall risk of bias score 
and the other had some concerns. It must also be 
stated that the bolus infusion also showed outcome 
improvement, particularly in outcomes corresponding 
to diuresis. There was no difference between contin-
uous and bolus infusions on reduction in weight, renal 
function and length of hospital stay.

Safety issues which were highlighted include AKI, 
electrolyte disturbance, hypotension and tinnitus, all 
of which are known side effects of diuretics. There 
were no statistically significant differences in incidence 
of AKI between continuous and bolus administration 
of furosemide.

The systematic review process revealed a paucity of 
evidence, with only six small studies meeting inclusion 
criteria and no studies comparing parental diuretics 
to other interventions such as diuretics administered 
via alternative routes, opioids or non-pharmacological 
treatments.

General interpretation
It has been shown that it is extremely difficult to recruit 
advanced heart failure patients into research studies, 
which has led to a lack of research in this population 
group.37 This is due to a number of different factors, 
such as the varying terminology used to describe heart 
failure progression, a lack of prognostic certainty, 
ethical concerns due to patient vulnerability and 

Figure 7  Meta-analysis of CFI versus BFI on serum sodium. BFI, bolus furosemide infusion; CFI, continuous furosemide infusion.

Figure 8  Meta-analysis of CFI versus BFI on serum potassium. BFI, bolus furosemide infusion; CFI, continuous furosemide infusion.
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increased attrition rates due to symptom burden and 
high mortality rates.38–40 This is at least part of the 
reason why so few high-quality studies with suffi-
ciently advanced patients were included in this review. 
This difficulty with recruitment appears to have been 
an issue in a number of studies, with multiple studies 
reporting small sample sizes as part of their limita-
tions.24–26 29 Four of the studies report being under-
powered,25 26 28 29 with only two studies demonstrating 
power and sample size estimation,24 27 and the other 
studies not indicating how the sample sizes were deter-
mined, therefore, increasing the risk of wrongly failing 
to reject the null hypothesis.

A true representation of the population of advanced 
heart failure patients with palliative care requirements 
may not have been completely captured within this 
review, due to discrepancies in age, gender, study 
setting and disease severity of the included partic-
ipants. This, therefore, suggests there may be an 
element of selection bias across all studies. First, the 
mean age of participants within the studies ranged 
from 55 to 73 years, with only one of the included 
studies having a mean age above the age of 70. This 
is notably lower than what would be expected in 
the developed world, where both the incidence and 
prevalence of heart failure increases with age, with 
an average age of diagnosis at 77.10 Across all of the 
studies, the total percentage of participants that were 
female was 32.4% and male 67.5%, with one outlying 
study reporting that 90% of participants were male.27 
This particular study found no statistically significant 
difference in gender distribution between study arms 
and there was no reasoning or detail as to why such a 
high proportion of males were recruited into the study, 
even though there is a similar overall lifetime risk of 
heart failure among men and women.41

The six included studies all compared the effective-
ness of continuous intravenous furosemide infusion 
to bolus intravenous furosemide infusion. Therefore, 
in this review, there are no studies in which diuretics 
were administered via the SC route, despite a body of 
evidence suggesting this is an advantageous route of 
administration in end of life patients.14 The reason for 
the exclusion of these studies was due to either inap-
propriate study design, for example, case series,42–45 
or insufficient disease severity,46 which further high-
lights the paucity of high-quality evidence answering 
this research question. In terms of the other outcomes 

reported, there does not appear to be a method of 
administration that is significantly better than the 
other. These findings are replicated in two other 
systematic reviews and meta-analyses that compared 
these two interventions in non-advanced heart failure 
populations.15 16

In order to assess the ability of parenteral diuretics 
to improve breathlessness and peripheral oedema, it 
is essential to measure subjective severity. First, only 
two of the studies actually assessed participant breath-
lessness and peripheral oedema directly, using three 
different outcome measurement tools to do so. The 
predominant way of assessing intervention effective-
ness was by measuring improvements in congestion 
through a reduction in body weight, increased urine 
output and reduced TFC. These outcome measures, 
although more objective, do not provide any infor-
mation on whether a patients symptom burden has 
improved throughout the study. It has been shown that 
these proxy measures cannot be assumed to demon-
strate improvements in breathlessness and peripheral 
oedema, with a reduction in body weight not neces-
sarily correlating with reduced intravascular volume 
and an improvement in a patient’s signs and symp-
toms.47 This, therefore, means there is insufficient 
use of validated tools to measure breathlessness and 
peripheral oedema, which makes interpretation of 
these results more difficult and less reliable.

Strengths and limitations
Using rigorous methods, this systematic review has 
identified and analysed the available evidence, with 
only RCTs meeting the set criteria. RCTs have increased 
internal validity and are the best study design for 
assessing the efficacy and effectiveness of new interven-
tions.48 49 This, therefore, means the evidence included 
within this review is of higher quality and lower bias. 
A number of relevant but uncontrolled case series were 
not included, which has therefore prevented this study 
type to significantly influence this review.42–45

All six of the studies, although performed in advanced 
heart failure patients, are focused on outcomes more 
relevant to cardiology than palliative care. This is 
shown by the outcome measures used, with all studies 
measuring the diuretic effect of intravenous furose-
mide, but only two studies measuring breathlessness 
and peripheral oedema specifically, and no studies 
using any other palliative care relevant outcome 

Figure 9  Meta-analysis of CFI versus BFI on length of hospital stay. BFI, bolus furosemide infusion; CFI, continuous furosemide 
infusion.
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measure. This demonstrates that the research question 
could have been answered more effectively had more 
appropriate outcome measures been consistently used 
across all studies. In particular, the use of a patient 

reported, multidimensional tool to measure breath-
lessness and peripheral oedema, as recommended.50 
Outcomes were also assessed at 72 hours, with no 
further follow-up, meaning the effectiveness after this 

Table 2  Outcome measures used in studies and summary of results

Outcome Outcome measure Study author Summary of results

Breathlessness and 
peripheral oedema

Freedom from congestion Frea et al, Zheng et al27 29 Pooled data from 161 patients showed 
improvement in favour of CFI for freedom from 
congestion (OR 2.80, 95% CI 1.45 to 5.40; 
I2=0%,). Improvement in both groups with 
statistically significant difference in favour of CFI 
in both studies was also reported for the other 
outcomes.

Borg’s scale Zheng et al29

Treatment failure using wet score Frea et al27

Reduction in body 
weight

Weight loss from the time of enrolment to 
treatment termination

Frea et al, Ragab et al, Thomson 
et al, Zheng et al, Palazzuoli et 
al24–27 29

Pooled data from three studies with 194 
patients showed no significant difference 
between groups (MD 0.89, 95% CI −0.22 to 
2.00, I2=0%).

Urine output Total urinary output Frea et al27 Pooled data from four studies with 234 patients 
found that participants receiving CFI compared 
with BFI had a significantly greater urine output 
at 24 hours (MD 344.76, 95% CI 132.87 to 
556.64; I2=44%)

Mean total daily urinary output Thomson et al, Palazzuoli et al, 
Jaya Shree et al24 26 28

Hourly urine output for every kg of body 
weight

Ragab et al25

Total net urinary output Zheng et al29

Net daily urinary output Thomson et al26

Net daily urinary output normalised for 
amount of furosemide received

Thomson et al26

Total daily urinary output normalised for 
amount of furosemide received

Thomson et al26

Renal Function Increase in prevalence of acute kidney injury Frea et al, Ragab et al, Thomson 
et al, Zheng et al, Palazzuoli et 
al24–27 29

Pooled data from five studies with 314 
participants demonstrated no significant 
difference between groups in the odds of AKI 
measured by number of patients with elevated 
serum creatinine during treatment period (OR 
1.27, 95% CI 0.74 to 2.17; I2=0%).
Pooled data from 274 participants showed no 
significant difference in serum creatinine levels 
between both groups (MD 0.22, 95% CI −0.04 
to 0.48; I2=78%).
Three reported on the estimated glomerular 
filtration rate,24 27 28 but only Palazzuoli et al24 
reported significantly greater prevalence in the 
CFI group.

Increase in serum creatinine Frea et al, Ragab et al, Zheng et 
al, Palazzuoli et al, Jaya Shree et 
al24 25 27–29

Decrease in glomerular filtration rate Frea et al. Palazzuoli et al, Jaya 
Shree et al24 27 28

Decrease in serum creatinine clearance Ragab et al25

Serious adverse 
events

Electrolyte disturbances Ragab et al, Thomson et al, Zheng 
et al, Palazzuoli et al, Jaya Shree et 
al24–26 28 29

Pooled data from three studies with 194 
patients showed no difference between CFI and 
BFI on serum sodium levels (Mean Difference 
0.15, 95% CI −1.97 to 2.27; I2=0%).
Three studies with 194 patients found a 
significantly lower serum potassium in the BFI 
group compared with the CFI group (Mean 
Difference −0.20, 95% CI −0.38 to −0.01; 
I2=0%).

Prevalence of hypokalaemia Ragab et al, Zheng et al25 29

Need for additional treatments during the 
intervention period

Palazzuoli et al, Thomson et al24 26

Increased Rehospitalisation and mortality Palazzuoli et al24

Prevalence of Significant hypotension Thomson et al, Zheng et al26 29

Tinnitus Zheng et al29

Length of hospital 
stay

Increase in length of hospital stay Thomson et al, Zheng et al, 
Palazzuoli et al24 26 29

Five of the six included studies reported 
outcomes related to length of hospital stay. 
Pooled data from three studies with 194 
patients showed no significant difference in the 
length of hospital stay between both groups 
(MD −1.09, 95% CI −7.05 to 4.86; I2=82%).

Increase in length of ICU stay Ragab et al, Jaya Shree et al25 28

New York Heart 
Association (NYHA) 
Classification

Improvement in NYHA Class Ragab et al, Jaya Shree et al25 28 Improvement in both groups. A meta-analysis 
was not possible due to insufficient data.

Thoracic Fluid 
Content (TFC)

Decrease in TFC Ragab et al25 Improvement in both groups.

AKI, acute kidney injury; BFI, bolus furosemide infusion; CFI, continuous furosemide infusion; ICU, intensive care unit; MD, mean difference.
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time period is not reported. Furthermore, all of the 
included studies had small numbers of participants and 
were exclusively undertaken in secondary and tertiary 
care, with no studies in primary or community care.

Implications and recommendations
There is a general consensus that a palliative care 
approach should be introduced and integrated early 
into the treatment of patients with heart failure, in 
order to optimise the care provided and maximise 
patient outcomes.51–53 This integration between cardi-
ology and palliative care is not particularly present 
when considering the current evidence base for paren-
teral diuretics to improve breathlessness and periph-
eral oedema in advanced heart failure patients. The 
cardiology-focused research, as included in this review, 
is more robust; however, it does not focus specifically 
on measuring palliative care relevant outcomes, despite 
these patients being classified as having palliative care 
needs. This is exemplified by the included studies in 
this review, which measure the short-term diuretic 
effects of parenteral diuretics in acutely decompen-
sated heart failure, with less focus on measuring more 
chronic symptoms/signs and the subsequent effects on 
quality of life.

Due to a lack of funding and difficulty in recruiting 
advanced heart failure patients into prospective RCTs, 
there is a lack of robust evidence in the palliative care 
literature answering this research question.37 54 This 
is epitomised by the fact that no studies investigating 
SC diuretics to improve breathlessness and periph-
eral oedema in advanced heart failure patients met 
the inclusion criteria for this review. This is despite a 
high level of research interest in this treatment over 
a number of years, as well as its use in palliative care 
clinical practice at this moment in time. This review 
has highlighted an evidence gap, as there are no high-
quality studies that specifically determine whether 
parenteral diuretics improve breathlessness and 
peripheral oedema in advanced heart failure patients, 
by assessing appropriate outcome measures and using 
validated tools to do so. This gap needs to be filled 
with high-quality evidence answering the following 
key research questions:

	► Do SC diuretics improve breathlessness and peripheral 
oedema in advanced heart failure patients?

	► What is the most appropriate dose, route and setting for 
the administration of parenteral diuretics in advanced 
heart failure patients?

	► Which advanced heart failure patients are most likely to 
benefit from parenteral diuretics, particularly in terms of 
symptom burden and stage and severity of disease?

	► How to effectively recruit a more representative 
advanced heart failure population into research studies?

	► Which validated tools are the most appropriate to assess 
breathlessness and peripheral oedema in advanced heart 
failure patients, and how can these tools become more 
commonplace in heart failure research?

As outlined, a number of research questions have 
been developed from the findings in this review, and 
one that should certainly be prioritised is whether SC 
diuretics are an appropriate and effective treatment. 
This treatment has significant potential to be effective 
in advanced heart failure patients, and therefore, a trial 
should be prioritised for a number of reasons. First, 
this review found that a continuous infusion of intra-
venous diuretics has a greater effect on breathlessness 
and peripheral oedema than a bolus infusion. Based 
on this information, a hypothesis can be made that 
administering diuretics continuously via the SC route 
would be effective. Administering medications via this 
route has a number of benefits to patients with pallia-
tive care requirements.55 56 This treatment is also used 
in clinical practice without a strong evidence base,57 
and using interventions without a sufficient evidence 
is not advisable, as demonstrated by the experiences 
in the replacement of the Liverpool Care Pathway.58 
It is important to establish the efficacy, effectiveness 
and safety of parenteral diuretics in advanced heart 
failure patients before models of care are designed 
and implemented around these interventions. This, 
therefore, highlights the urgency of these research 
recommendations.

CONCLUSION
This review demonstrates that a continuous intrave-
nous infusion of furosemide leads to improvement in 
breathlessness and peripheral oedema and an increase 
in urine output, as compared with a bolus intravenous 
infusion of furosemide in the short term. Advanced 
heart failure patients with palliative care require-
ments may therefore benefit from a continuous infu-
sion of intravenous furosemide. There were no studies 
included in this review that investigated the admin-
istration of diuretics via the SC route, which means 
the safety and effectiveness of diuretics via this route 
of administration are not reported. Due to a lack of 
available relevant evidence in the included studies, it is 
not certain what the most appropriate dose, route and 
setting for the administration of parenteral diuretics 
should be. As well as this, it is not possible to extrapo-
late which advanced heart failure patients with pallia-
tive care requirements are most likely to benefit from 
this treatment. Therefore, sufficiently powered RCTs 
are necessary to confirm or reject the findings of this 
review. Future trials should measure breathlessness 
and peripheral oedema using validated tools, alongside 
palliative care relevant outcomes in advanced heart 
failure patients, to demonstrate safety, effectiveness 
and appropriateness of parenteral diuretics as a viable 
treatment option.
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