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A B S T R A C T

Objectives

This is a protocol for a Cochrane Review (intervention). The objectives are as follows:

To assess the eIects of intravenous continuous infusion versus bolus injection of loop diuretics for the initial treatment of acute
decompensated heart failure.
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B A C K G R O U N D

Description of the condition

Heart failure is a complex clinical syndrome caused by structural or
functional cardiac abnormality, or both, leading to elevated intra-
cardiac pressures at rest or during exertion or reduced cardiac
output, or both (Ponikowski 2016). Its global prevalence has
increased over time: from 646 per 100,000 people, causing 95 years
lived with disability (YLD) per 100,000 people worldwide in 1997,
to 842 per 100,000 people, causing 130 YLD per 100,000 people,
in 2017 (IHME 2018).  In the United Kingdom (UK), heart failure
aIects approximately 920,000 people (BHF 2020), caused around
59,000 hospitalisations in 2017/18 and consumes 2% of National
Health Service (NHS) expenditure (NCAP 2019; NICE 2018). The
estimated global overall cost of heart failure was 108,120 million US
dollars in 2012 (Cook 2014). Heart failure is also the most common
cause of hospitalisations for people older than 65 years in high-
income countries (Braunwald 2015). According to the 2019 national
heart failure audit in the UK (using data from 2017/18), the in-
hospital, 30-day and one-year mortality following admission for
heart failure was approximately 10%, 16% and 32%, respectively
(NICOR 2019). In the USA, heart failure was registered as cause of
death in 2,839,205 death certificates in 2018, with a crude mortality
rate of 868 per 100,000 population (CDC 2018).

Congestion in heart failure is defined as the accumulation of
fluid in the intravascular and interstitial space due to increased
cardiac filling pressures and sodium and water retention by
the kidneys (Martens 2015). Acute decompensated heart failure
(ADHF) is a new onset  or sudden worsening of chronic heart
failure, and is characterised by  congestion in approximately
95% of cases, or end-organ hypoperfusion in 5% of cases (Nohria
2003; Ponikowski 2016). ADHF oMen necessitates urgent medical
attention through escalation of oral diuretics or intravenous
diuretics for decongestion on an ambulatory basis or via
hospitalisation.

This Cochrane Review will assess the use of all intravenous loop
diuretics in the treatment of ADHF in people with NYHA (New York
Heart Association) heart failure classification of III or IV with fluid
overload. We will include both inpatient and ambulatory (hospital
or community-based) treatment settings.

Description of the intervention

Loop diuretics are the mainstay of treatment for fluid overload in
heart failure. They are recognised as the only medications that can
adequately control fluid retention in heart failure within a short
period of time (especially via the intravenous (IV) route), making
them the drug of choice for management of ADHF (Ponikowski
2016; Yancy 2013). Approximately 90% of people admitted with
acute decompensated heart failure are treated with intravenous
loop diuretics (Llorens 2018; Nieminen 2006).

In this review, we define the continuous infusion of loop diuretics as
intravenous administration of the medication at a fixed or variable
rate for more than four hours  in a 24-hour  period.  We define
a bolus injection (intermittent)  of loop diuretic as intravenous
administration of the medication within a duration of less than or
equal to four hours.

How the intervention might work

Loop diuretics inhibit the reabsorption of sodium and chloride
at the loop of Henle, causing removal of sodium and fluid from
circulation and therefore reducing congestion, which is the most
common feature of ADHF. Loop diuretics also have other eIects,
such as activation of the renin-angiotensin axis and vasodilation.
This class of drugs includes furosemide, torsemide, bumetanide
and ethacrynic acid.

The input rate is a major determinant of the pharmacodynamics
of loop diuretics. Bolus injection of loop diuretics reaches peak
concentration quickly compared to continuous infusion, leading to
potent natriuresis and diuresis within 10 minutes of administration.
However, this eIect  tapers with time, and  could  lead to
acute tolerance to the drug through  activation of  the renin-
angiotensin-aldosterone system and sympathetic system or
hypoalbuminaemia-induced decrease in response  (Castañeda-
Hernández 2000; Sjöström  1988). Continuous infusion creates a
more constant plasma concentration, which contributes to more
significant diuresis within the first 24 hours compared to bolus
injection (Llorens 2014; Thomason 2010). Continuous infusion
may be better tolerated with  less haemodynamic instability and
variation in heart rate and blood pressure (Mojtahedzadeh 2004).
The constantly lower plasma concentration in continuous infusion
of loop diuretics as compared to the bolus injection could
potentially reduce the occurrence of its side eIects, such as
ototoxicity (Dormans 1996). However, a previous Cochrane Review
and two other systematic reviews noted no significant diIerence in
electrolyte disturbance, acute kidney injury or ototoxicity between
the two administration methods (Ng 2018; Salvador 2005; Wu 2014).

Why it is important to do this review

For people with ADHF, early initiation of intravenous loop diuretics
at suIicient dosage is crucial to reduce in-hospital mortality
(Mullens 2019). It has also been postulated that the continuous
mode of administration could be more eIicacious in people
with diuretic resistance, cardio-renal syndrome or severe right
ventricular dysfunction (Ellison 2017). In practice, clinicians tend to
use continuous infusion when urgent decongestion is required or
when bolus injection failed to achieve suIicient decongestion in
people with heart failure (Llorens 2018). However, there is a lack of
clarity and consensus on this preference in international guidelines
for heart failure. Both the 2014 National Institute for Health and
Care Excellence (NICE) and the 2013 American Heart Association
(AHA) guidelines recommended commencing intravenous loop
diuretics either as bolus or continuous infusion at doses equal
to or greater than their chronic doses for those who are already
taking regular diuretics (NICE 2014; Yancy 2013). However, in the
2016 European Society of Cardiology heart failure guideline, there
was no specification on the recommended mode of intravenous
administration of loop diuretics for decompensated heart failure
(Ponikowski 2016). In its 2018 guideline, the Cardiological Society of
India recommended that clinicians should consider increasing the
initial dose of intravenous loop diuretics, switching to continuous
infusion or adding diuretics of a diIerent mechanism if the first
failed to achieve satisfactory diuresis in decompensated heart
failure (Guha 2018).   The lack of consensus among guidelines
inevitably leads to ongoing debate and considerable confusion
among clinicians over the optimal administration methods of
intravenous loop diuretics in ADHF.
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A Cochrane Review published in 2005 (using the same title as
proposed for this review) included eight clinical trials which
compared intravenous continuous infusion of loop diuretics versus
bolus injection with a total of 254 participants included (Salvador
2005). It noted significantly larger urinary output, shorter hospital
stays and fewer adverse eIects in participants receiving continuous
infusion of loop diuretics compared to bolus injection. Additionally,
a 2018 meta-analysis suggested there was no diIerence between
continuous infusion and bolus injection of furosemide for all-
cause mortality, length of hospital stay and electrolyte disturbance,
but that continuous infusion of furosemide was superior to
bolus injection with regard to diuretic eIect and reduction of
brain natriuretic peptide (BNP) (Ng 2018). However,   the clinical
implication of the finding is limited due to small sample size
and heterogeneity of the included studies(  Ng 2018). Since the
publication of the previous Cochrane Review in 2005, our initial
searches and expert advisers both suggest more than a dozen
new randomised controlled trials have been published. Since the
publication of the meta-analysis by Ng and colleagues in 2018 (Ng
2018), three trials have published results and there is one ongoing
trial.

In the context of ongoing confusion over the choice of
administrative method of the intravenous loop diuretics in ADHF,
and outdated or limited quality of previous systematic reviews on
this subject, we aim to conduct this Cochrane Review to include
the new trial data using the latest Cochrane methods, in order
to provide an updated review of the evidence for the choice of
continuous infusion versus bolus injection of loop diuretics in the
management of ADHF.

O B J E C T I V E S

To assess the eIects of intravenous continuous infusion versus
bolus injection of loop diuretics for the initial treatment of acute
decompensated heart failure.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We will include randomised controlled trials (RCTs), where
individual participants are randomised, as well as cluster-
randomised RCTs. We will exclude RCTs using a cross-over design.

We will include studies reported as full-text publications. We
will contact authors of studies published as abstracts only for
additional or unpublished data. If we are unable to retrieve full data
for analysis or risk of bias assessment, or both, we will list the study
as awaiting classification.

Types of participants

We will include adults (18 years of age or older) with acute
decompensated heart failure, NYHA (New York Heart Association)
classification of III or IV, from any aetiology or ejection fraction, with
or without co-morbidity.

For studies which do not explicitly describe the subtypes of
heart failure, participants who were hospitalised or treated in the
ambulatory setting with new onset or worsening of heart failure
symptoms or signs, or both - such as orthopnoea, dyspnoea,

peripheral oedema, pulmonary congestion and significantly raised
brain natriuretic peptide (BNP) - would be regarded as having ADHF.
Therefore, we will include these people in the review.

We will exclude studies which only recruited participants with
chronic stable heart failure. If studies have conducted subgroup
analysis of participants with ADHF alongside those with chronic
heart failure, we will include the subgroup analysis of ADHF
participants in the review.

We will exclude people with cardiogenic shock.

We will exclude people who have end-stage renal disease (ESRD:

estimated glomerular filtration rate (eGFR) < 15 mL/min/1.73 m2)
who are on renal replacement therapy, including haemodialysis
and peritoneal dialysis. However, we will include people who have

chronic kidney disease (eGFR 15 to 90 mL/min/1.73 m2). 

Studies which included  participants who presented with flash
pulmonary oedema due to renal artery stenosis will be excluded.

Types of interventions

We will include trials which compare intravenous continuous
infusion of loop diuretics with  intermittent intravenous bolus
injection as initial treatment for participants with ADHF, regardless
of dosage and administration rate. We will include studies in which
continuous infusion of loop diuretics was initiated following a
single loading dose of the same medication intravenously, in order
to achieve a peak concentration more rapidly. 

We will exclude the combination of intravenous loop diuretics
with intravenous administration of hypertonic saline, inotropes or
vasoactive medications, and renal replacement therapy, including
ultrafiltration, due to confounding factors. However, if the study has
subgroup comparisons between intravenous continuous infusion
of loop diuretics with bolus injection without the above-mentioned
combination, we will include the subgroup study.

We will included studies in which both arms receive intravenous
administration of loop diuretics fluid in addition to fluid restriction
or  regular oral medications for heart failure (including other oral
diuretics such as metolazone), or both.

Types of outcome measures

Reporting one or more of the outcomes listed here in the trial is
not an inclusion criterion for this review. Where a published report
does not appear to report one of these outcomes, we will access the
trial protocol and contact the trial authors to ascertain whether the
outcomes were measured but not reported. Relevant trials which
measured these outcomes but did not report the data at all, or not
in a usable format, will be included in the review as part of the
narrative.

When outcomes are presented at diIerent time points, the longest
available follow-up is of interest for all the outcomes. 

Primary outcomes

• Daily fluid balance (mL)

• Percentage change of body weight (%)

• All-cause mortality

• Cardiovascular mortality
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Secondary outcomes

• Length of hospital stay (days)

• Readmission to hospital following discharge for the longest
available follow-up stated in the trials

• % change of brain natriuretic peptide (BNP)

• % change of N-terminal-proBNP (NT-proBNP)

• Adverse events (incidence of ototoxicity, electrolyte imbalance,
hypotension, acute kidney injury). We will analyse the individual
adverse events as separate outcomes. 

• Change in six-minute walk test (metres)

• Change in visual analogue scale for dyspnoea (10 cm scale)

Search methods for identification of studies

Electronic searches

We will identify trials through systematic searches of these
bibliographic databases:

• Cochrane Central Register of Controlled Trials (CENTRAL) in the
Cochrane Library;

• MEDLINE (Ovid, from inception onwards);

• Embase (Ovid, from inception onwards);

• Conference Proceedings Citation Index-Science (CPCI-S) on the
Web of Science.

We will adapt the preliminary search strategy for MEDLINE
(Appendix 1) for use in the other databases. We will apply
the Cochrane sensitivity and precision maximising RCT filter to
MEDLINE (Lefebvre 2020), and adaptations of it to the other
databases, except CENTRAL.

We will also conduct a search of online clinical trial
registries: ClinicalTrials.gov  (www.ClinicalTrials.gov), EU Clinical
Trials Register (www.clinicaltrialsregister.eu), and the World Health
Organization (WHO) International Clinical Trials Registry Platform
(ICTRP) Search Portal (apps.who.int/trialsearch/) for ongoing or
unpublished trials.

We will search all databases from their inception to the present,
and we will impose no restriction on language of publication or
publication status.

We will not perform a separate search for adverse eIects of
interventions used for the treatment of decompensated heart
failure. We will consider adverse eIects described in included
studies only.

Searching other resources

We will check reference lists of all included studies and any relevant
systematic reviews identified for additional references to trials. We
will also examine any relevant retraction statements and errata for
included studies and contact authors for missing data, published
abstracts and conference proceedings and ongoing trials.

Data collection and analysis

Selection of studies

Two review authors from a pool of eight (CZ, MI, AT, TL, SS, EF, MC,
RH) will independently screen for inclusion the titles and abstracts
of all the potential studies we identify from the searches, and code

them as 'retrieve' (eligible or potentially eligible/unclear) or 'do not
retrieve'. If there are any disagreements, another review author (JZ)
will arbitrate.

We will then retrieve the full-text study reports or publications.
Two review authors from a pool of five (JZ, CZ, MI, AT, SA) will
independently screen the full-texts, identify studies for inclusion,
and identify and record reasons for exclusion of the ineligible
records. We will resolve any disagreement through discussion or,
if required, we will consult a third person (RH will assist with final
decisions).

We will identify and exclude duplicates before starting and during
screening, and collate multiple reports of the same study so that
each study, rather than each publication, is the unit of interest in
the review. We will record the selection process in suIicient detail
to complete a PRISMA flow diagram and characteristics of excluded
studies table (Liberati 2009).

Data extraction and management

We will use a data collection form for all relevant study
characteristics which has been piloted on at least one study in the
review. Six members of the review author team (JZ, CZ, MI, RF, AT,
SA) will extract the following study characteristics from included
studies.

• Methods: study design, total duration of study, number of
study centres and location, study setting, date of study and
publication year of the primary reference.

• Participants: number of people randomised, lost to follow-up or
withdrawn, analysed; mean age, age range, gender; diagnostic
criteria for acute decompensated heart failure, subtypes of
ADHF (de novo acute heart failure or deterioration of chronic
heart failure), severity of the heart failure (symptoms and signs
as adopted by the trials, including NYHA classification), inclusion
criteria and exclusion criteria, presence and percentage of
participants with chronic kidney disease (CKD).

• Interventions: intervention, comparison, concomitant
medications and excluded medications.

• Outcomes: primary and secondary outcomes specified and
collected and time points reported.

• Notes: funding for trial and conflicts of interest of trial authors.

• For subgroup analysis in: CKD versus normal renal function; de
novo ADHF versus  deterioration of chronic heart failure; and
hospital versus ambulatory  treatment, the above-mentioned
characteristics will be extracted  in additional data extraction
forms when applicable.

Two review authors from a pool of five (JZ, CZ, MI, RF, AT, SA)
will independently extract outcome data from included studies. We
will resolve disagreements by consensus or by involving a third
review author (RH). One review author (JZ) will transfer data into
Review Manager (RevMan Web 2020). We will double-check that
data is entered correctly by comparing the data presented in the
systematic review with the data extraction form. A second review
author (CZ) will spot-check study characteristics for accuracy
against the trial report.

Assessment of risk of bias in included studies

Two review authors (JZ, CZ) will independently assess risk of
bias for each study using version 2 of the Cochrane risk of bias
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tool (RoB2), outlined in the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2020b, hereaMer referred to as
the Cochrane Handbook). We will resolve any disagreements by
discussion or by involving a third review author (RH). We will assess
the risk of bias of the results of a trial according to these domains:

• bias arising from the randomisation process;

• bias due to deviations from intended interventions;

• bias due to missing outcome data;

• bias in measurement of the outcome; and

• bias in selection of the reported result.

We will  assess the risk of bias for the outcomes of the included
trials that will be included in our summary of findings  (SoF)
table.  If various outcome measures were noted among  diIerent
trials for the same outcome, we will present the outcome which
is most relevant clinically in the SoF table, and assess its risk
of  bias. Likewise, we will present the outcome with the longest
available follow-up duration as stated by the studies included, and
assess the potential risk of bias in the outcome at the specific time.

We are interested  in  assessing the eIects of  assignment  to
the intervention at the baseline,  irrespective of whether the
intervention allocated was indeed received by the participant (the
'intention to treat' principle).

We will use the signalling questions in the risk of bias (RoB 2)
tool and rate each domain as 'low risk of bias', 'some concerns' or
'high risk of bias'. We will summarise the risk of bias judgements
across diIerent studies for each of the domains listed for each
outcome. The overall risk of bias for the result is the least favourable
assessment across the domains of bias.

For cluster-RCTs, we will use RoB 2 tool with the additional domain
for cluster-RCTs to assess the bias arising from the timing of
identification and recruitment of participants.

We will use the RoB 2 Excel tool (available at www.riskofbias.info/)
to manage the assessment of the bias. All the data of the risk of bias
will be stored and remain available as supplementary files.

When considering treatment eIects, we will consider the risk of bias
for the studies that contribute to that outcome.

Measures of treatment e9ect

We will analyse dichotomous data as risk ratios (RR) with 95%
confidence intervals (CI) and continuous data as mean diIerence
(MD) or standardised mean diIerence (SMD) with 95% confidence
intervals. We will use MD when continuous scales of measurement
are used, such as fluid balance or percentage change of body
weight, and SMD if diIerent scales are used. We will enter data
presented as a scale with a consistent direction of eIect. We will
interpret the significance of SMD as: less than or equal to 0.2:
small or minor; 0.2 to 1.8: medium; equal to or greater than 1.8:
large (Cohen 1988).  When the meta-analysis of the outcome of
continuous data achieves statistical significance, we will aim to
assess the clinical significance of the result by comparing the
finding to a minimal clinically important diIerence (MCID) from
the literature  (Jakobsen 2014). For the visual analogue scale of
dyspnoea, the MCID is  a 10.5 mm change on a 10 cm scale in
acute decompensated heart failure (Pang 2017). For the six-minute
walk test, the MCID is 45 metres' change (Shoemaker 2012). For

other continuous outcomes with no validated MCID from literature,
the review author team will confer to decide on the MCID when
applicable.   

We will narratively describe skewed data reported as medians and
interquartile ranges.

Unit of analysis issues

We plan to collect and analyse each outcome at the maximum
follow-up for each participant when applicable, and perform
subgroup analysis based on the length of maximum follow-up,
when applicable. For trials with multiple arms, we plan to combine
the relevant treatment arms (e.g. small dose bolus injection and
large  dose bolus injection) when applicable. To avoid double-
counting participants, we plan to adjust the calculation of the
continuous variates as appropriate; for example, by dividing the
denominator in the control arm by two in a three-arm trial.
For cluster-RCTs, we will analyse the outcomes according to the
guidance in Chapter 23 of the Cochrane Handbook (Higgins 2020b).
For cluster-RCTs, we will consider  inflating the variance of the
intervention eIect estimate using a design eIect, as suggested in
the Cochrane Handbook (Higgins 2020b). 

Dealing with missing data

We will contact investigators or study sponsors to verify key study
characteristics and obtain missing numerical outcome data where
possible (e.g. when a study is identified as an abstract only). Where
possible, we will use the calculating tool provided by RevMan 5 to
calculate missing standard deviations using other data from the
trial, such as confidence intervals, based on methods outlined in
the Cochrane Handbook (Higgins 2020a). Where this is not possible,
and the missing data are thought to introduce serious bias, we
will explore the impact of including such studies in the overall
assessment of results through sensitivity analysis.

Assessment of heterogeneity

We will inspect forest plots visually to consider the direction and
magnitude of eIects and the degree of overlap between confidence
intervals. We will use the I2 statistic to measure heterogeneity
amongst the trials in each analysis, but acknowledge that there is
substantial uncertainty in the value of I2 when there is only a small
number of studies. We will also consider the P value from the Chi2
test. If we identify substantial and considerable heterogeneity (I2 >
50%), we will report it and explore possible causes by pre-specified
subgroup analysis, as suggested by the Cochrane Handbook (Deeks
2021).

Assessment of reporting biases

If we can pool more than 10 trials, we will create and examine a
funnel plot to explore possible small study biases for the primary
outcomes.

Data synthesis

We plan to include all studies for the primary analysis, and
perform sensitivity analyses including only studies at overall low
risk of bias.  We will undertake meta-analyses only where this
is meaningful: that is, if the treatments, participants and the
underlying clinical question are similar enough for pooling to make
sense.
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We will use a random-eIects model for meta-analysis, considering
the diIerent demographic characteristics and specific intervention
among cohorts.

Subgroup analysis and investigation of heterogeneity

We plan to carry out the following subgroup analyses for any
outcomes with substantial heterogeneity.

• Treatment eIiciency in participants with chronic kidney disease

(eGFR < 60 mL/min/1.73 m2).

• Participants with a new diagnosis of ADHF as opposed to
acute decompensation of chronic heart failure. Acute heart
failure is defined as rapid onset or worsening of symptoms
or signs of heart failure, or both, requiring urgent evaluation
and treatment. It could be new onset or consequence of acute
decompensation of chronic heart failure (Ponikowski 2016).

• Hospital management  versus ambulatory or home-based
management.

• We will perform subgroup analysis on outcomes, including all-
cause mortality, cardiovascular mortality and readmission to
hospital, based on the maximum length of follow-up when
applicable.

We will use the formal test for subgroup diIerences in RevMan Web
(RevMan Web 2020), and base our interpretation on this.

Sensitivity analysis

We plan to carry out sensitivity analysis based on the overall risk
of bias. We will compare the results for each outcome including all
studies versus including only the ones with overall low risk of bias.

Summary of findings and assessment of the certainty of the
evidence

We will create a summary of findings table using the following
outcomes: daily fluid balance (mL), percentage change of body
weight (%), all-cause mortality, cardiovascular mortality, length of
hospital stay (days), readmission to hospital following discharge,
occurrence of acute kidney injury as adverse event.  

We will use the overall RoB 2 judgement to feed into the
GRADE assessment. We will use the five GRADE considerations
(study limitations, consistency of eIect, imprecision, indirectness
and publication bias) to assess the certainty of a body of
evidence as it relates to the studies which contribute data to
the meta-analyses for the pre-specified outcomes. We will use
methods and recommendations described in Chapter 14 of the
Cochrane Handbook (Schünemann 2020), using GRADEpro soMware
(GRADEpro GDT). We will justify all decisions to downgrade the
certainty of studies using footnotes, and we will make comments to
aid readers' understanding of the review where necessary.

Two review authors (JZ, CZ) working independently will make
judgements about evidence certainty, with disagreements resolved
through discussion or by involving a third review author (RH).
Judgements will be justified, documented and incorporated into
the reporting of results for each outcome.
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A P P E N D I C E S

Appendix 1. Preliminary MEDLINE (Ovid) search strategy

1     exp Heart Failure/ (122925)

2     ((heart* or cardiac* or myocard*) adj2 (fail* or insu9*)).tw. (196914)

3     (heart* adj2 decomp*).tw. (4543)

4     (HF or CHF or ADHF or HFrEF or HFpEF or HFmrEF).tw. (66325)

5     1 or 2 or 3 or 4 (258297)

6     exp Sodium Potassium Chloride Symporter Inhibitors/ (14051)

7     (sodium potassium chloride symporter adj3 inhibit*).tw. (1)

8     loop diuretic*.tw. (3158)

9     (high ceiling adj3 diuretic*).tw. (104)

10     (furosemid* or frusemid* or fursemid* or furantral).tw. (13588)

11     (torsemide* or torasemid*).tw. (461)

12     (bumetanide* or bumethanid*).tw. (3118)

13     (etacrynic acid* or ethacrynic acid*).tw. (2005)

14     6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 (23866)

15     5 and 14 (3372)

16     randomized controlled trial.pt. (515040)

17     controlled clinical trial.pt. (93884)

18     randomized.ab. (524563)

19     placebo.ab. (219726)

20     clinical trials as topic.sh. (193280)

21     randomly.ab. (366978)

22     trial.ti. (238383)

23     16 or 17 or 18 or 19 or 20 or 21 or 22 (1375338)

24     exp animals/ not humans.sh. (4743161)
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25     23 not 24 (1270689)

26     15 and 25 (680)
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N O T E S
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