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Abstract

Background GUIDE-IT, the largest trial to

date, published in August 2017, evaluating the
effectiveness of natriuretic peptide (NP)-guided
treatment of heart failure (HF), was stopped
early for futility on a composite outcome.
However, the reported effect sizes on individual
outcomes of all-cause mortality and HF
admissions are potentially clinically relevant.
Objective This systematic review and meta-
analysis aims to combine all available trial level
evidence to determine if NP-guided treatment
of HF reduces all-cause mortality and HF
admissions in patients with HF.

Study selection Eight databases, no language
restrictions, up to November 2017 were searched
for all randomised controlled trials comparing NP-
guided treatment versus clinical assessment alone
in adult patients with HF. No language restrictions
were applied. Publications were independently
double screened and extracted. Fixed-effect meta-
analyses were conducted.

Findings 89 papers were included, reporting 19
trials (4554 participants), average ages 62-80
years. Pooled risk ratio estimates for all-cause
mortality (16 trials, 4063 participants) were 0.87,
950 CI 0.77 to 0.99 and 0.80, 95% CI 0.72 to 0.89
for HF admissions (11 trials, 2822 participants).
Sensitivity analyses, restricted to low risk of bias,
produced similar estimates, but were no longer
statistically significant.

Conclusions Considering all the evidence to
date, the pooled effects suggest that NP-guided
treatment is beneficial in reducing HF admissions
and all-cause mortality. However, there is still
insufficient high-quality evidence to make
definitive recommendations on the use of NP-
guided treatment in clinical practice.

Trial registration number Systematic Review
Cochrane Database Number: CD008966.

Introduction

Natriuretic peptides (NP) are released by the
myocardium in response to pressure or fluid over-
load and are raised in patients with heart failure
(HF). NP testing is currently used in diagnosis,
but its role in guiding HF treatment remains
controversial. In August 2017, the long-awaited
GUIDE-IT study was published by Felker and
colleagues.' It is the largest study of NP moni-
toring to date, recruiting 894 of the planned 1100
participants, and was stopped early due to futility.

Lack of efficacy for the biomarker-guided treat-
ment group compared with usual care was based
on the primary end point, a composite outcome
of HF admission and cardiovascular mortality. The
conclusion that NP-guided treatment is not more
effective than usual care has been rapidly dissem-
inated with the paper viewed over 12000 times
in the first 4months following publication and
22000 to date. While the authors did not comment
on the implications for practice, the emerging
consensus favours an interpretation that ‘any
plausible effects of an intervention are unlikely
to be worthwhile’? In response to the publication
of the GUIDE-IT study,' Bajaj et al’ published a
research letter with a meta-analysis reporting
all-cause mortality as significantly lower in the
NP-guided group. This rapid analysis only collated
evidence from six studies, obtained from one data-
base for a single outcome. Although there tends
to be good consistency between the single largest
study and pooled estimates from a full systematic
review,? it is good practice to frame the newest
evidence in context of the previous information.®
This helps validate new findings and if done by
updating a previous meta-analysis, will allow for
higher precision of the estimates, reduced varia-
bility and increased generalisability.

Systematic reviews carried out in this area have
proved inconclusive, providing conflicting results.
Five out of 11 systematic reviews with meta-
analyses have demonstrated that NP-guided treat-
ment reduces all-cause mortality in patients with
HF compared with usual clinical care,®® while
the more recent systematic reviews, including two
with individual patient data, have published meta-
analyses contradicting this finding and showing
no effect."”'* One of the individual patient data
analyses, Troughton et al," was able to adjust for
patient characteristics and compared time to all-
cause mortality between NP-guided and clinically-
guided treatment groups and then reported a
reduction in all-cause mortality. The most compre-
hensive meta-analysis'? to date, prior to the
GUIDE-IT study,’ included 3660 participants from
18 studies. Data from GUIDE-IT' increases the
amount of evidence for all-cause mortality by over
25% (previously 3169 participants from 15 studies)
and for HF hospital admission by 45% (previously
1928 participants from 10 studies). These two
outcomes, along with adverse events, are the only
outcomes where new evidence has been obtained
in comparison to the most comprehensive meta-
analysis to date. Therefore, this study aims to
incorporate the GUIDE-IT study into an update
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of this meta-analysis'> to determine if the question of whether
NP-guided treatment of patients with HF improves all-cause
mortality, HF hospital admissions and adverse events, compared
with clinical assessment alone, has been finally answered.

Methods

This systematic review and meta-analysis was conducted in
accordance with the Preferred Reporting Items for Systematic
reviews and Meta-analyses (PRISMA) guidelines."® The protocol
was published in the Cochrane library.'®

Data searches and study selection

The same search strategy was used as in the original review'?
(online supplementary appendix 1). The following databases were
searched up to 27 November 2017: Cochrane Central Register of
Controlled Trials, MEDLINE, EMBASE, Database of Abstracts of
Reviews of Effects, NHS Economic Evaluation Database, Science
Citation Index Expanded and the Conference Proceedings Citation
Index on Web of Science, Clinical trials Registry and the WHO
International Clinical Trials registry Platform. No restriction was
made in terms of year published, language or publication status.
All publications were independently double screened first by title
and abstract and then by full text (JM, CB, AF). Discrepancies
were resolved by consensus.

All randomised controlled trials (RCT) of NP-guided treatment
of HF, both in and out of hospital setting, reporting a clinical
outcome were included. NP is a collective term for N-terminal
pro B-type natriuretic peptide (NT-proBNP) and B-type natriuretic
peptide (BNP). Studies compared NP-guided treatment to treat-
ment guided by clinical assessment alone. There was no restric-
tion on the length of follow-up. Participants less than 18years
old were excluded. The outcomes for the systematic review were
prespecified. The primary outcome was all-cause mortality, while
HF admission was the secondary outcome.

Data extraction and quality assessment

For each included RCT, data were extracted independently by two
people and any discrepancies resolved by consensus (JM, CB).
Data extracted included baseline characteristics (gender, age, New
York Heart Association (NYHA) classification and left ventricular
ejection fraction (LVEF), setting, inclusion and exclusion criteria
and descriptions of the intervention and clinical assessment arms
including: NP biomarker used, target NP level and drug algo-
rithms for uptitration of HF medication. Assessment of the meth-
odological quality of the studies was made using the Cochrane
Risk of bias tool."” The outcomes were extracted as absolute
number of events. If a study compared more than one type of
control group, then the intervention group data were split equally
between the control groups for both outcome events and sample
size. Reporting bias was assessed using funnel plots.

Data synthesis and analysis

Trial level data were pooled using Review Manager V.5.3."® For
binary outcomes, data were combined using a Mantzel-Haenzel
fixed-effect model to obtain a summary estimate of the risk ratio
(RR) with 95% CI. The I* statistic was used to assess the level
of statistical heterogeneity.”” Where substantial heterogeneity
(*=50%) was present, a random-effects model was used to test the
robustness of the findings.

Subgroup analyses were considered for age, NYHA class,
baseline NP, target NP, achieved NP decrease, setting, gender,
LVEF, duration of FU, control type and biomarker used. Blinding
of outcome assessment and attrition were judged to potentially

4171 records identified through 1 additional record identified
database searching through other sources

I J

4152 recordsafter
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| 4152 records screened ]—ui records excluded J

261 full-text articles ex cluded with reasons
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1 Not valid control

Duplicate
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No outcomes

Trials registered, tem inated early

SIS
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S
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Figure 1  Flowchart of study selection. BNP, B-type natriuretic peptide;
HF, heart failure; NT-proBNP, N-terminal pro B-type natriuretic peptide.

impact on the pooled results and therefore sensitivity analyses
were conducted restricted to studies with low risk of bias in these
two domains.

Results

From 4152 references (updated and original search), 357 full
texts were assessed, and 19 studies involving a total of 4554
participants met the inclusion criteria (figure 1). This update to
the Cochrane systematic review'® identified one new study: the
GUIDE-IT study.' The recently published PRIMA II study'® was
excluded as this aimed to reduce NP level between hospital admis-
sion and discharge in patients with acute HF rather than ongoing
NP-guided treatment. Baseline characteristics of included RCTS
and patients are given in online supplementary appendices 2
and 3. Each of the 19 studies reported on one or more of the
included outcomes. Two of the 19 studies had three comparison
arms comparing NP-guided treatment both to clinical assessment
and to usual care.

Outcomes

Sixteen studies (n=4063) reported results that could be pooled for
all-cause mortality. During follow-up, 331 out of 1929 partici-
pants (18%) died in the NP-guided treatment groups compared
with 445 out of 2134 (22%) in the control groups. When pooled,
the evidence favours the NP-guided treatment (RR 0.87, 95% CI
0.77 to 0.99). Heterogeneity was low indicating consistency across
the included studies (I>=11%) (figure 2).

Eleven studies with 2822 participants reported on HF admis-
sion. Out of 1304 participants, 366 (28%) experienced a HF admis-
sion in the NP-guided treatment groups compared with 544 out of
1518 (36%) participants in the control groups. Overall, the pooled
evidence showed an effect favouring NP-guided treatment (RR
0.80, 95% CI 0.72 to 0.89) (figure 3). Heterogeneity was substantial
(I*=67%). The robustness of this finding was tested by converting
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Figure 2 Forest plot comparing NP-guided treatment versus control for
all-cause mortality. NP, natriuretic peptide.

to a random-effects model; the effect remained consistent (RR
0.70, 95% CI 0.56 to 0.88).

Adverse events were reported as low and similar between
groups in the GUIDE-IT study; the data were added to the tabu-
lated data for all studies (online supplementary appendix 4).
Data were not pooled for this outcome as it was possible to have
multiple events per individual.

Quality assessment of the studies is summarised in online
supplementary appendices 5 and 6. The risk of bias was assessed
to be high or unclear for the majority of studies across all domains,
except selection bias. Blinding of outcome assessment was judged
to be poor with only 36% of studies assessed as low risk of bias.
Attrition bias was assessed as low risk in 42% of studies.

Except for age, duration of follow-up and biomarker used, it
was not possible to explore subgroups within the study popula-
tions. Data were reported as totals for whole study or in varying
categories or averages for intervention and control groups.

Although the GUIDE-IT study' reported subgroup data for
participants above and below 75, it was only for the study’s
primary composite outcome. Therefore, the analysis in the original
systematic review'® remained the same, which found uncertainty
in the evidence for NP-guided treatment for all-cause mortality
when examining under or over 75years of age and a reduction
in HF admission.

Subgroup analyses were completed for duration of the inter-
vention and NP biomarker used. For duration of the intervention,
this shows that both at <land 1-2years, there was a potential
reduction for all-cause mortality, but the evidence showed uncer-
tainty at>2years. The effect of duration on HF admission showed
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Figure 3  Forest plot comparing NP-guided treatment versus control for
heart failure admission. NP, natriuretic peptide.

a similar trend for each subgroup for the same durations (online
supplementary appendices 7 and 8).

Analyses completed for the biomarker used suggested no
difference between the biomarker used and between the main
findings for both all-cause mortality and HF admissions. However,
the subgroups for both biomarkers for all-cause mortality were no
longer statistically significant (online supplementary appendices
9 and 10).

Sensitivity analyses were completed restricting studies to those
with low risk of bias for blinding of outcome assessment and attri-
tion. The GUIDE-IT study' was assessed to be low risk of bias for
blinding of the outcome assessment and therefore adding these
data in the sensitivity analyses found for both all-cause mortality
and HF admission the effect continued to favour NP-guided
treatment, but was no longer statistically significant (all-cause
mortality: RR 0.92, CI 0.79 to 1.06; HF admission: RR 0.92, CI
0.81 to 1.4).

For the risk of attrition bias, the GUIDE-IT study' was assessed
to be unclear and therefore provided no additional data to the
original systematic review.'® Analyse restricted to studies with low
risk of attrition bias showed similar results to blinding of outcome
assessment for all-cause mortality and HF admissions, though
it was no longer statistically significant for all-cause mortality.

Discussion

This meta-analysis, including all the available evidence, indicates
that NP-guided treatment can improve all-cause mortality by 13%
and reduce HF admissions by 20%. As expected, the addition of
the GUIDE-IT study' data, which increased the total number of
participants included by 249%, substantially increased the preci-
sion of the estimates. It corroborates the conclusion of all previous
meta-analyses, bar Pufulete et al™ including the 2016 Cochrane
systematic review'? for HF admissions which showed the interven-
tion to be beneficial (online supplementary appendix 11). Perhaps
unexpectedly, given that the study stopped early for futility, this
meta-analysis contradicts recent previous reviews including the
2016 Cochrane systematic review'" and finds that the intervention
is also beneficial for all-cause mortality (online supplementary
appendix 11). Although the point estimate for the effect is the
same as the 2016 Cochrace systematic review,"> with or without
the GUIDE-IT study, the increase in precision means that the 95%
CI is consistent with a significant reduction in all-cause mortality
(change from CI (0.76 to 1.01) to CI (0.77 to 0.99)) on pooled data.
A reduction in all-cause mortality of 13%, as shown in this meta-
analysis, is a clinically important finding.

Clinical guidelines for HF management vary in their
recommendations on NP-guided management for patients with
HF reflecting the conflicting evidence in this area of research.
The GUIDE-IT study' had aimed to remove this uncertainty by
recruiting an appropriate number of participants to detect a differ-
ence in clinically meaningful endpoints. Of relevance, the point
estimate for all-cause mortality reported by the GUIDE-IT study'
showed the intervention to be marginally more effective (RR 0.86,
CI 0.62 to 1.20) compared with that found in this meta-analysis.
A sample size calculation indicates that in order to show an effect
size of 13% reduction in all-cause mortality from a baseline risk
of approximately 15% (as in the GUIDE-IT study'), a single study
would need to include in excess of 10000 participants to be suffi-
ciently powered (=80%). This meta-analysis currently includes
just over 4000 participants. This is likely to have made all-cause
mortality, as a single outcome, prohibitively expensive for the
GUIDE-IT study justifying their use of a composite outcome. New
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studies are needed for even pooled evidence to have sufficient
power.

The GUIDE-IT authors suggest that the lack of effect may be
due to a similar reduction in NP levels in both the intervention
and control arms partly mediated by the control group having
a higher number of clinic visits than usual as participants were
managed in centres with HF expertise. The authors describe the
study population as ‘high-risk’ and eligibility criteria included a
HF event in the last 12 months (hospitalisation, A+E attendance or
intravenous diuretic) and an NT-proBNP level over 2000 pg/mL
in the prior 30days. However, many of the other studies included
in the meta-analysis recruited participants with NYHA class III-
IV, recent hospital admission or a markedly raised NP level. It is
therefore reasonable to consider the studies together.

Nevertheless, the evidence for this effect is not yet robust,
as indicated by the subgroup analysis comparing the type of NP
biomarker and the sensitivity analyses restricting the evidence to
studies assessed as having low risk of outcome assessment bias and
low risk of attrition bias. There is still not sufficient evidence to
conclude definitively on the effectiveness of NP-guided treatment
in the management of HF, and particularly in less severely affected
patients, such as those managed in primary care. Reporting of
patient and study characteristics needs to be broader and more
detailed to allow further exploration of study populations. Many
of the interventions evaluated in the trials are multifaceted and as
yet, we do not have clear evidence on the mechanism of action
behind NP-guided treatment and which factors, if any, drive the
change in salient health outcomes in NP-guided management of
HF. Improved HF outcomes could be a result of clinical support
indirectly intensified by NP-guided treatment rather than simply
the monitoring of NP levels.”’ Identification of key components
within interventions linked to improving HF outcomes is needed.
Research by Oke et al** attempted to provide information about
the critical features of NP-guided monitoring of HF to reduce
HF hospitalisation and suggested that interventions could be
simplified. While unable to unequivocally determine an optimal
intervention, they suggest that future intervention synthesis
incorporating more data may provide clear procedural details of
the essential elements of NP-guided monitoring.

Limitations of the study

While a thorough search with no date or language restrictions was
performed, it is possible some studies may have been overlooked
in searching and study selection. It was not possible to include
data from one study for the primary outcome. Subgroups anal-
yses of the data were limited due to the level of variation in how
data were reported. In particular, it was not possible to complete
subgroup analysis for LVEF which would have provided an indi-
cation of whether patients had HF with preserved ejection fraction
(HFpEF) or HF with reduced ejection fraction (HFrEF). Studies did
not define themselves as HFpEF or HFrEF, but all studies, at base-
line, had either had an average LVEF<46% or inclusion criteria
for the study of <40% (bar Maeder et al,?® though this study was
not included in the meta-analyses). Subgroup analysis by age
was possible, but only for three studies who reported data by age.
However, since average ages were reported for each study, this
analysis should be viewed with caution as it may mask different
population distributions found across the included studies. To
have an adequate exploration of the impact that age has on these
outcomes, individual patient data arising from these studies would
be required. Analysis of publication bias was limited due to the
lack of studies. However, there is a suggestion of bias with a lack
of smaller studies showing an effect favouring the control for the

outcome of all-cause mortality (online supplementary appendix
12).

Conclusion

The current pooled evidence indicates a beneficial effect of
NP-guided therapy on all-cause mortality and on HF admissions.
However, despite the publication of the GUIDE-IT study,' the
largest in this field, there is still insufficient evidence to reach a
definitive conclusion on the effectiveness of NP-guided treatment
in the management of HF.
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