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Background: Acute decompensated heart failure (ADHF) re-
quiring hospitalization is associated with high postdischarge
mortality and readmission rates.

Purpose: To examine the association between achieving predis-
charge natriuretic peptide (NP) thresholds and mortality and re-
admission rates in adults hospitalized for ADHF.

Data Sources: Multiple databases from 1947 to October 2016
(English-language studies only).

Study Selection: Trials and observational studies that com-
pared mortality and readmission outcomes between patients
with ADHF achieving a specific predischarge NP goal and those
not achieving the goal.

Data Extraction: Two investigators independently extracted
study characteristics and assessed study risk of bias. One author
graded the overall strength of evidence, with review by a second
author.

Data Synthesis: One randomized trial, 3 quasi-experimental
studies, and 40 observational studies were identified. The most
commonly used thresholds were a brain-type NP (BNP) level of
250 pg/mL or less or an amino-terminal pro–brain-type NP (NT-
proBNP) decrease of at least 30%. Achievement of absolute BNP
thresholds reduced postdischarge all-cause mortality (7 of 8

studies) and the composite outcome of mortality and readmis-
sion (12 of 14 studies). Achievement of percentage-change BNP
thresholds reduced the composite outcome (5 of 6 studies), and
achievement of percentage-change NT-proBNP thresholds re-
duced all-cause and cardiovascular mortality (2 of 4 studies) and
the composite outcome (9 of 9 studies). All findings were low-
strength. The randomized trial, assessed as having high risk of
bias, suggested that a predischarge decrease in NT-proBNP
level was associated with lower risk for the composite outcome.
Two quasi-experimental studies and 5 observational studies had
low risk of bias. Low-risk-of-bias studies had outcome estimates
similar in magnitude and direction to estimates from high-risk-of-
bias studies.

Limitation: Most studies failed to adjust for critical confounders
and had inadequate definition or assessment of exposures and
outcomes.

Conclusion: Low-strength evidence suggests an association be-
tween achieving NP predischarge thresholds and reduced
ADHF mortality and readmission.
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Nearly 1 million patients are hospitalized each year
with acute decompensated heart failure (ADHF),

costing the U.S. health care system more than $16 bil-
lion annually (1, 2). Guidelines recommend inpatient
treatment with intravenous diuretics guided by fre-
quent clinical reassessment and measurements of net
urine output and body weight (3). However, more than
50% of patients hospitalized for ADHF are readmitted
within 6 months with similar symptoms (4).

Many factors contribute to the high rate of heart
failure readmission, including the potential for incom-
plete diuresis during hospitalization (3–5). Physical ex-
amination findings, such as jugular venous pressure,
have intrinsically high interobserver variability (6). Even
seemingly objective data, such as net urine output and

daily weight measurements, are prone to inaccuracy
and inconsistency (3, 5). Physicians using only these
methods to make decisions about patient discharge
are thus at risk for stopping inpatient treatment early,
inadvertently contributing to the increased rates of de-
compensation, readmission, and mortality.

Natriuretic peptide (NP) testing has the potential
to add valuable data to a physician's assessment of pa-
tient readiness for discharge. Guiding outpatient treat-
ment using brain-type NP (BNP) and amino-terminal
pro–brain-type NP (NT-proBNP) levels has demon-
strated effectiveness in meta-analyses (7, 8). However,
no corresponding meta-analysis has been done with
regard to inpatient ADHF treatment. We performed a
systematic review to examine the effect of using NP
thresholds as a discharge criterion on readmission and
mortality rates in patients hospitalized for ADHF.

METHODS
We developed a protocol a priori for this system-

atic review (Supplement, available at Annals.org).
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Data Sources and Searches
We first developed an “evidence inventory” (9, 10)

of methods commonly studied for making discharge
decisions in patients presenting to the hospital with
ADHF. Our search strategy included English-language
studies published from 1947 to 9 October 2016 that
examined the association between a goal-driven
method for assessing the success of decongestion in
ADHF and patient-centered outcomes. Studies were
identified in MEDLINE, EMBASE, CINAHL, the Co-
chrane Central Register of Controlled Trials, and
ClinicalTrials.gov. We also screened the reference lists
of included articles and articles that cited the included
studies. Database search strategies were developed
with librarians and combined structured language and
keywords representing 5 search domains: heart failure,
acuteness, use of diuretics, various approaches for as-
sessing the effectiveness of diuretic therapy, and study
type (for example, randomized, controlled trials; non-
randomized, controlled trials; cohort studies; and case–
control studies). Database searches excluded abstract-
only publications. An example search strategy is
provided in Appendix Table 1 (available at Annals.org).
Because most studies used NP levels to guide dis-
charge decisions, we focused this review on those arti-
cles. Figure 1 shows the PRISMA (Preferred Reporting
Items for Systematic reviews and Meta-Analyses) flow
diagram.

Study Selection
Studies were included if they reported data on pa-

tients aged 18 years or older who were hospitalized for
ADHF and treated with diuretics in the acute setting.
We included the following study types, regardless of
follow-up duration and sample size, as available: ran-
domized, controlled trials; nonrandomized, controlled
trials; cohort studies; case–control studies; and quasi-
experimental studies. Acute exacerbations of chronic
heart failure and new heart failure presenting as acute
decompensation were included, regardless of the inpa-
tient care setting (for example, general medicine ward,
heart failure service, or intensive care unit). To be in-
cluded, studies had to compare patients achieving a
specific predischarge goal versus those not achieving
the goal. Studies exclusively examining ADHF second-
ary to acute coronary syndrome or treatment with
ultrafiltration rather than diuretics were excluded. The
following outcomes were required to be reported: all-
cause or cardiovascular mortality after hospital dis-
charge, readmissions after hospital discharge, or a
composite of these measures.

One reviewer (C.N.M.) screened titles and abstracts
for inclusion in the full-text review, and 2 reviewers
(C.N.M. and M.M.) independently examined all full texts
for inclusion. Disagreements were resolved by consen-
sus or by a third reviewer (C.A.U.) as necessary.

Data Extraction and Quality Assessment
Study characteristics, including the NP thresholds

used, outcomes data, and analytic methods, were ex-
tracted independently by 2 reviewers (C.N.M. and
M.M.) using a standardized data abstraction sheet. Dis-

agreements were resolved by consensus or by a third
reviewer if necessary.

Two investigators independently used the Co-
chrane risk-of-bias tool to assess the quality of random-
ized trials (11) and the Newcastle-Ottawa Scale to as-
sess the quality of cohort and case–control studies (12).
Disagreements were resolved by consensus or by a
third reviewer if necessary. The Newcastle-Ottawa
Scale assesses study quality in 3 domains: selection (4
stars possible), comparability (2 stars possible), and
outcome/exposure (3 stars possible). The Appendix
(available at Annals.org) provides a detailed explana-
tion of these domains. When assessing comparability,
we required adjustment for left ventricular ejection frac-
tion (LVEF) (1 star possible) and at least 1 measure of
disease severity on admission (NP level or New York
Heart Association [NYHA] class; 1 additional star possi-
ble) because of the effect these variables have on the
attainability of low NP thresholds before discharge (13).
Studies receiving all 9 stars were defined as having low
risk of bias, and all others were at high risk of bias. We
assessed risk of bias separately for each outcome in

Figure 1. Flow diagram for identification of studies that
assessed completeness of diuresis for patients
hospitalized for acute decompensated heart failure.

Records identified through
database searching (n = 3497)
   CENTRAL: 455
   CINAHL: 161
   ClinicalTrials.gov: 20
   EMBASE: 1584
   MEDLINE: 1277

Records identified through
hand searches (n = 3592)
   Article references: 1915
   Articles citing included
      studies: 1677

Records retrieved (n = 7089)

Duplicates removed (n = 4744)

Excluded based on review of title and
abstract (n = 2135)

Excluded because they did not examine
natriuretic peptide thresholds (n = 26)

Excluded after review of fuII text
(n = 140)
   Reviews or abstract-only
      publications: 24
   Patient-centered outcomes
      not reported: 21
   No predischarge threshold used: 64
   Wrong population or intervention: 31

Records screened (n = 2345)

Full-text articles assessed
for eligibility (n = 210)

Full-text articles assessing
completeness of diuresis
before discharge (n = 70)

Full-text articles examining
discharge natriuretic peptide
thresholds (n = 44)

CENTRAL = Cochrane Central Register of Controlled Trials.
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studies reporting more than 1 relevant clinical
outcome.

Data Synthesis and Analysis
Because of significant clinical heterogeneity be-

tween studies, a meta-analysis was not performed. Sen-
sitivity analyses examining study-level estimates were
performed based on the following factors if at least 2
studies were available for each exposure–outcome
pair: risk of bias, duration of follow-up, study design
(retrospective vs. prospective), care setting (critical care
admission vs. ward admission), LVEF of the study pop-
ulation (reduced vs. preserved), studies prospectively
using NP levels to make discharge decisions, studies in
which admission NP levels were reported and statisti-
cally equivalent for both groups, and adjustment for
critical confounders (14, 15) of NP levels (age, sex, ad-
mission NP level, admission NYHA class, chronic kidney
disease, body mass index [BMI], LVEF, and medication
use). Forest plots without meta-estimates were con-
structed with Review Manager 5.3.5 (The Cochrane
Collaboration). We defined statistical significance as a P
value less than 0.05. Data are reported as means and
SDs unless otherwise noted. One investigator assessed
the overall strength of evidence for each comparison
and outcome using the GRADE (Grading of Recom-
mendations Assessment, Development and Evaluation)
approach (16), with a second investigator reviewing all
evidence grades. Disagreements were resolved by
consensus or by a third reviewer if necessary.

Role of the Funding Source
This study received no external funding.

RESULTS
Our evidence inventory included 70 full-text arti-

cles addressing 10 distinct methods for evaluating 
readiness for discharge for patients admitted for ADHF. 
Appendix Figure 1 (available at Annals.org) shows an 
evidence map of the identified articles. Forty-four full-
text articles examining NP discharge thresholds were 
identified for inclusion in this review: 1 randomized, 
controlled trial (17); 3 quasi-experimental studies (18–
20); 38 cohort studies (21–58); and 2 case–con-trol 
studies (59, 60). Thirty-one studies used BNP 
thresholds, with 27 examining an absolute threshold 
and 9 examining a threshold based on percentage re-
duction. Thirteen studies used NT-proBNP thresholds, 
with 9 examining an absolute threshold and 9 examin-
ing a threshold based on percentage reduction. Six-
teen studies examined mortality, 5 examined readmis-
sions, and 33 examined a composite of these 
outcomes. One study reported outcomes at 30 days, 
20 studies reported outcomes at 6 months, 7 studies 
reported outcomes at 1 year, and 9 studies reported 
outcomes at longer intervals up to 4 years.

Selected characteristics and risk-of-bias assess-
ments of the included studies are shown in Appendix
Table 2 (available at Annals.org). Hazard ratios (HRs) for
the association between achievement of BNP or NT-
proBNP discharge thresholds and mortality, readmis-

sion rates, and the composite outcome are presented
in Figures 2 and 3, respectively. Studies most often ex-
amined men (weighted mean, 53%), European patients
(70% of studies), patients admitted to a general medi-
cine unit (75% of studies), and older patients (66% with
a mean or median patient age ≥70 years). Most were
published in the past 10 years (77%). Few studies (16%)
examined patients cared for by heart failure specialists,
and 84% of studies included both patients with pre-
served LVEF and those with reduced LVEF. The meth-
ods used for ascertaining our clinical outcomes of inter-
est were the same within each study examined, leading
to a single risk-of-bias rating for each study. The mean
reported 6-month all-cause mortality and readmission
rates, weighted by study size, were 15.3% and 30.3%,
respectively. The mean 1-year all-cause mortality and
readmission rates were 32.1% and 64.0%, respectively.

Seven studies had low risk of bias. Similar to the
general body of evidence, these studies were more
likely to examine men (weighted mean, 56%) and Euro-
pean patients (85%), and 85% included both patients
with preserved LVEF and those with reduced LVEF.
However, studies with low risk of bias were less likely to
examine patients admitted to general medicine units
(43%) and more likely to have a mean or median pa-
tient age older than 70 years (85%). The randomized
trial (17) and the quasi-experimental studies (18–20)
were also similar to the general body of evidence. Two
had low risk of bias (18, 19).

Overall, 14 of 16 studies reported a statistically sig-
nificant reduction in the risk for death, 3 of 5 reported a
statistically significant reduction in readmissions, and
31 of 33 reported a statistically significant reduction in
the composite outcome.

Most studies were deemed to have high risk of bias
for failing to meet criteria in the domains of compara-
bility and definition of the outcome or exposure. Stud-
ies with high risk of bias frequently did not adjust for
the small set of critical confounders specified as neces-
sary in our comparability rating (LVEF and admission
NP level or NYHA class). Other important confounders,
such as age, sex, BMI, chronic kidney disease, and
medications, were inconsistently considered. Studies
with high risk of bias relied on self-reported outcomes
(20 of 36 studies) and had important loss to follow-up
(7 of 36 studies).

Factors contributing to the clinical heterogeneity of
studies included the number and type of confounders
included in model adjustments, the follow-up durations
used, the type and level of discharge threshold studied,
the method used for judging patient readiness for
discharge, and the admission NP levels for included
patients.

Absolute BNP Thresholds
Twenty-seven studies, including 3 quasi-

experimental studies (18–20), examined the association
between achievement of an absolute BNP threshold
and mortality, readmission, or a composite of the two.
Five studies (18–22) had low risk of bias.
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Three quasi-experimental studies by Valle and col-
leagues (18–20) examined consecutive admissions be-
fore and after a new hospital policy mandated the use
of a BNP discharge criterion: either a BNP level of 250
pg/mL or less or a decrease greater than 30% from
admission, when predefined clinical stability criteria
were fulfilled. These studies used an algorithmic ap-
proach to increase diuresis, vasodilator use, and blood

pressure control for patients who had a BNP level
above the set thresholds. The 2 studies (18, 19) with
low risk of bias reported statistically significant reduc-
tions in the composite measure (HRs, 0.27 and 0.31).
The other study (20), assessed as having high risk of
bias, reported a statistically nonsignificant reduction in
mortality (HR, 0.55 [95% CI, 0.19 to 1.64]) and readmis-
sion (HR, 0.79 [CI, 0.48 to 1.31]).

Figure 2. Risk for outcomes associated with achievement of a BNP discharge threshold, by threshold type.

Study, Year (Reference)

Mortality
   Absolute BNP thresholds

      Shah et al, 2007 (22)

      Omar and Guglin, 2016 (27)

      Naffaa et al, 2014 (29)

      Ludka et al, 2013 (30)

      Ito et al, 2012 (32)

      Valle et al, 2011 (20)

      Cournot et al, 2008 (36)

      Yu and Sanderson, 1999 (48)

   Percentage-change BNP thresholds

      Lourenço et al, 2015 (59)

      Ludka et al, 2013 (30)

      Noveanu et al, 2011 (33)

      Cournot et al, 2008 (36)

Readmission

   Absolute BNP thresholds

      Verdiani et al, 2005 (23)

      Chen et al, 2012 (31)

      Valle et al, 2011 (20)

Composite

   Absolute BNP thresholds

      Valle et al, 2008 (18)

      Valle et al, 2008 (19)

      Verdiani et al, 2005 (23)

      Nakada et al, 2016 (26)

      De Vecchis et al, 2013 (60)

      Faggiano et al, 2010 (35)

      Cournot et al, 2008 (36)

      Feola et al, 2008 (37)

      Aspromonte et al, 2007 (39)

      Valle et al, 2006 (41)

      Gackowski et al, 2004 (44)

      Logeart et al, 2004 (46)

      Bettencourt et al, 2002 (47)

   Percentage-change BNP thresholds

      Valle et al, 2008 (18)

      Ruocco et al, 2016 (28)

      De Vecchis et al, 2013 (60)

      Cournot et al, 2008 (36)

      Cournot et al, 2007 (40)
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high risk of bias. BNP = brain-type natriuretic peptide; HR = hazard ratio.
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The most commonly used threshold was a BNP
level of 250 pg/mL or less (18–21, 31, 35, 37, 42).
Fifteen of 27 studies examined absolute thresholds
at or below this level (for example, 250, 240, or 230
pg/mL). Twenty of 27 studies determined thresholds
empirically (such as by using receiver-operating charac-
teristic curves), and the rest derived them from the
literature.

Achievement of an absolute BNP threshold before
discharge was associated with statistically significantly
reduced rates of mortality in 7 of 8 studies (HR range,

0.08 to 0.82), readmission in 2 of 3 studies (HR range,
0.07 to 0.97), and the composite outcome in 11 of 13
studies (HR range, 0.07 to 0.79) reporting HRs. The
largest estimated risk reduction was reported by a
study with low risk of bias for all 3 outcomes. In addi-
tion, 5 studies (18, 38, 42, 43, 45) reported log-rank
statistics consistent with a reduction in the composite
measure (log-rank P < 0.05). One study (34) reported
an odds ratio (OR) for the composite outcome for a
BNP level less than 300 pg/mL (OR, 0.32 [CI, 0.18 to
0.56]).

Figure 3. Risk for outcomes associated with achievement of an NT-proBNP discharge threshold, by threshold type.

Study, Year (Reference)

Mortality
   Absolute NT-proBNP thresholds

      Metra et al, 2007 (54)

      Siswanto et al, 2006 (57)

   Percentage-change NT-proBNP thresholds

      Bettencourt et al, 2004 (25)

      Eurlings et al, 2014 (49)

      Kubler et al, 2008 (56)

      Siswanto et al, 2006 (57)

Readmission

   Percentage-change NT-proBNP thresholds

      Michtalik et al, 2011 (51)

      Siswanto et al, 2006 (57)

Composite

   Absolute NT-proBNP thresholds

      Eurlings et al, 2014 (49)

      Bettencourt et al, 2007 (52) (HFrEF)

      Ferreira et al, 2007 (53)

      Metra et al, 2007 (54)

      Pimenta et al, 2007 (55) 

         (eGFR >90 mL/min/1.73 m2)

      Pimenta et al, 2007 (55)

         (eGFR <90 mL/min/1.73 m2)

   Percentage-change NT-proBNP thresholds

      Verdiani et al, 2008 (24)

      Bettencourt et al, 2004 (25)

      Eurlings et al, 2014 (49)

      Michtalik et al, 2011 (51)

      Bettencourt et al, 2007 (52) (HFpEF)

      Bettencourt et al, 2007 (52) (HFrEF)

      Ferreira et al, 2007 (53)

      Pimenta et al, 2007 (55)

         (eGFR >90 mL/min/1.73 m2)

      Pimenta et al, 2007 (55)

         (eGFR <90 mL/min/1.73 m2)

      Kubler et al, 2008 (56)

      Siswanto et al, 2006 (57)
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Percentage-Change BNP Thresholds
Nine studies examined thresholds for percentage

change in BNP level from admission to discharge. One
study had low risk of bias (18). Two studies used BNP
thresholds to prospectively make discharge decisions
(18, 60). Two studies matched patients by admission
BNP level (40, 59). The most commonly used threshold
was a change in BNP level of at least 30% between
admission and discharge (18, 28, 33, 59, 60). Five of 9
thresholds examined were 30% or less. Four of 9
thresholds were derived empirically.

Achievement of a percentage-change BNP thresh-
old was associated with reduced rates of mortality in 3
of 4 studies (HR range, 0.12 to 0.69) and the composite
outcome in 4 of 5 studies (HR range, 0.25 to 0.54) re-
porting HRs. The HR from the single study with low risk
of bias was similar to that of the other studies. One
study (34) reported an OR for the composite outcome
for a BNP decrease greater than 46% (OR, 0.17 [CI,
0.09 to 0.29]).

Absolute NT-proBNP Thresholds
Nine studies examined absolute NT-proBNP

thresholds, including 1 randomized trial (17). No stud-
ies in this subgroup had low risk of bias.

The study by Carubelli and colleagues (17) was a
single-center, nonblinded trial of 271 patients who
were randomly assigned to either discharge when clin-
ically stable (n = 134 [49%]) or discharge based on an
NT-proBNP level when clinically stable (n = 137 [51%]).
Patients in the NT-proBNP group were discharged im-
mediately if their NT-proBNP level was less than 3000
pg/mL (n = 74 [27%]) or after “medical intensification” if
their NT-proBNP level was greater than 3000 pg/mL
(n = 63 [23%]). The method of intensification, its dura-
tion, and its goal were not specified and varied among
patients; for example, only 24% in the intensification
group received further intravenous diuretics. The num-
ber of patients who reached an NT-proBNP level less
than 3000 pg/mL after medical intensification was not
reported, and it was unclear how and when the deci-
sion to discharge these patients was made. Ultimately,
the medication doses given and the NT-proBNP values
at discharge were similar between groups (2047 pg/mL
[interquartile range, 1048 to 4285 pg/mL] vs. 2156
pg/mL [interquartile range, 1113 to 4794 pg/mL] in the
control and NT-proBNP groups, respectively; P = 0.55).
The intervention was not associated with a statistically
significant reduction in a composite outcome of cardio-
vascular death or rehospitalization at 6 months (HR,
1.08 [CI, 0.74 to 1.59]). However, multivariate analysis
of the entire study cohort showed that a decrease in
NT-proBNP level of nearly 800 pg/mL from randomiza-
tion to discharge was associated with a significant de-
crease in the composite outcome (HR, 0.90 [CI, 0.84 to
0.96]).

Although this study successfully randomly assigned
patients on the basis of age, sex, chronic kidney dis-
ease, BMI, and LVEF, it did not report admission NT-
proBNP levels and did not estimate the percentage
change in NT-proBNP level since admission. More than

57% of patients already had an NT-proBNP level less
than 3000 pg/mL at discharge, and only 23% under-
went medical intensification, limiting our ability to
assess the efficacy of this intervention. Using the
Cochrane tool, we found that the following aspects of
the trial were associated with a high risk of bias: insuf-
ficient random-sequence generation and allocation
concealment methods, lack of physician blinding,
poorly designed intervention procedure, and lack of
consideration for admission NT-proBNP levels.

The most commonly used threshold for all studies
examining NT-proBNP was 3000 pg/mL or less (17, 54).
Six of 9 studies examined absolute NT-proBNP thresh-
olds that were 3000 pg/mL or less. Eight of 9 thresh-
olds were derived empirically.

For the nonrandomized studies, achievement of a
predischarge absolute NT-proBNP threshold reduced
mortality in 2 of 2 studies (HRs, 0.07 and 0.10) and the
composite measure in 5 of 5 studies (HR range, 0.26 to
0.61). Two studies (50, 58) reported log-rank statistics
consistent with a significant reduction in mortality and
the composite measure, respectively (log-rank P <
0.05).

Percentage-Change NT-proBNP Thresholds
Nine studies examined thresholds for percentage

change in NT-proBNP level from admission to dis-
charge. Two studies had low risk of bias (24, 25).

The most commonly reported threshold was a
decrease in NT-proBNP level of at least 30% from ad-
mission to discharge (24, 25, 52, 53, 55). Six of 9
percentage-change thresholds examined (67%) were
30% or less. Four of 9 thresholds were derived
empirically.

Achievement of a percentage-change NT-proBNP
threshold before discharge was associated with re-
duced risk for death in 2 of 4 studies (HR range, 0.13 to
0.58), readmission in 1 of 2 studies (HRs, 0.38 and
0.70), and the composite measure in 9 of 9 studies (HR
range, 0.26 to 0.64). The HRs reported by the 2 studies
with low risk of bias were similar to the other HRs for
mortality and the composite outcome.

Sensitivity Analysis
Studies with low risk of bias had relative estimates

similar to or more extreme than estimates from studies
with high risk of bias (Figures 2 and 3). Relative esti-
mates reported for short-term outcomes (such as 30-
day follow-up) were generally more extreme than those
reported for longer follow-up (such as 1 year) (Appen-
dix Figures 2 and 3, available at Annals.org). Finally,
studies that addressed a larger number of important
confounders generally reported more extreme esti-
mates than other studies (Appendix Figures 4 and 5,
available at Annals.org). No other differences in find-
ings were evident in our subgroup analyses compared
with our overall findings, including analyses examining
study design (Appendix Figures 6 and 7), care setting
(Appendix Figure 8), LVEF (Appendix Figure 9), or pro-
spective decision making (Appendix Figure 10; all
available at Annals.org). Insufficient evidence was avail-
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able to perform sensitivity analysis on the basis of
matched NP levels at admission.

Strength of Evidence
The overall strength of evidence for each interven-

tion and outcome is summarized in the Table. Because
of the clinical heterogeneity of the available literature
and the small number of studies with low risk of bias,
the evidence supporting an association between
achievement of a predischarge NP threshold and de-
creased rates of mortality and readmission was rated as
low-strength for all comparisons.

DISCUSSION
Our systematic review identified a large number of

observational studies examining the association be-
tween achievement of predischarge NP thresholds and
rates of all-cause and cardiovascular mortality and re-
admission for patients hospitalized for ADHF. The in-
cluded studies examined heart failure populations from
several continents with a nearly even proportion of men
and women and included patients with reduced and
preserved ejection fractions. Both general medicine
and intensive care unit admissions were represented.

Table. Evidence Summary and GRADE Evidence Assessment

Study Type, by Intervention
and Outcome

Participants,
n

Studies, n Range
of Relative
Estimates
(95% CI)

Factors
That Weaken
the Strength
of Evidence

Factors
That Increase
the Strength
of Evidence

Strength of
Evidence

Absolute BNP threshold
Mortality None None Low

NCT 300 1 HR: 0.55 (0.19–1.64)
Cohort 730 7 HR: 0.08 (0.01–0.60) to

0.82 (0.76–0.89)
Readmission None None Low

NCT 300 1 HR: 0.79 (0.48–1.31)
Cohort 325 2 HR: 0.07 (0.02–0.25) to

0.97 (0.94–1.00)
Composite None None Low

NCT 501 2 HR: 0.27 (0.14–0.52) to
0.31 (0.16–0.53)

Cohort 2637 11 HR: 0.07 (0.02–0.25) to
0.79 (0.67–0.89)

OR: 0.32 (0.18–0.56)
Case–control 72 1 HR: 0.54 (0.23–1.27)

Percentage-change BNP threshold
Mortality None None Low

Cohort 458 3 HR: 0.12 (0.02–0.72) to
0.69 (0.30–1.59)

Case–control 224 1 HR: 0.57 (0.37–0.88)
Composite None None Low

NCT 315 1 HR: 0.27 (0.14–0.52)
Cohort 572 4 HR: 0.25 (0.09–0.69) to

0.44 (0.20–0.97)
OR: 0.17 (0.09–0.29)

Case–control 72 1 HR: 0.54 (0.23–1.27)

Absolute NT-proBNP threshold
Mortality None None Low

Cohort 213 2 HR: 0.07 (0.06–0.08) to
0.10 (0.01–1.00)

Composite Study limitations,
imprecision

None Low

RCT 271 1 HR: 1.08 (0.74–1.59)
Cohort 1236 5 HR: 0.26 (0.22–0.31) to

0.61 (0.36–1.03)

Percentage-change NT-proBNP
threshold

Mortality None None Low
Cohort 642 4 HR: 0.13 (0.01–1.19) to

0.58 (0.34–0.99)
Readmission None None Low

Cohort 314 2 HR: 0.38 (0.14–1.00) to
0.70 (0.32–1.53)

Composite None None Low
Cohort 1790 9 HR: 0.26 (0.06–1.13) to

0.64 (0.44–0.93)

BNP = brain-type natriuretic peptide; GRADE = Grading of Recommendations Assessment, Development and Evaluation; HR = hazard ratio;
NCT = nonrandomized, controlled trial; NT-proBNP = amino-terminal pro–brain-type natriuretic peptide; OR = odds ratio; RCT = randomized,
controlled trial.
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The available evidence, which consisted mostly of stud-
ies with high risk of bias, was clinically heterogeneous
in terms of confounders considered, follow-up dura-
tions used, discharge thresholds studied, methods
used for judging patient readiness for discharge, and
admission NP levels for included patients. However,
studies consistently showed a statistically significant re-
duction in all-cause and cardiovascular mortality and
readmission when predischarge thresholds were
achieved. The association was further supported when
we examined studies with low risk of bias and those
adjusting for large numbers of critical confounders.

A well-designed and well-executed randomized,
controlled trial with a clear intervention algorithm is
needed to prove the clinical benefits of targeting NP
thresholds before discharge of patients hospitalized for
ADHF. Comparison of studies with low and high risk of
bias reveals several factors that should influence the
design of such trials.

First, several studies used carefully standardized
methods for hospital interventions and discharge. Two
quasi-experimental studies with low risk of bias (18, 19)
used a flexible combination of absolute and relative
BNP discharge thresholds with a standardized algorith-
mic intervention protocol. In contrast, a trial with high
risk of bias (17) that did not standardize the interven-
tion treatment had a control group of patients with dis-
charge NT-proBNP levels and medication use similar to
the intervention group. A clear algorithmic approach to
diuresis and the use of NP thresholds would help avoid
undertreatment of patients and help achieve between-
group differences in decongestion and short-term clin-
ical outcomes.

Second, BNP and NT-proBNP levels likely comprise
both dynamic (“wet,” affected by volume status) and
static (“dry”) components. Some patients with high NP
levels after treatment have advanced heart failure with
an intrinsic risk for readmission and mortality not due to
underdiuresis (21, 22). Large trial sizes, adequate ran-
domization, and adjustment for remaining differences
in admission NP levels and common confounders of NP
levels (age, sex, renal function, and BMI [14]) are there-
fore essential to maintain a trial's validity. A lack of
achievement of discharge thresholds could also be
used to identify patients at high risk for poor outcomes
after discharge, prompting more intensive outpatient
follow-up care to reduce adverse outcomes (7, 8)
or informing further adjustment of related quality
measures.

Similarly, careful attention must be paid to the type
and level of the threshold studied. The evidence best
supports using either a BNP threshold of less than 250
pg/mL or a decrease in NT-proBNP level of at least 30%
between admission and discharge after clinical stability
has been achieved. These thresholds were empirically
derived and have demonstrated an association with de-
creased mortality and readmission. However, as dis-
cussed by Stienen and colleagues (13), low absolute
thresholds, such as a BNP level less than 250 pg/mL,
are sometimes difficult to attain. In their analysis, mod-
erate thresholds were more easily achieved and re-

tained clinically meaningful effect sizes for clinical out-
comes of interest, especially for patients with extremely
elevated NP levels at admission. For patients with more
advanced disease who cannot reach a low absolute
threshold (such as a BNP level ≤250 pg/mL), a de-
crease of at least 30% from admission to discharge may
be a more feasible target (19, 23, 24). Whether dis-
charge NP thresholds can benefit all patients with
ADHF or only those not yet at an advanced heart failure
stage needs further study.

Finally, our sensitivity analyses also emphasize the
effect of follow-up duration on our outcomes of inter-
est. As expected, the effect of using NP thresholds as
discharge criteria wanes as longer follow-ups (61) are
examined. New randomized, controlled trials should
utilize 30-day, 90-day, and 1-year outcomes to identify
and quantify the durability of effects over time.

Our systematic review builds on a 2014 review (15)
that suggested that discharge BNP and NT-proBNP lev-
els were independent of admission values for predict-
ing patient outcomes. Our review incorporated many
articles not included in the previous review, performed
sensitivity analyses, appraised and graded the strength
of evidence for interventions and outcomes, and pro-
vides recommendations for threshold choices and the
design of future randomized trials. Through its use of
an evidence inventory, this review is also the first to
identify a paucity of trials assessing common methods
for evaluating the success of diuresis for patients
admitted with ADHF, which is surprising given the
great patient burden and costs associated with such
admissions.

Our review has important limitations, primarily re-
lated to the quality of the available literature. Most
available studies are cohort or case–control studies
with heterogeneity of the exposures and outcomes
they examined and the analytic methods they used.
The single available randomized trial has important lim-
itations and high risk of bias. Because the studies were
not amenable to meta-analysis, we were unable to ex-
amine publication bias using funnel plots. However,
there is a potential for publication bias, which might be
expected to bias our results away from the null.

In conclusion, our systematic review suggests a po-
tential role for BNP and NT-proBNP levels beyond
prognosis to help providers assess the quality of inpa-
tient care for patients admitted for ADHF and to im-
prove patient outcomes after discharge. Low-strength
evidence supports an association between predis-
charge BNP and NT-proBNP thresholds and decreased
rates of mortality and readmission. The quality of the
current body of literature is inadequate to fully assess
whether discharge thresholds can be prospectively
used to improve clinical outcomes. Future, carefully
designed randomized, controlled trials must use clear
algorithmic methods to guide diuresis, consider impor-
tant confounders of NP levels, test achievable predis-
charge thresholds (perhaps multiple ones), and analyze
data for both short- and long-term follow-up to address
this important clinical question.
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APPENDIX: NEWCASTLE-OTTAWA SCALE

DOMAINS
The Newcastle-Ottawa Scale assesses risk of bias in

3 domains. The “selection” domain awards 1 star each
for meeting the following criteria: 1) the “exposed co-
hort” is representative of individuals in the greater com-
munity, 2) the nonexposed cohort is drawn from the
same community as the exposed cohort, 3) the ascer-
tainment of the “exposure” is obtained from either a
secure record or a structured interview, and 4) the
study adequately demonstrates that the outcome of in-
terest was not present at the start of the study. Studies
were judged to not be representative of individuals in
the greater community if they used selective inclusion
criteria (for example, only patients aged >70 years or
only patients with diabetes).

The “comparability” domain awards 1 star for con-
trolling for the most important confounding factor and
1 additional star for controlling for the second most
important confounding factor. We required adjustment
for LVEF (1 star possible) and at least 1 measure of
disease severity on admission (NP level or NYHA class;
1 additional star possible).

The “outcome” domain awards 1 star each for
meeting the following criteria: 1) outcomes are as-
sessed by an independent blinded assessment or by
record linkage, 2) follow-up was long enough for the
outcomes of interest to occur, and 3) the participants
who were lost to follow-up were unlikely to introduce
bias.
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Appendix Table 1. Search Strategies in Ovid MEDLINE

Set
Number

Concept Search Statement

1 Heart failure heart failure.mp. or exp Heart Failure/or Ventricular Dysfunction/or Ventricular Dysfunction,
Left/or exp Pulmonary Edema/or (pulmonary adj2 (congestion OR edema)).mp. or
dyspn*.mp.

2 Acute exp Hospitalization/or hospitaliz*.mp. or (acute* adj1 (decompensat* or exacerbat*)).mp.
or (patient* adj3 admitted).mp or (acute* adj2 heart failure).mp. or (decompensat* adj2
heart failure).mp.

3 Diuretics exp Diuretics/or diure*.mp. or (acetazolamide or amiloride or bumetanide or
chlorothiazide or eplerenone or furosemide or hydrochlorothiazide or B-type natriuretic
peptide or mannitol or metolazone or spironolactone or torsemide or tolvaptan).mp.

4 Cochrane RCT filter maximizing
sensitivity (62)

((randomized controlled trial or controlled clinical trial).pt. or randomized.ab. or
placebo.ab. or drug therapy.fs. or randomly.ab. or trial.ab. or group.ab.) not (exp
animals/not humans.sh.)

5 Observational studies filter (63) epidemiologic studies/or exp case control studies/or exp cohort studies/or case control.tw.
or (cohort adj (study or studies)).tw. or cohort analy$.tw. or (follow up adj (study or
studies)).tw. or (observational adj (study or studies)).tw. or longitudinal.tw. or
retrospective.tw. or cross sectional.tw. or cross-sectional studies/or post hoc analysis.tw.

6 Combine filters (RCT and
observational studies)

4 or 5

7 Intervention filter daily weigh*.mp. or weight.mp. or (urin* adj2 output).mp. or (input adj2 output).mp. or
hematocrit$.mp. or hemoglobin$.mp. or hemoconcentration.mp. or
haemoconcentration.mp. or creatinine.mp. or worsening renal function.mp. or
worsening kidney function.mp. or acute kidney injury.mp. or acute renal failure.mp. or
BNP.mp. or B type natriuretic peptide or Brain type natriuretic peptide.mp. or
bicarbonate.mp. or contraction alkalosis.mp. or hyponatremia.mp. or serum sodium.mp.
or CVP.mp. or central venous pressure.mp. or PCWP.mp. or PAWP.mp. or PAOP.mp. or
PWP.mp. or (pulmonary adj2 wedge pressure).mp. or wedge pressure.mp. or
hematocrit/or hemoglobins/or creatinine/or acute kidney injury/or Natriuretic Peptide,
Brain/or bicarbonates/or hyponatremia/or Sodium/bl or Central Venous Pressure/or
Pulmonary Wedge Pressure/

8 Combine sets 1 and 2 and 3 and 6 and 7
9 English Limit 8 to english language

RCT = randomized, controlled trial.

Appendix Figure 1. Evidence map of study interventions.

Blood pressure

BNP

BUN

Daily weight

Filling pressure

Kidney function
RCT

Quasi-experimental

Observational
Urine output

Studies, n
0 4 8 12 16 20 24 28 32
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We initially created an “evidence inventory” of all data-driven methods
for assessing the readiness of patients with acute decompensated
heart failure for discharge. From this pool of 70 studies, we included in
our review only the 44 studies examining BNP or NT-proBNP thresh-
olds. Several studies used multiple intervention types (e.g., BNP,
kidney function, and blood pressure). BNP = brain-type natriuretic
peptide; BUN = blood urea nitrogen; NT-proBNP = amino-terminal
pro–brain-type natriuretic peptide; RCT = randomized, controlled
trial.
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Appendix Figure 2. Risk for outcomes associated with achievement of a BNP discharge threshold, by follow-up duration.

Study, Year (Reference)

Mortality
   Absolute BNP thresholds

      Omar and Guglin, 2016 (27)

      Naffaa et al, 2014 (29)

      Valle et al, 2011 (20)

      Shah et al, 2007 (22)

      Cournot et al, 2008 (36)

      Yu and Sanderson, 1999 (48)

      Ludka et al, 2013 (30)

      Ito et al, 2012 (32)

   Percentage-change BNP thresholds

      Lourenço et al, 2015 (59)

      Cournot et al, 2008 (36)

      Noveanu et al, 2011 (33)

      Ludka et al, 2013 (30)

Readmission

   Absolute BNP thresholds

      Verdiani et al, 2005 (23)

      Valle et al, 2011 (20)

      Chen et al, 2012 (31)

Composite

   Absolute BNP thresholds

      Verdiani et al, 2005 (23)

      Gackowski et al, 2004 (44)

      De Vecchis et al, 2013 (60)

      Faggiano et al, 2010 (35)

      Valle et al, 2008 (18)

      Valle et al, 2008 (19)

      Feola et al, 2008 (37)

      Aspromonte et al, 2007 (39)

      Valle et al, 2006 (41)

      Logeart et al, 2004 (46)

      Bettencourt et al, 2002 (47)

      Cournot et al, 2008 (36)

      Nakada et al, 2016 (26)

   Percentage-change BNP thresholds

      De Vecchis et al, 2013 (60)

      Valle et al, 2008 (18)

      Ruocco et al, 2016 (28)

      Cournot et al, 2008 (36)

      Cournot et al, 2007 (40)
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Appendix Figure 3. Risk for outcomes associated with achievement of an NT-proBNP discharge threshold, by follow-up
duration.

Study, Year (Reference)

Mortality
   Absolute NT-proBNP thresholds

      Siswanto et al, 2006 (57)

      Metra et al, 2007 (54)

   Percentage-change NT-proBNP thresholds

      Siswanto et al, 2006 (57)

      Bettencourt et al, 2004 (25)

      Eurlings et al, 2014 (49)

      Kubler et al, 2008 (56)

Readmission

   Percentage-change NT-proBNP thresholds

      Siswanto et al, 2006 (57)

      Michtalik et al, 2011 (51)

Composite

   Absolute NT-proBNP thresholds

      Pimenta et al, 2007 (55)

         (eGFR >90 mL/min/1.73 m2)

      Pimenta et al, 2007 (55)

         (eGFR <90 mL/min/1.73 m2)

      Bettencourt et al, 2007 (52) (HFrEF)

      Ferreira et al, 2007 (53)

      Metra et al, 2007 (54)

      Eurlings et al, 2014 (49)

   Percentage-change NT-proBNP thresholds

      Bettencourt et al, 2004 (25)

      Pimenta et al, 2007 (55)
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      Pimenta et al, 2007 (55)
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      Siswanto et al, 2006 (57)
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eGFR = estimated glomerular filtration rate; HFpEF = heart failure with preserved ejection fraction; HFrEF = heart failure with reduced ejection
fraction; HR = hazard ratio; NT-proBNP = amino-terminal pro–brain-type natriuretic peptide.
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Appendix Figure 4. Risk for outcomes associated with achievement of a BNP discharge threshold, by the number of
important confounders addressed by multivariate analysis.

Study, Year (Reference)

Mortality
   Absolute BNP thresholds

      Ito et al, 2012 (32)

      Cournot et al, 2008 (36)

      Shah et al, 2007 (22)

      Yu and Sanderson, 1999 (48)

      Naffaa et al, 2014 (29)

      Omar and Guglin, 2016 (27)

      Ludka et al, 2013 (30)

      Valle et al, 2011 (20)

   Percentage-change BNP thresholds

      Cournot et al, 2008 (36)

      Noveanu et al, 2011 (33)

      Lourenço et al, 2015 (59)

      Ludka et al, 2013 (30)

Readmission

   Absolute BNP thresholds

      Chen et al, 2012 (31)

      Verdiani et al, 2005 (23)

      Valle et al, 2011 (20)

Composite

   Absolute BNP thresholds

      Valle et al, 2008 (18)

      Valle et al, 2008 (19)

      Nakada et al, 2016 (26)

      Faggiano et al, 2010 (35)

      Cournot et al, 2008 (36)

      Feola et al, 2008 (37)

      Aspromonte et al, 2007 (39)

      Logeart et al, 2004 (46)

      Valle et al, 2006 (41)

      Verdiani et al, 2005 (23)

      De Vecchis et al, 2013 (60)

      Gackowski et al, 2004 (44)

      Bettencourt et al, 2002 (47)

   Percentage-change BNP thresholds

      Valle et al, 2008 (18)

      Cournot et al, 2008 (36)

      Cournot et al, 2007 (40)

      De Vecchis et al, 2013 (60)

      Ruocco et al, 2016 (28)
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Appendix Figure 5. Risk for outcomes associated with achievement of an NT-proBNP discharge threshold, by the number of
important confounders addressed by multivariate analysis.

Study, Year (Reference)
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Appendix Figure 6. Risk for outcomes associated with achievement of a BNP discharge threshold, by study design.

Study, Year (Reference)

Mortality
   Absolute BNP thresholds

      Omar and Guglin, 2016 (27)

      Valle et al, 2011 (20)

      Shah et al, 2007 (22)

      Cournot et al, 2008 (36)

      Yu and Sanderson, 1999 (48)

      Naffaa et al, 2014 (29)

      Ludka et al, 2013 (30)

      Ito et al, 2012 (32)

Composite

   Absolute BNP thresholds

      Nakada et al, 2016 (26)

      Valle et al, 2008 (18)

      Aspromonte et al, 2007 (39)

      Valle et al, 2006 (41)

      Verdiani et al, 2005 (23)

      Valle et al, 2008 (19)

      De Vecchis et al, 2013 (60)

      Faggiano et al, 2010 (35)

      Feola et al, 2008 (37)

      Cournot et al, 2008 (36)

      Gackowski et al, 2004 (44)

      Logeart et al, 2004 (46)

      Bettencourt et al, 2002 (47)

   Percentage-change BNP thresholds

      Ruocco et al, 2016 (28)

      Valle et al, 2008 (18)

      De Vecchis et al, 2013 (60)

      Cournot et al, 2008 (36)

      Cournot et al, 2007 (40)

433

300

111

157

91

33

130

208

748

315

145

203

100

186

72

150

250

157

95

109

433

107

315

72

157

61

319 pg/mL

250 pg/mL

500 pg/mL

360 pg/mL

165 pg/mL

992.6 pg/mL

434.5 pg/mL

200 pg/mL

295 pg/mL

250 pg/mL

200 pg/mL

200 pg/mL

696 pg/mL

250 pg/mL

240 pg/mL

250 pg/mL

250 pg/mL

360 pg/mL

300 pg/mL

350 pg/mL

321 pg/mL

30%

30%

30%

50%

40%

0.82 (0.76–0.89)

0.55 (0.19–1.64)

0.08 (0.01–0.60)

0.12 (0.02–0.72)

0.27 (0.11–0.60)

0.10 (0.02–0.50)

0.30 (0.13–0.69)

0.43 (0.22–0.84)

0.78 (0.67–0.89)

0.27 (0.14–0.52)

0.26 (0.08–0.88)

0.43 (0.22–0.84)

0.07 (0.02–0.25)

0.31 (0.16–0.63)

0.54 (0.23–1 .27)

0.22 (0.10–0.48)

0.34 (0.18–0.64)

0.32 (0.15–0.68)

0.22 (0.10–0.48)

0.20 (0.11–0.36)

0.43 (0.17–1.09)

0.44 (0.20–0.97)

0.27 (0.14–0.52)

0.54 (0.23–1.27)

0.32 (0.15–0.68)

0.25 (0.09–0.69)

Retrospective

Retrospective

Retrospective

Prospective

Prospective

Prospective

Prospective

Prospective

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

Prospective

Prospective

Prospective

Prospective

Prospective

Prospective

Prospective

Retrospective

Retrospective

Prospective

Prospective

Prospective

Discharge Threshold HR (95% CI)

HR (95% CI)

Study Design
Favors

Thresholds
Favors
ControlsPatients, n

0.01 0.1 1 10 100

BNP = brain-type natriuretic peptide; HR = hazard ratio.

Annals of Internal Medicine • Vol. 166 No. 3 • 7 February 2017 Annals.org

Downloaded From: http://annals.org/pdfaccess.ashx?url=/data/journals/aim/936047/ by Kevin Rosteing on 02/15/2017

http://www.annals.org


Appendix Figure 7. Risk for outcomes associated with achievement of an NT-proBNP discharge threshold, by study design.
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Appendix Figure 8. Risk for outcomes associated with achievement of a BNP discharge threshold, by care setting.
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Appendix Figure 9. Risk for outcomes associated with achievement of a BNP discharge threshold, by inclusion criteria for
LVEF.

Study, Year (Reference)
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Appendix Figure 10. Risk for outcomes associated with achievement of a BNP discharge threshold, by use of thresholds to
prospectively make discharge decisions.
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