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Prompt treatment may mitigate the adverse effects of congestion in the early phase of
heart failure (HF) hospitalization, which may lead to improved outcomes. We analyzed
814 acute HF patients for the relationships between time to first intravenous loop diu-
retics, changes in biomarkers of congestion and multiorgan dysfunction, and 1-year com-
posite end point of death or HF hospitalization. B-type natriuretic peptide (BNP), high
sensitivity cardiac troponin I (hscTnI), urine and serum neutrophil gelatinase−associated
lipocalin, and galectin 3 were measured at hospital admission, hospital day 1, 2, 3 and dis-
charge. Time to diuretics was not correlated with the timing of decongestion defined as
BNP decrease ≥ 30% compared with admission. Earlier BNP decreases but not time to
diuretics were associated with earlier and greater decreases in hscTnI and urine neutro-
phil gelatinase−associated lipocalin, and lower incidence of the composite end point.
After adjustment for confounders, only no BNP decrease at discharge was significantly
associated with mortality but not the composite end point (p = 0.006 and p = 0.062, respec-
tively). In conclusion, earlier time to decongestion but not the time to diuretics was associ-
ated with better biomarker trajectories. Residual congestion at discharge rather than the
timing of decongestion predicted a worse prognosis. © 2021 The Authors. Published by
Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/) (Am J Cardiol 2021;147:70−79)
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In patients with acute heart failure (AHF), prompt initia-
tion of decongestive therapy may help mitigate the adverse
effects of congestion and multi-organ injury in the early
phase of hospitalization and result in improved outcomes.
Several studies have examined the relationship between
early initiation of diuretics and/or vasoactive agents and
clinical outcomes.1-4 However, a pathophysiologic link
between early treatment, decongestion, organ damage and
clinical outcomes has not been fully assessed, especially
from the viewpoint of biomarker trajectories. B-type natri-
uretic peptide (BNP) is a well-established biomarker of
congestion and the timing of BNP decrease can serve as an
objective surrogate for time to decongestion.5 In this sub-
analysis of the Acute Kidney Injury Neutrophil gelatinase
−associated lipocalin (NGAL) Evaluation of Symptomatic
heart failure Study (AKINESIS), we investigated whether
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(1) early diuretic therapy results in early decongestion,
defined by a decrease in BNP, (2) early diuretic therapy
versus decongestion correlates with favorable biomarker
changes, and (3) early diuretic therapy versus decongestion
is associated with better clinical outcomes.6
Methods

We retrospectively analyzed patients enrolled in the
AKINESIS.6 AKINESIS was a prospective, international,
multicenter cohort study of AHF patients, which enrolled
927 AHF patients at 16 sites in the United States and
Europe from January 2011 through September 2013. The
study methods have been previously described.6 Briefly,
subjects with symptoms and signs of AHF and having
received or planned administration of intravenous diuretic
therapy were enrolled. In the current analysis, we excluded
70 patients discharged from the emergency department, 28
patients without BNP data on admission, and 15 patients
lacking serial BNP measurements, leaving 814 patients for
this analysis.

Time to diuretics was defined as the time from presenta-
tion to the first intravenous loop diuretic administration.
Time to BNP decrease was defined as the day when BNP
decreased by ≥ 30% compared with admission and the last
BNP value was also ≥ 30% lower than admission.7-10

Serum and urine specimens for biomarker assessment were
tested at 5 time-points if the participant remained hospital-
ized for the duration of collection times: (1) day of enrol-
ment within 2-hour of first diuretic administration; (2)
hospital day 1; (3) hospital day 2; (4) hospital day 3, and
(5) the day of discharge or anticipated discharge. Bio-
markers analyzed, in addition to BNP, were high sensitivity
cardiac troponin I (hscTnI), urine and serum NGAL
(uNGAL and sNGAL) and galectin 3 (Gal3). Details of bio-
marker assessment were reported in elsewhere.11 uNGAL
was indexed to urine creatinine to account for urine tonic-
ity. Levels of serum creatinine were measured each day
during hospitalization.

The primary outcome was a 1-year composite of death or
HF hospitalization. In-hospital, 1-year mortality and 1-year
HF hospitalization were analyzed as secondary outcomes.

Patient characteristics were evaluated stratifying time to
diuretics and BNP decrease with analysis of variance, Krus-
kal−Wallis or chi-square test as appropriate. Time to diu-
retics was compared by the time to BNP decrease both as a
continuous variable and dichotomized as before or after
60 minutes.3 Loop diuretic equivalents were converted with
1 mg bumetanide = 20 mg torsemide = 40 mg furosemide
for intravenous doses and 1 mg bumetanide = 20 mg
torsemide = 80 mg furosemide for oral doses.12,13 Relative
changes of biomarkers from admission to each sample col-
lection were compared stratifying quartiles of time to diu-
retics and time to BNP decrease with Kruskal−Wallis test.
Kaplan-Meier, log-rank and Cox regression analysis were
performed for 1-year outcomes. In multivariable Cox
regression analysis, confounding factors were selected
based on prior studies including age, African American
race, history of chronic obstructive pulmonary disease ,
edema, systolic blood pressure , heart rate, sodium, hemo-
globin, blood urea nitrogen (BUN) and hscTnI.14-17
To investigate factors associated with BNP ≥ 30% decrease
at day 1, and with BNP < 30% decrease at discharge, uni-
variable and multivariable logistic regression analyses were
performed. Factors with p-value < 0.05 in univariable anal-
ysis were included in the multivariable model. All bio-
markers were log-2 transformed in Cox and logistic
regression analyses. All statistical analyses were performed
using R version 3.6.3 for Windows.
Results

The mean age of the 814 patients was 69 § 14 years,
63% were male, 47% had a history of coronary artery
disease (CAD), 44% had diabetes, and 26% reported a
history of chronic kidney disease. Median creatinine was
1.20 mg/dl (interquartile ranges [IQR] 0.94 to 1.61 mg/dl)
and median BNP was 569 ng/l (IQR 233 to 1108 ng/l).
Median dose of intravenous furosemide equivalents within
the first 3 days of hospitalization was 60 mg/day (IQR 40 to
100 mg/day). BNP decrease at day 1, 2, 3 and discharge
were observed in 166 (20%), 148 (18%), 55 (6.7%), and 52
patients (6.4%), respectively. Patients with earlier BNP
decrease were younger, more likely to be non-white race,
less frequently had a history of chronic kidney disease and
had jugular vein distention on admission (Table 1). They
had higher systolic blood pressure, and lower levels of cre-
atinine and Gal3 on admission. The prevalence of CAD and
interventions were not different between the groups.

The median time to first intravenous diuretics was 2.95
[IQR 1.75 to 5.78] hours. Patients in the earliest quartile of
time to diuretic therapy (< 1.75 hours) were the oldest, had
highest percentage of white race, and had the highest BUN
on admission (Supplemental Table 1). Those with the latest
quartile of time to diuretic therapy were most likely to be
male and have rales. The dose of diuretic was not associated
with the timing of the first dose. Although a numerical step-
wise increase in time to diuretics was observed with BNP
decrease at day 1 to discharge, no BNP decrease at dis-
charge was also associated with shorter time to diuretics
(Figure 1A). Receiving diuretics within 1 hour of the pre-
sentation was not correlated with the time to BNP decrease
either (12% in patients with BNP decrease at day1, 11% in
day 2, 8% in day 3, 13% in BNP decrease at discharge and
13% in no BNP decrease, p = 0.822). Urine output and
changes in body weight were not correlated with time to
diuretics (Figure 1B). Although there was some evidence of
those with an earlier BNP decrease having an earlier and
greater body weight decrease, this was not statistically sig-
nificant (Figure 1C).

No relationship was observed regarding time to diuretics
and change in biomarkers (Figure 2A). Patients with later
time to diuretics had higher relative ratios of hscTnI,
uNGAL, and sNGAL at discharge, though these findings
were not statistically significant. In contrast, earlier BNP
decrease was associated with earlier and greater decreases
in hscTnI and uNGAL (Figure 2B). Creatinine increased
more in earlier BNP decrease groups, and a similar finding
was observed with sNGAL and Gal3.

In-hospital mortality was 3.3% (27 patients). Patients in
earlier time to diuretic therapy had a numerically higher in-
hospital mortality, but this was not statistically significance



Table 1

Baseline characteristics by time to B-type natriuretic peptide decrease

Variables Day 1 Day 2 Day3 At discharge No Decrease

n = 166 n = 148 n = 55 n = 52 n = 393 p-value

Age (years), mean§SD 65§14 66§14 68§12 71§14 71§14 <0.001
Non-white 73 (44%) 65 (44%) 22 (40%) 10 (19%) 124 (32%) 0.001

Men 103 (62%) 91 (62%) 37 (67%) 32 (62%) 247 (63%) 0.958

Coronary artery disease 70 (42%) 68 (46%) 30 (55%) 25 (48%) 193 (49%) 0.471

Myocardial infarction 44 (27%) 38 (26%) 18 (33%) 11 (21%) 111 (28%) 0.693

Percutaneous coronary intervention 32 (19%) 28 (19%) 11 (20%) 16 (31%) 93 (24%) 0.330

Coronary artery bypass grafting 23 (14%) 23 (16%) 14 (26%) 8 (15%) 73 (19%) 0.305

Hypertension 135 (81%) 124 (84%) 46 (84%) 37 (71%) 310 (79%) 0.306

Hyperlipidemia 84 (51%) 84 (57%) 29 (53%) 26 (50%) 197 (50%) 0.724

Diabetes mellitus 71 (43%) 66 (45%) 24 (44%) 27 (52%) 173 (44%) 0.843

Chronic obstructive pulmonary disease 45 (27%) 46 (31%) 11 (20%) 5 (10%) 102 (26%) 0.034

Chronic kidney disease 27 (16%) 40 (27%) 9 (16%) 20 (39%) 117 (30%) 0.001

Smoker 31 (19%) 24 (16%) 12 (22%) 7 (14%) 53 (14%) 0.359

Angiotensin-converting enzyme inhibitor or

angiotensin II receptor blocker

52 (31%) 43 (29%) 23 (42%) 16 (31%) 122 (31%) 0.528

Beta-blockers 123 (74%) 108 (73%) 39 (71%) 42 (81%) 270 (69%) 0.352

Diuretic agents 118 (71%) 103 (70%) 40 (73%) 39 (75%) 276 (70%) 0.950

Loop diuretic dose within the first 3 days of

hospitalization (mg/day), median [IQR]

60 [33, 80] 63 [40, 99] 67 [40, 103] 62 [40, 133] 60 [40, 107] 0.081

Edema 117 (71%) 110 (74%) 47 (86%) 35 (67%) 305 (78%) 0.087

Jugular vein distension 24 (15%) 40 (27%) 15 (27%) 21 (40%) 118 (30%) 0.001

Rales 66 (40%) 61 (41%) 27 (49%) 30 (58%) 177 (45%) 0.176

Systolic blood pressure (mm Hg), mean§SD 148§30 145§30 141§28 136§28 135§29 <0.001
Heart rate (beats/min), mean§SD 89§21 88§22 93§26 84§19 87§24 0.185

Sodium (mEq/l), median [IQR] 139 [137, 141] 139 [138, 142] 140 [137, 142] 140 [137, 142] 139 [136, 141] 0.001

Hemoglobin (g/dl), mean§SD 12.0§2.5 11.6§2.2 11.8§2.3 11.4§2.0 11.5§2.7 0.188

Blood urea nitrogen (mg/dl), median [IQR] 21.0 [16.0, 29.0] 23.0 [15.0, 32.5] 24.0 [16.0, 31.5] 33.0 [18.9, 58.3] 26.0 [18.3, 42.0] <0.001
Creatinine (mg/dl), median [IQR] 1.10 [0.83, 1.36] 1.21 [1.00, 1.64] 1.17 [1.00, 1.50] 1.22 [1.05, 1.63] 1.25 [0.96, 1.70] 0.001

B-type natriuretic peptide (ng/l), median [IQR] 550 [268, 1065] 769 [313, 1260] 713 [252, 1168] 688 [371, 1268] 456 [195, 1027] 0.003

High-sensitivity cardiac troponin I (ng/l),

median [IQR]

22.2 [11.8, 51.3] 24.1 [12.6, 62.1] 32.1 [17.1, 98.8] 27.5 [15.3, 56.0] 25.5 [12.5, 55.5] 0.229

Urine neutrophil gelatinase-associated lipocalin

(ug/g), median [IQR]

23.2 [13.6, 57.8] 31.7 [12.9, 71.0] 26.8 [13.8, 54.2] 42.7 [16.3, 104.2] 25.7 [12.8, 70.0] 0.340

Serum neutrophil gelatinase-associated lipocalin

(ng/ml), median [IQR]

121.4 [74.3, 196.4] 140.5 [77.4, 249.0] 119.7 [87.8, 227.8] 196.5 [101.3, 359.6] 146.7 [87.2, 247.5] 0.008

Galectin 3 (ng/ml), median [IQR] 22.8 [18.3, 30.7] 24.2 [19.2, 31.2] 23.3 [18.7, 29.9] 29.0 [22.3, 43.6] 27.9 [20.4, 41.2] <0.001
IQR, Interquartile range; SD, standard deviation
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(Figure 3A). Those without BNP decrease during hospitali-
zation had the highest in-hospital mortality, but the timing
of BNP decrease at day 1, 2 and 3 was not correlated with
mortality Figure 3B. The 1-year composite end point was
observed in 276 patients (34%), with 147 patients (18%)
dying and 163 patients (20%) hospitalized because of HF.
The earliest time to diuretics was associated with the high-
est risk of the composite end point and mortality in univari-
ate analysis. These relationships were not statistically
significant after adjustment for confounders. (Figure 4A
and Table 2). There was a stepwise increase in risk for the
composite end point and mortality in patients with later tim-
ing of decrease or no decrease of BNP compared with BNP
decrease at day 1 (Figure 4B and Table 3). After adjustment
for confounders, only no BNP decrease at discharge
remained statistically significant for mortality but not for
the composite end point.

In the multivariable logistic regression analysis, lack of
jugular vein distension, higher systolic blood pressure and
lower galectin 3 were associated with a higher odds of
having BNP decrease at day 1 (Table 4). Older age, lower
systolic blood pressure, lower sodium, lower BNP and
higher galectin 3 were associated with a higher odds of hav-
ing no BNP decrease at discharge (Table 5).
Discussion

Among AHF patients treated with intravenous diuretic
therapy, time to diuretics was not correlated with time to
BNP decrease, and earlier time to BNP decrease but not
time to diuretics was associated with better biomarker tra-
jectories. Although earlier BNP decreases were associated
with a lower incidence of the composite end point, only no
BNP decrease at discharge was an independent predictor of
mortality, but not the composite end point.

Prompt initiation of decongestive therapy in AHF may
theoretically mitigate the adverse effects of congestion
including multi-organ dysfunction and injury in the
early phase of hospitalization and is expected to result in
better prognosis. However, prior studies have had variable

www.ajconline.org


Figure 1A. Relationship between Time to Diuretics and B-type Natriuretic Peptide Decrease

Although a numerical stepwise increase in time to first intravenous diuretic dose was observed with BNP decrease at day 1 to discharge, no BNP decrease at

discharge was also associated with shorter time to diuretics (p = 0.107). Time to BNP decrease was defined as the day when BNP decreased by ≥ 30% com-

pared with admission and the last BNP value was also ≥ 30% lower than admission. BNP, B-type natriuretic peptide.
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outcomes with not all supporting this hypothesis.1-4 In our
analysis, time to diuretic therapy was correlated with nei-
ther greater urine output, larger body weight decrease, ear-
lier BNP decrease nor better trajectories of other
pathophysiologic biomarkers. The earliest diuretic therapy
Figure 1B and 1C. urine output and changes in body weight by time to diuretics

weight were not correlated with time to diuretics (Figure 1B). Although there was

greater body weight decrease, this was not statistically significant (Figure 1C). BN
group was associated with an increased risk of worse out-
comes, and this relationship attenuated after adjustment for
baseline characteristics suggesting these patients potentially
had a profile of more severe decompensation of HF that
prompted clinicians to treat earlier. AHF is a heterogeneous
and B-type natriuretic peptide decrease. Urine output and changes in body

some evidence of those with an earlier BNP decrease having an earlier and

P, B-type natriuretic peptide.



Figure 2A. Time to diuretics and biomarker changes. No relationship was observed between time to diuretics and change in biomarkers. Time to first intrave-

nous loop diuretic; quartile 1 < 1.75 hours, quartile 2 1.75 to 2.95 hours, quartile 3 2.96 to 5.78 hours, and quartile 4 > 5.78 hours.

Figure 2B. Time to B-type natriuretic peptide decrease and biomarker changes. Earlier BNP decrease was associated with earlier and greater decreases in

hscTnI and uNGAL (Figure 2BII and 2BIV). Creatinine increased greater in earlier BNP decrease groups, and a similar finding was observed with sNGAL

and Gal3 (Figure 2BIII, 2BV and 2BVI). *p < 0.05.

BNP, B-type natriuretic peptide; Gal3, galectin 3; hscTnI, high sensitivity cardiac troponin I; sNGAL, serum neutrophil gelatinase−associated lipocalin;

uNGAL, urine neutrophil gelatinase−associated lipocalin.
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Figure 3A. In-hospital mortality and time to diuretics. Earlier time to

diuretic therapy was associated with higher in-hospital mortality, but this

did not reach statistical significance (p = 0.149).

Figure 3B. In-hospital mortality and time to B-type natriuretic peptide

decrease. Patients without BNP decrease during hospitalization had the

highest in-hospital mortality, whereas the timing of BNP decrease at day

1, 2 and 3 was not associated with mortality (p < 0.001). BNP, B-type

natriuretic peptide.

Figure 4A. Time to Diuretics and One-year Composite of Death or Heart

Failure Hospitalization

There was a trend that patients with the earliest time to diuretics were asso-

ciated with the highest risk of the composite end point of death or HF hos-

pitalization (p = 0.080). Time to first intravenous loop diuretic; quartile 1

< 1.75 hours, quartile 2 1.75 to 2.95 hours, quartile 3 2.96 to 5.78 hours,

and quartile 4 > 5.78 hours. HF, heart failure.

Figure 4B. Time to B-type natriuretic peptide decrease and one-year com-

posite of death or heart failure hospitalization. There was a stepwise

increase in risk for the composite end point in patients with later timing of

decrease or no decrease of BNP compared with BNP decrease at day 1

(p = 0.001). BNP, B-type natriuretic peptide.
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disease with complex pathophysiologic processes, various
symptoms and disease severity, multiple co-morbidities,
and several precipitating factors. These can significantly
affect the timing of therapy initiation and may explain the
inconsistent relationships between the timing of therapy
and clinical outcomes in ours and previous studies.

We found an earlier BNP decrease was associated with
earlier and greater decreases in hscTnI and uNGAL, and
greater increases in creatinine, sNGAL and Gal3. The
decrease in hscTnI in the earlier BNP decrease groups sug-
gests faster resolution of myocardial damage with faster
decongestion.17,18 A rise in creatinine with decreases in
BNP and uNGAL can reflect successful decongestive ther-
apy with the development of renal functional deterioration,
but without the occurrence of tubular damage.7,19,20 It is
remarkable that those groups with delayed or failed decon-
gestion did not have serum creatinine increases, but did
develop renal tubular damage (uNGAL increase), and had
the highest mortality. sNGAL not only reflects kidney
injury but also systemic inflammation, and Gal3 reflets
inflammation and fibrosis.19,21 Elevations of these bio-
markers in earlier BNP decrease groups can be a result of
decreased renal clearance rather than the activation of these
pathophysiologic processes, considering concomitant creat-
inine elevation and better clinical outcomes in these groups.
Intriguingly, these favorable biomarker changes were
not translated into improved clinical outcomes in our analy-
sis. Recent trials of novel vasoactive agents cast doubt on
the beneficial effects of early treatment strategies and a
pathophysiologic link between favorable biomarker
changes and better outcomes.22,23 In the RELAX-AHF trial,
serelaxin provided an earlier decrease in N-terminal pro-
BNP (NT-pro-BNP) and hscTnT, indicating its effect on
faster decongestion and myocardial protection.18 However,



Table 2A

Time to diuretics and one-year outcomes

Composite of mortality or HF hospitalization

Univariable Multivariable

HR 95% CI p-value adjusted HR 95% CI p-value

Quartile 1 reference reference

Quartile 2 0.69 0.49-0.96 0.029 0.74 0.52-1.04 0.083

Quartile 3 0.73 0.53-1.01 0.060 0.78 0.55-1.11 0.171

Quartile 4 0.71 0.51-0.98 0.039 0.72 0.51-1.02 0.064

Mortality

Univariable Multivariable

HR 95% CI p-value adjusted HR 95% CI p-value

Quartile 1 reference reference

Quartile 2 0.62 0.39-0.98 0.039 0.68 0.42-1.08 0.104

Quartile 3 0.66 0.42-1.03 0.067 0.84 0.52-1.36 0.485

Quartile 4 0.62 0.40-0.98 0.042 0.66 0.41-1.07 0.094

HF hospitalization

Univariable Multivariable

HR 95% CI p-value adjusted HR 95% CI p-value

Quartile 1 reference reference

Quartile 2 0.79 0.51-1.22 0.285 0.79 0.51-1.24 0.314

Quartile 3 0.81 0.53-1.24 0.326 0.77 0.49-1.22 0.271

Quartile 4 0.79 0.51-1.21 0.271 0.78 0.5-1.23 0.285

Table 2B. Time to B-type natriuretic peptide decrease and one-year outcomes

Composite of mortality or HF hospitalization

Univariable Multivariable

HR 95% CI p-value adjusted HR 95% CI p-value

Day 1 reference reference

Day 2 1.25 0.81-1.93 0.317 1.05 0.67-1.64 0.842

Day 3 1.46 0.84-2.56 0.181 1.23 0.70-2.17 0.469

At discharge 1.69 0.98-2.93 0.060 1.19 0.67-2.12 0.542

No BNP decrease 1.96 1.38-2.79 < 0.001 1.42 0.98-2.04 0.062

Mortality

Univariable Multivariable

HR 95% CI p-value adjusted HR 95% CI p-value

Day 1 reference reference

Day 2 1.55 0.73-3.28 0.252 1.17 0.55-2.52 0.683

Day 3 2.39 1.00-5.66 0.049 1.85 0.77-4.43 0.167

At discharge 3.10 1.37-7.02 0.007 1.80 0.77-4.21 0.175

No BNP decrease 3.93 2.16-7.16 < 0.001 2.38 1.29-4.38 0.006

HF hospitalization

Univariable Multivariable

HR 95% CI p-value adjusted HR 95% CI p-value

Day 1 reference reference

Day 2 1.08 0.65-1.8 0.770 0.99 0.59-1.66 0.956

Day 3 1.10 0.55-2.19 0.788 1.03 0.51-2.07 0.942

At discharge 1.45 0.76-2.78 0.264 1.12 0.56-2.23 0.754

No BNP decrease 1.15 0.75-1.74 0.526 0.96 0.62-1.5 0.866

Factors included in multivariable models are age, African American, history of COPD, edema, SBP, heart rate, sodium, hemoglobin, BUN and hs-cTnI

BNP, B-type natriuretic peptide; BUN, blood urea nitrogen; CI, confidence interval; COPD, chronic obstructive disease; HF, heart failure; HR, hazard

ratio; hs-cTnI, high sensitivity cardiac troponin I; SBP; systolic blood pressure
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in the RELAX-AHF-2 study, no effect was observed on
180-day cardiovascular mortality or HF readmission,
although the beneficial effects of serelaxin on NT-proBNP,
troponin and cystatin-C were largely similar to the
RELAX-AHF trial.23 The majority of patients with AHF
actually progress slowly to a decompensated state with
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Table 3

Time to B-type natriuretic peptide decrease and 1-year outcomes

Composite of mortality or HF hospitalization

Univariable Multivariable

HR 95% CI p-value adjusted HR 95% CI p-value

Day 1 reference reference

Day 2 1.25 0.81-1.93 0.317 1.05 0.67-1.64 0.842

Day 3 1.46 0.84-2.56 0.181 1.23 0.70-2.17 0.469

At discharge 1.69 0.98-2.93 0.060 1.19 0.67-2.12 0.542

No BNP decrease 1.96 1.38-2.79 < 0.001 1.42 0.98-2.04 0.062

Mortality

Univariable Multivariable

HR 95% CI p-value adjusted HR 95% CI p-value

Day 1 reference reference

Day 2 1.55 0.73-3.28 0.252 1.17 0.55-2.52 0.683

Day 3 2.39 1.00-5.66 0.049 1.85 0.77-4.43 0.167

At discharge 3.10 1.37-7.02 0.007 1.80 0.77-4.21 0.175

No BNP decrease 3.93 2.16-7.16 < 0.001 2.38 1.29-4.38 0.006

HF hospitalization

Univariable Multivariable

HR 95% CI p-value adjusted HR 95% CI p-value

Day 1 reference reference

Day 2 1.08 0.65-1.8 0.770 0.99 0.59-1.66 0.956

Day 3 1.10 0.55-2.19 0.788 1.03 0.51-2.07 0.942

At discharge 1.45 0.76-2.78 0.264 1.12 0.56-2.23 0.754

No BNP decrease 1.15 0.75-1.74 0.526 0.96 0.62-1.5 0.866

Factors included in multivariable models are age, African American, history of COPD, edema, SBP, heart rate, sodium, hemoglobin, BUN and hs-cTnI

BNP = B-type natriuretic peptide; BUN = blood urea nitrogen; CI = confidence interval; COPD = chronic obstructive disease; HF = heart failure; HR = haz-

ard ratio; hs-cTnI = high sensitivity cardiac troponin I; SBP; systolic blood pressure

Table 4

Factors associated with BNP decrease at day 1

Variables OR 95% CI p-value Adjusted OR 95% CI p-value

Age (years) 0.98 0.97-0.99 <0.001 0.99 0.97-1.00 0.077

Non-white 1.52 1.08-2.13 0.019 1.06 0.71-1.61 0.755

Jugular vein distension 0.40 0.25-0.63 <0.001 0.46 0.29-0.75 0.002

Systolic blood pressure (mmHg) 1.01 1.01-1.02 <0.001 1.01 1.00-1.01 0.027

Hemoglobin (g/dl) 1.08 1.01-1.16 0.029 1.02 0.95-1.10 0.615

Blood urea nitrogen (mg/dl) 0.98 0.97-0.99 <0.001 1.00 0.99-1.01 0.635

Creatinine (mg/dl) 0.60 0.44-0.82 0.001 0.80 0.55-1.17 0.253

Serum neutrophil gelatinase-associated lipocalin 0.83 0.72-0.96 0.011 0.98 0.82-1.18 0.848

Galectin 3 0.54 0.41-0.71 <0.001 0.71 0.51-0.98 0.038

Table 5

Factors associated with non-BNP decrease at discharge

Variables OR 95% CI p-value Adjusted

OR

95% CI p-value

Age (years) 1.02 1.01-1.03 <0.001 1.02 1-1.03 0.007

Non-white 0.68 0.51-0.91 0.009 0.90 0.63-1.27 0.538

Jugular vein distension 1.38 1.01-1.88 0.044 0.79 0.56-1.59 0.162

Systolic blood pressure (mmHg) 0.99 0.98-0.99 <0.001 0.99 0.99-1.00 0.001

Sodium (mEq/l) 0.93 0.9-0.96 <0.001 0.95 0.91-0.98 0.002

Blood urea nitrogen (mg/dl) 1.01 1.00-1.02 <0.001 1.00 1.00-1.01 0.225

Brain natriuretic peptide 0.85 0.79-0.93 <0.001 0.80 0.73-0.87 <0.001
Galectin 3 1.68 1.37-2.06 <0.001 1.44 1.14-1.82 0.002

Values of serum neutrophil gelatinase-associated lipocalin, brain natriuretic peptide and galectin 3 were log-2 transformed.

CI = confidence interval; OR = odds ratio
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changes building gradually over days or even weeks before
admission.24 Thus, the organ damage from congestion also
likely develops gradually and not as an acute event. The
earlier timing of decongestion within hours or days may not
have as significant an impact on clinical outcomes as much
as ensuring adequate decongestion before discharge. Resid-
ual congestion at discharge may perpetuate continued organ
damage during the longer after-discharge period, which can
be more prognostic than the timing of decongestion during
hospitalization.7 Controlling congestion in the longer term
is of significant importance, as shown in the device study of
diastolic pulmonary artery pressure monitoring.25 Indeed,
the use of serial BNP monitoring and targets for this pur-
pose is another, non-invasive approach to achieve this goal.

Our analysis showed lack of jugular vein distension,
higher systolic blood pressure and lower galectin 3 were
associated with an increased odds of having BNP ≥ 30%
decrease at day 1, while older age, lower systolic blood
pressure, lower sodium, lower BNP and higher galectin 3
were associated an increased odds of having BNP <30%
decrease at discharge. Many of these variables are well
known for their prognostic importance in HF. Jugular vein
distension and hyponatremia are signs of neurohormonal
activation and excess volume and water retention, which
may not be adequately controlled by discharge and lead to
delayed or no BNP decrease at discharge.26,27 Patients with
higher systolic blood pressure may respond well to the
diuretic therapy due to the preserved renal perfusion, be
better able to tolerate other medical therapy and thus are
more likely to achieve decongestion.28 Higher galectin 3
levels are associated with inflammation, which has been
proposed as an important mechanism of cardiorenal syn-
drome, and thus may be associated with poor diuretic
response.29 These findings may help clinicians identify
which patients will be more resistant to decongestive ther-
apy and need closer monitoring to ensure adequate decon-
gestion is achieved prior to discharge.

This study was a retrospective analysis of the prospec-
tive AHF cohort. The result is only hypothesis generating
and unmeasured confounding factors may have affected the
results. Unfortunately, AKINESIS did not adequately
record information to further classify AHF or direct meas-
urements of cardiac pressures. Also, echocardiography find-
ings were recorded only in 62% of the patients and thus
were not included in the analysis.

In conclusion, among patients with AHF, earlier decon-
gestion but not the earlier time to diuretics was associated
with better biomarker trajectories and clinical outcomes.
However, after adjustment for confounding factors, residual
congestion at discharge rather than the timing of deconges-
tion was an independent predictor of poor prognosis.
Credit Author Statement

Yu Horiuchi: Conceptualization, Methodology, Formal
analysis, Investigation, Writing − Original Draft, Visuali-
zation; Nicholas Wettersten: Conceptualization, Methodol-
ogy, Software, Investigation, Writing - Original Draft,
Visualization; Dirk J. van Veldhuisen: Validation, Resour-
ces, Review & Editing; Christian Mueller: Validation,
Resources, Review & Editing; Gerasimos Filippatos:
Validation, Resources, Review & Editing; Richard Nowak:
Validation, Resources, Review & Editing; Christopher
Hogan: Resources, Review & Editing; Michael C. Kontos:
Resources, Review & Editing; Chad M. Cannon: Resour-
ces, Review & Editing; Gerhard A. M€ueller: Validation,
Resources, Review & Editing; Robert Birkhahn: Resources,
Review & Editing; Pam Taub: Resources, Review &
Editing; Gary M. Vilke: Resources, Review & Editing;
Olga Barnett: Review & Editing; Kenneth McDonald:
Resources, Review & Editing; Niall Mahon: Validation,
Resources, Review & Editing; Julio Nu~nez: Validation,
Resources, Review & Editing; Carlo Briguori: Validation,
Resources, Review & Editing; Claudio Passino: Validation,
Resources, Review & Editing; Alan Maisel: Conceptualiza-
tion, Methodology, Investigation, Resources, Writing −
Original Draft, Supervision, Project administration, Fund-
ing acquisition; Patrick T. Murray: Conceptualization,
Methodology, Validation, Investigation, Resources, Writ-
ing − Original Draft, Supervision, Project administration,
Funding acquisition.
Declaration of Interests

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Acknowledgments

The Acute Kidney Injury NGAL Evaluation of Symptom-
atic heart faIlure Study (AKINESIS) was funded by Abbott
Laboratories (Chicago, Illinois) and Alere, Inc (San Diego,
California). The sponsors assisted in the design of the study,
data management, and study oversight. The sponsors did not
participate in the analysis presented in this manuscript or
preparation, review or approval of the manuscript.
Supplementary materials

Supplementary material associated with this article can
be found in the online version at https://doi.org/10.1016/j.
amjcard.2021.01.040.
1. Maisel AS, Peacock WF, McMullin N, Jessie R, Fonarow GC, Wynne
J, Mills RM. Timing of immunoreactive B-type natriuretic peptide lev-
els and treatment delay in acute decompensated heart failure: an
ADHERE (Acute Decompensated Heart Failure National Registry)
analysis. J Am Coll Cardiol 2008;52:534–540.

2. Wong YW, Fonarow GC, Mi X, WFt Peacock, Mills RM, Curtis LH,
Qualls LG, Hernandez AF. Early intravenous heart failure therapy and
outcomes among older patients hospitalized for acute decompensated
heart failure: findings from the Acute Decompensated Heart Failure
Registry Emergency Module (ADHERE-EM). Am Heart J 2013;166:
349–356.

3. Matsue Y, Damman K, Voors AA, Kagiyama N, Yamaguchi T, Kur-
oda S, Okumura T, Kida K, Mizuno A, Oishi S, Inuzuka Y, Akiyama
E, Matsukawa R, Kato K, Suzuki S, Naruke T, Yoshioka K, Miyoshi
T, Baba Y, Yamamoto M, Murai K, Mizutani K, Yoshida K, Kitai T.
Time-to-Furosemide treatment and mortality in patients hospitalized
with acute heart failure. J Am Coll Cardiol 2017;69:3042–3051.

4. Park JJ, Kim SH, Oh IY, Choi DJ, Park HA, Cho HJ, Lee HY, Cho JY,
Kim KH, Son JW, Yoo BS, Oh J, Kang SM, Baek SH, Lee GY, Choi
JO, Jeon ES, Lee SE, Kim JJ, Lee JH, Cho MC, Jang SY, Chae SC,

https://doi.org/10.1016/j.amjcard.2021.01.040
https://doi.org/10.1016/j.amjcard.2021.01.040
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0001
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0001
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0001
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0001
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0001
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0002
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0002
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0002
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0002
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0002
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0002
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0003
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0003
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0003
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0003
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0003
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0003
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0004
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0004
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0004
www.ajconline.org


Heart Failure/The Management in Bilateral Vocal Fold Immobility 79
Oh BH. The effect of door-to-diuretic time on clinical outcomes in
patients with acute heart failure. JACC Heart Fail 2018;6:286–294.

5. Daniels LB, Maisel AS. Natriuretic peptides. J Am Coll Cardiol
2007;50:2357–2368.

6. Maisel AS, Wettersten N, van Veldhuisen DJ, Mueller C, Filippatos G,
Nowak R, Hogan C, Kontos MC, Cannon CM, Muller GA, Birkhahn
R, Clopton P, Taub P, Vilke GM, McDonald K, Mahon N, Nunez J,
Briguori C, Passino C, Murray PT. Neutrophil gelatinase-associated
lipocalin for acute kidney injury during acute heart failure hospitaliza-
tions: the AKINESIS study. J Am Coll Cardiol 2016;68:1420–1431.

7. Wettersten N, Horiuchi Y, van Veldhuisen DJ, Mueller C, Filippatos
G, Nowak R, Hogan C, Kontos MC, Cannon CM, Mueller GA, Bir-
khahn R, Taub P, Vilke GM, Barnett O, McDonald K, Mahon N,
Nunez J, Briguori C, Passino C, Murray PT, Maisel A. B-type natri-
uretic peptide trend predicts clinical significance of worsening renal
function in acute heart failure. Eur J Heart Fail 2019;21:1553–1560.

8. Salah K, Kok WE, Eurlings LW, Bettencourt P, Pimenta JM, Metra M,
Bayes-Genis A, Verdiani V, Bettari L, Lazzarini V, Damman P, Tijs-
sen JG, Pinto YM. A novel discharge risk model for patients hospital-
ised for acute decompensated heart failure incorporating N-terminal
pro-B-type natriuretic peptide levels: a European coLlaboration on
Acute decompeNsated Heart Failure: ELAN-HF Score. Heart 2014;
100:115–125.

9. Bayes-Genis A, Lopez L, Zapico E, Cotes C, Santalo M, Ordonez-Lla-
nos J, Cinca J. NT-ProBNP reduction percentage during admission for
acutely decompensated heart failure predicts long-term cardiovascular
mortality. J Card Fail 2005;11:S3–S8.

10. Bettencourt P, Azevedo A, Pimenta J, Frioes F, Ferreira S, Ferreira A.
N-terminal-pro-brain natriuretic peptide predicts outcome after hospital
discharge in heart failure patients. Circulation 2004;110:2168–2174.

11. Horiuchi YU, Wettersten N, Veldhuisen DJV, Mueller C, Filippatos G,
Nowak R, Hogan C, Kontos MC, Cannon CM, MU GA, Birkhahn R,
Taub P, Vilke GM, Barnett O, Mc DK, Mahon N, NuNez J, Briguori
C, Passino C, Maisel A, Murray PT. Potential utility of cardiorenal
biomarkers for prediction and prognostication of worsening renal
function in acute heart failure. J Card Fail 2020; S1071-9164(20)
31551-7. https://doi.org/10.1016/j.cardfail.2020.11.025.

12. Vargo DL, Kramer WG, Black PK, Smith WB, Serpas T, Brater DC.
Bioavailability, pharmacokinetics, and pharmacodynamics of torse-
mide and furosemide in patients with congestive heart failure. Clin
Pharmacol Ther 1995;57:601–609.

13. Brater DC, Day B, Burdette A, Anderson S. Bumetanide and furose-
mide in heart failure. Kidney Int 1984;26:183–189.

14. Lee DS, Austin PC, Rouleau JL, Liu PP, Naimark D, Tu JV. Predicting
mortality among patients hospitalized for heart failure: derivation and
validation of a clinical model. JAMA 2003;290:2581–2587.

15. Felker GM, Leimberger JD, Califf RM, Cuffe MS, Massie BM, Adams
KF Jr., Gheorghiade M, O’Connor CM. Risk stratification after hospitali-
zation for decompensated heart failure. J Card Fail 2004;10:460–466.

16. O’Connor CM, Hasselblad V, Mehta RH, Tasissa G, Califf RM, Fiuzat
M, Rogers JG, Leier CV, Stevenson LW. Triage after hospitalization
with advanced heart failure: the ESCAPE (Evaluation Study of
Congestive Heart Failure and Pulmonary Artery Catheterization Effec-
tiveness) risk model and discharge score. J Am Coll Cardiol 2010;55:
872–878.

17. WFt Peacock, De Marco T, Fonarow GC, Diercks D, Wynne J, Apple
FS, Wu AH. Investigators A. Cardiac troponin and outcome in acute
heart failure. N Engl J Med 2008;358:2117–2126.

18. Metra M, Cotter G, Davison BA, Felker GM, Filippatos G, Greenberg
BH, Ponikowski P, Unemori E, Voors AA, Adams KF Jr., Dorobantu
MI, Grinfeld L, Jondeau G, Marmor A, Masip J, Pang PS, Werdan K,
Prescott MF, Edwards C, Teichman SL, Trapani A, Bush CA, Saini R,
Schumacher C, Severin T, Teerlink JR, Investigators R-A. Effect of
serelaxin on cardiac, renal, and hepatic biomarkers in the Relaxin in
Acute Heart Failure (RELAX-AHF) development program: correla-
tion with outcomes. J Am Coll Cardiol 2013;61:196–206.

19. Schmidt-Ott KM. Neutrophil gelatinase-associated lipocalin as a bio-
marker of acute kidney injury−where do we stand today? Nephrol
Dial Transplant 2011;26:762–764.

20. Testani JM, Chen J, McCauley BD, Kimmel SE, Shannon RP. Poten-
tial effects of aggressive decongestion during the treatment of decom-
pensated heart failure on renal function and survival. Circulation
2010;122:265–272.

21. Henderson NC, Sethi T. The regulation of inflammation by galectin-3.
Immunol Rev 2009;230:160–171.

22. Packer M, O’Connor C, McMurray JJV, Wittes J, Abraham WT,
Anker SD, Dickstein K, Filippatos G, Holcomb R, Krum H, Maggioni
AP, Mebazaa A, Peacock WF, Petrie MC, Ponikowski P, Ruschitzka
F, van Veldhuisen DJ, Kowarski LS, Schactman M, Holzmeister J.
Investigators T-A. effect of ularitide on cardiovascular mortality in
acute heart failure. N Engl J Med 2017;376:1956–1964.

23. Metra M, Teerlink JR, Cotter G, Davison BA, Felker GM, Filippatos
G, Greenberg BH, Pang PS, Ponikowski P, Voors AA, Adams KF,
Anker SD, Arias-Mendoza A, Avendano P, Bacal F, Bohm M, Bort-
man G, Cleland JGF, Cohen-Solal A, Crespo-Leiro MG, Dorobantu
M, Echeverria LE, Ferrari R, Goland S, Goncalvesova E, Goudev A,
Kober L, Lema-Osores J, Levy PD, McDonald K, Manga P, Merkely
B, Mueller C, Pieske B, Silva-Cardoso J, Spinar J, Squire I, Stepinska
J, Van Mieghem W, von Lewinski D, Wikstrom G, Yilmaz MB,
Hagner N, Holbro T, Hua TA, Sabarwal SV, Severin T, Szecsody P,
Gimpelewicz C, Investigators R-A-C. Effects of Serelaxin in Patients
with Acute Heart Failure. N Engl J Med 2019;381:716–726.

24. Zile MR, Bennett TD, St John Sutton M, Cho YK, Adamson PB,
Aaron MF, Aranda JM Jr., Abraham WT, Smart FW, Stevenson LW,
Kueffer FJ, Bourge RC. Transition from chronic compensated to acute
decompensated heart failure: pathophysiological insights obtained
from continuous monitoring of intracardiac pressures. Circulation
2008;118:1433–1441.

25. Abraham WT, Stevenson LW, Bourge RC, Lindenfeld JA, Bauman
JG, Adamson PB, Group CTS. Sustained efficacy of pulmonary artery
pressure to guide adjustment of chronic heart failure therapy: complete
follow-up results from the CHAMPION randomised trial. Lancet
2016;387:453–461.

26. Thibodeau JT, Drazner MH. The role of the clinical examination in
patients with heart failure. JACC Heart Fail 2018;6:543–551.

27. Hauptman PJ, Burnett J, Gheorghiade M, Grinfeld L, Konstam MA,
Kostic D, Krasa HB, Maggioni A, Ouyang J, Swedberg K, Zannad F,
Zimmer C, Udelson JE, Everest I. Clinical course of patients with
hyponatremia and decompensated systolic heart failure and the effect
of vasopressin receptor antagonism with tolvaptan. J Card Fail
2013;19:390–397.

28. Testani JM, Coca SG, McCauley BD, Shannon RP, Kimmel SE.
Impact of changes in blood pressure during the treatment of acute
decompensated heart failure on renal and clinical outcomes. Eur J
Heart Fail 2011;13:877–884.

29. Rangaswami J, Bhalla V, Blair JEA, Chang TI, Costa S, Lentine KL,
Lerma EV, Mezue K, Molitch M, Mullens W, Ronco C, Tang WHW,
McCullough PA. American heart association council on the kidney in
cardiovascular D, council on clinical C. cardiorenal syndrome: classi-
fication, pathophysiology, diagnosis, and treatment strategies: a scien-
tific statement from the American Heart Association. Circulation
2019;139:e840–e878.

http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0004
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0004
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0005
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0005
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0006
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0006
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0006
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0006
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0006
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0006
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0007
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0007
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0007
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0007
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0007
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0007
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0008
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0008
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0008
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0008
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0008
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0008
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0008
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0009
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0009
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0009
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0009
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0010
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0010
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0010
https://doi.org/10.1016/j.cardfail.2020.11.025
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0012
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0012
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0012
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0012
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0013
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0013
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0014
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0014
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0014
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0015
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0015
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0015
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0016
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0016
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0016
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0016
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0016
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0016
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0017
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0017
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0017
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0018
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0018
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0018
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0018
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0018
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0018
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0018
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0018
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0019
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0019
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0019
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0020
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0020
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0020
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0020
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0021
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0021
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0022
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0022
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0022
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0022
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0022
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0022
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0023
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0023
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0023
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0023
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0023
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0023
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0023
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0023
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0023
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0023
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0023
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0024
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0024
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0024
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0024
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0024
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0024
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0025
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0025
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0025
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0025
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0025
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0026
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0026
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0027
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0027
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0027
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0027
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0027
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0027
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0028
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0028
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0028
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0028
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0029
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0029
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0029
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0029
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0029
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0029
http://refhub.elsevier.com/S0002-9149(21)00152-1/sbref0029

	Relation of Decongestion and Time to Diuretics to Biomarker Changes and Outcomes in Acute Heart Failure
	Methods
	Results
	Discussion
	Credit Author Statement
	Declaration of Interests
	Acknowledgments
	Supplementary materials


