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Aims Improving renal function (IRF) is paradoxically associated with worse outcomes in acute heart failure (AHF), but
outcomes may differ based on response to decongestion. We explored if the relationship of IRF with mortality in
hospitalized AHF patients differs based on successful decongestion.

Methods We evaluated 760 AHF patients from AKINESIS for the relationship between IRF, change in B-type natriuretic peptide

and results (BNP), and 1-year mortality. IRF was defined as a >20% increase in estimated glomerular filtration rate (eGFR) relative
to admission. Adequate decongestion was defined as a >40% decrease in last measured BNP relative to admission.
IRF occurred in 22% of patients who had a mean age of 69 years, 58% were men, 72% were white, and median
admission eGFR was 49 mL/min/1.73 m2. IRF patients had more severe heart failure reflected by lower admission
eGFR, higher blood urea nitrogen, lower systolic blood pressure, lower sodium, and higher use of inotropes. IRF
patients had higher 1-year mortality (25%) than non-IRF patients (15%) (P < 0.01). However, this relationship differed
by BNP trajectory (P-interaction = 0.03). When stratified by BNP change, non-IRF patients and IRF patients with
decreasing BNP had lower 1-year mortality than either non-IRF and IRF patients without decreasing BNP. However, in
multivariate analysis, IRF was not associated with mortality [adjusted hazard ratio (HR) 1.0, 95% confidence interval
(Cl) 0.7—1.5] while BNP was (adjusted HR 0.5, 95% CIl 0.3-0.7). When IRF was evaluated as transiently occurring
or persisting at discharge, again only BNP change was significantly associated with mortality.

*Corresponding author. VA San Diego Healthcare System, Cardiology 4 West, Room 4022 (111A), 3350 La Jolla Village Drive, San Diego, CA 92161, USA. Tel: +1 858 642-1044,
Fax: +1 858 552-7490, Email: nwettersten@health.ucsd.edu
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Conclusion Improving renal function is associated with mortality in AHF but not independent of other variables and congestion
status. Achieving adequate decongestion, as reflected by lower BNP, in AHF is more strongly associated with mortality
than IRF

Graphical Abstract

Clinical Implications of Improving Renal Function in Acute Heart Failure
The Importance of Decongestion

Aim: In patients hospitalized with acute heart failure, determine if the association of improving renal function
with mortality differs based on congestion status.

« 760 individuals hospitalized with acute heart failure from AKINESIS analyzed
« Improving renal function defined as 220% increase in eGFR from admission
» Adequate decongestion defined as 240% decrease in BNP from admission

» One-year mortality stratified by change in renal function and BNP

Before Hospitalization Change During Hospitalization Survival

<> —> Non-improving renal function with 240% decline in BNP —> Good |
Congestion Renal L} —> Improving renal function with 240% decline in BNP —>
ﬁ function’ &, > Non-improving renal function with <40% decline in BNP —>

@ —> Improving renal function with <40% decline in BNP — Poor

Conclusions
« Patients with improving renal function may be at high-risk for death
» Adequate decongestion is more important than changes in renal function
» Assess congestion and hemodynamics on presentation and apply appropriate therapy
« If improving renal function without decongestion:
Optimize congestion status and medical therapies
Consider advanced therapies or palliative care

Improving renal function during a hospitalization for acute heart failure was found to identify patients at high-risk for one-year mortality; however,
this risk was attenuated when patients were appropriately decongested, as defined by a >40% decrease in BNP, and when other high-risk clinical
features were adjusted for.

Keywords Kidney function e Acute heart failure ® Congestion e Prognosis e B-type natriuretic peptide

Introduction however, patients with IRF have been reported to have greater

risk of mortality and HF readmissions.”~"! A possible explanation
Kidney dysfunction is frequently observed in patients with heart

falure (HF), especially in the setting of acute decompensated HE12 is that AHF patients with more severe HF and vulnerable kidneys

are more likely to develop WRF as an outpatient prior to hos-

Various pathophysiologic processes alter renal function in acute HF pitalization that is subsequently identified as IRF during the AHF

(AHF) with haemodynamic perturbations being a major driver.
Prior studies have primarily focused on worsening renal function
(WRF) during AHF hospitalization.2 WRF can be caused by both
venous congestion and rapid decongestion with diuretics, and is

hospitalization.'®'? Despite IRF being a haemodynamically distinct
event, its characteristics and prognostic implication have not been
fully evaluated. Since change in venous congestion appears to

. . . modify the relationship of WRF with clinical outcomes, it seems
associated with worse clinical outcomes.2** However, recent find- Y P

ings have demonstrated that WRF accompanied by decongestion is plausible that the same may be true for IRF, if these two syndromes

not associated with worse outcomes, whereas patients with WRF ©  are linked.

and residual congestion have a particularly poor prognosis.®~8 We have previously shown that WRF during AHF hospitalization
Improving renal function (IRF) is another frequently observed : is associated with higher risk of mortality only when B-type

perturbation in AHF, occurring in approximately 10% to 30% of : natriuretic peptide (BNP) levels do not decrease with decongestive

patients.”~"! IRF is thought to result from kidney decongestion therapy. A declining BNP serves as a useful surrogate for the

during AHF and, theoretically, true improvements in renal function : degree of change in venous congestion in the setting of AHF.13-¢

should portend a better rather than worse prognosis. Surprisingly,  In the current analysis, we aimed to determine if the relationship

© 2021 European Society of Cardiology
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of IRF with mortality differs based on whether a hospitalized AHF
patient is decongested based on changes in BNP.

Methods
Study population

This analysis utilized data from the Acute Kidney Injury Neutrophil
gelatinase-associated lipocalin Evaluation of Symptomatic heart fallure
Study (AKINESIS). AKINESIS is a prospective, international, multi-
centre cohort study of AHF patients, which enrolled 927 patients at
16 sites in the United States and Europe. The methods have been
described previously."” In brief, patients were enrolled if they had
findings consistent with AHF and had received or planned intravenous
diuretic therapy. Exclusion criteria were (i) acute coronary syndrome,
(ii) dialysis-dependence or planned initiation during the hospitalization,
(iii) organ transplantation, (iv) enrolment in a drug treatment study
within the past 30days or prior to enrolment in this study, and (v)
pregnant or vulnerable population determined by the institutional
review board (IRB). The study was approved by IRBs at each study
site and each patient signed informed consent. In the current analysis,
we excluded 70 patients discharged from the emergency department,
54 patients without serial estimated glomerular filtration rate (eGFR)
measurements, and 43 patients without serial BNP measurements,
leaving 760 patients who formed the analytic study sample.

Definitions of changes in estimated
glomerular filtration rate and B-type
natriuretic peptide

Serum creatinine was measured every day of hospitalization. IRF was
defined as an increase in eGFR >20% compared to admission, either
occurring transiently during hospitalization or present at discharge.
We subsequently examined outcomes in patients with transient IRF,
defined as an increase in eGFR >20% during hospitalization compared
to admission but not meeting criteria at discharge, and persistent IRF,
defined as an increase in eGFR >20% compared to admission present at
discharge. These cut-offs and definitions were based on prior studies to
allow comparison of results across studies.”'® Adequate decongestion
was defined as a decrease of >40% in the last measured BNP compared
to admission BNP. A cut-off of >40% decrease in BNP was chosen
based on spline analysis (online supplementary Figure S7).

Outcomes

The primary outcome was all-cause mortality within 1 year of enrol-
ment. The secondary outcome was HF readmission within 1 year.
Outcomes were determined by chart review and phone follow-up.
Follow-up was available in >98% of participants.

Statistical analysis

Continuous variables were described as means with standard devi-
ations and categorical variables were described as percentages.
Non-normally distributed data were described as medians and
interquartile ranges (IQR). Patient characteristics were compared
by ANOVA, Kruskal-Wallis or chi-square test as appropriate. The
association of IRF, evaluated as the highest eGFR minus the admission
eGFR, with 1-year mortality was examined using restricted cubic

splines with three knots. Kaplan—Meier, log-rank and univariable
and multivariable Cox regression analyses were used for the 1-year
outcomes. Two multivariable Cox models were constructed. The first
model included confounding factors that were significantly associ-
ated with 1-year mortality or HF readmission in univariable analysis
(P <0.05). Factors considered for the adjustments are listed in online
supplementary Table S7. The second model included confounding
factors selected from prior studies and included age, race, chronic
obstructive pulmonary disease, oedema, systolic blood pressure
(SBP), heart rate, sodium, haemoglobin, blood urea nitrogen (BUN),
and high-sensitivity cardiac troponin 1825 As kidney function is
prognostic for AHF outcomes, we performed a sensitivity analysis
adding discharge eGFR to model 1 and 2 as previously done.'® All
statistical analyses were performed using R version 3.6.1 for Windows
and P-values of <0.05 were considered statistically significant for all
analyses including interaction terms.

Results

Patient characteristics

Among the 760 patients, mean age was 69 + 14 years, 63% were
male, 80% had hypertension, 47% had coronary artery dis-
ease (CAD) and 45% had diabetes (Table 7). Median eGFR was
56 mL/min/1.73 m? (IQR 39, 77 mL/min/1.73 m?) and median BNP
was 575 pg/mL (IQR 235, 1108 pg/mL) on hospital admission.

Improving renal function occurred in 166 patients (22%). The
median time to IRF was 4days (IQR 3, 7 days). Compared to
non-IRF patients, IRF patients had a lower, though not statisti-
cally significant, prevalence of chronic diseases including coronary
artery disease, diabetes, hyperlipidaemia, and smoking (Table 7). IRF
patients had features consistent with more severe AHF at admis-
sion including significantly higher BUN, higher BUN/creatinine
ratio, lower SBP, and lower serum sodium. Additionally, IRF patients
were more often treated with inotropes during hospitalization,
though there was no difference in median loop diuretic dose during
the first 3 days of hospitalization (Table 7). IRF patients had a lower
admission eGFR than non-IRF patients (49 vs. 60 mL/min/1.73 m?,
P <0.01). Urine output and body weights were available in 480
(63%) and 531 (70%) patients, respectively. There was no differ-
ence in median daily urine output between IRF and non-IRF patients
[1859 mL (IQR 1446, 2333 mL) vs. 1814 mL (IQR 1277, 2329
mL), P = 0.33] or median change in body weight between admis-
sion and discharge [-1.9 kg (IQR 0, —5.5 kg) vs. —1.4 kg (IQR O,
—4.0 kg), P = 0.38]. Among 329 patients (43%) with an eGFR avail-
able in the 3 months prior to hospitalization, pre-hospitalization
eGFR was higher in IRF patients than non-IRF patients (68 vs.
61 mL/min/1.73 m?) consistent with IRF patients having a more
substantial trajectory of loss of eGFR prior to hospital admission
(Table 7).

Mortality and heart failure readmission
in improving renal function (IRF) patients
vs. non-IRF patients

By 1year, 137 patients (18%) died and 154 patients (20%) had a
HF readmission. Of deaths, 104 (76%), 13 (10%), 10 (7%), and

© 2021 European Society of Cardiology
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Table 1 Baseline characteristics of patients with and without improved renal function

Age, years, mean (SD)

White, n (%)

Male sex, n (%)

BMI, kg/m?, mean (SD)

Coronary artery disease, n (%)

Hypertension, n (%)

Hyperlipidaemia, n (%)

Diabetes, n (%)

Atrial fibrillation, n (%)

COPD, n (%)

Smoking, n (%)

ACEI or ARB, n (%)

Beta-blockers, n (%)

Diuretic agents, n (%)

Oedema, n (%)

Jugular vein distension, n (%)

Rales, n (%)

Wheeze, n (%)

S3,n (%)

SBP, mmHg, mean (SD)

Heart rate, bpm, mean (SD)

Sodium, mg/dL, mean (SD)

Haemoglobin, g/dL, mean (SD)

BUN, mg/dL, median [IQR]

BUN/creatinine ratio, median [IQR]
Pre-hospital eGFR, mL/min/1.73 m2, median [IQR] (n = 329)
Admission eGFR, mL/min/1.73 m?, median [IQR]
Discharge eGFR, mL/min/1.73 m2, median [IQR]
Admission BNP, pg/mL, median [IQR]
Admission hs-cTnl, pg/mL, median [IQR]

Last BNP, pg/mL, median [IQR]

Median furosemide dose in first 3 days, mg/day, median [IQR]
Inotrope use in first 5 days, n (%)

Inotrope use in hospital, n (%)

Non-IRF (n = 594, 78%) IRF (n = 166, 22%) P-value
69 (14) 69 (14) 043
377 (64) 119 (72) 0.06
381 (64) 97 (58) 021
317 (89) 31.6 (9.0) 0.94
288 (49) 71 (43) 0.22
474 (80) 134 (81) 0.88
310 (52) 77 (46) 022
271 (46) 69 (42) 0.40
161 (27) 54 (33) 0.20
159 (27) 40 (24) 055
96 (16) 22 (13) 0.43
185 (31) 49 (30) 0.76
422 (71) 113 (68) 0.52
417 (70) 116 (70) 1.00
449 (76) 128 (77) 0.76
154 (26) 49 (30) 0.41
269 (45) 76 (46) 0.98
91 (15) 32 (19) 027
33 (6) 8 (5) 0.86
142 (30) 131 (27) <0.01
88 (23) 88 (22) 0.87
139 (7) 137 (6) <0.01
11.6 (2.5) 11.8 (2.6) 035
23 [16, 34] 3122, 53] <0.01
19 [15, 26] 22 [17, 31] <0.01
61 [44, 83] 68 [43, 90] 0.17
60 [43, 81] 49 [31, 64] <0.01
52 [38, 71] 59 [41, 84] <0.01
537 [241, 1077] 680 [233, 1198] 0.22
25.5 [12.6, 58.5] 283 [13.8, 62.1] 0.24
314 [136, 726] 365 [159, 850] 023
60 [40, 93] 67 [40, 120] 039
35 (6) 21 (13) <0.01
46 (8) 32 (19) <0.01

ACEI, angiotensin-converting enzyme inhibitor; ARB; angiotensin Il receptor blocker; BMI, body mass index; BNP, B-type natriuretic peptide; BUN, blood urea nitrogen; COPD,
chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; IQR, interquartile range; hs-cTnl, high-sensitivity cardiac troponin I; IRF, improved renal

function; SBP, systolic blood pressure; SD, standard deviation.

10 (7%) were from cardiovascular, infectious, pulmonary, and
other causes, respectively. Spline analysis for 1-year mortality by
ratio of highest measured eGFR to admission eGFR is shown in
Figure 1. While any increase in eGFR appeared strongly related
to 1-year mortality risk, this relationship was steepest for small
improvements in eGFR and appeared to stabilize if eGFR improved
by >40% from admission, although improvements of this degree
or greater were uncommon (n = 68, 9%).

Improving renal function patients had a significantly higher
1-year mortality than non-IRF patients (25% vs. 15%, P<0.01 in
unadjusted analysis; Figure 2A). The test for interaction between
IRF (binary) and BNP (continuous) was statistically significant
(P for interaction = 0.03), though the interaction of BNP on the
risk estimate appeared more profound for non-IRF patients than
IRF patients (online supplementary Figure $S2). When patients were
stratified by a trajectory of BNP decreasing >40% or <40%, those

© 2021 European Society of Cardiology

patients without IRF and with decreasing BNP had the lowest mor-
tality (9%), followed by IRF patients with decreasing BNP (14%),
then non-IRF patients without decreasing BNP (20%), and finally
IRF patients without decreasing BNP had the highest mortality
(31%, P<0.01 in unadjusted analysis; Figure 2B). Compared to
non-IRF patients with a decreasing BNP, unadjusted risk of mor-
tality for IRF patients with decreasing BNP was not significantly dif-
ferent [hazard ratio (HR) 1.5, 95% confidence interval (Cl) 0.7-3.3,
P = 0.32], while non-IRF patients without decreasing BNP (HR 2.4,
95% Cl 1.5-3.8, P < 0.01) and IRF patients without decreasing BNP
(HR 3.8,95% Cl 2.3—-6.4, P < 0.01) had significantly higher mortality
risk. In univariate analysis, IRF was associated with a statistically sig-
nificant 70% higher risk of 1-year mortality but was not associated
with HF readmission (Table 2).

While IRF was associated with mortality in univariate models,
in multivariable models IRF was not significantly associated with
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Figure 1 Unadjusted risk of 1-year mortality by the ratio of
highest estimated glomerular filtration rate (eGFR) achieved dur-
ing hospitalization to admission eGFR. Risk of mortality increased
steeply with small improvements in eGFR; however, when eGFR
improved >40% from admission eGFR, risk did not seem to
increase more than the risk at 40% improvement. This is likely
because few patients achieved an improvement in eGFR >40%.

either mortality or HF readmission (Table 2, online supplementary
Tables S71—S4). In contrast, a trajectory of BNP decreasing >40%
was significantly associated with a lower risk for mortality, but
not HF readmission (Table 2). Addition of discharge eGFR to
these models did not change risk estimates for either outcomes
(online supplementary Table S5). Spline analysis for risk of mortality
by ratio of last BNP measured to admission BNP adjusted for

Table 2 Univariable and multivariable Cox regression
analysis for 1-year mortality and heart failure
readmission by improved renal function and
decreasing B-type natriuretic peptide

HR (95% CI)
Unadjusted Model 12 Model 2¢
Mortality
IRF 1.7 (1.2-2.4) 1.1 (0.8-1.7) 1.0 (0.7-1.5)
Decreasing BNP 0.4 (0.3-0.6) 0.5 (0.3-0.8) 0.5 (0.3-0.7)
Unadjusted Model 1° Model 2¢
HF readmission
IRF 1.1 (0.8-1.6) 0.9 (0.6-1.4) 0.9 (0.6-1.4)
Decreasing BNP 0.9 (0.7-1.3) 1.1 (0.8-1.5) 1.0 (0.7-1.5)

Bolded values have P-value < 0.05.

BNP, B-type natriuretic peptide; Cl, confidence interval; HF, heart failure; HR, hazard ratio;
IRF, improved renal function.

2Mortality model 1: age, white race, body mass index, chronic obstructive pulmonary disease,
beta-blockers, rales, S3, systolic blood pressure, sodium, haemoglobin, blood urea nitrogen,
and high-sensitivity cardiac troponin |.

bHF readmission model 1: angiotensin-converting enzyme inhibitors/angiotensin Il receptor
blockers, beta-blockers, diuretics, systolic blood pressure, heart rate, and blood urea nitrogen.
“Model 2: age, race, history of chronic obstructive pulmonary disease, oedema, systolic blood
pressure, heart rate, sodium, haemoglobin, blood urea nitrogen, and high-sensitivity cardiac
troponin |.

multivariable models showed that the greater the trajectory of
decreasing BNP, the lower the risk for mortality at 1 year (Figure 3).

To explore which factors attenuated the risk of IRF with
mortality, we performed bivariate analysis with inclusion of each
factor that was retained in our multivariable models. Lower
admission SBP and higher admission BUN were each signifi-
cantly associated with 1-year mortality and their inclusion each
attenuated the association of IRF with mortality, rendering it no
longer statistically significant. Other factors in the multivariate

models minimally changed the risk estimate for IRF. Since BUN

A B
100% 100%
p <0.01 - p<0.01
__‘-‘____—1__
90% 920% = = === ===_7 "o - Non-IRF, 240% BNP decrease
.

I Non-IRF G '~ IRF, 240% BNP decrease
= 2
(%80 % (%30% Non-IRF, <40% BNP decrease
= IRF =
®70% D09
S %70 v IRF, <40% BNP decrease
o o

60% 60%

o
50% 50%
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Y Days
=504 564 545 528 523 518 510 5038 Non-IRF| [mmmwm274 260 263 258 257 255 252 248 Non-IRF, 240% BNP decrease
=166 149 144 139 135 131 129 123 IRF =m==57 56 54 52 52 52 51 49 IRF, 240% BNP decrease
=320 205 282 270 266 263 258  255Non-IRF, <40% BNP decrease
=109 93 90 87 8 79 78 74 IRF,<40% BNP decrease

Figure 2 Survival curves for 1-year mortality for improving renal function (IRF) vs. non-IRF (A) and when IRF and non-IRF are further stratified
by the presence or absence of a decreasing B-type natriuretic peptide (BNP) trajectory (B). Patients with IRF had worse 1-year survival than
non-IRF patients (A). The presence or absence of a decreasing BNP trajectory further risk stratified IRF and non-IRF patients (B). Those patients
achieving successful decongestion, as defined by a trajectory of decreasing BNP >40% from admission value, had improved survival compared
to patients not achieving a decreasing BNP regardless of changes in renal function.

© 2021 European Society of Cardiology
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Figure 3 Adjusted risk of 1-year mortality by the ratio of last B-type natriuretic peptide (BNP) measured to admission BNP in multivariable
model 1 (A) and model 2 (B). The greater the trajectory of decrease in BNP, the lower the risk of death.

reflects cardiorenal interactions, we examined the correlation of
admission eGFR and admission BUN and found them highly corre-
lated (r = —0.69, P < 0.01). With a risk of collinearity, we examined
the variance inflation factors in multivariate model 1 and 2 which
were low at 1.14 and 1.23 for IRF and BUN, respectively, in model
1, and 1.10 and 1.19 for IRF and BUN, respectively, in model 2.

We also explored whether pre-admission kidney function influ-
enced the relationship of IRF with mortality in the subgroup of
329 patients who had eGFR values available within 3 months prior
to hospitalization. Given the reduced sample size, IRF was not
significantly associated with 1-year mortality in univariable analy-
sis. When evaluated in bivariate analysis, IRF was associated with
a non-significant 53% higher risk of mortality before adjustment,
which did not substantially change (non-significant 60% higher risk)
with adjustment for pre-admission eGFR.

Outcomes with transient improvement
of renal function (IRF) and persistent IRF
vs. non-IRF

There were 60 patients (8%) with transient IRF and 106 patients
(14%) with persistent IRF. Median times to transient IRF and per-
sistent IRF were 5 days (IQR 3, 7 days) and 4 days (IQR 3, 7 days),
respectively. Patients with non-IRF, transient IRF, and persistent
IRF had significant differences for admission BUN, eGFR, SBP, and
sodium (online supplementary Table $6).

Transient IRF patients had the highest 1-year mortality (30%)
followed by persistent IRF (23%) then non-IRF (15%) (P <0.01
in unadjusted analysis; online supplementary Figure S3A). When
stratified by BNP decreasing >40% or <40%, non-IRF (7%), tran-
sient IRF (9%) and persistent IRF (17%) groups with decreasing
BNP had lower 1-year mortality than non-IRF (20%), persistent
IRF (27%) and transient IRF (38%) groups without decreasing BNP
(P <0.01 in unadjusted analysis; online supplementary Figure S3B).

© 2021 European Society of Cardiology

Table 3 Univariable and multivariable Cox regression
analysis for 1-year mortality and heart failure
readmission by transient improvement of renal
function (IRF), persistent IRF and decreasing B-type
natriuretic peptide

HR (95% CI)

Unadjusted Model 12 Model 2¢
Mortality
Transient IRF 2.1 (1.3-3.4) 1.1 (0.6-2.0) 1.2 (0.7-2.0)
Persistent IRF 1.5 (0.9-2.3) 1.1 (0.7-1.9) 0.9 (0.6-1.5)
Decreasing BNP 0.4 (0.3-0.6) 0.5 (0.3-0.8) 0.5 (0.3-0.7)
Unadjusted Model 1° Model 2¢
HF readmission
Transient IRF 1.5 (0.9-24) 1.5 (0.9-2.5) 1.3 (0.8-23)
Persistent IRF 0.9 (0.6-1.5) 0.7 (0.4-1.2) 0.7 (0.4-1.2)
Decreasing BNP 0.9 (0.7-1.3) 1.1 (0.8-1.5) 1.1 (0.8-1.5)

Bolded values have P-value < 0.05.

BNP, B-type natriuretic peptide; Cl, confidence interval; HF, heart failure; HR, hazard ratio;
IRF, improved renal function.

2Mortality model 1: age, white race, body mass index, chronic obstructive pulmonary disease,
beta-blockers, rales, S3, systolic blood pressure, sodium, haemoglobin, blood urea nitrogen,
and high-sensitivity cardiac troponin |.

bHF readmission model 1: angiotensin-converting enzyme inhibitors/angiotensin Il receptor
blockers, beta-blockers, diuretics, systolic blood pressure, heart rate, and blood urea nitrogen.
“Model 2: age, race, history of chronic obstructive pulmonary disease, oedema, systolic blood
pressure, heart rate, sodium, haemoglobin, blood urea nitrogen, and high-sensitivity cardiac
troponin .

The test for interaction between persistent IRF (binary) and BNP
(continuous) was significant (P for interaction = 0.04); however,
between transient IRF (binary) and BNP (continuous) was not (P
for interaction = 0.68).

In univariate analysis, transient IRF was associated with a 110%
higher risk of 1-year mortality, while persistent IRF was not signif-
icantly associated with mortality, though there was broad overlap
in Cls (Table 3). Neither was associated with HF readmission alone
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(Table 3). In multivariate analysis, transient IRF and persistent IRF
were not associated with 1-year mortality, while BNP decreasing
>40% was significantly associated with a lower risk for mortality
(Table 3, online supplementary Tables ST and $2). Addition of dis-
charge eGFR did not change risk estimates (online supplementary
Table S7).

Discussion

Among hospitalized AHF patients, we found patients with IRF had
baseline characteristics consistent with more severe AHF. In the
subgroup with eGFR measurements available prior to hospitaliza-
tion, IRF patients had developed WRF prior to hospital admis-
sion with kidney function returning towards baseline levels during
inpatient AHF treatment. IRF patients had higher 1-year mortality
than non-IRF patients in unadjusted analysis. However, this associ-
ation was attenuated after adjustment for admission BUN and SBP,
known markers of more severe AHF.2¢ Importantly, we found mor-
tality among IRF patients differed based on their BNP trajectories;
those who had a >40% BNP decrease had lower mortality than
patients who did not and the greater the trajectory of decrease
in BNP, the lower the risk of mortality. When transient and per-
sistent IRF were examined, findings were similar with respect to
differential survival based on BNP trajectories. These findings give
novel insights into the risk factors and clinical significance of IRF in
AHF and emphasize the importance of achieving decongestion in
AHF regardless of changes in kidney function.

Prior studies have reported that IRF in AHF is associated with
an increased risk of mortality and rehospitalization.'®'" We found
a strong association between IRF and mortality in univariate anal-
ysis but not after multivariate analysis. This risk attenuation was
largely driven by higher admission BUN and lower admission SBP,
both of which have been associated with mortality in hospitalized
AHF patients.? Indeed, IRF patients have features consistent with
more severe HF at presentation including higher admission BUN,
BUN/creatinine ratio, high-sensitivity cardiac troponin, and BNP,
and lower SBP and serum sodium. This increased AHF severity is
also reflected by the increased use of inotropes in IRF patients.
Additionally, among the subset of patients with eGFR values avail-
able within 3 months of hospitalization, kidney function had wors-
ened prior to admission in those who subsequently experienced
IRF compared to the subset that did not. Supporting this, IRF
patients had higher admission BUN, which was strongly correlated
with admission eGFR. While BUN and IRF were found to be inde-
pendent in multivariable models, BUN association with cardiorenal
interactions cannot be fully discounted and a collinear relationship
cannot be completely excluded.

When we examined transient and persistent IRF, we found only
transient IRF was associated with worse outcomes in univariable
analysis, though there was substantial overlap of the Cls for tran-
sient and persistent IRF. Again, the association of IRF with mortality
was modified by the trajectory of change in BNP, where only BNP
change and not IRF was associated with mortality in multivariable
models. A prior study found only persistent IRF was associated
with mortality, but this association was modified by congestion sta-
tus with only persistent IRF patients who experienced a recurrence

of WREF after discharge (recurrent congestion) having a higher risk
of death.’® Thus, our findings are in line with this prior study,
emphasizing the importance of achieving and maintaining decon-
gestion in AHF regardless of trajectory of kidney function.

On its face, it would seem contradictory that IRF would be
causally related to worse outcomes. An improvement in renal func-
tion would be expected to be a return to homeostasis and clinically
associated with improved diuretic response and attempts at natri-
uresis. Consistent with this, we found other markers of severe AHF
(BUN and SBP) attenuated the risk of IRF with mortality suggesting
that IRF is not the cause of worse outcomes, but instead identifies
high-risk AHF patients. Indeed, IRF may identify more severe AHF
at presentation with susceptible kidneys that experience outpa-
tient WREF prior to hospitalization and prompts more aggressive
treatment with inotropes.'?

Worsening renal function and IRF have been shown to have
similar haemodynamic profiles and both are part of the haemo-
dynamic continuum following dynamically changing kidney function
in AHF?~"2 Pre-admission WRF that occurs in patients who expe-
rience IRF during AHF hospitalization likely results from increased
central venous pressure (CVP) and renal congestion that improves
with diuresis and reduction in CVP3° Elevated venous pressure
has been shown to increase neurohormonal activation and affer-
ent arteriole resistance resulting in reduced eGFR and increased
sodium reabsorption.””® Conversely, since other AHF patients
develop WRF during diuresis where decongestion and reduced
CVP lead to WREF, this would suggest the pathophysiologies of
IRF and WRF during diuresis are distinct.’>?’ In line with this, IRF
patients had higher natriuretic peptide levels on admission sug-
gesting greater congestion status. Ve and others have shown that
change in BNP can discriminate WRF in AHF as clinically significant
or not.5'® Thus, we hypothesized that significant declines in BNP
could further discriminate risk of IRF

In this study, change in BNP was not associated with HF rehos-
pitalization. While some prior studies have found an association
between natriuretic peptides and risk of HF rehospitalization, pre-
diction of HF rehospitalization remains difficult with prior models
demonstrating poor predictive performance.33' BNP lack of asso-
ciation with readmission likely results from complexities beyond
disease severity that BNP does not capture such as dietary choices,
exercise habits, medication compliance and other social determi-
nants. Additionally, recurrent congestion after discharge is a major
driver of rehospitalization and outcomes, as shown in prior studies,
but not measured in AKINESIS.'® Thus, it is not necessarily unex-
pected that both IRF and BNP changes were not associated with
HF rehospitalization given these complexities.

Patients who experienced a >40% decline in BNP had lower
1-year mortality than patients who did not. Furthermore, the
greater the trajectory of decrease in BNP, the lower the risk of
mortality. Prior studies have reported an association of improved
outcomes with a >30% decline in BNP while we found this associa-
tion with a >40% decline. Ve hypothesize this difference in cut-offs
arises because BNP levels decrease from both decongestion and
increased clearance of BNP with IRF. These findings appear to
modify the relationship of IRF with mortality and provide important
information that may guide clinicians’ treatment decisions in AHF.

© 2021 European Society of Cardiology
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When confronted with a patient with IRF, our findings and others
show IRF identifies WRF prior to admission and more severe AHF
at the time of admission. While IRF is not causally related to
mortality, it identifies a high-risk patient population and potential
modifiers of this mortality risk should be evaluated. This should
be done by assessing congestion status as persons with IRF who
have a trajectory of declining BNP during treatment have lower
mortality risk. This finding emphasizes the importance of achieving
adequate decongestion in AHF before discharge. Persons with IRF
and without a reduction in BNP remain at high risk for mortality.
We speculate that, for some patients with IRF, clinicians may be
reticent to use diuretics or other medications that can decrease
eGFR, reasoning that a trajectory of IRF reflects an improvement
in end-organ perfusion and supports a less aggressive approach to
fluid removal. Our data suggests the opposite, that instead IRF
likely reflects WREF prior to admission and such patients should
receive therapies to improve congestion. IRF without resolution of
congestion, as assessed by changes in BNP, haematocrit, albumin
or physical exam, indicates a need for further diuresis and opti-
mization of disease-modifying therapies prior to discharge.32-3* An
inability to achieve appropriate decongestion identifies a high-risk
population where advanced therapies and advanced care planning
should be considered (Graphical Abstract). Thus, clinicians should
recognize that the AHF patient with IRF is a high-risk patient but
should pursue therapies that promote decongestion and have less
concern about short-term changes in kidney function.

Strengths and limitations

Our study has multiple strengths including its large sample size
with patients recruited from 16 international sites. We had serial
measures of BNP and eGFR allowing us to evaluate the prognostic
information of BNP changes with eGFR changes concurrently.
Availability of outpatient eGFR values within 3 months prior to
admission in a sizable subset was also a key strength that provided
valuable insights to the implications of IRF in this study.

Our study also has important limitations. As with any obser-
vational study, the influence of identified and unidentified
confounders cannot be excluded. However, in this case, the
associations of IRF were attenuated by available covariates that
mark worse AHF, and therefore explained much of the association
observed in unadjusted models. Thus, as the initial association
was completely extinguished, remaining residual confounding
seems unlikely. While BNP correlates with congestion and clinical
outcomes, BNP levels can also be influenced by age, gender, race,
obesity, kidney function and medical therapy. Since we examined
BNP change on an individual level, many of these confounders are
unchanged for an individual, but we cannot exclude confounders
such as medical therapy or the change in kidney function influencing
BNP levels. We lack adequate echocardiographic information on
patients to include this information in our analyses. We also only
have a limited number of physical exam findings recorded at study
enrolment limiting our ability to explore change in congestion
status by physical examination. Clinicians could have changed their
treatment strategy in response to changes in kidney function;
however, our data therefore also reflect real-world experiences in
AHF management.

© 2021 European Society of Cardiology

Conclusions

Patients with AHF who experience IRF have features consistent
with more severe HF and often experience WRF as outpatients
prior to hospital admission. IRF marks increased risk for 1-year
mortality; however, this finding is explained by markers of worse
AHF at presentation which rendered the association of IRF with
mortality null in adjusted models. Both IRF and non-IRF patients
who have a trajectory of decreasing BNP during their AHF treat-
ment have better survival. Thus, clinicians should recognize IRF
patients as a high-risk subset of AHF but should strive to achieve
adequate decongestion regardless of short-term changes in kidney
function.

Supplementary Information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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