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Abstract

Introduction: We aimed to evaluate the prognostic impact of
renal insufficiency and fluctuation of glomerular filtration ob-
served during hospitalization for heart failure (HF). Methods: We
followed 3,639 patients hospitalized for acute HF and assessed
the mortality risk associated with moderate or severe renal
insufficiency, either permanent or transient. Results: After ad-
justment, severe renal failure defined as estimated glomerular
filtration (eGFR) <30 mL/min indicates ~60% increase in 5-year
mortality risk. Similar risk also had patients with only transient
decline of eGFR to this range. In contrast, we did not observe
any apparent mortality risk attributable to mild/moderate renal
insufficiency (eGFR 30-59.9 mL/min), regardless of whether it
was transient or permanent. Conclusion: Even transient severe
renal failure during hospitalization indicates poor long-term
prognosis of patients with manifested HF. In contrast, only
moderate renal insufficiency observed during hospitalization
has no additive long-term mortality impact.

© 2023 The Author(s).
Published by S. Karger AG, Basel

Introduction

Renal insufficiency is a common phenomenon in heart
failure (HF) patients, and the relationship between both
these pathophysiological conditions is reciprocal. One of
these phenomena affects the others in terms of clinical
course, and its coincidence leads to increased mortality
and morbidity risk. Patients with chronic kidney disease
(CKD) show an excessive cardiovascular risk manifesting
not only as HF but also as an increased incidence of
atherosclerotic vascular disease and sudden cardiac death
[1, 2]. Patients with CKD die rather from cardiac events
or malignancies than from uremia [3]. From the opposite
point of view, HF represents a precipitating factor for
CKD. Even in patients with still normal renal function,
HF incidence increases the risk of rapid estimated glo-
merular filtration (eGFR) decline and future CKD [4].
The pathophysiology of interaction between the car-
diovascular system and kidney is very complex, involving
the renin-angiotensin system (RAS), natriuretic peptides,
inflammatory processes, oxidative stress, accelerated
atherosclerosis, etc. [5]. The clinical manifestation of this
interaction is commonly known as cardiorenal syndrome
[6] and is associated with a substantial mortality increase
[7, 8]. Adverse heart-kidney interaction may also occur

karger@karger.com © 2023 The Author(s).
www.karger.com/kbr Published by S. Karger AG, Basel

\',; This article is licensed under the Creative Commons Attribution-
Ka rg e r A NonCommercial 4.0 International License (CC BY-NC) (http://www.

karger.com/Services/OpenAccessLicense). Usage and distribution for

BOPEN ACCESS commercial purposes requires written permission.

Correspondence to:
Otto Mayer, Jr., mayero @ fnplzen.cz

20z Arenigad 0| uo 3senb Aq Jpd-L065£S000/679591 ¥/8Y/1/67/HPd-jo1e/Iqy/wod sebies//:dny woly papeojumoq


https://www.karger.com/kbr
https://www.karger.com/kbr
https://www.karger.com/kbr
https://doi.org/10.1159/000535901
mailto:karger@karger.com
https://www.karger.com/kbr
http://www.karger.com/Services/OpenAccessLicense
http://www.karger.com/Services/OpenAccessLicense

relatively subclinically. A transient worsening of renal
function (WRF) (decrease in glomerular filtration) is a
common phenomenon in all hospitalized patients, but it
is particularly strongly expressed during hospitalization
for acute HF. The most common interpretation is that it is
caused by rapid decongestion by diuretics during the
initial phase of acute HF treatment [9, 10]. However, the
phenomenon also probably involves other mechanisms of
cardiorenal interaction and may potentially have clinical
significance.

The coincidence of HF and renal insufficiency not only
represents an adverse pathophysiological situation but
also negatively affects the long-term therapeutic man-
agement of chronic HF. For example, patients with renal
insufficiency are typically less likely to be appropriately
treated with guideline-determined medical therapy, or at
least these drugs have lower doses [11]. The reasons are
not only the safety concerns (typical in mineralocorticoid
receptor antagonists). Subjects with severe renal im-
pairment are also often excluded from early studies with
the new drugs [12]. Consequently, these patients do not
meet the prescription criteria of these innovative drugs
and, therefore, cannot profit from them.

Clinical interpretation of a patient’s actual glo-
merular filtration during hospitalization for acute HF is
further complicated by two parallel problems. The first
is that probably many measurements will be done
during hospitalization. Although a steady-state con-
dition is assumed to determine glomerular filtration, in
the “real world,” we have to make decisions based on
several highly variable values. The second question is to
what extent the mere fact of fluctuating glomerular
filtration during hospitalization represents a prognostic
indicator. In the present study, we established renal
function by either the lowest or the highest glomerular
filtration observed during hospitalization and com-
pared the attributable mortality risk of renal insuffi-
ciency by these two approaches. We also aimed to
assess whether fluctuation across glomerular filtration
categories during hospitalization (toward severe or
toward moderate renal insufficiency) leads to an im-
paired long-term prognosis of chronic HF patients.

Materials and Methods

Design and Study Population

The analysis represents a prospective follow-up study in
patients hospitalized for acute cardiac decompensation as the
first manifestation of chronic HF failure or worsening of this
preexisting condition requiring hospitalization. This main
qualifying criterion was based on diagnosis, formally stated in
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the discharge report as the primary cause leading to hospi-
talization (details of the selection process are shown in Fig. 1).
In the first step, we identified 16,436 hospitalizations in Uni-
versity Hospital Pilsen between January 1, 2000, and September
29, 2020, in 10,792 individual patients (we used the data from
the first hospitalization during the period 2000-2020; therefore,
recurrent hospitalizations for HF were excluded). In the second
step, we excluded 4,988 patients hospitalized for HF before
January 1, 2010 (in our or any other hospital). In this way, we
created a sample of 5,804 individual patients without a history
of HF hospitalization in the previous 10 years. From this initial
pool, 1,140 were older than 85 years, 138 subjects were excluded
after a review of their documentation (usually because the HF
was not found to be the primary cause of their hospitalization),
429 patients died during hospitalization, and other 458 subjects
were excluded because of insufficient number of eGFR esti-
mations during hospitalization (a minimum of at least three
measurements during hospitalization was required). The final
sample consisted of 3,639 subjects, aged <85 years, with the first
manifestation of HF requiring hospitalization (being not hos-
pitalized for at least 10 years for HF) and surviving the qual-
ifying hospitalization. The date of admission to the hospital was
used as a baseline point for the follow-up analysis.

Data Collection

Only data contained in the hospital information system were
used, and no formal examination was done in conjunction with
this analysis. We registered the following information: history of
cardiovascular diseases, coronary revascularizations, diabetes
mellitus, hypertension, known malignancies, and history of
smoking. The presumed etiology of HF (i.e., mainly if related to
coronary artery disease [CAD] or not) was critically assessed based
on available information. The value of ejection fraction (EF) was
derived from echocardiography realized during hospitalization (in
the vast majority of patients), or if this was not recognized, we used
the most recent echocardiography available or the ejection fraction
value formally stated in medical records. The presence of atrial
fibrillation or flutter was derived from the ECG realized during
hospitalization or this information stated in medical history. Fi-
nally, recommended pharmacotherapy (including dosage) in the
discharge report was also registered in drugs of special interest
(such as B-blockers, RAS blockers, aldosterone antagonists, and
statins).

Essential laboratory examination (glycemia, serum lipids,
creatinine, and natriuretic peptides) was done as a part of the
routine clinical management of patients and derived from the
hospital information system. The central hospital laboratory
(Department of Clinical Biochemistry and Hematology, University
Hospital Pilsen) is involved in the system of regular quality control
of all procedures (instruments, laboratory estimations, etc.), and
only standard commercial kits and analytical platforms (namely,
COBAS 8000 analytical platform; Roche Diagnostics, Basel,
Switzerland) were used for laboratory estimations.

By use of the National Registry of the Institute of Health In-
formation and Statistics of the Czech Ministry of Health, the
individual vital status of all patients was ascertained. If the patient
died between the discharge and December 30, 2020, the date of
death was registered. We also reviewed death certificates and
available documentation in hospital information systems to specify
the cause of death.
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Fig. 1. Study sample selection process.

Data Management

As exposure, we used renal functions ascertained during
hospitalization. We calculated eGFR by individual creatinine
values and using the CKD-EPI formula [13]. The analysis was
generally realized from two perspectives, using the lowest and
highest eGFR value detected during hospitalization (repeated
creatinine measurements are a regular part of medical care in all
hospitalized patients, but only these subjects having at least three
measurements were included in the study). The eGFR values were
initially dichotomized concerning the National Kidney Founda-
tion’s Kidney Disease Outcomes Quality Initiative (KDOQI) [14]
grading (grades 1-5), but for the principal analysis, the sample was
finally divided only into three groups as follows: group A, normal
or only mild decrease of renal function (grade 1 + 2 by KDOQI),
eGFR >60 mL/min; group B, moderate renal insufficiency (grade
3), eGFR 30-59.9 mL/min; group C, severe renal insufficiency
(grade 4 + 5), eGFR <30 mL/min. For consequent analysis, we
further split the sample in another way, namely, group a - all
individual eGFR values >60 mL/min; group b - transiently
moderate renal insufficiency (the lowest individual eGFR 30-59.9
but the highest >60 mL/min; the mutual sequence of high and low
values was not taken into account); group ¢ - a permanently
moderate renal insufficiency (both, the highest and lowest eGFR
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30-59.9 mL/min); group d - transiently severe renal insufficiency
(the lowest individual eGFR <30 but the highest >30 mL/min;
group e — permanently severe renal insufficiency (any individual
eGFR <30 mL/min).

As outcomes, we used all-cause death for 5 years. Censored data
were used for those subjects with only partial follow-up.

We used the following definitions for covariates: we dichoto-
mized EF into three usual categories <40%, 41-50%, and >51%.
Regarding the primary etiology of HF, all cases with a history of
myocardial infarction (MI), myocardial revascularization, or an-
giographically proven stenosis of coronary artery greater than 50%
were considered as “CAD-related HF.” Patients, in whom a di-
agnosis of dilated cardiomyopathy (CMP), tachycardia-induced
CMP, post-inflammatory CMP, or other apparent secondary
etiology was mentioned in the discharge summary or other
available documentation, were collectively considered as non-
CAD-related HF. Patients with hypertension who did not fall
into any of the above categories were considered CAD-related HF.

Other comorbidities and conditions were defined as follows:
hypertension, if this diagnosis was explicitly mentioned in the
documentation or if the patient was treated with antihypertensives
beyond those used in the treatment of HF; diabetes mellitus if the
highest fasting glucose during hospitalization was >7 or non-fasting
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glucose >11.1 mmol/L or HbAlc >70 mmol/mol, as well as
treatment with antidiabetics or history of diabetes mentioned in
the documentation. Hypercholesterolemia was defined as LDL
cholesterol >1.8 mmol/L, while markedly increased brain natri-
uretic peptide (BNP) was defined as peak concentration >10 times
higher than the upper limit of normal (ULN), i.e., BNP >1,000 or
N-terminal proBNP >3,000 ng/L. History of malignancy means
that this diagnosis was stated anywhere in the available patient’s
documentation, irrespective of current staging or grading.

Pharmacotherapy of particular interest was categorized by
roughly equipotent daily dose into 3 groups (reduced, standard,
and target dose; how individual drugs were assigned to these
groups can be found elsewhere [15]). Statistical analyses were
performed using STATISTICA 8 (StatSoft Inc, Tulsa, OK, USA)
and STATA 8 (STATA Corp LP, College Station, TX, USA).
Conventional descriptive (i.e., the mean and standard deviation
for continuous variables, the frequency for categorical ones)
and statistical (multiple linear step-wise regression) methods
were applied. Cox proportional hazard model was performed to
identify the relative role of potential covariates on defined
outcomes. Power calculations revealed that our population of
patients was sufficiently large to estimate the expected incidence
of the defined outcomes with a 5% relative precision level.
Statistical significance was considered present at the p value
of 0.05.

Results

Baseline Cross-Sectional Data and Renal Function

Covariates

In this study, we followed 3,639 initially stabilized
chronic HF patients - their baseline characteristics are
listed in Table 1 (cohort 1). Cohort 2 (Table 1, second
column) consisted of the same subjects but excluded
patients with malignancy, either in medical history or as
the declared cause of death. In the same manner, we
excluded subjects who were deceased from an external
cause (any accidents or suicides proclaimed as the pri-
mary cause of death in the death certificate) from
cohort 2.

We tested the multivariate association between eGFR
and a large set of characteristics by a step-wise regression
model (Table 2). If the lowest eGFR observed during
hospitalization was used as a dependent variable (model
1), the following independent variables entered the re-
gression model significantly: male gender, year of hos-
pitalization, treatment with {-blockers, and mineralo-
corticoid receptor antagonists as positive covariates, while
age, duration of hospitalization, hypertension, diabetes,
increased BNP, therapy with furosemide and with statins
as inverse covariates. A similar regression analysis was
performed with the highest observed eGFR (model 2),
with roughly equivalent results (Table 2, second column).

Renal Functions and Mortality

We also repeated both these regressions with cohort 2,
with confirmatory results (not in table).

During the median 928 days (interquartile range
333-1,780) of follow-up, 2,094 patients (57.5% of the
sample) deceased in the total sample (cohort 1), while
1,644 (53.7%) were in cohort 2. Corresponding 5-year all-
cause mortalities were 49.2% and 45.1% (cohorts 1 and 2,
respectively). Table 3 shows the Cox proportional hazard
model, a mortality risk associated with each potential
predictor of fatal outcome. Two separate regressions we
performed again, one with the lowest (model 1) and the
other with the highest eGFR (model 2). The following
characteristics were independently associated with in-
creased 5-year mortality risk: age over 65 years, male
gender, CAD-related HF, history of malignancy, peak
BNP during hospitalization >10 times higher than ULN,
and treatment with furosemide. Decreased mortality risk
was associated with the year of hospitalization,
LDL >1.8 mmol/L, treatment with RAS blockers, statins
as well as implanted cardioverter-defibrillator. Signifi-
cantly increased mortality risk was associated with the
eGFR category (grades 1-5 by KDOQI), and the corre-
sponding hazard risk ratios (HRRs) were roughly similar
if the lowest or highest eGFR (model 1 or 2) was used. We
also repeated both regressions in cohort 2 (not in table).
The eGFR category independently predicted 5-year
mortality risk nearly similarly using the lowest or
highest eGFR value (HRR 1.24 [95% CIs: 1.13-1.36], p <
0.0001 and 1.16 [95% ClIs: 1.06-1.28], p = 0.001, in
models 1 and 2, respectively). We also confirmed an
inverse independent and significant, again nearly simi-
larly by using the lowest or highest eGFR value (in both,
cohorts 1 and 2) (not in table).

eGFR Categories and Mortality Risk

In the first step, we divided the sample into five
subgroups by KDOQI grades (again in two ways, by the
lowest and the highest eGFR). The frequencies of pa-
tients in these subgroups are shown at the end of Table 1,
while the corresponding survival curves are in Figure 2.
We observed the lowest survival in severe renal insuf-
ficiency subjects. KDOQI grades 4 and 5 showed almost
parallel survival curves if the lowest or highest eGFR was
used. Grade 1 and grade 2 patients show somewhat
different characteristics depending on whether the
lowest or highest eGFR was used. The mortality of grade
3 patients was roughly midway between these two po-
sitions (i.e., grades 1 and 2 vs. grades 4 and 5). For that
reason, we carried out the consequent analyses across
three wider subgroups: eGFR >60 mL/min (grades 1 and
2) (A), eGFR 30-59 mL/min (grade 3) (B), and
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Table 1. Baseline characteristics of

study sample [mean (standard Cohort 1 Cohort 2
deviation) or percentual factor
proportio)n] P n 3,639 3,063
Age, years 714 (10.2) 71.0 (10.5)
Age >65 years, % 777 76.2
Male gender, % 58.7 58.0
Length of hospitalization, days 10.7 (7.7) 10.5 (7.7)
Hospitalization >10 days, % 46.4 45.6
Coronary revascularization, % 28.8 28.6
History of smoking?, % 20.8 21.0
Hypertension, % 90.6 90.5
LDL cholesterol, mmol/L 2.28 (0.97) 2.29 (0.95)
LDL >1.8 mmol/L, % 62.9 63.7
Fasting glycemia, mmol/L 7.32 (2.54) 7.36 (2.58)
Diabetes mellitus,P % 70.2 70.3
Peak BNP >10 times ULN,® % 56.4 45.7
Atrial fibrillation or flutter, % 51.2 55.6
Known history of malignancy, % 10.7 0
ICD, % 13.6 14.5
Ejection fraction <40%, % 479 49.3
CAD or hypertension,d % 58.2 59.2
Pharmacotherapy, %
Antiplatelets or oral anticoagulants 783 78.8
Furosemide 89.5 89.5
Beta-blockers 774 783
RAS blockers 783 79.8
Mineralocorticoid receptor antagonists 458 46.9
Statins 46.7 474
Antidiabetics 346 35.1
Lowest eGFR,¢ mL/min 48.0 (22.5) 48.1 (22.5)
Highest eGFR,® mL/min 60.0 (24.0) 60.0 (23.9)
eGFR categories* by the lowest observed value (model 1), %
>90 mL/min 4.2 42
60-89.9 mL/min 244 264
30-59.9 mL/min 494 49.2
15-29.9 mL/min 14.5 14.6
<15 mL/min 7.5 74
eGFR categories* by the highest observed value (model 2), %
>90 mL/min 11.9 1.9
60-89.9 mL/min 36.9 36.6
30-59.9 mL/min 40.0 404
15-29.9 mL/min 8.0 79
<15 mL/min 32 32

LDL, low-density lipoprotein; ULN, upper limit of normal; ICD, implanted
cardioverter-defibrillator. Cohort 1: all subjects; cohort 2: patients with malignancy
either in medical history or as a declared cause of death plus those with the external
cause of death (accidents, suicides, etc.) were excluded. eGFR, @past or current
smoking. PThe highest fasting glucose >7 or non-fasting >11.1 mmol/L, history of
diabetes, and/or treatment with antidiabetics. “BNP >1,000 ng/L or NT-
proBNP =3,000 ng/L. 9As presumed primary etiology of HF. ®Estimated glomerular
filtration (eGFR) by CKD-EPI standard; highest or lowest creatinine value during
hospitalization was used. *Grades 1-5 by KDOQI.

eGFR <30 mL/min (grades 4 and 5) (C). The right panels Table 4 shows the mortality risk associated with
show the same survival curves for cohort 2, with a renal function among these more comprehensive
similar pattern (Fig. 1). limits, and we used subgroup A (eGFR >60 mL/min) as

52 Kidney Blood Press Res 2024;49:48-59 Mayer, Jr./Bruthans/Bilkova/Filipovsky
DOL: 10.1159/000535901

20z Arenigad 0| uo 3senb Aq Jpd-L065£S000/679591 ¥/8Y/1/67/HPd-jo1e/Iqy/wod sebies//:dny woly papeojumoq


https://doi.org/10.1159/000535901

Table 2. Covariates of renal functions (lowest and highest eGFR value observed during hospitalization)

Dependent variable

Model 1, lowest eGFR

Model 2, highest GFR

beta coefficient p value beta coefficient p value

(standard errors) (standard errors)
Age —0.608 (0.044) <0.0001 —0.754 (0.047) <0.0001
Gender 6.720 (0.878) <0.0001 6.341 (0.939) <0.0001
Year of hospitalization 0.910 (0.143) <0.0001 1.328 (0.153) <0.0001
Duration of hospitalization —0.437 (0.053) <0.0001 0.180 (0.057) 0.002
Hypertension —-5.804 (1.561) <0.0001 —6.548 (1.706) <0.0001
LDL -0.818 (0.432) 0.078 -1.316 (0.495) 0.008
Diabetes mellitus —5.321 (0.947) <0.0001 -3.741 (1.016) <0.0001
BNP >10 times ULN —7.856 (0.879) <0.0001 —7.964 (0.941) <0.0001
Furosemide® —3.423 (0.428) <0.0001 -4.161 (0.458) <0.0001
Beta-blockers? 2.652 (1.024) 0.010 2.021 (1.096) 0.065
RAS blockers? not entered —0.768 (0.442) 0.083
Mineralocorticoid receptor 0.844 (0.380) 0.026 2.290 (0.406) <0.0001

antagonists?

Statins® —-0.911 (0.380) <0.0001 —1.134 (0.406) 0.005
Constant —1,720.492 (288.578) <0.0001 -2,543.173 (308.672) <0.0001

ULN, upper limit of normal; ICD, implanted cardioverter-defibrillator. Multiple linear step-wise regression;
the following variables were included initially (but rejected by the model): CAD as primary etiology coronary
revascularization, history of malignancy, atrial fibrillation or flutter, ejection fraction category, current or ex-
smoking, antiplatelets or anticoagulants, and ICD. 2Stratified by dose; see Methods for definitions.

the reference. Regardless of whether the highest or the
lowest eGFR value was used for the decision, severe
renal insufficiency patients (group C) showed signifi-
cantly higher 5-year mortality risk compared to pre-
served renal function subjects (A) or those with
moderate renal insufficiency (B). In contrast, we noted
a significantly increased risk of moderate renal insuf-
ficiency (B) only if the highest value was used for
definition. A nearly similar pattern was observed in
cohort 2 again (not in table).

The Predictive Power of Transient Decrease of eGFR

Only transient decrease during hospitalization into
KDOQI grade 3 (eGFR 30-59 mL/min, group b) was
observed in 677 (18.6%) patients, while the transient
decrease of eGFR into grades 4 and 5 (<30 mL/min, group
d) was observed in other 394 (10.8%) subjects. The
mortality risk of this only transient decrease of renal
function is analyzed in Table 5. In the fully adjusted
model, we observed a significant increase in 5-year
mortality associated with the transient decrease of
eGEFR to severe renal insufficiency (group d) but not with
the transient decrease to only moderate renal insuffi-
ciency (group b). As in previous analyses, we repeated all
regressions with cohort 2, with confirmatory results (not
in table); transient decrease to severe renal insufficiency

Renal Functions and Mortality

range was associated with about twofold higher mortality
risk (HRR 2.01 [95% Cls: 1.50-2.71], p < 0.0001, fully
adjusted model).

Discussion

In the present observational study, we found that
nearly all patients showed at least minor signs of renal
insufficiency during hospitalization for acute HF. Using
conventional KDOQI renal function grading [14], pre-
served renal functions (eGFR >90 mL/min) had only
5-12% of hospitalized patients (depending on whether we
used the lowest or highest eGFR recorded during hos-
pitalization). Obviously, the usual concept of renal
function grading is not practical for the decision in this
kind of patient. On the other hand, severely decreased
renal functions (eGFR <30 mL/min) showed only 8-15%
of patients, and among them, ~3-8% were indeed in the
renal failure zone (eGFR <15 mL/min). The problem
remains how to clinically assess patients in the “gray
zone” in the moderate decrease of eGFR category
(30-59 mL/min, grade 3 by KDOQI classification). In the
present study, we found that patients with severely de-
creased renal functions (eGFR <30 mL/min) showed
about a 60-70% higher risk of death during the first year
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Table 3. Predictors of 5-year all-cause mortality (Cox proportional hazard model)

Model 1, lowest eGFR value Model 2, highest eGFR value

used used

HRR (95% Cls) p value HRR (95% Cls) p value
Age >65 years 1.79 (1.48-2.17) <0.0001 1.79 (1.48-2.17) <0.0001
Male gender 1.21 (1.06-1.39)  0.006 1.20 (1.04-1.37)  0.011
Year of hospitalization® 0.98 (0.95-0.99) 0.042 0.98 (0.95-1.00) 0.042
Hospitalization >10 days 1.13 (0.99-1.29)  0.071 1.19 (1.04-1.35)  0.012
CAD as primary etiology 1.17 (1.00-1.37) 0.049 1.19 (1.02-1.35) 0.032
Coronary revascularization 1.01 (0.85-1.20)  0.870 1.01 (0.85-1.20)  0.891
History of malignancy 149 (1.23-1.81)  <0.0001 149 (1.23-1.81)  <0.001
Atrial fibrillation or flutter 0.96 (0.84-1.09) 0.509 0.95 (0.83-1.09) 0475
Ejection fraction category® 1.04 (1.00-1.08)  0.087 1.04 (0.85-1.08]  0.089
Current or ex-smoking 1.01 (0.85-1.21) 0.881 1.02 (0.85-1.22) 0.817
Hypertension 1.20 (0.92-1.57) 0.174 1.22 (0.94-1.59) 0.137
LDL >1.8 mmol/L 0.86 (0.75-0.98) 0.029 0.86 (0.75-0.98) 0.027
Diabetes mellitus 1.07 (0.93-1.24) 0.361 1.10 (0.95-1.23) 0.218
BNP >10 times ULN 1.35 (1.18-1.55)  <0.0001 1.38 (1.20-1.58)  <0.0001
Antiplatelets or anticoagulants 1.07 (0.91-1.27) 0.412 1.07 (0.90-1.26) 0.465
Furosemide© 1.16 (1.09-1.24)  <0.0001 1.17 (1.10-1.25)  <0.0001
Beta-blockers© 0.88 (0.76-1.02) 0.086 0.87 (0.75-1.01) 0.066
RAS blockers© 0.87 (0.82-0.92) <0.0001 0.87 (0.81-0.92) <0.0001
Mineralocorticoid receptor antagonists©  0.98 (0.93-1.04)  0.575 0.98 (0.93-1.04) 0.542
Statins®© 0.92 (0.87-0.98) 0.010 0.92 (0.84-0.98) 0.008
ICD 0.53 (0.39-0.71)  <0.0001 0.52 (0.39-0.71)  <0.0001
eGFR categoryd 1.19 (1.10-1.29) <0.0001 1.13 (1.04-1.23) 0.003

HRR, hazard risk ratio; Cls, confidence intervals; ULN, upper limit of normal; ICD, implanted cardioverter-
defibrillator. 22010, 2011 up to 2019. P<40%, 41-50% or >51%.  Stratified by dose; see Methods for
definitions. 9Grades 1-5 by KDQI; for definitions of all other variables, see Methods or Table 1.

or up to 5 years of follow-up than those with
eGFR >60 mL/min. However, patients with moderate
renal insufficiency (eGFR 30-59 mL/min) showed only
marginally higher mortality risk (5-11%) and statically
significant only for 5-year mortality as outcomes. We
have the opportunity to compare this study sample with
another, very similarly designed study on patients hos-
pitalized for acute MI [16]. In this cohort, post-MI pa-
tients with eGFR during hospitalization in the range
30-59 mL/min showed more than twofold higher 5-year
mortality risk, while patients with eGFR <30 mL/min
showed more than 6 times higher risk (compared to
eGFR =60 mL/min); so, the relative impact of renal in-
sufficiency was apparently higher in these different car-
diovascular patients. The reason for the relatively small
additive effect of renal insufficiency on patient mortality
in our cohort may be the rather extensive adjustment we
made in our analysis. A large meta-analysis by Damman
et al. [1] on about 1.1 million subjects with HF showed
that the unadjusted HRR associated with renal impair-
ment (defined as eGFR <60 mL/min) was 2.28 (95% Cls:
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2.10-2.47), while only 1.59 (95% ClIs: 1.49-1.69) after
fundamental adjustment (i.e., not so far from our results).
However, the main reason is probably that our study
sample (and generally all overt HF subjects) carries a very
high mortality risk (=14% of our patients died per year).
Therefore, the role of any moderately strong additive
factor might be potentially “dissolved” in this
background risk.

A substantial number of patients (up to 40%) showed
fluctuations across eGFR categories during hospitali-
zation. It is questionable how to interpret it concerning
the grading of renal functions (and attributable mor-
tality risk, too). We assessed the renal function in two
ways, based on the highest and lowest detected eGFR
value. Observed mortality risk attributable to renal in-
sufficiency was virtually similar by both these methods.
The only exception was grade 1 patients, who showed a
slightly more favorable survival curve when we used the
highest eGFR for the decision (Fig. 1). On the other
hand, using the lowest eGFR value understandably
identifies more exposed patients (71.4 vs. 51.2%).
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Fig. 2. Kaplan-Meier survival curves according to renal functions (grades 1-5 by KDOQI classification). Cohort 1:
all subjects; cohort 2: patients with malignancy either in medical history or as a declared cause of death plus those

with the external cause of death excluded.

Therefore, if the predictive value of both approaches
(the highest vs. the lowest eGFR value) is roughly the
same, it is probably more correct to use the lowest
(worst) detected value for deciding on the actual staging
of renal insufficiency.

Indeed, the remaining problem is the prognostic
impact and clinical interpretation of these only transient
WREFs and the inconsistency of the definitions used [17].
In our subjects, we observed a considerable rise in 5-year
mortality risk (by =60%), but only in the patients
showing an eGFR decrease to grade 4 or less (<30 mL/
min) but not in patients whose eGFR fell only to a grade
3 level (30-59 mL/min). Several studies dealt with the
prognostic impact of WRF during hospitalization for
HF. Klein et al. [18] reported that every 5 mg/dL increase
in blood urea nitrogen leads to 8% increase in 60-day
mortality. In the study by Metra et al. [19], WRF, defined
as a creatinine increase of >0.3 mg/dL, was associated

Renal Functions and Mortality

not only with a more extended hospital stay but also with
~a 3.5 times higher risk of 30-day mortality or
recurrent HF.

In the present study, we defined the WRF in the
maximally simplified way, i.e., if the highest and lowest
eGFR values fall into the same KDOQI grade or not (the
mutual order of the highest and the lowest eGFR values
was not taken into account). The reason for this sim-
plification was that there are several possible trajectory
patterns of renal function during HF. For example,
Belthuis et al. [20] identified in this context eight different
trajectories (bump, dip, sustained decrease or increase,
bump followed by a dip, etc.), but without any significant
impact in terms of prognosis [20]. We also exploratorily
repeated the analysis in such a way that the relative order
of the lowest and highest eGFR values was taken into
account in the regression models, with virtually similar
results.
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Table 4. Five-year all-cause mortality risk by the categories of renal functions (partially and fully adjusted)

Compared groups Model 1 (lowest eGFR value Model 2 (highest eGFR value
used) used)
HRR (95% Cls) p value HRR (95% Cls) p value
Partially adjusted?®
eGFR =60 mL/min (A) - 1 - 1 -
eGFR 30-59 mL/min (B) B versus A 1.09 (1.08-1.11) <0.0001 1.27 (1.14-1.41) <0.0001
eGFR <30 mL/min (C) C versus A 2.21 (1.92-2.55) <0.0001 1.91 (1.66-2.20) <0.0001
eGFR 30-59 mL/min (B) - 1 - 1 -
eGFR <30 mL/min (C) C versus B 1.69 (1.52-1.88) <0.0001 1.57 (1.36-1.80) <0.0001
Fully adjusted®
eGFR =60 mL/min (A) - 1 - 1 -
eGFR 30-59 mL/min (B) B versus A 1.11 (0.93-1.33) 0.252 1.20 (1.03-1.39) 0.016
eGFR <30 mL/min (C) C versus A 1.58 (1.28-1.96) <0.0001 1.42 (1.13-1.77) 0.002
eGFR 30-59 mL/min (B) - 1 - 1 -
eGFR <30 mL/min (C) C versus B 1.44 (1.23-1.68) <0.0001 1.26 (1.02-1.55) 0.030

HRR, hazard risk ratio; Cox proportional hazard model; ULN, upper limit of normal; ICD, implanted cardioverter-defibrillator.
2Adjusted for age >65 years and gender. PAdjusted for age >65 years, gender, year of hospitalization, hospitalization >10 days, CAD
as primary etiology, history of malignancy, ejection fraction category, current or ex-smoking, LDL >1.8 mmol/L, BNP >10 times ULN,
dose strata of furosemide, 3-blockers, RAS blockers or statins, as well as ICD.

Table 5. Five-year all-cause mortality risk associated with either transient or permanent decline of renal
functions (partially and fully adjusted models)

Compared groups HRR (95% Cls) p value
Partially adjusted?
eGFR >60 mL/min (a) - 1 -
eGFR 30-59 mL/min transiently (b) b versus a 141 (1.21-1.64) <0.0001
eGFR 30-59 mL/min permanently (c) C versus a 1.39 (1.21-1.60) <0.0001
eGFR <30 mL/min transiently (d) d versus a 2.19 (1.85-2.61) <0.0001
eGFR <30 mL/min permanently (e) e versus a 2.25 (1.91-2.66) <0.0001
eGFR 30-59 mL/min transiently (b) - 1 -
eGFR 30-59 mL/min permanently (c) c versus b 0.96 (0.84-1.10) 0.537
eGFR <30 mL/min transiently (d) - 1 -
eGFR <30 mL/min permanently (e) d versus e 1.06 (0.90-1.27) 0.440
Fully adjusted®

eGFR =60 mL/min (a) - 1 -
eGFR 30-59 mL/min transiently (b) b versus a 1.06 (0.86-1.31) 0.578
eGFR 30-59 mL/min permanently (c) C versus a 1.13 (0.92-1.39) 0.238
eGFR <30 mL/min transiently (d) d versus a 1.62 (1.26-2.08) <0.0001
eGFR <30 mL/min permanently (e) e versus a 1.46 (1.12-1.91) 0.006
eGFR 30-59 mL/min transiently (b) - 1 -
eGFR 30-59 mL/min permanently (c) c versus b 1.05 (0.86-1.28) 0.625
eGFR <30 mL/min transiently (d) - 1 -
eGFR <30 mL/min permanently (e) d versus e 1.08 (0.84-1.38) 0.550

HRR, hazard risk ratio; Cox proportional hazard model; ULN, upper limit of normal; ICD, implanted
cardioverter-defibrillator. *Adjusted for age 65 years and gender. PAdjusted for age >65 years, gender, year
of hospitalization, hospitalization >10 days, CAD as primary etiology, history of malignancy, ejection fraction
category, current or ex-smoking, LDL >1.8 mmol/L, BNP >10 times ULN, dose strata of furosemide, RAS
blockers or statins, as well as ICD.
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The modest impact of WRF observed in the present
study contrasted again with post-MI patients in our other
study, where even a transient decline to grade 3 was
already associated with a more than twofold higher risk,
while the transient decline to grade 4 or less to =6 times
higher risk of death within 5 years [16]. A possible ex-
planation is the specificity of patients with acute HF. A
slight decrease in eGFR does not always mean the “true”
WRE, but, for example, followed by rapid decongestion
by diuretic treatment. A possibility to verify “true” renal
functions improved urinary biomarkers, such as neu-
trophil gelatinase-associated lipocalin, kidney injury
molecule-1, and cystatin C [21, 22]. Sokolski et al. [23]
serially assessed these urinary biomarkers in 132 hospi-
talized acute HF patients. They reported that only about
half of the subjects with an eGFR decrease >25% were the
“true” WRF and not only the “pseudo”WRF (10 vs.
11%). The study by Shirakabe et al. [24] on 281 patients
hospitalized for acute HF compared the mortality among
“true” and “pseudo”-WREF; the “true/pseudo”-status of
WREF again correlated with the above-mentioned urinary
biomarkers. Only “true WREF” patients showed signifi-
cantly increased mortality risk (more than four times),
while the survival in the “pseudo-WRF” was only mar-
ginally lower than in non-WRF patients [24].

We also exploratorily repeated the regression models in
Table 5 but using the individual decrease of eGFR (a dif-
ference between the highest and the lowest values). The
eGFR decrease by 25% or more (one of the alternative
definitions of WRF [17]) was associated with significantly
higher 5-year mortality (HRR 1.27 [95% CIs: 1.5-1.54], p =
0.013). In contrast, fluctuation of eGFR by 10-24.9% fol-
lowed only non-significantly increased mortality risk. We
may speculate that at least part of eGFR fluctuation lower
than 25% can be attributed to rapid decongestion by di-
uretics as the initial treatment of HF. In the study by Testani
et al. [10], about a 14% decrease in eGFR was observed
during hospitalization, followed by an improvement in 6-
month mortality. Indeed, the majority of patients in our
sample (85%) with individual eGFR decrease >25% fell into
our category “decrease to grade 4 or less” (and the predictive
potential of our straightforward method used in the present
study was higher). In the same way, we compared the
exploratory mortality risk associated with the first versus the
last eGFR and with the first versus the highest eGFR value
observed during hospitalization, with confirmatory results
again. Therefore, if we have several eGFR values available
during hospitalization for worsening of HF, we can only
consider a fairly reliable clinical indicator of increased
mortality risk associated with renal insufficiency if at least
one of the values falls below 30 mL/min.

Renal Functions and Mortality

A substantial part of our patients had a history of
malignancy (=11%) or died from it (6.5%); the history of
malignancy was the 2nd most potent predictor of 5-year
mortality. The relationship between malignancy and HF
is again bidirectional in terms of mortality risk. A patient
with malignancy often dies from HF (for example, due to
cardiotoxicity of oncologic treatment) [25], but vice versa,
HF patients showed an increased risk of incident ma-
lignancy [26]. To exclude potential bias regarding mor-
tality risk, we repeated all analyses, excluding patients
with malignancy either in medical history or as the de-
clared cause of death (cohort 2). For similar reasons, we
excluded patients who died from external causes from
this cohort. Both survival characteristics by renal function
categories (Fig. 1) and all multivariate models were very
similar to those realized on the whole sample
(i.e., cohort 1)

Study Limitations

Our study has many limitations, mainly because vir-
tually all the data used are exclusively from the period of
hospitalization. The study sample consisted of relatively
advanced HF patients, which is indicated by the mere fact
that these patients need to be hospitalized for acute
decompensation.

We registered all our data from the first hospitalization
during 2010-2020, and we have a 10-year “look-back”
(2000-2009) available regarding the previous hospitali-
zation for HF. Thus, most cases probably represent the
first HF event requiring hospitalization. On the other
hand, we do not know precisely the duration of HF
(which is also an essential prognostic indicator). We have
no data about HF hospitalization before 2000 or indi-
vidual cases of worsening HF addressed only in the
outpatient setting.

The data regarding pharmacotherapy represent only
one that was recommended at discharge from hospital-
ization. Therefore, we do not know the actual compliance
and to what extent the treatment was further adjusted in
outpatient care. We also do not have reliable data re-
garding the dose of furosemide used during hospitali-
zation as part of the initial management of acute HF and,
in particular, how it affected the trajectory of eGFR
during hospitalization. Similarly, we have no information
on the patient’s functional status (NYHA classification)
and other clinical circumstances at admission to the
hospital or during follow-up. As mentioned above, our
analysis also did not take into account the trajectory of
renal functions during hospitalization (mutual sequence
of the lowest and highest values) and its relation to patient
prognosis (for the sake of maximum simplification).
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Finally, due to newly adopted GDPR rules, obtaining data
from the National Register of Hospitalizations is no longer
possible. Therefore, we could not analyze the incidence of
rehospitalization for HF or other non-fatal outcomes.

Conclusions

Most patients hospitalized for HF showed at least a mild
degree of renal insufficiency. After full adjustment for po-
tential covariates, we found a significantly increased long-
term risk associated only with severe renal insufficiency
(<30 mL/mL). A fluctuation of eGFR across renal function
categories was often seen, but the mortality impact was ev-
ident only if at least one of the eGFR values detected during
hospitalization fell below 30 mL/min. In contrast, we believe
that the drop into the range of moderate renal insufficiency
(eGFR 30-59 mL/min) will be, in many cases, somewhat
secondary and with little importance in terms of prognosis.
On the other hand, we cannot exclude that the transient
decrease of eGFR during hospitalization signals future renal
insufficiency, and it would certainly be interesting to know the
trajectory of the renal functions of HF patients after discharge
from hospitalization, mainly after they have fully stabilized. In
every case, for immediate clinical decision-making, it is
probably more appropriate to use the lowest seen eGFR value.

Acknowledgments

In our work, we used data that came from the efforts of many
doctors, nurses, and other hospital staff, all of whom also owe our
thanks. We would also like to thank our colleagues from the
Institute of Health Information and Statistics (UZIS), who kindly
determined the vital status of our patients and other necessary data
for us, without which this analysis would not have been possible.

References

—_

Damman K, Valente MA, Voors AA,

increases the risk of adverse renal outcomes in

Statement of Ethics

The Ethical Committee of the University Hospital in Pilsen ap-
proved the study protocol (on 6FEB2020). All procedures performed
in the study were realized concerning the Good Clinical Practice
principles and ethical standards formulated in the 1964 Declaration of
Helsinki and its later amendments. All subjects signed a written
informed consent at admission to the hospital (used as the baseline of
our follow-up analysis). The data were stored and evaluated under the
provisions of the GDPR direction of the European Committee.

Conflict of Interest Statement

There are no conflicts of interest to disclose.

Funding Sources

The present analysis was supported by the Specific Academic
Research Project of Charles University (project SVV-2020-2022,
No 260 537) and by the Charles University Research Fund
(COOPERATIO).

Author Contributions

O.M. participated in the conception and design of the study,
data collection, analysis, interpretation of data, and drafting the
article; J.B. and S.B. participated in the data collection. J.F. par-
ticipated in interpreting data and critically revising the article for
important intellectual content. The manuscript has been seen and
approved by all authors.

Data Availability Statement
All data generated or analyzed during this study are included in

this article. Further inquiries can be directed to the corresponding
author.

High prevalence of renal dysfunction and its

O’Connor CM, van Veldhuisen DJ, Hillege
HL. Renal impairment, worsening renal
function, and outcome in patients with heart
failure: an updated meta-analysis. Eur Heart
J. 2014;35(7):455-69.

Matsushita K, Ballew SH, Coresh J. Cardio-
vascular risk prediction in people with
chronic kidney disease. Curr Opin Nephrol
Hypertens. 2016;25(6):518-23.

Navaneethan SD, Schold JD, Arrigain S, Jolly
SE, Nally JV Jr. Cause-specific deaths in non-
dialysis-dependent CKD. ] Am Soc Nephrol.
2015;26(10):2512-20.

George LK, Koshy SKG, Molnar MZ, Thomas
F, Lu JL, Kalantar-Zadeh K, et al. Heart failure

patients with normal kidney function. Circ
Heart Fail. 2017;10(8):¢003825.

Zannad F, Rossignol P. Cardiorenal syn-
drome revisited. Circulation. 2018;138(9):
929-44.

Ronco C, Bellasi A, Di Lullo L. Cardiorenal
syndrome: an overview. Adv Chronic Kidney
Dis. 2018;25(5):382-90.

Damman K, Navis G, Voors AA, Asselbergs
FW, Smilde TD, Cleland JG, et al. Worsening
renal function and prognosis in heart failure:
systematic review and meta-analysis. ] Card
Fail. 2007;13(8):599-608.

Heywood JT, Fonarow GC, Costanzo MR,
Mathur VS, Wigneswaran JR, Wynne J, et al.

58

Kidney Blood Press Res 2024;49:48-59

DOI: 10.1159/000535901

10

impact on outcome in 118,465 patients
hospitalized with acute decompensated heart
failure: a report from the ADHERE database.
J Card Fail. 2007;13(6):422-30.

Butler J, Forman DE, Abraham WT, Gottlieb
SS, Loh E, Massie BM, et al. Relationship
between heart failure treatment and devel-
opment of worsening renal function among
hospitalized patients. Am Heart J. 2004;
147(2):331-8.

Testani JM, Chen J, McCauley BD, Kimmel SE,
Shannon RP. Potential effects of aggressive
decongestion during the treatment of decom-
pensated heart failure on renal function and
survival. Circulation. 2010;122(3):265-72.

Mayer, Jr./Bruthans/Bilkova/Filipovsky

20z Arenigad 0| uo 3senb Aq Jpd-L065£S000/679591 ¥/8Y/1/67/HPd-jo1e/Iqy/wod sebies//:dny woly papeojumoq


https://doi.org/10.1093/eurheartj/eht386
https://doi.org/10.1093/eurheartj/eht386
https://doi.org/10.1097/MNH.0000000000000265
https://doi.org/10.1097/MNH.0000000000000265
https://doi.org/10.1681/ASN.2014101034
https://doi.org/10.1161/CIRCHEARTFAILURE.116.003825
https://doi.org/10.1161/CIRCHEARTFAILURE.116.003825
https://doi.org/10.1161/CIRCULATIONAHA.117.028814
https://doi.org/10.1053/j.ackd.2018.08.004
https://doi.org/10.1053/j.ackd.2018.08.004
https://doi.org/10.1016/j.cardfail.2007.04.008
https://doi.org/10.1016/j.cardfail.2007.04.008
https://doi.org/10.1016/j.cardfail.2007.03.011
https://doi.org/10.1016/j.ahj.2003.08.012
https://doi.org/10.1161/CIRCULATIONAHA.109.933275
https://doi.org/10.1159/000535901

11

12

13

14

15

16

Savarese G, Kishi T, Vardeny O, Adamsson
Eryd S, Bodegard ], Lund LH, et al. Heart
failure drug treatment-inertia, titration, and
discontinuation: a multinational observa-
tional study (EVOLUTION HF). JACC Heart
Fail. 2023;11(1):1-14.

Beltrami M, Milli M, Dei LL, Palazzuoli A.
The treatment of heart failure in patients with
chronic kidney disease: doubts and new de-
velopments from the last ESC guidelines.
J Clin Med. 2022;11(8):2243.

Levey AS, Stevens LA, Schmid CH, Zhang YL,
Castro AF 3rd, Feldman HI, et al. A new
equation to estimate glomerular filtration
rate. Ann Intern Med. 2009;150(9):604-12.
National Kidney Foundation. K/DOQI clin-
ical practice guidelines for chronic kidney
disease: evaluation, classification, and strati-
fication. Am J Kidney Dis. 2002;39(2 Suppl
1):S1-266.

Krynsky T, Mayer O Jr, Bruthans J, Bilkova S,
Jirak J. Dosing of basic pharmacotherapy and
its effect on the prognosis of patients hos-
pitalized for heart failure. Vnitr Lek. 2023;
69(2):109-18.

Mayer O Jr, Seidlerova J, Bruthans J, Opatrny
J, Hromadka M, Jirak J, et al. The prognostic
impact of renal function decline during
hospitalization for myocardial infarction.
J Comp Eff Res. 2021;10(3):219-28.

Renal Functions and Mortality

17

18

19

20

21

Mullens W, Damman K, Testani JM, Martens
P, Mueller C, Lassus J, et al. Evaluation of
kidney function throughout the heart failure
trajectory: a position statement from the
Heart Failure Association of the European
Society of Cardiology. Eur ] Heart Fail. 2020;
22(4):584-603.

Klein L, Massie BM, Leimberger JD,
O’Connor CM, Pina IL, Adams KF Jr, et al.
Admission or changes in renal function
during hospitalization for worsening heart
failure predict postdischarge survival: results
from the Outcomes of a Prospective Trial of
Intravenous Milrinone for Exacerbations of
Chronic Heart Failure (OPTIME-CHF). Circ
Heart Fail. 2008;1(1):25-33.

Metra M, Cotter G, Senger S, Edwards C,
Cleland JG, Ponikowski P, et al. Prognostic
significance of creatinine increases during an
acute heart failure admission in patients with
and without residual congestion: a post hoc
analysis of the PROTECT data. Circ Heart
Fail. 2018;11(5):e004644.

Beldhuis IE, Streng KW, van der Meer P, Ter
Maaten JM, OConnor CM, Metra M, et al.
Trajectories of changes in renal function in
patients with acute heart failure. ] Card Fail.
2019;25(11):866-74.

Coca SG, Yalavarthy R, Concato J, Parikh CR.
Biomarkers for the diagnosis and risk strat-

22

23

24

25

26

ification of acute kidney injury: a systematic
review. Kidney Int. 2008;73(9):1008-16.
Damman K, Voors AA, Navis G, van Veld-
huisen DJ, Hillege HL. Current and novel
renal biomarkers in heart failure. Heart Fail
Rev. 2012;17(2):241-50.

Sokolski M, Zymlinski R, Biegus J, Siwo-
towski P, Nawrocka-Millward S, Todd J,
et al. Urinary levels of novel kidney bio-
markers and risk of true worsening renal
function and mortality in patients with
acute heart failure. Eur ] Heart Fail. 2017;
19(6):760-7.

Shirakabe A, Hata N, Kobayashi N, Okazaki
H, Matsushita M, Shibata Y, et al. Worsening
renal failure in patients with acute heart
failure: the importance of cardiac biomarkers.
ESC Heart Fail. 2019;6(2):416-27.

Sayed A, Abdelfattah OM, Munir M, Shazly
O, Awad AK, Ghaith HS, et al. Long-term
effectiveness of empiric cardio-protection in
patients receiving cardiotoxic chemother-
apies: a systematic review and bayesian net-
work meta-analysis. Eur J Cancer. 2022;169:
82-92.

Zhang H, Gao Y, Wang L, Tian L, An N, Yang
X, et al. Does heart failure increase the risk of
incident cancer? A meta-analysis and sys-
tematic review. Heart Fail Rev. 2020;25(6):
949-55.

Kidney Blood Press Res 2024;49:48-59 59

DOI: 10.1159/000535901

20z Arenigad 0| uo 3senb Aq Jpd-L065£S000/679591 ¥/8Y/1/67/HPd-jo1e/Iqy/wod sebies//:dny woly papeojumoq


https://doi.org/10.1016/j.jchf.2022.08.009
https://doi.org/10.1016/j.jchf.2022.08.009
https://doi.org/10.3390/jcm11082243
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.36290/vnl.2023.018
https://doi.org/10.2217/cer-2020-0085
https://doi.org/10.1002/ejhf.1697
https://doi.org/10.1161/CIRCHEARTFAILURE.107.746933
https://doi.org/10.1161/CIRCHEARTFAILURE.107.746933
https://doi.org/10.1161/CIRCHEARTFAILURE.117.004644
https://doi.org/10.1161/CIRCHEARTFAILURE.117.004644
https://doi.org/10.1016/j.cardfail.2019.07.004
https://doi.org/10.1038/sj.ki.5002729
https://doi.org/10.1007/s10741-011-9254-2
https://doi.org/10.1007/s10741-011-9254-2
https://doi.org/10.1002/ejhf.746
https://doi.org/10.1002/ehf2.12414
https://doi.org/10.1016/j.ejca.2022.03.024
https://doi.org/10.1007/s10741-019-09876-0
https://doi.org/10.1159/000535901

	The Prognostic Impact of Renal Function Decline during Hospitalization for Heart Failure
	Introduction
	Materials and Methods
	Design and Study Population
	Data Collection
	Data Management

	Results
	Baseline Cross-Sectional Data and Renal Function Covariates
	eGFR Categories and Mortality Risk
	The Predictive Power of Transient Decrease of eGFR

	Discussion
	Study Limitations

	Conclusions
	Acknowledgments
	Statement of Ethics
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	Data Availability Statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


