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Introduction: Acute kidney disease (AKD) represents a continuum of kidney injury for 7 to 90 days after
acute kidney injury (AKI). The incidence and prognosis of AKD after acute decompensated heart failure
(ADHF) are currently unclear. The aims of this study were to explore the incidence of AKD and the tran-
sition from AKI to AKD, to identify risk factors for AKD and develop a prediction model for any-stage AKD,
and to evaluate the prognosis of AKD.

Methods: A total of 7519 patients admitted for ADHF between January 1, 2008, and December 31, 2018,
from a multi-institutional database were identified. The composite outcomes after ADHF were stage 3 AKD
and all-cause death. The prognosis impact of AKD, including major adverse kidney events (MAKEs), all-
cause death, and heart failure hospitalization (HFH), during 5 years of follow-up was analyzed.

Results: The overall incidence of AKI and AKD after ADHF was 9% and 21.2%, respectively; 39.4% of the
patients diagnosed with having AKI during ADHF subsequently developed AKD whereas 19.4% of the
patients without an identified AKI episode subsequently developed AKD. The predictive scoring models
revealed C-statistics of 0.726 (95% Cl: 0.712-0.740) for any-stage AKD and 0.807 (95% CI: 0.793-0.821) for
the composite of stage 3 AKD and death. Finally, AKD was associated with higher risks of all-cause death,
MAKE, and HFH during the 5 years of follow-up (P < 0.001).

Conclusion: AKD after ADHF are associated with adverse outcomes. Our model could help in identification
of patients at risk for AKD development, especially in those who did not have an index AKI episode.
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is a poor prognostic event in pa-
A D H F tients with congestive heart failure,
with a 1-year death rate of >30% and a high readmis-
sion rate."” The condition usually occurs alongside

AKD represents a continuum of kidney injury or
renal function nonrecovery after initial kidney insult/
stress. In addition, the transition from AKI, to AKD, to
chronic kidney disease (CKD) reflects a continuum of
persistent kidney injury after initial kidney insult.”
The time course for AKD is described as >7 days but

AKI. The incidence of AKI among those admitted for
ADHEF varies from 9.6% to 43%.° ° AKI, as a common
complication of ADHEF (i.e., acute cardiorenal syndrome
type 1 in ADHF), is associated with higher 1-year death
and readmission rates.”"° The poor prognostic effect is
more significant in those who developed AKI or worse
of renal function but without effective decongestion.7
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within 90 days of initiating AKI. The current AKD
definition is based on the consensus of the Acute Dis-
ease Quality Initiative 16 Workgroup.8 Therefore, AKD
could be considered as a condition that prolonged
kidney dysfunction (in the presence or absence of AKI)
occurring before a patient meets the 90-day criteria for
CKD.*? Compared with such research on AKI, studies
investigating the incidence and prognostic impact of
AKD in patients admitted for ADHF are rare. Some
studies evaluating clinical factors related to the devel-
opment of AKI/CKD or prediction models for patients
with ADHF have been published, but few of them have
addressed the development of AKD after ADHE.*'0 18
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a Patients admitted with acute heart failure and
with sufficient data for AKI judgment between
January 1, 2008, and December 31, 2018

(n =11,010)

Patients were excluded:

Missing information: O

Age less than 18 years old: 15
= ESRD or under maintain dialysis: 541
ECMO in the index admission: 68
Anticipated cardiac transplantation: 11
Nephrotoxic agent: 773
Obstruction nephropathy: 64
Sepsis during admission: 1739
RRT during admission: 280

y

Patients eligible for analysis

(n=7519)
[
v v
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Figure 1. The flowchart for (a) patient selection and (b) the distribution of different AKI and AKD stages. AKD, acute kidney disease; AKI, acute
kidney injury; ECMO, extracorporeal membrane oxygenation; ESRD, end-stage renal disease; RRT, renal replacement therapy.

In this study, we investigated the incidence, clinical
factors, and prognostic impact of AKD after ADHF. We
also developed a prediction model for AKD after ADHF
to facilitate risk stratification and thus promote early
AKD identification and intervention.

METHODS

Data Source

This was a retrospective cohort study using electronic
datafromthe Chang Gung Research Database (CGRD). The
Chang Gung Medical Foundation is the largest medical
system in Taiwan, comprising 7 hospitals spanning all of
Taiwan. The CGRD is a multi-institutional electronic
medical record database that provides more detailed
clinical information, such as laboratory results and he-
modynamic records, than claims databases and has high
overall and disease-specific coverage of Taiwan.'”*’
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The diseases evaluated in this study were identified
using International Classification of Diseases (ICD), Ninth
Revision, Clinical Modification diagnostic codes for re-
cords before 2015 and ICD, Tenth Revision, Clinical
Modification diagnostic codes for those after 2016. The
data structure and validation of the CGRD are discussed
elsewhere.”” ** This study was approved by the Insti-
tutional Review Board of Chang Gung Memorial Hospital
(institutional review board number: 202000915B0). The
need for individual consent was waived because per-
sonal identification data are not included in the CGRD.
This study was conducted according to the STROBE
statement (Supplementary Material).

Study Population

Patients who were admitted for ADHF (identified by
ICD, Ninth Revision, Clinical Modification : 428 and
ICD, Tenth Revision, Clinical Modification: I50 in the
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hospital primary and secondary diagnosis during hos-
pitalization) between January 1, 2008, and December
31, 2018, and who had sufficient data to determine the
presence of AKI and AKD were identified in the CGRD.
The use of ICD, Ninth Revision, Clinical Modification:
428 and ICD, Tenth Revision, Clinical Modification: I50
for identified ADHF hospitalized population is verified
in other studies”** and with positive predictive value
>90%.>”*° For patients with multiple ADHF admis-
sions during the study period, the first ADHF admis-
sion was used as the index admission. Patients were
excluded if they were <18 years old, were diagnosed
with having end-stage renal disease and already on
maintenance dialysis, or were on extracorporeal mem-
brane oxygenation during index admission. Patients
with anticipated cardiac transplantation, who were
diagnosed with having sepsis or obstructive uropathy,
were exposed to a nephrotoxic agent during admission
(including iodine contrast media, a nonsteroidal anti-
inflammatory drug, aminoglycosides, or vancomycin),
or developed severe AKI requiring dialysis were also
excluded (Figure la).

AKI and AKD Definitions

The presence of AKI was determined according to the
Kidney Disease: Improving Global Outcomes AKI
criteria, which is by comparing a patient’s baseline
creatinine levels with their highest creatinine level
during the first 7 days of their index admission.”” For
the baseline creatinine level, we used the lowest
creatinine level in the 3 months before the index
admission or, if no creatinine level within 3 months of
the index admission was available, the first creatinine
level in the same index admission. The first AKI
episode in the index admission is identified as index
AKI. The presence of AKD was determined based on
consensus from the Acute Disease Quality Initiative 16
Workgroup.8 AKD is defined by a condition in which
persisted AKI is present =7 days after an AKI initiating
event. The Acute Disease Quality Initiative workgroup
also mentioned that an AKI initiating event can usually
be identified but is not required to diagnose AKD.*’
For AKD staging, the baseline creatinine level was
compared with the creatinine level nearest to 90 days
after the index admission; AKD stages 1 and 2 were
defined as serum creatinine levels 1.5 to 1.9 and 2.0 to
2.9 times baseline, respectively, whereas stage 3 was
defined as a serum creatinine level 3.0 times baseline,
serum creatinine increase of =4.0 mg/dl, or being on
renal replacement therapy for 8 to 90 days after the
index date. If >1 value was obtained during the 8 to 90
days after the index admission, the presence of AKD
was determined based on the creatinine level taken
most closely to the 90th day after the index admission.
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Potential Predictors (Covariates)

Patients’ clinical characteristics, AKI susceptibility
factorsl4,l()717,2873()
congestive heart failure or critical illness popula-
tion’' *” were identified according to previous studies
or availability in our data set. The risk factors
extracted included age, sex, underlying disease (i.e.,
diabetes mellitus, hypertension, CKD, liver cirrhosis,
and malignancy), heart function assessment by New
York Heart Association functional class,“’ and left
ventricular ejection fraction. Hemodynamic parame-
ters (systolic blood pressure, diastolic blood pressure,
and heart rate) at the arrival of emergency room or at
the day of admission, first laboratory results during
index admission (including hemoglobin [HB]; blood
urea nitrogen [BUN]; serum creatinine, albumin, so-
dium, potassium, proteinuria, and B-type natriuretic
peptide [BNP] levels), and related medication pre-
scriptions (outpatient loop diuretics in the previous 3
months and cumulative loop diuretics dosage during
ADHF admission, digoxin, inotropes, or dobutamine
use during the index admission) were also extracted.

and renal nonrecovery factors for

Outcome Definition

There were 2 primary outcomes in this study, which
are the following: (i) the development of any stage of
AKD and (ii) a composite outcome of stage 3 AKD or all-
cause death during the eighth and 90th days after the
index admission. The secondary outcomes are all-cause
death, MAKE, and HFH from the 91st day to the fifth
year after the index admission. MAKE was composed of
a new diagnosis of end-stage renal disease requiring
long-term renal replacement therapy, new-onset CKD
(defined by estimated glomerular filtration rate <60 ml/
min per 1.73 m> according to the Modification of Diet
in Renal Disease equation), and all-cause death.

Statistical Analysis

The baseline characteristics of patients with and
without AKI or AKD were compared using the inde-
pendent sample ¢ test for continuous variables and the
Y’ test for categorical variables. Univariate logistic
regression analysis was used for the initial screening of
the possible association between baseline characteris-
tics and the risks of outcomes. Covariates with a sig-
nificance of <0.2 in the univariate logistic regression
analyses were further introduced into a multivariable
model with automatic backward elimination. In the
multivariable model, continuous parameters (i.e., sys-
tolic blood pressure, diastolic blood pressure, heart
rate, HB, BUN, creatinine, potassium, and albumin)
were categorized based on previous reports or accord-
ing to clinical definitions.”'”"'” The models for pre-
dicting any-stage AKD, the composite of stage 3 AKD
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Table 1. Baseline characteristics of patients according to the presence or absence of AKI or AKD

Variables AKI (n = 678) No AKI (n = 6841) P value AKD (n = 1592) No AKD/AKD stage 0 (n = 5927) P value
Demographics
Age, yr 71.8 + 145 719+ 144 0.768 726 +13.3 71.7 £14.7 0.021
Male 346 (51.0) 3821 (65.9) 0.016 790 (49.6) 3377 (67.0) <0.001
AKI stage <0.001 <0.001
No AKI 0 (0.0) 6841 (100.0) 1325 (83.2) 5516 (93.1)
Stage 1 410 (60.5) 0 (0.0) 135 (8.5) 275 (4.6)
Stage 2 81 (11.9) 0 (0.0) 32 (2.0) 49 (0.8)
Stage 3 187 (27.6) 0 (0.0) 100 (6.3) 87 (1.5)
Underlying disease
Diabetes mellitus 260 (38.3) 2686 (39.3) 0.641 782 (49.1) 2164 (36.5) <0.001
Chronic kidney disease 363 (53.5) 3339 (48.8) 0.019 1025 (64.4) 2677 (45.2) <0.001
Hypertension 425 (62.7) 3976 (68.1) 0.021 1068 (67.1) 3333 (56.2) <0.001
Chronic liver disease 126 (18.6) 1519 (22.2) 0.030 322 (20.2) 1323 (22.3) 0.073
Malignancy 123 (18.1) 1318 (19.3) 0.478 316 (19.8) 1125 (19.0) 0.435
Heart function
NYHA functional class IV 143 (21.1) 995 (14.5) <0.001 306 (19.2) 832 (14.0) <0.001
LVEF, % 48.4 + 18.1 48.2 £ 18.3 0.774 499 + 175 47.8 £ 185 <0.001

AKD, acute kidney disease; AKI, acute kidney injury; NYHA, New York Heart Association; LVEF, left ventricular ejection fraction.

and all-cause death, and all-cause death alone were
developed separately.

The clinical and laboratory-based prediction model
derived from the multivariable logistic analysis was
further transformed into a simplified point system for
ease of clinical use.”’ The key idea of the simplified
point system is to round off the regression co-
efficients. The first step was to identify a continuous
predictor with a wide range of values as the refer-
ence variable (i.e., BNP) and then categorize this
variable into several clinically meaningful categories
and obtain reference values (usually the middle
value) for each category of the variable. Predictors
other than the reference variable were also catego-
rized accordingly. Finally, the reference value (usu-
ally the middle value) of each category of the
predictor was calculated according to the value of its
regression coefficient relative to that of the reference
variable.

The model’s performance was evaluated in several
areas, including discrimination, calibration, and in-
ternal validation. Its discriminative ability was eval-
uated using the area under the receiver operating
characteristic curve (AUC), in which the SE was
calculated using DeLong’s method. Its calibration
performance was evaluated using the plot that iden-
tifies subgroups as the deciles of fitted (predicted)
probabilities. The model was well calibrated when the
expected (predicted) and observed probabilities in
subgroups were similar. The Hosmer—Lemeshow test
was not performed because it is sensitive to large
sample sizes. To evaluate the external generalizability
of the derived model, an internal validation of the
AUC was conducted using 1000 bootstrapped
samples.
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We further compared the risks of all-cause death and
MAKE from the 91st day to the fifth year between the
AKD and non-AKD groups by using the univariate Cox
proportional hazard model. The risk of HFH between
groups during follow-up was compared using the
univariate Fine and Gray subdistribution hazard
model, which considered all-cause death a competing
risk. The assumption of proportional hazard was eval-
uated using the Schoenfeld residuals method on the
long-term outcomes. Finally, patients were divided into
3 equally sized subgroups according to the simplified
point system. The risks of all-cause death, MAKE, and
HFH across the ordinal risk subgroups were investi-
gated using the aforementioned survival analyses, in
which the ordinal risk subgroup was treated as a
continuous covariate. All analyses were conducted
using R version 4.0.1 (R Development Core Team).

RESULTS

Study Population

The flowchart of patient inclusion is presented in
Figure la. A total of 11,010 patients admitted for ADHF
with sufficient information for AKT and AKD judgment
were identified. After exclusion per the above-
mentioned criteria, 7519 patients admitted for ADHF
between January 1, 2008, and December 31, 2018, were
eligible for analysis.

Incidence of AKD and Transition From AKI to
AKD After ADHF

Of the 7519 patients, 678 (9.0%) developed AKI during
the first 7 days (Figure 1a). Of these 678 patients with
AKI, 267 (39.4%) developed stage 1, 2, or 3 AKD
during follow-up days 8 to 90, with the remaining 411
(60.6%) grouped into stage 0 AKD. Of the 7519
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Table 2. Simple score function of any AKD (number of patient = 7519)

J-J Chen et al.: AKD After ADHF

Variable Point Variables
Sex Albumin, mg/dl
Female 1 =35
Male 0 <3.5
AKI stage BNP, pg/ml
Non AKI <1000
Stage 1 6 1000-2999
Stage 2/3 6 3000-4999
Diabetes mellitus =5000
No 0 Inofropes
Yes 1 No
Chronic kidney disease Yes
No 0 i.v. furosemide dosage, mg
Yes 3 <200
Hemoglobin, g/di 200-590
8 600-790
10.0-156.2 5 800-1190
=15.2 0 1200-1590
Creatinine, mg/dl 1600-1790
<0.6 4 =1800
0.6-1.4 1
1.5-1.9 0
2.0-34 3
=35 10

Point Total points Probability of any AKD
4 0.05
0 10 0.10
3 13 0.15
15 0.20
0 18 0.25
1 19 0.30
2 21 0.35
3 23 0.40
24 0.45
0 26 0.50
2 27 0.55
28 0.60
0 30 0.65
1 32 0.70
2 33 0.75
3 36 0.80
4 38 0.85
5
6

AKD, acute kidney disease; AKI, acute kidney injury; BNP, B-type natriuretic peptide.

patients, 6841 did not have an identified AKI episode
during the first 7 days of hospitalization; of these pa-
tients, 1325 (19.4%) developed stage 1, 2, or 3 AKD
during follow-up days 8 to 90. Figure 1b reveals the
patients’ grouping into different AKI and AKD stages.
Those with a higher AKI stage had a higher probability
of stage 3 AKD or death than did those with a lower
AKI stage. Overall, of the 7519 patients admitted for
ADHF, 1592 (21.2%) developed AKD during 8 to 90
days in the follow-up period after first hospitalization
day.

Prediction Model for Any-Stage AKD

Table 1 and Supplementary Table SI illustrate the
characteristics and relevant clinical risk factors. Clinical
factors related to any-stage AKD development after
ADHF were identified using univariate logistic regres-
sion models (Supplementary Table S2). The multivari-
able logistic regression model identified the following
predictors: female sex, AKI development, AKI severity
(non-AKI, mild AKI: stage 1, moderate to severe AKI:
stage 2 or 3), comorbidities (diabetes mellitus, CKD),
laboratory values (including creatinine, HB, albumin,
and BNP), and medication (inotropes and i.v. loop di-
uretics cumulative dosage) (Supplementary Table S3).
The simplified point system was developed based on
this model (Table 2). A score of 4 was associated with a
5% probability of AKD development whereas a score of
38 corresponded to an 85% probability of AKD. The
AUC of the model was 0.726 (95% CI: 0.712-0.740). The
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calibration plot revealed a small discrepancy between
the predicted and observed probabilities across the
decile subgroups, except for the lowest decile sub-
group (Supplementary Figure S1). After being cor-
rected for optimism, the AUC was 0.723. The trivial
difference between the original and corrected AUCs
indicates the acceptable external generalizability of the
current model (data not found). The score system and
predicted risk of any-stage AKD is summarized in
Figure 2a and b.

Prediction Model for the Composite of Stage 3
AKD and All-Cause Death

Clinical factors related to stage 3 AKD or death were
identified (Supplementary Table S2). The multivariable
model identified the following predictors: age, female
sex, AKI development, AKI severity (non-AKI, mild
AKI: stage 1, moderate to severe AKI: stage 2 or 3),
laboratory values (including BUN, creatinine, HB, al-
bumin, and BNP), medication (inotropes and i.v. loop
diuretics cumulative dosage), and outpatient loop di-
uretics prescription (Supplementary Table S3). The
clinical prediction model for stage 3 AKD or death was
developed based on these risk factors (Table 3). A score
of 11 was associated with a 5% probability of stage 3
AKD or death, whereas a score of 40 corresponded to a
95% probability. The AUC was 0.807 (95% CI: 0.793—
0.821). The calibration plot revealed a small-to-
moderate discrepancy between the predicted and
observed probabilities across the decile subgroups

Kidney International Reports (2022) 7, 526-536
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a Point values for each variable b Predicted risk of acute kidney disease (AKD)

Female 1 <1000

Male 0 1000-2999
3000-4999
25000

100 +

0
1
2
3

[0
o
1

Non AKI
Stage 1
Stage 2/3

[e2]
o
1

N
o
1

<200
200-599
No 0 600-799
Yes 3 800-1199
1200-1599
zlobin, g/dl | Points 1600-1799
<10 8 21800

215.2
5 0 Summation of points Total

Sex

AKI stage

Diabetes

CKD

Hemoglobin
Creatinine

Albumin

BNP

Inotropes

IV furosemide dosage

Total risk score =

Figure 2. Summary of any-stage AKD prediction model. (a) Point values for each variable. (b) Predicted risk for any-stage AKD development.
AKD, acute kidney disease; AKI, acute kidney injury; BNP, B-type natriuretic peptide; CKD, chronic kidney disease.

N
o
1

Predicted risk of AKD, %

o T T T 1
0 10 20 30 40

Risk score

Predicted risk Percentage of patients

in risk category, %

risk score of AKD, %

5-10 6-10 16.6
11-15 11-20 41.6
16-19 21-30 19.1
20-23 31-40 8.0
24-26 41-50 4.7

>26 >50 6.9

+ o+ o+ o+ o+ + o+

Table 3. Simple score function of the composite of AKD stage 3 and death (number of patient = 7519)

Variable Point Variable Point Total points Probability of outcome
Age, yr Albumin, mg/dI 1 0.05
<30 0 =35 0 15 0.10
30-49 1 <3.5 3 17 0.15
50-79 2 BNP, pg/ml 19 0.20
=80 3 <1000 0 20 0.25
Sex 1000-2499 1 21 0.30
Female 1 2500-3999 2 22 0.35
Male 0 4000-4999 3 23 0.40
AKI stage =5000 4 25 0.45
Non AKI Outpatient loop diuretics 26 0.50
Stage 1 No 0 26 0.55
Stage 2/3 Yes 1 27 0.60
Hemoglobin, g/dl Inofropes 29 0.65
<10 No 0 30 0.70
10.0-15.2 Yes 5 31 0.75
=156.2 i.v. furosemide dosage, mg 32 0.80
BUN, mg/d| <400 0 34 0.85
=24 400-1190 1 36 0.90
>24 3 1200-1990 2 40 0.95
Creatinine, mg/dl =2000 3
<0.6 2
0.6-1.4 1
1.5-1.9 0
2.0-34 3
=35 11

AKD, acute kidney disease; AKI, acute kidney injury; BUN, blood urea nitrogen; BNP, B-type natriuretic peptide.
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a Point values for each variable

Age, year Point | | BNP, pg/ml Point
<30 0 <1000 0
30-49 1 1000-2499 1
50-79 2 2500-3999 2
280 3 4000-4999 3
25000 4
Sex Point “6
Female 1 Out-patient loop diuretics Point f/‘;
Male 0 No 0 =
Yes 1 8
AKI stage Point +
Non AKI 0 Inotropes Point Eel
Stage 1 2 No 0 <
Stage 2/3 3 Yes 5 o-
Hemoglobin, g/dI Point | | IV furosemide dosage, mg Point
<10 5 <400 0
10.0-15.2 3 400-1199 1
>15.2 0 1200-1999 2
22000 3
BUN, mg/dI Point
<2 0
> 24 3 Age +
Sex +
Creatinine, mg/dl Point AKI stage +
<0.6 2 Hemoglobin +
0.6-1.4 1 BUN +
1.5-1.9 0 Creatinine +
2.0-3.4 3 Albumin +
>3.5 11 BNP +
Outpatient loop diuretics +
Albumin, mg/dI Point Inotropes +
23.5 0 i.v. furosemide dosage +
35 3

AKD stage 3 or death, %

J-J Chen et al.: AKD After ADHF

b Predicted risk of acute kidney disease (AKD) stage 3 or death

100 -

o
o
!

(o2}
o
1

S
o
1

N
o
1

0 T T T 1
10 20 30 40

Risk score

Total
risk score

Predicted risk of AKD Percentage of patients
stage 3 or death, %

in risk category, %

Figure 3. Summary of stage 3 AKD or mortality prediction model. (a) Point values for each variable. (b) Predicted risk for stage 3 AKD
development. AKD, acute kidney disease; AKI, acute kidney injury; BNP, B-type natriuretic peptide; BUN, blood urea nitrogen.

(Supplementary Figure S2). After being corrected for
optimism, the AUC was 0.724. The trivial difference
between the original and corrected AUCs indicates the
satisfactory external generalizability of the current
model (data not found). The score system and predicted
risk of stage 3 AKD is summarized in Figure 3a and b.

Prediction Model for 90-Day All-Cause Death
Clinical factors related to 90-day death were identified
(Supplementary Table S2). The multivariable model
identified the following predictors: age, female sex,
AKI stage, chronic liver disease, BUN, albumin, BNP,
digoxin, outpatient loop diuretics, and inotropes
(Supplementary Table S3). The clinical prediction
model for death was developed based on these risk
factors (Supplementary Table S4). A score of 18 was
associated with a 5% probability of death, whereas a
score of 28 corresponded to a 30% probability of death.
The AUC was 0.746 (95% CI: 0.725-0.768). After being
corrected for optimism, the AUC was 0.741. The score
system and predicted risk of 90-day death is summa-
rized in Supplementary Figure S3A and S3B.

AKD Prediction Scores and the Risk of Long-
Term Outcomes

In the 5-year follow-up, the risks of all-cause death,
MAKE, and HFH were significantly greater in the pa-
tients with AKD than in the patients without AKD
(Figure 4a—c). In addition, the correlation of the
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Schoenfeld residuals was <0.1 for all-cause death,
MAKE, and HFH, respectively. These low correlation
coefficients suggested that there was no apparent
violation of proportional hazard assumption (data not
found). After categorizing the patients into tertile
subgroups according to their simplified points, the
results revealed that patients with higher simplified
points tended to have greater risks of all-cause death,
MAKE, and HFH in both the any-stage AKD prediction
model (Supplementary Figure S4A—C) and the com-
posite prediction model (Supplementary Figure S5A—C).

Risk Factors of Long-Term Outcomes

To investigate the potential risk factors of the long-
term outcomes (all-cause death, MAKE, and HFH), we
conducted multivariable Cox models with backward
elimination which included AKD and other variables as
the covariates. According to the multivariable Cox
model, the following variables were found to be pre-
dictors of all-cause death: age, CKD, liver disease, New
York Heart Association functional class IV, HB, BUN,
sodium, albumin, BNP level, and outpatient loop di-
uretics. The identified risk factors of long-term MAKE
were age, diabetes mellitus, liver disease,
baseline left ventricular ejection fraction, HB, albumin,
creatinine, albumin, proteinuria, BNP level, inotropic
use, and i.v. furosemide use. Regarding long-term
rehospitalization for heart failure, the identified

cancer,

Kidney International Reports (2022) 7, 526-536
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predictors were age, diabetes mellitus, left ventricular
ejection fraction, heart rate, BUN, proteinuria, BNP
level, outpatient loop diuretics, and i.v. furosemide use
(Supplementary Table S5).

DISCUSSION

AKD represents a continuum of kidney injury or renal
nonrecovery after AKI. The incidence and prognostic
role of AKD after ADHF are rarely discussed. Our study
yielded 4 notable results. First, the overall incidence of
AKD after ADHF was 21.2%. Second, 39.4% of patients
with a diagnosis of AKI during ADHF developed AKD,
whereas 19.4% of patients without an initial identified
AKI episode developed AKD. Third, the development
of AKD was associated with higher risks of mortality
and MAKE and a higher incidence of HFH. Fourth, our
prediction models identified patients at high risk of
any-stage AKD or stage 3 AKD and mortality, with
AUROCs of 0.73 and 0.81, respectively.

According to Chen et al.,”® 47.6% of patients in the
coronary intensive care unit develop AKD and the devel-
opment of AKD is associated with higher mortality. Both
AKI and AKI severity are associated with AKD develop-
ment.*® According to previous studies, the incidence of
AKD in patients without an identified AKI episode is 17%
to 37.8%."” " Our study revealed that approximately
40% and 20% of patients with AKI and patients without
AKI developed AKD after ADHF, respectively.

Persistent and transient AKI have different outcome
effects in patients with AKL® The timing of renal
recovery also affects further kidney
outcome.” Cardiorenal syndrome has been used to
describe the interrelated derangements of heart—kidney
interactions. Five types of cardiorenal syndrome have
been proposed, with type 1 cardiorenal syndrome
defined by a course in which the acute worsening of
cardiac function results in AKI.** Chronic heart failure
may also result in kidney dysfunction, and this process
is referred to as type 2 cardiorenal syndrome. Ac-
cording to Brankovic et al.’ higher renal tubular
damage markers entail poor outcomes in the population
with stable chronic heart failure. CKD itself is a risk
factor for AKI in ADHF and a poor prognostic factor.
Our study found that overall 5-year survival, MAKE
incidence, and HFH differed significantly between pa-
tients with and without an AKD diagnosis.

Clinical models for AKD prediction in patients with
sepsis have been published recently. According to
Peerapornratana et al.,”’ male sex, race, and acute
physiology score III are significantly associated with
the odds ratio for AKD. Their recorded incidence of
AKD after sepsis was 26.9% and their clinical model
had an AUROC of 0.71 for AKD prediction. Prediction

function
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models for AKI after ADHF with AUROCS ranging from
0.65 to 0.87 have also been published.”'*'*'® Clinical
model-based clinical parameters alone for AKD pre-
diction revealed a predictive ability not inferior to
novel biomarkers."” Furthermore, a post hoc analysis of
the FINNAKI study found that adding a wurine
biomarker to clinical prediction model did not improve
AKI discrimination statistically significantly.”® Our
prediction model, based on daily practice clinical pa-
rameters, yielded an AUROC of 0.73 for AKD predic-
tion and an AUROC of 0.81 for stage 3 AKD and
mortality prediction. Our prediction model could be
used to identify those who are with high risk for AKD
development but without identified index AKI episode
after ADHF. Early referral to a nephrologist might be
important in these patients.

Our study has several limitations. First, this was a
retrospective study. Second, no biomarkers were
available and few urine analyses were performed after
ADHEF for the patients evaluated; thus, we were unable
to further group participants into stage 0A, 0B, or 0C
AKD. Third, urine output and fluid status were not
included in our clinical models. Fourth, lack of external
validation from a separate cohort is the major concern
regarding to our prediction model. Fifth, potential
ascertainment bias should be addressed. We enrolled
participants with available creatinine data within 90
days after discharge. It is worthy noted that partici-
pants with AKI episode are more likely to receive renal
function follow-up after discharge in comparison with
those without identified AKI episode. This condition
could lead to underestimate the incidence of AKD in
patients without identified AKI episode. Furthermore,
the method for BNP measurement in our 7 hospitals is
the same; however, the cutoff value might be different
in other hospitals owing to different measurement
methods or assays.

Despite these limitations, this study benefits from
its large, multi-institutional sample and is, to our
knowledge, the first such study to investigate the
incidence and prognostic effect of AKD after ADHEF.
Our scoring system may serve as a clinical prediction
tool for AKD development and correlated long-term
patient outcomes. Accordingly, the early identifica-
tion of patients at high risk of poor long-term prog-
nosis may facilitate early intervention. Despite the
known protective role of angiotensin-converting
enzyme inhibitor/angiotensin receptor blocker on the
population with CKD, recent trials have also revealed a
possible beneficial effect of angiotensin-converting
enzyme inhibitor/angiotensin receptor blocker on the
AKI population”’; as such, further randomized
controlled trials are needed to evaluate the effect on
population with AKD.
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Figure 4. The cumulative event rate function of all-cause death (a) and MAKE (b) and cumulative incidence function of HFH (c) of patients
stratified by AKD status during 5 years of follow-up. In the analysis of HFH, patients who were readmitted owing to heart failure within 90 days
after discharge from the index admission were excluded from the analysis. AKD, acute kidney disease; HFH, heart failure hospitalization; MAKE,

major adverse kidney event.

CONCLUSION

AKD after ADHF is associated with a higher mortality
rate and higher incidences of adverse kidney events and
HFH. We reported that approximately 21% of patients
admitted for ADHF developed AKD and a portion of
patient without identified AKI episode still developed
AKD. Our scoring system is an easy-to-use tool that can
effectively predict the risk of AKD after ADHF and thus
aid in early AKD diagnosis and intervention.
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