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Abstract

Background: Despite the numerous evidence-based treatments for heart failure (HF), its prognosis has only shown
moderate improvements in the past decades. Worsening renal function (WRF) is common among patients with HF,
however, its impact on prognosis remains controversial. Some studies have shown that WRF is associated with
unfavorable outcomes in HF populations including increased short- and long-term mortality. Conversely, others did
not reveal a specific prognostic value of WRF suggesting that it is probably not related to increased mortality in some
HF patients.

Objective: The objective of this review is to give an update of the literature from 2012 onwards on the relationship
between WRF and mortality in patients with all types of HF to further clarify the prognostic significance of WRF on
HF, which has not been established yet.

Method: We performed a literature search of the PubMed database for studies that investigated the relationship
between WRF and mortality in HF patients. The literature search was limited to studies conducted between 2012 to
2022. Our primary focus was on studies that examined the association between WRF and mortality in HF patients (=
18 years old) with a confirmed diagnosis of HF in either the ‘acute or ‘chronic’ phase of the disease. Regarding WRF,
we included only studies with a precise description of the WRF definition. The primary outcome measure was defined
as all-cause mortality.

Results: Twelve studies were identified, six of which revealed WRF to be an independent predictor of all-cause
mortality. However, there was inconsistency across the studies in terms of the definition of WRF, the timing of WRF
occurrence, the type of HF patients, and the studied risk factors.

Conclusions: Taken together, there is still controversy regarding the prognostic impact of WRF on HF, and there is
no gold standard to assess “true WRF.” Therefore, future studies are required to investigate the relationship between
WRF and HF by using a more consistent definition in terms of the timing of WRF occurrence, as well as by including
more homogeneous populations with respect to the risk factors.



Layman’s Summary

Background: While several strategies are available for the treatment of heart failure (HF), its prognosis has only
shown moderate improvements in the past decades. Worsening of renal function (WRF) over time is common among
patients with HF, however, its impact on prognosis remains controversial. Some studies have shown that WRF
increases the risk of unfavorable outcomes in HF populations, including short- and long-term mortality. Conversely,
others did not find such an association suggesting that it is probably not related to increased mortality in some HF
patients.

Objective: The objective of this review is to give an update of the literature from 2012 onwards on the relationship
between WRF and mortality in patients with HF to further clarify the prognostic significance of WRF on HF, which
has not been established yet.

Method: We performed a literature search of the PubMed database for studies that investigated the relationship
between WRF and mortality in HF patients. The literature search was limited to studies conducted between 2012 to
2022. Our primary focus was on studies that examined the association between WRF and mortality in HF patients (=
18 years old) with a confirmed diagnosis of HF. Regarding WRF, we included only studies with a precise description
of the WREF definition. The primary outcome measure was defined as all-cause mortality.

Results: Twelve studies were identified, six of which found that WRF is significantly associated with all-cause
mortality. However, there was inconsistency across the studies in terms of the definition of WRF, the timing of WRF
occurrence, the type of HF patients, and the studied risk factors.

Conclusions: Taken together, there is still controversy regarding the prognostic impact of WRF on HF. Therefore,
future studies are required to investigate the relationship between WRF and HF by using a more consistent definition
in terms of the timing of WRF occurrence, as well as by including more homogeneous populations with respect to the
risk factors.



Introduction

Heart Failure

Heart failure (HF) is a complex clinical syndrome in which the heart muscle does not pump blood as well as it should
to meet the body's requirements. It is characterized by typical symptoms such as shortness of breath, fatigue, swelling
in the legs, ankles, and feet, increased or irregular heart rate, and may be accompanied by signs of elevated jugular
venous pressure, rales, and fluid retention (pulmonary and peripheral edema) (1-5). HF usually results from a structural
or functional heart abnormality that leads to systolic and/or diastolic ventricular dysfunction. It has a large phenotypic
heterogeneity including chronic HF (CHF) or acute HF (AHF) (4). The latter has been further divided into acute
decompensated HF (ADHF) defined as the deterioration of pre-existing cardiomyopathy, such as coronary artery
disease, and de novo AHF defined as the rapid development of typical symptoms and signs of HF which occurs in
people with no history of heart disease (4, 5). Patients with HF are classified into three EF categories according to their
symptoms and calculated left ventricular ejection fraction (LVEF), namely reduced (HFrEF: EF <40%; also, systolic
HF), mildly reduced (HFmrEF: EF 40 — 49%), or preserved ejection fraction (HFpEF: EF >50%; also diastolic HF) (6,
7).

The global prevalence of HF exceeds 64 million, ranging from 1% to 3% in the general adult population in
industrialized countries (3). Along with the worldwide aging of the population and developed treatment of
cardiovascular events its prevalence is predicted to rise considerably within the next decades. In addition, HF is
associated with increased costs of care making it a huge economic burden for healthcare systems worldwide. Patients
with HF experience frequent hospitalizations, have a poor prognosis and suffer poor outcomes (3, 8, 9). HF is one of
the leading and increasing causes of morbidity and mortality worldwide (3, 8). While there are several effective
evidence-based treatments available for HFrEF, such as angiotensin-converting enzyme inhibitors (ACE-i),
angiotensin receptor blockers (ARBs), beta-blockers, and developed device therapies, the prognosis of HF has only
shown moderate improvement in the past decades. A recent meta-analysis of over 1.5 million HF patients of all types,
estimated the 1-month, 1-, 2-, 5- and 10-year survival rates to be 96%, 87%, 73%, 57%, and 35%, respectively (10).
On the other hand, HFpEF is a heterogeneous syndrome that currently represents one of the greatest challenges given
that to date there have not been any proven therapies for this syndrome, thereby making HFpEF the most common
form of HF worldwide (11-13). Thus, it is important to establish which clinical phenotypes are at higher risk of
unfavorable outcomes.

Renal Impairment in Heart Failure

Most people with HF suffer from several cardiac and non-cardiac comorbidities which significantly contribute to
disease progression, diminish the quality of life, and pose excess mortality risk (14, 15). Non-cardiovascular
comorbidities such as renal impairment, diabetes mellitus, chronic obstructive pulmonary disease (COPD), obstructive
sleep apnea, and anemia influence HF prognosis (15). Among them, renal dysfunction is the most prevalent one and
has been strongly associated with clinical outcomes such as hospitalization and decreased survival in HF patients over
the past decades (16-18). Chronic kidney disease (CKD) has long been identified as a prominent predictor of increased
mortality and a higher risk of hospitalization in HF patients (16). It is identified by the presence of kidney injury or an
estimated glomerular filtration rate (¢GFR) <60 mL/min/1.73 m2 or albuminuria >30 mg per 24 hours, persisting for
at least 3 months (19-21). In addition, worsening renal function (WRF) is usually defined by an increase in serum
creatinine (SCr) level of 0.3 mg/dL and/or a 25% reduction in eGFR compared to the value at admission, and represents
the impairment of renal function over time (15, 22). Many studies have repeatedly shown that WRF in patients with
acute and chronic HF is associated with unfavorable outcomes including increased short- and long-term mortality and
has a prognostic impact comparable to CKD (15, 16, 23). In particular, in a meta-analysis performed by Damman et
al. WRF was observed in 23% of all HF patients and was independently associated with all-cause mortality (HR: 1.95,



95%CI: 1.45-2.62, p<0.001) (16). Conversely, several studies did not reveal a specific prognostic value of WRF
suggesting that it is probably not related to increased mortality in some patients (24, 25). Therefore, until now, the
impact of WRF on prognosis has not been established yet, while there is consideration about whether the prognostic
value of WRF depends on the type of HF.

Objectives

The objective of this review is to give an update of the literature from 2012 onwards on the relationship between WRF,
and mortality in patients with HF to further clarify the prognostic significance of WRF on HF, which has not been
established yet, as well as to investigate whether WRF has a different prognosis among patients with HFrEF and
patients with HFpEF.

Methods

Literature search

A literature search was conducted between 2013 and June 2022, in the Pubmed database. We used keywords including
renal function, renal insufficiency, renal dysfunction, renal failure, kidney failure, cardio-renal syndrome, creatinine,
glomerular filtration rate, GFR, cystatin C, blood urea nitrogen, heart failure, and cardiac failure. We included only
papers published in the English language. Furthermore, we used the ISSG search filter for systematic reviews in
PubMed to identify key publications.

Eligibility criteria

Our primary focus was on studies that examined the association between WRF and mortality in HF patients. We
included studies that involved exclusively adult individuals (=8 years old) with a confirmed diagnosis of HF in either
the ‘acute or ‘chronic’ phase of the disease. Regarding WRF, we included only studies with a precise description of
the WRF definition— either an increase in SCr or cystatin C or a decrease in estimated GFR over time. The primary
outcome measure was defined as all-cause mortality at any time during hospitalization, shortly after discharge, or long-
term out hospital mortality. Mean or median follow-up times from individual studies were used.

Exclusion criteria

Studies were excluded if (i) they were conducted in non-human subjects, (ii) they did not provide crude mortality data
or odds ratios for the study groups, (iii) they were published only in abstract form, (iv) they did not provide a clear
definition for WRF, (v) no definition for HF was given, (vi) patients have been selected specifically based on another
condition (e.g., patients receiving dialysis).

Methodological appraisal and risk of bias

The Newcastle-Ottawa Scale for cohort studies was used to appraise the methodological quality and measure the risk
of bias in the eligible studies (26). The Newcastle-Ottawa Scale covers three domains (i) selection of the cohort, (ii)
comparability of study groups, and (iii) the ascertainment of the outcomes. The total score ranges between 0 and 9,
with more stars indicating higher quality and lower risk of bias. In the present review, we considered studies with a
score of 7 or above to be of high quality.



Results

Literature Search and Study Selection

Initially, The PubMed search returned 4296 studies in total (Figure 1). We removed 36 duplicate studies; 4260 studies
were screened. 248 were selected for full-text review and 3947 articles were excluded after the title and abstract
screening. By assessing full-text articles, 12 studies published from 2012 onwards satisfied the review’s
inclusion/exclusion criteria.

Study characteristics

The design and sample characteristics for each study are summarised in Table 1. The included studies were published
between 2013 and 2019. We identified three retrospective cohort studies, four prospective cohort studies, three registry
studies and the remaining were post-hoc analyses from randomized control trials (RCTs). The sample sizes of the
studies varied between n = 155 to n = 5625. Mean follow-up days ranged from 30 to 1132 days. The average age of
the patients in the included studies varied between 56 and 80 years. Men and women were quite equally distributed
across the studies. Left ventricular ejection fractions ranged from 32 to 60% and mean SCr from 1.06 to 1.74 mg/dl.
The proportion of patients with diabetes mellitus ranged from 26 to 52%, with hypertension from 50 to 88%, and with
ischemic heart disease (IHD) from 12 to 69%. Across the studies, the proportion of HF patients with preserved ejection
fraction varied between 23 and 48%, while one study included exclusively patients with HFpEF. Regarding medication
use, almost all the studies reported ACE-inhibitor or angiotensin receptor blocker use, as well as beta-blocker therapy.
Only four studies assessed or reported dixogin use. Prevalence of WRF ranged between 12 and 51% and the 1-year
mortality rate was between 9 and 43%.

Study quality

Overall, the included papers in this review were of high quality. According to the Newcastle-Ottawa Scale, 10 of the
studies had scores above 7, thereby indicating high quality, while two of the included studies had a score of 6 and were
considered of fair quality (Table 2).

Definition of WRF

Most of the studies defined WRF as an increase in SCr >0.3 mg/dL, sometimes together with a >25% increase in SCr,
which is currently the most used definition, especially for patients with AHF. Few studies defined WRF as a >25%
decrease in eGFR. We identified only one study that used a >0.3 mg/] increase in Cystatin C to define WRF (27).
However, there was great variability across the studies in terms of the defined period during which WRF could occur.
Usually, studies tested the occurrence of WRF at any time during hospitalization, or at any time during follow-up,
while WRF 1 year after discharge was also studied.

Definition of HF

Six of the studies included acute heart failure (AHF) patients. Among them, one studied exclusively AHF patients with
preserved ejection fraction. Five studies included acute decompensated heart failure (ADHF) patients while only one
study included chronic HF patients.



WRF and All-Cause Mortality
Worsening renal function and all-cause mortality in ADHF

Among the studies that examined the relationship between WRF and all-cause mortality in ADHF patients, one was a
prospective registry study (28), one was a post hoc analysis of an RCT study (27), and the remaining were cohort-
based studies (29-31). Findings across these studies were inconsistent. In a prospective cohort study by Ueda et al.,
233 patients with ADHF were split into 2 groups according to the presence or absence of WRF defined as >0.3 mg/dL
absolute increase in SCr along with a >25% increase in SCr at 1 year following hospital discharge compared to the
value at the time of discharge. Patients were followed for a mean period of 1077 days. According to Kaplan—-Meier
analysis, all-cause and cardiovascular mortality were significantly higher in those who developed WRF at one year
(log-rank: p<0.0001). Moreover, in Cox proportional hazards analyses, 1-year WRF was a strong and independent
predictor of all-cause and cardiovascular mortality both in the univariate and multivariate analysis (adjusted HR: 2.42;
95%CI: 1.41-4.11; p=0.002)

On the other hand, a subsequent prospective registry study of 762 ADHF patients, over a mean follow-up of 456 days
showed that only persistent WRF was an independent predictor of mortality (adjusted HR: 1.71, 95%CI:1.31-2.35; p
<0.0001). There was a significant association between WRF and increased mortality in the univariable Cox model,
however, after adjustments for other risk factors, there was a borderline association between the two. In that study,
WRF was defined as a >0.3 mg/dl inhospital increase in SCr compared to the baseline values (28). Okabe et al., in a
prospective cohort of 301 patients with ADHF who were followed for a median period of 537 days presented similar
findings (29). Both cardiovascular and all-cause mortality were significantly higher in those who developed WRF
compared to those who did not (23.2% vs. 6.1%, p=0.001; 30.3% vs. 14.7%, p=0.001, respectively). In the univariate
Cox proportional hazards analysis, the researchers found an association between WRF and both cardiovascular and
all-cause death, however, after adjusting for confounders WRF was no longer associated with either cardiovascular
death (adjusted HR: 2.49; 95%CI: 0.64—10.79; P = 0.19) or all-cause death (adjusted HR: 1.37; 95%CI: 0.45-4.05;
p=0.57). Another report of 1232 patients hospitalized for ADHF, also showed that WRF defined by an increase of >0.3
mg/dl and >25% increase in sCr level at discharge and other definitions of WRF, including an increase of >25% in
serum urea and/or a decrease of >25% in eGFR during hospitalization, were not associated with 180-day all-cause
mortality. However, they reported that more severe WRF (increase of >0.5 mg/dl and >25% in sCr) was a predictor of
mortality (adjusted HR: 1.87, 95%CI: 1.14-3.72, p=0.014) (30). In a substudy of the ASCEND-HF study, which was
a multicenter, double-blind RCT trial of nesiritide compared with placebo, the researchers measured plasma Cystatin
C levels from 811 patients with ADHF and followed them up for 180-day all-cause mortality. Similarly, WRF (defined
as a =>0.3 mg/l increase in Cystatin C 48 to 72 h after admission) was not predictive of adverse events. However, higher
baseline Cystatin C levels were associated with a high risk of 180-day mortality (27).

Worsening renal function and all-cause mortality in AHF

We identified 3 retrospective cohort studies that investigated the relationship between WRF and AHF. Particularly,
Caetano et al., assessed the inhospital, 30, and 90-day mortality risk among 155 patients admitted for AHF. The
researchers defined cardiorenal syndrome (CRS) as a =0.3 mg/dl increase in SCr compared to admission values.
Patients with CRS had higher in-hospital and 30-day mortality compared to those without (19.6% vs. 3.7%, p=0.001,
OR: 6.4; 22.7% vs. 6.5%, p=0.004, OR: 4.2, respectively), and multivariate analysis revealed that CRS independently
predicted of in-hospital mortality (32).

The other two retrospective studies examined the relationship between WRF and 1 year-mortality in AHF patients.
Among 646 patients hospitalized for AHF, WRF was determined as an absolute increase in the Cr value of 26.4
mmol/L, or a relative increase of 1.5-2-fold compared with the baseline Cr value within 7 days after admission. In the



Kaplan-Meier analysis, WRF increased the risk of death, and the multivariate Cox proportional hazard analysis
identified WRF as an independent strong predictor of 1-year mortality (adjusted HR:1.52, 95%CI: 1.09 - 2.13, p=0.014)
(33). These results partially coincide with the recent retrospective study by Wettersten et al, among 814 AHF patients,
which showed that only severe WRF and WRF with clinical deterioration were significantly associated with 1-year
mortality (adjusted HR: 1.71, 95%CI: 1.09-2.69, p=0.020; adjusted HR: 1.98, 95%CI: 1.25-3.12, p=0.003,
respectively). Severe WRF was a sustained increase of >0.5 mg/dL or >50% in SCr and WRF with clinical deterioration
was non-severe WRF with renal replacement therapy, inotrope use, or mechanical ventilation. Non-severe WRF
(nsWRF) had a trend towards increased risk but was not statistically significant (adjusted HR: 1.36, 95%CI: 0.96—1.93,
p=0.079). Stratified analysis by B-type natriuretic peptide (BNP) status showed that WRF was only associated with 1-
year mortality only in patients without decreased BNP (34).

In a post hoc analysis of the PROTECT RCT Study, researchers used repeated measurements of blood urea nitrogen
(BUN) and creatinine to describe the course of renal function in 1962 AHF patients (35). For patients alive at 7 days,
BUN, creatinine, and the rate of change in creatinine from baseline were the strongest independent predictors of death
at 180 days. In sensitivity analyses, they found that definitions of WRF such as a >25% increase in SCr, a >0.3 mg/dL
increase in SCr, or both, were strongly associated with all-cause mortality at 180 days.

Another study using the Korean Acute Heart Failure registry aimed to investigate the prognostic significance of WRF,
in patients with HFpEF compared to patients with HFTEF (36). WRF was defined as a >0.3mg/dL absolute increase in
Cr during admission. Among 5625 patients enrolled in the KorAHF registry, 55.2% had HFrEF, 23.0% had HFpEF
and the rest had HFmrEF. Cox proportional hazard analyses, across the entire cohort, showed that WRF was an
independent predictor of both 30-day mortality (HR: 1.66; 95%CI: 1.22-2.25; p=0.001) and 1-year mortality (HR:
1.39; 95%CI: 1.14-1.69; p=0.001). In the stratified analysis (HFrEF vs. HFpEF), WRF remained a significant predictor
in both HF subgroups and had a larger effect size in HFpEF than in HFrEF both in terms of 3-month mortality (HR:
1.59,95%CI: 1.10-2.29, p=0.013 for HFrEF and HR:1.86, 95%CI: 1.06-3.27, p=0.013 for HFpEF) and 1-year mortality
(HR: 1.35, 95%CI: 1.06-1.71, p=0.014 for HFrEF and HR: 1.54, 95%CI: 1.08-2.18, p=0.016 for HFpEF). In addition,
transient WRF (regarded as a recovered creatinine level at discharge) was a risk factor for 1-year mortality, while
persistent WRF (defined as a non-recovered creatinine level) did not add any risk compared to transient WRF.

We identified one registry study that investigated the relationship between WRF and all-cause mortality only among
HF patients with preserved ejection fraction (37). This recent study by Sato et al. was a post hoc analysis of the JASPER
registry. The researchers defined WRF as a ACr >0.3 mg/dL in SCr levels at discharge minus the levels at admission.
A decrease in eGFR of >20% during hospitalization was used as an alternative definition for WRF. The Kaplan-Meier
analysis showed higher all-cause mortality in patients with WRF (log-rank P < .001). Moreover, Cox proportional
hazard analysis revealed WRF to be a predictor of all-cause mortality (unadjusted HR: 2.73; 95%CI: 1.71-4.34;
p<0.001). However, the researchers did not provide adjusted HRs.

Worsening renal function and all-cause mortality in CHF

We identified only one study that investigated the relationship between WRF and outcomes in CHF patients. This was
a prospective cohort study among 892 CHF patients who were followed over 1132 days. WRF was defined either as a
>25% decrease in eGFR or an increase in SCr >0.3 mg/dl. The researchers found an association between WRF and
mortality in the unadjusted analysis, however, the association did not exist in the adjusted analysis (p=0.387 for >0.3
mg/dl increase in SCr and p=0.941 for >25% decrease in eGFR), suggesting that WRF in patients with HF may be a
marker of progression of HF, but not an independent prognostic factor. In addition, the researchers showed that an
improvement in eGFR was not associated with the outcome either (p = 0.453) (38).



Discussion

Worsening of renal function is common among patients with HF. In our review, we identified six studies that found
WREF (defined as a>0.3 mg/dL increase in SCr) to be an independent predictor of all-cause mortality, while two studies
showed that only severe WRF (defined by a >0.5 mg/dL increase in SCr) was strongly associated with mortality. We
identified four studies that did not find an association between WRF and mortality and all were conducted in the setting
of ADHEF patients and one in CHF patients. However, the definition of WRF was not consistent across individual
studies. Particularly, the marker of interest (SCr, eGFR, or Cystatin C), the level of change that was considered
significant, but also the timing during which WRF occurred varied across the studies.

While WREF is a significant predictor of worse clinical outcomes, it remains unclear whether it is an independent
prognostic risk factor for HF or whether it is a marker of progression of HF (39). Two previous meta-analyses, one in
over 18.000 HF patients (40), and another in over 45.000 patients (16) reported that around 25% developed some level
of WRF during follow-up. Furthermore, WRF was found to be a significant independent predictor of all-cause
mortality in both meta-analyses (16, 40). However, the exact mechanism by which WRF drives unfavourable
prognostic effects has yet to be determined (36). Testani et al. described some hypothetical mechanisms including
inflammation, oxidative stress, or apoptosis induced by uremic toxins through which impairment in renal function may
partially contribute to the adverse effect of WRF (39).

WRF in acute heart failure

Renal dysfunction in AHF patients involves complex and multifactorial mechanisms by hemodynamic and non-
hemodynamic factors, which have not been completely elucidated (41). Numerous hemodynamic factors, including
renal arterial hypoperfusion pressure, insufficient cardiac output, and increased central venous pressure contribute
substantially to the decrease of renal blood flow and subsequently to the reduction of GFR (42, 43). Additionally,
venous congestion, acute systolic blood pressure changes, and poor right ventricular function also play an important
role in the development of WRF (43-45). Furthermore, an increase in intra-abdominal pressures is associated with
elevated SCr levels, and strategies that reduce intra-abdominal pressures, including diuretics, paracentesis, or
ultrafiltration, have been found to decrease SCr levels (46, 47). Impairment of renal function as a consequence of
neurohormonal or hemodynamic disturbances can be reversible (41). In addition, non-hemodynamic factors such as
activation of the renin-angiotensin-aldosterone (RAAS), of the sympathetic nervous system, inflammation, endothelial
dysfunction, and oxidative stress, also trigger the development of WRF (48).

Results regarding the relationship between WRF and mortality in AHF patients were consistent across the included
studies of this review. Five out of six studies, revealed WRF as an independent predictor of all-cause mortality (33,
35-37, 49), while the other study identified only severe WRF to be associated with mortality at 180 days (34). These
findings are in line with results from the two previous meta-analyses, where WRF was also shown to be an independent
predictor of all-cause mortality in AHF patients (16, 40). Considering the distinct pathophysiology between HFpEF
and HFrEF, it is important to determine whether WRF has a different prognostic value between these two HF types.
In our review, we retrieved two studies that examined the prognostic significance of WRF among AHF patients with
HFpEF (36, 37). Both studies found that WRF was a significant predictor of long-term outhospital mortality in patients
with HFpEF. Kang et al. further revealed that WRF had a bigger effect size in HFpEF than in HFrEF (36). Therefore,
it is likely that WRF has a different prognosis in HFpEF patients, and it might even be associated with poorer outcomes
compared to patients with HFrEF.

The effect of WRF on prognosis in acute decompensated HF patients remains questionable (50). While numerous
reports have consistently shown that WRF is associated with poor outcomes (high rates of mortality and hospital
readmission) (16, 23), others support that WRF is not related to increased mortality in all HF populations (24, 25). In



our review, results across the studies in ADHF patients were inconsistent. Out of five retrieved studies, only one found
that one-year WRF (defined as a >0.3 mg/dL absolute increase in SCr along with a >25% increase in SCr at 1 year
after discharge) independently predicted all-cause mortality (31). Moreover, the study by Salah et al., revealed that
only severe WRF independently predicted all-cause mortality at 180 days (30). The other three studies did not find an
association between WRF and mortality. These findings suggest that there is heterogeneity in this population, meaning
that WRF might be triggered by hemodynamic disturbances which can be reversible in acute decompensated HF
patients (27-29).

Recent studies support that WRF with decongestion is associated with a lower risk for adverse events and possibly
with improved outcomes in AHF and accordingly that persistent congestion together with WRF is associated with
poorer outcomes compared to WRF without congestion (51). Particularly, a recent meta-analysis that investigated
whether decongestion modified the association between WRF and mortality among 7730 ADHF patients, showed that
decongestion was associated with weakening of the adverse effects of WRF (50). In our review, we identified two
studies that presented results in favor of this hypothesis. The study by Wattad et al. that investigated the
interrelationship between WRF and persistent congestion in ADHF patients, showed that persistent congestion was
more frequently observed in those who developed WREF than in those without WRF, while both persistent congestion
and persistent WRF were significant predictors of mortality. Furthermore, multivariate analysis revealed a strong
interaction between persistent congestion and WREF, signifying that the increased risk for mortality was observed
primarily when both WRF and persistent congestion were present (28). The other study by Wittersen et al. examined
the relationship between WRF and a decrease in B-type natriuretic peptide (BNP) with mortality in AHF. BNP is a
well-established biomarker in both AHF and CHF, which has shown to decrease in AHF with decongestive therapy
and with a decrease in cardiac pressures. This study found that decreased BNP was associated with better 1-year
mortality despite the presence of WRF. In addition, WRF was a predictor of poor outcomes only in patients without
decreased BNP (34). These findings suggest that the relationship between WRF and outcomes in AHF is driven by
changes in volume status. WRF with decongestion might not be the result of actual renal impairment but a temporary
hemodynamic or functional alternation without significant long-term implications. Therefore, WRF in ADHF patients
can be heterogeneous with respect to prognosis.

In the past, studies have shown different relationships between persistent and transient WRF (52, 53). In our review,
we identified a prospective registry study that found only persistent WRF as an independent predictor of mortality
(28). In addition, another registry study showed that transient WRF (defined as a recovered creatinine value at
discharge) was a comparable risk factor to persistent WRF for 1-year mortality (36). The differing definitions of WRF
may partially account for this inconsistency across the studies. Given that the latter study defined transient WRF as a
recovered creatinine level during hospitalization, it is possible that those who presented recovered renal function after
discharge were classified in the persistent WRF subgroup, hence weakening the pure impact of persistent WRF.

WRF in chronic heart failure

In the setting of chronic HF, several different mechanisms can induce WRF. Changes in extracellular volume and
blood pressure including congestion, hypotension, and dehydration are the main drivers of WRF in CHF patients (54).
The meta-analysis by Damman et al. reported that WRF occurring without intervention is strongly associated with
worse outcomes, while WRF in the setting of beneficial HF therapies, like RAAS antagonists or ACE-inhibitors seems
to have a negligible effect on outcomes (16). In our review, we identified only one study in chronic HF patients (38).
At the time of enrollment, 92% of patients in this cohort were on an ACE inhibitor or ARB therapy. This study did not
detect an association between either worsening or improvement of renal function and all-cause mortality and the
researchers suggested that in patients with properly treated chronic HF, WREF itself does not provide significant
prognostic information and may not reflect poor outcomes, which is in line with the results from the previous meta-
analysis.



Strengths and Limitations

We included only studies that investigated all cause-mortality instead of the combined endpoint death and hospital
readmission, which is a strength of our study. In addition, we included 12 studies, comprising a total population of
13.956 HF patients. However, our study has some limitations. Firstly, considering that this is not a systematic review,
we might have not identified studies that met the inclusion criteria of our study. In addition, this review contained post
hoc retrospective studies which are prone to bias and could result in residual confounding. The type of HF patients,
the definition of WRF, the follow-up period, and the timing of WRF occurrence varied considerably among studies.
These factors may lead to heterogeneity and may partially account for the inconsistent findings across the studies.
Additional explanations for the heterogeneity across the studies include inconsistent inclusion/exclusion criteria,
differing baseline renal function, and selection bias.

Conclusion

There remains controversy regarding the prognostic impact of WRF on HF, and there is no gold standard to assess
“true WREF.” The clinical setting, the cause of WRF, the timing of WRF, the days of follow-up, the treatment or
initiation of therapy, and the related hemodynamic changes are crucial for evaluating the prognostic value of WRF.
Therefore, future studies are required to investigate the relationship between WRF and HF by using a more consistent
definition in terms of the timing of WRF occurrence, as well as by including more homogeneous populations with
respect to the risk factors. Finally, given that recent reports have shown an interaction between WRF and congestion
or decongestion, future studies should not assess WRF alone without concurrently assessing the volume status that
accompanied the WRF.



Figure 1: Flow diagram for study selection
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Table 1: Characteristics of included studies
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Y WRF: 9 increase of >0.3 mg/dL or >50% in SCr above the
admission value during hospitalization
Spironolactone:16.3 .. . .
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Wattad,  Prospective 0, 4q¢ 771 499 459 — 516 817 — 139 71 66.1 Spironolactone:21.9 10 27 429 203 mg/dlincrease in SCr above baseline at any
2015 registry time during hospitalization
WREF: >0.3 mg/dL absolute increase in combination
with a >25% increase in SCr,
Salah, Individual WREF: 12% sWREF: >0.5 mg/dL absolute increase in
2015 patient data 1232 180 74 60 — 26 32 50 49 1.52 66 57 95 — sWRF" 6 93} 15 combination with a >25% increase in SCr, eGFR
analysis 0770 (>25% decrease), serum urea nitrogen (>25%
increase), and NT-proBNP >30% or >30%
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LD: 38.2,
. Aldosterone o - .
Okabe,  Prospective 30 g37u 931 611 423 329 349 707 299 117 395 279  antagonist 156,  — 392 206 23225%relative increase in SCr or 20.3 mg/dL
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23
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For serum creatinine to convert from mg/dL to mmol/L multiply by 88.4.

ACE-i/ARB, angiotensin-converting enzyme inhibitor and/or angiotensin receptor blocker therapy; ADHF, acute decompensated heart failure; AHF, acute heart failure; BBL, beta-blocker therapy; CHF, chronic heart failure,
DM, history of diabetes; HFPEF, heart failure with preserved ejection fraction; HT, history of hypertension; IHD, ischaemic heart disease; F/U, follow-up; LVEF, left-ventricular ejection fraction; sCr, serum creatinine;
WREF, worsening renal function.



Table 2: New castle-Ottawa scale for assessment of the quality of included studies
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