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ABSTRACT 

Acute kidney injury is common in patients with acute decompensated heart failure. It is more common in patients with acute heart 
failure who suffer from chronic kidney disease. Worsening renal function is often defined as a rise in serum creatinine of more 
than 0.3 mg/dL (26.5 μmol/L) which, by definition, is acute kidney injury (AKI) stage 1. Perhaps the term AKI is more appropriate 
than worsening renal function as it is used universally by nephrologists, internists and other medical practitioners. In health, the 
heart and the kidney support each other to maintain the body’s homeostasis. In disease, the heart and the kidney can adversely 
affect each other’s function, causing further clinical deterioration. In patients presenting with acute heart failure and fluid overload, 
therapy with diuretics for decongestion often causes a rise in serum creatinine and AKI. However, in the longer term the decongestion 

improves survival and prevents hospital admissions despite rising serum creatinine and AKI. It is important to realize that renal 
venous congestion due to increased right-sided heart pressures in acute heart failure is a major cause of kidney dysfunction and 
hence decongestion therapy improves kidney function in the longer term. This review provides a perspective on the acceptable AKI 
with decongestion therapy, which is associated with improved survival, as opposed to AKI due to tubular injury related to sepsis or 
nephrotoxic drugs, which is associated with poor survival. 
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and heart failure. The causes of AKI are sepsis, urine infection, 
glomerulonephritis, urine obstruction, interstitial nephritis and 
tubular toxicity due to drugs; and haemodynamic insults from 

drugs including diuretics. It is important to distinguish between 
non-haemodynamic and haemodynamic insults, as we will dis- 
cuss further [4 , 5 ]. 

Acute decompensated heart failure is defined as a rapid onset 
clinical syndrome with signs and symptoms of fluid overload 
and pulmonary congestion including oedema, raised jugular 
venous pressure, bilateral chest crepitations, S3 gallop sound, 
breathlessness, weight gain, requiring urgent or emergent decon- 
gestion therapy, often hospital admission [6 –8 ]. The risk factors 
for acute heart failure are age, presence of diabetes, hypertension, 
tachyarrhythmias, ischaemic heart disease, chronic obstructive 
pulmonary disease and CKD. The precipitating factors are acceler- 
ated hypertension, dietary salt and fluid non-compliance, cardiac 
arrhythmias, infection, non-adherence to heart failure drugs and 
AKI [7 –9 ]. 

The heart and the kidney support each other in a healthy state 
to maintain the body’s homeostasis including blood pressure, salt 
and water balance. In disease states, they can adversely affect 
each other’s function causing clinical deterioration and decom- 
pensation. When acute heart failure precipitates AKI it is also 
called cardiorenal syndrome type 1. When AKI precipitates acute 
heart failure it is called cardiorenal syndrome type 3 [9 , 10 ]. 
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INTRODUCTION 

Heart failure was described as an epidemic 25 years ago and re-
mains a major clinical challenge today. The global prevalence of
heart failure is an estimated 64.34 million cases, although there
is a dearth of data from developing countries. Globally, this leads
to 9.91 million years lost due to disability and consequent eco-
nomic burden with conservative estimate of $346.17 billion. In the
UK, there are 200 000 new diagnosis of heart failure each year,
with prevalence of about 1 million. The condition remains under-
diagnosed, with an estimated 385 000 undiagnosed heart failure
cases consequently remaining untreated [1 ]. 

The kidney is an amazing organ with secretory, metabolic and
endocrine functions. It is highly vascular and receives up to 25%
of the cardiac output, and the renal plasma flow is close to
625 mL/min [2 ]. The kidney autoregulates the flow of blood ele-
gantly, the glomerular filtration pressure and glomerular filtration
rate (GFR) are maintained by regulating the blood flow, using the
vascular tone of the afferent and efferent arteries, to the glomeru-
lus [3 ]. 

Worsening renal function, more commonly referred to as acute
kidney injury (AKI) is defined as deterioration of kidney func-
tion associated with the rise in serum creatinine of 26 μmol/L (or
0.3 mg/dL) [4 , 5 ] or 50% from baseline; or a drop in urine out-
put. The risk factors of AKI are increasing age, diabetes, pres-

ence of ischaemic heart disease, chronic kidney disease (CKD) 
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The AKI that happens with acute heart failure may be linked
o temporary haemodynamic changes such as low renal artery
lood flow and poor renal venous return, which are potentially
eversible. In contrast, co-existing AKI due to other reasons for
xample sepsis and nephrotoxic drugs (or prolonged, severe
aemodynamic insult) may be irreversible and associated with
oor prognosis. Many studies have tried to distinguish the two
y measuring tubular injury biomarkers [11 –13 ]. Rademaker et al .
nvestigated the renal manifestations of acute decompensated
eart failure (ADHF) in an ovine model, and observed signifi-
ant haemodynamic changes and activation of neurohormonal
actors with marked decline in renal function, reduced urine
utput and creatinine clearance. Even after recovery from ADHF
t 25 days, the creatinine clearance remained impaired, with
enal biopsies taken during ADHF and after recovery showing
xtensive parenchymal change including prominent mesangial 
ells, early acute tubular injury and interstitial fibrosis. Tran-
criptomic analysis showed altered gene expression during the
cute decompensated phase, indicating that the inflammatory
rocesses driven by interleukin-1 β suppress the protective en-
othelial nitric oxide synthase, whereas post-recovery the altered
ene expression switches on the renal protective pathways,
nd dampens the pro-inflammatory pathways limiting fibrotic
njury [14 ]. 
Understanding the mechanism of impact of acute heart failure

n AKI and vice versa is essential for clinical decisions in man-
ging multimorbid, often elderly, unwell patients admitted with
cute congestive heart failure. 

HE KIDNEY–HEART INTERACTION 

any patients with heart failure have concomitant CKD, increas-
ng susceptibility to AKI with acute heart failure. Indeed, CKD
s deemed to be the most prognostically important comorbid
ondition, being more predictive of mortality in patients with
hronic heart failure than the underlying cardiac ejection frac-
ion [8 –10 ]. In addition, comorbid conditions including hyperten-
ion, diabetes, use of diuretic medications and increasing age
re associated with development of AKI in acute heart failure
8 –10 ]. Acute heart failure can cause AKI by kidney hypoper-
usion, activation of the renin–angiotensin–aldosterone system 

RAAS) and sympathetic nervous systems causing a reduction
n GFR, which then stimulates the arginine vasopressin secre-
ion and fluid retention, leading to a vicious cycle of venous con-
estion and hypoperfusion, a pro-inflammatory state with resul-
ant oxidative stress [15 –17 ]. ADHF is characterized by sodium
vidity and fluid retention due to increased neurohormonal ac-
ivity. With co-existing CKD, the renal derangements caused
mpaired natriuresis even before clinical signs of heart failure
ppear [18 ]. 
AKI itself can precipitate acute heart failure due to an

nability to excrete salt and water leading to volume over-
oad, activation of the renin–angiotensin system and sym-
athetic nervous systems, increasing cardiac afterload, and
eneration of reactive oxygen species, inflammation and en-
othelial dysfunction [15 –17 ]. In a registry study of 31 245
atients with AKI matched with 146 941 non-AKI patients fol-
owed up for 365 days, AKI was associated with an increased
isk of heart failure [adjusted hazard ratio 1.44 (95% CI 1.33–
.56)] [19 ]. 
ANAGEMENT OF WORSENING RENAL 

UNCTION IN ADHF 

linical assessment 
 careful assessment to determine volume status and degree of
uid overload is essential, with special attention paid to ruling out
ther complicating features such as sepsis, drug toxicities which
ndependently affect kidney function, as well as identifying un-
erlying comorbid conditions including CKD. Deterioration of kid-
ey function on background of pre-existing CKD is associated with
oorer prognosis in terms of mortality and morbidity as shown
y Zhou et al . [20 ]. Careful bedside evaluation to look for signs of
ulmonary and peripheral oedema and elevated right heart pres-
ures is important. Raised jugular venous pressure, a third heart
ound and positive abdomino-jugular test along with lung signs
hen positive indicate elevated right heart pressures and com-
romised cardiac performance. An jugular venous distention was
ighly sensitive (81%) and specific (80%), with a predictive accu-
acy of 81% for raised pulmonary wedge pressure ( ≥18 mmHg).
ower limb oedema is another sensitive indicator but is less spe-
ific as can be due to other comorbidities associated with leg
edema [21 , 22 ]. 
Pertinent blood tests including biomarkers of decompensated

eart failure—pro-brain natriuretic peptide (BNP) and troponin—
ay be useful [23 ]. Along with monitoring urine output and daily

asting weights, imaging techniques like ECHO and point-of-care
ltrasound assessment of fluid status are useful tools for as-
essment and towards developing a personalized treatment ap-
roach for each patient [23 , 24 ]. There are several radiological
ethods of volume assessment including chest X-ray, inferior
ena cava ultrasound, renal venous Dopplers, lung ultrasound,
arotid artery ultrasound, heart echocardiogram, heart magnetic
esonance imaging and bioimpedance analysis. Some radiologi-
al markers are shown to be beneficial in assessing volume sta-
us, e.g bioimpedance analysis, but randomized trial evidence of
heir utility in guiding decongestion is limited. The ESCAPE (Eval-
ation Study of Congestive Heart Failure and Pulmonary Artery
atheterization Effectiveness) trial failed to show any mortality
enefit or reduction in hospitalizations with use of invasive mon-
toring, however in certain complex clinical situations right-sided
atheterization may be considered, particularly in intensive care
etting—for example difficult to diurese patients where a more
uanced approach to address subclinical congestion while avoid-
ng intravascular depletion are required. It can help identify com-
licating factors such as pulmonary hypertension [25 ]. 

enous congestion 

he impact of renal venous congestion on AKI during acute heart
ailure admission was very elegantly demonstrated in a study
ith 145 consecutive heart failure patients admitted for inten-
ive therapy with central venous pressure monitoring. In this
tudy the mean ( ± standard deviation) age of the patients was
7 ± 14 years, ejection fraction was 20 ± 8% and serum creatinine
as 1.7 ± 0.9 mg/dL. It was noted that patients with AKI, defined
s a rising serum creatinine of > 0.3 mg/dL, compared with pa-
ients without AKI, had higher baseline serum creatinine (1.9 ± 0.9
ersus 1.5 ± 0.8 mg/dL); similar doses of furosemide, systemic ar-
erial blood pressure (111 ± 21 versus 108 ± 15 mmHg), pulmonary
apillary wedge pressure (25 ± 7 versus 24 ± 7 cm); higher car-
iac index (2.0 ± 0.8 vs 1.8 ± 0.4 L/m2 ); but higher central ve-
ous pressure (18 ± 7 vs 12 ± 6 cm). The risk of AKI increased



D. Banerjee et al. | 3

Fluid retention and ↑preload
Activation RAAS and ↑afterload

Renal hypoperfusion – ↓GFR
Renal congestion – ↓GFR

Figure 1: The adverse impact of kidney failure and heart failure on each 
other. 
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with increasing central venous pressure, with 75% of patients de-
veloping AKI when the central venous pressure was more than
24 cm. Increasing central venous pressure and not decreasing sys-
tolic blood pressure were associated with AKI. Baseline elevated
central venous pressure and not baseline cardiac index predicted
the development of AKI [26 ]. Thus, central venous congestion was
largely responsible for AKI in these patients with ADHF. 

The term congestive nephropathy is used to describe the pat-
tern of renal impairment due to reduced renal venous outflow
and rising renal interstitial pressure, which may be potentially
reversible [27 –29 ]. Renal venous congestion triggers hormone ac-
tivation leading to increased renal sodium resorption, leading to
volume overload, increased intra-abdominal pressure and even-
tually right ventricular stress. Thus, reduced renal perfusion along
with increased vascular congestion and hence increased central
venous pressure leads to worsening renal function in decompen-
sated heart failure. In addition, Boorsma et al . proposed the con-
cept of ‘renal tamponade’, the compression of renal structures
due to the confines of the renal capsule linking the two. In ani-
mal models of heart failure and acute renal ischaemia, removal
of the renal capsule has been shown to be effective is improving
the compression related injury [30 ] (Fig. 1 ). 

Multiple studies indicate that it is venous congestion rather
than reduced cardiac output that drives the detrimental interplay
of above factors leading to development of cardiorenal syndrome.
Hence adequate decongestion is the mainstay of management,
but this is complicated by the risk of worsening renal function
with diuretic use due to reduced intraglomerular pressure and
consequent increased neurohormonal activity [31 –33 ]. 

DECONGESTION THERAPY 

Decongestion options include use of oral or intravenous diuretics
or ultrafiltration (UF). Proper diagnosis and ongoing assessment of
congestion helps with escalation of diuretic therapy and if diuretic
therapy fails it may indicate an AKI not related to congestion, or
there might be true diuretic resistance in which case UF may be
an option. 

Importance of achieving adequate decongestion 

A study with 599 patients admitted with acute heart failure in a
large European institution over a period of 1 year and followed for
797 ± 619 days demonstrated the benefits of diuretic therapy with
adequate decongestion in terms of mortality and readmissions to
hospital, despite the presence or absence of AKI and rising cre-
atinine compared with patients who did not achieve deconges-
tion. This study included 34% of the patients with diabetes, 36%
with atrial fibrillation, 35% with CKD and mean ejection fraction
of 33%. The overall post-discharge mortality or combined mortal- 
ity with acute heart failure readmission rates were 13% and 43%,
respectively. Patients who had worsening of their kidney function 
and achieved adequate decongestion were no different from the 
patients who achieved decongestion and did not develop worsen- 
ing of their kidney function, adjusted hazard ratio for mortality 1.2 
[95% confidence interval (CI) 0.9 to 1.6, P = .11]. Having baseline
CKD was a predictor of poor outcome, and AKI was a predictor of
poor prognosis in patients where adequate decongestion was not 
achieved [33 ] (Table 1 ). 

In an analysis of 336 patients from the ESCAPE trial, with mean
age 56 ± 13 years, 34% diabetic patients and mean ejection frac- 
tion 19%, the patients who achieved adequate decongestion had 
better survival than the patients who did not achieve adequate 
decongestion with diuretic therapy, despite worsening of their kid- 
ney function compared with the patient who did not achieve de- 
congestion [25 , 34 ]. 

In another analysis of the ESCAPE trial of 433 patients the base-
line serum creatinine was a predictor of time to death or death
and readmission [hazard ratios 1.2 (95% CI 1.1 to 1.3, P < .0001)
and 1.14 (95% CI 1.1 to 1.2, P < .0001)], whereas a rise in serum
creatinine of 0.3 mg/dL was not associated with shorter time to 
death or time to death and readmission [hazard ratio of 1.3 (95%
CI 0.8 to 2.1, P = .27) and 1.26 (95% CI 0.9 to 1.6, P = .9)] [35 ]. 

In a urinary biomarker substudy [NAG (N-acetyl-b- d - 
glucosaminidase), NGAL (neutrophil gelatinase-associated 
lipocalin), KIM-1 (kidney injury molecule-1)] of 105 patients from 

the Cardiorenal Rescue Study in Acute Decompensated Heart 
Failure Trial (CARRESS-HF) acute heart failure patients with AKI 
were randomized to pharmacological therapy or fixed rate UF 
arm. It was observed that the severity of pre-existing AKI was not
associated with baseline renal tubular injury biomarkers (r = 0.14; 
P = .17). Intensive volume removal was associated with worsening 
serum creatinine in 53% of patients and was associated with 
worsening in renal tubular injury biomarkers (odds ratio 12.6,
P = .004) which was in turn associated with higher incidence of
haemoconcentration (odds ratio 3.1, P = .015), and interestingly,
better recovery of serum creatinine at 60 days compared with 
group with no increase in tubular injury markers( P = .01). This
suggested that provided decongestion is achieved, the transient 
AKI during the course of treating acute heart failure is acceptable 
[13 ]. 

In another interesting study of 1643 patients with acute 
heart failure, aged 70–79 years, 34% diabetics, 755 patients 
(46%) developed AKI, defined as ≥26.5 μmol/L rise in creati- 
nine within 48 h or an increase ≥1.5 from baseline within
the prior 7 days, out of which 310 (19% of total, 41% of AKI)
were community acquired and 445 (27% of total, 59% of AKI) 
were hospital acquired. The community-acquired AKI patients 
had higher brain natriuretic peptide, troponin T, creatinine rise 
and intensive care admissions. The community-acquired AKI pa- 
tients had lower systolic blood pressure 102 mmHg (95–120) 
than hospital-acquired AKI patients 126 mmHg (100–143). The 
NGAL was higher in patients with community-acquired AKI.
The community-acquired AKI patients suffered higher mortal- 
ity compared with hospital acquired AKI patients. This study 
perhaps indicates the patients with community-acquired AKI 
had a mixture of AKI due to haemodynamic insult and/or 
tubular toxic causes, in higher proportion than the patients 
with hospital-acquired AKI, hence associated with the poorer 
outcome [36 ]. 

In a multinational cohort of 736 acute heart failure patients 
requiring admission for intravenous diuretic therapy, BNP and 
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Table 1: Impact of AKI with and without decongestion on mortality, and associated weight loss, diuretic dose and BNP at discharge. 

Patient groups according to AKI 
and congestion at discharge 

Univariate HR 
(95% CI) for mortality 

Multivariate HR 
(95% CI) for mortality 

Weight loss (kg), furosemide dose 
(mg), BNP at discharge a 

No AKI and no congestion 1 1 2.5 ± 3.3, 71 ± 113, 1951 (860–4458) 
AKI but no congestion 1.24 (0.7–2.0) 1.2 (0.9–1.6) 3.4 ± 3.7, 124 ± 151, 1951 (1218–4012) 
Congestion yet no AKI 1.95 (0.8–5.0) 1.5 (0.8–2.6) 1.9 ± 3.2, 142 ± 161, 2760 (1056–5476) 
Both congestion and AKI 5.35 (3.0–9.0)* 2.1 (1.4–3.3)* 2.8 ± 4.3, 230 ± 202, 2386 (1576–16152) 

a Mean ± standard deviation or median (IQR). 
There was no difference in mortality between AKI and no-AKI if there was no congestion at discharge. Total 599 patients, mean age 69 ± 10 years, diabetes mellitus 
35%, CKD 35%, EF 33%, mortality 13%, readmission 43%, over 671 days (261–1275). 
* P < .005 [33 ]. 
HR: hazard ratio; EF: ejection fraction. 
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rinary NGAL was measured serially at admission, after 4 h, on
ays 1, 2 and 3, and at discharge. The mean baseline serum crea-
inine was 1.2 mg/dL (0.94–1.6). 53% of the patients achieved ad-
quate decrease in BNP defined as more than 30% from the base-
ine value. These patients were younger with less CKD. In-hospital
ortality was 3%, 1-year mortality was 18% and readmission was
9%. The 1-year mortality was not associated with admissions
rinary NGAL [adjusted hazard ratio 1.02 (95% CI 0.93 to 1.12,
 = .63)], but associated with the BNP decrease [adjusted hazard
atio 0.55 (95% CI 0.37 to 0.82, P = .003)]. The peak urinary NGAL
r the discharge urinary NGAL were not related to 1-year mor-
ality. This study demonstrated that 1-year mortality was higher
n acute heart failure patients with AKI if there was no decon-
estion achieved at discharge. It also showed that the transient
ubular damage during diuretic therapy was not associated with
n increased risk of 1-year mortality in patients who achieved ad-
quate decongestion [36 , 37 ]. 
The ROSE-AHF (Renal Optimization Strategies Evaluation—

cute Heart failure) trial provided an experimental model for in-
estigating worsening renal function [defined as ≥20% decrease
n estimated GFR (eGFR)] during aggressive diuretic therapy for
ecompensated heart failure as the trial protocol stipulated use
f high-dose loop diuretics. Ahmad et al . observed that in 283
atients on the ROSE-AHF trial who received a median dose of
60 mg IV furosemide [interquartile range (IQR) 300–815 mg], in-
ucing a urine output of 8425 mL (IQR 6341–10, 528 mL) over
he 72-h intervention period, worsening renal function occurred
n 21.2% of population and was not associated with rise in renal
ubular injury biomarkers (NGAL, NAG or KIM-1). In fact, increases
n NGAL, NAG and KIM-1 were associated with improved survival
31 , 38 ]. 

harmacological decongection therapy 

oop diuretics such as furosemide, bumetanide and torsemide
cting at the level of loop of Henle by inhibiting the sodium, potas-
ium, chloride cotransporter remain the mainstay of pharmaco-
ogical therapy for ADHF, administered orally or intravenously [39,
0]. Felker et al . investigated the difference between intermittent
nd continuous administration of intravenous loop diuretics as
ell as comparing high-dose versus low-dose diuretics in ADHF

n a randomized controlled trial of 308 patients. It was concluded
hat there was no difference in the global assesment of symptoms
nd renal function across the two groups, nor was a change noted
ith high-dose versus low-dose diuretic use. The use of high-dose
iuretics was associated with more effective diuresis but with a
ransient worsening of renal function [39 –41 ]. 
LTRAFILTRATION FOR DECONGESTION 

he use of ultrafiltration (UF) for decongestion in setting of ADHF
emains a subject of some debate. A number of randomized
ontrolled trials including UNLOAD (The Ultrafiltration Versus
ntravenous Diuretics for Patients Hospitalized for Acute De-
ompensated Heart Failure), CARRESS-HF (Cardiorenal Rescue
tudy in Acute Decompensated Heart Failure) and AVOID-HF
Aquapheresis Versus Intravenous Diuretics and Hospitalization
or Heart Failure) tried to answer this question, comparing pa-
ients randomized to UF arm with patients receiving intravenous
iuretics [42 ]. UNLOAD showed that the UF arm had better decon-
estion with more net fluid weight loss compared with diuretic
roup, without detriment to renal function or blood pressure.
n addition, the UF arm also had less hospital readmissions (up
o 53% reduction), less duration of readmission hospital stay
nd less non-scheduled heart failure–related attendances in the
0-day follow-up period [43 ]. 
The CARRESS-HF trial, in contrast, showed that UF was perhaps

nferior to diuretic therapy due to the worsening of renal func-
ion (0.23 mg/dL increase in serum creatinine for UF compared
ith 0.04 mg/dL decrease for pharmacological therapy), with sim-

lar fluid weight loss across the two groups. There was no differ-
nce observed in rehospitalization and mortality across the two
roups, despite the creatinine rise in the UF arm [44 ]. Later ‘per-
rotocol’ analysis of the trial data showed that UF was in fact as-
ociated with improved decongestion with higher net fluid losses
ompared with pharmacological therapy group. It was felt that
herapy was prematurely stopped across both groups for con-
erns regarding worsening renal function, although more recent
ata show that a transient worsening of renal function during
he decongestion therapy is associated with better outcomes due
o more effective decongestion [42 ]. The AVOID-HF suffered from
low recruitment but did show fewer hospital readmissions in the
F group [42 , 45 ]. A meta-analysis of seven randomized controlled
rials investigating the role of UF in management of ADHF deter-
ined that UF was associated with more effective decongestion
ith better net fluid loss, as well as reduced heart failure–related
ehospitalizations, with no difference in change in kidney func-
ion or adverse events compared with the pharmacological treat-
ent group [42 ]. A number of important considerations need to be

aken into account when planning UF in context of ADHF however,
ncluding establishing timely access, use of anticoagulation, early
nitiation of UF rather than later when presented with diuretic re-
istance, and a more patient-tailored approach. The current data
o not reflect a difference in response to UF in heart failure with
educed ejection fraction compared with heart failure with pre-
erved ejection fraction [42 –45 ]. 
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Table 2: Recent studies of diuretic therapy with efficacy, outcome and kidney side effects. 

Study 
Population and 

eGFR Intervention Urine output Weight loss (kg) Outcomes AKI/renal events (%) 

Dauw Circ HF 
2024, 
ENACT HF51 

401 AHF, 
eGFR 49 
(32–74) 

Urine Na 
monitoring vs 
usual care 

5.7 (5.4–6.1) vs 4.3 
(4.1–4.7) L at 

2 days 

3.6 ± 2.5 vs 
3.4 ± 2.7 kg at 

2 days 

LOS 5.8 (5.2–6.6) 
vs 7 (6.4–7.7) 
days 

Renal events 6.1% vs 
7% 

Yeoh EHJ 2023, 
DapaResist52 

61 AHF, eGFR 41 
(32–54) 

Dapa10 mg v 
metolazone 
5–10 mg/day 

2.6 ± 1.8 vs 
3.2 ± 1.8 kg at 

3 days 

AKI 47% vs 50% 

Trullas EHJ 2023, 
CLOROTIC53 

230 AHF, eGFR 43 
(34–58) 

HCTZ 
25–100 mg/day 
vs placebo 

2.3 (1.2–3.9) vs 1.5 
(0–3.2) at 3 

days 

AKI 46% vs 17% 

Biegus EHJ 2023, 
EMPULSE54 

530 AHF, 
eGFR 50 
(36–65) 

Empagliflozin 
10 mg vs 
placebo 

3.2 ± 0.3 vs 
1.2 ± 0.3 kg at 

Day 15 

AKI 7.7% vs 12.1% 

Mentz JAMA 

2023, 
TransformHF55 

2859 HHF eGFR, 
59 ± 25 

Torsemide vs 
furosemide 

No mortality 
difference 

Mullens NEJM 

2023, 
ADVOR50 

519 AHF, eGFR 39 
(29–52) 

Acetazolamide vs 
placebo 
500 mg/day 

4.6 ± 1.7 vs 
4.7 ± 1.8 L 
at 2 days 

Better decongest 
in eGFR < 39 

Renal events 2.7% vs 
0.8% 

Ter Maaten Nat 
Med 2023 
PUSH-HF56 

310 AHF, eGFR 54 
(35–72) 

Urine Na 
monitoring vs 
usual care 

6.2 ± 3.0 vs 
5.7 ± 2.8 L at 

3 days 

4 (6.1–2.2) vs 3 
(4.9–0.7) kg 

3 days 

No HHF + mor- 
tality 
difference 

Renal events 1% both 
groups 

The study year and names are mentioned. The baseline eGFR in median with IQR or mean with standard deviation and in mL/min/1.73 m2 , EMPULSE study followed 
patients for 90 days, TANSFORM-HF followed patients for 12 months, most study durations are short, urine output and weight loss is over 2–3 days. 
AHF: acute heart failure Na: sodium; HHF: hospitalization for heart failure; LOS: length of stay; HCTZ: hydrochlorothiazide. 
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When to worry about diuretic resistance and its 
management 
Diuretic resistance, defined by Krämer et al . as a clinical state
characterized by loss of diuretic response before the treatment
goal of relief from fluid overload has been achieved [42 , 46 ].
It poses a significant clinical challenge and can be multifacto-
rial, such asinadequate diuretic doses, poor medication adher-
ence, pre-existing CKD, use of medications such as non-steroidal
anti-inflammatory drugs, methyldopa, propranolol and minoxi-
dil, haemodynamic factors such as hypotension and reduced re-
nal blood flow, and pharmacokinetic factors such as impaired
absorption from gut due to gut oedema, poor secretion of di-
uretic into the tubular lumen and poor transport of drug in
hypoalbuminemic state all can lead to diuretic resistance. The
‘braking phenomenon’ involving haemodynamic and neurohor-
monal aspect can also contribute to diuretic resistance by acti-
vation of sympathetic nervous system and RAAS due to reduced
extracellular fluid volume from ongoing diuresis and increased
urinary sodium due to diuretic use sensed by macula densa
leading to tubuloglomerular feedback activation—this leads to
increased tubular sodium resorption [42 , 46 , 47 ]. Prolonged use
of loop diuretics can lead of hypertrophy and hyperplasia of
distal convoluted tubule, collecting tubule and collecting duct,
leading to increased tubular sodium resorption—this nephron
remodelling is another mechanism contributing to diuretic
resistence [42 , 46 , 47 ]. 

Management of diuretic resistance hence must be multi-
faceted, including restriction of dietary sodium to 2–3 g/day [48 ].
Water restriction < 1.5 L/day may be useful particularly in pa-
tients with dilutional hyponatraemia. The so called 3Ttrial was
a randomized, double-blind trial comparing the use of combina-
tion diuretic therapies in setting of ADHF and diuretic resistance
in 60 patients. Patients were randomized to either oral metola-
zone, intravenous chlorthiazide or tolvaptan, with all three groups
receiving high-dose intravenous furosemide as well; the primary 
outcome assessed was weight loss at 48 h. While all three inter-
ventions led to improved weight loss at 48 h, the cost difference
between the therapies (intravenous chlorthiazide and tolvaptan 
being quite expensive) has lead to adoption of a metolazone- 
first strategy [49 ]. A randomized control trial of 519 patients 
showed that addition of intravenous acetazolamide to standard 
intravenous loop diuretic therapy led to more effective deconges- 
tion compared with placebo, with similar incidence of worsen- 
ing renal function, hypotension, hypokalemia and adverse events 
across both groups [50 ]. Where available in clinical practice UF 
may be used. Hence diuretic therapy involving agents acting at 
different parts of the kidney nephron, e.g carbonic anhydrase 
inhibitor or sodium–glucose co-transporter (SGLT) inhibitor for 
proximal tubule, thiazide or mineralocorticoid inhibitor for distal 
tubule, together with loop diuretics, may help overcome diuretic 
resistance. 

KNOWLEDGE GAPS AND FUTURE RESEARCH 

The recently conducted studies report variable rates of AKI de- 
pending on the baseline CKD, diuretic dose, diuretic response, du- 
ration of follow-up and investigator reporting (Table 2 ). The renal
event rates/AKI vary from as low as 1% up to 47% [50 –56 ]. With
empagliflozin compared with metolazone, in 530 patients with 
median eGFR around 50 mL/min, in the EMPLUSE study the AKI in-
cidence of 7.7% was not associated with adverse outcomes when 
followed for 90 days [54 ]. A study of successful natriuresis guided
diuretic therapy of 310 patients, with median GFR of 54 mL/min 
the kidney events were low (1%) [56 ]. 

We know from the available evidence that with significant de- 
congestion and rising creatinine, less than 50% from baseline, or 
stage 1 AKI does not have adverse clinical effects during man- 
agement of ADHF. Whereas in the absence of decongestion, AKI 
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Table 3: Traffic light system for management of de novo AKI in patients with ADHF. 

See text for further explanation. 
UTI: urinary tract infection; CRP: C-reactive protein. 

SGLT inhibition
Tubulo-glomerular feedback
↑Salt and water delivery 
↑Afferent artery constriction
↓Filtration pressure
↓GFR

RAAS inhibition
↑Efferent artery dilatation
↓Filtration pressure
↓GFR

–20

–18
–16
–14
–12
–10

–8
–6
–4
–2
0 0 1 6 12 18 24 30 36

The pattern of eGFR change after starting 
ACEi/ARB/SGLT2i compared to placebo in trials

ACEi/SGLT2i
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Figure 2: Mechanism of AKI and rising creatinine in heart failure patients on starting SGLT2i (top right panel) and ACEi/ARB (bottom right panel). 
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tages 2 and 3 may be due to urine infection, sepsis or inter-
titial nephritis, which are associated with adverse outcomes
Table 3 ). 
We do not know the long-term outcomes of AKI stages 1–3 with-

ut decongestion. This will require further studies with longer
ollow-up data. 
There are significant differences in outcomes between sub-

roups of heart failure based on ejection fraction, particularly in
he presence of CKD. However, the differences in outcome of AKI
n these different subgroups is unknown and require further re-
earch. 
With available knowledge we suggest a ‘traffic light system’ for
anagement of de novo AKI after hospital admission for ADHF as
hown in Table 3 . 
The area for future research include longer term follow-up—

 year or more—of all patients in amber group in the table in
rder to better understand the prognosis. We need research to
est the predictability of kidney and heart, blood and radiological
iomarkers on long-term outcome. 

ONCLUSION 

n conclusion, a degree of acute renal impairment would be ex-
ected and acceptable while trying to achieve adequate deconges-
ion in patients with acute or decompensated heart failure. If clini-
ians are not aware that this can hamper the initiation or continu-
tion of heart failure medications such as angiotensin-converting
nzyme inhibitor/angiotensin receptor blocker (ACEi/ARB), an- 
iotensin receptor/neprilysin inhibitor or mineralocorticoid re- 
eptor antagonist. The introduction of RAAS inhibitor medica-
ions is associated with efferent arteriolar vasodilatation, drop in
ntraglomerular filtration pressure and decrease in GFR. The intro-
uction of SGLT2 inhibitors is associated with increased sodium
elivery to distal tubule, causing afferent arteriolar vasoconstric-
ion and a drop in GFR, which aids in preservation of the kidney
unction in the long run as shown in the large SGLT inhibitor stud-
es of heart failure with reduced and preserved ejection fraction
57 –62 ] (Fig. 2 ). While concerns regarding worsening renal func-
ion and hyperkalemia in progressive CKD frequently lead to dis-
ontinuation of RAAS inhibitors, the Renin–Angiotensin System
nhibition in Advanced Chronic Kidney Disease or STOP – ACEi
rial has shown that stopping RAAS inhibitors is not associated
ith change in the long-term rate of decline in eGFR [63 ]. 
AKI is common in patients at admission with acute heart fail-

re, related to renal arterial hypoperfusion and renal venous con-
estion. Further AKI happens during hospital admission due to
econgestion and further haemodynamic changes. These haemo-
ynamic changes are potentially reversible and do not have long-
erm adverse consequences, as shown in a meta-analysis of 13
tudies where AKI with decongestion was associated with lower
ortality and patients who had no AKI and remained congested

64 ]. AKI can also happen due to non-haemodynamic tubular in-
ury such as sepsis and nephrotoxic drugs, and it is important to
istinguish between the two to guide further decongestion ther-
py and predict prognosis. The rise in serum creatinine and tubu-
ar injury markers during adequate decongestion predicts a better
rognosis, compared with patients with no decongestion and no
ise in creatinine. Hence it is important to achieve rapid and ade-
uate diuresis or decongestion with acute heart failure in hospital,
erhaps within first 3 days of admission, accepting minor AKI that
sually recovers; however, patients should be closely monitored to
dentify and treat for sepsis and other non-haemodynamic causes
o avoid irreversible AKI. Worsening or persistent congestion de-
pite adequate diuretic therapy characterized by worsening or
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Acute
heart failure Decongestion

Increased
creatinine

AKI?

Clinical assessment

Clinical assessment
Look for other causes
of AKI

Continue

Yes

No

Address infection

No decongestion

Decongestion

• Increased urine
  output
• Weight loss
• Reduced
  breathlessness

• Fever
• Infection (urine,
  chest, skin, other)
• Hypotension

Figure 3: Pathway for identification and management of cause of AKI in acute heart failure patients. 
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persistent symptoms of heart failure with concomitant worsening
renal impairment would be a cause for concern and may indicate
irreversible AKI (Fig. 3 ). 
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