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Several urinary markers reflect disease severity and have the potential to support the management of heart failure (HF). Collecting urine
samples is easy and inexpensive, and urine sample composition can be altered not only by underlying kidney impairments (i.e. filtration
barrier damage and tubular injury) but also via neurohormonal and inflammatory activation, ageing, comorbidities, other medical conditions
and pharmacological interventions. For instance, urinary sodium may help to predict the response to loop diuretic therapy in acute HF, while
albuminuria is used as a risk marker and therapeutic target for the progression of cardiovascular and kidney diseases in chronic HF, especially
when accompanied by kidney disease. However, these markers remain underutilized in clinical practice. This review paper underscores the
role of urinary markers in HF, with a specific focus on: (i) the pathophysiologic mechanisms underlying urinary marker excretion, (ii) the
prognostic values of urinary markers across diverse HF phenotypes and non-cardiovascular comorbidities (i.e. chronic kidney disease and
diabetes), (iii) the impact of medical therapies on urinary markers, and (iv) existing knowledge gaps that challenge their implementation in
clinical practice. The recommendations are aligned with current guidelines, evidence, and expert consensus.
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Pathophysiologic mechanisms of heart failure (HF) (i.e. renin—angiotensin—aldosterone system [RAAS], congestion, and inflammation), together
with patient-related factors such as diabetes, hypertension, and chronic kidney disease (CKD), contribute to kidney function decline and glomerular
or tubular injury. These alterations can be assessed through simple urinary marker tests. In acute HF, spot urinary sodium (UNat) and urine volume
provide important information on diuretic response, while in chronic HF, urinary albumin-to-creatinine ratio (UACR) reflects glomerular damage
and is strongly associated with congestion as well as long-term CKD and/or cardiovascular disease (CVD) outcomes. Several guideline-directed
therapies, including renin—angiotensin system inhibitors (RASi), mineralocorticoid receptor antagonists (MRA), sodium—glucose co-transporter 2
inhibitors (SGLT2i), and glucagon-like peptide-1 receptor agonists (GLP-1RA), support decongestion strategies by enhancing natriuresis with some
agents and by reducing albuminuria. Incorporating urinary markers into routine clinical practice may therefore help improve patient care across the
spectrum of HF. IV, intravenous; SNS, sympathetic nervous system.

Keywords Heart failure ® Urinary markers e Chronic kidney disease e Diabetes ® Prognosis

Introduction or sodium—glucose co-transporter 2 (SGLT2) inhibitors."*'3
A better understanding of the appropriate types, timing, and
thresholds of urinary markers may help improve the lifetime
management of HF.'®

This paper from the Cardio-Renal Disease Committee of the
Heart Failure Association of the European Society of Cardiology
(ESC) outlines the impact of urinary markers on cardiorenal
outcomes, their interaction with HF therapies, and their clinical

relevance across all HF stages to support clinical use.

Heart failure (HF) is a growing global health burden, driven by
increasing rates of comorbidities such as hypertension and dia-
betes."? Chronic kidney disease (CKD), as part of a single entity
with HF3=> further contributes to development and progression
of HE4~8 Once HF develops, the risks of hospitalization, mortality,
and potential years of life lost are substantial, comparable to those
faced by patients with cancer.” Therefore, improved management
encompassing the entire spectrum of HF, from prevention to treat-

ment and monitoring, is urgently needed. . . .
8 B Breemty Current guideline recommendations

Obtaining urine samples is easy and inexpensive, and urine K
for urinary markers

samples may reflect the status of kidney and cardiovascular (CV)
system function.m'” Urine volume is often monitored in patients The 2021 ESC guide“nes define ‘diuretic response' for the man-
hospitalized for acute HF to assess diuretic efficacy, while urinary agement of diuretic therapy in acute HF: spot urinary sodium

markers are less frequently measured. With growing focus on concentration >50—70mEq/L within 2h and/or urinary output

kidney outcomes, incorporating urinary markers into routine care
may help to improve patient care.'>'® Furthermore, reliance solely
on temporary changes in estimated glomerular filtration rate
(eGFR) may misguide the assessment of kidney injury or function,
especially after initiating renin—angiotensin—aldosterone system
(RAAS) inhibitors, mineralocorticoid receptor antagonists (MRAs)

>100-150 ml/h during the first 6 h after diuretic infusion.’ The
2022 American Heart Association/American College of Cardiology
(AHA/ACC) guidelines does not emphasize monitoring of urinary
markers as objective metrics to guide diuretic therapy, but recom-
mend the measure of urinalysis when patients are initially diagnosed
with HE'8
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Albuminuria has been traditionally assessed by dipstick, while
urinary albumin-to-creatinine ratio (UACR) is a quantitative spot
measure that adjusts for urine concentration and correlates well
with 24-h excretion, especially in a morning sample.’” UACR is
used to define CKD in combination with eGFR (UACR >30 mg/g or
eGFR <60 ml/min/1.73 m?). Multiple guidelines recommend UACR
and eGFR for CKD screening, especially in people with hyperten-
sion or diabetes. Once CKD is diagnosed, these should be checked
at least annually, or more often if CKD progression risk is high.
The 2021 ESC prevention guidelines advise albuminuria assess-
ment in men aged >40years and women aged >50 years or post-
menopausal.?’ The 2018 ESC/European Society of Hypertension
guidelines recommend UACR screening for all patients with hyper-
tension.?’ The 2025 American Diabetes Association guidelines call
for UACR and eGFR checks in type 1 diabetes >5 year duration and
all type 2 diabetes (T2D), with 1—4 assessments per year if CKD
is present.?? Similarly, the 2024 Kidney Disease: Improving Global
Outcomes guidelines recommend monitoring UACR and eGFR at
least annually in CKD, with more often in patients at higher risk of
CKD progression.?

Role of urinary biomarkers in heart
failure

This document focuses on clinically useful markers and does not
address those used mainly for research purposes. Various urinary
biomarkers are utilized to evaluate the HF status, monitor renal
and CV function, and therapeutic response.?* Different biomarkers
offer unique clinical insights; therefore, the combination of multiple
markers and the trajectory of a single marker over time can yield
more comprehensive clinical information than one value at a single
time point.

It is essential to consider several general caveats when evaluating
urinary biomarkers and their roles. First, the clinical meaning of
a single biomarker can vary in relation to the population being
assessed, for example, the stage of HF (A/B vs. C) and the patient’s
clinical status (acute HF vs. chronic HF). Moreover, some markers
such as urinary sodium (UNa*) need to be assessed under specific
(or at least known) conditions to have accurate interpretation and
clinical relevance. It is also important to distinguish two major types
of biomarkers that reflect two distinct mechanisms: dysfunction
versus injury of a specific part of the nephron. As different urinary
biomarkers have varying underlying pathophysiology and result
from dysfunction or injury of different parts of the nephron,
they convey distinct clinical meanings (Table 7). Injury biomarkers
typically indicate irreversible damage to specific nephron cells or
segments, being linked to cellular injury and apoptosis, similar
to the role of troponin in heart injury assessment. The example
of a kidney injury biomarker is neutrophil gelatinase-associated
lipocalin (NGAL); however, clinical usefulness of these biomarkers
in HF is still limited. In contrast, biomarkers that reflect renal
dysfunction (usually as a response to the pathophysiological signals
in HF) have much greater clinical relevance, and include both:
markers of glomerular (e.g. eGFR, cystatin C) and tubular (like
UNa") dysfunction. As glomerular and tubular function is distinct,
changes in eGFR do not necessarily reflect intrinsic tubular injury,

particularly in the context of acute HF following decongestive
therapy.? Lastly, it should be also noted that the role of urinary
biomarkers is significantly limited in patients with oliguria or anuria,
where assessment of kidney function is critically important.

Diuresis and natriuresis associated
markers

Urinary sodium concentration

Urinary sodium and chloride excretion reflect tubular ion handling
and the degree of sodium avidity (the inner force to conserve
and retain sodium). Key pathophysiological factors that control
sodium excretion include blood pressure and renal perfusion,
haemodynamics (especially central venous pressure), inflammation,
neurohormonal activity, and fluid/sodium status.26=32 In HF, chronic
exposure to diuretics additionally leads to structural and functional
remodelling of the nephron, as reflected by a decreased natriuretic
response to a given diuretic dose.3*3*

Generally, UNa" refers to urinary sodium concentration mea-
sured in a urine sample, while natriuresis is defined as the total
amount of sodium excreted at a given period. Most scientific evi-
dence on the use of UNa* comes from acute HF population par-
ticularly in the emergency settings, with limited data in chronic HF
and pre-HF. Natriuresis, assessed by spot UNa™, is a key measure
of diuretic response in acute HF and can be used to guide diuretic
therapy,3>3¢ as recommended in the latest ESC guidelines,'” espe-
cially during the first 24 h. However, the use of UNa* in clinical
practice remains limited,” possibly due to a lack of awareness
or logistical issues. The cutoff values to identify adequate diuretic
response have been arbitrarily proposed to be UNa* >70 mmol/L
after 2h.3® A low post-diuretic UNa* may reflect persistent acti-
vation of sodium-retaining pathways and indicate the need for
intensified diuretic therapy in most cases; thus, a cutoff value
above 70 mmol/L may be appropriate.3®* In the Pragmatic Uri-
nary Sodium-based algoritHm in Acute Heart Failure (PUSH-HF)
trial, which included 310 patients with acute HF, a UNa*-guided
algorithm led to greater increases in diuresis and natriuresis, with-
out impacting hospitalization stay, 180-day HF rehospitalization nor
all-cause mortality.*’ In the Efficacy of a Standardized Diuretic Pro-
tocol in Acute Heart Failure (ENACT-HF) trial, which included 401
patients with acute HF, UNa*-guided therapy increased natriure-
sis, diuresis and shortened hospital stay.*' It is also noted that the
relationship between UNa* and urine volume is exponential (not
linear), with higher UNa" levels associated with relatively greater
urine volume.*? Additionally, to some extent, UNa* is independent
of eGFR since they reflect different pathophysiological processes.*
To enhance clinical applicability, UNa* adjusted for urine dilution
(based on urine creatinine) is proposed as a better predictor of
diuretic response than unadjusted UNa*,* and spot UNa*-used
formula may predict total urine and sodium output.*

The second key role of UNa" is to identify patients at high
risk for HF-related events regardless of different HF severity or
care setting (hospitalized or ambulatory).3031364346-55 The natri-
uretic response to loop diuretics is interpreted as sodium avid-
ity and, consequently, may reflect disease severity associated with

© 2025 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.



2375

Urinary markers in heart failure

(%9'8L Ady1ads ‘%6 AuARISUSS 158'0 = DNV)
$5920Ns siy3 pasdipaad aseaudur BN J/loww g v (€0 =d)
uonenui-a1 uipasu asoys iun (100’0 > d) LBNN PIOA-IsIl

PoSEa.dUl PAMOYS UOIE.IN-UMOP J133JNIP |NJSS3IINS YIIM Susiied VN VN (59-5€) L¥ LLF9% 4H °|qe3s yum sauaned og 6570 ‘SIdpP3Y
*asn dpa.InIp J/1oww 0L > +BNN 4H Buluasiom 56520T
Al 3usnedino pue ‘uonezijeaidsoy 4H ‘Yaeap Jo disid Aep-Qg Joy3IH ‘s2[324NIP A| 4238 SUNOY 234y | skep 0g (€5—-67) OF SLF0S Ausoreinquure yam sausned /9| ‘| SO2.B[-0q0D)
ueak L 4®A0 sswodIno
AD 9SJ9APE PUE ‘3UN 948D JBIP.IED SAISUIUI 10} PRaU YH Suluasiom IPBWSOFEL 29¥70T
“.40ddns s1dosyour Aijezsow [eaidsoy-ul pauiquiod Jo st JaydiH J/loww G| | > [DN uoissiwpy Jeak | ‘Ypg e dd pLFLE 4H @3¢ yum syusned gy PIRM||I-BD0IMBN
uoissiwpe

Ja3e Y $T 354l 33
UIyIM Snjoq SpIWRso.INy

‘sypuow 9 Al 3593 sS9.35 9pIWSsOINy
J3A0 uonezifedsoya. JH/y3esp pue YH Buiuasiom [eidsoy-ul J/oww gL 1> [BNN 593 JUIMISPUN OYM
10 3js1 Jay3ly & 4eas [eadsoy Jsduo| gNgo4d- | N Ul uononpad Jsj[ews SS9J3S SPIWSSO0.IN) 33 43R Y T IY syiuow 9 LTF99 9L F0op 4H @328 yum sausned g9 251 70T ‘eveAee)
%0¥>
Aep/3w 0g< apiwaso.ny IPAWKOFEL 43A1
“A[ea1ow Jo disi JayiH pue J/joww og> BN Suluiopy sieak § aD YUM %9/ 4H 21uoJyd yum syusned ggg 5L T0T ‘selq
*3WN|OA AJeULIN ‘S9IBLIBAOD UIR|]
(6000=9 ‘6¥'6—8€'L 1D %56 ‘T9'€ YH) uonezijeadsoy 4 J/loww ¢8> BNN
PUe (L00'0=9 ‘0'0T—¥6'L 1D %56 ‘YT'9 YH) ANEIIOW JOdIsLI JBYSBIH  “D1IBNIP SNOUSAB.JUL ISIY J3YE Y 9 skep /5T 9TFES 9L FS€ 4H 23In%e Yum sausped g/ | s0C0T ‘uewweq
30U sem | BN 98.4eYdsIp 3|Iym ‘Uonezijesidsoy 4H Jo Ajeriow
JO J[SI4 JOMO| YIM PaIeIDOSSE aJam (sajdwres aurin Sujulow 3s.iy) IPBWGOFEL
T Aep pue | Aep ‘UOISSIWIPE 3 SPIWSSOIN} Al [BIIUI 93 BN J9YSIH VN Jeaf | aD ylL FLE 4H @1nde yum syuaned /| 0eLTOT ‘sn3aig
‘uonezijeaidsoy 4H/A3[e3I0W 4o A3i[eIIoW JO Hski JaySiH “J/loww 09> ,eNN ‘L Aep Iy Jeak | LZF8S yLFLE 4H 23n2e yam sauaned g7 e, LT0T ‘sndaig
"A[eadow Jeak-| Jo st JaySIy Yaim paaerdosse duom sajdwes
Yy Pue 9 aya Ul BN Ul 93ueyd ou/aseaIdsp pue BN 30ds moT VN Jeak | LTF €9 ELFCE 4H @3n2e yum sauaned ||| 9¢610T ‘sn3aig
“(Aoydads Joww $'ge> L BeNN SIUDAD
%09 PUE AIARISUSS %001) SIUSAS JH JO SUIUSSIOM 4O disid JayBIH 2DRJNIP Al [ERIUI UE SRR Y | [endsoy-uj (09-1¢) 8¥ (s5-0€) 0§ 4H @nde yum sauened |9 15610T ‘sullloD
dH Toww /5> LeNN
BUlUaSIOM 1O YIBDP JO YsiJ JaySIYy pue YYAA [eadsoy-ul 3usnbauy ol ‘uonezijeaidsoy Ja3je Aj@reIpawiw| skep 09§~ 6L F6€ LLF8E 4H @3¢ yum sausned ¢99 1¢810T ‘epuoH
‘uonduny [eudl
aullaseq oy Bunsnipe Jaxe (£40°0 =4 ‘T9'S—L0'L 1D %56 ‘6€T YH) J/1loww 09> LBNN
93ueydsip 3e asn adosyoul 4o ‘auoddns [edrueydsw ‘Yaesp Jo st BYSIH O2JNIp A| [B1RIUI UB J3YY skep 06 Ly~ LI~ 4H @3n2e yum sauaned g0 0s8L0T 9N
W Q0T L dWN|OA Bulin/]/joww §9< W QT > swnjoA
+BNN 'SA st uonezijeddsoy Aep-Qg 19y8iy ploy-H~ SUuLIN pUE J/joWW §9> LBNN o1ul AJorejnquie ue ul 4H
© 3IM P3ILIDOSSE SeA | 00T > SUWNJOA SukIN/]/loww §9> +eNM ‘SNjoq BpIWRs0IN) A JoYY skep o€ (£5-€€) 9 (55-50) ot pasueApE Yaim sauaned 9/ | «8L0T 4apjug
q/loww s> L BNN %Sy>
‘SusiA @3 3y3 jo 43IA1
‘uonezifendsoya. JH JO st JaYSIH UHT UM SpIwasoany A| Joyy skep € (zL—te) €5 YIM %ES 4H @n%e yum sauaned /g| gL LOT Bud0Q
(100> 9 ‘TH'0-90°0
1D %56 ‘91°0 YH) uonezijendsoy JH 40 Yeap AD JO sl JamoT] J/loww oL < +BNN ‘€ Aep 3y skep 081 LLFES UFLy 4H @038 yum sauaned gL 4910 ‘Ba12LID4
'239 ‘UoiIdUNy [eua. ‘93e {S9IBIIBAOD UlRWL,,
(80000=4‘6€T—EL'L ID %56 ‘T9'L YH passnipe) Bw/joww 7> oned
uonejuedsue.y deip.ed o uonezifeydsoy JH “Ajeadow Jo st JaysiH SpIwWasoIny/  BNN
(200=9TTOL—SL'L ID %56 ‘LOE YO PR3ISNIPE) YA JO st 1aySiH ‘Splwaso.ny Al [eniul Sy sipuowr g LEFSS SLF8t 4H %€ yum syusned 7§ A ATEUN
sajiew AJeulin pajeldosse-sisainiijeu pue sisaaniiyeN
Jpaew Aeuran J94ew Adeuran potiad LW EL LU Jea)
JO SN|eA [BULIOUE Y3IM POIBIDOSSE SSWO0INO JO onjeA [ewouqy dn-mojjo4 lw ‘Y499 % 43A1 uone|ndog Goyzne 3sai4/Apnmg

aJnjre} 3483y Ul SSWO03INO0 YIIM Sidjdew AJeurin jo suojenossy | a|qe|

© 2025 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.



M. Kobayashi et al.

2376

‘uonduny [euad pue CO_mau.._wax—‘_ .wwuwnm_U ”wwum_LN>OU urel
0ST-9L°L 1D %56 ‘0L'L YH ‘BLNUILING[R-0.EY
L8 L=LL'L ID %S6 ‘TH'L YH ‘BLNUIWNGE-0.DIy
Ay[easow swomnnQ

'ssed YHAN Pue uoisuaiadAy ‘seraqelp
‘(0gaoe[d 'SA UelIBSSPUED) UONEBIO|[R JUSWIEDI) (SOIBIIBAOD IRl
€€T—ESL 1D %56 ‘88'L YH ‘BlInuILNG[e-0UdRly
SL'L=8TL 1D %56 ‘05°L YH ‘eunuiwnge-o.d1jy
uonezijeaidsoy JH J0 AlferIow AD BWoNNQ
YTTHEL 1D %56 ‘€L°L YH ‘BlHnuIRI0.g
Aieaiow swomnQ
LyT=LEL 1D %56 ‘L8'L YH ‘BlnUISI0ly
uonezijeidsoy JH PWonNO

WEL LW 09

MOJ[2q IO BAOQE Y42 JO $S3|pJeSa. ‘elinuILNg|e-0Jd'W
03 -0JdIW 03 -OW.Iou wody asimdals paseaudul ysid JaysiH
4H -0} uonezifeadsoy 3s.y SWoNNQ

WEL LW 09
MO|3q 10 SAOQE Y453 JO Ss3|pJeSaJ ‘BlINUIWING[E-OIdBW
01 -0J21W O} -OW.IoU WO 3simdals paseaudul ysid JaysiH
4H 404 2sIA Jusunedap Aouadisws Jo uonezijedsoy swonng
TEL-LLLID %56 ‘LTL YH WDVN 42ydiH
4344H Suidojaasp swomnnp
8Y'L—0T'L 1D %56 ‘€€'L YH WDV 43Y81H
43d4H Buidojaasp swomng

4344H 30U 3nq 43d4H Suidojersp

JO Y[SLI J9YSIY B Y2IM PRIBIDOSSE 949M S[9A9] BLINUILINGIE J2YSIH

540198} )[SlI AD PUE UORIUNY [BUS. {S9IBLIBAOD UIB||

TLS—0LTID %86 Ly € YH ‘BlnuIWNg[e-01dely

0S'€=LLL 1D %S6 ‘67T YH ‘BlnuILNG[e-0.11|

4H 3uidojaasp swonngo

40108} Sl AD PAYSI|qEISS {SOIBIIBAOD IRl

LLTL=0ET 1D %56 ‘LTS YH ‘Blnuiwng[e-0idely

8LY—95°L 1D %56 “€LT YH ‘ElNUILNG[E-0.DI

4H 8uidojaasp awominQ
“39SUO JH JO YSII JOMO| %/ T YIIM PUR SIUBAS AD JO sl

J9MO| %8| YIIM PIIBIDOSSE SEM BLINUILING|E Ul UONINPAJ %05 YoeT,
(sre-ve'L

1D %56 0L°T=) 335U JH Jo dist 43yBy BB L > 'sA 3B €2 YOVN
‘%1 L Aq uonezijeaidsoy

4H 4O YISl Y3 Pasea.dUl YDy Ul 9sea.dul jowiw/Sw 0 Yyoeg,,

(¢8°€—6¥T 1D %56) 80°€ YH ‘elnuILING[e-0.31Ly

uonezijeadsoy JH owonnQO

LeMNUIWNG[E Y3IM PIJEIDOSSE SOWO0DIN0 pajejoi-4H

%G ‘-0Jdely
%0T -0

%L1 ‘~0Jde
%0€ ‘-0l

pnsdip Aq elnuioud ‘4z e

%L°99 “~OE
%5 'LE “ONIW

%8'T -043ely
%E9L “ONIN

VN

VN

%€°] “-0Jdry
%9 “ONIW

VN

%001 ..O-_UNZ
s9jaqelp-uou
ul %8'y| pue sa1aqelp
ur %9°Z€ (loww/Bw 72
WDVN) Bunuiwng[e-0121jy

-oJ4deW pue ‘0.1

saeak g

sypuow /7€

syauowW 'L

sueak ¢

saeah g

saeah 7|

saeak gL |

sueah ¢'g

sueak

saeahk g

sIeah Gp

potiad
dn-mojjo4

YOFTL YD

VN

w+8s

09> ¥Y49°
PIM %H'8C

VN

VN

VN

VN

Nw ‘Y4499

VN

VN

VN

VN

VN

VN

VN

4H
J1uodyd yum sauaned | €17

4H
s1uoayd yam sauaned gL eg

%SESHIAT
pue 4H yam sauaned /845
(W gL L/ gz
Y492 pue 3/8w 0005 —0€
WDVN) aXD pue
QL ywm swened 970 €L
salaqelp Inoyim
g SHWwW gL —0€ L
Jo aunssaud poojq d1joasAs
B ‘9SE3SIP AD YIM JO U0}
sk Yy 38 S|enpIalpul €168

$34040d paseq-A3unwiwod
[euipmiduo|

 ur ssuedidnaed 957 77
340yo> pade-a|ppiw
‘paseq-Ajunwiwiod

B WoO.j s[enplAIpUl 7658

4H
wio.y 934 S|eNpIAIPUL §/6 01

syuedipnaed |89

add

pue gzl yum sauaned g1
(86¥€ =Uu) 10158} s AD
QUO 3sed| & pue sa1aqelp
40 (5p5g =U) aseasip AD

40 AJ03SIY ® YaIm S[ENpIAIpU]

160L0T 4H-ISSID

NmQOON
‘weaSoud WYVHD

+2,000T ‘AA10S
16020
‘(@ya-onaad
/ANA-OUVOIH)

AL3an

9gLTOT APMasqns | NIYdS

088107 ‘ANIATYd

‘VSIW ‘SHA ‘SHD

6€ 10T ‘ANIATYd

6L LOT Apmg DY

168007 ‘VSIW

¢g¥00C “TVVNIY

gL 00T ‘IdOH

o1je. aulueaId-0)-ulwng|e Aleuln ‘elnuiwung|y

uone|ndog

Jeag) uoyjne
Isa14/Apnis

(panunuod) | 3|qeL

© 2025 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.



2377

Urinary markers in heart failure

nujWNg|e-ouLIou 03 pa.Jedwod ‘eliNUILING[E-0IJBW PUE -0JJIW 10} PA3UIsaId .. SIUSAS PaIe[a.-4H JO) SORE. pUezeH,

"UoRDUNY [eUJ BUIUSSIOM JYAA ‘WNIPOS AJeulIn * BN SPHOJYD AJRUlIN [N ‘ORRJ 3UlURESID-03-UlWNG[e AJBULIN “YDVN $333GRIP 7 9dA3 ‘QTL ‘0l SPPO ‘YO ‘UOREBIDOSSY IS SOA M3N ‘VHAN
topndad cpauniineu adki-g-oud [euiwai-N dNgo-d- | N 9]qe|ieA. 30U N ‘UORJE) UONIBIS JBINDLIIUSA 3| YIAT ‘SNOUSAB.IUI ‘A| ‘OlIE PJBZEY “YH ‘UORDEI) UONDAIS PIdNPaJ puE d.njie) 34eay YJJ4H Uondely uondale paalasald pue aunjie) 3ueay Y3d4H faan|iey 3esy YH
£91eJ UONE.N|Y JENIBWO|S PAIBWINSD “Y4DHD Guduniedap AOuaSiawa ‘3 LJBINDSBACIPIED AD DUIUNEAID U7) BSEISIP ASUPD| JIUOIYD ‘YD ‘eAIa3ul 93uapyuod ‘| apndad cnauntineu adAi-g gNg 2AIND BY3 JBpUN BAIE ‘DY ‘SISOPIOjAWE deIpJed unatAysue ‘vYO-y1 1V

(0£00=4d'6L'€-90°L 1D %56 ¥8'L ¥H)

Au[eriow Jeak-| Jo st JaySiY Yam PaIeIDOSSE Sem 9SeadUl YOV N
%0€< ‘AdD J0 saaqeip/uoisusiadAy Inoyaim sausned ggg Suowny,,
93e1s 9se3sIp 9.3U37) SISOPIOJAWY [BUONEN] PUE S919GERIP {SOIBIIBAOD UlR)|
SO'E—SL'L 1D %56 ‘£8'L YH ‘eMnuiuNng|e-0.ely

T6'L—EL'L 1D %56 ‘Lp'L YH ‘eunuiwNnge-0.o1 %Y LL “-0d3el
Aypeiow woxnno %988 -0 syauow 09> (bL-1¥) 65 0LF8y  VD-ULLIV Yumsiuaned |gL| ¢01¥C0T ‘Nouueo)
(lw/3d 000z < dNgo-d-1N
43d4H 40 4344H Jo ssa|pJesas ‘elnuILINg|e-0JoBW Jo |wyBd gop<
01 -0JDIW O} -oW.Iou wouy asimdals paseaudul ysid JaysiH %0°0L ‘-0JoEl dNg 40 %0+> 43A1) 4H
uopezijeadsoy JH 0 Y3edp AD PWOANNO %¥'SE -OPIW sjpuow |g SLFLS LLFLE  Buussiom ypim sausned GLET 201£20T IHD-LVLSOId
‘UOISSIWPE 38 P31D3||0D BLINUIWNG|R-0IDBW WDVN UOISSIWPY,
03 -0.01W 03 -ouLIoU Wody asimdels paseauoul ysii JaySiH %ET ‘-0 4H @3nde
uonezijeaidsoyas 4H dWomINQ %6§ ‘-0 saeah | STFTS 8L FEh 104 pazifendsoy sausned op | 10LCT0T ‘ol0WnsIRL
'uolIdUNY [BUSJ PUE UOISUSIISAAY ‘s219qeRIp {S3IBIIBAOD UlE|]
L9L=0L'L 1D %S6 ‘€€°L YH ‘BMnUIWNge-01Ry
8E'L—T0'L 1D %S6 ‘8L°L YH ‘BMNUILNGE-0.D1|y %L1 -OIE [oes|
Ayjeriow swonno %8E -0 sieah T (06-8¥) 89 VN Ul JH Yym saudned g9y 6070T AAnys
*A)[e3J0W JO Y[sI1 JoMO| %6 pue uoneziendsoy 4H
JO Y[SLI J9MO| %0 | YIIM PIIBIDOSSE SeM %(G AQ UONINPaL YDV Yoed,
sse|d> YHAN PUe uonouny [eua. ‘s9319qeIp ‘S9IBLIBAOD)
8TT—TTL 1D %56 ‘£9'L YH ‘BlnuIWNg[e-0Ud'ly sedlpwy
98'L—SL'L 1D %S6 ‘Lp'L YH ‘eHnuIwNge-0.d1 %EL ~Obrl 1vDdOL wo %54< 43A1
1dsoy JH Jo 9sa.ue deip.ed palioge A[eriow AD Bwonng %GE -0l sseak g'g LTF 59 8¥8s pue 4H Yyum sauaned G/ || 8107 ‘1vDdOL
(LE'L=S0'L 1D %56 “€L°L ¥WH) uoneziendsoy 1o Ajjeriow AD
40 5jsi 19y31y pue (UondUN) I0ISAS 9SJOM ‘SUIUSHDIYI [[em W ¢°0) %L ‘-04del %0S< 43A1 Pue 4H
Buljlapowa. AY 4918348 YIIM PaleIDOSSE Sem Bullqnop YOV A4oAg %ST ‘-0l sypuow |7 €TF8S LFT79  Adorgnquie yum sauaned i | 067 10T ‘23
'S9SEASIP AD PUE $S219GEIp SIBLIBAOD UlR|y
WEL LW/ W 09
MO[2q IO dAOGE Y4DD JO ss3|pJedau ‘elunuiioad yum st JaysiH uede( ul %05< 43A1
yaesp AD woAnno >prsdip Aq elnuieiold ‘%667 SIeah G YTFT9 6F99 pue JH Yym sauaned G947 6CLOT ‘T-L4VHD
eNUIWING R poriad LU EL LU Jea) Yoyyne
¢BMNUING[E Y3IM PIJBIDOSSE S9W023N0 pajejai-4H -0J>ewW pue “-o.dIp dn-mojjo4 /W ‘Y499 % 43A1 uonejndog Isa14/Apm3s

(panunuod) | sjqeL

© 2025 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.



2378

M. Kobayashi et al.

adverse outcomes.’? Thus, low UNa™ in response to diuretics is
associated with poor outcomes (i.e. in-hospital complications, HF
rehospitalization, and death).3136435¢ Patients who fail to increase
urine sodium with diuretics and require escalating diuretic dose
are at high risk of outcomes.?® Furthermore, a simple assessment
of UNa* in acute HF provides insight into intrinsic renal sodium
avidity and may help predict decongestive effectiveness, regard-
less of diuretic use.” In patients with ambulatory HF, serial UNa*
assessments showed that declines in UNa* preceded HF hospi-
talization, while increases in UNa* predicted successful diuretic
down-titration, potentially aiding the management of ambulatory
patients with HF>85°

Urinary chloride

Urinary chloride (UCI™) is tightly linked to UNa*, serving as a key
factor of tubuloglomerular feedback regulation, modulating renin
and aldosterone activity.?’ In patients hospitalized for acute HF,
lower UCI™ levels on admission were significantly associated with
higher blood-based markers of RAAS (i.e. plasma renin activity and
serum aldosterone)®’ as well as with the risk of worsening renal
function (WRF) and post-discharge adverse events.’%®3 During
decongestion therapy, trajectories of UCI~ levels were strongly
correlated with changes in UNa* at all time points from admission
to hour 6. The UCI~ trajectory was influenced by the chronic use of
diuretics and may serve as a predictor of diuretic response, similar
to observations with UNa*.%*

Fractional excretion of sodium

Fractional excretion of sodium (FeNa) is a calculated variable that
describes how efficiently the kidneys reabsorb/excrete sodium. It
is believed that FeNa reflects the renal tubular function in response
to haemodynamic, hormonal, and metabolic stimuli.*>* From a
clinical perspective, FeNa has primarily been used for the diagnosis
of acute tubular necrosis and its aetiology. A FeNa <1% suggests
prerenal azotaemia and sodium retention (i.e. dehydration, renal
artery stenosis, and HF). However, the use of diuretics will increase
sodium excretion (by design), often pushing FeNa above 1%, even if
the underlying physiology is prerenal, which significantly limits the
interpretation of this biomarker in the context of acute tubular
necrosis.

Fractional excretion of urea

Another measure that is derived from both urine and serum
biomarkers to assess kidney function in HF, is fractional excretion
of urea (FeUrea). The advantage of FeUrea is that it remains a
more reliable measure of tubular function even when diuretics
have been used. FeUrea serves as a surrogate for renal blood
flow and tubular integrity: low FeUrea suggests effective volume
depletion or low flow to the kidney, whereas high FeUrea implies
intrinsic dysfunction or perhaps an overhydrated state where urea
retention signals are minimal. FeUrea <35% had a 98% positive
predictive value for prerenal azotaemia, significantly outperforming
FeNa in this context.> Potentially, FeUrea in HF serves two roles:

(1) diagnostic work-up of acute renal dysfunction (prerenal vs.
intrinsic), especially useful when loop diuretics confound FeNa,
and (2) as an index of volume status and perfusion that can help
optimize congestion status during decongestion.®”¢® Notably, the
interpretation of FeNa/FeUrea values should always be performed
within the clinical context, rather than in isolation (Table 2).

Urine volume

Urine volume is a simple and clinically meaningful marker of kidney
function in HFE In the acute setting, low urine volume despite
adequate diuretic therapy — commonly referred to as diuretic
resistance — may signal poor renal perfusion, neurohormonal
activation, and progressive cardiorenal syndrome. Reduced urine
volume (<100 ml/h or <500 ml/24 h) is associated with persistent
fluid overload, increased central venous pressure, and a higher
risk of in-hospital mortality and rehospitalization.3®? Conversely,
an adequate or brisk diuretic response, reflected by early and
sustained natriuresis and increased urine volume, is a favourable
prognostic marker, indicating effective decongestion and preserved
renal tubular function. Therefore, monitoring urine volume over
time can aid in therapeutic decision-making and risk stratification
in both acute HF and chronic HF.

Monitoring urine volume in HF is simple, non-invasive, and pro-
vides real-time feedback on the effectiveness of decongestive ther-
apy, making it a valuable and cost-effective bedside tool. Measuring
urine volume in the hour after a diuretic bolus can help identify
patients with diuretic resistance and stratify potential HF risk, par-
ticularly in the acute setting. However, urine volume captures only
changes in total body water, while the upstream cause of conges-
tion is sodium accumulation rather than water retention.”®”! Thus,
it is a non-specific marker of decongestion, and its accuracy can be
affected by diuretic timing and the absence of catheterization.

Albuminuria

Albuminuria is a marker of compromised glomerular integrity, per-
meability, and endothelial dysfunction. Increased central venous
pressure, renal venous congestion and increased intraglomerular
pressure allow albumin to leak into the urine, while neurohormonal
activation (i.e. aldosterone) promotes kidney fibrosis and disrupts
the glomerular filtration barrier.””273 Thus, an elevated UACR in
HF often reflects early renal injury from a combination of volume
overload, RAAS overactivation, comorbidities (i.e. diabetes, hyper-
tension and CKD), and microvascular inflammation.”27475

Clinical practice guidelines classify UACR levels as moderately
increased (micro-albuminuria: 30—300 mg/g or 3-29 mg/mmol)
and severely increased (macro-albuminuria: >300mg/g or
>30 mg/mmol).”® Even with normal eGFR, the presence of
macro-albuminuria is recognized as an at high-risk population and
a therapeutic target for slowing kidney disease progression in
the latest guidelines. The associations between UACR levels and
CV and kidney disease risk were well-documented even at levels
below the micro-albuminuria threshold.””~7° These associations
also align with a risk of HF development. Greater albuminuria

© 2025 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 2 The proposed interpretation of fractional excretion of sodium and of urea

Optimal thresholds for FeNa and FeUrea

FeNa <1% or FeUrea <35%
FeNa 1-2% or FeUrea 35-50%
FeNa >2% or FeUrea >50%

Interpretation

A prerenal cause of AKI, such as hypovolaemia, dehydration, or HE
An indeterminate range.
An intrinsic renal cause of AKI (e.g. acute tubular necrosis, toxic nephropathy)

AKI, acute kidney injury; FeNa, fractional excretion of sodium; FeUrea, fractional excretion of urea; HF, heart failure.

excretion is associated with a higher risk of developing HF in
the communities.®~82 In high-risk individuals (i.e. diabetes and/or
CKD), the presence of micro-albuminuria is associated with a
~2-3-fold increased risk of developing HF®-% Among individ-
uals with CV disease or risk factors, even slight increases in
UACR significantly heightened the risk of HF progression; each
0.4 mg/mmol rise in UACR was associated with 11% higher HF
hospitalization risk.28 Furthermore, incorporating albuminuria into
HF risk models enhances the accuracy of 10-year risk prediction
in individuals who were free of HF8%%

For patients with chronic HF, the risk of HF-related out-
comes (e.g. CV death or HF hospitalization) consistently increases
stepwise from normo-albuminuria to micro-albuminuria and fur-
ther to macro-albuminuria, regardless of patients with HF and a
reduced ejection fraction (HFrEF) and a preserved ejection frac-
tion (HFpEF).”'-% Furthermore, the association between albu-
minuria reduction and HF-related event risk reduction was also
reported.?>3 In a sub-analysis of the Treatment of Preserved Car-
diac Function Heart Failure With an Aldosterone Antagonist (TOP-
CAT) trial, each UACR reduction by 50% was associated with 10%
lower risk of HF hospitalization and 9% lower risk of mortality in
HFpEF."

Preclinical and clinical studies suggest that albuminuria is con-

sidered as a marker of congestion,”:%8

which may reflect the high
prevalence of micro-albuminuria in acute HF (~70%) compared to
chronic HF (~40%).39699-101 |n a cohort study of 115 patients
with acute HF, UACR significantly decreased from admission to day
7, paralleling decreases in circulating natriuretic peptide levels.'® In
2315 patients with worsening HF from European countries, higher
UACR levels were associated with markers of congestion, including
clinical signs, echocardiographic findings, key biomarkers (i.e. natri-
uretic peptide, cancer antigen 125, adrenomedullin), as well as with
worse prognosis.'%? Similar associations with disease severity and

prognosis were also observed in transthyretin cardiac amyloido-
sis. 10

Effects of guideline-directed therapies
on diuretic/natriuretic markers
and albuminuria

Certain foundational therapies for HF, CKD or T2D improve kid-
ney health, i.e. increase natriuresis and reduce albuminuria and
eGFR decline in the long term. RAAS inhibitors may improve
diuretic efficacy,’™ while SGLT2 inhibitors add glucosuria-driven

diuresis.’%1% |n the STRONG-HF trial, rapid in-hospital initiation

or up-titration of HF therapies improved post-discharge progno-

sis,’”” which was linked with more effective decongestion, com-

pared to usual care.'%®

Angiotensin-converting enzyme inhibitors and angiotensin
receptor blockers (ACEIs/ARBs), SGLT?2 inhibitors, and finerenone
have reduced albuminuria in CKD, especially in patients with T2D,
with most of the reduction observed within 4 weeks of initia-
tion.”-115 A 30% reduction in UACR over a 6-month period
has been suggested as a surrogate marker for a 30% reduction
in the risk of CKD and CV disease progression.''®"7 Although
some uncertainties remain, albuminuria is expected to serve as
a surrogate for HF progression.”* Importantly, RAAS inhibitors,
MRAs and SGLT2 inhibitors caused an early decrease in eGFR
without kidney injury or loss of clinical benefits. This favourable
effect is mirrored by a sustained albuminuria reduction, which may
reflect better treatment response than eGFR alone. Key results
supporting the effects of HF therapies on urinary markers are
presented in Table 3.

Angiotensin-converting enzyme
inhibitors and angiotensin receptor
blockers

Among patients at risk of HF, ACEIs/ARBs increased natriure-
sis and reduced albuminuria.’’®""” In patients with diabetes and
hypertension who have micro- or macro-albuminuria or eGFR
<60 ml/min/1.73 m2, ACEI/ARB use is recommended.?? Established
evidence showed that, among patients with diabetes, ACEls/ARBs
reduced UACR levels, particularly in those with macro-albuminuria,
and prevented the development of micro-albuminuria,’’4120:121
while albumin reduction lowered a risk of developing HF.8>122 How-
ever, albuminuria-lowering effects of ACEIs/ARBs in HF are limited

by comorbidities such as diabetes.”2123-125

Angiotensin receptor—neprilysin
inhibitors

Angiotensin receptor—neprilysin inhibitors (ARNI) may also
enhance natriuresis. In a sub-analysis of the Prospective Compari-
son of ARNI with ACEI to Determine Impact on Global Mortality
and Morbidity in Heart Failure (PARADIGM-HF) trial, which
included 8399 patients with HFrEF (81% on diuretics at baseline),
ARNI was associated with more frequent diuretic dose reductions
and fewer dose increases compared with enalapril over 1year.'?
The NATriuretic Response to expansion and dlUretics in huMans

© 2025 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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with Heart Failure (NATRIUM-HF) trial showed increased UNa*
and urine volume at 2—3 months after ARNI initiation compared
to baseline.'”” The natriuretic and diuretic effect of ARNI may
mirror its clinical benefits in worsening HF, regardless of left
ventricular ejection fraction (LVEF).128-130

The effect of ARNI on albuminuria excretion may differ between
HF and non-HF populations. In the United Kingdom Heart and
Renal Protection-lll (UK HARP-III) trial, which included 414
patients with CKD (eGFR 20-60 ml/min/1.73 m?), ARNI did not
alter UACR levels over 12 months compared with irbesartan.’®' In
contrast, among trials with available albuminuria data, ARNI con-
sistently increased UACR levels in patients with HF, compared with
comparators, including enalapril in HFrEF from the PARADIGM-HF
trial, valsartan in HFpEF from the Prospective comparison of ARNI
with ARB on Management Of heart failUre with preserved ejec-
tioN fracTion (PARAMOUNT) trial, and control (i.e. enalapril,
valsartan, or placebo) in HFpEF from the Prospective Compar-
ison of ARNI vs Comorbidity-Associated Conventional Ther-
apy on Quality of Life and Exercise Capacity (PARALLAX) trial,
despite robust CV benefits, particularly in HFrEF, and potential
renal risk reduction.’-"3 These intriguing findings may reflect
ARNI-induced afferent vasorelaxation and efferent vasoconstric-
tion, which together increase intracapillary hydraulic pressure and
albumin ultrafiltration, partly via natriuretic peptides.'

Beta-blockers

The impact of beta-blockers on urinary markers has been scarcely
reported. In patients with diabetes, their effects on blood pres-
sure, sympathetic tone, and vascular inflammation may influence
podocyte integrity and endothelial function, potentially altering

albuminuria.'#

Mineralocorticoid receptor antagonists

Although preclinical studies support the natriuretic effects of
MRAs, clinical data in HF remain limited.'*"'42 |n the Aldosterone
Targeted Neurohormonal Combined with Natriuresis Therapy in
Heart Failure (ATHENA-HF) trial, which included 360 patients
with acute HF, spironolactone 100 mg/day did not increase urine
volume, reduce natriuretic peptides, nor improve congestion
over 72h in acute HF, compared to placebo or spironolactone
25 mg/day."® However, given the slow onset of spironolactone
(>24h), eplerenone, with its shorter half-life and faster onset, may
be more suitable for acute HF* In the Early Initiation of Eplerenone
Treatment in Patients with Acute Heart Failure (EARLIER) trial,
which included 300 patients with acute HF, eplerenone versus
placebo reduced diuretic requirements, lowered natriuretic pep-
tide, and improved echocardiographic measures of cardiac filling
pressures despite lacking urinary data.'*1%

Mineralocorticoid receptor antagonists, both steroidal and
non-steroidal, consistently reduced albuminuria in patients with
CKD.146-150 | particular, finerenone lowered UACR levels com-
pared with placebo in 5734 patients with T2D and advanced
CKD in the Finerenone in Reducing Kidney Failure and Disease
Progression in Diabetic Kidney Disease (FIDELIO-DKD) trial,'®®

and also in 7437 patients with a broader eGFR range (up to
90 ml/min/1.73 m?) and moderate albuminuria (%310 mg/g) in the
Finerenone in Reducing Cardiovascular Mortality and Morbidity
in Diabetic Kidney Disease (FIGARO-DKD) trial.!’® Using these
data, 30% UACR reduction with finerenone was associated with
a lower risk of kidney outcomes by 64% and CV outcomes
by 26%."! Similarly, steroidal or non-steroidal MRAs reduced
albuminuria in HF. In the MinerAlocorticoid Receptor antagonist
Tolerability Study-Heart Failure (ARTS-HF) trial, spironolactone
or finerenone lowered UACR levels over 1 month in patients with
HFrEF and CKD." In the TOPCAT Americas and Finerenone
Trial to Investigate Efficacy and Safety Superior to Placebo in
Patients with Heart Failure (FINEARTS-HF) trials, spironolactone
and finerenone reduced UACR levels compared with placebo,
findings that may align with their potential benefits in HFpEF and
HF with mildly reduced ejection fraction.”>'>3-15 |t should be
noted that, in TOPCAT Americas, reducing UACR by 50% was
independently associated with reduced risk of all-cause mortality
and HF hospitalization.*?

Furthermore, a combination of finerenone and empagliflozin
reduced UACR levels by approximately 30% greater than either
drug alone in T2D and CKD."*® Whether MRAs/SGLT?2 inhibitors
may further reduce albuminuria in HF and help prevent HF pro-
gression warrants further investigation.'’

Sodium-glucose co-transporter 2
inhibitors
Sodium—glucose co-transporter 2 inhibitors block glucose reab-
sorption and simultaneously modulate tubular sodium reabsorp-
tion through their structural coupling with sodium—hydrogen
exchanger isoform (NHE3).">® Given the varied pharmacokinet-
ics of SGLT2 inhibitors across HF severity, evidence was conflicting
on whether their natriuretic or glycosuric effects increased diure-
sis in acute HE'>°7'%% In the Effects of Empagliflozin on Clinical
Outcomes in Patients With Acute Decompensated Heart Failure
(EMPA-RESPONSE-AHF) and Empagliflozin in Acute Decompen-
sated Heart Failure (EMPAG-HF) trials, empagliflozin 10 mg and
25 mg, respectively, increased urine volume over 4-—5days com-
pared to placebo without affecting UNa*,"62-1%* while another
trial showed empagliflozin 10 mg/day versus control increased
UNa* at 24 h.'® However, despite the various natriuretic effects
and the attenuated diuretic response observed over time,'”° the
EMPagliflozin 10 mg compared with placebo, initiated in patients
hospitalized for acUte heart faiLure who have been StabilisEd
(EMPULSE) trial showed that patients treated with empagliflozin
experienced greater congestion relief and clinical benefit compared
to those with placebo in acute HE'"172 In-hospital initiation of
SGLT2 inhibitor may reduce the early risk of CV death in patients
with acute HE'73

Sodium—glucose co-transporter inhibitors reduce albumin-
uria and slow progression from micro- to macro-albuminuria
in patients with T2D and/or CKD,""113174-178 |iiely due to
reduced intraglomerular hyperfiltration and tubular inflamma-
tion."? In the EMPAREG-OUTCOME trial, which included 4304
patients with T2D and high CV risk, empagliflozin reduced UACR

© 2025 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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levels compared to placebo.'® Albuminuria-lowering effects of
SGLT2 inhibitors were also confirmed in landmark CKD trials:
canagliflozin in the Canagliflozin and Renal Events in Diabetes
with Established Nephropathy Clinical Evaluation (CREDENCE;
4401 patients with T2D and CKD),""" dapagliflozin in the
Dapagliflozin and Prevention of Adverse Outcomes in Chronic
Kidney Disease (DAPA-CKD; 4304 patients with CKD),""? and
empagliflozin in the Study of Heart and Kidney Protection With
Empagliflozin (EMPA-KIDNEY; 6609 patients with CKD).'™
However, their effects on albuminuria reduction in HF remain
insufficiently studied. In the EMPEROR-program, empagliflozin
versus placebo consistently reduced the risk of HF-related events
and new-onset macro-albuminuria, and increased remission to
normo- or micro-albuminuria irrespective of LVEF, whereas UACR
reduction was limited to patients with concomitant diabetes or
baseline macro-albuminuria.8-182

Glucagon-like peptide-1 receptor
agonists

Glucagon-like peptide-1 (GLP1) receptor agonists reduced albu-
minuria particularly in patients with diabetes, by inhibiting renal
oxidative stress, fibrosis and apoptosis.'®>18 Among patients with
coexisting diabetes and/or obesity, GLP1 receptor agonists are
associated with significant UACR reductions compared to placebo,
regardless of comorbid CKD."85-1%° However, despite the potential
albuminuria reduction effects in patients at risk of HF (i.e. dia-
betes, obesity and CKD), whether this drug reduced future HF
events remained unclear, particularly in HFrEF'85197 Nonetheless,
among obese patients with HFpEF (LVEF >50%), in the SUMMIT
trial, tirzepatide versus placebo reduced the risk of CV death or
worsening HF events over 104 weeks, while lowering circulating
natriuretic peptide levels, increasing eGFR, and decreasing UACR

levels over 52 weeks.'%21%3

Diuretic therapy, vasodilators,
and extracorporeal ultrafiltration

Loop diuretics, which inhibit NaCl reabsorption in the ascending
limb of the Henle loop, have steep dose—response curves, with
minimal natriuretic effect below a threshold dose.®® Their efficacy
may be limited by enhancing distal NaCl reabsorption with chronic

use, known as ‘braking phenomenon’?

as well as gut oedema,
hypoperfusion, and hypoalbuminaemia which reduce oral absorp-
tion and tubular binding.’* In the Diuretic Optimization Strate-
gies Evaluation (DOSE) trial, high-dose intravenous furosemide
improved diuresis and symptom relief but increased the risk of
WREF despite no overall efficacy difference among dose strategies
or modes of administration (i.e. continuous infusion or bolus) in
acute HFE'%

As other diuretic agents, thiazides block NaCl reabsorption in
the distal tubule and increase natriuresis even in cases with loop
diuretic resistance via ‘sequential nephron blockage’.'” The clas-
sical perspective was recently supported by the results of the
Combination of Loop With Thiazide-type Diuretics in Patients

With Decompensated Heart Failure (CLOROTIC) trial, in which
adding hydrochlorothiazide versus placebo increased 24-h diure-
sis and natriuresis despite no impact on clinical outcomes in acute
HF'"7 Thiazide or thiazide-like diuretics also reduce albuminuria
excretion in CKD due to reduced intraglomerular pressure.'?8-201
Furthermore, acetazolamide, a carbonic anhydrase inhibitor, blocks
proximal tubular sodium reabsorption. In the Diamox/Aldactone
to Increase the Urinary Excretion of Sodium: an Investigational
Study in Congestive Heart Failure (DIURESIS-CHF) trial, acetazo-
lamide plus bumetanide versus high-dose loop diuretics increased
24-h natriuresis corrected for loop diuretic dose.?? In the Aceta-
zolamide in Decompensated Heart Failure with Volume Overload
(ADVOR) trial, acetazolamide versus placebo increased natriuresis
(>30%), urine volume (>500 ml) over 2 days and achieved success-
ful decongestion.>*2% Tolvaptan, a vasopressin-2 receptor antag-
onist, acts on collecting duct, inhibiting water reabsorption with-
out altering UNa*. Tolvaptan substantially increased urine volume,
weight loss, and had short-term favourable effects on the degrees
of congestion in acute HF, despite their neutral effects on CV out-
comes,204-206

Vasodilators may stabilize haemodynamics and accelerate con-
gestion relief in patients with acute HF, treatment with vasodilators
failed to augment diuresis, natriuresis or diuretic efficacy.29’-210

Furthermore, after ultrafiltration, UNa*t generally decreases
since ultrafiltration mechanically removes excess plasma vol-
ume and solutes (i.e. sodium), often extracting more sodium
than diuretic interventions, which causes RAAS activation and
enhances tubular sodium reabsorption.?'’?'2 While ultrafiltra-
tion may achieve efficient decongestion and reduce the risk of
rehospitalization, whether it reduces mortality risk remains uncer-

tain'213—215

Other urinary markers

Several other urinary markers were assessed for their diagnos-
tic and prognostic values in patients with HF; however, they are
not commonly measured in clinical practice. For example, uri-
nary kidney injury molecule-1 (KIM-1) was approved for assessing
drug-related toxic side effects in clinical trials, but not for rou-
tine clinical use.?'® Measuring urinary NGAL may incur exces-
sive medical expenses, limited insurance coverage and incon-
sistent reimbursement across healthcare systems. Other uri-
nary markers (i.e. NGAL, KIM-1, N-acetyl-p-D-glucosaminidase
[NAG], p-2-microglobulin, N-terminal pro-B-type natriuretic pep-
tide [NT-proBNP] and proteomics) are discussed in online supple-
mentary material.

Urinary markers between heart failure
with reduced and preserved ejection
fraction

Given that distinct pathophysiology, risk factor profiles, and treat-
ment responses of HFrEF and HFpEF2'7?'® urinary biomarker

compositions may differ between these two phenotypes. Patients
with HFpEF are more likely to present with albuminuria and

© 2025 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Urine markers for Setting HF therapy effects
St H Interpretation
HF clinical practice Atrisk Acute  Chronic P ACEi/ ARNI MRA SGLT2i GLP1
HF ARB RA
Key measure of natriuresis
2 — >50-70 mEq/L 2 hours after — - -
g:;?::n?:;a‘) ? v | = T = 1 =
good response
Key measure of diuresis
3 J— >600-900 mL 6 hours after — - - -
% Urine volume initial IV diuretic indicates = - - t -
= ) good response
A marker of congestion
P Predicts CV, renal and HF
(ﬁ!g:l;;nlnurla events. l t l ‘ ‘
Prognostic value

Figure 1 Practical guidance of urinary markers across heart failure (HF) stages. Across HF stages, urinary sodium (Na*), urine volume
and albuminuria provide important clinical insights. Urinary Na®™ and volume are particularly relevant in acute HF, as they help guide
diuretic therapy and achieve adequate decongestion. Albuminuria is a surrogate marker for cardiovascular (CV) and HF risk stratification,
especially in patients with diabetes and/or chronic kidney disease (CKD), and may also serve as a congestion marker in acute HF
Beyond diuretics, which increase both diuresis and natriuresis (except for vaptans), angiotensin receptor—neprilysin inhibitors (ARNIs) and
sodium—glucose co-transporter 2 inhibitors (SGLT2i) increase diuresis, whereas SGLT2i may also increase natriuresis. Most guideline-directed
medical therapies lower albuminuria, with the exception of ARNIs, which modestly increase it despite their robust cardiorenal benefits.
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; GLP1 RA, glucagon-like peptide-1 receptor agonist; IV,
intravenous; MRA, mineralocorticoid receptor antagonists; UACR, urinary albumin-to-creatinine ratio.

show greater severity of albuminuria, compared to those with
HFrER'922"% This finding is likely attributable to HFpEF-specific
pathophysiology, including systemic endothelial dysfunction and
microvascular rarefaction as well as relatively high prevalence of
comorbidity burdens such as diabetes and CKD.22-222 Addition-
ally, beyond glomerular leakage, intrinsic tubular injury or dys-
function may contribute more prominently to kidney impairment
in HFpEF than in HFrEF, as suggested by higher levels of tubu-
lar injury markers such as urinary NGAL, KIM-1, and NAG.7521?
However, it remains unclear whether these differences in urinary
markers translate into distinct prognostic implications between
HFpEF and HFrEF, or whether they represent modifiable thera-
peutic targets.

Current challenging and practical
approach

In clinical practice, natriuresis and albuminuria are not routinely
measured. In a global survey on the management of acute HF, spot
UNa* was infrequently or never measured by >85% of physicians,
although UNa* and urine volume are more commonly measured
in academic centres than in non-academic centres.?’” Albuminuria
screening rates are globally suboptimal, even among individuals at
risk of developing CKD and/or HF22-225 To mitigate the existing
knowledge gaps that challenge their implementation in clinical
practice, we present a summary of clinical information on urinary
biomarkers across different stages of HF (Figure 7).

At risk of heart failure

In patients with hypertension and diabetes, annual UACR
measurement is recommended. If macro-albuminuria persists
for >3 months or eGFR falls below 60ml/min/1.73m?, a diag-
nosis of CKD is made. Treatment should include initiation of
an ACEI/ARB and an SGLT?2 inhibitor, and finerenone is also
recommended in patients with T2D and CKD to mitigate poten-
tial risk of developing HE UACR can be re-assessed at least
4 weeks after treatment initiation to identify responders to these
treatments. Subsequently, UACR measurements can be mon-
itored one to four times per year, depending on their risk of
progression.

Stage C, acute heart failure

In patients hospitalized for acute HF with volume overload, UNa*
and urine volume should be measured 2 h after initiating intra-
venous diuretics; if UNa' is <70 mmol/L or urine volume is
<150 ml/h, the diuretic treatment should be intensified. When
diuretic therapy should be optimized on the first day, and once an
adequate response is achieved, the same dose should be repeated
every 12h until decongestion is achieved. If 24-h urine volume
remains <3 L and congestion persists, further escalation of diuretic
doses should be considered. Additional strategies include ultrafil-
tration, inotropes in cases with low-output states, or combination
diuretic therapy (acetazolamide or oral thiazide) in cases with poor
diuretic response.

© 2025 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Urinary albumin-to-creatinine ratio can be also monitored dur-
ing HF hospitalization. During decongestion therapy, UACR typi-
cally decreases from admission to the compensated stage, reflect-
ing renal decongestion.

Stage C, chronic heart failure

Patients with chronic HF should be treated with RAAS inhibitors
and SGLT2 inhibitors, and steroidal MRAs (i.e. spironolactone
and eplerenone) for HFrEF and finerenone for HFpEF. Alongside
beta-blockers (for HFrEF), these therapies should be initiated and
up-titrated within 6 weeks following acute HF hospitalization if tol-
erated. UACR should be rechecked 4 weeks after initiation, and
can be also interpreted in the context of congestion status, opti-
mized with HF treatments (e.g. diuretics), and closely monitored
over time. Additionally, UNa™ is also monitored to identify patients
with high risk of HF-related events.

Future directions

Dedicated trials for urinary markers are essential to implement
into clinical practice. For UNa* monitoring, several ongoing
trials will further evaluate the usefulness of protocolized diuretic
therapy in patients with acute HF. The Urine Chemistry Guided
Acute Heart Failure Treatment (ESCALATE; NCT04481919) trial
is focusing on diuretic titration until decongestion,??® whereas
the Diuretic Treatment in Acute Heart Failure With Volume
Overload Guided by Serial Spot Urine Sodium Assessment
(DECONGEST; NCT05411991) trial is assessing combination
therapy with acetazolamide and chlorthalidone, using a hierarchi-
cal composite outcome (i.e. mortality, morbidity and natriuretic
peptide change).??” The use of point-of-care sensor for UNa*
may facilitate nurse-led diuretic titration or ambulatory diuretic
down-titration, thereby enhancing clinical adoption.>**?® However,
as examples of natriuretic peptide-guided management,22%230
whether natriuresis-guided therapy is weighed over usual care in
terms of hard clinical outcomes remains unclear.*’ Furthermore,
as albuminuria changes over 6weeks are considered surrogate
endpoints of CKD progression, within the framework of the
heart—kidney continuum, it remains unclear whether direct reduc-
tion of albuminuria translates into improved HF outcomes, namely,
successful decongestion in acute HF and reductions in worsening
HF events and CV death in chronic HE83* Other urinary markers
(e.g. NGAL, KIM-1 and NAG) may help clarify the pathophysi-
ology of HF and identify patient subgroups at heightened risk of
adverse outcomes. Their clinical adoption, however, awaits robust
validation across diverse populations, regulatory approval, and
clear demonstration of cost-effectiveness.

Conclusions

Urinary markers, particularly natriuresis and albuminuria, show
promise throughout the entire journey of HF from prevention to
treatment and monitoring, with natriuresis being used for acute HF
management and albuminuria benefiting both prevention and moni-
toring of chronic HF (especially comorbid CKD). Ongoing trials are

expected to clarify the clinical benefits of urinary markers, which
may improve routine care for HF. Further evidence from clinical
trials and real-world experience, based on guideline-directed man-
agement, could promote the broader adoption of these markers in
clinical practice.

Supplementary Information

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