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Available online 2 July 2020 outcomes in acute heart failure (AHF). Here, we sought to evaluate: a) the usefulness of a single early

determination of UNa" for predicting adverse outcomes in patients with AHF and renal dysfunction, and
ieyw";dg il b) whether the change in UNa* at 24 hours (AUNa24 h) adds any additional prognostic information over
cute heart failure .
R baseline values.
Eéi;e]“f;;{lerztmem Methods: This is a post-hoc analysis of a multicenter, open-label, randomized clinical trial (IMPROVE-HF)
(ClinicalTrials.gov NCT02643147) that randomized 160 patients with AHF and renal dysfunction on

Clinical trial
Biomarker-guided therapy admission to a) the standard diuretic strategy, or b) a carbohydrate antigen 125-guided diuretic strategy.
Carbohydrate antigen 125 The primary end point was all-cause mortality and total all-cause readmissions.

Results: The mean age was 78 + 8 years, and the mean glomerular filtration rate was 34.0 + 8.5 mL/min/
1.73 m?. The median UNa* was 90 (65-111) mmol/L. At a median follow-up of 1.73 years [interquartile range,
0.48-2.35], 83 deaths (51.9%) were registered, as well as 263 all-cause readmissions in 110 patients. UNa*
was independently associated with mortality (HR, 0.75; 95%Cl, 0.65-0.87; P <.001) and all-cause
readmissions (HR, 0.92; 95%ClI, 0.88-0.96; P < .001). The prognostic usefulness of the AUNa24 h varied
according to UNa* at admission (P for interaction < .05). The AUNa24 h was inversely associated with both
end points only in the group with UNa® < 50 mmol/L. Conversely, no effect was found in the group with
UNa* > 50 mmol/L.
Conclusions: In patients with AHF and renal dysfunction, a single early determination of UNa*
< 50 mmol/L identifies patients with a higher risk of all-cause mortality and readmission. The AUNa24 h
adds prognostic information over baseline values only when UNa* at admission is < 50 mmol/L.
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Trayectoria precoz del sodio urinario y riesgo de eventos adversos en insuficiencia
cardiaca aguda y disfuncion renal

RESUMEN

Introduccion y objetivos: El sodio urinario (UNa*) ha surgido como un biomarcador ftil para predecir
eventos clinicos desfavorables en pacientes con insuficiencia cardiaca aguda (ICA). En este estudio
pretendemos evaluar: a) la utilidad de una Ginica determinacién precoz de UNa" para predecir eventos
adversos en pacientes con ICA e insuficiencia renal (IR) concomitante, y b) si los cambios en el UNa" a las
24 horas (AUNa24 h) afiaden informacion pronéstica adicional sobre los valores basales.

Meétodos: Analisis post-hoc del ensayo clinico multicéntrico, abierto y paralelo (IMPROVE-HF),
(ClinicalTrials.gov NCT02643147) en el que 160 pacientes con ICA e IR concomitante al ingreso fueron
aleatorizados a: a) estrategia diurética convencional, o b) estrategia basada en los niveles del antigeno
carbohidrato 125. El objetivo primario fue la mortalidad total y el namero total de ingresos recurrentes.
Resultados: La edad media fue 78 + 8 afios, y la tasa media de filtrado glomerular fue 34,0 + 8,5 ml/min/
1,73 m?. La mediana de UNa* fue 90 mmol/L (65-111). Tras una mediana de seguimiento de 1,73 afios [IQR
0,48-2,35], se registraron 83 muertes (51,9%) y 263 rehospitalizaciones totales en 110 patientes. El UNa" se
asoci6 de forma independiente con la mortalidad por todas las causas (HR=0,75, 1C95%, 0,65-0,87; p
< 0,001), y con las rehospitalizaciones totales (HR = 0,92; 1C95%, 0,88-0,96; p < 0,001). El efecto prondstico
del AUNa24 hvari6 de acuerdo con el UNa* al ingreso (p para la interaccion < 0,05). El AUNa24 h se asoci6 de
manera inversa con ambos eventos clinicos solo en el subgrupo de pacientes con valores basales de UNa*
< 50 mmol/l. Por el contrario, no se encontrd ningtin efecto en el grupo de pacientes con UNa* > 50 mmol/I.
Conclusiones: En pacientes con ICA e IR, una Ginica determinacion precoz de UNa* < 50 mmol/l identifica
a pacientes con mayor riesgo de muerte por todas las causas y hospitalizaciones recurrentes. El
AUNa24 h afiade informacion pronoéstica adicional sobre los valores basales solo cuando el UNa* al
ingreso es < 50 mmol/l.

© 2020 Sociedad Espaiiola de Cardiologia. Publicado por Elsevier Espaiia, S.L.U. Todos los derechos reservados.

Abbreviations

AHF: acute heart failure

CA125: carbohydrate antigen 125

eGFR: estimated glomerular filtration rate
AUNa24 h: the change in UNa" at 24 hours
UNa": urinary sodium content

UNa*50: UNa* < 50 vs > 50 mmol/L

INTRODUCTION

Intravenous loop diuretics are the cornerstone of the treatment
of acute heart failure (AHF) syndromes.! Nonetheless, diuretic dose
titration and decongestion monitoring remain an unsolved clinical
dilemma, particularly given the heterogeneity in volume over-
load.! Current decongestion monitoring practice largely relies on
serial weight changes, clinical examination, and net fluid loss.
However, these metrics offer a modest ability for assessing the
adequacy of the treatment response.? A relatively recent alterna-
tive biomarker to identify patients at risk of diuretic resistance and
worse clinical outcomes is urinary sodium content (UNa*).>~” Thus,
it seems plausible to speculate that serial assessment of UNa*
during decompensation would have a clinically useful role in
assessing the patient response to diuretics.® Indeed, in patients
with AHF, a recent position statement suggested the use of serial
UNa" assessment during the early course of decompensation to
monitor responses and tailor the intensity of the diuretic
treatment.! However, data endorsing the clinical usefulness of
early UNa" serial measurement are scarce or even nonexistent in
patients who concomitantly display renal dysfunction, a condition
that may greatly influence the excretion of UNa®.

In this work, we sought to evaluate: a) the clinical usefulness of
a single determination of spot UNa" at presentation for predicting

all-cause mortality and total readmissions in patients with AHF
and renal dysfunction on admission, and b) whether the change in
UNa" at 24 hours (AUNa24 h) provides any additional prognostic
advantage over baseline UNa"* values.

METHODS
Study population

This study is a post-hoc analysis of a multicenter, open-label,
parallel randomized controlled trial (IMPROVE-HF). In that trial,
patients with AHF and renal dysfunction at presentation were 1:1
randomized to a) a standard loop diuretics dosage based on
routine clinical evaluation, or b) carbohydrate antigen 125
(CA125)-guided therapy. The inclusion and exclusion criteria
were published previously? and are presented in table 1 of the
supplementary data. This study was registered with Clinical-
Trials.gov (NCT02643147). A detailed description of the trial
design is presented elsewhere.>°

The study was conducted according to the principles of the
Declaration of Helsinki and the International Conference on
Harmonisation Guidelines for Good Clinical Practice and fully
conformed to national regulations. The protocol, informed consent
form, participant information sheet, and all applicable documents
were approved by the appropriate Ethics Committee (Comite de
Etica del Hospital Clinico Universitario de Valencia) and by the
Agencia Espariola del Medicamento y Productos Sanitarios (AEMPS).
All patients provided written informed consent. All analyses were
performed by an independent company (MedStats Consulting,
United States).

Procedures

Once the diagnosis of AHF was confirmed, patients were
screened and randomized within the first 24 hours. During this
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visit, clinical characteristics and biomarkers were assessed.
Scheduled follow-up visits were performed at 24 hours, 72 hours,
and 30 days after randomization (final visit).

Eligible patients were randomized to receive intravenous
diuretics with the dosage based on either conventional clinical
evaluation or on CA125 values. In the conventional
clinical evaluation arm, the diuretic strategy was based on the
presence of signs and symptoms of systemic congestion according
to current guideline recommendations.'? In the active arm, higher
diuretic doses were recommended in patients with CA125 > 35U/
mL. In contrast, lower doses were recommended when CA125 <
35 U/mL. The diuretic strategies in both arms are summarized in
table 2 of the supplementary data.

UNa" assessment

UNa* was measured at patient randomization and at 24 hours.
The mean time from admission to randomization was 6 =+ 3 hours,
and the median and interquartile range [IQR] dose of intravenous
furosemide received before randomization was 40 [20-60] mg. Based
on previous studies,*®!" UNa* at admission was dichotomized at
50 mmol/L (< 50 vs > 50 mmol/L).

Follow-up and end points

The primary end point was to assess whether a single
determination of UNa" at admission predicts all-cause mortality
and all-cause readmission rates. In addition, we sought to
evaluate if changes in UNa* at 24 hours (AUNa24 h) provided
any additional prognostic advantage over baseline UNa* values.
For this purpose, the AUNa24 h was tested against clinical end
points at UNa® < 50 and > 50 mmol/L (UNa*50). Ambulatory
follow-up was performed in the HF units of each center. End points
were adjudicated by reviewing the electronic discharge records of
our regional health care system. Only unplanned readmissions
were included. HF-related readmissions were those with wors-
ening or acute HF as the main diagnosis at discharge. The
researchers in charge of end point adjudications were all blinded
to the exposure.

Statistical analysis

Baseline continuous characteristics according to UNa*50 are
presented as mean + standard deviation and median [interquartile
range] as appropriate; categorical variables are presented as
frequencies with percentages. Continuous variables were compared
according to UNa*50 with either the t test or rank-sum test for
independent samples depending on the variable distribution. Discrete
variables were compared using the chi-square test.

Variable selection for regression models

Candidate covariates were chosen based on previous medical
knowledge, independently of their P values. A reduced and
parsimonious model was derived using backward elimination.
During this selection process, the linearity assumption for
continuous variables was tested and transformed, if appropriate,
with fractional polynomials.'?

In all analyses, the hospital center was included as a
stratification factor, and the randomization variable from the
original randomized controlled trial was forced as a covariate.

Association with clinical end points

A bivariate negative binomial regression was used to determine
the direction and strength of the association of exposures (UNa*
and interaction of the UNa*50 with the AUNa24 h) with all-cause
readmissions and all-cause mortality. Coefficients from this
method are estimated by accounting for the positive correlation
among the recurrent outcome and death as a terminal event by
linking the 2 simultaneous equations (readmission count and
death) with shared frailty. In addition, each patient’s follow-up
time was used as an offset in the models to account for differences
in the follow-up. In the end, by using this methodology, the
potential for bias due to death as informative censoring is
minimized, an issue commonly seen in AHF studies. Risk estimates
from this method are presented as incidence rate ratios (IRRs) and
95% confidence intervals (95%Cls). The covariates included in each
model are presented with the corresponding figure legends.
Completeness of follow-up was calculated with the Clark or
completeness index C (95.3%).

The shape and direction of the AUNa24 h association trajectory
(as IRRs) was depicted along its continuum and stratified by UNa*
status (UNa* < 50 mmol/L vs UNa* > 50 mmol/L). A portion of the
trajectory above or below 1 in the y-axis was deemed to be
significant.

A 2-sided P value of < .05 was set as the threshold for statistical
significance. Stata 15.1 (Stata Statistical Software, Release
15 [2017]; StataCorp LP, United States) was used for the primary
analysis. Risk reclassification analyses (survIDINRI and SurvCl
modules) were implemented in R (version 3.5.2; R Foundation for
Statistical Computing, Austria).

RESULTS
Patients

A total of 160 patients were included in this study between
March 2015 and December 2016 at 9 centers in Spain. The mean
age of the study population was 78 4 8 years, 66.9% were male, and
46.9% had left ventricular ejection fraction < 50%. The median [IQR,
p25-p75] levels of N-terminal pro-brain natriuretic peptide and
CA125 were 7765 pg/mL [3507-15404] and 58 U/mL [22-113],
respectively. The mean BUN and creatinine levels and estimated
glomerular filtration rate (eGFR) were 47.3 4+ 16.6 mg/dL,
1.98 + 0.52 mg/dL, and 34 + 8.5 mL/min/1.73 m?, respectively. By
design, all patients had renal dysfunction (eGFR < 60 mL/min/1.73
m?), and 50 patients (31.3%) had an eGFR < 30 mL/min/1.73 m? at
admission. Chronic kidney disease (eGFR < 60 mL/min/1.73 m? using
serum creatinine obtained at the latest available outpatient visit prior
to admission and assessed during a stable phase of the disease) was
present in 106 patients (66.3%). All patients received intravenous
furosemide on admission, and the median [IQR] dose was 40 [20-60]
mg. The accumulated doses at 24 and 72 hours postrandomization
were 190 [120-320] and 410 [250-640], respectively. Detailed
characteristics of the study sample are presented in table 1.

Baseline characteristics according to UNa*

The median [IQR] of UNa" content at randomization was
90 mmol/L [65-111], and UNa* < 50 mmol/L was present in
23 patients (14.4%). Patients with UNa® < 50 mmol/L were
younger, exhibited worse New York Heart Association (NYHA)
class at randomization, and had higher baseline levels of CA125.
Nevertheless, no significant differences were found in natriuretic
peptide values or in clinical signs of congestion vs those with
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Table 1
Baseline characteristics according to urinary sodium content at admission
Variables Total UNa® <50 UNa*> 50 P
(n=160) (n=23) (n=137)
Demographics and medical history
Age, y 78 £8 74+10 787 .018
Male sex 107 (66.9) 17 (73.9) 90 (65.7) 438
Hypertension 144 (90.0) 17 (73.9) 127 (92.7) .005
DM 90 (56.3) 14 (60.9) 76 (55.5) 629
Smoker 8 (5.0) 1(4.3) 7 (5.1) 877
Former smoker 50 (31.3) 9(39.1) 41 (29.9) 378
First admission for AHF 57 (35.6) 9(39.1) 48 (35.0) .704
Prior myocardial infarction 49 (30.6) 7 (30.4) 42 (30.7) .983
History of atrial fibrillation 86 (53.8) 8 (34.8) 78 (56.9) .049
Chronic kidney disease* 106 (66.3) 13 (56.5) 93 (67.9) .286
Medical devices
Pacemaker 32 (20.0) 5(21.7) 27 (19.7) 822
ICD 33 (20.6) 6 (26.1) 27 (19.7) 484
Clinical presentation
NYHA class at randomization .010
1l 3(1.9) 0 (0.0) 3(22)
1l 85 (53.1) 6 (26.1) 79 (57.7)
v 72 (45.0) 17 (73.9) 55 (40.1)
Peripheral edema .107
No 33 (20.6) 3(13.0) 30(21.9)
Grade 1 31(19.4) 3 (13.0) 28 (20.4)
Grade 2 43 (26.9) 4(17.4) 39 (28.5)
Grade 3 41 (25.6) 9 (39.1) 32 (234)
Grade 4 12 (7.5) 4(17.4) 8 (5.8)
Jugular venous distention 71 (44.4) 13 (56.5) 58 (42.3) 205
Pulmonary rales 112 (70.0) 18 (78.3) 94 (68.6) 350
Vital signs
Heart rate, bpm 75+18 77 +17 75+18 .706
Systolic blood pressure, mmHg 127 +23 117 +£20 129+23 .025
Diastolic blood pressure, mmHg 67+13 70+12 67+13 204
Electrocardiography and echocardiography
LBBB 25 (15.6) 4(17.4) 21 (15.3) 801
QRS duration, ms 122+33 120+28 122+34 .800
LVEF 47 +14 49415 391
LVEF categories 122
<40% 60 (37.5) 12 (52.2) 48 (35.0)
41%-49% 15 (9.4) 0 (0.0) 15 (10.9)
>50% 85 (53.1) 11 (47.8) 74 (54.0)
Laboratory analysis
Hemoglobin, g/dL 11.7+19 12.2+2.0 11.6+1.9 224
Hematocrit, % 36.6+54 37.9+55 36.3+54 210
Serum sodium, mEq/L 13944 136+4 13944 .000
Serum potassium, mg/dL 4.5+0.6 4.6+0.8 4.4+0.6 273
BUN, mg/dL 47.3+16.6 46.8 +14.8 47.4+16.9 877
Creatinine, mg/dL 1.98 +0.52 2.14+0.61 1.95+0.49 .093
eGFR, mL/min/1.73 m? 34.0+£8.5 32.7+10.0 34.2+83 443
CA125, U/mL 58 [22-113] 99 [59-151] 51 [22-94] 027
NT-proBNP, pg/mL 7765 [3507-15 404] 8122 [2383-26 494] 7620 [3704-12 550] 623
hs-TnT, ng/L 48 [32-78] 59 [36-90] 47 [32-76] 233
Medications received before decompensation
Loop diuretics, n (%) 145 (90.6) 21 (91.3) 124 (90.5) .904
FED, mg/d 80 [60-120] 80 [40-120] 80 [60-120] 185
Thiazides, n (%) 38 (23.8) 6 (26.1) 32 (23.4) 776
Beta-blockers, n (%) 116 (72.5) 16 (69.6) 100 (73.0) 733
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Table 1 (Continued)
Baseline characteristics according to urinary sodium content at admission

Variables Total UNa* <50 UNa* > 50 P
(n=160) (n=23) (n=137)
ACEIs/ARBs, n (%) 77 (48.1) 12 (52.2) 65 (47.4) 674
MRA, n (%) 64 (40) 8 (34.8) 56 (40.9) 581

ACEls, angiotensin converting enzyme inhibitors; AHF, acute heart failure; ARBs, angiotensin II receptor blockers; BUN, blood urea nitrogen; CA125, antigen carbohydrate
125; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; FED, furosemide equivalent dose; hs-TnT, high-sensitivity troponin T; ICD, implantable cardioverter-
defibrillator; LBBB, left bundle branch block; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NT-proBNP, amino-terminal pro-brain
natriuretic peptide; NYHA, New York Heart Association; QRS, QRS interval; UNa", urinary sodium content.
Data are expressed as No. (%), mean + standard deviation, or median [interquartile range].

* Chronic kidney disease was defined as eGFR < 60 mL/min/1.73 m? using creatinine obtained at the latest available outpatient visit prior to admission and assessed during

a stable phase of the disease.

UNa"* > 50 mmol/L (table 1). Moreover, the 2 groups were balanced
regarding prior diuretic treatment (table 1). Intravenous diuretic
therapy according to UNa*50 is presented in table 2. There was a
statistical trend for a higher intravenous furosemide equivalent
dose (FED) during the first 24 hours in patients with UNa* <
50 mmol/L. No differences were found at 72 hours. Accumulated
diuresis during the first 24 and 72 hours did not significantly differ
according to UNa*50. Time to cessation of intravenous furosemide
was longer in patients with UNa* < 50 mmol/L (table 2).

Spot UNa* at admission and clinical end points
All-cause mortality

After a median follow-up of 1.73 [0.48-2.35] years, 83 all-cause
deaths (51.9%) were recorded: 51 (61.45%) corresponded to HF-
related deaths, 8 (9.64%) to other cardiovascular causes, and 24
(28.92%) to noncardiovascular deaths. In a multivariable setting,
UNa" was significantly, inversely, and linearly associated with a
higher risk of mortality (figure 1A). Indeed, for each 20-mmol/L
increase in UNa®, there was a 25% decrease in the incidence of
mortality (table 3). A sensitivity analysis revealed that UNa* was also
inversely and independently associated with a higher risk of HF- and
cardiovascular-related death (table 3 of the supplementary data).

Readmissions

During follow-up, 263 all-cause readmissions were recorded in
110 patients, as well as 160 HF readmissions in 81 patients. The
distribution of all-cause readmissions per patient was 1, 2, 3,and >
3in 45, 24, 18, and 23 patients, respectively. For HF readmissions,

the distribution per patient was 1, 2, 3, and > 3 in 40, 24, 6, and
11 patients, respectively.

As shown in figure 1B, UNa* was independently and inversely
associated with the risk of all-cause readmissions. For every 20-
mmol/L increase along its continuum, there was an associated 8%
decrease in all-cause readmissions (table 3). Likewise, UNa™ was
inversely associated with the risk of recurrent HF readmission
(table 3).

Additional prognostic value of AUNa24 h

The mean eGFR was significantly increased at 24 hours
(34.0 £ 8.5 vs 354+ 8.5 mL/min/1.73 m?, P=.004). Likewise, the
mean UNa* was decreased vs baseline [median delta change of — 5.5
(=25 to 12.6) mmol/L]. In total, 98 patients (61.3%) had a decreased/
unchanged AUNa24h. Patients with a decreased/unchanged
AUNa24 h showed a trend for higher rates of death (3.9 vs 2.6 per
10 person-years, P =.094) but not for all-cause readmissions (17.9 vs
14.0 per 10 person-years, P=.279).

By modeling the effect of the AUNa24 hon therisk of mortality
and readmissions, we found a significant interaction with
baseline values of UNa*50. The AUNa24h was inversely
associated with all-cause mortality only in the group with
UNa* < 50 mmol/L. Conversely, no effect was found in the group
with UNa* > 50 mmol/L (figure 2). The same differential effect
was found for total readmissions (figure 3). The interactions
between AUNa24 h and baseline UNa* were no longer significant
when the baseline values of UNa™ were dichotomized at 60 mmol/
L (P value for interaction =.080) and 70 mmol/L (P value for
interaction = .837).

Table 2
Intravenous diuretic treatment and response to diuretic therapy
Variables Total UNa* <50 UNa+ > 50 P
(n=160) (n=23) (n=137)
Intravenous diuretic treatment
Accumulated 24-h dose of FED, mg/24 h 80 [60-160] 160 [80-250] 80 [60-160] 054
Accumulated 72-h dose of FED, mg/24 h 380 [243-640] 500 [250-1040] 360 [240-610] 140
Response to diuretic therapy
Diuresis during the first 24 h, mL 3000 [2000-3775] 2500 [1700-3535] 3000 [2000-3800] 422
Diuresis between 24 and 72 h, mL 3653 [2850-4479] 4000 [2650-5500] 3600 [2850-4411] 377
Diuresis during the first 72 h, mL 6500 [5200-8075] 6350 [5150-8300] 6500 [5200-8050] 986
Days elapsed to furosemide oral initiation 4(4,7) 7(4,9) 4 (4, 6) .006

FED, furosemide equivalent dose; UNa*, urinary sodium content.
Data are expressed as No. (%), or median [interquartile range].
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Figure 1. Early spot UNa* and risk of adverse clinical outcomes. A, early spot UNa* and long-term all-cause mortality®. B, early spot UNa" and long-term total
readmissions®. ® Model adjusted by hospital center, age, sex, randomization variable, prior admission for acute heart failure, ischemic heart disease, systolic blood
pressure, glomerular filtration rate, blood urea nitrogen, N-terminal pro-brain natriuretic peptide, and furosemide equivalent dose prior to randomization (mg/
24 h). ® Model adjusted by hospital center, randomization variable, prior admission for acute heart failure, ischemic heart disease, systolic blood pressure,
glomerular filtration rate, blood urea nitrogen, N-terminal pro-brain natriuretic peptide, hemoglobin, left ventricular ejection fraction, and furosemide equivalent
dose prior to randomization (mg/24 h). IRR, incidence rate ratio; UNa®, urinary sodium.

Table 3

Clinical events by spot urinary sodium
UNa*, per 20 mmol/L increase  Incidence rate ratio ~ 95%Cl P
@ All-cause mortality 0.75 0.65-0.87 <.001
b All-cause readmission 0.92 0.88-0.96  <.001
¢ Cardiovascular readmission 0.92 0.86-0.99  .023

95%Cl, 95% confidence interval; UNa*, urinary sodium.

@ Model covariates: hospital center, age, sex, randomization variable, prior
admission for acute heart failure, ischemic heart disease, systolic blood pressure,
glomerular filtration rate, blood urea nitrogen, N-terminal pro-brain natriuretic
peptide, and furosemide equivalent dose prior to randomization (mg/24 h).

 Model covariates: hospital center, randomization variable, prior admission for
acute heart failure, ischemic heart disease, systolic blood pressure, glomerular
filtration rate, blood urea nitrogen, N-terminal pro-brain natriuretic peptide,
hemoglobin, left ventricular ejection fraction, and furosemide equivalent dose prior
to randomization (mg/24 h).

¢ Model covariates: hospital center, randomization variable, prior admission for
acute heart failure, ischemic heart disease, systolic blood pressure, glomerular
filtration rate, blood urea nitrogen, N-terminal pro-brain natriuretic peptide, left
ventricular ejection fraction, and furosemide equivalent dose prior to randomiza-
tion (mg/24h).
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DISCUSSION

The primary findings of the present study in patients with AHF
and concomitant renal dysfunction confirm the value of the early
assessment of UNa" for predicting all-cause mortality. In addition,
to the best of our knowledge, this is the first work endorsing the
association between low UNa" and a higher burden of rehospitali-
zation. Notably, the risk estimates were adjusted for established
prognosticators and prior diuretic regimen. Interestingly, we found
that the trajectory of UNa* excretion after 24 hours of diuretic
therapy provides additional prognostic information over baseline
values only in the subgroup of patients with lower UNa* content at
baseline (absolute UNa* < 50 mmol/L). Taken together, these
findings suggest that a single measurement of UNa" at admission
may be enough to identify patients at high risk of adverse events.
UNa® monitoring during hospitalization might provide useful
clinical information, particularly in patients with lower values at
admission.

P=.414

All-cause mortality, IRR
o
o

50 -40 -30 -20 -10 0 10 20 30 40 50
A UNa24 h, mmol/L

P-value for the interaction = .031

Figure 2. Differential effects of AUNa24 h on all-cause mortality according to UNa* at baseline. IRR depiction along the continuum of the AUNa24 h according to the
2 levels of UNa" at baseline. A, UNa* at baseline < 50 mmol/L. B, UNa* at baseline > 50 mmol/L. ANaU24 h modeled with fractional polynomial [3] and centered at
the “0” value. The omnibus P value for the interaction, P=.031. The analysis was adjusted by hospital center, randomization variable, age, sex, systolic blood
pressure, glomerular filtration rate, N-terminal pro-brain natriuretic peptide, urine volume at 24 hours, and FED at 24 hours. AUNa24 h, change in UNa* at
24 hours; FED, furosemide equivalent dose; IRR, incidence rate ratio; UNa®, urinary sodium.
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Figure 3. Differential effects of AUNa24 h on all-cause recurrent admissions according to UNa* at baseline. IRR depiction along the continuum of the AUNa24 h
according to the 2 levels of UNa™ at baseline. A, UNa" at baseline < 50 mmol/L. B, UNa" at baseline > 50 mmol/L. AUNa24 h modeled with fractional polynomial [0]
and centered at the “0” value. The omnibus P value for the interaction, P = .002. Analysis adjusted by hospital center, randomization variable, prior admission for
heart failure, ischemic etiology, systolic blood pressure, glomerular filtration rate, blood urea nitrogen, hemoglobin, N-terminal pro-brain natriuretic peptide, urine
volume at 24 hours, and FED at 24 hours. AUNa24 h, change in UNa" at 24 hours; FED, furosemide equivalent dose; IRR, incidence rate ratio; UNa*, urinary sodium.

Prognostic value of spot UNa*

UNa* has emerged as a promising biomarker in HF.>~7 From a
pathophysiological point of view, lower UNa* may result from a
decrease in the glomerular filtration rate.’* However, most of the
evidence indicates that lower UNa* mainly identifies patients with
renal tubular dysregulation secondary to sustained neurohormon-
al activation.’>'® Thus, lower UNa" has been shown to identify
patients at higher risk of adverse events and diuretic resistance.®~”
This study confirms these findings in patients with AHF and
concomitant renal dysfunction. In agreement with recent work, we
found that early assessment of UNa" is strongly associated with the
risk of long-term mortality, despite a thorough patient adjustment.
Interestingly, we also found a significant and adjusted association
of spot UNa" with the burden of total hospitalizations in this high-
risk population that enrolled a subset of patients with severe renal
dysfunction at presentation.

Although we cannot compare the discriminative accuracy of
spot UNa" at admission vs UNa24h, we believe that spot
determinations offer important advantages over UNa24 h. First,
the spot assessment might provide early clinical information with
potential prognostic and therapeutic implications. Second, spot
UNa" at admission or during the early course of admission is much
easier to implement in real-world clinical practice.

Prognostic value of the early UNa* trajectory in AHF

Serial assessment of UNa* during hospitalization for AHF has
been suggested to be useful for monitoring the diuretic response
and eventually guiding the intensity of depletive treatment.
Indeed, a recent position statement from the Heart Failure
Association of the European Society of Cardiology (ESC-HF)
recommended UNa* measurement as part of a stepped pharmaco-
logical care algorithm' in patients with AHF and congestion.
According to that document, a spot UNa* < 50-70 mmol/L 2 hours
after the starting dose of loop diuretics should alert clinicians to
the risk of diuretic resistance and motivate prompt interventions.!
Although this “tubular stress test” is plausible and attractive, there
is little evidence supporting the clinical role of UNa® serial
measurement in patients with AHF syndromes. Biegus et al.®
recently reported that longitudinal spot UNa" analysis during
consecutive days of decongestion provides further clinical and
prognostic information. They showed that patients with de-

creased/unchanged UNa" excretion at 48 hours had less effective
decongestion, poorer diuretic efficacy, and higher risk of 1-year
mortality. However, several aspects should be acknowledged when
interpreting longitudinal UNa* dynamics. First, urinary composi-
tion is characterized by a progressive decline in UNa" along the
course of diuretic therapy.” Once extracellular volume overload
has been reduced, natriuresis also declines to allow sodium
excretion to once again equal intake.'” Although this phenomenon
is frequently maladaptive in AHF (sodium retention in the setting
of persistent congestion), it might be difficult to ascertain whether
the observed decline in UNa"* indicates diuretic resistance or, in
contrast, represents a physiological response to extracellular
volume contraction. In addition, and regardless of the prognostic
usefulness, we already envision that, in the absence of specific and
well-established treatment implications, it may be difficult to
widely implement serial assessment in clinical practice. However,
we should also note that isolated assessment of UNa" in the first
hours or days of decompensation also provides useful prognostic
information, as reported here and in other studies.®1%19

According to the present findings, early changes in UNa" may
provide meaningful prognostic information in patients with lower
UNa* values at baseline. This subset of patients identified a
subgroup with ominous prognosis whose UNa" monitoring may
provide useful clinical information on the treatment response. In
contrast, in the presence of higher values at baseline (UNa* >
50 mmol/L), early UNa* changes may not provide additional
information to better define patient risk. Further research is
required to confirm the present findings and, more importantly,
elucidate the role of UNa" as a therapeutic target.

Several limitations to our study need to be acknowledged. First,
this was a post-hoc analysis of the IMPROVE-HF trial, which was
not designed to evaluate the prognostic value of UNa" in AHF.
Therefore, all of the results should be considered exploratory and
hypothesis-generating. Second, due to the limited sample size,
some of the negative results could be explained by type II error
(insufficient statistical power). Third, the IMPROVE-HF cohort was
primarily composed of patients with AHF and concomitant renal
dysfunction. Therefore, it is unclear how the results will apply to
the broader AHF population. In addition, with the present data, we
cannot accurately distinguish between patients with acute vs
chronic renal dysfunction at presentation. Fourth, although
patients were recruited in 9 centers in Spain and the follow-up
was performed by a multidisciplinary team (cardiologists and
internal medicine specialists), it is unknown how these results will
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apply to other health care systems with a different HF manage-
ment organization.2 Fifth, we did not evaluate the effect of UNa"
on other surrogates of decongestion, such as weight and venous
pressures. Sixth, we cannot account for differences in sodium
intake before admission or during decompensation. As such, we
cannot evaluate its effect as a confounder. Seventh, we used spot
urine samples and not 24-hour urine collection. Therefore, we
cannot compare the prognostic value of spot vs 24-hour collection.
Eighth, baseline UNa" is potentially confounded by the timing of
measurement and the last administration of intravenous diuretics.
This period was not recorded in this study. Lastly, the threshold for
the identification of a poor natriuretic response remains arbitrary.
Further studies should confirm the optimal cutoffs.

CONCLUSIONS

In patients with AHF and renal dysfunction, a single and early
determination of UNa* identifies a subgroup of patients with a
higher risk of all-cause mortality and readmissions. AUNa24 h
adds prognostic information over baseline values when UNa* at
presentation is < 50 mmol/L.

WHAT IS KNOWN ABOUT THE TOPIC?

- Spot UNa* has emerged as a reliable and widely available
prognostic marker in AHF, identifying patients at a
higher risk of adverse events.

- Increasing evidence suggests that the diuretic and
natriuretic response to loop diuretic therapy can be
accurately predicted from a spot urine sample collected
1 to 2 hours after loop diuretic administration.

WHAT DOES THIS STUDY ADD?

- This work reveals an independent association between
low spot UNa" at admission and a higher burden of
rehospitalization in patients with AHF and concomitant
renal dysfunction.

- In addition, we suggest that the trajectory of UNa*
excretion after 24 hours of diuretic therapy provides
additional prognostic information over baseline values,
particularly in patients with lower UNa® content at
baseline (absolute UNa" < 50 mmol).
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