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ABSTRACT

INTRODUCTION  The urinary sodium (UNa) concentration is associated with outcomes in patients with
acute heart failure (HF). Its impact in individuals with chronic HF is unknown.

0BJECTIVES This study examined the combined effect of diuretic dosage and UNa concentration in
chronic HF.

PATIENTS AND METHODS  The research sample for this retrospective cohort study consisted of ambulatory
patients receiving optimized therapy and followed in an HF clinic. The patients were recruited between
2009 and 2012. The exclusion criteria were therapeutic adjustments or hospital admissions in the previ-
ous 2 months and renal replacement therapy. The patients were followed for 5 years; the endpoint was
all-cause mortality. The association between the ratio of furosemide dosage to UNa concentration and
5-year mortality was studied using a receiver operating characteristic (ROC) curve. The patients were
cross-classified according to daily furosemide dosage (with the cutoff set at 80 mg) and UNa concentration
(80 mEg/1). Multivariable Cox regression analysis was used to assess the prognostic impact of the ratio.
ResuLts We analyzed 283 patients with chronic HF (70.3% male; mean age, 69 years). During follow-
-up, 134 patients died. The median furosemide dosage was 80 mg/day and the mean UNa concentration
was 85 mEg/l. Based on the ROC curve, the best cutoff for the ratio of daily furosemide dosage to UNa
concentration was 0.8. Patients with a ratio of 0.8 or higher had an adjusted hazard ratio for 5-year
mortality of 2.85 (95% Cl, 1.78-4.58). Patients with a UNa excretion rate of less than 80 mEg/l who were
administered 80 mg or more of furosemide per day were found to have a worse prognosis (HR, 4.15;
95% Cl, 2.31-7.45) when compared with those with a UNa excretion rate of 80 mEqg/l or more and less
than 80 mg furosemide per day.

concLusions  Combining the diuretic dosage and measurement of UNa excretion can be used to refine
risk stratification in chronic HF. The furosemide-to-UNa ratio can be a surrogate marker for diuretic
resistance and has a prognostic impact in chronic HF.

INTRODUCTION Diuretic resistance frequent-
ly accompanies the progression of heart failure
(HF)."? Congestion that is refractory to diuretic
therapy portends an ominous prognosis in HF pa-
tients and, as anticipated, elevated doses of loop
diuretics have been associated with poor out-
comes in both acute and chronic HE.*® The urine

output in response to diuretic administration and
the change in weight in the days following the in-
crease of diuretic dose are indirect measures of
the diuretic’s efficacy.”-* The ability of the kidney
to excrete the sodium excess, as measured by uri-
nary sodium (UNa) concentration, has been re-
ported to be associated with outcomes in acute
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WHAT'S NEW?

The urinary sodium concentration affects the prognosis in patients with
acute heart failure. In this study, we suggested that it might also play a role
in chronic stable heart failure. We found that a ratio of furosemide dosage
to urinary sodium concentration, which is an indirect measure of diuretic
resistance, was related to outcomes in patients with chronic stable heart
failure. Patients excreting more sodium with a lower diuretic dosage seem to
have better survival than those excreting low sodium with a higher diuretic
dosage. This ratio can be useful in stratifying patients with chronic heart
failure in terms of the mortality risk and it could help determine the optimal
individual diuretic dosage.

HE.3410-13 However, the significance of UNa con-
centration in chronic HF is largely unknown.

The disruption of sodium and fluid homeosta-
sis with marked sodium avidity is a hallmark of
HE." Therefore, UNa has emerged as a potential
biomarker of interest for risk stratification in pa-
tients with chronic HE, as it apparently correlates
with HF severity and may reflect vulnerability to
decompensation.'*®

Recently, metrics of diuretic responsiveness,
such as net fluid loss per milligram of loop diuretic
equivalent or weight loss indexed to diuretic dos-
age, have been suggested to provide incremental
prognostic information beyond that gleaned from
changes in weight, fluid balance, or loop diuret-
ic dosage alone.*'® Moreover, UNa concentration
may also be used to predict an acute HF admis-
sion episode in stable HF patients.!’

Diuretic resistance is difficult to translate in
easy-to-measure parameters in clinical practice.
We aimed to assess the ability of an indirect mea-
sure of diuretic resistance—the ratio of furose-
mide dosage to UNa concentration—to predict
prognosis in chronic HF patients. Additionally,
we aimed to study the combined effect of both
diuretic dosage and UNa concentration in this
group of patients.

PATIENTS AND METHODS We retrospectively
studied a cohort of chronic stable HF patients
followed in an HF clinic of a tertiary care aca-
demic hospital who had been prospectively re-
cruited between May 2009 and December 2012.
Consecutive patients under optimized, evidence-
-based therapy according to the existing guide-
lines were eligible for inclusion in the study. Pa-
tients with therapeutic adjustments or hospi-
tal admissions in the previous 2 months as well
as those on renal replacement therapy were ex-
cluded. On admission, all patients underwent
a complete physical examination and had ve-
nous blood samples drawn. Urinary sodium con-
centration was measured in morning spot urine
and 24-h urine samples. Demographic data, co-
morbidities, and medications in use were re-
corded. Patients with HF with a left ventricu-
lar ejection fraction (LVEF) of at least 50% were
considered to have preserved ejection fraction
(HFpEF), while patients with an LVEF between
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40% and 49% were considered to have HF with
mid-range ejection fraction (HFmrEF). Severe
left ventricular systolic dysfunction correspond-
ed to an LVEF of less than 30%; moderate sys-
tolic dysfunction corresponded to an LVEF be-
tween 30% and 39%; and together they formed
the group of patients with HF with reduced ejec-
tion fraction (HFrEF).

Comorbidities were defined as follows. Diabe-
tes mellitus was recorded when there was a known
previous diagnosis or current prescription of ei-
ther an oral hypoglycemic agent or insulin. Arteri-
al hypertension was determined in cases of a pre-
vious diagnosis or a record of antihypertensive
pharmacological treatment. Coronary heart dis-
ease was defined as a history of acute myocardial
infarction or imaging-confirmed significant coro-
nary heart disease.

With regard to disease-modifying drugs,
their doses were presented as follows. Doses of
B-blockers were presented as carvedilol equiva-
lents: 50 mg of carvedilol equaled 10 mg of biso-
prolol or 10 mg of nebivolol. Doses of angiotensin-
-converting enzyme inhibitors or angiotensin re-
ceptor blockers were presented as lisinopril equiv-
alents: 20 mg of lisinopril equaled 10 mg of perin-
dopril, 10 mg of ramipril, 20 mg of enalapril, 16 mg
of candesartan, 100 mg of losartan, 160 mg of val-
sartan, or 300 mg of irbesartan. All patients tak-
ing mineralocorticoid receptor antagonists were
administered spironolactone.

The patients were followed for up to 5 years
and the study endpoint was all-cause mortality.
Vital status was ascertained by consulting hos-
pital registries and by telephone contact with
the patients or their relatives. When no infor-
mation was available, we consulted the platform
of the Registo Nacional de Utentes.

The ratio of furosemide dosage (mg/day) to UNa
concentration (mEq/]) was used as an estimate of
diuretic efficacy. The patients were classified as re-
ceiving a low (<80 mg/day) or high (>80 mg/day)
furosemide dose and as having low (<80 mEq/1)
or high (280 mEq/]) sodium urinary excretion.

The study protocol conformed to the ethical
guidelines of the declaration of Helsinki.

Statistical analysis The data were compared us-
ing the X test for categorical variables, t test for
normally distributed continuous variables, and
Mann-Whitney test for variables with a highly
skewed distribution.

A receiver operating characteristic curve was
used to assess the association of the furose-
mide dosage to UNa concentration ratio with
5-year all-cause death and Youden index was
calculated in order to determine the best cut-
off point for such association. Cox regression
analysis was used to study the association be-
tween the variables (including this ratio) and
mortality in chronic HE. A multivariable mod-
el was built using age, sex, history of hyperten-
sion or diabetes mellitus, the presence of se-
vere systolic dysfunction, ischemic etiology of



TABLE 1

Characteristics of the study patients

Parameter Value

Male sex 199 (70.3)
Age, y 69 (13)
History of arterial hypertension 177 (62.5)
Diabetes mellitus 105 (37.1)
Left ventricular function HFpEF 19 (6.7)
HFmrEF 48 (17)
HFrEF 216 (76.3)
Ischemic etiology of HF 123 (43.5)
NYHA class | 88 (31.1)
[ 145 (51.2)
M 50 (17.7)
SBP. mm Hg 121 (21)
Laboratory parameters
Hemoglobin, g/dI 13(1.9)
Creatinine, mg/dl 1.26 (0.43)
Serum Na concentration, mEg/! 139 (3)
UNa concentration, mEg/l, median (IQR) 85 (65-106)
24-h UNa excretion, mEq 159 (74)

BNP, pg/ml, median (IQR)

236.3 (113.3-627)

Medications

B-Blocker 270 (95.4)
B-Blocker dose, mg, median (IQR) 25 (12.5-50)
ACEl and/or ARB 262 (92.6)
ACEIl and/or ARB dose, mg, median (IQR) 10 (5-20)
MRA 94 (33.2)
MRA dose, mg, median (IQR) 12.5(12.5-25)
Furosemide 257 (90.8)
Furosemide dose, mg, median (IQR) 80 (40-120)
Thiazide diuretics 13 (4.6)
Death 134 (47.3)

Data are presented as number (percentage) or mean (SD) unless otherwise indicated.

Sl conversion factors: to convert BNP to ng/l, multiply by 1.0; creatinine to pmol/l, by
88.4; hemoglobin to g/, by 10.0, Na to mmol/, by 1.0.

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin
receptor blocker; BNP, B-type natriuretic peptide; IQR, interquartile range; MRA,
mineralocorticoid receptor antagonists; HF, heart failure; HFmrEF, heart failure with
mid-range ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF,
heart failure with reduced ejection fraction; Na, sodium; NYHA, New York Heart
Association; SBP, systolic blood pressure; UNa, urinary sodium

HF, New York Heart Association (NYHA) class,
systolic blood pressure, B-type natriuretic pep-
tide (BNP), creatinine, sodium, and hemoglobin
levels, and evidence-based therapy.

Patients were additionally cross-classified
according to furosemide dosage (cutoff set
at 80 mg/day) and UNa excretion (cutoff set
at 80 mEq/1). The Kaplan—-Meier estimator was
used to assess survival according to this clas-
sification. Multivariable Cox regression analy-
sis was performed; adjustments were made for
age, history of hypertension or diabetes melli-
tus, ischemic etiology of HE, NYHA class, systol-
ic blood pressure, BNP, creatinine, sodium, and
hemoglobin levels, and evidence-based therapy.
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For both multivariable models, the variables
considered for adjustment were all those which
were differently distributed between patients
receiving high or low furosemide doses or be-
tween patients with high or low UNa excretion
rates and prognostically associated in the uni-
variable approach.

The Kaplan-Meier method was used to plot
the survival curves according to the groups cre-
ated, whether based on the ratio of furosemide
dosage to UNa concentration, high/low furose-
mide dosage, or UNa excretion.

The P value considered for statistical signifi-
cance was 0.05. The data were stored and ana-
lyzed using SPSS software, version 20.0 (IBM,
Armonk, New York, United States).

RESULTS We studied 283 chronic stable HF pa-
tients, of which 199 (70.3%) were male; the mean
age was 69 years. The majority of the patients
(76%) had HFYEF (58% presented severe systol-
ic dysfunction), while 17% had mild systolic dys-
function/ HFmrEF, and 7% had HFpEE The me-
dian (interquartile range) furosemide dosage in
use was 80 mg/day and the mean (SD) UNa con-
centration was 85 (30) mEq/l. The median (in-
terquartile range) furosemide to UNa ratio was
0.89 (0.45-1.45). During follow-up, 134 patients
(47.3%) died. The characteristics of the patients
are shown in TABLE 1.

Patients receiving high furosemide doses
(280 mg/day) more often had diabetes, severe
systolic dysfunction, and a higher NYHA class;
they also had lower hemoglobin levels, worse re-
nal function, higher BNP levels, and lower UNa
excretion rates. Patients receiving higher furose-
mide doses were less frequently on angiotensin-
-converting enzyme inhibitors and / or angioten-
sin receptor blockers and they tended to be treat-
ed more often with mineralocorticoid receptor an-
tagonists (TABLE 2). Patients with lower UNa ex-
cretion rates were older, more often male, with
ischemic HF, and a higher NYHA class. Patients
with low UNa excretion rates also had lower he-
moglobin levels, worse renal function, and high-
er BNP levels. Serum sodium levels were lower
and furosemide doses higher in the patients with
low UNa excretion rates (TABLE 3). Finally, patients
on higher furosemide doses and those with lower
urinary sodium excretion rates had higher 5-year
mortality. The association of different variables
with 5-year all-cause mortality in a univariable
approach is shown in Supplementary material,
Table S1. The total 24-h UNa excretion and UNa
concentration on a morning spot urine sample of
the stable chronic HF patients showed a strong
positive Pearson correlation coefficient (r = 0.61).

The receiver operating characteristic curve re-
flecting the ability of the ratio of furosemide dos-
age to UNa excretion to predict 5-year mortality
is shown in FIGURE 1. The area under the curve was
0.75 (95% C1, 0.70-0.81; P <0.001). The best cut-
off point based on this curve was 0.8, with a sen-
sitivity of 77.6%, specificity of 63.8%, positive
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TABLE 2 Comparison between patients receiving low (<80 mg/day) and high (>80 mg/day) furosemide doses

Characteristic Low furosemide dose High furosemide dose P value
(n = 136) (n = 147)

Male sex 100 (73.5) 99 (67.3) 0.26
Age, y 68 (13) 70 (13) 0.1
Arterial hypertension 79 (58.1) 98 (66.7) 0.14
Diabetes mellitus 42 (30.9) 63 (42.9) 0.04
Left ventricular HFpEF 8(5.9) 11 (7.5) 0.09
function HFmIrEF 30 (22.1) 18(12.2)

HFrEF 98 (72.1) 118 (80.3)
Severe LVSD 65 (47.8) 99 (67.3) 0.001
Ischemic etiology of HF 55 (40.4) 68 (46.3) 0.32
NYHA >II 70 (51.5) 125 (85.0) <0.001
SBP. mm Hg 123 (21) 119 (20) 0.09
Hemoglobin, g/dI 13.2(1.9) 12.7 (1.8) 0.03
Creatinine, mg/dl 1.16 (0.34) 1.35(0.47) <0.001
BNP, pg/ml, median (IQR) 150.3 (91.2-306.5) 411.2 (171.0-952.4) <0.001
Serum Na concentration, mEg/| 139.1(2.7) 138.9(3.3) 0.58
UNa concentration, mEg/I 94 (31) 76 (26) <0.001
24-h UNa excretion, mEq 167 (74) 151 (73) 0.06
B-Blocker 131(96.3) 139 (94.6) 0.48
B-Blocker dose, mg/day, median (IQR) 25.0 (12.5-50.0) 18.7 (12.5-37.5) 0.22
ACEl and/or ARB 133 (97.8) 129 (87.8) 0.001
ACEl and/or ARB dose, mg/day, median (IQR) 10.0 (5.0-20.0) 5.0 (2.5-20.0) 0.005
MRA 36 (26.5) 59 8 (39.5) 0.02
MRA dose, mg/day, median (IQR) 0.0 (0.0-12.5) 0.0 (0.0-12.5) 0.02
Thiazide diuretics 4(2.9) 9(6.1) 0.26
5-year mortality 39(28.7) 95 (64.6) <0.001

Data are presented as number (percentage) or mean (SD) unless otherwise indicated.

Sl conversion factors: see TABLE 1.

Abbreviations: LVSD, left ventricular systolic dysfunction; others, see TABLE 1

predictive value of 65.8%, and negative predic-
tive value of 76%. The Kaplan-Meier survival
curves according to the ratio of furosemide dos-
age to UNa concentration (with a cutoff value of
0.8) are shown in FIGURE 2. Patients with a ratio
greater than or equal to 0.8 had a multivariate-
-adjusted hazard ratio (HR) of 5-year all-cause
mortality of 2.85 (95% CI, 1.78-4.58; P <0.001).
The multivariable model is presented in Supple-
mentary material, Table S2.

When the patients were cross-classified accord-
ing to both diuretic dosage and UNa concentra-
tion, 91 of them (32.2%) had a UNa concentra-
tion of 80 mEq/1 or more with a furosemide dose
of less than 80 mg/day, 80 (28.3%) had a UNa
concentration of less than 80 mEq/]1 with 80 mg
or more of furosemide per day, and the remain-
ing 39.5% had an elevated UNa excretion with
a high furosemide dosage or low UNa excretion
with alow furosemide dosage. During follow-up,
134 patients died (47.3%). Patients with better
survival were those with a UNa concentration of
80 mEq/1 or more and a furosemide dose of less
than 80 mg/day. Worse prognosis was associated
with a UNa concentration of less than 80 mEq/1
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and 80 mg or more of furosemide per day. The re-
maining patients had an intermediate progno-
sis (FIGURE 3). Considering patients with a UNa
concentration of 80 mEq/l or more and a furo-
semide dose of less than 80 mg/day as the refer-
ence category, those with a UNa concentration of
less than 80 mEq/] and 80 mg or more of furo-
semide per day had an HR of 5-year mortality of
4.15 (95% CI, 2.31-7.45; P <0.001); the remain-
ing patients had a nonsignificant 47% increase
in mortality with a multivariate-adjusted HR of
1.47 (95% CI, 0.84-2.58; P = 0.18) (Supplemen-
tary material, Table S3). Importantly, the results
would have been similar if the total 24-h UNa
excretion or total urinary volume were consid-
ered in the multivariable model (data not shown).

DISCUSSION The ratio of furosemide dosage
to UNa concentration can be seen as an indirect
measure of diuretic resistance that correlates with
prognosis in chronic HF. Patients with a furose-
mide dosage to UNa concentration ratio of 0.8
or higher have a more than 3-fold higher prob-
ability of mortality in the next 5 years. Patients
who require a furosemide dose of at least 80% of



TABLE 3 Comparison between patients with low (<80 mEg/l) and high (>80 mEg/l) urinary sodium excretion rates

Characteristic High UNa excretion Low UNa excretion P value
(n = 158) (n = 125)

Male sex 120 (75.9) 79 (63.2) 0.02
Age, y 61(13) 72 (12) 0.001
Arterial hypertension 91 (57.6) 86 (68.8) 0.05
Diabetes mellitus 61 (38.6) 44 (35.2) 0.56
Left ventricular HFpEF 9(5.7) 10 (8) 0.48
function HFmIrEF 30 (19) 18 (14.4)

HFrEF 119 (75.3) 97 (77.6)
Severe LVSD 93 (58.9) 71 (56.8) 0.73
Ischemic etiology of HF 57 (36.1) 66 (52.8) 0.005
NYHA class > Il 97 (61.4) 98 (78.4) 0.002
SBP. mm Hg 123 (21) 119 (20) 0.17
Hemoglobin, g/dI 13.4(1.8) 12.5(1.9) <0.001
Creatinine, mg/dl 1.18(0.37) 1.36 (0.47) 0.001
BNP, pg/ml, median (IQR) 173.9 (93.9-485.1) 303.8 (155.1-788.2) <0.001
Serum Na concentration, mEg/| 139.4 (2.6) 138.6 (3.4) 0.04
UNa concentration, mEg/I 106 (20) 59 (16) <0.001
24-h UNa excretion, mEq 193 (69) 115 (54) <0.001
B-Blocker 151 (95.6) 119 (95.2) 0.88
B-Blocker dose, mg/day, median (IQR) 25.0 (12.5-50.0) 12.5(12.5-37.5) 0.09
ACEl and/or ARB 148 (93.7) 114 (91.2) 0.43
ACEl and/or ARB dose, mg/day, median (IQR) 10.0 (5.0-20.0) 5.0 (2.5-20.0) 0.007
MRA 53(33.5) 41 (32.8) 0.89
MRA dose, mg/day, median (IQR) 0.0 (0.0-12.5) 0.0 (0.0-12.5) 0.50
Furosemide 136 (86.1) 121 (96.8) 0.002
Furosemide dose, mg, median (IQR) 60 (40-80) 80 (60-120) <0.001
Thiazide diuretics 6 (3.8) 7 (5.6) 0.47
5-year mortality 51(32.3) 83 (66.4) <0.001

Data are presented as number (percentage) or mean (SD) unless otherwise indicated.

Sl conversion factors: see TABLE 1.

Abbreviations: see TABLES 1 and 2

their ultimate UNa excretion rate have a diuretic
resistance that is associated with a strong likeli-
hood of serious outcomes. Patients with a ratio of
less than 0.8 have a 5-year survival probability of
76%, while those with a ratio above this threshold
have a 65.8% probability of mortality in the next
5 years. When each of the variables in the ratio
was categorized, we observed that patients with
an elevated UNa excretion rate (280 mEq/1) de-
spite low furosemide doses (<80 mg/day) have
the best survival, meaning that patients with
less diuretic resistance have a clear survival ad-
vantage. On the other hand, patients in the up-
per end of diuretic inefficiency/ resistance with a
low UNa excretion rate (<80 mEq/]) despite an el-
evated furosemide dose (280 mg/day) have an al-
most 5-fold higher risk of mortality in the next 5
years compared with the former group. Our re-
sults suggest that the inability of chronic HF pa-
tients to excrete sodium in response to loop di-
uretics is a major prognostic determinant that un-
derlines the significance of sodium retention in
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chronic HF. Patients “halfway” towards diuretic
resistance—those with an elevated UNa excretion
rate receiving high furosemide doses and those
with low urinary excretion rates but also on low
furosemide doses—represent a group with an in-
termediate prognosis: they have a survival advan-
tage over the more diuretic-resistant patients,
but there is a nonsignificant 69% higher risk of
mortality during the next 5 years compared with
the less diuretic-resistant patients.

The concept of diuretic resistance in HF reflects
the inability of diuretics to control salt and wa-
ter retention, even when used in appropriate and
increasing dosages.'®'® The scope of the problem
is relevant, with some authors reporting a prev-
alence as high as 30% among HF patients, most-
ly among those with moderate to severe chron-
ic HE, although the lack of a formal definition
makes a true assessment extremely difficult.? -2

Predictors of diuretic resistance have already
been described; diabetes, worse renal function,
a higher NYHA class, and ischemic HF are among
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Receiver operating characteristic curve showing the association between
the ratio of furosemide dosage to urinary sodium excretion and mortality in chronic heart
failure. Best cutoff, 0.8; sensitivity, 77.6%; specificity, 63.8%; positive predictive value,
65.8%; negative predictive value, 76%.

08 1

0.6 1

04 1

0.2 1

—— Furosemide:UNa ratio <0.8
—— Furosemide:UNa ratio =0.8

600 900 1200 1500 1800
Time, d

FIGURE 2 Kaplan—Meier survival curves of 5-year survival according to the ratio of
furosemide dosage to urinary sodium (UNa) concentration. Patients with a ratio of 0.8 or
higher have a clear survival disadvantage.

the most often recognized;®'%?! importantly,
our results are in accordance with the existing
literature regarding the profile of the diuretic-
-resistant patient. It should be pointed out
that although glomerular filtration rate (GFR)
is a known predictor of mortality and is unques-
tionably associated with diuretic resistance in
HE, GFR alone simply reflects the filtration func-
tion of the kidneys, overlooking major compo-
nents of fluid homeostasis, such as sodium avidi-
ty.2'* This reinforces the relevance of UNa excre-
tion in relation to diuretic dosage in portraying
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diuretic resistance beyond GFR. Also, our re-
sults support previous data reporting UNa as
having different biological meanings in chronic
stable HF versus acute HF due to differences in
volume status, diuretic dosage, and neurohor-
monal activation; they also highlight the need to
interpret the level of this marker within the full
clinical context.??

A myriad of mechanisms combine to create
a state of diuretic resistance in chronic HE. Impor-
tantly, the activation of the renin-angiotensin-
-aldosterone system and the sympathetic nervous
system, which closely accompany HF progression,
cause increased sodium retention and reduced re-
nal perfusion, leading to the need for progressive-
ly higher daily doses of diuretics, which ultimate-
ly perpetuates the neurohormonal activation cy-
cle.® Furthermore, the nephron remodeling and
compensatory mechanisms of increased distal so-
dium reabsorption due to chronic loop diuretic
administration—the so-called braking phenome-
non—as well as the altered diuretic pharmacoki-
netics all contribute to a decreased diuretic effica-
cy in HF patients.®'*'6:1%:22 While it is still unclear
whether diuretic resistance is merely a conse-
quence of the mechanisms that drive HF progres-
sion or it has a direct causal role in that process,
it has been, nevertheless, well established that
it is associated with a dire prognosis in chronic
HE.®?? Regarding the diuretic dosage, there has
been extensive debate about whether a higher
diuretic dose is independently associated with
mortality,?*?® a marker of disease severity,?®?%
or both.® Our findings that evaluation of the di-
uretic dosage coupled with the UNa excretion rate
can better stratify chronic HF patients in terms
of mortality risk are in agreement with the hy-
pothesis that metrics of diuretic responsiveness
overcome the questions raised above, yielding
more prognostic information than the diuretic
dosage alone and translating into a measure of
diuretic resistance.®'®

The study has important limitations that
ought to be mentioned. It is a single-center study
of a very particular group of chronic HF patients,
followed in an HF clinic of a tertiary care aca-
demic hospital; therefore, the results may be
difficult to generalize. The small sample size is
a concern as well. However, the long follow-up
period is a strength of our study and, in fact,
the number of events analyzed was enough to de-
tect an independent association between the fu-
rosemide dosage to UNa concentration ratio and
mortality as well as the existence of groups of
patients with different degrees of diuretic re-
sistance with clearly different clinical trajecto-
ries. The fact that the population was heteroge-
neous, including patients with HFpEF, HFmrEF,
and HFrEF, is also a concern. A stratified analy-
sis of groups according to ejection fraction was
not possible due to the sample size, so the study
should eventually be repeated for each HF sub-
group, since kidney involvement is likely differ-
ent between them.?’-?° The patients of this study
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FIGURE 3 Kaplan—Meier curves of 5-year survival according to the cross-classification
considering urinary sodium (UNa) excretion and daily furosemide dose

were recruited before the approval of angioten-
sin receptor-neprilysin inhibitors in HF treat-
ment and, therefore, despite being a twenty-
-first-century cohort, it is not a completely con-
temporary population of HF patients. The use of
sodium-glucose cotransporter 2 inhibitors was
also not considered and liberalized at the time
of recruitment, though such drugs would expect-
ably alter the urinary output and, consequent-
ly, the UNa concentration. The results need to
be reproduced in a contemporary HF cohort.

Notwithstanding the abovementioned limi-
tations, this is, to our best knowledge, the first
study to address the impact of UNa excretion in
chronic HE. We report that the combination of
the daily furosemide dosage and UNa concentra-
tion can stratify stable HF patients in terms of
long-term mortality risk. Patients with elevat-
ed UNa excretion rates who are receiving low fu-
rosemide dosages have better prognosis, while
those with low sodium excretion rates despite
high furosemide doses present a clear survival
disadvantage. Patients with a furosemide dosage
to UNa concentration ratio greater than or equal
to 0.8 have a more than 3-fold higher probabili-
ty of mortality in the next 5 years, while 76% of
those with lower ratios will be alive 5 years lat-
er. We additionally propose the furosemide dos-
age to UNa excretion ratio as an indirect mea-
sure of diuretic resistance.

Conclusions  The daily diuretic dosage and UNa
excretion should be evaluated together to refine
risk stratification in patients with chronic HE.
An equally interesting application of these mea-
surements would be their potential to help de-
termine the optimal diuretic dosage for each pa-
tient, beyond the clinical signs of volume status
and change in GFR.
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