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common and confounding comorbidity seen in the 
setting of HF. Furthermore, RI is a component of 
different types of cardiorenal syndromes (CRSs). Recent 
literature revealed that 25% of admitted patients with 
acute decompensated HF (ADHF) suffered from type 1 
of CRS and pointed toward worse outcomes.[3,4]

Aggressive diuresis, the underlying treatment of 
ADHF, plays a crucial role in RI by inducing sodium 

INTRODUCTION

Heart failure (HF) is a syndrome of the inappropriate ability 
of the heart to respond to the body’s metabolic needs due 
to functional and structural defects, which causes a high 
mortality rate and heavy economic burden annually.[1,2]

Renal impairment  (RI), defined by a 0.3  mg/dL 
(26.5 mmol/L) rise in serum creatinine, is the most 

Background: Renal impairment (RI), the most common comorbidity in acute decompensated heart failure (ADHF) patients, leads 
to cardiorenal syndrome. Fractional excretion of sodium (FENa), an indicator of sodium handling by the kidney, is widely used 
to assess natriuresis, the underlying treatment of ADHF. The aim of this study was to investigate the association of FENa with RI 
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Cardiovascular Disease/Heart Failure study context. Any individuals over 18 years suffering from ADHF admitted to the emergency 
department were eligible to be recruited in our study. We excluded the patients with previously untreated chronic comorbidities, who 
died during hospitalization, and without follow‑up and other etiologies rather than cardiovascular diseases since discharge. Baseline 
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(P = 0.001, r = −0.47). The linear regression analysis demonstrates the significant association of FENa with creatinine alteration 
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significant association of prediction of FENa with creatinine alterations (odds ratio [OR] =0.33, 95% CI [0.09–1.19], P = 0.091). The 
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depletion and subsequent volume loss. On the other 
hand, the activation of mechanisms, including renin–
angiotensin–aldosterone system  (RAAS), sympathetic 
nervous system (SNS), and antidiuretic hormone, due to 
left ventricular dysfunction causes volume overload by 
inducing sodium resorption and subsequent RI.[5,6]

At first, in 1976, Espinel showed fractional excretion of 
sodium (FENa) to be beneficial in differentiating prerenal 
and intrinsic acute kidney injury (AKI).[7] FENa is widely 
used in studies due to being an indicator of sodium handling 
by kidneys.[8] However, FENa performance in diagnosing 
AKI has been inconsistent in the various studies due to 
multiple reported confounders. Although concurrent use 
of diuretics is an important confounder, previous studies 
revealed different cutoffs for diuretic resistance based on 
the studied population as an important prognostic factor 
for in‑hospital and short‑term mortality in patients with 
ADHF.[6,9‑13]

RI, the principal prognostic mortality factor, makes it the 
target in the comorbidities treatment of ADHF patients. 
Meanwhile, the mentioned pathophysiologic pathways lead 
to RI by changes in sodium serum level and make FENa an 
objective origin, an economically inexpensive, and wildly 
available instrument for detecting RI. Thus, this study aims 
to evaluate if FENa significantly predicts RI and 1‑year 
cardiovascular mortality in patients with ADHF.

METHODS

Study design
Briefly, the Persian Registry of Cardiovascular Disease/
HF  (PROVE/HF) study is a registry of HF patients’ data 
based on the International Classification of Disease, 
10th  revision from 18 distinct cardiac centers, Isfahan 
Province, Iran, launched in March 2015.[14] The data were 
gathered continuously through a questionnaire containing 
27 parts comprising demographic, underlying, and 
comorbid diseases leading to HF, past medical history, 
preadmission medication usage, and any medical treatment 
implemented during hospitalization from medical records 
of hospital archives by trained data collectors. The study 
was conducted under the Declaration of Helsinki, and 
written informed consent was obtained before enrollment. 
This study was approved by the research ethics committee, 
with ethical code # IR.BMSU.REC.1399.534  (Clinical trial 
number: 99000679).

Data collection, definitions, and outcomes
This prospective single‑center cohort study was implemented 
in the PROVE/HF study context. From April 2020 to March 
2022, any individuals aged over  18  years suffering from 
ADHF, regardless of the disease onset, admitted to the 

emergency department were eligible to be recruited in 
our study. We excluded the patients with previously 
untreated chronic comorbidities, including malignancies, 
severe infections, liver disease, current corticosteroid‑or 
chemotherapeutic‑based agents, and those who died during 
hospitalization or without follow‑up, and other etiologies 
rather than cardiovascular diseases (CVDs) since discharge.

Consecutive patients who fulfilled our inclusion criteria 
were recruited for the study. The information, including 
demographic data, clinical data, laboratory outcomes, 
and medications, was gathered during the follow‑up 
period  (1st  year and annually). The age, gender, height, 
weight, smoking habits, and history of ischemic heart 
diseases  (IHDs), diabetes mellitus  (DM), hypertension, 
and kidney diseases were gathered. Moreover, data on 
preadmission medication, including beta‑blockers  (BBs), 
angiotensin‑converting enzyme inhibitors  (ACE‑Is), 
angiotensin receptor blockers  (ARBs), diuretics, and 
mineralocorticoid receptor antagonists (MRAs), were asked. 
Furthermore, the patients were divided into two groups: 
patients with ischemic cardiomyopathy (ICMP) and patients 
with non‑ICMP (NICMP). For the ICMP group, patients with 
a history of previous myocardial infarction documented by 
the finding of an abnormal Q wave on electrocardiography, 
elevated cardiac enzyme levels on laboratory testing 
during hospitalization for acute coronary syndrome, and 
localized akinesia on echocardiography, with evidence 
of obstructive coronary disease on angiography, were 
included. In the NICMP group, the exclusion of myocardial 
ischemia was done by coronary angiography or computed 
tomography angiography. The heart rate  (HR), systolic 
blood pressure (SBP), diastolic blood pressure (DBP), and 
left ventricular ejection fraction were also assessed since 
admission. FENa was calculated by dividing the sodium 
clearance over creatinine clearance, using the same blood 
and urine spot samples drawn on admission before giving 
furosemide. All patients were on loop diuretic therapy and 
evaluated daily by an expert physician about the appropriate 
dose and route of administration of loop diuretics. The oral 
form of diuretic was considered equivalent to a half dose of 
the intravenous form.[15] Body mass index was calculated by 
division of weight (in kilograms) over height (in squared 
meters) (kg/m2). Regardless of the etiology, RI was defined 
as the primary clinical outcome of the study. Short‑term 
mortality  (1  year) because of CVD was defined as the 
secondary clinical outcome of the study.

Statistical analysis
Continuous and categorical data were reported as 
mean  ±  standard deviation and frequency  (percentage), 
respectively. The normality of continuous data was evaluated 
using the Kolmogorov–Smirnov test and the Q‑Q plot. In 
the current study, FENa was considered a predictor for two 
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dependent variables, i.e.,  creatinine changes  (evaluated 
both quantitively as well as ≥0.3 and <0.3) and mortality 
after 1‑year follow‑up. Basic and clinical characteristics of 
the study participants, both continuous and categorical, 
were analyzed using independent samples t-tests and 
chi-squared tests, respectively, to compare the categories 
of creatinine rise and mortality. The association between 
FENa and creatinine changes was evaluated by Pearson 
correlation  (bivariate association) and linear regression 
analysis. We used simple and multiple linear regression 
analysis. In multiple linear regression, we adjusted the effects 
of potential confounders for the association between FENa 
and values of change in creatinine. The linear regression was 
reported as regression coefficient (B) and 95% confidence 
interval (CI) for B. We also used logistic regression to predict 
creatinine changes, categories (≥0.3 and <0.3), and mortality 
by FENa. Both simple and multiple logistic regression were 
used, and adjustment was made for potential confounders in 
multiple regression. The results of logistic regression were 
reported as odds ratio (OR) and 95% CI for OR. Decision 
levels  (cutoffs) to dichotomize interval variables were 
determined by ROC curves. All statistical analyses were 
performed using SPSS software version  26  (IBM Corp., 
Armonk, N.Y., USA). P < 0.05 was considered significant, 
and <0.1 was marginally significant.

RESULTS

During the study period, 158 patients were recruited into 
the study. The mean age was 70.01 ± 12.64 years, and 62.5% 
were male. Among them, 103  patients had  <0.3  mg/dL 
creatinine alterations during their admission, forming 65.1% 
of the enrolled population. Table 1 represents the baseline, 
clinical, and laboratory characteristics of the patients based 
on developing RI. Patients who developed RI during their 
admission had higher SBP, and DBP, received a higher 
overall dose of furosemide during their admission, had 
lower serum creatinine on admission, and had a lower rate 
of annual administrations, and FENa [Table 1].

Table  2 demonstrates the correlation of the FENa with 
creatinine alterations during admission. The analysis 
of Pearson correlations demonstrates the significant 
association of FENa with creatinine alterations  (P = 0.001, 
r = 0.-47). The analysis of linear regression demonstrates the 
significant association of FENa with creatinine alteration 
during admission  (B = −1.44, 95% CI  (−1.879,  −1.020), 
P = 0.001). Meanwhile, the multivariable regression analysis 
demonstrated the same result after adjusting based on the 
annual admission rate, history of taking BBs, ICMP, and 
DM [B = −1.43, 95% CI (−1.86, −1.002), P = 0.001, Tables 2 and 3].

Table  4 demonstrates the crude and adjusted OR and 
95% CI for developing RI based on the FENa. In terms of 

the association of FENa with the prediction of creatinine 
alteration and subsequent development RI, no significant 
difference was observed with a marginally significant 
P  value  (OR  =  0.27, 95% CI  [0.072–1.036], P  =  0.056). 
Furthermore, multiple linear regression demonstrated 
the same result following adjusting the potential 
confounder [OR = 0.33, 95% CI (0.09‑1.19), P = 0.091, Table 4].

A ROC curve was used to establish a cutoff level of FENa for 
predicting creatinine alteration, from which no significant 
cutoff value was obtained [P = 0.19, Figure 1].

Table 5 demonstrates the patients’ baseline, clinical, and 
laboratory characteristics based on 1‑year mortality. During 
the study period, 25.68% of the population expired with a 
mean age of 64.19 ± 14.53 and a predominance of the male 
gender (74.5%). A higher mortality rate was associated with 
greater serum sodium levels on admission and discharge. 
The patients who developed hyponatremia during 
admission had higher rates of 1‑year mortality (P = 0.02), 
while the patients with a previous history of IHD had 
lower mortality (P value < 0.001). The expired patients were 
incomparable in terms of having a history of HTN, DM, 
stroke, CKD, and anemia [P > 0.05, Table 5].

Table 6 demonstrates the crude and adjusted OR and 95% 
CI of 1‑year mortality based on the FENa. No association 
between FENa and 1‑year mortality was observed even 
after adjusting for potential confounders, i.e.,  ICMP and 
hyponatremia  [OR  =  0.85, 95% CI  (0.26–2.75), P  =  0.79, 
Table  6]. A  ROC curve was used to establish a cutoff 
level of FENa for predicting 1‑year mortality following 
discharge, from which no significant cutoff value was 
obtained [P = 0.75, Figure 2].

DISCUSSION

In this prospective study, we aimed to investigate the 
association of FENa on admission with developing RI, the 
most common comorbidity and mortality factor, and 1‑year 
cardiovascular mortality. There were two primary findings 
in this study; first, moderate negative linear association 
between FENa and creatinine alterations during admission. 
However, the result of our study suggests that despite the 
observed association, FENa is not an independent predictor 
of RI. Second, there was no association between FENa and 
1‑year cardiovascular mortality.

FENa, the reflection of sodium handling by the kidneys, is 
influenced by endo‑ and exogenous factors, including salt 
diet, hypoperfusion, venous congestion, hyponatremia, 
activation of neurohormonal mechanisms, and diuretics. 
This study demonstrated that a lower FENa on admission 
is associated with RI. However, FENa is not an independent 
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Table 1: Baseline and clinical characteristics of the study population based on creatinine alterations*
Variables Creatinine alterations

0.3 >Δ creatinine (n=103) Δ creatinine >0.3 (n=55) P
Length of hospital stay 6.23±4.56 6.24±4.79 0.99
SBP 120.01±23.80 132.69±23.67 0.002
DBP 76.11±16.22 85.19±22.24 0.003
HR 87.39±25.17 87.90±19.13 0.89
Overall furosemide dose 52±25.30 80±0 0.007
IV/IM furosemide dose 77.50±62.46 71.20±43.62 0.66
BUN 65.36±37.45 57.12±38.19 0.20
Serum sodium on admission 135.32±4.66 135.95±4.37 0.40
Serum creatinine on admission 1.71±1.32 1.30±0.53 0.005
Urinary creatinine on admission 152.33±81.46 147.76±79.56 0.73
Urinary sodium on admission 24.51±6.30 23.60±5.70 0.37
Serum sodium at discharge 138.47±4.01 137.91±4.53 0.42
Serum creatinine at discharge 1.31±0.59 1.92±0.70 <0.001
Urinary creatinine at discharge 159.91±86.22 164.16±83.65 0.76
Urinary sodium at discharge 28.29±8.65 29.29±7.97 0.47
Age 64.19±14.20 64.83±14.10 0.78
FENa 0.34±0.40 0.23±0.19 0.01
Gender

Male 98 (76.6) 40 (72.7) 0.58
Female 30 (23.4) 15 (27.3)

Mortality (1 year)
No 99 (76.7) 37 (68.5) 0.24
Yes 30 (23.3) 17 (31.5)

Rate of administration (<3 times a year)
No 37 (28.5) 25 (45.5) 0.025
Yes 93 (71.5) 30 (54.5)

Primary etiology
HTN 2 (2) 0 0.24
IHD 56 (54.9) 19 (40.4)
DCM 43 (42.2) 27 (57.4)
Other 1 (1) 1 (2.1)

Dyspnea classification
1 1 (0.9) 1 (1.9) 0.87
2 6 (5.4) 4 (7.7)
3 27 (24.3) 13 (25)
4 77 (69.4) 34 (65.4)

Smoking
No 76 (69.1) 41 (83.7) 0.14
Yes 18 (16.4) 5 (10.2)

ACE‑I
No 129 (99.2) 55 (100) 0.51
Yes 1 (0.8) 0

ARB
No 98 (75.4) 37 (67.3) 0.26
Yes 32 (24.6) 18 (32.7)

BB
No 60 (46.2) 34 (61.8) 0.051
Yes 70 (53.8) 21 (38.2)

Loop diuretics
No 44 (33.8) 18 (32.7) 0.88
Yes 86 (66.2) 37 (67.3)

MRA
No 102 (78.5) 38 (69.1) 0.17
Yes 28 (21.5) 17 (30.9)

Contd...
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predictor of RI. Prior studies revealed that impaired 
kidney function, hyponatremia, hypoperfusion, systemic 
venous congestion, diuretic resistance, and highly active 
neurohormonal mechanisms are responsible for the 
development of RI.[5,6,8,16‑20]

Prior studies have revealed that baseline FENa before 
diuretic therapy may indicate the principal underlying 
pathophysiologic pathways, impairing kidney function, 
i.e., more than 3% indicating acute tubular necrosis and <1% 

indicating prerenal azotemia due to renal hypoperfusion, 
and subsequently, decreased estimated glomerular filtration 
rate (eGFR) in ADHF patients.[21] Hypoperfusion and further 
decreased eGFR cause less diuresis and natriuresis by the 
nonavailability of the diuretics to its urinary site of action 
and less sodium depletion leading to volume overload.[6] 
Systemic venous congestion also causes volume overload 
by a similar mechanism.[18] We could not assess systemic 
venous congestion due to not measuring the N‑terminal 
pro‑brain natriuretic peptide, an indicator of volume 
overload.

Natriuresis and diuresis result from the interplay among 
various endo‑  and exogenous factors among the most 
prominent neurohormonal mechanisms and diuretics and 

Table 1: Contd...
Variables Creatinine alterations

0.3 >Δ creatinine (n=103) Δ creatinine >0.3 (n=55) P
Anti‑arrhythmic agents

No 119 (91.5) 47 (85.5) 0.21
Yes 11 (8.5) 8 (14.5)

ICMP
No 82 (63.1) 27 (49.1) 0.08
Yes 48 (36.9) 28 (50.9)

HT
No 58 (44.6) 29 (52.7) 0.31
Yes 72 (55.4) 26 (47.3)

DM
No 83 (63.8) 42 (76.4) 0.096
Yes 47 (36.2) 13 (23.6)

COPD
No 101 (77.7) 40 (72.7) 0.47
Yes 29 (22.3) 15 (27.3)

Anemia
No 89 (68.5) 44 (80) 0.11
Yes 41 (31.5) 11 (20)

CKD
No 103 (79.2) 44 (80) 0.91
Yes 27 (20.8) 11 (20)

Hyponatremia
No 48 (43.2) 17 (30.9) 0.12
Hyponatremia 63 (56.8) 38 (69.1)

*P values were derived from independent t‑test and χ2 test. Data are represented as mean±SD or frequency (%). SD=Standard deviation; SBP=Systolic blood pressure; DBP=Diastolic 
blood pressure; HR=Heart rate; BUN=Blood urea nitrogen; IV/IM=Intravenously/intramuscularly; CKD=Chronic kidney disease; COPD=Chronic obstructive pulmonary disease; 
DM=Diabetes mellitus; ICMP=Ischemic cardiomyopathy; MRA=Mineralocorticoid receptor antagonists; ARB=Angiotensin receptor blocker; BB=Beta‑blocker; IHD=Ischemic heart 
disease; HTN=Hypertension; FENa=Fractional excretion of sodium; ACE‑I=Angiotensin‑converting enzyme inhibitor; DCM=Dilated cardiomyopathy; HT=Hypothyroidism 

Table 4: Odds ratios of creatinine alteration according to 
fractional excretion of sodium*
Variable Model OR (95% CI)

Univariate Multivariate
FENa 0.27 (0.072–1.036) 0.33 (0.09–1.19)
P 0.056 0.091
*Results from binary logistic regression analysis. Adjusted for rate of administration, 
PDH (BB), ICMP, and DM. FENa=Fractional excretion of sodium; OR=Odds ratio; 
CI=Confidence interval; DM=Diabetes mellitus; ICMP=Ischemic cardiomyopathy; 
BB=Beta‑blocker; PDH=Past drug history 

Table 2: Correlations between creatinine change and 
fractional excretion of sodium
Variable Pearson correlation P
FENa −0.47 <0.001
FENa=Fractional excretion of sodium

Table 3: Linear regression of creatinine alteraiton 
according to fractional excretion of sodium
Variable Model (95% CI)

Univariate B Multivariate B
FENa −1.44 (−1.879–−1.02) −1.43 (−1.86–−1.002)
P <0.001 <0.001
Adjusted for 5 (rate of administration), 20.PDH (BB), IHD and DM. IHD=Ischemic heart 
disease; BB=Beta‑blocker; CI=Confidence interval; FENa=Fractional excretion of 
sodium; DM=Diabetes mellitus; PDH=Past drug history 
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may justify the lack of direct effect of diuretics on natriuresis 
and diuresis.[8,20] Loop diuretics, the most common diuretics 
used in ADHF patients, block the sodium resorption on the 
loop of Henle. Meanwhile, it does not affect the proximal 
tubule, a site that is recognized as having the highest 
sodium resorption.[13,22] Thus, decreased renal blood flow 
in this segment due to systemic venous congestion or 
hypoperfusion can lead to considerable sodium resorption 

Table 6: Odds ratios of mortality (1 year) according to 
fractional excretion of sodium*
Variable Model OR (95% CI)

Univariate Multivariate
FeNa 0.64 (0.21–1.98) 0.85 (0.26–2.75)
P 0.44 0.79
*Results from binary logistic regression analysis. Adjusted for IHD and recorded 
Na. IHD=Ischemic heart disease; OR=Odds ratio; CI=Confidence interval; 
FENa=Fractional excretion of sodium; Na=Sodium

Table 5: Contd...
Variables Mortality (1‑year)

No (n=136) Yes (n=47) P
No 121 (89) 43 (91.5) 0.63
Yes 15 (11) 4 (8.5)

IHD
No 71 (52.2) 37 (78.7) 0.001
Yes 65 (47.8) 10 (21.3)

HTN
No 67 (49.3) 18 (38.3) 0.19
Yes 69 (50.7) 29 (61.7)

DM
No 94 (69.1) 29 (61.7) 0.35
Yes 42 (30.9) 18 (38.3)

COPD
No 106 (77.9) 33 (70.2) 0.28
Yes 30 (22.1) 14 (29.8)

Anemia
No 95 (69.9) 36 (76.6) 0.38
Yes 41 (30.1) 11 (23.4)

CKD
No 107 (78.7) 38 (80.9) 0.75
Yes 29 (21.3) 9 (19.1)

ACE.ARB
No 100 (73.5) 34 (72.3) 0.87
Yes 36 (26.5) 13 (27.7)

RecodeSBP DBP
HTN− 64 (47.1) 25 (53.2) 0.47
HTN+ 72 (52.9) 22 (46.8)

RecodeNa
No 54 (44.6) 11 (25) 0.02
Hyponatremia 67 (55.4) 33 (75)

*P values were derived from independent t‑test and χ2 test. Data are represented 
as mean±SD or frequency (%). SD=Standard deviation; SBP=Systolic blood 
pressure; DBP=Diastolic blood pressure; HR=Heart rate; BUN=Blood urea 
nitrogen; IV/IM=Intravenously/intramuscularly; CKD=Chronic kidney disease; 
COPD=Chronic obstructive pulmonary disease; DM=Diabetes mellitus; 
ICMP=Ischemic cardiomyopathy; MRA=Mineralocorticoid receptor antagonists; 
ARB=Angiotensin receptor blocker; BB=Beta‑blocker; IHD=Ischemic heart disease; 
HTN=Hypertension; FENa=Fractional excretion of sodium; BB=Beta‑blockers; 
ACE‑I=Angiotensin‑converting enzyme inhibitor; DCM=Dilated cardiomyopathy 

Table 5: Baseline characteristics of the study population 
according to mortality (1 year)*
Variables Mortality (1‑year)

No (n=136) Yes (n=47) P
Length of hospital stay 6.19±4.60 ‑ ‑
SBP on admission 125.56±24.20 118.86±24.62 0.12
DBP on admission 79.69±18.93 76.79±17.36 0.38
HR on admission 87.05±23.03 89.55±25.18 0.55
Overall furosemide dose 56.67±25.35 ‑ ‑
IV/IM furosemide dose 77±57.38 52±17.89 0.34
BUN 64.96±39.40 57.44±32.91 0.27
Serum sodium on admission 134.87±4.55 137.27±4.18 0.003
Serum creatinine on admission 1.65±1.28 1.39±0.58 0.19
Urinary creatinine on admission 153.44±79.96 146.41±81.90 0.62
Urinary sodium on admission 24.48±6.29 23.43±5.64 0.33
Serum sodium at discharge 137.63±4.32 140±3.25 0.001
Serum creatinine at discharge 1.58±0.70 1.33±0.65 0.042
Urinary creatinine at discharge 166.58±83.20 147.25±90.64 0.20
Urinary sodium at discharge 29.10±8.56 27.5±7.98 0.28
Age 64.41±14.09 64.19±14.53 0.93
FeNa 0.31±0.37 0.27±0.26 0.44
Sex

Male 102 (75.6) 35 (74.5) 0.88
Female 33 (24.4) 12 (25.5)

Rate of administration
No 44 (32.4) 18 (38.3) 0.46
Yes 92 (67.6) 29 (61.7)

Primary etiology
HTN 2 (1.8) 0 0.55
IHD 54 (48.2) 21 (58.3)
DCM 54 (48.2) 15 (41.7)
Other 2 (1.8) 0

Dyspnea
1 2 (1.7) 0 0.21
2 7 (5.8) 3 (7.1)
3 25 (20.8) 15 (35.7)
4 86 (71.7) 24 (57.1)

Smoking
No 89 (76.1) 27 (65.9) 0.20
Yes 28 (23.9) 14 (34.1)

ACE‑I
No 135 (99.3) 47 (100) 0.56
Yes 1 (0.7) 0

ARB
No 100 (73.5) 34 (72.3) 0.87
Yes 36 (26.5) 13 (27.7)

BB
No 68 (50) 24 (51.1) 0.90
Yes 68 (50) 23 (48.9)

Diuretics
No 47 (34.6) 14 (29.8) 0.55
Yes 89 (65.4) 33 (70.2)

Mineralocorticoid receptor 
antagonist

No 102 (75) 36 (76.6) 0.83
Yes 34 (25) 11 (23.4)

Anti‑arrhythmic agents

Contd...
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and subsequent less sodium depletion.[21] However, 
aggressive natriuresis by loop diuretics may activate the 
RAAS by the direct inhibiting effect of loop diuretics on 
macula densa cells in the kidney and herald a decrease 
in effective intravascular volume, which leads to renin 
secretion and activation of RAAS, eventually.[23] RAAS 
affords more sodium resorption in the distal, and collecting 
tubule leads to sodium retention and diuretic resistance.[24] 
Meanwhile, ACE‑Is/ARBs/MRAs, medications frequently 

used in the treatment of HF patients, antagonize the RAAS 
effect.[25] However, recent studies revealed no independent 
potency of these drugs, regardless of the cause, to the 
development of CRS in patients dependent on RAAS to 
maintain their GFR.[23,26,27]

BB therapy was found to be effective in treating HF by 
reducing HR, direct inhibitor of renin secretion, and 
SNS.[23,28] BB therapies had no effects in our study due to 
not being comparable in both groups.

Hyponatremia leads to diminished natriuresis and diuresis 
by lowering diuretics efficacy and diminished sodium 
delivery to distal tubule and secondary activation of 
RAAS and remained volume overload.[29] In this study, 
the impact of hyponatremia on RI was ruled out due to 
the lack of difference between the two groups. Meanwhile, 
hyponatremia was associated with mortality. However, 
our further analysis revealed no independent association of 
hyponatremia with mortality. In this regard, many studies 
reported a significant association of hyponatremia with 
higher short‑and long‑term mortality.[17,30]

Our study indicated that the lower FENa was associated 
with a higher mortality rate. However, the observed 
outcome was not significant. Short‑term mortality was 
associated with hyponatremic status and NICMP. It 
may be explained by the volume overload status seen 
in hyponatremic patients, less diuretic efficacy, and the 
aggressive treatment and follow‑up implemented following 
IHD. Although our study demonstrated no significant 
association of FENa with mortality, dead individuals had 
lower FENa on admission. The study conducted by Thabt 
confirmed our outcomes.[19]

The present study is limited by several factors, including 
the observational origin of the study, the low sample 
size, which led to not detecting accurate cutoff, both 
for developing RI and mortality, random urine spot for 
calculating FENa compared to 24‑h urine sample, and lower 
period of follow‑up patients. However, we calculated FENa 
from simultaneous blood and urine samples taken before 
giving furosemide to prevent the confounding effect of a 
loop diuretic.

In conclusion, our study demonstrated confirmatory 
evidence regarding the indirect association of low FENa 
with the development of RI during admission. We also 
provided evidence regarding the inability of FENa to predict 
short‑term cardiovascular mortality.
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Figure  1: Receiver operating characteristic curve for fractional excretion 
of sodium and renal impairment. ROC  =  Receiver operating characteristic, 
FENa = Fractional excretion of sodium

Figure  2: Receiver operating characteristic curve for fractional excretion 
of sodium and mortality  (1  year). ROC  =  Receiver operating characteristic, 
FENa = Fractional excretion of sodium
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