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ABSTRACT
Objectives: Acute cardiorenal syndrome (CRS type-1) refers to an acute worsening of heart function, leading to 
acute kidney injury (AKI), frequently complicating acute decompensated heart failure (ADHF). This study aims 
to investigate whether hyponatremia, is a surrogate marker for the development of AKI in patients admitted with 
ADHF.

Materials and Methods: Sample size – 100  patients with ADHF. Age – More than 18  years. Investigations – 
2D-ECHO, N-terminal pro-brain natriuretic peptide, kidney function test, estimated glomerular filtration rate, 
USG abdomen, complete blood picture, chest X-ray, and complete urine examination.

Results: On analysis of data, 63.5% (n=33) of patients who had hyponatremia (n=45) eventually developed AKI 
during hospital stay, whereas 36.5% (n=19) of patients who did not have hyponatremia (n=36) developed AKI. 
Hyponatremia was found to be a statistically significant (P = 0.001) predictor of increased incidence of AKI in a 
predetermined group of patients with HF in our study, and ADHF patients with hyponatremia have a 5.21-fold 
higher risk of developing AKI (95% CI, 2.20–12.36) than ADHF patients without hyponatremia.

Conclusion: Hyponatremia predicts complications while admission in heart failure patients like type-I CRS and it 
has also been shown that comorbidities could play an important role in the presence or absence of hyponatremia 
and could even influence the length of hospital stay attributed to lower serum sodium levels which need further 
clinical trials.
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INTRODUCTION

Acute cardiorenal syndrome (CRS type-1) is the development 
of acute kidney injury (AKI) and renal dysfunction in 
a patient with an acute cardiac disease, typically acute 
decompensated heart failure (ADHF).[1] Acute kidney 
damage (AKI) that develops in this situation has repeatedly 
been linked to higher all-cause death rates over the 
short- and long-term, as well as cardiovascular mortality, and 
to a quicker progression of more advanced renal disease.[2]

AKI’s pathogenesis in the context of ADHF is complex and 
multifaceted. Hemodynamic variables, neurohormonal 
activation, and congestion are three major contributory 
mechanisms. Quantification of hemodynamic disturbance is 
possible; however, the level of fluid overload and the exposure 
of the kidney to numerous activated neurohormonal systems 
is difficult to quantify clinically.

The most common electrolyte disorder that is frequently seen 
in ADHF patients as well as in a variety of therapeutic settings 
is hyponatremia.[3] Low sodium levels have been linked to 
mortality and recurrent hospitalizations for decompensation, 
according to numerous investigations on patients with heart 
failure (HF).

Compared to outpatients with stable disease, hospitalized 
patients with deteriorating HF have a much higher 
prevalence of hyponatremia[4] and volume overload. AKI 
may also be more likely to occur in the kidneys due to 
neurohormonal activation, renal vasoconstriction, and 
decreased renal blood flow, in addition to the impact of 
hyponatremia on survival, severe volume overload, and 
related venous congestion.[5] Therefore, the purpose of this 

study is to investigate the hypothesis that hyponatremia may 
portend the onset of AKI in the setting of ADHF.

Study participants

With 100 participants experiencing ADHF, we conducted 
prospective observational research. All study participants 
provided written fully informed consent. This study was done 
between June 2022 and August 2022 and accepted by the 
Ethics Committee of NIMS Hospital. We included patients 
with Ages >18  years and all patients with ADHF with or 
without AKI. However, we excluded patients with previous 
acute or chronic kidney disease, acute myocardial infarction, 
and patients with structural kidney diseases.

At the beginning of the study, 148 ADHF patients in total 
were enrolled. Patients having missing information on their 
age, gender, or clinical outcome (n = 13) were not included 
in the study.

Patients who had undergone nephrectomy, kidney 
transplantation, or chronic renal disease (n = 18), as well as 
patients who had any of these procedures in the past, were 
also eliminated. In addition, patients with AKI that were 
thought to have been brought on by medication toxicity, 
contrast and confirmed severe sepsis, structural kidney 
disorders, and acute myocardial infarction were not included 
in the study. These individuals (n = 11) were not included, 
because it was not possible to link ADHF with certainty to 
the change in serum creatinine. The final analysis included 
100 participants. AKI and ADHF were present in one group 
(52 participants), but ADHF was absent in the second group 
(48 participants).
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MATERIALS AND METHODS

After receiving properly informed consent, patients meeting 
the inclusion and exclusion criteria will be enrolled in this 
study. Before the trial, a medication history including 
diuretics and nephrotoxic medications will be obtained.

We looked at the relationship between hyponatremia and 
AKI in two distinct cohorts: (1) Patients with AKI in ADHF 
and (2) patients without AKI in ADHF.

AKI is defined as an increase of >0.3  mg/dL in creatinine 
from baseline. Sodium levels below 136 mmoL/L are 

considered hyponatremia. Between June and August 
2022, adults (>18  years of age) with ADHF were enrolled. 
Electronic medical records were used to obtain clinical data. 
The permitted error was ±2%, and α = 0.05 bilateral when 
estimating the sample size using the formula for calculating 
the sample size of cross-sectional studies. The estimated 
sample size was 100.

RESULTS

The study included 100 patients in total, of whom 75 (75%) 
were men and 25 (25%) were women. The participants’ average 
age was 51.60 years. It was noted that 26 (26%) participants 
were between the ages of 21 and 40, 42 (42%) were between 
the ages of 41 and 60, and 32 (32%) were over the age of 60 
[Table 1]. Depending on whether AKI was present or not, we 
split the study population into two groups [Table 2].

The mean N-terminal pro-brain natriuretic peptide (NT Pro-
BNP) levels were 3284 pg/mL and the mean left ventricular 
ejection fraction (LVEF) was 30% [Table 3]. In our study, 17 
diabetic patients (32.7%), 21 hypertensive patients (40.4%), 
and eight chromic smokers (15.4%) all suffered from 
AKI; however, none of these percentages were statistically 
significant [Table 4].

One finding was that hyponatremia affected 45% of the 
study participants [Table  2]. It was noted that 12% of the 

Table 4: Association between co-morbidities and AKI.

Association between comorbidity and AKI among ADHF 
participants using Chi-square test

Variable Category AKI 
Present

AKI 
Absent

P-value

n % n %

Diabetes Yes 17 32.7 11 22.9 0.28
No 35 67.3 37 77.1

Hypertension Yes 21 40.4 14 29.2 0.24
No 31 59.6 34 70.8

Smoking Yes 8 15.4 4 8.3 0.28
No 44 84.6 44 91.7

AKI: Acute kidney injury, ADHF: Acute decompensated heart failure

Table 3: Descriptive analysis for LVEF and NT Pro BNP among 
study participants.

Descriptive analysis for LVEF and NT Pro BNP among study 
participants

Variable n Mean SD Median Min Max

LVEF 100 30 4.96 30 13 43
NT Pro BNP 100 3284.76 3555.82 1570 234 15890
LVEF: Left ventricular ejection fraction
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Figure 1: Distribution of characteristics among study patients.

Table 1: Age and gender distribution among study participants.

Age and gender distribution among study participants
Variables Category n %

Age 21–40 yrs. 26 26
41–60 yrs. 42 42
61–80 yrs. 32 32

Mean SD

Gender Mean 51.60 14.07
Range 23–80
Males 75 75
Females 25 25

SD: Standard deviation

Table 2: Incidence of AKI and hyponatremia among study 
patients.

Incidence of AKI and hyponatremia among study patients
Variables Category n %

AKI Absent 48 48
Present 52 52

Hyponatremia Absent 55 55
Present 45 45

AKI: Acute kidney injury
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study group had a history of smoking, 35% of patients had 
hypertension, and 28% of patients had diabetes mellitus 
[Figure 1]. According to data analysis, AKI finally developed 
in 63.5% of patients with hyponatremia during a hospital 
stay, but only 36.5% of individuals without hyponatremia 
[Table 5].

In comparison to ADHF patients without hyponatremia, 
those with hyponatremia have a 5.21-fold higher chance of 
getting AKI (95% CI, 2.20–12.36), and this conclusion was 
statistically significant (P < 0.001) [Table 6].

After correcting for age, gender, comorbidities, and habits as 
potential confounders, ADHF patients with hyponatremia 
are 5.07  times more likely to develop AKI (95% CI, 2.05–
12.55) than ADHF patients without hyponatremia. This 
finding was statistically significant at P < 0.001 [Table 7].

DISCUSSION

Acute CRS type-1 and ADHF coexistence are a serious 
condition linked to significantly higher morbidity and 
mortality in people with HF.[6-9] The inability to identify 
patients with a high risk of developing CRS type-1 early 
enough to start therapies is a significant obstacle to improving 
clinical outcomes in ADHF patients.

Patients with ADHF often experience hyponatremia. 
According to Lee et al.,[10] chronic HF patients who have 
hyponatremia had increased mortality rates. Patients with 
ADHF experience this as well.

A 19.7% admission rate for patients with hyponatremia (Na 
135 mMoL/L) was found in the analysis of the OPTIMIZE-
HF registry. Both registries and clinical trials, such as 
outcomes of a prospective trial of intravenous milrinone 
for exacerbations of chronic heart failure[3] (27%) and 
ESCAPE[4] (24%), have similar rates of hyponatremia. When 
comparing hyponatremia to normal sodium levels, a lower 
blood sodium concentration is linked to increased mortality 
during hospitalization and after discharge as well as a higher 
likelihood of readmission for ADHF after 6 months.

Our study’s key findings were that hyponatremia in HF 
patients was linked to increased problems during a hospital 
stay. With ADHF, 45% of patients exhibited hyponatremia 
(among which 33 patients had AKI, and 12 patients did not 
have AKI).

Patients with ADHF from a range of age groups, genders, 
and comorbidities are included in our sample. Some of 
these variations could play a role in the development of 
AKI. Even though comorbidities were more prevalent in 
individuals with AKI, they did not significantly affect the 
outcomes statistically. Other studies have demonstrated that 
chronic comorbidities independently increase the mortality 
rates of patients with newly diagnosed HF[11] and also in the 
ambulatory HF population.[12]

Hyponatremia was found to be a statistically significant 
(P < 0.001) predictor of increased incidence of AKI in a 
predetermined group of patients with HF in our study, 
and ADHF patients with hyponatremia have a 5.21-fold 
higher risk of developing AKI (95% CI, 2.20–12.36) than 
ADHF patients without hyponatremia. Future trials with 
hyponatremic patients and HF should include data on 
comorbidities to validate the results that we acquired in 
this study. Older people have more comorbidities, and the 
percentage of patients with intact ejection fraction is higher.

Study limitations

The incidence of rehospitalizations and all-cause mortality 
were not investigated due to the limited sample volume 

Table 5: Analysis of hyponatremia and AKI in ADHF patients.

Analysis of Hyponatremia & AKI in ADHF patients using 
Chi-square Test

AKI Hyponatremia 
present

Hyponatremia 
absent

P-value

n % n %

AKI Present 33 63.5 19 36.5 <0.001*
AKI Absent 12 25.0 36 75.0
AKI: Acute kidney injury, ADHF: Acute decompensated heart failure

Table 6: Risk of AKI among hyponatremia patients.

Univariate logistic regression analysis to calculate the risk of 
AKI in ADHF patients with hyponatremia

Variable OR 95% CI P-value
Lower Upper

AKI 5.21 2.20 12.36 <0.001*
OR: Odds ratio, CI: Confidence interval, AKI: Acute kidney injury, 
ADHF: Acute decompensated heart failure

Table 7: Multivariate logistic regression model to estimate the risk 
of AKI among hyponatremia in ADHF patients after adjusting for 
possible confounders.

Multivariate logistic regression model to estimate the risk of 
AKI among hyponatremia in ADHF patients after adjusting 

for possible confounders
Variables OR 95% CI for OR P-value

Lower Upper

Age (>50) 0.39 0.16 0.99 0.07
Gender (Males) 1.58 0.56 4.46 0.39
Diabetes 1.14 0.39 3.32 0.81
Hypertension 0.96 0.36 2.55 0.93
Smoking 1.92 0.47 7.94 0.37
AKI 5.07 2.05 12.55 <0.001*
AKI: Acute kidney injury, ADHF: Acute decompensated heart failure
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and short duration of the study, as well as the fact that a 
sizable proportion of patients presented without baseline 
information on their baseline creatinine concentration and 
estimated glomerular filtration rate.

Finally, because the study focused mostly on in-patients of 
tertiary hospitals, it is possible that the results cannot be 
generalized to patients in community hospitals or any other 
study setting.

Despite these drawbacks, this study sheds light on how 
hyponatremia affects patients with ADHF who may develop 
CRS type-1. Our research can contribute to the body of 
knowledge regarding the value of serum sodium levels and 
their relationship to worsening renal failure.

 CONCLUSION

Hyponatremia predicts complications while admission in 
HF patients like type-I CRS and it has also been shown that 
comorbidities could play an important role in the presence or 
absence of hyponatremia and could even influence the length 
of hospital stay attributed to lower serum sodium levels 
which need further clinical trials.
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