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Abstract

Background: In Indonesia, heart failure has become a major commu-
nity problem because of the high cost of care, low quality of life, and 
premature death. Until now, loop diuretics are still the main therapy in 
patients with acute decompensated heart failure with clinical conges-
tion. Diuretic responsiveness can be assessed objectively by measuring 
sodium urine. This study aimed to determine the response of natriuresis 
2 h after loop diuretic administration and its relationship to length of 
stay and readmission within 30 days in daily clinical practice.

Methods: This is a prospective cohort study conducted at the National 
Cardiovascular Center Harapan Kita Hospital in acute decompensated 
heart failure patients. Patient characteristics were collected from medi-
cal records. Response to intravenous (IV) loop diuretics was assessed 
using urinary sodium laboratory panels. The primary outcomes of inter-
est in this study were length of stay and rehospitalization. Analyses were 
conducted between the outcome of interests and patient characteristics.

Results: There were 51 acute decompensated heart failure patients in 
this study with 78.4% males. The mean age was 52.47 ± 13.62. The 
mean ejection fraction was 37.53±17.95%, with the majority of patients 
having a left ventricular ejection fraction less than 40% (62.7% of study 
subjects). The average glomerular filtration rate of subjects in this study 
was 57.29 ± 27.25 mL/min. Pearson correlation test between pre- and 
post-loop diuretic urinary sodium showed trends of significant correla-
tion (r = -0.238, P = 0.093) and (r = -0.308, P = 0.028), respectively. Pa-
tients with lower pre-loop diuretic urinary sodium were shown to have 
a shorter length of stay (8.57 ± 6.161 vs. 5.30 ± 4.01, P = 0.04), while 

patients with lower post-loop diuretic urinary sodium showed trends of 
longer length of stay (8.67 ± 4.14 vs. 6.03 ± 5.39, P = 0.126).

Conclusions: In this study, we observe lower rehospitalization in pa-
tients with higher pre-loop diuretic urinary sodium levels. Post-loop 
diuretic urinary sodium level was shown to be inversely related to 
length of stay in acute decompensated heart failure patients.

Keywords: Acute decompensated heart failure; Loop diuretic; Urine 
sodium

Introduction

Due to the high mortality and morbidity, heart failure remains 
a challenge in developed and developing countries with high 
rates of rehospitalization [1]. Globally it is predicted that the in-
cidence of heart failure in patients age 60 and older will increase 
twofold by 2025 and threefold in 2050, while the incidence in 
developing countries will increase from 1.5-4% to 6.7-9% [2].

In Indonesia, heart failure treatment remains a challenge 
due to the high cost of treatment, poor patient quality of life, 
and high mortality, with the incidence of heart failure on the 
steady rise in the past decade. Contrary to developed coun-
tries, Indonesia has seen a higher incidence of heart failure in 
younger patients. A study from the National Cardiovascular 
Center in Indonesia found the post-treatment mortality rate to 
be 12% and the rehospitalization rate to be 26% [1].

Current treatment of acute decompensated heart failure 
still emphasizes a safe decongestive regimen that should be 
implemented as early and effectively as possible to amelio-
rate congestion, and fluid overload and decrease the length of 
hospitalization of patients, with loop diuretics being one of the 
most commonly used decongestive agent in acute decompen-
sated heart failure. Although loop diuretics are heavily utilized 
in the early decongestion of acute decompensated heart failure 
patients, assessing its treatment effect in terms of congestion 
status has proven to be challenging [3].

Impaired natriuresis is a phenomenon seen in all patients 
with subclinical and clinical systolic and diastolic heart failure. 
This phenomenon might be a factor that drives the progression 
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of heart failure, as opposed to only being a consequence of el-
evated renin angiotensin aldosterone system (RAAS) activation 
caused by heart dysfunction [4]. Amongst other factors, im-
paired heart function and renal venous hypertension have been 
implicated as the contributing factors to this phenomenon [5].

Alterations in urinary sodium levels have been recently 
studied as a predictor of long-term adverse events in acute de-
compensated heart failure patients receiving loop diuretics. One 
study showed that impaired natriuretic response to loop diuretics 
is associated with worsening renal function in the long run [6].

In this study, we aim to investigate the association between 
post-loop diuretic urinary sodium levels with the length of stay 
and rehospitalization in acutely decompensated heart failure pa-
tients.

Materials and Methods

Study design

This is a prospective cohort study of acutely decompensated 
heart failure patients who were hospitalized at the National 
Cardiovascular Center Harapan Kita, Jakarta, Indonesia, be-
tween March and April 2021.

The inclusion criteria for this study were: 1) adult male 
or female (age > 18); 2) acutely decompensated heart failure 
patients with a minimum of one congestive symptom (edema, 
dyspnea, or orthopnea) and a minimum of one physical sign 
of congestion (edema, rales, ascites, elevated jugular venous 
pressure, vascular congestion on chest X-ray). The exclusion 
criteria for this study were: 1) patient without previous history 
of heart failure; 2) referred patients that have received loop 
diuretics in the preceding 24 h. This study was approved by 
the Ethical Institutional Review Board of the National Car-
diovascular Center Harapan Kita, Jakarta, Indonesia (ethical 
clearance No. LB 01.02/VII/KEP 016/2021). Prospective col-
lection of patients’ characteristics and clinical parameters were 
collected from medical records and hospital information sys-
tems. The study was conducted in compliance with the ethical 
standards of the responsible institution on human subjects as 
well as with the Helsinki Declaration.

Intervention protocol

Patients were asked to urinate in a collection pot before the ad-
ministration of the intravenous loop diuretic (furosemide). Pa-
tients who were unable to urinate were assisted using a urinary 
catheter to ensure bladder emptying. Palpation was performed to 
assess bladder filling status post urination. Intravenous furosem-
ide was then administered in daily doses of one to two times, as 
directed by the managing physician. The second urine collection 
was performed 2 h after the administration of furosemide. Sam-
ples were taken to the Laboratory of National Cardiovascular 
Center Harapan Kita, to be analyzed using a selective ion elec-
trode-based device (ISE indirect Na-K-Cl for Gen.2; COBAS; 
Roche/Hitachi, Japan) with a normal urinary sodium reference 
range of 40 - 220 mmol/24 h. Aggressive diuretic strategy is 

defined as diuretic dosing in acute decompensated heart failure 
management as per the European Society of Cardiology guide-
line in the management of acute decompensated heart failure 
[7], while nonaggressive diuretic strategy is defined as diuretic 
dosing in acute decompensated heart failure management at the 
clinician’s discretion. Patients were monitored in the ward dur-
ing treatment. Patients were discharged from the hospital when 
signs of clinical decongestion were achieved (absence of pul-
monary rales, absence of Lower Extremity Edema, absence of 
orthopnea).

Data analysis

The baseline characteristics of study subjects were presented 
using tables. Categorical data were presented using proportion 
and frequency, while numerical data were presented with mean 
± standard deviation or interquartile ranges with minimum or 
maximum values depending on data distribution. We assessed 
data distribution using the Shapiro-Wilk test with a threshold of 
P < 0.05. Urinary sodium thresholds of 50 mmol/L were adopted 
based on the results of previous studies [6, 8, 9].

Urinary sodium level was predefined as urinary sodium 
level obtained from measurement 2 h post administration of 
loop diuretic of furosemide that was twice the pre-admission 
routine dosage. Dichotomized urinary sodium levels were de-
fined as urinary sodium levels that have been dichotomized 
into 1) below 50 mmol/L; and 2) beyond > 50 mmol/L. This 
threshold was selected based on previous publications on this 
matter [6, 8, 9]. There were two patterns of loop diuretic ad-
ministration in this study. Aggressive diuretic administration 
refers to diuretic administration according to the latest Europe-
an Society of Cardiology guideline for the diagnosis and treat-
ment of acute heart failure [7]. Meanwhile, a nonaggressive 
strategy refers to a loop diuretic administration strategy based 
on previous guidelines.

Bivariate analysis between urinary sodium and the out-
come of interest was performed using a Chi-square test. In-
dependent t-test and Mann-Whitney test were performed on 
numerical outcomes based on data distribution. Pearson cor-
relation tests were performed between continuous variables.

Interaction between confounding variables and categori-
cal outcomes is also analyzed using the Chi-square test for cat-
egorical variables and an independent t-test or Mann-Whitney 
test for numerical data. Numerical outcomes are analyzed us-
ing the independent t-test or Mann-Whitney test and Spearman 
or Pearson correlative tests. Confounding variables with a P 
value < 0.05 will be included in multivariate analysis to assess 
their influence on study outcomes. Multivariate analyses in 
this study are performed using logistic regression. Data were 
analyzed with SPSS software version 21.

Results

There were 51 acute decompensated heart failure patients in this 
study with 78.4% males. The mean age was 52.47 ± 13.62 years 
old. The mean left ventricular ejection fraction was 37.53±17.95%, 
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with the majority of patients having less than 40% (62.7% of study 
subjects). The average glomerular filtration rate of subjects in this 
study was 57.29 ± 27.25 mL/min. The majority of patients in this 
study were administered an aggressive diuretic treatment strategy 
as per the European Society of Cardiology guideline on the man-
agement of acute decompensated heart failure (58.8%). Patients 
with type 2 diabetes mellitus were not excluded from this study, 
with baseline random blood sugar of 134.43 ± 46.83 mg/dL. Most 
of the patients in this study already received heart failure medi-
cation regimens of angiotensin-converting enzyme inhibitors or 
angiotensin receptor blocker (78.4%) and beta-blockers (70.6%). 
The mean serum sodium level between pre- and post-loop diu-
retic was 134.18 ± 4.55 vs. 135.53 ± 1.33 mmol/L, and urinary 

sodium of pre- and post-loop diuretic was 67.69 ± 40.1 vs. 87.78 
± 36.37 mmol/L. Most of the study subjects showed urinary so-
dium levels > 60 mmol/L (70.6%) with only 29.4% of patients 
showing otherwise (Table 1).

The Pearson correlation test between pre- and post-loop 
diuretic urinary sodium showed trends of significant correla-
tion (r = -0.238, P = 0.093) and (r = -0.308, P = 0.028), respec-
tively (Figs. 1, 2).

Patients with lower pre-loop diuretic urinary sodium were 
shown to have a shorter length of stay (8.57 ± 6.161 vs. 5.30 
± 4.01, P = 0.04), while patients with lower post-loop diuretic 
urinary sodium showed trends of longer length of stay (8.67 ± 
4.14 vs. 6.03 ± 5.39, P = 0.126) (Table 2). Beta-blocker use (P 

Table 1.  Baseline Characteristics of Study Subjects (N = 51)

Gender, n (%)
  Male 40 (78.4)
  Female 11 (21.6)
Age (years), mean ± SD 52.47 ± 13.62
Left ventricular ejection fraction (%), mean ± SD 37.53 ± 17.95
Left ventricular ejection fraction category, n (%)
  > 50% 14 (27.4)
  40-50% 5 (9.8)
  < 40% 32 (62.7)
Systolic blood pressure (mm Hg), mean ± SD 124.22 ± 26.35
Diastolic blood pressure (mm Hg), mean ± SD 74.76 ± 17.45
Glomerular filtration rate (mL/min/1.73 m2), mean ± SD 57.29 ± 27.25
Random blood glucose (mg/dL), mean ± SD 134.43 ± 46.83
Diuretic administration strategy
  Nonaggressive 21 (41.2)
  Aggressive 30 (58.8)
Angiotensin-converting enzyme inhibitors/ARB, n (%) 40 (78.4)
Beta-blockers, n (%) 36 (70.6)
Adherence to medication regiments, n (%) 11 (21.6)
Baseline urinary and sodium levels
  Serum sodium (mmol/L)
    Pre-loop diuretic (mean ± SD) 134.18 ± 4.55
    Post-loop diuretic (mean ± SD) 135.53 ± 4.33
  Urinary sodium (mmol/L)
    Pre-loop diuretic (mean ± SD) 67.69 ± 40.1
    Post-loop diuretic (mean ± SD) 87.78 ± 36.37
  Pre-loop diuretic urinary sodium, n (% of subjects)
    < 50 mmol/L 21(41.2)
    > 50 mmol/L 30 (58.8)
  Post-loop diuretic urinary sodium, n (% of subjects)
    < 50 mmol/L 12 (23.5)
    > 50 mmol/L 39 (76.5)

SD: standard deviation; ARB: angiotensin receptor blocker.
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= 0.013) and pre-loop diuretic urinary sodium levels (P = 0.05) 
were associated with readmission 30 days after discharge; 
however, further multivariate analysis regarding readmission 
in 30 days showed no statistically significant results (Table 3). 
We performed multivariate linear regression analysis between 
select variables and length of stay. Urine sodium post-loop di-
uretic levels were associated with an increase in length of stay 
(B = -0.342, P = 0.041) (Table 4).

Discussion

In this study, the mean age of subjects was 52.63 years and 
dominated by males, which is similar to the Framingham co-
hort and European Society of Cardiology study [10-12]. The 
predominantly older age of male patients suffering from acute 
decompensated heart failure might be attributed to several fac-
tors such as: 1) long-standing poor lifestyle of choice; 2) the 
increased life expectancy in patients with type 2 diabetes mel-
litus and hypertension, which is a predisposing factor to acute 
decompensated heart failure; 3) increase in the prevalence of 
ischemic heart disease, valvular heart disease and hypertensive 
heart disease; 4) presence of other comorbidities such as atrial 
fibrillation, renal dysfunction, chronic obstructive pulmonary 

Figure 1. Pearson correlation result showing trends of significant correlation between pre-loop diuretic (LD) sodium urine and 
length of stay (LOS) (r = -0.238, P = 0.093).

Figure 2. Pearson correlation result showing a statistically significant correlation between post-loop diuretic (LD) sodium urine 
and length of stay (LOS) (r = -0.308, P = 0.028).
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disease, and peripheral arterial disease. The presence of these 
comorbidities in patients increases the risk of heart failure and 
its complications [13].

Most of the patients in this study suffer from heart failure 
with reduced ejection fraction (HFrEF) with an ejection frac-
tion lower than 40% (62.7%). This is similar to the Framing-
ham cohort study, which found that HFrEF is more commonly 

found in male acute decompensated heart failure patients com-
pared to females [10, 11].

Analysis showed a higher length of stay in patients with 
pre-loop diuretics urinary sodium levels below 50 mmol/L 
compared to above 50 mmol/L (8.57 ± 6.161 vs. 5.30 ± 4.01 
days, P = 0.04), while analysis of post-loop diuretic urinary 
sodium only showed trends of longer length of stay in patients 

Table 2.  Comparison of Length of Stay Between Variables

Length of stay (days) (mean ± SD) P value
Pre-loop diuretic urinary sodium
    ≤ 50 mmol/L (n = 21) 8.57 ± 6.161 0.04
  > 50 mmol/L (n = 30) 5.30 ± 4.01
Post-loop diuretic urinary sodium
    ≤ 50 mmol/L (n = 12) 8.67 ± 4.14 0.126
  > 50 mmol/L (n = 39) 6.03 ± 5.39
Gender
  Male (n = 40) 6.28 ± 4.89 0.417
  Female (n = 11) 8.00 ± 6.34
Diuretic administration strategy
  Nonaggressive (n = 21) 6.43 ± 3.84 0.805
  Aggressive (n = 30) 6.80 ± 6.05

Table 3.  Factors Associated With Rehospitalization in 30 Days

Rehospitalization in 30  
days after discharge P value

Yes (n = 9) No (n = 42)
Male gender 9 (100%) 31 (73.8%) 0.177
Aggressive diuretic strategy 4 (44.4%) 25 (59.5%) 1.00
ACE inhibitor/angiotensin receptor blocker use during hospitalization 5 (55.6%) 35 (83.3%) 0.087
Beta-blocker use during hospitalization 3 (33.3%) 33 (78.6%) 0.013
Non-adherence to medication prescribed 6 (66.67%) 34 (80.9%) 0.958
Serum sodium pre-loop diuretic 132.00 ± 4.183 134.64 ± 4.536 0.115

Serum sodium post-loop diuretic 133.89 ± 5.968 135.88 ± 3.902 0.362
Pre-loop diuretic urinary sodium 46.44 ± 30.99 72.27 ± 40.64 0.05
    ≤ 50 mmol/L (n = 21) 5 (55.6) 16 (38.1) 0.46
  > 50 mmol/L (n = 30) 4 (44.4) 26 (61.9)
Post-loop diuretic urinary sodium 77.44 ± 30.67 90.00 ± 37.43 0.300
    ≤ 50 mmol/L (n = 12) 2 (22.2) 10 (23.8) 1.000
  > 50 mmol/L (n = 39) 7 (77.8) 32 (76.2)
Age (years), mean ± SD 53.22 ± 13.24 49.89 ± 16.28 0.536
Left ventricular ejection fraction (%), mean ± SD 38.03 ± 18.16 35.22 ± 17.75 0.674
SBP (mm Hg), mean ± SD 127.45 ± 27.29 109.11 ± 14.56 0.057
DBP (mm Hg), mean ± SD 76.05 ± 18.30 68.78 ± 11.745 0.261
Glomerular filtration rate, mean ± SD 55.88 ± 27.62 63.89 ± 25.96 0.429
Random blood glucose (mg/dL), median (IQR) 137.24 ± 50.38 121.33 ± 22.215 0.361

ACE: angiotensin-converting enzyme; SD: standard deviation; SBP: systolic blood pressure; DBP: diastolic blood pressure.
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with levels < 50 mmol/L (8.67 ± 4.14 vs. 6.03 ± 5.39, P = 
0.126). Pre-loop diuretic urinary sodium levels reflect the con-
stant state of reduced sodium excretion in chronic heart fail-
ure patients, which is caused by the increased activation of the 
RAAS system. These indices are associated with the increased 
sodium avidity, which is intrinsically present in heart failure 
patients [14]. Pre-loop diuretic sodium levels reflect chronic 
RAAS activation and sodium retention in heart failure pa-
tients, which will cause congestion and hospitalizations.

Renal under-perfusion is a common phenomenon in pa-
tients with heart failure. This in turn will activate the RAAS 
and increase sodium retention. Chronic sodium retention, 
which is a hallmark of heart failure, will increase extracellular 
volume, and cause congestion and clinical symptoms [3, 15]. 
The low levels of urinary sodium levels in acute heart failure 
episodes are related to this phenomenon, which is more com-
monly known as “cardiorenal syndrome”. In this phenomenon, 
chronic renal underperfusion reduced systemic blood pressure, 
increased renal venous pressure, and right ventricular dysfunc-
tion caused renal dysfunction in patients with heart failure 
[16-18]. These mechanisms are the most likely cause of low 
urinary sodium levels after administration of loop diuretics.

In our study, rehospitalized patients show lower pre-loop 
diuretic urinary sodium levels compared to non-rehospitalized 
patients (46.44 ± 30.99 vs. 72.27 ± 40.64 mmol/L, P = 0.05). 
Post-loop diuretic urinary sodium was not found to be signifi-
cantly associated with rehospitalization. Patients with lower 
pre-loop diuretic urinary sodium (< 50 mmol/L), which re-
flects a more severe state of RAAS activation were also ob-
served to have longer length of stay in this study (8.57 ± 6.16 
vs. 5.30 ± 4.01 days, P = 0.04).

Loop diuretics are primarily used as a decongestive agent 
in episodes of acute decompensated heart failure. Variability in 
diuresis response to loop diuretics exists and has been linked to 
adverse outcomes [19].

Low adherence to medication was also prescribed in both 
readmitted and non-readmitted patients in this study (66.7% 
vs. 80.9%, P = 0.958). Adherence was established during the 
initial encounter with the patients. Good medication adherence 
was defined as a patient’s ability to fulfill all the physician’s 
prescriptions correctly, including the dosage as prescribed by 
the physician. Failure to meet this criterion was defined as 
medication nonadherence. Several factors might be causing 
this finding, including poor understanding from patients, fi-
nancial barriers, lack of insurance, and lack of access to medi-

cations. Further studies might be needed in this matter.
In patients with acute decompensated heart failure, diuretic-

induced natriuresis reflects the ability of the kidney to excrete salt 
after administration of loop diuretics. It is commonly followed 
by spontaneous natriuresis in the post-diuretic period. Studies 
have shown post-diuretic spontaneous natriuresis is associated 
with the amount of diuretic-induced natriuresis [19]. Post-loop 
diuretic natriuresis reflects the rate of decongestion in patients 
with acute decompensated heart failure. In our study, we observe 
a trend of higher length of stay in patients with lower post-loop 
diuretic urinary sodium levels (< 50 mmol/L) (8.67 ± 4.14 vs. 
6.03 ± 5.39 days, P = 0.126). This trend is further confirmed us-
ing linear regression multivariate analysis, which shows an in-
verse relation between post-loop diuretic urinary sodium levels 
and length of stay (B = -0.342; standard error (SE) = 0.023, P = 
0.041) (Table 4). This finding also correlates with the findings 
of other studies. Biegus et al showed that in acute decompen-
sated heart failure patients with fluid overload given intravenous 
loop diuretic, urinary sodium level at 48 h post-administration 
has prognostic value over the effectiveness of decongestion and 
hospitalization outcome [20, 21]. In an analysis of the ROSE-
AHF trial by Hodson et al [9], sodium excretion was strongly 
associated with 6-month mortality. Patients excreting less than 
2 g of sodium per day, showed higher levels of N-terminal pro-
B-type natriuretic peptide (NT-proBNP) and a lower glomerular 
filtration rate. Furthermore, patients with lower sodium excretion 
were significantly associated with 6-month all-cause mortality in 
both univariate and multivariate analysis [9]. A study by Testani 
et al showed in patients being treated for acute decompensated 
heart failure, poor natriuretic response to loop diuretics is predic-
tive of increased length of stay and can be predicted from a spot 
urine measurement post diuretic administration [8]. In a study by 
Singh et al, insufficient natriuretic response to furosemide was 
found to be associated with a greater likelihood of renal wors-
ening and future adverse long-term outcomes independent of 
glomerular filtration rate, with adverse outcomes such as death, 
cardiac transplantation, and heart failure rehospitalization [6].

Low post-loop diuretic urinary sodium levels reflect in-
effective decongestion, diuretic resistance, and renal tubular 
injury reflected by elevated kidney injury molecule I and neu-
trophil gelatinase-associated lipocalin [20].

Differences in outcomes of hospitalization were also ana-
lyzed from the perspective of diuretic administration strategy. 
Aggressive administration of loop diuretic, which is defined as 
administration as per the newest European Society of Cardiol-

Table 4.  Multivariate (Linear Regression) Analysis on Factors Associated With Length of Stay

Variables
Unstandardized coefficients Standardized coefficient

t P value
B SE B

Glomerular filtration rate -0.014 0.026 -0.074 -0.537 0.594
Serum sodium pre-loop diuretic 0.484 0.254 0.423 1.908 0.063
Serum sodium post-loop diuretic -0.387 0.230 -0.322 -1.683 0.099
Urine sodium pre-loop diuretics -0.026 0.021 -0.202 -1.265 0.212
Urine sodium post-loop diuretics -0.49 0.023 -0.342 -2.100 0.041

SE: standard error.
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ogy guideline [7], was however not found to be associated with 
lower length of stay and lower risk of rehospitalization. This 
finding might be explained due to the side effects of aggressive 
decongestion in acute heart failure patients, such as worsening 
renal function, hypotension, and profound electrolyte imbal-
ance, which might increase the length of hospitalization [22]. 
Also, upon seeing these adverse effects on a patient, treating 
physicians would most likely de-intensify the loop diuretic regi-
men, causing slower decongestion and increased length of stay.

Study limitation

This study employs consecutive sample collection without ran-
domization which might cause a discrepancy between study 
groups. This study only evaluated a small sample of patients. 
Further studies with larger samples are needed in the future. 
During the time of this study, sodium-glucose cotransporter-2 
inhibitors (SGLT2i) and angiotensin receptor-neprilysin in-
hibitors (ARNI) were not covered by our national health in-
surance, since our hospital is a public hospital, in which most 
of the patients utilized our national health insurance for treat-
ment, SGLT2i was rarely given except in out-of-pocket cases. 
Furthermore, we acknowledge that even with clinical signs of 
decongestion achieved during hospitalization, objective tissue 
decongestion cannot be measured and might affect readmis-
sion rates.

Conclusions

In this study, we observed that patients with higher pre-loop 
diuretic urinary sodium levels had lower rates of rehospitali-
zation. Post-loop diuretic urinary sodium level was shown to 
be inversely related to length of stay in acute decompensated 
heart failure patients.
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