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GRAPHICAL ABSTRACT

Diuretic efficiency can be evaluated with our novel, three-variable index called DES (diuretic
efficiency score). DES can also be used to predict mortality in acute heart failure patients.

We aimed to investigate
the clinical determinants
of diuretic efficiency
(DE) by using three
separate indicators for
assessing DE and the
prognostic effect of
diuretic efficiency in
acutely decompensated
heart failure patients.

42 consecutive patients
admitted to the hospital
for acutely
decompensated heart
failure were included.
Early diuretic response,
spot urine sodium
excretion (Uy,), and
hemoconcentration were
evaluated individually to
predict loop diuretic
efficiency.

Good early diuretic response
(EDR) was associated with
higher diastolic blood pressure
on admission (8=0.340, p=0.020)
and eGFR (8=0.304, p=0.032),
atrial fibrillation (8=0.308,
p=0.025) , and bolus dosing of
intravenous furosemide
(8=0.467, p=0.002).
Hypertension (8=0.393, p=0.020)
and low systolic blood pressure
on admission (8=0.319, p=0.039)
were inversely related to
hemoconcentration.

Akbulut iM, et al. A novel index for... Med J
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ABSTRACT

Aim: Acute heart failure (AHF) is the leading cause of hospital admissions among adults =65. Loop diuretics are the mainstay of treatment
of congestion in AHF. Response to loop diuretics is closely related to morbidity and mortality. In this study, we aimed to investigate 1- the
clinical determinants of diuretic efficiency (DE) by using three separate indicators for assessing DE and 2-the prognostic effect of diuretic
efficiency in acutely decompensated heart failure patients.
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Material and Methods: 42 consecutive patients admitted to the hospital for acutely decompensated heart failure were included. Early
diuretic response, spot urine sodium excretion (UNa), and hemoconcentration were evaluated individually to predict loop diuretic efficiency.
Results: Good early diuretic response (EDR) was associated with higher diastolic blood pressure on admission (3=0.340, p=0.020) and eGFR
(B=0.304, p=0.032), atrial fibrillation (38=0.308, p=0.025) , and bolus dosing of intravenous furosemide (B=0.467, p=0.002). Hypertension
(B=0.393, p=0.020) and low systolic blood pressure on admission (8=0.319, p=0.039) were inversely related to hemoconcentration.
Conclusion: Diuretic efficiency is strongly influenced by the heart rhythm, renal function, blood pressure, prevalence of hypertension,
and schedule of furosemide administration. We developed a novel, three-variable index called DES (diuretic efficiency score) that predicts
mortality in AHF patients. Future research in larger cohorts is needed to validate DES as a predictor of mortality in heart failure.
Keywords: Heart failure, diuretic response, survival

GRAFIKSEL OZET

Diuretik etkinligi, yeni gelistirmis oldugumuz, DES (diuretik etkinlik skoru) adi verilen tig-degiskenli indeks ile
degerlendirilebilir. DES ayni zamanda, akut kalp yetmezligi hastalarinda mortaliteyi 6Gngérmede de kullanilabilir.

Erken iyi diiiretik yamt1 (EDY),
yatis esnasinda yiiksek diyastolik
kan basinci (8=0.340, p=0.020),
yiiksek eGFR (8=0.304, p=0.032),
atrial fibrilasyon (8=0.308,
p=0.025) ve intravenoz furosemid
bolus uygulamasi (8=0.467,
p=0.002) ile iliskili olarak

Calhismaya, akut
dekompanse kalp
yetmezligi nedeniyle
hastaneye yatis1 yapilan
42 hasta dahil edildi.
Kivrim diiiretiklerinin

Bu calismada, ii¢ farkh
gosterge kullanarak
diiiretik etkinliginin (DE)
klinik belirleyicilerini
saptamayi ve DE’nin

akut dekompanse kalp
yetmezligi hastalarindaki
prognostik etkisini

etkinligini degerlendirmek
icin, erken diiiretik yamiti,
spot idrar sodium atilimi

bulundu. Hipertansiyon
(8=0.393, p=0.020) ve yatis
esnasinda diisiik sistolik kan

basma (8=0.319, p=0.039) ise
hemokonsantrasyon ile ters
iliskili olarak saptandi.

(Uyp) ve
hemokonsantrasyon ayri
ayr1 degerlendirildi.

degerlendirmeyi
amacladik.

irem Miige Akbulut, Volkan Kozluca,
Tarkan Seda Tan Kurkli, Ramtin Ali, ve ark.
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Amac: Akut kalp yetmezligi (AKY) 65 yas Ustll yetiskinlerde hastaneye yatislarin en sik nedenidir. Kivrim didretikleri, AKY'de konjesyon
tedavisinin temel unsurudur. Kivrim diuretiklerine olan yanit morbidite ve mortalite ile yakindan iligkilidir. Bu ¢calismada;1-u¢ ayr gdsterge

kullanarak diuretik etkinliginin (DE) klinik belirleyicilerini ve 2-akut dekompanse kalp yetmezIigi hastalarinda ditretik etkinliginin prognostik
etkisini arastirmay1 amagcladik.

Gerec ve Yontemler: Akut dekompanse kalp yetersizligi nedeniyle hastaneye yatirilan 42 hasta ¢alismaya dahil edildi. Kivrim ditretik
etkinligini belirlemek icin erken diliretik yaniti, spot idrar sodyum atiimi (UNa) ve hemokonsantrasyon parametreleri ayri ayri degerlendirildi.

Bulgular: iyi erken diiiretik yaniti (EDY), bagvuru sirasindaki yiiksek diyastolik kan basinci (3=0.340, p=0.020) ve eGFR (3=0.304, p=0.032),
atriyal fibrilasyon (3=0.308, p=0.025) ve intraventz furosemidin bolus doz seklinde verilmesi (3=0.467, p=0.002) ile iligkili olarak tespit edildi.
Hipertansiyon (8=0.393, p=0.020) ve basvuru sirasindaki disuk sistolik kan basinci (B=0.319, p=0.039) hemokonsantrasyon ile ters iligkili
olarak bulundu.

Sonug: Ditretik etkinligi kalp ritmi, bébrek fonksiyonu, kan basinci, hipertansiyon varligi ve furosemid uygulama seklinden giicli bir sekilde
etkilenmektedir.Mevcut calismada, AKY hastalarinda mortaliteyi 6ngérdirmede kullanilabilecek ve DES (ditiretik etkinlik skoru) adi verilen
yeni, U¢ degiskenli bir indeks gelistirdik. DES’in kalp yetmezliginde bir mortalite prediktéru olarak valide edilebilmesi icin, ileride daha blylk
kohortlarda calismalarin yapilmasi gereklidir.

Anahtar Sozciikler: Kalp yetmezligi, dilretik yanit, sagkalim
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INTRODUCTION

Acute heart failure (AHF) is the leading cause of hospitali-
zation among adults =65 (1). Both de novo heart failure and
acutely decompensated chronic heart failure (ADCHF) may
present as AHF. Regardless of the temporal classification,
both forms of AHF are associated with substantial 60- to
90-day mortality rates of 7 and 11% and re-hospitalization
rates of 25 and 30%, respectively (2).

Congestion (peripheral and/or pulmonary) is the most com-
mon presentation and the chief reason for hospital admis-
sions in AHF (3). Parenteral loop diuretics form the main-
stay of treatment of congestion in AHF. Response to loop
diuretics is generally evaluated by monitoring weight loss,
urinary output, and urinary sodium excretion (4). Hemocon-
centration has also recently gained popularity as a marker
of decongestion, along with other parameters (5). Poor diu-
retic response or diuretic resistance is defined as reduced
sensitivity to loop diuretics, poor natriuresis and diuresis
despite escalating doses of diuretics (6). Diabetes melli-
tus, reduced glomerular filtration rate (GFR), low systolic
blood pressure, high blood urea nitrogen levels, more ad-
vanced heart failure, and atherosclerotic disease are asso-
ciated with poor diuretic response (4, 7). Both poor diuretic
response and the requirement of higher doses are closely
related to residual congestion and increased mortality in
heart failure patients (8). Therefore, recognition of poor re-
sponders is essential for early treatment modifications and
improvement of patient-related outcomes.

In the this study, we aimed to investigate 1-the clinical de-
terminants of diuretic efficiency (DE) by using three sep-
arate indicators for assessing DE, 2-the prognostic effect
of diuretic efficiency in patients hospitalized for acutely de-
compensated heart failure.

MATERIAL and METHODS

In this prospective observational study, a total number of
42 consecutive patients who were admitted to our inpatient
cardiology clinic for acutely decompensated heart failure

between May 2020 and December 2020 were included.
The study overview is represented in Figure 1.

ADHF was diagnosed by the attending physician, as the
presence of at least one symptom (peripheral edema, or-
thopnea, dyspnea, paroxysmal nocturnal dyspnea) and at
least one sign (pulmonary crackles, peripheral edema, el-
evated jugular venous pressure, typical chest radiograph
findings of pulmonary edema), based on elevated N-ter-
minal-proBNP levels (>450 g/ml) (6). A history of hospital-
ization for ADHF within the past 6 months was defined as
an unplanned need for parenteral loop diuretic therapy for
unresolving heart failure symptoms.

Hypertension was defined as a systolic blood pressure
greater than or equal to 140 mmHg and/or a diastolic blood
pressure greater than or equal to 90 mmHg. Diabetes mel-
litus was defined asa fasting blood glucose of greater than
or equal to 126 mg/dl, or being on either oral anti-diabetic
drugs or insulin treatment.Atrial fibrillation was defined as
a sustained irregular supraventricular tachyarrhythmia with
the absence of distinct P waves and irregular atrial activa-
tions.

The ejection fraction (EF) was defined as the percentage
of blood pumped from the left ventricle with each heartbeat
and calculated by trans-thoracic echocardiography (TTE).

An ischemic etiology of heart failure was defined as heart
failure with reduced ejection fraction due to the presence of
obstructive coronary artery disease. A non-ischemic, dilat-
ed etiology of heart failure was defined as heart failure with
reduced ejection fraction due toetiologies other than ath-
erosclerotic coronary artery disease like toxins, metabolic
diseases, alcohol, etc.Heart failure with preserved ejection
fraction was defined as signs and symptoms of heart failure
owing t high left ventricular filling pressure despite normal
left ventricular ejection fraction.

The exclusion criteria were: 1-patients younger than 18
years old, 2- patients on chronic hemodialysis or perito-
neal dialysis, 3-patients unable to collect urine properly,
4-patients who received intravenous diuretic therapy in

’ 108 patients screened ‘

43 patients excluded:

- 33 patients: received parenteral diuretics in te
emergency department prior to enrollment
- 10 patients: did not collect urine properly

’ 65 patients selected ‘

13 patients excluded: needed ultrafiltration,
hemodialysis or inotropic agents during follow-up

42 patients enrolled

Figure 1: The study overview.
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the emergency department before enrollment, 5-patients
with hemodynamic instability, and 6- patients on inotropic
agents.

The study protocol was approved by the local ethics com-
mittee (Date: 29/09/2021, Decision No: 2021000333-2) and
was performed in concordance with the Declaration of Hel-
sinki. All patients provided written informed consent.

Before the initiation of parenteral loop diuretic therapy, all
patients were asked to completely empty their bladders.
Next, all patients were started on intravenous furosemide
therapy. The dose was determined by the treating physi-
cian, according to the volume status and chronic oral diuret-
ic dose of the patient. Following the initiation of the diuretic
therapy, a 6-hour urine collection was started. In addition, a
spot urine sample was obtained at hour 2 for the determina-
tion of urine electrolytes and osmolarity.

Blood samples were collected at baseline, on discharge
day, and whenever the treating physician considered it
necessary throughout the hospitalization. Weight, urine
output, diuretic dose, and hemodynamic data (non-invasive
measurement of systolic and diastolic blood pressures and
heart rate with an automated oscillometric blood pressure
measuring device) were collected daily. A 12-lead surface
electrocardiography (ECG) and trans-thoracic echocardi-
ography (TTE) were obtained on the day of admission for
each patient. Heart rhythm data was derived from the ECG
records, and the left ventricular ejection fraction was cal-
culated from the TTE records. Descriptive variables were
noted at baseline.

To assess diuretic efficiency, we used three separate indi-
cators: 1-early diuretic response (EDR), 2-spot urine sodi-
um (Na) excretion (U,,), and 3-hemoconcentration.

EDR was defined as net urine output produced per 40 mil-
ligrams of intravenous furosemide received (expressed as
milliliters of net urine output per 40 mg furosemide equiv-
alent) (9). U,, was obtained at the second hour of the in-
travenous diuretic therapy from spot urine samples. Hemo-
concentration was defined as the change in hematocrit on
discharge from admission.

Statistical Analyses

Statistical analyses were conducted with the Statistical
Package for Social Sciences (SPSS) software, version
10.0. To test the normality distribution of the variables the
skewness and kurtosis values were calculated. In addition,
the data with a significance value of the Shapiro-Wilk Test
greater than 0.05 is assumed to have a normal distribution,
and parametric tests were applied. For the data with a sig-
nificance value of less than 0.05, nonparametric tests were
done. The results were given as mean + SEM, whereas
categorical ones were given as frequencies and percent-

ages (%). The association between laboratory and clini-
cal parameters was evaluated with Pearson or Spearman
correlation analysis concernining the needs of parametric
test assumptions. For the association between a continu-
ous variable and a categorical variable, we can used point
biserial correlation with Pearson analysis.Linear regression
analysis was used to examine continuous outcome data to
compare the relative influence of different independent var-
iable on the dependent variable. The standardized coeffi-
cients from linear regression analysis were used to rank the
predictors of dependent variable.

The overall survival (OS) time was calculated from the start
of diuretic treatment till death from any cause. The survival
analysis was done by Kaplan-Mayer method. Cox multivar-
iate regression analysis was performed to identify the inde-
pendent predictors of the overall survival.Variables with a
significant or weak association, having a p-value less than
0.2, with overall survival in univariate analysis were incor-
porated into the multivariate analysis. ROC curve analysis
was used to measure the diagnostic accuracy of the de-
terminants used in the study. The Youden index method
was used to define the optimal cut-off points for the studied
determinants (10).

RESULTS

Baseline Characteristics

The baseline characteristics of patients are presented in
Table 1. The measurable clinical and lab parameters were
normally distributed with similar mean and median values
except N-terminal-prohormone BNP levels, which originat-
ed from the wide range of levels of plasma BNP fluctuation
over the determined pathological cut-off levels. The skew-
ness (J value; Karl Pearson’s Coefficient of skewness) and
kurtosis (B2 value) values of the variables, excluding BNP,
were between 0.2 and 1.7. Therefore, we included the me-
dian values of the parameters for the homogeneity of Table
2.

The median length of stay in the hospital was 6 days (range:
1 - 24 days). The median parenteral furosemide dose was
120 mg (range: 40 - 960 mg). 35.7% of the patients received
only bolus doses of furosemide. 38.1% of the patients re-
ceived continuous infusion, whereas 26.2% of the patients
received a combination of infusion and boluses. The me-
dian urine osmolarity at hour 2, was 282 mOsm/kg (range:
155-709 mOsm/kg), and the median urine output after 6
hours was 1100 mL (range: 100 to 4000 mL). The perfor-
mance of the determinants of diuretic response was evalu-
ated by ROC analysis. The hemoconcentration, early diu-
retic response, and spot urinary Na excretion were the most
prominent determinants of diuretic efficiency (AUC’s 0.74
5+0.0848&0.718+0.068&0.660+0.086 respectively, p values
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0.012&0.021&0.081 respectively, cut-off values -0.20&350
ml&72 mEqg/L respectively) (Figure 2). The cutoff levels of
the prominent determinants of diuretic efficiency were cho-
sen as the values providing the best tradeoff between sensi-
tivity and specificity, providing the maximum Youden index
(sensitivity+specificity-1) from the ROC tables (Figure 2).

Table 1: The baseline characteristics of the patients.

Characteristic Findings (n=42)

Age, years (mean+SEM) 68.5 (2.3)
Female 18 (42.9)
History of hospitalization for ADHF in the 12 (28.6)
past 6 months
Co-morbidities

Hypertension 30 (71.4)

Diabetes mellitus 20 (47.6)

Atrial fibrillation 18 (42.9)
EF

<40% 28 (65.9)

=>40% 14 (34.1)
Etiology of heart failure

Ischemic 18 (42.9)

Non-ischemic, dilated 14 (33.3)

HFpEF 10 (23.8)
Home medications

Furosemide only 28 (66.7)

Torasemide™ only 5(11.9)

Furosemide+torasemide 2(4.8)

None 7 (16.7)
Clinical presentation on admission
Heart rate (Beat/min+SEM) 87.2+3.2
Weight, kg=SEM 82.7+2.2
Oxygensaturation, %+SEM 90.0+1.2
Systolic blood pressure, mmHg+SEM 120.0+3.6
Diastolic blood pressure, mmHg+SEM 74.5+2.9
Pulse pressure, mmHg+SEM 43.4+1.9
Laboratory parameters on admission
Serum sodium (Na), mEq/L+SEM 135.1x1.1)
Serum chloride (Cl), mEqg/L+SEM 99.8+1.1)
eGFR (CKD-EPI), ml/min per 1.73 m?+SEM 59.3+4.0)
NT-proBNP, pg/mI+SEM 8819.0+1549.0
Serum hematocrit, %+SEM 37.1£1.0
Serum albumin, gr/L+SEM 36.2+0.6
*Loop diuretic dose, mg 124.6+35.2

EF: Ejection fraction, HFpEF: Heart failure with preserved ejection
fraction, eGFR: Estimated glomerular filtration rate, NT-proBNP:
N-terminal-prohormone BNP, SEM: Standard Error of Mean.

*The dose of oral torasemide was presented as oral furosem-

ide-equivalent (assuming 20 mg of oral furosemide was equivalent
to 40 mg of oral furosemide).

O Reference Line
LA NN

Sensitivity

9 Hemoconc.
LN ]

® UNa

. " EDR
0,0 3 5 8 1,0

1 - Specificity

Figure 2: The ROC curves of the determinants of the diuretic
effiency.

Renal Function and Loop Diuretic Dosing Scheme
Affect Diuretic Response

We assessed three indicators for diuretic efficiency: early
diuretic response (EDR), natriuresis (U,,) and hemocon-
centration. We tested both clinical and laboratory parame-
ters as the predictors of those indicators.

Heart rhythm, ejection fraction, diastolic blood pressure on
admission, serum sodium and chloride levels on admission,
eGFR, and loop diuretic scheme were included as the pre-
dictor parameters of early diuretic response. The results of
the univariable and multivariable regression model of pre-
dictors of early diuretic response are shown on Table 2.

The early diuretic response was better in patients with AF,
higher diastolic blood pressure, and better renal function
on admission. In addition, bolus dosing of furosemide, rath-
er than a continuous infusion or combination therapy, was
associated with better early diuretic response. Although the
patient characteristics including co-morbidities, etiology of
heart failure, home medications were also tested as predic-
tors, none of them was found significant in predicting EDR.
Likewise, serum sodium, chloride and NT-proBNP levels
were not associated with EDR.

The clinical parameters did not affect natriuresis in heart
failure patients. Though serum sodium and chloride levels
on admission were positively related to natriuresis on uni-
variate analysis, none of the variables were found to be in-
dependently significant on natriuresis (Table 2).

Although diabetes mellitus and poor renal function were
associated with lower hemoconcentration on univariate
analysis, these parameters did not affect hemoconcentra-
tion independently on multivariate analysis. On the other
hand, blood pressure was the only independent predictor
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Table 2: Predictors of early diuretic response, natriuresis, and hemoconcentration in univariate ant multivariate analyses.

Variables Correlation coefficient p Standardized coefficients p
Heart rhythm 0.2888 0.084 0.308 0.025*
Ejection fraction (EF) 0.262 0.123 0.251 0.071
Diastolic blood pressure on admission 0.306 0.066 0.340 0.020*
Serum Na on admission -0.223 0.105 0.246 0.291
eGFR 0.241 0.150 0.304 0.032*
Serum Cl on admission 0.227 0.196 0.332 0.133
Loop diuretic scheme -0.431 0.008* 0.467 0.002*
Predictors of natriuresis

Diastolic blood pressure on admission 0.229 0.156 0.171 0.220
Serum Na on admission 0.524 0.001* 0.164 0.459
eGFR 0.103 0.234 0.125 0.365
Serum CIl on admission 0.521 0.001* 0.303 0.078
Loop diuretic scheme -0.160 0.325 0.223 0.113
Predictors of hemoconcentration

HT -0.437 0.006* 0.393 0.020*
DM -0.378 0.019* 0.207 0.210
Etiology of heart failure 0.294 0.074 0.030 0.852
Systolic blood pressure on admission 0.250 0.130 0.319 0.039*
eGFR 0.277 0.007* 0.034 0.838

EF: Ejection fraction, eGFR: Estimated glomerular filtration rate, HT: Hypertension, DM: Diabetes mellitus.
*p<0.05

of hemoconcentration (Table 2). Both high and low blood DES group (Figure 3). The DES was the only independ-
pressure values on admission were inversely correlated ent predictor of overall survival on Cox regression analysis
with hemoconcentration. (p=0.07).

Diuretic Efficiency Score (DES) Predicts the Survival
of Patients with Heart Failure

Median follow-up time for the patients was 12 months. The 9
6-month mortality rate was 37.5% (15 patients). Early diu-
retic response, spot urinary sodium excretion at hour 2, and
hemoconcentration were used as the indicators of diuretic

efficiency. None of those parameters significantly predicted é 6
. . . — I
the overall survival of the patients (respectively, p=0.325, 2 s " DES= 0.1
O 4
EDR, UNa, and hemoconcentration were scored as O for ,
patients with values lower than the cut-off values, provid- | Medyan OS
ing the best tradeoff between sensitivity and specificity and 2 DES:2-3  Not reached
: ; I p=0.0073 DES: 0-1  6.0+2.5 (1.1-10.9)
the maximum Youden index from ROC analysis (Figure 2). 1
Patients with values equal to or higher than the cut-off val- 0
ues were scored as 1. We've developed a diuretic efficien- 0 2 4 6 8 10 12 14 16

cy score (DES) regarding the sum of the scores of those
three parameters. Patients having 0-1 points were referred
as low DES and 2-3 as high DES. Patients with high DES Figure 3: The survival curves according to the Diuretic
had significantly longer overall survival time than the low Efficiency Score (DES) levels.

Months
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DISCUSSION

Parenteral loop diuretics remain the cornerstone of treat-
ment of congestion in AHF. Effective decongestion is man-
datory to achieving symptom control and reducing recur-
rent hospitalizations in AHF patients. However, it remains
difficult to accurately assess the treatment efficacy due to
the paucity of specific criteria for evaluating congestion. Re-
cently, several parameters like weight loss, net fluid loss,
urine output, urinary sodium excretion, change in natriuretic
peptide concentration, and hemoconcentration have been
proposed as surrogate markers of decongestion in heart
failure patients receiving diuretics (6,11,12).

Poor diuretic response (diuretic resistance, DR) remains a
frequent obstacle to obtaining effective decongestion and
portends a poorer prognosis in AHF. Impaired renal func-
tion, diabetes mellitus, atherosclerotic disease, low systolic
blood pressure were previously shown as common risk fac-
tors for DR (13,14). Therefore, establishing risk factors for
DR is vital to predicting patients in need of higher diuretic
doses and early treatment modifications.

The present study showed that higher diastolic blood pres-
sure and atrial fibrillation on admission, better renal function,
and pulse dosing of furosemide instead of continuous infu-
sion were associated with good early diuretic response. Our
study also revealed that hemoconcentration, another good
indicator of decongestion, was notably worse in patients
with hypertension and patients with lower systolic blood
pressure on admission. In addition, although serum sodium
and chloride levels were positively related to urinary sodium
excretion on univariate analysis, after multivariable adjust-
ments, none of the variables were significantly related to
natriuresis in multivariate analysis. We developed a novel,
3-variable index called DES (diuretic efficiency score) that
is composed of the parameters: EDR, U, and hemocon-
centration. DES performs quite well in predicting survival
inacutely decompensated HF patients.

Determinants of Early Diuretic Response

In this study, lower eGFR and diastolic blood pressure val-
ues on admission were associated with a more unsatisfac-
tory diuretic response, in line with previous studies (8, 12-
15). Surprisingly, patients with AF had better early diuretic
response compared to the patients in sinus rhythm, after
adjustment for other covariates. To our knowledge, no prior
studies have examined the role of heart rhythm on diuretic
response. We speculate that this finding might be due to
elevated atrial natriuretic peptide (ANP) levels observed in
patients with AF (15-17). Elevated ANP levels may have
triggered diuresis in patients with AF in our study.

The most efficacious schedule of administration of intrave-
nous loop diuretics is still controversial. In the DOSE trial,

there was no significant difference between continuous infu-
sion and bolus dosing in terms of efficacy (18). On the other
hand, in a recent meta-analysis including 735 patients, the
continuous infusion of loop diuretics was associated with
better net urine output and weight loss (19). Surprisingly in
our study, the early diuretic response was better in patients
receiving bolus dosing compared to continuous infusion or
the combination of both. One possible explanation for this
finding may be the use of continuous infusion in patients
with more advanced heart failure who have greater diuretic
resistance, by the treating physician. It should also be noted
that the bolus group tended to receive a lower total dose of
diuretics than the other groups.

Determinants of Urinary Sodium Excretion

In a recent position paper from the European Society of
Cardiology, determining of spot urine sodium content after 2
hours is recommended to interpret the diuretic response in
AHF patients. Generally, a spot urine sodium concentration
lower than 50-70 mEq/L after 2 hours indicates a patient
with a poor diuretic response and needs treatment intensifi-
cations (6). Similarly, in a prospective registry including 669
patients, patients with lower urinary Na excretion had less
net fluid and weight loss. During follow-up, these patients
were also at higher risk for all-cause death and worsening
heart failure (20). Therefore, early urinary sodium excretion
stands as an essential indicator of diuretic response. The
serum sodium and chloride levels on admission were posi-
tively related to natriuresis. However, nor the serum Na and
chloride levels neither the clinical and hemodynamic varia-
bles were found to be independent predictors of natriuresis
on multivariate analysis.

Determinants of Hemoconcentratiom

Hemoconcentration is a surrogate marker of effective de-
congestion and diuresis in patients hospitalized for heart
failure. A series of studies have indicated that hemocon-
centration during hospitalization is closely related to less
re-admission and mortality rates (21-23). In addition, the
prevalence of hypertension and low systolic blood pressure
on admission was inversely correlated with hemoconcen-
tration in our patients both on univariate and multivariate
analyses. We also found a negative relationship between
the prevalence of DM and poor renal function and hemo-
concentration on univariate analysis, but not in multivari-
ate analysis. In line with previous studies, our results also
demonstrated a nonsignificant relationship between hemo-
concentration and survival.

Diuretic Efficiency Score (DES) Predicts Survival

Acute heart failure is the primary cause of mortality in hos-
pitals. Clinical, hemodynamic, and laboratory parameters
have been used to develop clinically useful risk stratification.
The risk stratification of patients with AHF may improve the

Med ] West Black Sea 2024;8(2): 135-143

141



Akbulut iM et al.

Table 3: Cox regression analysis for the parameters.

Parameter Adjusted Odds Ratio p
(95% Cl)

DM 1.742 (0.538 — 5.645) 0.355

Rhythm 0.851 (0.299 — 2.416) 0.761

Ejection Fraction 1.312 (0.411 — 4.193) 0.647

Diastolic Blood 1.001 (0.948 — 1.058) 0.958

Pressure on admission

eGFR 0.978 (0.953 — 1.004) 0.097

Serum Na* level on 0.937 (0.869 — 1.010) 0.088

admission

DES 0.262 (0.078 — 0.881) 0.030

Cl: Confidence interval, DM: Diabetes mellitus, eGFR: Estimat-
ed glomerular filtration rate, Na: Sodium, DES: Diuretic efficiency
score.

outcome and avoid inappropriate early discharge of high-
risk patients. The variables, including age, blood pressure,
sodium concentration, hemoconcentration, and renal func-
tion, have been included in many clinical scoring systems
evaluating patients’ risk with AHF. In the current study, we
could not find a significant correlation between the clinical,
hemodynamic, and laboratory parameters (Table 1) and
the survival of the patients. The early response to treatment
is a significant predictor of outcomes in patients with AHF.
We evaluated the parameters of response, such as diuret-
ic response, urinary Na excretion, and hemoconcentration,
as predictors of survival. However, none was found to be
significant on univariate analysis, but the diuretic efficiency
score developed in the current study (Table 3).

In order to better predict the overall survival of HF patients
in relation to their diuretic response, we developed a novel
index called “diuretic efficiency score (DES)” by combining
the parameters: early diuretic response, urinary Na excre-
tion and hemoconcentration. Patients with low DES (0-1)
had significantly lower overall survival time than patients
with high DES (2-3) (Figure 3). Likewise, the DES was the
only independent predictor of overall survival on Cox re-
gression analysis (Table 4). To the best of our knowledge,
our study is the first in combining the three different indica-
tors for the evaluation of diuretic responsiveness in HF and
establishing a scoring system for prediction of survival in
relation to diuretic efficiency.

The present study has some limitations. First, it was a
single-center study with a small cohort. Secondly, the fol-
low-up time was relatively short of predicting the long-term
outcomes accurately. Lack of a stratified analysis of groups
according to ejection fraction due to the small sample size
is another limitation of our study.

In conclusion, an early diuretic response is strongly influ-
enced by the heart rhythm, renal function, diastolic blood
pressure, and schedule of furosemide administration. Also,
hemoconcentration, a relatively novel surrogate of decon-
gestion, is negatively affected by the prevalence of hyper-
tension and low systolic blood pressure on admission.

Despite the limitations, our study is valuable for 1-evaluat-
ing diuretic efficiency with three separate surrogate mark-
ers of decongestion, 2-investigating the hemodynamic and
clinical factors affecting each parameter individually, and
3-developing a novel index (DES) that accurately predicts
survival in HF patients. However, the DES that we defined
in the current study needs to be further evaluated with larg-
er cohorts.

Acknowledgment

None.

Author Contributions

All of the authors declare that they have all participated in the
design, execution, and analysis of the paper, and that they have
approved the final version.

Conflicts of Interest

The authors have no conflicts of interest to declare.

Financial Support

The authors declared that this study has received no financial sup-
port.

Ethical Approval

The study was initiated with the approval of the Ankara Universi-
ty Medical Faculty Clinical Researches Ethics Committee (Date:
29/09/2021, Decision No: 2021000333-2).Written informed con-
sent forms were obtained from all of the patients.

Review Process

Externally and extremely peer-reviewed.

REFERENCES

Abdo AS. Hospital Management of Acute Decompensated
Heart Failure. Am J Med Sci. 2017;353(3):265-274.

Farmakis D, Parissis J, Lekakis J, Filippatos G. Acute heart
failure: Epidemiology, risk factors, and prevention. Rev Esp
Cardiol (Engl Ed). 2015;68(3):245-8.

Raj L, Maidman SD, Adhyaru BB. Inpatient management
of acute decompensated heart failure. Postgrad Med J.
2020;96(1131):33-42.

Ter Maaten JM, Valente MA, Damman K, Hillege HL, Navis G, A
Voors A. Diuretic response in acute heart failure-pathophysiol-
ogy, evaluation, and therapy. Nat Rev Cardiol. 2015;12(3):184-
92.

—_

N

w

>

142

Med ] West Black Sea 2024;8(2): 135-143



Diuretic Efficiency Score

10.

11.

12.

13.

Ter Maaten JM, Valente MA, Damman K, Cleland JG, Givertz
MM, Metra M, O’Connor CM, Teerlink JR, Ponikowski P,
Bloomfield DM, Cotter G, Davison B, Subacius H, J van Veld-
huisen D, Van der Meer P, Hillege HL, Gheorghiade M, Voors
AA. Combining Diuretic Response and Hemoconcentration to
Predict Rehospitalization After Admission for Acute Heart Fail-
ure. Circ Heart Fail. 2016;9(6):€002845.

Mullens W, Damman K, Harjola VP, Mebazaa A, Brunner-La
Rocca HP, Martens P, testani JM, Wilson Tang WH, Orso F,
Rossignol P, Metra M, Filippatos G, Seferovic PM, Ruschitz-
ka F, Coats AJ. The use of diuretics in heart failure with con-
gestion - a position statement from the Heart Failure Associ-
ation of the European Society of Cardiology. Eur J Heart Fail.
2019;21(2):137-155.

Voors AA, Davison BA, Teerlink JR, Felker GM, Cotter G, Fil-
ippatos G, Greenberg BH, Pang PS, Levin B, Hua TA, Severin
T, Ponikowski P, Metra M. Diuretic response in patients with
acute decompensated heart failure: characteristics and clini-
cal outcome--an analysis from RELAX-AHF. Eur J Heart Fail.
2014;16(11):1230-40.

Neuberg GW, Miller AB, O’Connor CM, Belkin RN, Carson
PE, Cropp AB, Frid DJ, Nye RG, Pressler ML, Wertheimer JH,
Packer M. Prospective Randomized Amlodipine Survival Eval-
uation. Diuretic resistance predicts mortality in patients with
advanced heart failure. Am Heart J. 2002;144(1):31-8.

Kuroda S, Damman K, Ter Maaten JM, Voors AA, Okumura
T, Kida K, Oishi S, Akiyama E, Suzuki S, Yamamoto M, Kitai
T, Yoshida K, Matsumura A, Matsue Y. Very Early Diuretic Re-
sponse After Admission for Acute Heart Failure. J Card Fail.
2019 Jan;25(1):12-19. doi: 10.1016/j.cardfail.2018.09.004.
Epub 2018 Sep 13. PMID: 30219549.

Fluss R, Faraggi D, Reiser B. Estimation of the Youden Index
and its associated cutoff point. Biom J. 2005;47(4):458-472.

Rossignol P, Coats AJ, Chioncel O, Spoletini I, Rosano G. Re-
nal function, electrolytes, and congestion monitoring in heart
failure. Eur Heart J Suppl. 2019;21(Suppl M):M25-M31.

Smeets CJP, Lee S, Groenendaal W, Squillace G, Vranken
J, Canniere HD, Van Hoof C, Grieten L, Mullens W, Nijst P,
Vandervoort PM. The Added Value of In-Hospital Tracking of
the Efficacy of Decongestion Therapy and Prognostic Value of
a Wearable Thoracic Impedance Sensor in Acutely Decompen-
sated Heart Failure With Volume Overload: Prospective Cohort
Study. JMIR Cardio. 2020;4(1):e12141.

Valente MA, Voors AA, Damman K, Van Veldhuisen DJ, Mas-
sie BM, O’Connor CM, Metra M, Ponikowski P, Teerlink JR,
Cotter G, Davison B, Cleland JGF, Givertz MM, Bloomfield DM,
Fiuzat M, Dittrich HC, Hillege HL. Diuretic response in acute
heart failure: clinical characteristics and prognostic signifi-
cance. Eur Heart J. 2014;35(19):1284-93.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Rahman R, Paz P, Elmassry M, Mantilla B, Dobbe L, Shurmur
S, Nugent K. Diuretic Resistance in Heart Failure. Cardiol Rev.
2021;29(2):73-81.

Ter Maaten JM, Valente MA, Metra M, Bruno N, O’Connor
CM, Ponikowski P, Teerlink JR, Cotter , Davison B, Cleland
JG, Givertz MM, Bloomfield DM, Dittrich HC, Van Veldhuisen
DJ, Hillege HL, Damman K, Voors AA. A combined clinical and
biomarker approach to predict diuretic response in acute heart
failure. Clin Res Cardiol. 2016;105(2):145-53.

Rossi A, Enriquez-Sarano M, Burnett JC Jr, Lerman A, Abel
MD, Seward JB. Natriuretic peptide levels in atrial fibrillation: a
prospective hormonal and Doppler-echocardiographic study. J
Am Coll Cardiol. 2000;35(5):1256-62.

Roy D, Paillard F, Cassidy D, Bourassa MG, Gutkowska J,
Genest J, Cantin M. Atrial natriuretic factor during atrial fi-
brillation and supraventricular tachycardia. J Am Coll Cardiol.
1987;9(3):509-14.

Felker GM, Lee KL, Bull DA, Redfield MM, Stevenson LW,
Goldsmith SR, LeWinter MM, Deswal A, Rouleau JL, Ofili
EO, Anstrom KJ, Hernandez AF, McNulty SE, Velazquez EJ,
Kfoury AG, Chen HH, Givertz MM, Semigran MJ, Bart BA, Ma-
scette AM, Braunwald E, O’Connor CM. Diuretic strategies in
patients with acute decompensated heart failure. N Engl J Med.
2011;364(9):797-805.

Chan JSK, Kot TKM, Ng M, Harky A. Continuous Infusion
Versus Intermittent Boluses of Furosemide in Acute Heart
Failure: A Systematic Review and Meta-Analysis. J Card Fail.
2020;26(9):786-793.

Honda S, Nagai T, Nishimura K, Nakai M, Honda Y, Nakano H,
Iwakami N, Sugano Y, Asaumi Y, Aiba T, Noguchi T, Kusano
K, Yokoyama H, Ogawa H, Yasuda S, Anzai T; NaDEF inves-
tigators. Long-term prognostic significance of urinary sodium
concentration in patients with acute heart failure. Int J Cardiol.
2018;254:189-194.

Binanay C, Califf RM, Hasselblad V, O’Connor CM, Shah
MR, Sopko G, Stevenson LW, Francis GS, Leier CV, Miller
LW; ESCAPE Investigators and ESCAPE Study Coordinators.
Evaluation study of congestive heart failure and pulmonary
artery catheterization effectiveness: the ESCAPE trial. JAMA.
2005;294(13):1625-33.

Yan Q, Chen S. Hemoconcentration is a valuable predictor of
prognosis in patients with acute heart failure. Exp Ther Med.
2020;19(4):2792-2798.

Oh J, Kang SM, Hong N, Youn JC, Han S, Jeon ES, Cho MC,
Kim JJ, Yoo BS, Chae SC, Oh BH, Choi DJ, Lee MM, Ryu KH.
Hemoconcentration is a good prognostic predictor for clinical
outcomes in acute heart failure: data from the Korean Heart
Failure (KorHF) Registry. Int J Cardiol. 2013;168(5):4739-43.

Med ] West Black Sea 2024;8(2): 135-143

143



