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Initial Diuretic Efficiency as Predictor of Diuretic Resistance and Clinical
Outcome in Acute Decompensated Heart Failure

Eficiencia diurética inicial como predictor de resistencia a diuréticos y evolucion clinica en
insuficiencia cardiaca aguda descompensada
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ABSTRACT

Background: In patients with acute decompensated heart failure (ADHF), early evaluation of diuretic efficiency (DE) could predict
diuretic response and clinical outcome.

Objective: The aim of our study was to evaluate the association of DE with diuretic resistance (DR), in-hospital cardiovascular mor-
tality, and readmission or cardiovascular mortality at 60 days in ADHF.

Methods: We conducted a multicenter and prospective study of patients hospitalized for ADHF. All patients received 40 mg of furo-
semide within two hours of admission and 20 mg every 8 hours in the first 24 hours. Subsequent adjustment of diuretic dose was left
to the discretion of the investigator as determined by a pre-established protocol. DE was defined as the ratio of net fluid balance and
cumulative amount of furosemide within the first 24 hours. Diuretic resistance was defined as requirement of furosemide infusion
2240 mg/day during the first 72 hours. The clinical and biochemical variables were evaluated. The primary outcome was a composite
of in-hospital cardiovascular mortality, and cardiovascular mortality or readmissions for ADHF at 60 days.

Results: The cohort was made up of 157 patients; median age was 74 years and 56 % were men. Diuretic efficiency was —15 mL/mg
(interquartile range, IQR, —20 to —11). Diuretic resistance was evident in 13 % of patients, 8 % required sequential diuretic blockade,
and 4 % required renal replacement therapy. Worsening renal function occurred in 22 % of patients. Cardiovascular mortality during
hospitalization and at 60 days was 5.7 % and 6 %, respectively. Readmission rate for ADHF at 60 days was 12 %. Worse DE was as-
sociated with DR (p = 0.013), while patients in DE quartiles above -11 mL/mg were highly unlikely to develop DR (area under curve,
AUC, 0.73, negative predictive value, NPV, 92.5 %). Worse DE value was associated with the composite endpoint (p = 0.025), higher
in-hospital cardiovascular mortality (p = 0.003), persistent congestion at 48 hours (p = 0.007), higher cumulative dose of furosemide
at 72 hours (p = 0.001) and worsening HF during hospitalization (p = 0.004).

Conclusion: Low initial DE was associated with DR, persistent congestion, and higher in-hospital cardiovascular mortality in ADHE,
and constitutes a useful parameter to detect those patients who could benefit from early intensive diuretic treatment.
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RESUMEN

Introduccion: En pacientes con insuficiencia cardiaca aguda descompensada (ICAD) la eficiencia diurética (ED) evaluada en forma
precoz podria predecir la respuesta a diuréticos y la evolucién clinica.

Objetivo: Nuestro objetivo fue evaluar la asociacién de la ED con la resistencia a diuréticos (RD), la mortalidad cardiovascular intra-
hospitalaria, y 1a mortalidad cardiovascular y las reinternaciones a 60 dias en la ICAD.

Material y métodos: Estudio prospectivo y multicéntrico que incluy6 pacientes internados por ICAD. Recibieron 40 mg de furo-
semida dentro de las 2 horas del ingreso y 20 mg cada 8 horas en las primeras 24 horas. El escalamiento diurético posterior qued6 a
criterio del investigador segin un protocolo preestablecido. Se defini6 la ED como balance hidrico/dosis de furosemida en las prim-
eras 24 horas y la RD como el requerimiento de infusion de furosemida =240 mg/dia en las primeras 72 horas. Se evaluaron variables
clinicas y bioquimicas, y el punto final combinado (PFC) de mortalidad cardiovascular intrahospitalaria, y mortalidad cardiovascular
y reinternaciones por ICAD a 60 dias.

Resultados: Se incluyeron 157 pacientes, mediana de edad de 74 afos, 56 % hombres. La ED fue —15 mL/mg (rango intercuartilico,
RIC, —20 a -11). Se evidenci6 la RD en el 13 % de los pacientes, el 8 % requirié bloqueo tubular y el 4 % terapia de reemplazo renal. El
22 % desarroll6 empeoramiento de la funcién renal. La mortalidad cardiovascular intrahospitalaria fue del 5,7 % y en el seguimiento
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a 60 dias, del 6 %. Las reinternaciones por ICAD a 60 dias fueron del 12 %. Una peor ED se asoci6 al desarrollo de RD (p = 0,013) y
los pacientes con ED superior a -11 mL/mg tuvieron mayor probabilidad de no desarrollar RD (area bajo la curva, AUC, 0,73; valor
predictivo negativo, VPN, 92,5 %). Una peor ED se asoci6 al PFC (p = 0,025), mayor mortalidad cardiovascular intrahospitalaria (p
= 0,003), persistencia de congestién a 48 horas (p = 0,007), mayor dosis de furosemida a 72 horas (p = 0,001) y empeoramiento de

la ICAD en la internacién (p = 0,004).

Conclusién: La ED inicial baja se asoci6 a la RD, la dificultad en la descongestion y una mayor mortalidad cardiovascular intrahospi-
talaria en ICAD. Es un parametro util para detectar pacientes que podrian beneficiarse de un tratamiento diurético intensivo precoz.

Palabras clave: Insuficiencia cardiaca — Furosemida — Diuresis - Mortalidad

INTRODUCTION

Acute decompensated heart failure (ADHF) is usu-
ally defined as the new onset or worsening of symp-
toms or signs of congestion or systemic hypoperfu-
sion, requiring early diagnosis and timely treatment.
(1,2) Intravenous loop diuretics are the cornerstone
to achieve proper decongestion and clinical stability
in this condition. Effective response to these drugs
is necessary for in-hospital progress and during the
vulnerable phase. (3-5)

Identifying patients with diuretic resistance (DR)
is clinically relevant because it is associated with
higher mortality and readmission risk. However,
there is currently no standard definition of DR dur-
ing hospitalization for ADHFE. (6-10) Patients with
DR may benefit from alternative decongestive treat-
ments in addition to intravenous furosemide, mak-
ing early detection crucial. (11-17)

The urinary output achieved, and the absolute
dose of diuretics have been classically considered to
be variables related to the response to decongestive
treatment, DR, and prognosis, (6-10) However, these
individual factors could be inadequate surrogates of
the therapeutic effectiveness since there are multiple
associated confounding factors, such as the degree of
congestion, disease severity and the subjective na-
ture of the treating physician. (6-10)

Diuretic efficiency (DE), considered as the uri-
nary output or weight loss achieved divided by the
amount of intravenous diuretics administered, is a
parameter that has shown a clear association with
diuretic response and the clinical course in patients
with ADHF. (18-20) Therefore, measuring DE, de-
fined as the ratio of the net fluid balance during the
first 24 hours and the dose of furosemide given, could
be an objective parameter to help identify patients
with DR who are likely to have a worse clinical out-
come. This can facilitate the implementation of more
effective decongestion strategies.

The aim of this study was to evaluate the useful-
ness of DE within the initial 24 hours in ADHF pa-
tients as a predictor of DR, in-hospital outcome, and
readmission rate due to decompensation or cardio-
vascular mortality at 2 month-follow up, considered
the vulnerable phase.

METHODS

Study design and objective

We conducted a prospective, multicenter, and open study
including consecutive patients > 18 years admitted to

the coronary care unit (CCU) due to ADHF. Initial DE
was defined as the ratio of net fluid balance and cumula-
tive amount of intravenous furosemide within the first 24
hours. The initial DE of the patients included was calcu-
lated, and we also evaluated the clinical, biochemical, and
echocardiographic variables on admission and at 72 hours,
and the occurrence of clinical events during hospitalization
and at 60 days. The variables evaluated are defined in the
Appendix.

Population

- Inclusion criteria: patients > 18 years hospitalized in
the CCU due to ADHF,

- Exclusion criteria: creatinine (Cr) levels = 2.5 mg/dL
or on dialysis on admission, systolic blood pressure <
90 mm Hg, cardiogenic or septic shock, requirement
of pressor or inotropic agents, mechanical ventilation
(MV) or pregnancy. Those patients who did not sign the
informed consent form or who were enrolled in other
clinical trials with pharmacological intervention were
also excluded.

Protocol of diuretic treatment

The strategy of diuretic treatment during the first 72
hours of hospitalization in the CCU was determined by a
pre-established protocol (Figure 1). After bladder evacua-
tion, an initial intravenous bolus of 40 mg of furosemide
was given to patients within two hours of admission to the
emergency department. In the first 24 hours after admis-
sion, all patients received intravenous boluses of 20 mg of
furosemide every 8 hours. After the first day of hospitaliza-
tion, the daily furosemide dose was adjusted (increased or
decreased) every 24 hours, with evaluation of the extent of
clinical congestion or daily diuresis (fluid balance threshold
of -2000 mL/day), according to the pre-established protocol
and to the discretion of the treating physician. According
to the protocol, up-titration of furosemide was performed
by increasing the intravenous infusion. Down-titration of
furosemide in the protocol allowed for shifting from intra-
venous to oral administration upon achieving an adequate
response. The diuretic protocol was discontinued 72 hours
after enrollment or earlier in case of requirement of dos-
es of furosemide =240 mg/day, tubular diuretic blockade
(TDB), hypertonic saline (HS), renal replacement therapy
(RRT), inotropic drugs, pressor agents, MV , or in the event
of a significant clinical complication as determined by the
investigator.

Outcome measures

Diuretic resistance (DR): requirement of furosemide
2240 mg/day during the first 72 hours of hospitalization.
Composite end point: in-hospital mortality, readmis-
sions for ADHF at 60 days or cardiovascular mortality at
60 days.

Secondary end points:

- Cardiovascular mortality during hospitalization
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Fig. 1. Strategy of diuretic
dose adjustment during the
first 72 hours of hospital-
ization as determined per
protocol according to the
evaluation of the treating
physician.
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- Cardiovascular mortality at 60 days.

- Readmissions for ADHF at 60 days.

- Persistent clinical congestion at 48 hours after inclu-
sion.

- Cumulative furosemide dose required at 72 hours after
inclusion.

- Weight change at 72 hours after inclusion.

- Worsening renal function (WRF) at 72 hours after in-
clusion..

- Change in N-terminal pro B-type natriuretic peptide
(NT-proBNP) levels at 72 hours after inclusion.

- Change in E/e' ratio and pulmonary artery systolic pres-
sure (PASP) at 72 hours after inclusion.

- Requirement of TDB with > 1 diuretic, HS or RRT dur-
ing hospitalization

- Worsening ADHF during hospitalization

- Requirement of inotropic drugs or MV during hospitali-
zation

- Length of CCU stay

Data collection, ethical aspects, and sources of funding

The clinical and biochemical variables and the relevant im-
ages were collected. Patient recruitment started once the
protocol was approved by the Committee on Ethics of the
Argentine Society of Cardiology. All the subjects gave their
informed consent to be included in the study. Data were
recorded in a printed form customized for the study, and
then incorporated into a single electronic database by the
principal investigator. Data confidentiality was maintained
in compliance with the Personal Data Protection and Pa-
tient Rights Act, ensuring that the identification of each
individual participant is not possible. None of the authors
have disclosed any conflicts of interest, and this study was
not funded.

Statistical analysis

Continuous variables were expressed as mean and standard
deviation (SD), or median and interquartile range (IQR),
according to their distribution. Categorical variables were
expressed as absolute and relative frequencies. Continu-
ous variables were compared using the Student's t test or

Abbreviations: ADHF (acute decompensated heart failure)

the Mann-Whitney U test, according to their distribution.
Proportions were analyzed using the chi-square test or the
Fisher's exact test, as applicable according to the frequency
of the values expected. The association of the initial DE
with the end points was analyzed, with adjustment for pre-
determined variables: age, chronic kidney disease (CKD),
hypoalbuminemia, ambulatory use of furosemide, left ven-
tricular ejection fraction (LVEF), and sepsis. In addition,
the distribution of the endpoints was evaluated according
to the calculated quartiles of the initial DE. A ROC curve
was constructed to evaluate the ability of DE to predict DR,
and the sensitivity and specificity of the quartile with the
worst DE value (25th percentile) were evaluated. The al-
pha error was set at 5% to establish statistical significance.
All the statistical calculations were performed using SPSS
21.0 software package.

Ethical considerations

The protocol was evaluated and approved by the Committee
on Ethics of the Argentine Society of Cardiology through
the PRIISA.BA platform of the Ministry of Health of the
City of Buenos Aires. Since this survey was anonymous
and self-administered, participants were not required to
give informed consent. The survey was conducted following
national and international ethical standards for research
on human subjects, as the Declaration of Helsinki revised
in 2013, National Ministry of Health resolution 1480/2011,
law N° 3301 of the city of Buenos Aires, and ANMAT regu-
lation 6677/10 and amendments 4008 and 4009. Data pri-
vacy among respondents was protected through anonymity
in the electronic survey.

RESULTS

A total of 157 patients were included; median age
was 74 years (IQR 62-83), and 56 % were men. Dia-
betes was present in 36 %, atrial fibrillation in 43 %
(n = 68) and CKD in 20 % (n = 31). The etiologies
were ischemic heart disease in 27 % (n = 43), valvu-
lar heart disease in 22 % (n = 35) and hypertension
in 15 % (n = 24). LVEF was reduced in 43 % (n = 67),
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mildly reduced in 12 % (n = 19), and preserved in 45
% (n = 71). The remaining baseline characteristics of
the population are described in Table 1.

The initial DE was -15 mL/mg (RIC -20 to -11)
and there were no differences in the DE across the
entire spectrum of LVEF (p=0.8) or between the dif-
ferent clinical types of ADHF (p=0.3). Diuretic re-
sistance was evident in 13 % (n= 20) of the cohort, 8
% (n= 13) required TDB, 1 patient required HS and
4 % (n= 6) required RRT. Worsening ADHF occurred
in 13 % (n = 20) and WRF in 22 % (n = 35), while
10 % (n = 16) required pressor or inotropic drugs
and 4 % (n = 6) required MV during hospitalization.
Length of stay in the CCU was 5 days (IQR 4-8). In-
hospital cardiovascular mortality was 5.7 % (n = 9)
and cardiovascular mortality during the 60-day fol-
low-up was 6.4 % (n = 10). Twelve percent (n = 19)

Variahle

Age (years), median (IQR)
Male sex, n (%)
Hypertension, n (%)
Diabetes, n (%)
Previous atrial fibrillation, n (%)
Chronic kidney failure, n (%)
Etiology of heart failure, n (%)
Ischemic heart disease
Valvular heart disease
Hypertension
Others
Functional class (NYHA), n (%)
I
Il
Il
\%
Previous heart failure treatment, n (%)
Beta blockers
ACEI/ARB
ARNI
Aldosterone antagonists
iSGLT-2
Oral furosemide
Previous dose of furosemide (mg), median (IQR)
Clinical presentation of heart failure, n (%)
Pulmonary congestion
Acute pulmonary edema
Right ventricular-predominant heart failure
NT-proBNP on admission (pg/mL), median (IQR)
Ejection fraction (%), median (IQR)
Preserved (LVEF =50 %), n (%)
Mildly reduced (LVEF between 41 % and 49 %), n (%)
Reduced (LVEF <40 %), n (%)

Abbreviations: ARB: Angiotensin Il receptor blocker; ACEIl: angiotensin-converting enzyme inhibitor; ARNI:
angiotensin receptor neprilysin inhibitor; iSGLT-2: sodium-glucose co-transporter 2 inhibitor; IQR: interquar-
tile range; LVEF: left ventricular ejection fraction; NYHA: New York Heart Association

of the patients were readmitted for ADHF at 60 days.
Worse DE predicted the development of DR (OR
1.072; 95 % CI 1.015-1.130; p= 0.013), and was as-
sociated with a trend towards higher use of SDB (p =
0.07) and RRT (p = 0.06) adjusted for predetermined
variables (age, CKD, hypoalbuminemia, ambulatory
use of furosemide, LVEF and sepsis) (Figure 2). The
distribution of the end points by DE quartiles is de-
scribed in Table 2. The ROC curve analysis indicated
that patients with DE quartiles above -11 mL/mg
are highly unlikely to develop DR, with an AUC of
0.73 (95% CI 0.59-0.87, p=0.001), sensitivity of 60 %,
specificity of 80 %, negative predictive value of 92.5
% and positive predictive value of 30 % (Figure 3).
Worse DE value was associated with the compos-
ite endpoint, mainly due to higher in-hospital cardio-
vascular mortality (OR 1.20; 95 % CI 1.06-1.36; p=

Table 1. Baseline characteris-

tics of the population.
74 (62 - 83)

88 (56)
121(77)
57 (36)
68 (43)
31(20)

43 (27)
35(22)
24 (15)
55 (35)
53 (34)
84 (54)
16 (10)
4(Q2)

104 (66)
85 (54)
11(7)
49 (31)
4(2.5)
59 (38)
40 (20-40)

92 (58)
28(18)

37 (24)
3939 (2200-6300)
48 (30-59)

71 (45)
19(12)

67 (43)
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0.003), with no significant differences in the rate of
cardiovascular mortality or readmissions for ADHF
at 60-day follow-up.

Worse DE was associated with persistent conges-
tion at 48 hours (OR 1.10; 95 % CI 1.03-1.18; p =
0.007), higher total cumulative dose of furosemide
administered at 72 hours (p = 0.001), lower weight
loss at 72 hours (p = 0.0001) and worsening of ADHF
during hospitalization (OR 1.11; 95 % CI 1.03-2;
p = 0.006). Similarly, worse DE was associated with
a trend toward a lesser percentage decrease in N'T-
proBNP at 72 hours after inclusion (p = 0.09), with
no differences in the reduction of the E/e' ratio and
PASP. Patients with the worst DE value presented
greater requirement of pressor agents (OR 1.18; 95 %
CI 1.04-1.33; p = 0.008) and greater but not signifi-
cant requirement of inotropic agents (OR 1.05; 95 %
CI0.98-1.13; p = 0.12) during hospitalization, with no
differences in the rate of WRF, MV and length of stay
in the CCU (Figure 2).

Patients in the lowest quartile of DE value (less
than -11 ml/mg) were at a higher risk of developing
DR and had a worse prognosis during hospitaliza-
tion. Furthermore, decongestion was less effective,
and a more complex diuretic strategy was required
for these patients compared to those in higher DE
value quartiles (Table 2).

DISCUSSION

In this study, measuring DE within the initial 24
hours proved effective in assessing diuretic respon-
siveness to furosemide in ADHEF. It also helped iden-
tify patients with DR who will exhibit reduced clini-
cal decongestion and will require a higher dose of
furosemide in the first 72 hours. Additionally, the in-

itial DE predicted the development of events during
the entire hospitalization, mainly worsening ADHEF,
use of vasoactive drugs, and in-hospital mortality.

Discrimination of events by quartiles of DE re-
vealed that a DE value better than -11 mL/mg was
associated with a low probability of developing DR.
Moreover, patients in the quartile with worse values
suffered from more complications and required more
intense diuretic therapy. The calculation of DE with-
in the initial 24 hours of hospitalization can prove
valuable in daily practice to identify patients who
are at greater risk of developing DR and may benefit
from a more aggressive diuretic treatment that could
improve their clinical outcome. This potential clini-
cal usefulness should be evaluated through future
randomized studies.

While there is evidence to suggest that urinary
output is adequate for evaluating the response to di-
uretic therapy, it should be noted that it depends on
the dosage of furosemide administered, fluid intake,
and the level of congestion. It has been reported that
the overall amount of furosemide given to patients
is a predictor of their clinical outcome during hospi-
talization. (6-10) However, this may be influenced by
the bias resulting from the severity of ADHF and the
criteria of the treating physician. Therefore, relying
solely on either urinary output or cumulative diuret-
ic dose would not completely measure the patient's
inherent reaction to diuretic treatment. Currently,
measuring natriuresis soon after furosemide ad-
ministration has emerged as a useful parameter for
evaluating diuretic response. Although this approach
facilitates dynamic optimization of treatment, serial
measurement is required, and the method may not
be available in all the centers. (21-28)

Fig. 2. Graphical summary:

. . i 1 i i 1
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Abbreviations: ADHF: acute decompensated heart failure; CV: cardiovascular; DE: diuretic efficiency; IV: intra-
venous; NS: non-significant; PASP: pulmonary artery systolic pressure
*p value < 0.05
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Table 2. Distribution of end points by initial diuretic efficiency quartiles.

CEP, n (%)

In-hospital CV mortality, n (%)
CV mortality at 60 days, n (%)

Readmissions for ADHF at 60 days, n (%)

Diuretic resistance (furosemide >240 mg/day), n (%)

Persistent congestion at 48 h, n (%)

Cumulative furosemide dose at 72 hours (mg), median (IQR)

Weight loss at 72 h (kg)

Sequential diuretic blockade, n (%)

Hypertonic saline, n (%)

Renal replacement therapy, n (%)
Worsening ADHF, n (%)
Percent NT-proBNP reduction, median (IQR)

Length of stay in the CCU (days), median (IQR)

DE Quartile 1 DE Quartile 2 DE Quartile 3
(> -20 mL/mg) (-20 to -15.1 ml/mg) (-15 to -11 mL/mg)
N =46 N=35
8(17.4) 7 (18.4) 6(17)
0(0) 3(7.7) 0(0)
5(10.9) 1(2.9) 1(2.9)
5(10.9) 3(7.9) 5(14.3)
2 (4.3) 2 (5.1) 5(14.3)
3(7) 3(7) 4(11)
176 (60-1120) 206 (60-1740) 275 (60-1740)
-5 (-7t0-3) -4 (-5t0-2) -3(-5t0-2)
2 (4.3) 3(7.7) 1(3)
0 (0) 0(0) 0(0)
1(2.2) 0(0) 13)
2 (4.3) 5(12.8) 3(8.6)
56 (73-36) 53 (62-31) 49 (70-40)
6.3 (2-21) 7.3 (2-24) 6 (3-23)

DE Quartile 4
(<-11 m/mg)

N=37

14 (38)*
6 (16.2)*
3(9.7)
6(16.2)

11 (29.7)*
13 (35)*
524 (60-3000)*
-3 (-4 to-2)*
7 (19)*
1Q.7)
4(11)*

10 (27)*

41 (61-7)*
10.6 (3-86)*

Abbreviations: ADHF: acute decompensated heart failure; CCU: coronary care unit; CV: cardiovascular; DE: diuretic efficiency; CEP: composite end
point (in-hospital CV mortality, CV mortality and readmissions at 60 days); IQR: interquartile range.
Quartile 1 is the quartile with the best DE and quartile 4 is the quartile with the worst DE

* p value < 0.05 between quartile 4 and the rest of the cohort

ROC curve
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Abbreviations: CI: confidence interval; ROC: receiver operating characteristic; ROC curve (sensitivity vs. 1-spec-

ificity)

Fig. 3. Discrimination ability
of diuretic efficiency to pre-
dict the development of di-
uretic resistance according to
the analysis of the ROC curve.
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In our cohort, we excluded more severely ill pa-
tients, such as those with Cr = 2.5 mg %, cardiogenic
or septic shock, and those requiring MV. These pa-
tients have multiple factors that can interfere with
the diuretic response and the clinical course, neces-
sitating higher diuretic doses. Thus, our study indi-
cates that low initial DE is associated with adverse
events even in ADHF patients with milder clinical
presentations. Despite the association of CKD, hy-
poalbuminemia, and previous use of oral furosem-
ide with DR, (6-10) it is important to note that the
initial DE remains an independent predictor of both
DR and in-hospital mortality, even after adjusting for
these variables.

Previous experiences have shown that DE is as-
sociated with an increased risk of readmission for
ADHF and mortality within 60 days of discharge
from hospitalization for ADHF. This is a critical pe-
riod when the risk of clinical events is elevated. (18-
20) However, in the current cohort, this association
could not be established, likely due to the low rate
of events during the vulnerable stage. Notably, the
exclusion of patients with the highest clinical sever-
ity by protocol may have contributed to this finding.

In this analysis, we found no correlation between
the initial DE and the occurrence of WRE, as indi-
cated by an increase in serum Cr levels or a reduction
in the estimated glomerular filtration rate. This find-
ing may be because WRF included patients with per-
sistent congestion despite increasing diuretic doses
and poor prognosis (true WRF or acute renal injury),
alongside those with clinical improvement during
diuretic treatment and a favorable course (pseudo
WRF). (29-35) However, the diuretic response (DE) is
not exclusively determined by renal function. It also
relies on left and right ventricular function, volemia,
and several other factors that affect the pharmacoki-
netics and pharmacodynamics of diuretics in ADHF.
(1-5)

Our study demonstrated that patients with bet-
ter DE had a greater reduction of NT-proBNP within
the initial 72 hours of hospitalization. This find-
ing is consistent with multiple analyses indicating
that NT-proBNP levels decrease during deconges-
tive treatment, and this is associated with a better
prognosis during hospitalization and the vulnerable
stage. (1,2,36,37) However, to date, there is no evi-
dence to support therapeutic guidance through serial
measuring of this biomarker. (1,2,36,37)

There was no correlation found in this cohort be-
tween DE and improvement in the dynamic meas-
urement of the E/e' ratio, PASP, and inferior vena
cava diameter through echocardiography despite the
evidence supporting the efficacy of this method in
identifying residual congestion and optimizing diu-
retic treatment. (38-41)

There are some limitations to this study. We could
not measure intra-abdominal pressure or central ve-
nous pressure, which are variables related to the de-

velopment of DR. (6-10) The presence of ultrasound
lung comets was not examined during the periodic
evaluation of congestion, despite being a proven use-
ful tool in the diagnosis and therapeutic manage-
ment of congestion. (42,43) At present, we do not
haved longer-term follow-up, in which there could be
an association of initial DE with clinical events as
demonstrated in previous experiences. (18-20)

CONCLUSION

In patients hospitalized for ADHF, initial DE was as-
sociated with the development of DR, persistent con-
gestion, higher cumulative dose of furosemide and
higher in-hospital cardiovascular mortality. Diuretic
efficiency is a useful parameter to detect those pa-
tients who could benefit from early intensive diuretic
treatment and thus achieve better clinical outcome
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APPENDIX

1. Operative definition of variables

- Acute decompensated heart failure (ADHF): clinical syndrome characterized by new onset or worsening of symptoms and
signs of tissue congestion associated with elevated intracardiac filling pressures. (1,2) Acute decompensated heart failure will
be considered in the presence of one sign (pulmonary rales, acute pulmonary edema, third heart sound on auscultation, central
venous pressure >16 cm of water, jugular venous distension, hepatojugular reflux, peripheral edema, or hepatomegaly) and one
classic symptom of congestion (orthopnea, paroxysmal nocturnal dyspnea, or NYHA FC III-IV). Neither echocardiographic nor
biochemical criteria were considered for the diagnosis of AHF.

- Worsening ADHF: worsening of signs and symptoms of congestion in patients hospitalized for ADHF and receiving diuretic
treatment, requiring up-titration of the diuretic dose. (1, 2)

- Cardiogenic shock: syndrome characterized by tissue hypoperfusion (cold extremities, altered sensorium, oliguria <0.5 mL/
kg/min, lactate levels > 2 mEq/L) and hypotension (baseline systolic blood pressure < 90 mm Hg or a drop > 40 mm Hg from
baseline systolic blood pressure) secondary to low cardiac output (CI < 2.2 I/min/m2 and pulmonary capillary wedge pressure >
18 mm Hg, as measured by Swan-Ganz catheter), and requiring treatment with inotropic drugs. (1,2)

- Worsening renal function: based on the AKIN criteria, it is defined as an increase = 0.3 mg/dL in the serum creatinine or a
decrease in creatinine clearance > 25 % compared with the baseline value according to the CKD-EPI formula (29-35).

- Systemic inflammatory response syndrome (SIRS): set of clinical manifestations resulting from the systemic inflamma-
tory cascade requiring the presence of at least two of the following 4 criteria for diagnosis: body temperature > 38°C or < 36°C;
heart rate >90 beats per minute; respiratory rate >20 breaths per minute or PaCO2 < 32 mm Hg; or white blood cell count >
12 000 cells/cm? or < 4000 cells/cm?®. (44)

- Sepsis: presence of SIRS in the setting of infection. (44)

- Septic shock: signs of systemic hypoperfusion and hypotension (baseline systolic blood pressure < 90 mm Hg or a drop > 40
mm Hg from baseline systolic blood pressure) despite adequate fluid resuscitation and requiring treatment with pressor agents
(norepinephrine, epinephrine, vasopressin), in the setting of sepsis. (44)

- Tubular diuretic blockade: concurrent use of furosemide plus thiazide diuretics or mineralocorticoid receptor antagonists.
The doses of diuretics are spironolactone 50 mg/day, eplerenone 50 mg/day or hydrochlorothiazide 50 mg/day, or greater. (1,2)

- Hypertonic saline: sodium chloride between 3 % to 7.5 % given in IV infusion over 60 minutes. (1,2)

- Renal replacement therapy: dialysis, ultrafiltration, and hemodiafiltration (1,2).

- E/e' ratio: ratio of peak diastolic mitral inflow velocity (E-wave) measured in the apical 4-chamber view (B-mode) to peak di-
astolic mitral annulus velocity (e' wave) measured in the septum and lateral annulus in the apical 4-chamber view (B-mode) by
tissue Doppler imaging. For patients with atrial fibrillation (AF), it is recommended to take three measurements and average
the results. An average E/e' ratio >14 in patients in sinus rhythm and >11 in those with AF will be considered as an increase in
filling pressures. (38-41).

- PASP: pulmonary artery systolic pressure estimated by adding the tricuspid valve pressure gradient to the right atrial pressure
(based on inferior vena cava collapsibility). A PASP = 36 mm Hg is considered elevated. (38-41)



	Botón 853: 
	Botón 854: 


