
Rev Esp Cardiol. 2017;xx(x):xxx–xxx

G Model

REC-3282; No. of Pages 7
Original article

Diuretic Strategies in Acute Heart Failure and Renal Dysfunction:
Conventional vs Carbohydrate Antigen 125-guided Strategy. Clinical
Trial Design

Sergio Garcı́a-Blas,a Clara Bonanad,a Pau Llàcer,b Silvia Ventura,c José Marı́a Núñez,d
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A B S T R A C T

Introduction and objectives: The optimal treatment of patients with acute heart failure (AHF) and

cardiorenal syndrome type 1 (CRS-1) is far from being well-defined. Arterial hypoperfusion in concert

with venous congestion plays a crucial role in the pathophysiology of CRS-I. Plasma carbohydrate

antigen 125 (CA125) has emerged as a surrogate of fluid overload in AHF. The aim of this study was to

evaluate the clinical usefulness of CA125 for tailoring the intensity of diuretic therapy in patients with

CRS-1.

Methods: Multicenter, open-label, parallel clinical trial, in which patients with AHF and serum creatinine

� 1.4 mg/dL on admission will be randomized to: a) standard diuretic strategy: titration-based on

conventional clinical and biochemical evaluation, or b) diuretic strategy based on CA125: high dose if

CA125 > 35 U/mL, and low doses otherwise. The main endpoint will be renal function changes at 24 and

72 hours after therapy initiation. Secondary endpoints will include: a) clinical and biochemical changes

at 24 and 72 hours, and b) renal function changes and major clinical events at 30 days.

Results: The results of this study will add important knowledge on the usefulness of CA125 for guiding

diuretic treatment in CRS-1. In addition, it will pave the way toward a better knowledge of the

pathophysiology of this challenging situation.

Conclusions: We hypothesize that higher levels of CA125 will identify a patient population with CRS-1

who could benefit from the use of a more intense diuretic strategy. Conversely, low levels of this

glycoprotein could select those patients who would be harmed by high diuretic doses.
�C 2017 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.
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Estrategias diuréticas en insuficiencia cardiaca aguda con disfunción renal:
terapia convencional frente a guiada por el antı́geno carbohidrato 125. Diseño
de ensayo clı́nico
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Antı́geno carbohidrato 125
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R E S U M E N

Introducción y objetivos: El tratamiento óptimo de pacientes con insuficiencia cardiaca aguda (ICA) y

sı́ndrome cardiorrenal tipo 1 (SCR-1) no está bien definido. La hipoperfusión arterial y la congestión

venosa tienen un papel fundamental en la fisiopatologı́a del SCR-1. El antı́geno carbohidrato 125 (CA125)

ha emergido como marcador indirecto de sobrecarga de volumen en la ICA. El objetivo de este estudio es

evaluar la utilidad del CA125 para el ajuste del tratamiento diurético de pacientes con SCR-1.

Métodos: Ensayo clı́nico multicéntrico, abierto y paralelo, que incluye a pacientes con ICA y creatinina

� 1,4 mg/dl al ingreso, aleatorizados a: a) estrategia convencional: titulación basada en la evaluación

clı́nica y bioquı́mica habitual, o b) estrategia basada en CA125: dosis altas de diuréticos si CA125 > 35 U/ml

y bajas en caso contrario. El objetivo principal es el cambio en la función renal a las 24 y las 72 h tras el

comienzo del tratamiento. Como objetivos secundarios: a) cambios clı́nicos y bioquı́micos a las 24 y las

72 h, y b) cambios en la función renal y eventos clı́nicos mayores a 30 dı́as.

Resultados: Los resultados de este estudio aportarán datos relevantes sobre la utilidad del CA125 para

guiar el tratamiento diurético en el SCR-1. Además, permitirá ampliar el conocimiento de la

fisiopatologı́a de esta compleja entidad clı́nica.

Conclusiones: La hipótesis del presente estudio es que las concentraciones de CA125 aumentadas pueden

identificar a una población de pacientes con SCR-1 para quienes una estrategia diurética más intensa

puede ser beneficiosa. Por el contrario, las concentraciones bajas de esta glucoproteı́na seleccionarı́an a

los pacientes para los que serı́an perjudiciales las dosis altas de diuréticos.
�C 2017 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L.U. Todos los derechos reservados.
Abbreviations

AHF: acute heart failure

CA125: carbohydrate antigen 125

Cr: creatinine

HF: heart failure

WRF: worsening of renal function
INTRODUCTION

Renal failure commonly occurs in heart failure (HF), where it
contributes adversely to major clinical outcomes.1–3 Indeed, a high
proportion of patients admitted for acute heart failure (AHF) shows
renal dysfunction on admission or develops worsening of renal
function (WRF) during hospitalization.3 The coexistence of these
2 conditions has translated in longer hospital stays and worse
short- and long-term prognosis.4,5 In the setting of AHF, the
pathophysiology of renal dysfunction is complex and not fully
understood.3 While traditionally attributed to the reduction in
cardiac output and the consequent renal hypoperfusion, recent
data have highlighted the role of renal congestion as an alternative
pivotal mechanism.6–9 Building on these findings, we believe that
it is crucial to identify those patients who might benefit from tight
control of volume overload. Because the intensity of diuretic
therapy usually relies on subjective evaluation and not on
evidence-based guidance, it has become an unmet need the search
for a tool that not only reflects the severity of fluid overload but is
also useful for tailoring the intensity of diuretic therapy. Based on
data showing that plasma levels of carbohydrate antigen 125
(CA125) are strongly correlated with clinical, hemodynamic, and
echocardiographic surrogates of fluid overload,10–15 together with
recent findings of a clinical trial endorsing the role of CA125 for
guiding therapy in patients with a recent episode of AHF,16 we
speculate that this biomarker may serve as a potential candidate
for guiding diuretic therapy in patients with cardiorenal syndrome
Please cite this article in press as: Garcı́a-Blas S, et al. Diuretic Strateg
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type 1. Under the proposed hypothesis, high diuretic doses would
be especially beneficial in terms of renal function and clinical
status in patients with increased CA125. In contrast, low CA25
would identify those patients who should undergo a more
conservative diuretic strategy.

METHODS

Study Design

This is an investigator-initiated, multicenter, open-label,
parallel clinical trial, in which patients with AHF will be
randomized to 1 of 2 following strategies: a) standard diuretic
strategy with a titration scheme based on standard evaluation, or
b) diuretic strategy based on the plasma levels of CA125. Due to the
inherent characteristics of this design, complete blinding of the
physician is not feasible; patients, however, will be blinded to the
treatment groups. The minimum duration of patient participation
is 30 days. The study is being conducted in 9 centers in Spain and in
accordance with the principles of Good Clinical Practice, as
expressed by the Declaration of Helsinki. All patients provided
signed informed consent and the protocol was approved by the
research ethics committee of participating centers and Agencia

Española de Medicamentos y Productos Sanitarios. This study is
registered in ClinicalTrials.gov (NCT02643147).

Study Population

The study population consisted of patients with AHF and renal
dysfunction requiring hospital admission or intravenous diuretic
administration in an ambulatory setting. These patients will be
randomized during the first 24 hours after presentation. Inclusion
and exclusion criteria are presented in the Figure.

Randomization

After providing informed consent, patients were randomly
assigned, with a remote, web-based computer-generated block
ies in Acute Heart Failure and Renal Dysfunction: Conventional vs
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Inclusion criteria Exclusion criteria

•

•
•

•
•
•

•
•
•

•

•

•

•

• Presence of symptoms (dyspnea at rest or minimal exertion)

and/or signs attributable to congestion (signs of congestio on

chest radiography or presence of peripheral edema or ascites 

or jugular engorgement to 45 degrees or crackles on lung 

auscultation)

Elevated natriuretic peptides levels (NT-proBNP > 1000 pg/mL 

or BNP > 100 mg/dL) at presentation

Serum creatinine ≥ 1.4 mg/dL on admission, provided that the 

estimated glomerular filtration rate is less than 60 mL/min/m2

Intention to be treated with intravenous loop diuretics

Life expectancy less than 6 months due to other comorbid 

conditions

Cardiogenic shock

Diagnosis of acure coronary syndrome in the previous 

30 days

Paricipation in another randomized trial at the time of inclusion

History of malignancy within the last 2 years

Temperature ≥ 38 ºC or diagnosis of pneumonia

Pregnancy at the time of inclusion

Severe obstructive or restrictive lung disease

Previously known stage V chronic kidney disease (estimated 

glomerular filtration rate < 15 mL/min/m2) or patient included

in the dialysis program

Participants or their legal representative are willing and able

to give informed consent for participation in the study

Figure. Inclusion and exclusion criteria. BNP, B-type natriuretic peptide; IV, intravenous; NT-proBNP, N-terminal pro-B-type natriuretic peptide.
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randomization procedure in a n allocation 1:1 ratio, to either the
CA125 strategy or standard diuretic strategy.

Study Procedures

Screening and Eligibility Assessment (Visit 0)

Patient screening including laboratory tests and procedures are
conducted at the time of presentation along with verification of
inclusion and exclusion criteria.

The following procedures or data collection will be performed
after fulfillment of the inclusion criteria: a) signed and dated
informed consent form; b) demographic data; c) complete medical
history including current treatment and prior medications
received within the last 30 days; d) last functional class evaluation
(New York Heart Association) before decompensation; e) assess-
ment of dyspnea by using the visual analog scale; f) vital signs and
complete physical examination; g) electrocardiogram; h) urinaly-
sis, and i) blood test, including hematology, natriuretic peptides,
troponin, CA125 and renal function parameters (serum creatinine
[Cr], urea nitrogen, estimated glomerular filtration rate, and
cystatin C). Estimated glomerular filtration rate will be estimated
using the Modification of Diet in Renal Disease formula.

Follow-up Visits

Scheduled follow-up visits will be performed at 24 hours,
72 hours, and 30 days after randomization (final visit). At these
visits, data on vital signs, complete physical examination,
functional class (New York Heart Association) and visual analog
scale evaluation will be registered. Laboratory tests will include
urinalysis, serum Cr, urea, blood urea nitrogen, estimated
glomerular filtration rate, cystatin C, and B-type natriuretic
peptide/N-terminal pro-B-type natriuretic peptide. During the
Please cite this article in press as: Garcı́a-Blas S, et al. Diuretic Strateg

Carbohydrate Antigen 125-guided Strategy. Clinical Trial Design. Rev Esp
follow-up, patients will be censored if they die. Discontinuation
will occur if they withdraw their informed consent.

Additional Visits

Visits outside this preplanned schedule (optional visits) will be
permitted at the discretion of the physician in charge of the
patient. The main reason for each optional visit, and any laboratory
or procedure performed must be recorded on the chart and clinical
monitor must be informed.

Summary of study procedures are detailed in Table 1.
During the study period, information on concomitant medica-

tions and clinical adverse events (death from all causes or new
worsening of AHF) will be recorded.

Trial Intervention

Eligible patients will be randomized to receive a conventional
diuretic strategy (driven by clinical assessment) or a diuretic
strategy guided by plasma CA125 levels. All diuretics and
concomitant medications used in this trial are approved for HF
treatment and are part of standard of care in this entity.17,18

Detailed treatment algorithms are presented in Table 2.

Conventional Strategy

The diuretic dosage will be selected according to the presence of
symptoms and signs of systemic congestion and according to
current recommendations.17,18 The initial intravenous furosemide
dose should be at least equal to the preexisting oral dose used at
home unless arterial under filling and hypoperfusion is suspected.
Keeping the scheduled starting dose for at least the first 24 hours of
admission will be advisable. The diuretic regimen will be subject to
revision based on patient response and laboratory criteria.
ies in Acute Heart Failure and Renal Dysfunction: Conventional vs
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Table 1
Follow-up Design

Visit 0 24 h 72 h 30 d Additional

Informed consent form X

Demographics X

Complete medical history X

NYHA X X X X X

VAS X X X X

Vital signs X X X X X

Complete physical examination X X X X X

ECG X X

Blood and urine test X X X X X

Adverse events X X X X

Changes in treatment X X X X

ECG, electrocardiogram; NYHA, New York Heart Association functional class; VAS, visual analog scale for dyspnea.

Table 2
Diuretic Treatment Strategies

Conventional strategy CA125-guided strategy

– Diuretic dosage according to the presence of symptoms and signs

of systemic congestion

– The initial intravenous furosemide dose should be at least equal to

the preexisting oral dose used at home unless arterial under filling

and hypoperfusion is suspected

– High intravenous furosemide doses > 120 mg/d are recommended

in cases of unequivocal signs of congestion

– Dose adjustments during hospitalization will be performed

in accordance with clinical and biochemical changes

Patients with CA125 � 35 U/mL

– Initial dose of intravenous furosemide � 80 mg/d

– Thiazide withdrawal

– After 24 h: dose adjustment based on clinical and biochemical changes

Patients with CA125 > 35 U/mL

– Initial dose of intravenous furosemide > 120 mg/d or 2.5 times the previous oral dose

– If CA125 > 100 U/mL and/or there are concomitant unequivocal clinical signs

of systemic congestion, doses > 160 mg/d

– After 24 h: increasing the dose of intravenous furosemide and/or adding chlorthalidone

(25-50 mg/d PO) will be recommended if diuresis < 3 L during the first 24 h

and/or acetazolamide (250 mg/d PO)

CA125, carbohydrate antigen 125; PO, per os.
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Administration of additional diuretics and other drugs (nitrates,
antiarrhythmics, inotropes, angiotensin-converting enzyme inhi-
bitors, angiotensin receptor blockers, angiotensin receptor nepri-
lysin inhibitors, beta-blockers, and digoxin) are left to the discretion
of the attending physician. Initiation of renal replacement therapy
should be considered in patients with refractory congestive HF at
the judgment of the attending physician and/or severe hyperka-
lemia (> 6.5 mmol/L) and/or severe acidemia (pH < 7.2).

Carbohydrate Antigen 125-guided Strategy

In this group, the diuretic regimen will be titrated according to
CA125 serum levels:

– Patients with CA125 � 35 U/mL. An initial dose of intravenous
furosemide � 80 mg/d will be recommended–this is regardless of
any previous dose the patient was receiving. Maintaining this
dose for the first 24 hours will be advised. Discontinuation of
aldosterone receptor blockers, thiazides, or other diuretics will
also be recommended. After the first 24 hours, any further
decision regarding initial dose modification or route of adminis-
tration of loop diuretics will be at the discretion of the attending
physician based on patient’s clinical and biochemical response.

– Patients with CA125 > 35 U/mL. An initial dose of intravenous
furosemide > 120 mg/d (or 2.5 times the oral dose the patient
was receiving) will be set as the standard for this group. Doses >

160 mg/d will be recommended for those with CA125 > 100 U/
Please cite this article in press as: Garcı́a-Blas S, et al. Diuretic Strateg
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mL and clinical signs of severe systemic congestion. After
24 hours, the physician in charge of patient care will be allowed
to make changes about dosage, route of administration, or, if
necessary, stop diuretic treatment. As a general rule, if a diuresis
achieved during the first 24 hours is � 3 L, an increase in the dose
of intravenous furosemide and/or adding chlorthalidone 25-
50 mg/d will be recommended unless there is important
impairment of renal function (increase > 0.5 mg/dL in Cr
relative to admission). The preferred method of intravenous
furosemide administration for doses > 250 mg/d of furosemide
is by continuous infusion; otherwise, bolus will be used.

In all patients, oral loop diuretics must not be administered
together with intravenous loop diuretic administration. The
recommendations on the use of other drugs (nitrates, antiar-
rhythmics, inotropes, angiotensin-converting enzyme inhibitor,
angiotensin receptor blocker, angiotensin receptor neprilysin
inhibitors, beta-blockers and digoxin) and renal replacement
therapy are the same as those suggested for the conventional-arm.

Endpoints

Primary Endpoint

The main endpoint is to assess changes in renal function at
24 and 72 hours after enrollment. To this end, the following
markers of renal function will be measured: serum Cr, urea, urea to
ies in Acute Heart Failure and Renal Dysfunction: Conventional vs
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Cr ratio, estimated glomerular filtration rate, and cystatin C.
Changes in renal function parameters will be evaluated as
continuous (absolute and relative) and categorical. Improved
renal function and WRF and will be defined by a Cr increase and a
decrease in Cr of at least 0.3 mg/dL, respectively.

Secondary Endpoints

The following secondary endpoints will also be compared
between the 2 strategies:

– Resolution of the breathlessness (changes in New York Heart
Association functional class), signs of systemic congestion,
and patient global assessment (by visual analog scale) at
24 and 72 hours after enrollment.

– Changes in plasma levels of natriuretic peptides (B-type
natriuretic peptide or N-terminal pro-B-type natriuretic peptide)
at 72 hours after enrollment.

– Changes in plasma levels of troponin at 72 hours after
enrollment.

– Changes in urinalysis at 24 and 72 hours (Cr, sodium and
potassium).

– Time required to change intravenous diuretics to oral adminis-
tration.

– Parameters of renal function (Cr, urea, urea to Cr ratio,
glomerular filtration rate and cystatin C) at 30 days.

– Adverse clinical events: combined adverse event of death and/or
rehospitalization for AHF at 30 days.

Safety Endpoints

A strict policy will be implemented regarding a close adverse
event surveillance to ensure early detection and appropriate
management of renal deterioration, and/or severe electrolyte and
pH disturbances. Therefore, the following existing conditions that
occur following enrollment, should be monitored, treated and
recorded: a) increase in serum Cr to � 300% or serum Cr of � 4 mg/
dL (� 354 mmol/L) with an acute increase of at least 0.5 mg/L
(44 mmol/L) compared to prerandomization serum levels;
b) hyperkalemia (serum potassium > 6.0 mEq/L): in cases where
diuretic treatment modality may be implicated, a special review of
diuretic treatment should be performed. In these cases, aldoste-
rone antagonist should be withdrawn, and c) hypokalemia (serum
potassium < 3.0 mEq/L): all cases should be reported and
supplementation will be considered, in particular in patients
being treated with aldosterone antagonists.

Sample Size Calculation

A 2-tailed Fisher exact test was used for sample size calculation.
The estimated sample size for improvement of renal function was
77 patients in each group (total 154 patients), and was 39 patients
per group for WRF (total 78 patients). Assuming a loss of 5% to 10% of
patients (consent withdrawn, lost to follow-up at 30 days, and early
deaths) we increased the sample size by 10%, leaving the final
sample at 170 patients. The effect size of interest (or significant
minimum size) and the probability of the outcomes (improvement of
renal function and WFR) in group 1 were obtained from a pilot study
conducted in our department.19 More detailed information about the
sample size estimation is provided in the supplementary material.

Statistical Analysis

All statistical comparisons will be made under an intention-to-
treat principle. Data will be presented as mean � standard
Please cite this article in press as: Garcı́a-Blas S, et al. Diuretic Strateg
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deviation for normally-distributed variables, and as median with
interquartile range otherwise. Discrete data are expressed as
frequency and percentages. Continuous and normally-distributed
variables will be tested among the 2 strategies by the unpaired
Student t test or by the Wilcoxon rank-sum test. The Fisher exact test
will be used to compare 2-level discrete variables; multicategorical
variables will be compared with chi-square tests.

Primary Endpoint

The null hypotheses stated that there are no differences in the
delta change of Cr among strategies–absolute changes in Cr
between admission and 72 hours ranging from -0.29 to 0.29 mg/
dL. Absolute change in Cr will be compared between the
2 strategies at 24 and 72 hours after enrollment with ANCOVA
(analysis of covariance), using the baseline value of Cr as covariate.
In the event that a random-driven imbalance occurs in some of
baseline characteristics, such variable(s) will also be used as
covariates in the ANCOVA model. A Bonferroni correction will be
applied by setting the value of alpha at 0.025 to account for
multiple comparisons between the 3 subgroups: control, CA125 �
35 U/mL, CA125 > 35 U/mL.

Secondary Endpoint

Difference among strategies for the combined 30-day death
and/or rehospitalization for AHF endpoint will be graphically
depicted by the Kaplan-Meier method and tested by the log-rank
test. Univariate hazard ratios will be estimated with Cox
proportional hazard regression; the main censoring criteria will
be the end of the trial (administrative censoring at 30 days).
Multivariable Cox regression analysis will be used only in the event
that important prognostic factors or patient characteristics at
baseline show a significant imbalance between the 2 randomized
groups. All analyses will account for a potential clustering effect
within centers. Missing values will be imputed multiple imputa-
tion techniques, under the assumption of MCAR (missing
completely at random) or MAR (missing at random).

A 2-sided P-value of < .05 will be considered statistically
significant for all analyses. All analyses will be performed using
Stata 14.2 (StataCorp. 2015. Stata Statistical Software: Release 14.2
College Station, Texas: StataCorp LP).

Status of the Trial

Patient enrollment started in April 2015. On November 2, 2016,
142 patients have been enrolled in the study (83.5% of the target).

DISCUSSION

Renal dysfunction is a pervasive companion in patients with HF
with higher figures reported during AHF decompensations.1–3 As a
consequence, these patients have longer hospital stays and
generally worse prognosis in the short- and long-term.4,5

An additional complicating factor is that at greater degrees of
renal failure, well-evidenced therapies are lacking and current
management remains mostly empirical.3,17,18

The pathophysiology of renal dysfunction in patients with AHF
is complex, multifactorial, and not fully elucidated.3 Historically,
WRF has been attributed to the reduction in cardiac output and
consequently to renal hypoperfusion.3 However, recent data have
failed to correlate surrogate parameters of low cardiac output with
WRF in patients with HF.3,9 Indeed, a recent and elegant study of
ies in Acute Heart Failure and Renal Dysfunction: Conventional vs
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Hanberg et al.20 found no association between reduced cardiac
index–assessed by pulmonary artery catheterization–and degree
of renal dysfunction in 575 patients with advanced HF (New York
Heart Association functional class III or IV, and mean left
ventricular ejection fraction 23 � 12%). Likewise, there are also
recent data highlighting the role of renal congestion (venous, intra-
abdominal, and hydrostatic pressure of the renal vein) as an
important player in the pathogenesis of WRF complicating AHF.6–9

For example, Mullens et al.,8 found that the elevation of the central
venous pressure on admission and the persistence of this elevation
after treatment were the most important factors associated with
WRF. In a related context, Damman et al.,21 showed, in 30 patients
with chronic congestive HF, an increase in markers of renal tubular
injury after the withdrawal of diuretics. Similar findings have been
corroborated in other studies, emphasizing the role of venous
congestion as a potential contributor in the pathophysiology of renal
dysfunction, especially in patients with AHF.6–9

Currently, diuretics are the pharmacological therapy of choice for
the treatment of congestion in AHF patients.17,18 However, its use is
largely empirical and has traditionally been associated with
significant deleterious effects, including WRF.3,17,18,22,23 Paradoxi-
cally, in some subsets of patients, diuretics have also been shown to
be independently associated with improved renal function,3,19,21,23 a
finding that, at least indirectly, reinforces the role of venous
congestion as the main player in the deterioration of
glomerular filtration rate in AHF. It seems that the effects of diuretics
on renal function are determined by a delicate balance between
renal perfusion pressure and renal venous congestion.3 Unfortu-
nately, no consensus exists about the best way to guide diuretic
therapy in these patients.17,18 Perhaps the absence of definitive
evidence from randomized clinical trials together with the fact that
no reliable method exists for quantification of systemic congestion
explain the lack of a clinical tool for diuretic-guiding therapy.24,25

Indeed, common clinical parameters used for diagnosis and
prognostic stratification have shown poor profitability for quantify-
ing the degree and distribution of fluid overload.24 In addition, it is
worth mentioning that natriuretic peptides levels have shown no
correlation with the degree of congestion.24,26 Therefore, in the AHF
setting, there is an unmet need for a clinical/biological tool that
reflects the severity of the fluid overload while being sensitive
enough to detect variations induced by diuretic therapy.

In this line of thought, plasma CA125 levels have emerged as a
potential candidate for guiding depletive therapy.15 Carbohydrate
antigen 125 is a glycoprotein synthesized by epithelial serous cells
that has been widely used for monitoring ovarian cancer therapy.
However, high plasma levels have also been reported in other
diseases such as HF, nephrotic syndrome, liver cirrhosis, or pelvic
inflammatory disease, among others.15 In the HF setting, several
studies have shown that CA125 strongly correlated with clinical,
echocardiographic, and hemodynamic parameters indicative of
severity of systemic congestion and/or organ water redistribu-
tion.10–15 In addition, elevated levels of this glycoprotein are
present in most patients hospitalized for AHF and are associated
with an increased risk of death and readmission for AHF.10–15

Moreover, this biomarker has proved to be sensitive enough to
follow the patient’s clinical course; as such, it has been tested as a
potential tool for monitoring and guiding depletive treatment in
HF.27–31 In fact, in a recent randomized study performed in
380 patients with a recent episode of AHF, a CA125-guided
therapy, driven mainly on modifications of frequency of monitor-
ing and the intensity of diuretic therapy, was associated with a
significant reduction in 1-year risk of subsequent AHF-read-
missions compared with standard of care.16 In this trial, the
authors suggested an intensification of the frequency of monitor-
ing and up-titration of diuretics when CA125 was elevated (CA125
> 35 U/mL) while following a more relaxed schedule of ambulatory
Please cite this article in press as: Garcı́a-Blas S, et al. Diuretic Strateg
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visits and down-titration of diuretic therapy if CA125 was � 35 U/
mL.16 Along the same line, but in the AHF setting, we found that, in
526 patients hospitalized for AHF, early changes in renal function
following intravenous administration of furosemide were largely
dependent on renal function and plasma levels of CA125 on
admission. In fact, increasing doses of furosemide were associated
with an increase in serum Cr at 48 to 72 hours in patients with Cr �
1.4 mg/dL on admission and CA125 < 35 U/mL.19 In contrast,
increasing doses of furosemide were associated with a significant
decrease of Cr in subjects with Cr � 1.4 mg/dL on admission and
CA125 > 35 U/mL. Similar findings for blood urea nitrogen values
and estimated glomerular filtration rate were observed.19 More-
over, in 1389 patients admitted for AHF, our group observed that
the mortality risk associated with the dose of loop diuretics at
discharge was intense and differentially associated with plasma
levels of blood urea nitrogen and CA125.32 Thus, high doses of loop
diuretics were associated with an increased risk of death during
follow-up, especially in patients with normal CA125 values and
high levels of blood urea nitrogen, while in those who had elevated
levels of blood urea nitrogen and CA125, high doses of loop
diuretics were associated with a 27% decrease in the risk of death.32

Other characteristics such as its wide availability, low cost,
standarized measurement, prolonged half-life, and the fact that
CA125 levels are not subtantiallly influenced by age and renal
dysfunction are important advantages that deserve to be
highlighted.15

In summary, a substantial body of evidence suggests the
usefulness of this biomarker for monitoring and guiding diuretic
therapy in patients with cardiorenal syndrome type 1. A
randomized clinical trial is a necessary step forward to evaluate
this hypothesis.

CONCLUSIONS

There is enough evidence to support the notion that, in patients
hospitalized for AHF, early changes in renal function induced by
the administration of diuretics are influenced by the degree of
venous congestion. Under these premises, we postulated that the
use of high doses of diuretics would be especially beneficial–in
terms of improvement of renal function–in patients with WRF and
increased plasma levels of CA125 on admission. In contrast, high
doses of diuretics would be associated with greater renal
deterioration in patients with WRF and serum levels of CA125
within normal limits on admission.
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WHAT IS KNOWN ABOUT THE TOPIC?

– Renal failure commonly occurs in AHF, where it

contributes adversely to major clinical outcomes.

– Recent data have highlighted the role of renal conges-

tion in the pathophysiology of renal dysfunction in

patients with AHF.

– There is a lack of well-evidenced therapies in this setting

and the intensity of diuretic therapy usually relies on

subjective evaluation rather than on evidence-based

guidance.

– Plasma levels of CA125 are strongly correlated with

clinical, hemodynamic, and echocardiographic surro-

gates of fluid overload.

WHAT DOES THIS STUDY ADD?

– We speculate that CA125 may serve as a potential

candidate for guiding diuretic therapy in patients with

cardiorenal syndrome type 1.

– High doses of diuretics would be especially beneficial, in

terms of improvement of renal function, in patients with

WRF and increased plasma levels of CA125 on admis-

sion.

– In contrast, high doses of diuretics would be associated

with greater renal deterioration in those with WRF and

serum levels of CA125 within normal limits on

admission.
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10. Núñez J, Sanchis J, Bodı́ V, et al. Improvement in risk stratification with the
combination of the tumor marker antigen carbohydrate 125 and brain natriuretic
peptide in patients with acute heart failure. Eur Heart J. 2010;31:1752–1763.

11. Monteiro S, Franco F, Costa S, et al. Prognostic value of CA125 in advanced heart
failure patients. Int J Cardiol. 2010;140:115–118.

12. D’Aloia A, Faggiano P, Aurigemma G, et al. Serum levels of carbohydrate antigen
125 in patients with chronic heart failure: relation to clinical severity, hemody-
namic and Doppler echocardiographic abnormalities, and short-term prognosis. J
Am Coll Cardiol. 2003;41:1805–1811.

13. Kouris NT, Zacharos ID, Kontogianni DD, et al. The significance of CA125 levels in
patients with chronic congestive heart failure. Correlation with clinical and
echocardiographic parameters. Eur J Heart Fail. 2005;7:199–203.
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30. Husser O, Núñez J, Núñez E, et al. Tumor marker carbohydrate antigen 125 predicts
adverse outcome after transcatheter aortic valve implantation. JACC Cardiovasc
Interv. 2013;6:487–496.
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