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fraction <45%); release of BAG3 appeared to trigger
an immune response because serum anti-BAG3 antibodies were also measurable in these patients. However, using a speciﬁc enzyme-linked immunosorbent
assay for measuring BAG3 protein concentration in
serum samples, we could not detect signiﬁcant differences between BAG3 values in healthy subjects and
patients with HF using New York Heart Association
(NYHA) functional class I to III symptom severity (5).
In the present analysis, we report that BAG3 protein concentration was signiﬁcantly higher in serum
samples from 20 patients with HF with NYHA functional class IV compared with 44 healthy subjects or
59 patients with NYHA functional class I to III
(Figure 1A). Differences were greatest (p < 0.001) between healthy controls and patients with NYHA class
I versus patients with NYHA class IV and remained
quite signiﬁcant (p < 0.01) when highly symptomatic
patients were compared with those with NYHA class
II to III symptoms. Notably, high concentrations of
BAG3 were associated with death, implantation of a
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F I G U R E 1 Detection of Serum BAG3 in Patients With Advanced-Stage HF

(A) Samples from patients with HF and healthy donors were obtained from the Department of Cardiology, University Hospital “San Giovanni di
Dio e Ruggi d’Aragona” (Salerno, Italy) and the Department of Clinical Medicine, Cardiovascular Sciences and Immunology, “Federico II University” (Napoli, Italy). A subgroup of sera samples were obtained from patients with HF with NYHA functional class IV who were recruited at
Massachusetts General Hospital. Protocols and informed consent for collection were approved by the institutional ethics committees. Sera were
aliquoted and subsequently stored at 80 C until use. For measurement of BAG3 protein content in sera, we used the BAG3 enzyme-linked
immunosorbent assay (BIOUNIVERSA s.r.l., Fisciano, Italy). BAG3 contents are expressed in arbitrary units. Values are mean  SEM for each
group. Signiﬁcance was calculated by Student t test using MedCalc software (version 12.2.1.0; Mariakerke, Belgium). p values from 0.001 to
0.01 were considered very signiﬁcant (**) and values <0.001 were considered highly signiﬁcant (***). (B) Prediction of adverse events (death,
implantation of a left ventricular assist device, or heart transplantation) in patients with HF with NYHA functional class IV within 1,586 days of
observation: survival analysis. The median value of BAG3 was used as a cutoff to deﬁne 2 subgroups: 9 patients with low BAG3 concentrations
(value range of 0 to 716 A.U.) and 9 patients with high BAG3 concentrations (value range of 782 to 2,502 A.U.). Kaplan-Meier analysis was
determined using MedCalc software. HF ¼ heart failure; NYHA ¼ New York Heart Association.

left ventricular assist device, or heart transplantation
within 1,586 days of observation. We distinguished 2
groups: 9 patients with high BAG3 concentrations
(value range of 782 to 2,502 A.U.) and median survival
of 32.5 days and 9 patients with low BAG3 concentrations (value range of 0 to 716 A.U.) concentrations
and median survival of 198 days (p ¼ 0.043)
(Figure 1B).
These ﬁndings indicate that serum BAG3 protein
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BAG3 protein appears to be a biomarker that deserves
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investigation to ascertain its utility in monitoring
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progression of HF, speciﬁcally in patients who progress from NYHA functional class II to IV or patients
with functional class IV who progress to an advanced
state. Furthermore, these results suggest that BAG3
enzyme-linked immunosorbent assay can be helpful,
possibly in combination with other tests, to predict
adverse events in patients with advanced HF.
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REPLY: BAG3 Protein in
Advanced-Stage Heart Failure
We appreciate the interest of Dr. De Marco and colleagues in our report (1) and their interesting observations on the potential use of serum BAG3, possibly
in combination with other tests, in monitoring progression of heart failure. We agree that a multiple
biomarker approach may add unique diagnostic and
prognostic information (2). In our study, we were not
focused on chronic heart failure or long-term outcomes but rather the burden of acute heart failure on
our nation’s emergency departments. The high hospital admission rate and signiﬁcant resource consumption suggest that strategies to safely reduce
admissions, or alternatives to hospital stays, may
have profound implications. We believe this challenge could be addressed with better methods to
identify patients at low risk for short-term adverse
outcomes and readmissions, including assessment of
self-care behaviors such as symptom monitoring,
medication taking, and exercise. We have previously
suggested
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barriers to ideal self-care, and shared decision making
may provide this critical inertia (3,4). Unfortunately,
there are currently no validated tools to identify lowrisk patients with acute heart failure in the emergency
department suitable for discharge or perhaps a brief
period of observation (4). We suggest that previous
biomarker and risk stratiﬁcation efforts have not
signiﬁcantly affected emergency department decision
making; those with no high-risk features do not
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Heart Failure

necessarily equate with low risk (5). Although novel
biomarkers likely will play an important role, we
suggest that a more comprehensive methodology is
needed to address the burden before it becomes
overwhelming.
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Loop diuretics are effective and necessary to improve
hemodynamics and relieve congestion in subjects
with systolic heart failure (HF) and ﬂuid overload. In
contrast,

in

compensated/noncongested

patients

with left ventricular systolic dysfunction, reports
suggest negative consequences of chronic loop
diuretic therapy on the progression of HF (1,2). Others
and we have also reported that in patients with
compensated HF, loop diuretic therapy has deleterious neurohumoral and renal hemodynamic effects
such as renal vasoconstriction and activation of the
renin-angiotensin-aldosterone

system

(1,3).
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