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The options available to treat patients with advanced
heart failure, defined as persistent New York Heart
Association class III or IV symptoms despite conven-
tional medical therapy,1 are limited. Cardiac transplan-
tation is constrained by the scarcity of donor organs,
whereas left ventricular assist devices are associated
with a low 2-year survival rate.2 Biventricular pacing
has emerged as a novel therapy for improving symp-
toms of heart failure,3 but it is presently recommended
only for patients with a widened QRS interval, and
predictors of response are not yet well defined. In pa-
tients who are hospitalized, the tailoring of medical
therapy to specific hemodynamic goals may lead to
clinical stability.4,5 However, such data come from ob-
servational studies, and this approach is only now be-
ing tested in a randomized fashion.6 Thus, there re-
mains a need to develop novel therapies for patients
with heart failure symptoms that are refractory to con-
ventional medical therapy.

In this issue of the Journal, Licata et al7 offer one
such therapy. Their study population comprised pa-
tients aged between 65 and 90 years with decompen-
sated and advanced heart failure, which was evidenced
by profound limitations of exercise, obvious volume
overload with marked peripheral edema, resistance to
conventional doses of diuretics, and guarded survival.
This study is an extension of an earlier report that de-
scribed a subset of the present cohort.8 In a single-
blinded fashion, the investigators administered 150 mL
infusions of hypertonic saline (range 1.4%-4.6% sodium
infusions, depending on baseline serum sodium level)
twice daily with high-dose intravenous furosemide
(500-1000 mg twice daily) to 53 patients (group 1).
The amount of sodium administered intravenously
each day ranged from approximately 1.6 grams (300
mL/day of 1.4% hypertonic saline) to 5.4 grams (300

mL/day of 4.6% hypertonic saline). The remaining 54
patients in the study received comparable intravenous
furosemide injections, but not hypertonic saline
(group 2). Group 1 was also maintained on a 120
mmol dietary sodium restriction (approximately 2.8
grams sodium/24 hours), whereas group 2 was main-
tained on a more stringent 80 mmol dietary sodium
restriction (approximately 1.8 grams sodium/24
hours). Patients in both groups were told to limit their
total oral fluid intake to 1 L per day and received con-
ventional medical therapy with angiotensin-converting
enzyme inhibitors, diuretics, digoxin, appropriate po-
tassium supplementation, and in the latter part of the
study, spironolactone.

Both groups of patients had improvement in clinical
status concordant with a comparable diuresis of ap-
proximately 20 pounds. However, patients randomized
to receive hypertonic saline (group 1) had improved
hospital outcomes compared with patients who did
not receive hypertonic saline (group 2). Specifically,
group 1, compared to group 2, had a shorter length of
hospitalization, less renal dysfunction, higher discharge
serum sodium levels, and fewer adverse effects (tinni-
tus) from furosemide. Even more striking, after a mean
follow-up period of 31 ! 14 months, patients in group
1 were far less likely to have been hospitalized and
more likely to be alive than patients in group 2.

Before considering potential mechanisms of the dif-
ferences in outcomes between these 2 groups, it is
important to recognize that the therapy described by
Licata et al is unconventional and counterintuitive.
During hospitalization, patients with decompensated
heart failure are salt-restricted and usually do not re-
ceive intravenous sodium infusions. Furthermore, di-
etary sodium education9 and restriction are considered
essential in treating patients with heart failure, and a
more, rather than less, stringent restriction would usu-
ally be recommended for patients with refractory
symptoms.

How then should one interpret the results of this
study? First, there remains the possibility that the con-
clusions of the study are not valid. The study popula-
tion was small. An unintentional bias may have been
introduced by the lack of double-blinding, although
crude measures, such as angiotensin-converting en-
zyme inhibitor use, were similar between the 2 study
groups. Bias may also have been introduced if random-
ization was thwarted in some way, although the simi-
lar baseline characteristics between the 2 study groups
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argue against that possibility. The investigators used
supratherapeutic doses of intravenous furosemide
(500-1000 mg twice daily) that may have resulted in
adverse renal effects, perhaps caused by hypoten-
sion.10 Supporting this contention is the significant
increase in serum creatinine and blood urea nitrogen
levels in patients who did not receive hypertonic sa-
line. If the hypertonic saline infusions merely pro-
tected against adverse renal effects associated with
high-dose furosemide, then the benefits associated
with hypertonic saline may not occur in the setting of
conventional diuretic doses.

An alternative hypothesis that warrants serious con-
sideration is that the experimental therapy resulted in
improved outcomes. The observable differences in the
2 groups in serum sodium and creatinine levels, both
important prognostic factors in heart failure, at the
time of hospital discharge suggests that events during
the hospitalization resulted in the divergent outcomes
during follow-up. If this is true, then it is likely that
the hypertonic saline infusions played an important
role, because the relative difference in the dietary so-
dium restriction was rather modest in comparison to
the amount of sodium administered in the hypertonic
saline infusions. Putative mechanisms of a benefit from
hypertonic saline administration include restoration of
effective arterial volume, decreased afterload, de-
creased renal vascular resistance, improved cardiac
contractility, and enhanced diuretic responsiveness via
renal effects.

Evidence suggesting that hypertonic saline led to a
more effective repair of effective arterial blood volume
included an increase in urine volume, preservation of
renal perfusion as measured by blood urea nitrogen
and creatinine levels, and a rise rather than a fall in
serum sodium level. Additionally, the group that re-
ceived hypertonic saline did not have significantly
higher urinary potassium losses, despite the enhanced
urinary sodium excretion. This would suggest that al-
dosterone levels were lower in the hypertonic saline
group, again presumably because of the improved ef-
fective arterial blood volume. Such improvements in
the neurhoromonal milieu may have directly contrib-
uted to improved outcomes, analogous to spironolac-
tone administration.11

The benefits of hypertonic saline may also be medi-
ated through its effect on cardiac function. Earlier
studies have shown that hypertonic saline improved
hemodynamics in patients with shock,12 led to diuresis
after cardiac surgery,13 and improved preload and car-
diac index after mitral valve repair.14 Some,15 but not
all,16,17 studies have shown an improvement in cardiac
contractility.

Hypertonic saline may also result in an increase in
diuretic efficiency. In patients with severe congestive
heart failure, sodium is avidly reabsorbed in the proxi-

mal nephron. If hypertonic saline expands effective
arterial blood volume and enhances sodium delivery
past the proximal nephron to the thick ascending limb
of Henle (site of action of furosemide), then natriuresis
would be enhanced. Administration of hypertonic sa-
line may also improve diuretic efficiency by limiting
hypertrophy of distal renal tubular cells,18 the latter of
which is associated with diuretic resistance. Reduc-
tions in circulating angiotensin II or aldosterone from
improved intravascular volume may have attenuated
the distal renal tubular hypertrophy.19 A recent study
demonstrated that chronic furosemide administration
decreased the tonicity in the renal medullary intersti-
tium, resulting in a decreased production of pronatri-
uretic prostaglandin E2.20 If hypertonic saline or the
more modest dietary sodium restriction attenuated the
fall in tonicity of the medullary interstitium, then syn-
thesis of natriuretic prostaglandins and diuretic effec-
tiveness may have been preserved.

The study by Licata et al7 challenges many of our
preconceived notions about therapy for patients with
advanced heart failure. Lest one dismiss it too
abruptly, we need to recall the experience with #-ad-
renergic blocker therapy, which was previously contra-
indicated but is now recommended in patients with
heart failure.21 The study by Licata et al is a first step.
It is not clear which component of the strategy (hyper-
tonic saline or more modest dietary salt restriction) led
to the benefits. Will this therapy be effective with
more conventional doses of diuretics or more modest
fluid restrictions? Would hypertonic saline be effective
for patients with less-advanced heart failure or patients
treated with #-blockers? Additional studies, including
measurement of cardiac output and left-sided filling
pressures, changes in neurohormonal levels, and quan-
tification of furosemide and cumulative sodium excre-
tion are needed to determine the mechanism of this
therapy. Finally, larger, double-blinded, randomized
trials are needed to rule out the play of chance or un-
intentional bias. We eagerly await such studies to
know whether hypertonic saline will join the thera-
peutic armamentarium for patients with advanced and
decompensated heart failure.
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