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ABSTRACT

OBJECTIVES The purpose of this study was to investigate real world safety and efficacy of hypertonic saline therapy in
cases of refractory acute decompensated heart failure (ADHF) at a large U.S. academic medical center.

BACKGROUND Hypertonic saline therapy has been described as a potential management strategy for refractory ADHF,
but experience in the United States is limited.

METHODS A retrospective analysis was performed in all patients receiving hypertonic saline for diuretic therapy-
resistant ADHF at the authors' institution since March 2013. The primary analytic approach was a comparison of the
trajectory of clinical variables prior to and after administration of hypertonic saline, with secondary focus on predictors of
treatment response.

RESULTS A total of 58 hypertonic saline administration episodes were identified across 40 patients with diuretic-
therapy refractory ADHF. Prior to hypertonic saline administration, serum sodium, chloride, and creatinine concentrations
were worsening but improved after hypertonic saline administration (p < 0.001, all). Both total urine output and weight
loss significantly improved with hypertonic saline (p = 0.01 and <0.001, respectively). Diuretic efficiency, defined as
change in urine output per doubling of diuretic dose, also improved over this period (p < 0.01). There were no significant
changes in respiratory status or overcorrection of serum sodium with the intervention.

CONCLUSIONS In a cohort of patients who were refractory to ADHF, hypertonic saline administration was associated
with increased diuretic efficiency, fluid and weight loss, and improvement of metabolic derangements, and no adverse
respiratory or neurological signals were identified. Additional study of hypertonic saline as a diuretic adjuvant is
warranted. (J Am Coll Cardiol HF 2020;8:199-208) © 2020 by the American College of Cardiology Foundation.
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ABBREVIATIONS
AND ACRONYMS

ADHF = acute decompensated

heart failure

FiO, = fraction of inspired

oxygen
HS = hypertonic saline
IGR = interquartile range
IV = intravenous

NaCl = sodium chloride

PO = taken by mouth

cute decompensated heart failure

(ADHF) accounts for more than 1

million hospitalizations annually
and poses a high burden of health care-
related expenditures (1). The primary driver
of symptoms leading to hospitalization in
ADHF is congestion with volume overload,
for which diuretic therapy is the mainstay
of treatment (2,3). However, a subset of pa-
tients with ADHF develop diuretic resis-
tance and progressive cardiorenal

dysfunction despite escalating doses of
loop diuretics. This resistance is associated with a
high risk of mortality and presents a significant
clinical challenge, as therapies to relieve congestive
symptoms are sometimes limited by a further
decline in renal function (4). Several therapies
have been tested as adjuncts to loop diuretic agents
with no demonstrable clinical improvement (5-9). A

potential common pitfall of those therapies is the
failure to address the underlying sodium-avid state
that the kidney is defending in the setting of
aggressive diuresis. The conventional paradigm has
held that salt is universally deleterious, whereby
excessive sodium may exacerbate acute heart fail-
ure and congestion; however, it is also known that
restriction of salt intake leads to a heightened so-
dium avidity signal resulting in neurohormonal acti-
vation and questionable differences in congestive
symptoms (10-12). The use of supplemental sodium
chloride to disrupt the sodium avidity signal in
conjunction with high-dose natriuretic agents may
therefore have theoretical utility.

SEE PAGE 209

As an extension of this concept, several studies in
patients with ADHF have shown that administration
of intravenous (IV) hypertonic saline (HS) can
improve diuresis, renal function, and clinical out-
comes when they are given concomitantly with high
doses of diuretic agents (13-15). However, the use of
HS in ADHF has been studied only at a limited num-
ber of centers outside United States, with some re-
sults receiving scrutiny by the scientific community,
including a retraction and subsequent exclusion from
a meta-analysis based on concerns regarding data
validity (16-18). This retraction, in conjunction with
the counterintuitive nature of administering salt in
an effort to remove salt, has led to a slow adoption of
HS for ADHF in the United States. The present study
reports the authors’ experience with HS therapy and
describes the safety and efficacy of this treatment in a
real-world setting at a large US center.
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METHODS
STUDY POPULATION, CLINICAL CARE, AND
MONITORING. Patients included in this report

received HS for the treatment of ADHF between
March 5, 2013, and December 14, 2017. All patients
were treated at a single hospital in the cardiac
intensive care unit or the cardiac step-down unit and
were identified by the presence of a 3% NaCl order
placed in the heart and vascular center at our insti-
tution. Charts were subsequently reviewed, and pa-
tients not being managed for ADHF or who received
HS for an indication other than for the management
of ADHF (e.g., for cerebral edema as documented in a
neurology consultant note) were excluded. Providers
followed a clinical protocol that was developed and
approved at our institution, which was implemented
exclusively for advanced heart failure physicians for
use in patients with ADHF with clinical signs of
diuretic resistance. The protocol suggested 150 ml of
3% NaCl to be given over 30 min (300 ml/h), admin-
istered simultaneously with high doses of loop
diuretic agents (Online Figure 1, Online Table 1). The
preferred method of administration was through a
central line, using an infusion pump, but large-bore
peripheral IV lines were acceptable if central lines
were not feasible. As all patients were located in the
cardiac intensive care unit or step-down unit, moni-
toring during and after HS infusion consisted of
frequent monitoring of vital signs, continuous moni-
toring of peripheral capillary oxygen saturation, and
serial cardiopulmonary and neurologic examinations.
Stopping parameters included respiratory decom-
pensation, in addition to changes in mental status or
neurological examinations.

DATA COLLECTION. Chart data regarding diuretic
agents administered, urine output, and laboratory
values were extracted for 24-h intervals with the
administration of the first dose of HS used as the
reference time point. Patients who received multi-
ple doses of HS during admission were split into
separate observation groups when time between HS
doses was >7 days to ensure no residual effects.
Doses of loop diuretic agents were extracted and
converted to IV furosemide equivalents, with 40 mg
of IV furosemide equivalent to 80 mg of PO furo-
semide, 1 mg of IV or PO bumetanide, and 20 mg of
PO torsemide (19). Similarly, doses of thiazide
diuretic agents were extracted and converted to
metolazone equivalents, where 100 mg of chloro-
thiazide was equal to 10 mg of hydrochlorothiazide,
which was equal to 1 mg of metolazone (20). Net
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urine output in milliliters was determined based on
the difference between the documented fluid intake
(IV or PO) and documented urine output. Daily
weights were extracted from the chart. For days in
which multiple weights were recorded, priority was
given to standing weight over bed weight and then
to the first measurement of the day. Oxygenation
data were extracted in 4-h intervals for the 72-h
periods before and after HS administration.
Oxygenation data collected included peripheral ox-
ygen saturation, oxygen delivery device, oxygen
flow rate for nasal cannula, and fraction of inspired
oxygen (FiO,) for high-flow nasal cannula and ven-
tilators. To assess trends in oxygen requirements,
available data were used to extrapolate FiO, where
they were not available, with FiO, at room air
considered 21% with 4% increase per liter flow
through standard nasal cannula. Missing oxygena-
tion data were handled by last observation carried
forward. The formal radiology reports of chest ra-
diographs and qualitative reports of pulmonary ex-
aminations were extracted manually from the
patient’s chart and coded according to relative
improvement or deterioration, comparing the pre-
HS to post-HS period.

STATISTICAL ANALYSIS. Descriptive analysis and
statistical tests were performed using SAS version
9.4 software (SAS Institute Inc., Cary, North Car-
olina), and Stata version 13.1 software (Statacorp,
College Station, Texas). Baseline characteristics are
presented as median (interquartile range [IQR]:
quartile 1, quartile 3) or mean + SD. The outcomes
of weight, fluid, respiratory, and serum chemistries
were collected at 24, 48, and 72 h, both before and
after HS administration. Changes in the outcomes
during post-intervention (between 24 and 72 h post-
HS administration) were examined statistically to
determine whether there were changes during pre-
intervention (between 24 and 72 h pre-HS admin-
istration). The observations at 24 h pre-HS admin-
istration were considered the baseline values for
evaluating the post-intervention changes. To ac-
count for correlations of repeated measures and
multiple episodes from the same individual, general
linear mixed models (GLMM) with random in-
tercepts were used, and the 2 estimated slopes of
changes per 24 h were compared between pre-and
post-HS periods by using piecewise linear regres-
sion. The proportion of patients requiring supple-
mental oxygen use also was examined, which was
measured every 12 h between 48 h prior to and
after the intervention. Logistic regression with
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TABLE 1 Baseline Characteristics of the Cohort (N = 58)

Laboratory values
Sodium, mmol/L

30 days, %
Baseline diuretics

Loop diuretic dose, mg of furosemide
equivalents

Age, yrs 601
Females 45
Medical history, %
Hypertension 55
Diabetes mellitus 36
Coronary artery disease 45
Implantable cardioverter-defibrillator 60
Moderate to severe valvular disease 62
Left ventricular assist device 25
Ejection fraction 35+ 22
Ejection fraction =40% 65
Vital signs
Heart rate, beats/min 85 +17
Systolic blood pressure, mm Hg 103 £+ 14
Diastolic blood pressure, mm Hg 60 +13
Mean Arterial Pressure, mm Hg 72+ 1
Estimated FiO,, % 28 (21-33)

131 (125-134)

Chloride, mmol/L 88 (83-93)
BUN, mg/dl 64 (40-83)
Creatinine, mg/dl 1.8 (1.5-2.8)
eGFR, ml/min/m? 36 + 20
Hemoglobin, g/dl 99+19
Inotropes/vasopressors, % 64
Milrinone 36
Dopamine 33
Dobutamine 10
Norepinephrine 2
Multiple 17
Length of stay and outcomes
Length of stay, days 29 (17-76)
Rehospitalized within 30 days of discharge, % 17 (10/58)
Deaths within 30 days of discharge, % 33 (13/40)
Discharged to hospice, % 21 (12/58)
Deaths, discharge to hospice, or readmissions within 47 (27/58)

400 (200-875)

Thiazide diuretic 35 (59)*

Thiazide diuretic dose, mg of metolazone 10 (10-20)
equivalents

Acetazolamide, % 3 (5

Acetazolamide dose, mg 500 (500-2,000)

Tolvaptan 5(8)

BUN = blood urea nitrogen; FiO, = fraction of inspired oxygen; HS = hypertonic

Values are mean =+ SD, n, %, median (interquartile range), % (n/N), or n (%). *46 patients (79%)
received a thiazide at some point prior to hypertonic saline administration during that admission.

saline.

random intercepts was used to compare the change
per 12 h between pre- and post-intervention pe-
riods. In addition, post hoc analysis was performed
to examine whether changes in urine output were
associated with changes in serum chemistries after
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FIGURE 1 Safety Profile of Hypertonic Saline
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(A, B) Trends in respiratory measurements before and after initiation of treatment with HS. There were no changes in the percentage of
patients who required supplemental oxygen (p = 0.19). The mean FiO, (p = 0.50) in the 48 h before HS administration, compared with the
48 h after administration. Histograms of changes in serum sodium at (C) 6 h and (D) 24 h after initiation of treatment with HS. FiO, = fraction

administration of HS. The longitudinal weight, net
fluid loss, and total urine output were predicted
by A values for each serum chemistry value

(i.e., changed amount from 24 h prior to the

intervention) by using GLMM adjusted for weight or
urine output at 24 h prior to the intervention. All
statistical tests were performed at a 5% level
of significance.

Pre-Intervention
Change per Day

Post-Intervention

TABLE 2 Estimated Changes Per Day of Outcome Variables in Pre- and Post-Intervention Periods

Difference in Pre- Versus

Change per Day Post-Intervention Trends

Estimate + SE

p Value

Estimate + SE p Value p Value

Fluid loss

A Weight, kg -0.02 £ 0.26 0.93 -1.1+ 0.17 <0.001 <0.001

Net fluid loss, ml 30 £12 0.80 337 +73 <0.001 0.03

A Total urine output, ml -23 +£122 0.85 379 + 77 <0.001 0.01
Respiratory measurements

% A Number of patients on 0.2+ 0.2 0.22 -0.2+0.3 0.44 0.19

supplemental oxygen

A FiO, 0.5+ 0.5 0.31 0.8+03 <0.01 0.50
Laboratory measurements

A Sodium, mEg/L -1.0 £ 0.2 <0.001 0.9 +0.2 <0.001 <0.001

A Chloride, mEq/L -114+0.3 <0.001 0.5+ 0.2 <0.01 <0.001

A BUN, mg/dl 2.7 +£ 0.90 <0.01 1.2 + 0.57 0.04 0.15

A Creatinine, mg/dl 0.1 £ 0.03 <0.01 —0.1 £ 0.02 <0.001 <0.001

Values are mean estimate + SE.
BUN = blood urea nitrogen; FiO, = fraction of inspired oxygen.
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CENTRAL ILLUSTRATION Patients Receiving HS Had Improved Urine Output and Weight Loss
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Patients receiving hypertonic saline (HS) had improved urine output and weight loss, without dangerous fluctuations in serum sodium or respiratory decompensation.
There were no changes in the percentage of patients requiring supplemental oxygen, and fluctuations in serum sodium were within the acceptable range following
administration of hypersonic saline. Both total urine output and weight loss improved.

RESULTS

A total of 40 patients received HS for treatment of
ADHF over 50 distinct admissions. Within these 50
admissions, 5 patients received HS for more than 1
distinct episode for a total of 58 distinct episodes of
HS administration. Patients received a median of 3
doses (IQR: 2 to 7 doses) during a treatment episode.
On average, patients receiving HS had high disease
severity with a high incidence of hyponatremia,
hypochloremia, and renal dysfunction (Table 1). The
median dose of diuretic agents prior to HS adminis-
tration was 400 mg (IQR: 200 to 875 mg) of furose-
mide equivalents per 24 h. At the initiation of HS

treatment, 64% of patients were receiving inotropes/
vasopressors, and the median length of stay was
29 days (IQR: 17 to 77 days).

SAFETY. Respiratory status. At the initiation of HS
treatment, 43% of patients were receiving supple-
mental oxygen, which remained unchanged after the
initiation of HS (Figure 1A). Average estimated FiO,
also did not change from pre- to post-HS adminis-
tration (Figure 1B). Overall, there were no differences
in the trend of the use of supplemental oxygen or
FiO, before and after initiation of HS (p =0.18 and p =
0.49, respectively) (Table 2). Pre- and post-HS chest
radiographs were performed for 14 patients (24%). Of
those patients, 12 showed no change, 1 showed mild
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FIGURE 2 Trends of Diuretic Efficiency Before and After Initiation of Treatment With

Hypertonic Saline
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There was a significant improvement in diuretic efficiency in the 72 h prior to hypertonic
saline (HS) administration compared that in the 72 h after administration (p = 0.01).
Diuretic efficiency is defined as the increase in urine output per doubling of loop

diuretic dose.

improvement in pulmonary edema, and 1 showed
edema. Subjective data
regarding post-intervention serial pulmonary
auscultation was available for 53 patients (91%), and
the majority had no change in their examination
values (62%), 19 had improvement in crackles (36%),
and only 1 had worsening crackles (2%; p < 0.001 for
improving examination values).

worsened pulmonary

Serum sodium levels. Median sodium
change after treatment was +1.5 mmol/l (IQR: 0.0 to
3.0 mmol/l) at 6 h; +2 mmol/1 (IQR: 0.5 to 3.5 mmol/l)
at 24 h; and +3 mmol/l (IQR: —1.0 to 5.0 mmol/l) at
72 h. The largest change serum sodium
was +5 mmol/l at 6 h and +7 mmol/l at 24 h, which
occurred in 2 separate patients after both had received
the first dose of HS. Neither patient experienced

an adverse neurologic outcome (Figures 1C and 1D).

serum

in

PARAMETERS OF EFFICACY. Changes in weight
and fluid output. Prior to treatment with HS, both
the weight and the daily total urine output demon-
strated little variation but improved significantly
post-HS (Central Illustration). Daily net urine output
improved by 489 + 241 ml during day 1 (p = 0.04),
1,019 + 241 ml during day 2 (p < 0.001), and 921 +
244 ml during day 3 (p < 0.01) compared to the values
at 24 h prior to treatment (Central Illustration).
Compared to weight immediately prior to treatment,
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average weight decreased by 0.6 + 0.5 kg at 24 h
(p = 0.23), 2.0 £ 0.5 kg at 48 h (p < 0.001), and 3.1 +
0.5 kg at 72 h (p < 0.001) after HS administration
(Central Illustration). Similarly, diuretic efficiency was
stable prior to HS administration but increased
significantly following treatment (Figure 2). There
was a significant decrease in weight (p < 0.001) and
an increase in net urine output (p = 0.03) during the
3 days after initiation of HS administration compared
to no significant changes over the 3 days prior to
initiation of HS therapy (Table 2).

Change in laboratory parameters. Prior to HS
administration, serum sodium, chloride, and creati-
nine concentrations were deteriorating but improved
after HS administration (pre- to post-treatment trend
comparison: p < 0.001 for all) (Figure 3, Central
Illustration, Table 2). Blood urea nitrogen was signif-
icantly increased both before and after HS, without a
significant difference in pre- to post-treatment rate of
change (p = 0.15) (Table 2).

DISCUSSION

This retrospective analysis provides the first
description of the real-world use of HS in refractory
ADHF at a large US center. Hypertonic saline as a loop
diuretic adjuvant appeared to be safe and well toler-
ated in a cohort of severely ill patients with rising
serum creatinine, hyponatremia, and stagnant urine
output in the 72 h preceding therapy. There was no
discernible deterioration in respiratory status, over-
correction of hyponatremia, or progressive salt and
water retention after the administration of HS. There
were also trends demonstrating that HS administra-
tion was associated with statistically significant im-
provements in urine output, weight loss, diuretic
efficiency, renal function, and electrolyte abnormal-
ities, raising the possibility that HS may be effective
for the treatment of refractory volume overload for
select patients. In sum, these observations suggest
that there may be value to this therapy and that
rigorous study of HS for refractory ADHF is
warranted.

A large barrier to the widespread adoption of HS,
despite published studies of the topic indicating
impressive efficacy (21-25), relates to physicians’
concerns that administering salt to a patient with
total body sodium/fluid overload will lead to wors-
ening heart failure. The most compelling observa-
tion in this series of extremely sick patients was
that signals for adverse effects of HS on oxygena-
tion or electrolyte balance were not detected. More
importantly, there was no change in the trend of
oxygen use after the administration of HS, nor were
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FIGURE 3 Trends of Blood Chemistries Before and After Initiation of Treatment With HS
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trend of BUN before and after administration (p = 0.15).

Improvements were seen in the trends of serum sodium (A, p < 0.01), serum chloride (B, p < 0.001), blood urea nitrogen [BUN] (C, p = 0.15),
and serum creatinine (D, p < 0.001) after hypertonic saline (HS) administration, whereas there was no statistically significant change in the

there any significant changes in chest radiograph
findings. There was also improvement in respiratory
status based upon serial pulmonary auscultatory
examinations. These findings suggest that, with
appropriate patient selection, administration of HS
to an ADHF patient does not obligatorily result in
worsening pulmonary edema and hypoxemia.
Additionally, an excessive correction of serum so-
dium in this series was not seen, as the median
change in serum sodium 24 h after HS administra-
tion was +1.5 mmol/l with a maximum of +7 mmol/1
over 24 h in a single patient. This is within the
recommended correction of >6 to 8 mmol/l per 24 h
in hyponatremic patients (26). Thus, this series of
HS use would not support a high risk for osmotic
demyelination, nor was this complication observed
in any of these patients.

A fundamental physiological principle of edema-
tous states is that positive sodium balance is the
primary driver of water retention and ultimately
volume overload in ADHF (27). As a direct result,
sodium restriction has been assumed to be a critical
component of the treatment of patients with both
chronic-stable and acute-decompensated heart fail-
ure, with the logic that less sodium intake would
help facilitate an even or negative sodium balance.
However, an accumulating body of research has
begun to challenge the completeness of this con-
ceptual paradigm. Although studies have shown
that sodium intake leads to worsening of conges-
tive symptoms, contradictory data have revealed
that sodium restriction may not confer a clear
benefit with respect to congestive symptoms and

clinical outcomes, and leads to heightened
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neurohormonal activity (10-12). As an extension of
that concept, several studies in patients with ADHF
have shown that administration of HS to diuretic
drug-resistant patients may improve diuresis, renal
function, and clinical outcomes when given
concomitantly with high doses of loop diuretics. It
was hypothesized that bolus dosing of HS mobilizes
fluid from the interstitial space to the intravascular
compartment through osmotic forces, thereby
restoring effective intravascular volume, enhancing
renal blood flow, and improving the delivery of
diuretic agents to the loop of Henle (28). This hy-
pothesis was conceptually challenged by a group in
Japan who showed that slow continuous infusion of
HS at 0.35 ml/min of 1.7% NaCl, which is so slow
the hypothesized osmotic improvement in effective
circulating volume should not occur, resulted in a
benefit similar to that of bolus dosing of HS (29). As
such, a definitive mechanism explaining the re-
ported benefits of HS has remained elusive, but
there is evidence to suggest that the method of
saline administration may not be crucial to its
effects.

It has been known for decades that renal salt
sensing appears primarily driven by the chloride
anion rather than the sodium cation, with salt-
sensitive renal responses such as tubuloglomerular
feedback and renin release determined by chloride
(30,31). Recently, a family of serine-threonine ki-
nases (with-no-lysine [K] [WNK]) have been identi-
fied as the molecular sensor for salt and have
shown they play a key role in the regulation of
electrolyte homeostasis, in the actions of the renin-
angiotensin-aldosterone system, and in the regula-
tion of the transporters upon which loop and thia-
zide diuretic agents work (32-35). These
observations led to the hypothesis that chloride
may play a significant role in human heart failure.
Over a series of observational studies, it has been
shown that low chloride rather than low sodium is
strongly and independently associated with the
following: 1) diuretic responsiveness; 2) neurohor-
monal activation; and 3) prognosis. Furthermore, in
a pilot study of supplementation of sodium-free
chloride for 3 days (in the form of lysine chloride),
signals for improvement were observed in intra-
vascular volume (hemoconcentration) and reduction
in N-terminal pro-B-type natriuretic peptide levels.
As such, it follows that a potential mechanism for
the benefit of HS is in fact the supplemental chlo-
ride the patients receive. Notably, the patients in
the present cohort experienced a progressive wors-
ening of serum chloride prior to HS administration,
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which improved after they received HS. The present
authors are currently formally testing the hypothe-
sis that chloride may have positive cardiorenal ef-
fects in a trial of sodium-free chloride
supplementation in patients with ADHF (Mechanism
and Effects of Manipulating Chloride Homeostasis
in Stable Heart Failure; NCT03440970).

STUDY LIMITATIONS. As a
study, the patients
compared to a control group, thus trends were only
assessed by patients treated to HS compared to their
own baseline values. As a result, causality should
not be assumed, and these observations should be
considered hypothesis-generating only. Dosages of
diuretic agents and treatment duration of HS were
carried out at the discretion of the treating physi-

retrospective cohort
were not randomized or

cian, making conclusions regarding dose-dependent
effects and diuretic responsiveness difficult to
determine. In addition, the data were subject to
selection bias. Although patients who received HS
generally had high disease severity, with diuretic
resistance and cardiorenal dysfunction, this was the
subjective determination of the treating physician,
and no formal criteria were applied. Notably, most
cases in this series were referred from a single
physician (J.M.T.). It is likely that physicians used
HS selectively in patients for whom it was thought
be safe and potentially effective. As such, it remains
unclear whether a more rigorously defined popula-
tion would have demonstrated the same safety and
efficacy. Finally, although this study did not iden-
tify acute respiratory, renal, or electrolyte safety
concerns, the sample size is too small to identify
with

lesser severity or issues

HS administration.

rare safety

CONCLUSIONS

In a cohort of severely ill patients with ADHF, treat-
ment with HS did not appear to trigger respiratory
decompensation or electrolyte abnormalities. Treat-
ment with HS was associated with increased fluid and
weight loss, as well as improvement in renal function
and diuretic efficiency. These findings suggest addi-
tional rigorous study of HS as a therapeutic agent for
ADHF is warranted.

ADDRESS FOR CORRESPONDENCE: Dr. Jeffrey M.
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yale.edu.
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PERSPECTIVES

suggesting potential efficacy.

COMPETENCY IN MEDICAL KNOWLEDGE: In select
patients with diuretic-resistant ADHF, HS was both safe
and possibly effective. Specifically, there were no epi-
sodes of respiratory decompensation or rapid overcor-
rection of hyponatremia. Patients also lost more weight

and fluid, with improvement in renal function in the days
following treatment compared with the days before,

Hypertonic Saline in Decompensated Heart Failure

TRANSLATIONAL OUTLOOK: Hypertonic saline may
be a viable rescue therapy for patients with diuretic
therapy-resistant ADHF. Further investigation with ran-
domized trials is needed to better characterize potential
risks, benefits, and mechanism of action.
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