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Table 3
In-hospital management according to the presence or absence of hyponatremia.
Total Hyponatremia No hyponatremia p-Value
n=1659 n=176 n=1483
Diuretics, %
Loop, i.v. 707 75.0 70.2 0.190
Loop, p.o. 88.8 26.9 89.0 0.409
Thiazide 54 ° 9.1 49 0.020
Spironolactone 51.7 59.1 50.8 0.038
Inotropic agents, %
Digoxin, i.v. 107 8.0 11.0 0.215
Digoxin, p.o. 338 358 336 0.561
Dopamine 203 347 18.6 <0.001
Dobutamine 127 26.1 111 <0.001
Norepinephrine 33 6.2 29 0.018
PDE 111 inhibitor 4.5 8.0 4.0 0.018
Vasodilator agents, %
Nitroglycerin, i.v. 145 102 15.0 0.086
Isosorbide dinitrate, i.v. 121 13.6 119 0.498
Nitroglycerin, p.o. 3.1 23 32 0.513
Isosorbide dinitrate, p.o. 12.1 14.9 118 0.242
Carperitide 337 403 329 0.048
Procedures, %
Mechanical ventilation 9.1 143 85 0.014
PCI 4.0 8.9 3.5 0.001
CABG 1.0 1.8 0.9 0.272
Pacemaker 4.4 7.2 4.0 0.058
Hemodialysis 3.1 7.8 2.6 <0.001
IABP 1.0 1.8 0.9 0.268
PCPS 0.2 0.6 0.1 0.191
LVAD 0.1 0.6 0.1 0.066

PDE, phosphodiesterase; PCl, percutaneous coronary intervention; CABG, coronary artery bypass grafting; DC, direct current cardioversion; IABP, intra-aorticballoon pumping;;

PCPS, percutaneous cardiopulmonary support; LVAD, left ventricular assist device.

In-hospital outcomes

Of the total cohort of patients, 37.7% were admitted from
the emergency room; 34.8% of them stayed in the CCU, and
mean length of CCU stay was 6.5+ 10.2 days (median 4.0 days).
Mean length of hospital stay was 33.8434.8 days and the
median was 25.0 days. Crude in-hospital mortality was 5.7%
(Table 4).

Patients with hyponatremia were more often admitted from
emergency room (51.4% versus 36.1%, p<0.001) and stayed in the
CCU(46.0% versus 33.4%, p=0.001). Moreover, their length of hospi-
tal stay was significantly longer (43.3 & 37.0 days versus 32.8 +34.4
days, p<0.001).

Crude in-hospital mortality was significantly higher in patients
with hyponatremia (13.3% versus 4.6%, p<0.001).In logisticregres-
sion model with patients without hyponatremia as the reference,
hyponatremia was significantly associated with in-hospital death
[unadjusted odds ratio (OR) 3.029, 95% confidence interval (CI)
1.819-5.043, p<0.001]. Even after adjustment for covariates,
including medical history, NYHA functional class on admission, and
medication use before hospitalization, hyponatremia was indepen-
dently associated with in-hospital death (adjusted OR 2.453, 95% CI
1.265-4.755, p=0.008).

Long-term outcomes

During the follow-up after hospital discharge (mean
776.6+294.9 days, 2.1+0.8 years), the rates of adverse out-
comes were as follows: all-cause death 22.2%, cardiac death 14.7%,
and rehospitalization due to worsening HF 35.6%. Hyponatremia
was significantly associated also with adverse long-term outcomnes
including all-cause death (OR 1.952, 95% Cl 1.433-2.657, p<0.001),
cardiac death (OR 2.053, 95% CI 1.413-2.983, p<0.001), rehospi-
talization due to worsening HF (OR 1.488, 95% CI 1.134-1.953,
p=0.004), and all-cause death or rehospitalization due to worsen-
ing HF (OR 1.685, 95% CI 1.331-2.132, p< 0.001) (Table 5 and Fig. 2).
Even after adjustment with covariables including age, ischemic
etiology, medical history, NYHA functional class on admission,
medication use on admission, and laboratory data on admission,
hyponatremia was an independent risk factor for all-cause death
(adjusted OR 1.658, 95% CI 1.112-2.473, p=0.013), cardiac death
(adjusted OR 1.775, 95% Cl 1.075-2.929, p=0.025), and all-cause
death or rehospitalization due to worsening HF (adjusted OR 1.526,
95% CI 1.114-2.042, p=0.004) (Table 5).

The results of subgroup analysis for all-cause death stratified
by age (=70 versus <70 years), sex, comorbidity (hypertension
versus no hypertension and eGFR <60 mL/min/1.73m?2 versus

Table 4
In-hospital outcomes according to the presence or absence of hyponatremia.
Total Hyponatremia No hyponatremia p-Value
n=1659 n=176 n=1483 -
Visit to emergency room, % 37.7 514 36.1 <0.001
Stay at CCU, % 34.8 46.0 334 0.001
Length of CCU stay, days 6.5+£10.2 83+14.9 6.2+9.2 0.060
Length of hospital stay, days 33.8+3438 433+37.0 32.8+34.4 <0.001
In-hospital mortality, % 5.7 133 4.6 <0.001

CCU, coronary care unit. Data are shown as percent or means + SD.
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Table 5
Relative risk of long-term adverse outcomes associated with hyponatremia.
OR(95% C1) p-Value
All-cause death
Unadjusted 1.952 (1.433-2.657) <0.001
Adjusted 1.658 (1.112-2.473) 0.013
Cardiac death
Unadjusted 2.053 (1.413-2.983) <0.001
Adjusted 1,775 (1.075-2.929) 0.025
Rehospitalization due to heart failure
Unadjusted 1.488 (1.134-1.953) 0.004
Adjusted 1.341 (0.955-1.884) 0.090
All-cause death or rehospitalization
Unadjusted 1.685 (1.331-2.132) <0.001
Adjusted 1.526 (1.114-2.042) 0.004

Relative risk was calculated after adjustment with covariables including
age, ischemic etiology, medical history (hypertension, diabetes mellitus, sus-
tained ventricular tachycardiafventricular fibrillation, prior stroke), New York
Heart Association functional class on admission, medication use on admission
(angiotensin-converting enzyme inhibitor or angiotensin II receptor blocker,
Pblocker, diuretics, aldosterone antagonist, warfarin), laboratory data on admis-
sion (estimated glomerular filtration rate, hemoglobin, plasma B-type natriuretic
peptide). OR, odds ratio; Cl, confidence interval.

>60mL/min/1.73 m?), LVEF <40% versus >40%, and diuretic use
versus no diuretic use are shownin Table 6. There was no significant
interaction in any subgroups. These results showing that hypona-
tremia was associated with all-cause death in each subgroup were
similar to those found on the primary analysis.

Discussion

The present study demonstrated by using the JCARE-CARD
database that, among patients hospitalized with worsening HF,
hyponatremia was seenin 10.6% of patients. Patients with hypona-
tremia had more comorbidities. Plasma BNP was significantly
higher, and eGFR and hemoglobin concentration were lower in
these patients. Importantly, the risks of adjusted in-hospital mor-
tality as well as long-term adverse outcomes including all-cause
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death, cardiac death, and rehospitalization due to HF were signifi-
cantly higher in patients with hyponatremia.

The present study demonstrated that hyponatremia was
associated with not only adverse in-hospital but also long-term
outcomes in patients hospitalized with worsening HF. The present
results were consistent with previous reports [ 1-4]. The Qutcomes
of a Prospective Trial of Intravenous Milrinone for Exacerbations of
Chronic Heart Failure (OPTIME-CHF) study identified a substantial
risk of short- and intermediate-term clinical events associated
with decreasing serum sodium concentration in patients hospi-
talized for worsening HF [ 1]. Lower serum sodium concentrations
on admission remained a predictor of increased number of days
hospitalized for cardiovascular causes and increased mortality
within 60 days of discharge even after adjustment for a variety
of baseline variables [ 1]. In the OPTIMIZE-HF registry, low serum
sodium was more common among patients with lower admission
systolic blood pressure and a prior history of HF | 2]. After adjusting
for differences with multivariable analysis, the risk of in-hospital
death increased by 19.5%, for each 3 mmol/L decrease in patients
with serum sodium <140 mmol/L [2]. The Italian Registry on Heart
Failure Outcome (IN-HF) also demonstrated that hyponatremia
(serum sodium concentration <136 mEq/L) was one of the indepen-
dent predictors of in-hospital mortality (OR 2.00, 95% CI 1.26-3.19,
p=0.004) [16]. However, these studies have primarily focused
on in-hospital and early post-discharge mortality. Moreover, the
OPTIME-CHF study, was performed using the patient data derived
from a large clinical trial with restricted inclusion criteria, such as
markedly reduced LVEF of <30%, lower serum creatinine levels of
<3 mg/dL, and systolic blood pressure >80 mmHg [ 1]. The present
study extended the prognostic impact of hyponatremia during the
long-term follow-up over 2 years and more importantly to a non-
selected HF population encountered in routine clinical practice by
analyzing the registry data of hospitalized HF patients in Japan.

There are several mechanisms of hyponatremia responsible
for worsening clinical outcomes in HF. First, hyponatremia may
directly reflect the reduction of cardiac output. Reduced car-
diac output decreases renal perfusion and GFR. Previous studies
[17-19] including our own [6] demonstrated that reduced GFR was
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Fig. 2. Kaplan-Meier survival curves free from all-cause death (A), cardiac death (B), rehospitalization due to worsening heart failure (HF) (C), and all-cause death or

rehospitalization (D) according to the presence or absence of hyponatremia.



S. Hamaguchi et al. / Journal of Cardiology 63 (2014) 182-188 187

Table 6

Subgroup analysis for relative risk of all-cause death associated with hyponatremia.
Subgroup n OR for all-cause death 95% Cl p-Value

Na <135 mEq/L vs. >135mEq/L Between groups Interaction

Age <70 years old 558 2.257 1.300-3.920 0.004 767
Age >70 years old 805 2,042 1.405-2.968 <0.001 0.
Male 807 2.046 1.396-2.998 <0.001 699
Female 556 1.827 1.080-3.092 0.025 0.
Hypertension 708 1.945 1.184-3.197 0.009 3
No hypertension 646 1.920 1.293-2.852 0.001 0.981
eGFR <60 mL/min/1.73 m? 867 1.940 1.395-2.696 <0.001 0.442
eGFR >60 mL{min/1.73 m? 494 1.362 0.544-3.413 0.510 .
LVEF<40% 592 1.544 0.927-2.573 0.095 7
LVEF >40% 629 2125 1.333-3386 0.002 0373
Diuretic use 838 2.021 1.442-2.832 <0.001 0.355
No diuretic use 525 1.344 :

0.615-2.938 0.459

eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; OR, odds ratio; Cl, confidence interval.

associated with worsening outcomes in patients with HF. Second,
hormonal abnormalities are also important factors of hypona-
tremia in HF. Renin-angiotensin-aldosterone system (RAAS) and
sympathetic nervous system (SNS) are activated in HF {20,21].
Increased SNS and RAAS cause renal vasoconstriction and reduce
GFR. These hormonal abnormalities also increase the retention
of sodium and water, and induce the release of arginine vaso-
pressin (AVP). AVP increases vascular resistance and also increase
free water retention [22-24]. It also directly and adversely affects
myocardial contractility and cell growth [25]. Finally, hypona-
tremia may also result from the use of diuretics. Diuretic use has
been consistently reported to be associated with long-term adverse
outcomes in previous studies [ 26,27 Jincluding our own [ 28 ]. There-
fore, itis not clear whether hyponatremiais directly associated with
adverse outcomes in HF or only a marker of more advanced status
of HF which requires the use of diuretics.

Given the prognostic role of hyponatremia in HF, the treat-
ment of hyponatremia may improve outcomes in patients with HF.
Tolvaptan is a V2 receptor antagonist approved for the treatment
of hyponatremia (serum sodium <125 mEq/L) in patients with cir-
rhosis, HF, and syndrome of inappropriate anti-diuretic hormone
secretion in the USA and also fluid retention in HF patients in Japan.
Tolvaptan significantly increased serum sodium concentration in
the Efficacy of Vasopressin Antagonism in Heart Failure Qutcome
Study With Tolvaptan (EVEREST). However, it had no beneficial
effects on long-term mortality or HF-related morbidity [29]. Fur-
thermore, in the subanalysis of the EVEREST study for HF patients
with hyponatremia (11.5% of total cohort), tolvaptan use was asso-
ciated with greater likelihood of normalization of serum sodium,
greater weight reduction at day 1 and discharge, and greater relief
of dyspnea than placebo. However, long-term outcomes were com-~
parable between patients with tolvaptan and placebo. Only in 92
patients with pronounced hyponatremia (<130 mEq/mL), tolvaptan
was associated with reduced cardiovascular morbidity and mortal-
ity after discharge (p=0.04) [30]. Further clinical studies are clearly
needed to determine the effects of tolvaptan on the outcomes of
hyponatremic HF patients. Moreover, tolvaptan is not necessarily a
therapeutic tool for hyponatremia, and is one of diuretics. Thus, it
may not be easy to clarify the effects of a therapeutic intervention
against hyponatremia by analyzing the effects of tolvaptan.

Study limitations

Several limitations inherentin the design of the registry should
be considered in this study. First, the documentation of serum
sodium concentration levels on admission might not accurately

reflect those after discharge or their changes over time. Second,
the present study was not a prospective randomized trial and,
despite covariate adjustment, other measured and unmeasured
factors might have influenced outcomes. Third, we did not collect
information regarding the dose of loop diuretics and cannot assess
itsrelation to prognosis. Loop diuretic use can induce hyponatremia
and has been demonstrated to be associated with worse outcomes
in our previous study [28]. Finally, data were dependent on the
accuracy of documentation and abstraction by individual cardiolo-
gists that participated in this study.

Conclusions

Hyponatremia was observed in 10% of patients hospitalized with
worsening HF. It was independently associated with in-hospital
as well as long-term adverse outcomes in these patients. Further
studies are needed to establish serum sodium concentration as a
potential therapeutic target for HF.
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