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Background: Hyponatremia is a common electrolyte abnormality in patients with heart failure
(HF). It is independently associated with increased short-term and long-term morbidity and
mortality. The main objective of this study was to assess patterns of hyponatremia and its asso-
ciation with discharge outcomes in patients with HF admitted to a teaching hospital in Ethiopia.
Patients and methods: This is a descriptive, prospective, hospital-based cohort study of patients
with HF admitted to Jimma University Hospital, Ethiopia, between November 1,2013 and July 31,
2014. A structured questionnaire was used to collect information on sociodemographic character-
istics, clinical profile at admission, and outcomes at discharge. Plasma sodium concentration was
analyzed at admission for all patients. The relationship between hyponatremia at admission and
in-hospital mortality, as well as length of hospital stay, was assessed using both bivariate analysis
and multivariable logistic regressions. The level of statistical significance was set at P<0.05.
Results: Of 152 participants admitted with HF, 44 (28.9%) had hyponatremia, which is defined
as serum sodium level <135 mmol/L. Patients on salt restriction, on chronic diuretic treatment
(furosemide and spironolactone), and with impaired renal function at admission were found to
be highly affected. Hyponatremia was found to be associated with increased in-hospital mortal-
ity (P=0.008) and longer hospital stay (16.6 vs 12 days, P<0.001). Patients with hyponatremia
also had lower blood pressure and poor functional status at discharge.

Conclusion: This study demonstrates that hyponatremia is highly prevalent in patients hospi-
talized with HF and is associated with increased in-hospital mortality and longer hospital stay.
Thus, great emphasis should be given to identify high-risk patients, and prevention and early
detection of hyponatremia to prevent its deleterious effects. Large-scale national studies are
also needed to complement our findings.
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Introduction

Heart failure (HF) remains a deadly clinical syndrome despite advances in its man-
agement.' It represents a considerable burden to the health care system, responsible
for significant health expenditure and high rates of hospitalizations. HF accounts for
approximately 5% of all hospital admissions.!”

Hyponatremia is the most common electrolyte abnormality in patients hospitalized
with HF* with a prevalence of 19%-25%.> Its occurrence often parallels the severity
of cardiac dysfunction.” Hyponatremia in HF is multifactorial in origin, which results
from a combination of mechanisms. The reduction in cardiac output and relative
arterial underfilling are important mechanisms for the development of hyponatremia
through neurohormonal stimulation.”!® HF therapy is another factor contributing
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to hyponatremia.” ' Although thiazide diuretics are most
often implicated, nonthiazide agents such as furosemide and
spironolactone also have been associated with hyponatre-
mia.'' Hyponatremia in patients with HF may therefore be a
marker of increased neurohormonal activation that reflects
the severity of HE.®

Hyponatremia is independently associated with increased
short-term and long-term morbidity and mortality for both
hospitalized and ambulatory HF outpatients, nearly doubling
the risk of mortality in this group. Even mild hyponatremia
among patients hospitalized with HF, regardless of ventricular
function, is associated with increased in-hospital and post-
discharge mortality, prolonged hospital stay, and frequent
rehospitalization.t-%12-15

The presence of hyponatremia can also interfere with
administration of appropriate therapy; especially limiting
options in terms of diuretic management and could potentially
alter HF therapy leading to increase in mortality.'!

Most cases of hyponatremia among patients hospital-
ized with HF are usually chronic and asymptomatic, often
detected incidentally.” As a result, patients with preexisting
hyponatremia are often untreated and are at higher risk of
severe hyponatremia if not recognized early. As the likelihood
of implementing standard management of hyponatremia in
low-income countries is questionable, earlier recognition,
identification of patients at risk, and prevention will be the
most effective approach in such patients.'® In addition, mak-
ing a timely and accurate diagnosis and instituting appropriate
therapy is also crucial.!” Therefore, health care professionals
should identify patients who are at risk of developing hypona-
tremia, should have a good understanding of the importance
of early diagnosis, and preventive strategy and management
of hyponatremia in order to reduce the adverse consequences
of this common metabolic disorder.'¢

Despite a wealth of information in high-income settings
regarding prevalence and characteristics of hyponatremia
in patients with HF, there is a prominent scarcity of data in
developing countries, particularly in resource-limited sub-
Saharan Africa. The main aim of this study was thus to assess
the prevalence of hyponatremia in patients hospitalized with
HE, identify factors associated with its occurrences, and iden-
tify its impact on discharge outcome of patients hospitalized
with HF admitted to a teaching hospital in Ethiopia.

Patients and methods
Study setting, and period
The study was conducted at Jimma University Hospital
located in Jimma town in Ethiopia. The hospital is the only
teaching and referral hospital in southwest Ethiopia. It serves

~14,000 admissions and 123,000 outpatient visits annually.
However, the proportion of HF admissions and its inpatient
mortality is unknown. At the time of the study, there were
a total of 1,600 patients with HF on follow-up at a cardiac
follow-up clinic of the hospital. The study was conducted
from November 1, 2013 to July 31, 2014 using hospital-based
prospective cohort study.

Study participants

Participants of the study were adult patients >18 years of age
admitted with clinical diagnosis of HF to the medical wards
of the hospital during the study period.

Selection of participants
Patients hospitalized with HF fulfilling the Framingham’s
criteria (having two major criteria or one major and two
minor criteria)'® for clinical diagnosis and were willing to
participate were included in the study.

All study eligible patients admitted during the period of
data collection were consecutively recruited based on their
consent. A total of 152 patients were included in the study.

Data collection process

All new admissions to medical wards were reviewed daily
for eligibility. Patients with admission diagnosis of HF
were assessed for inclusion using the Framingham’s criteria
for clinical diagnosis.'® Data were collected from eligible
patients both at admission and on leaving the hospital.
A structured questionnaire was used to collect all the
required variables through in-depth interview and physi-
cal examination. Demographic characteristics, clinical
symptoms at presentation, and previous medical condition
(diagnosed diseases, previous therapies, and admissions)
were collected at admission through an interview. A physi-
cal examination was performed at admission to assess the
following: New York Heart Association (NYHA) func-
tional class and noninvasive hemodynamic assessments
(evidences of pulmonary congestion, elevation of jugular
venous pressure, third heart sound, hepatomegaly, ascites,
peripheral edema, coldness of the extremities, blood pres-
sures, and heart rate).

Relevant laboratory data and diagnostic investigations
(serum creatinine, blood urea nitrogen, complete blood count,
electrocardiography, and echocardiography) and in-hospital
management of the patient were collected through chart
review. Information regarding in-hospital mortality, cause
of death, and date of death were documented from the chart
and ward registry. NYHA functional status assessment was
also done at discharge for survivors.
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The glomerular filtration rate (GFR) was estimated
based on serum creatinine and patient’s age, sex, and race.
An online-based calculation using Modification of Diet in
Renal Disease GFR equation was used for this purpose.
The equation can be found at http://www.mdcalc.com/

mdrd-gfr-equation/.

Procedures

Electrolytes including serum sodium, potassium, and chloride
were determined on the day of admission for all patients.
Approximately 5 mL of venous blood was collected by
vacuum punctures from each patient into an evacuated tube
without any anticoagulant. The blood samples were analyzed
within 30 minutes of collection. The tubes were centrifuged
unopened to separate the serum. The separated serum was
analyzed for the three electrolytes by direction-selective
electrolyte analyzer on the HumalLyte Plus 3 (Human
Diagnostics GmbH, Wiesbaden, Germany) in the Central
Laboratory of the hospital. Quality control of the analyzer
(machine) was done routinely with system check cartridge
prepared for this purpose each day before the actual sample
analysis. The normal range of serum sodium for the machine
was calibrated at 135—145 mmol/L (value on the cartridge
itself). Hyponatremia was defined as a plasma sodium level of
<135 mmol/L based on the threshold used by the laboratory.

Except for serum electrolyte determination, which is
not a routine test at the hospital, all the other baseline and
diagnostic tests were done as part of routine evaluation for
patients hospitalized with HF. Thus, the investigators neither
requested nor recommended treating physicians to do these
tests. The investigators did not also directly interfere with the
treatment plan of the admitted patients. However, abnormal
electrolyte results were communicated to treating physician
for intervention.

The quality of data was ensured through the training
of the data collectors, close supervision, and immediate
feedback, reviewing each of the completed data collection
tools daily. Data consistency and completeness were checked
throughout the data collection and analysis. The electrolyte
analyzer machine was calibrated on a daily basis to ensure
the accuracy of the result.

Data processing and analysis

The collected data were checked for completeness and
consistency prior to entering into the computer for analy-
sis. Data analyses were performed using SPSS version 16
(SPSS Inc., Chicago, IL, USA). Continuous variables were
described as mean * standard deviation (SD). Categorical

variables were reported as frequencies and percentages of
nonmissing values. Serum sodium concentrations at admis-
sion were categorized into two discrete groups: Na <135
mmol/L (hyponatremia) and Na =135 mmol/L (normal
serum sodium).

Associations between baseline characteristics and hypo-
natremia were tested using chi-square test. Chi-square test
and Fisher’s exact test, for cells with small counts, were also
used to assess the association between hyponatremia and
outcomes at discharge. Independent sample #-test was used
to compare the association between normally distributed
continuous and categorical variables. P-values <0.05 were
taken as a level of statistical significance.

Operational definitions of terms in the
study

e Anemia— It is defined by the criterion established by the
World Health Organization (WHO): hemoglobin <13.0
g/dL for men and hemoglobin <12.0 g/dL for women.

e Baseline serum creatinine — the value recorded in the first
3 days of hospitalization.

¢ Hyponatremia — serum sodium value of <135 mmol/L.

e In-hospital mortality — death from any cause occurring
before hospital discharge.

e Length of stay in the hospital — duration from admission
to the wards to discharge from the hospital.

e NYHA functional status — refers to patient’s reported
symptoms in relation to physical activities.

o Class I: no limitations. Ordinary physical activity does
not cause undue fatigue, dyspnea, or palpitations.

o Class II: slight limitation of physical activity. Such
patients are comfortable at rest. Ordinary physical
activity results in fatigue, palpitations, dyspnea, or
angina.

o Class III: marked limitation of physical activity.
Although patients are comfortable at rest, less-than-
ordinary activity leads to fatigue, dyspnea, palpita-
tions, or angina.

o Class IV: symptomatic at rest. Symptoms of HF are
present at rest; discomfort increases with any physical
activity.

Ethical consideration

The study was approved by Ethical Review Board of Jimma
University College of Health Sciences. An official letter
from the board was written to the hospital. Written informed
consent was obtained from the study participants or parents/
guardians of the participants if the participant was legally
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unable to make decision. Patient’s confidentiality, equity of
services, and interests of patients were ensured during the
study period. All data collected during the study were treated
with strict confidentiality. This study did not involve any
potentially harmful intervention to the patient. Assessment
of patient’s serum sodium was done using venous blood and
the results were attached to the patient’s clinical records and
all findings were communicated to the patients or parents/
guardians and the managing physician to make use for inter-
vention in case of abnormality.

Results

Baseline characteristics

During the study period of November 1, 2013 to July 31,
2014, atotal of 152 patients admitted with HF were included
in the study. Approximately half, 77 (50.7%) of them were
males and 96 (63.2%) were older than 45 years with a mean
age of 50.9 (SD =18.0) years. A 110 (72.4%) were rural
residents and 85 (55.9%) were illiterate.

All patients had exertion-related dyspnea at presentation;
most had overt symptoms at rest with orthopnea and par-
oxysmal nocturnal dyspnea. Approximately 89% presented
with Class IV NYHA functional status. Fifty-seven (37.5%)
participants were previously diagnosed with HF; 39 (68.4%)
among these group had at least one HF-related admission
before. Major underlying causes of HF were identified to
be ischemic heart disease (40.8%), valvular heart disease
(21.1%), and hypertensive heart disease (17.1%; Table 1).
Ninety (59.2%) patients had some degree of anemia; 26.3%
had high blood pressure and 27.0% had atrial fibrillation at
presentation. The mean GFR was 92 mL/minute/1.73 m* (SD
=43) with a range of 8.4-208.5 mL/minute/1.73 m?. Seventy
(46.1%) patients had GFR 290 mL/minute/1.73 m?, whereas
four patients presented with end-stage renal disease.

Patterns of serum sodium

The mean admission serum sodium was 136.9 mmol/L
(SD =7.0) with a range of 119.4-157.6 mmol/L. Hyponatre-
mia defined as serum sodium <135 mmol/L was observed in
44 (28.9%) patients.

Factors associated with hyponatremia

Hyponatremia was found to be more prevalent in those on
chronic salt restriction, those on maintenance of diuretic treat-
ment (furosemide and spironolactone), and those with estab-
lished chronic kidney disease. Low serum sodium was also
associated with impaired renal function at admission (reduced
GFR); estimated GFR =82.6+47.1 mL/minute/1.73 m? in those
with hyponatremia compared to 97.8440.9 mL/minute/1.73 m?

in those with normal sodium, P=0.045. Patients with hypo-
natremia were also found to be younger, with a mean age of
45.98+19.28 years vs 52.9117.11 years (Table 1).

On multivariable logistic regression analysis, only low
GFR (renal insufficiency) at admission was independently
associated with hyponatremia (adjusted OR =4.23, 95% CI
=1.20-15.44, P=0.028). However, this association is very
weak due to a wide CI. Moreover, no association was found
between HF etiology and duration of HF and comorbidities
like diabetes, hypertension, and anemia.

Hyponatremia and in-hospital outcomes
Patients with low serum sodium (hyponatremia) had low
mean systolic and diastolic blood pressure compared to those
with serum sodium of 2135 mmol/L; on average 11 mmHg
less for systolic blood pressure (P=0.031) and 8 mmHg less
for diastolic blood pressure (P=0.027).

Overall, the mean length of hospital stay was 1318
days. Patients with hyponatremia had longer hospital stays,
16.619.4 days vs 12+7 days compared to those with serum
sodium of 2135 mmol/L (P<0.001).

The in-hospital mortality rate was also found to be higher
in those with hyponatremia than those with normal serum
sodium, 11.4% vs 1.0% (P=0.008; Table 2).

Similar association was seen between hypnatremia and
poor functional status at discharge; 43.6% of those with
hyponatremia were discharged with NYHA (Class [Il and IV)
compared with 18.7% in the other group (P=0.002; Table 2).

Discussion

The findings of this study demonstrated that hyponatremia
was present in 28.9% of patients hospitalized with HF.
Patients on long-term diuretic therapy, on salt restriction, and
with renal insufficiency were found to be at high risk. More-
over, baseline hyponatremia in patients hospitalized with HF
was associated with poor overall discharge outcomes.

The prevalence of hyponatremia in patients hospital-
ized with HF in this study is within the range reported in
other studies: 27% in Outcomes of a Prospective Trial of
Intravenous Milrinone for Exacerbations of Chronic Heart
Failure (OPTIME-CHF)? and 23.8% in the Evaluation Study
of Congestive Heart Failure and Pulmonary Artery Catheter
Effectiveness (ESCAPE).” However, it is higher than findings
from Organized Program to Initiate Lifesaving Treatment in
Hospitalized Patients with Heart Failure (OPTIMIZE-HF)
with 19.7%.,° the Korean heart failure Registry (KorHF)
with 19.1%,'" and Japanese ATTEND registry with 11.6%.2°

In addition to neurohormonal mechanisms of HF,%!°
chronic diuretic therapy is now a well-known cause of
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Table | Factors associated with hyponatremia in patients with HF admitted to Jimma University Hospital, Ethiopia (November 1,

2013-uly 31, 2014)

Characteristic Total patients

Serum sodium 2135 mmol/L Serum sodium <135 mmol/L P-value

Age, years, mean + SD 50.9£18 52.9+17.1 46.0£19.3 0.031*

Sex, n (%)
Male 77 (50.7) 54 (70.1) 23 (29.9) 0.799
Female 75 (49.3) 54 (72.0) 21 (28.0)

Causes of HF, n (%) 0.274
Ischemic heart disease 62 (40.8) 49 (79.0) 13 (21.0)
Dilated cardiomyopathy 17 (11.2) 9 (52.9) 8 (47.1)
Valvular heart disease 32 (21.1) 20 (62.5) 12 (37.5)
Hypertensive heart disease 26 (17.1) 19 (73.1) 7 (26.9)
Cor pulmonale 9 (5.9) 6 (66.7) 3 (333)
Other 6 (3.9) 5(83.3) I (16.7)

Previous diagnosis of HF, n (%) <0.001*
Yes 57 (37.5) 27 (47.7) 30 (52.6)
No 95 (62.5) 8l (85.3) 14 (14.7)

Previous hospitalization due to HF, n (%) <0.001*
Yes 39 (25.7) 18 (46.2) 21 (53.8)
No 113 (74.3) 90 (79.6) 23 (20.4)

Prior treatment for HF, n (%) <0.001*
Yes 53 (34.9) 25 (47.2) 28 (52.8)
No 99 (65.1) 83 (83.8) 16 (16.2)

Hypertension, n (%) 0.864
Yes 40 (26.3) 28 (70.0) 12 (30.0)
No 112 (73.7) 80 (71.4) 32 (28.6)

Diabetes, n (%) 0.800
Yes 8 (5.3) 6 (75.0) 2 (25.0)
No 144 (94.7) 102 (70.8) 42 (29.2)

Chronic kidney disease, n (%) 0.001*
Yes 18 (11.8) 7 (38.9) I6l.1)
No 134 (88.2) 101 (75.4) 33 (24.6)

Additional salt use, n (%) 0.009*
Yes 77 (50.7) 62 (80.5) 15 (19.5)
No 75 (49.3) 46 (61.3) 29 (38.7)

Outpatient medication before admission

Furosemide, n (%) <0.001*
Yes 44 (28.9) 20 (45.5) 24 (54.5)
No 108 (71.1) 88 (81.5) 20 (18.5)

Hydrochlorothiazide, n (%) 0.982
Yes 7 (4.6) 5(71.4) 2 (28.6)
No 145 (95.4) 103 (71.0) 42 (29.0)

Spironolactone, n (%) <0.001*
Yes 14 (9.2) 4 (28.6) 10 (71.4)
No 138 (90.8) 104 (75.4) 34 (24.6)

ACE-l, n (%) 0.069
Yes 25 (16.4) 14 (56.0) Il (44.0)
No 127 (83.6) 94 (74.0) 33 (26.0)

Mean serum potassium (mmol/L), mean * SD 4.5+1 4.610+1.004 4.091+1.066 0.005*

Mean GFR (mL/minute/|.73 m?), mean = SD 92+43 97.8+40.9 82.61+47.1 0.045%

Note: *Denotes statistically significant P-values.

Abbreviations: HF, heart failure; SD, standard deviation; ACE-|, angiotensin-converting enzyme inhibitor; GFR, glomerular filtration rate.

hyponatremia in such patients.''?'2* Similarly, in our study,
chronic therapy with furosemide and spironolactone were
associated with increased risk of hyponatremia even though
this association disappeared on multivariable analysis. Renal
insufficiency was the only factor independently associated
with hyponatremia, a finding consistent with previous

studies.”** However, this association also looks very weak
due to a wide CI. The lack of independent association between
these established risk factors and occurrence of hyponatremia
in our study is mainly due to small sample size. Nevertheless,
the presence of association on univariable analysis is relevant
from a clinical point of view.
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Table 2 Outcomes of patients with heart failure according to
serum sodium status in patients with heart failure admitted to Jimma
University Hospital, Ethiopia (November I, 2013-July 31, 2014)

Hospital Na* 2135 mmol/L, Na*<135 mmol/L, P-value
outcome (n=108) (n=44)
Status at leaving 0.008*
hospital, n (%)

Alive 107 (99.07) 39 (88.64)

Dead 1 (0.93) 5(11.36)
Length of hospital 12+7 16.619.4 <0.001*
stay in days, mean
+SD
NYHA class at 0.002*
discharge, n (%)
Class | and |l 87 (81.31) 22 (56.41)
Class lI/IV 20 (18.69) 17 (43.39)
Systolic blood 120.39+£30.57 108.98+25.65 0.031*
pressure at
discharge (mmHg),
mean = SD
Diastolic blood 77.27+18.726 69.43+21.518 0.027%*

pressure at
discharge (mmHg),
mean + SD

Note: *Denotes statistically significant P-values.
Abbreviations: SD, standard deviation; NYHA, New York Heart Association.

In-hospital mortality in our study was relatively low;
however, the fact that five of the six deaths occurred in those
with hyponatremia shows the significance of this associa-
tion. The increased mortality due to hyponatremia, though
the magnitude of this effect varied based on the population
studied, is well-documented in multiple large-scale studies
from around the globe.53:192026.27

The mean hospital stay of patients with HF is approxi-
mately 7 days in most of the previous studies.®®?* How-
ever, the average hospital stay of 13 days in our study was
much higher than these findings. Moreover, 71.7% of the
patients had at least 8 days of hospital stay. Furthermore,
patients with hyponatremia who survived to discharge
had longer hospital stays (16.6 days on average). Even
though a trend of longer hospital stays among patients
hospitalized with HF and who also had hyponatremia has
been well-documented in multiple studies in different set-
tings,5819-20.24.25.28 the overall findings in our study may be
a reflection of the severity of underlying HF status in our
participants. In addition, difference in quality and effective-
ness of inpatient management for HF may also be a reason
for this difference. The reason for longer hospital stays in
the study setting is thus beyond the scope of this study and
deserves further scrutiny.

The findings of our study are highly relevant in the light
of scarce information in the field in Ethiopia and other similar

settings. There is neither routine electrolyte assessment at the
hospital nor is there any guideline addressing this issue in
high-risk patients. As a result, patients hospitalized with HF
who also have hyponatremia remain untreated, which in turn
may contribute to poor treatment outcome. Thus, the findings
in our study may serve as a wake-up call for further action.

Limitations

However, our study has multiple limitations that deserve listing
here. First, the study was limited to only a single teaching hos-
pital with a relatively small sample size. Second, serum sodium
was determined at baseline only and the effect of inpatient HF
therapy on hyponatremia was not assessed. Furthermore, only
outcome at discharge was assessed with little knowledge on
immediate postdischarge or long-term outcome. Thus, the find-
ing of our study may not reflect the true burden of the problem.

Conclusion

Hyponatremia was found to be highly prevalent in patients with
HF admitted to Jimma University Hospital in Ethiopia and was
found to be strongly associated with poor overall discharge
outcomes. We thus recommend that all patients hospitalized
with HF should have a serum sodium analysis during admis-
sion and be serially followed during their hospital stay. At-risk
patients (those with impaired renal function test, on absolute
salt restriction, and on chronic diuretic therapy) should also
be screened during their follow-up. Furthermore, a large-scale
national study should be done to complement this study and to
outline management of such patients in the country.
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