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Abstract
Background and Aims: Hyponatremia is the predominant electrolyte abnormality with an incidence rate of approximately 22%. It is the leading
cause of morbidity and mortality with scarce data in Indian intensive care settings. The aim of this study is to evaluate the clinical features and
etiology of hyponatremia in patients admitted to an Intensive Care Unit (ICU) of a tertiary care hospital. Materials and Methods: A 1‑year
prospective cross‑sectional observational study was conducted, including 100 adult patients with moderate‑to‑severe hyponatremia admitted
to the Medical ICU. Patients underwent investigations such as serum creatinine, blood urea nitrogen, serum osmolality, serum sodium, urine
sodium, and urine osmolality, sputum culture, cerebrospinal fluid analysis, and neuroimaging. Data were analyzed using independent sample
t‑test, Chi‑square test, and Fisher’s exact test. Results: Vomiting (28) followed by confusion (26) was the most common complaint. Syndrome
of inappropriate antidiuretic hormone secretion (SIADH) (46) was the most common etiology for hyponatremia, and euvolemic hypoosmolar
hyponatremia (50) was the most common type of hyponatremia. Confusion was significantly high in patients with severe hyponatremia
as compared to patients with moderate hyponatremia (22 vs. 4, P < 0.001). In majority of the patients (46), SIADH was the main cause of
euvolemic type of hyponatremia (P < 0.001). Increased urine sodium levels were observed in patients with SIADH (46), renal dysfunction (12),
and drug‑induced etiology (8, P < 0.001). Conclusion: Patients with hyponatremia secondary to an infectious cause should be meticulously
screened for tuberculosis. The timely and effective treatment of hyponatremia is determined by the effective understanding of pathophysiology
and associated risk factors of hyponatremia.
Keywords: Hyponatremia, moderate and severe hyponatremia, serum sodium, syndrome of inappropriate antidiuretic hormone secretion,
tuberculosis

Introduction
Sodium‑related disorders (both hyponatremia and
hypernatremia) are extremely common and are associated
with considerable morbidity and mortality.[1] Hyponatremia
is the most common electrolyte disorder, reported in up to
6% of hospitalized patients. Mild hyponatremia (plasma
sodium 125–135 mmol/l) is found in as many as 15%–30%
of hospitalized patients, with an average of about 25%
of Intensive Care Unit (ICU) patients experiencing this
disorder.[2] Moderate‑to‑severe hyponatremia, especially
which is rapid in onset, is associated with considerable
morbidity and mortality. Despite the awareness on
hyponatremia since long time, this common disorder remains
an enigma due to its association with a plethora of underlying
disease states and its multiple etiologies with different
pathophysiological mechanisms.[3]
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Hyponatremia, which is defined as the plasma sodium
concentration of <135 mEq/L, occurs primarily due to
imbalance in water homeostasis, antidiuretic hormone (ADH)
regulation, and renal handling of filtered sodium. Syndrome
of inappropriate ADH secretion (SIADH), a common cause
of hyponatremia, is associated with many clinical conditions.
These include neoplasia, central nervous system (CNS)
disorders, drugs and pulmonary diseases.[3]
Tuberculosis (TB), one of the common illnesses in
developing countries like India, can present with various
clinical manifestations including nonspecific symptoms
Address for correspondence: Dr. Siddharth Madnani,
Department of Medicine, Jawaharlal Nehru Medical College,
Nehru Nagar, Belagavi ‑ 590 010, Karnataka, India.
E‑mail: drsiddharthmadnani@gmail.com
This is an open access article distributed under the terms of the Creative Commons
Attribution‑NonCommercial‑ShareAlike 3.0 License, which allows others to remix, tweak,
and build upon the work non‑commercially, as long as the author is credited and the
new creations are licensed under the identical terms.
For reprints contact: reprints@medknow.com

How to cite this article: Babaliche P, Madnani S, Kamat S. Clinical profile
of patients admitted with hyponatremia in the medical intensive care unit.
Indian J Crit Care Med 2017;21:819-24.

© 2017 Indian Journal of Critical Care Medicine | Published by Wolters Kluwer ‑ Medknow
Page no. 17

819

Babaliche, et al.: Clinical profile of hyponatremia in medical intensive care unit

of hyponatremia. TB can induce hyponatremia via several
mechanisms such as local invasion to the adrenal gland (leading
to adrenal insufficiency), local invasion of hypothalamus or
pituitary gland, tubercular meningitis, and inappropriate ADH
secretion through pulmonary infections.
Timely diagnosis and treatment are the key to improved
neurological status and reduced hospital stay. Determining
the cause of hyponatremia is challenging in clinical practice.
The clinical presentation of severe hyponatremia ranges from
mild, nonspecific symptoms, such as nausea, headache, and
lethargy, to severe neurological symptoms such as seizure and
coma. The data available on clinical presentation and etiology
are scarce in ICU settings, especially in those patients who
develop moderate‑to‑severe hyponatremia. Hence, the present
study was undertaken to assess the clinical profile and etiology
of clinically significant hyponatremia, not only to aid in the
treatment of patients but also to prevent further morbidity
and mortality.

Materials and Methods
Sampling and study design

The present 1‑year cross‑sectional observational study
included 100 adult patients with moderate‑to‑severe
hyponatremia admitted to the Medical ICU (MICU) was
conducted at the Department of Medicine from January
2014 to December 2014. Patients aged ≥18 years with
moderate‑to‑severe hyponatremia (≤125 mmol/L) admitted to
the MICU were included in the study. The exclusion criteria
comprised of cases with hyperglycemia, hyperlipidemia,
and paraproteinemia. Ethical clearance was obtained from
the Institutional Ethical Committee and after explaining the
purpose of the study. Written consent from all the participants
was obtained before data collection.

Instrumentation

Demographic data, including age and sex, were obtained from
the patients. A history of other comorbid conditions along with
presenting complaints was noted. Further, these patients were
subjected to a physical examination for evaluating the clinical
signs. The patients underwent the investigations including,
complete blood count, random blood sugar, liver function tests,
renal function tests, serum osmolality, urine osmolality, serum
sodium, and urine sodium. Other investigations such as sputum
culture, cerebrospinal fluid analysis, and neuroimaging were
conducted wherever indicated. Based on the investigations,
the type of hyponatremia was determined as euvolemic
hypoosmolar, hypervolemia hypoosmolar, and hypovolemic
hypoosmolar. Following this categorization, the etiology was
determined and evaluated in different types of hyponatremia.

recorded in a predesigned and pretested pro forma. The data
were coded and entered into Microsoft Excel Worksheet.
The categorical data were expressed as rates, ratios, and
proportions and the continuous data were expressed as
mean ± standard deviation. The comparison of categorical
data was performed using Chi‑square test and Fisher’s exact
test and the comparison of continuous data was done using
independent sample t‑test. P ≤ 0.05 at 95% confidence interval
was considered as statistically significant.

Results
In the present study of 100 patients with hyponatremia, 59%
were men and 41% were women. The male to female ratio was
1.43:1, of which most of the patients were aged between 61
and 70 years (29%) with a mean age of 58.94 ± 16.10 years.
The most frequent presenting complaint was vomiting (28%)
followed by confusion (26%), seizure (9%), and coma (4%)
as depicted in Figure 1.
The serum sodium levels were <120 mEq/L (severe
hyponatremia) in 54% of the patients and 46% of the
patients had serum sodium levels (moderate hyponatremia)
between 120 and 125 mEq/L as shown in Figure 2. On
the basis of hydration status, 50% of the patients were
euvolemic while 33% and 17% of the patients were
hypervolemic and hypovolemic, respectively. Further, 50%
of the patients had euvolemic hypoosmolar hyponatremia,
31% had hypervolemic hypoosmolar hyponatremia, 17%
had hypovolemic hypoosmolar hyponatremia, and 2% had
hypervolemic isoosmolar hyponatremia. When symptoms were
correlated with severity, confusion was significantly high in
patients with severe hyponatremia as compared to moderate
hyponatremia (84.62 vs. 15.38%; P < 0.001). Other symptoms
were correlated as shown in Table 1.
In our study of moderate‑to‑severe hyponatremia, CNS
symptoms were predominant and were present among 61%
of the patients. Of the 100 patients evaluated, 52% of the
patients were conscious while 48% of the patients presented
with altered sensorium. Among comorbid conditions,
history of hypertension was present in 49% of the patients,
whereas diabetes mellitus was noted among 29%. The

Statistics and data analysis

Before commencement of the study, ethical clearance was
obtained from the Institutional Ethical Committee. After
explaining the purpose of the study, written consent was
obtained from the patients before data collection. Data were
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Figure 1: Chief complaints
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most common system involved was CNS (43%) followed
by abdominal (21%), renal (15%), cardiovascular (12%),
and respiratory (9%) systems. While analyzing the cause of
hyponatremia, SIADH was found to be the most frequent
cause of hyponatremia observed among 46% of the patients.
The other causes are as depicted in Figure 3. Further, on
evaluating the cause of SIADH, infections (56.52%) were the
predominant cause followed by disorders of CNS (26.08%)
and neoplasm (6.52%). However, the cause could not be
determined in 10.8% of the patients.
The most common infectious etiology of SIADH was observed to
be TB (57.7%) followed by viral meningoencephalitis (11.53%)
and bacterial meningitis (11.53%). The most common
form of TB among patients with SIADH was tubercular
meningitis (46.67%). Tables 2‑4 depict the various etiologies
of SIADH. In the present study, majority (94%) of the patients
had an improved outcome and mortality was noted in 6% of
the patients.

of moderate and severe hyponatremia in patients admitted to
Hamad General Hospital in Doha from June 2007 to July 2008.
Moderate‑to‑severe hyponatremia was reported in 53 patients,
of which, moderate hyponatremia was observed in 31 (58.4%)
patients, while severe hyponatremia was observed in
22 (41.6%) patients.[9] Another study conducted by Chowdhury
et al. among 70 patients, reported mild hyponatremia, moderate
hyponatremia, and severe hyponatremia in 27.14%, 37.14%,
and 35.72% of the patients, respectively.[11]
Symptoms of hyponatremia range from mild (nausea,
headache, and lethargy) to severe (seizures and coma).[12] In
Table 1: Association of clinical presentation with severe
and moderate hyponatremia
Clinical
Findings
presentation

Vomiting

Discussion
Despite being a commonly observed electrolyte imbalance,
hyponatremia is incompletely understood. Its association with a
plethora of underlying disease states and its multiple etiologies
with differing pathophysiological mechanisms makes diagnosis
challenging.[4] Hyponatremia of moderate‑to‑severe type
causes increased inpatient mortality.[5‑8] This study was as an
attempt to describe the clinical profile and to find the etiology
among patients with moderate‑to‑severe hyponatremia.
In our study, of 100 patients admitted with moderate‑to‑severe
hyponatremia, slight male preponderance was observed.
A similar gender distribution pattern was reported by Rahil
et al. wherein 33 (62.3%) patients with hyponatremia were
males and 20 (37.7%) were females.[9] In the present study,
unlike many other studies, no association was found between
gender and severity of hyponatremia (P = 0.642). The
incidence of hyponatremia is higher in the elderly, owing to
the impaired water and electrolyte homeostasis due to dietary
and environmental variations.[4] In accordance with other
reports,[2,5,10] in our study, hyponatremia was more prevalent
among the elderly patients than in the younger patients.

Confusion

Seizure

Coma

Hyponatremia

P

Severe
Moderate
(<120 mEq/L), (120‑125 mEq/L),
n (%)
n (%)

Yes
No
Total
Yes
No
Total
Yes
No
Total
Yes
No
Total

16 (57.14)
38 (52.78)
54 (54)
22 (84.62)
32 (43.24)
54 (54)
3 (33.33)
51 (56.04)
3 (33.33)
4 (100)
50 (52.08)
54 (54)

12 (42.86)
34 (47.22)
46 (46)
4 (15.38)
42 (56.76)
46 (46)
6 (66.67)
40 (43.96)
6 (66.67)
0
46 (47.92)
46 (46)

0.824

<0.001

0.170

0.081

Table 2: Cause of syndrome of inappropriate antidiuretic
hormone secretion in the study group
Cause
Infection
Disorders of CNS
Idiopathic
Neoplasm
Total
CNS: Central nervous system

Distribution (n=46)
26 (56.52)
12 (26)
5 (10.88)
3 (6.52)
46 (100)

Severe hyponatremia was more common than moderate
hyponatremia. These findings were consistent with a study by
Rahil et al.,[9] who studied the clinical presentation and etiology

Figure 2: Distribution of patients as per serum sodium levels

Figure 3: Causes of hyponatremia
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Table 3: Infectious causes of syndrome of inappropriate
antidiuretic hormone secretion in the study group
Cause
Tuberculosis
Viral meningoencephalitis
Bacterial meningitis
Neurocysticercosis
Cerebral malaria
Pneumonia
Sarcoidosis
Sepsis
Total

Distribution (n=26)
15 (57.70)
3 (11.53)
3 (11.53)
1 (3.84)
1 (3.84)
1 (3.84)
1 (3.84)
1 (3.84)
26 (100)

Table 4: Profile of tuberculosis in patients with syndrome
of inappropriate antidiuretic hormone secretion
Type of tuberculosis

Distribution (n=15)

Tubercular meningitis
Pulmonary tuberculosis
Miliary tuberculosis
Tuberculoma
Total

7 (46.67)
4 (26.67)
2 (13.33)
2 (13.33)
15 (100)

our study, when symptoms were correlated with severity of
hyponatremia, confusion was significantly high in patients with
severe hyponatremia as compared to moderate hyponatremia.
In a study by Patni et al. in Nagpur, Maharashtra, similar
findings were reported with drowsiness as the most
common symptom (51%), followed by vomiting (14%) and
seizures (6%).[13]
In more than half of the study population, CNS symptoms
were observed. Recently, a descriptive study by Rao et al.[14]
in Bangalore, Karnataka, reported 76% of patients with CNS
symptoms which was similar to our study. A study by Rahil
et al. showed CNS involvement in 24.5% of the patients with
symptoms that ranged from confusion to coma.[9] Similarly,
in our study, majority of the patients had altered sensorium,
which was more common with severe hyponatremia than
moderate hyponatremia.
In the present study, nearly half of the study population had a
history of hypertension, and nearly one‑third had a history of
diabetes mellitus. Similar findings were reported in a study by
Rao et al.[14] wherein hypertension and diabetes were the most
common comorbid conditions in majority of the patients.[14]
Hyponatremic hypertensive syndrome is a well‑known entity
wherein the most common association is in patients with
essential hypertension receiving diuretics, which interfere with
the metabolism of a variety of electrolytes and cause electrolyte
imbalance. Thiazide diuretics influence the sodium chloride
cotransporter channel and also result in the nonosmotic release
of vasopressin.[3]
The CNS is the most commonly involved system as observed
in the present study as well as other studies with varying
822

symptoms including headache, nausea, vomiting, muscle
cramps, restlessness, lethargy, depressed reflexes, and
disorientation. These symptoms are noticeable with a rapid
or greater decrease in the serum sodium concentration, i.e.,
occurring within a span of few hours. Severe and rapidly
developing hyponatremia results in complications including
seizures, coma, permanent brain damage, respiratory arrest,
brainstem herniation, and eventually death.[15]
Based on the hydration status, half of the study population
was euvolemic while one‑third were hypervolemic followed
by hypovolemic cases. Further, based on osmolality, most
of the patients had euvolemic hypoosmolar hyponatremia,
followed by hypervolemic hypoosmolar hyponatremia,
hypovolemic hypoosmolar hyponatremia, and hypervolemic
isoosmolar hyponatremia. A similar pattern was reported in
a study by Rao et al. wherein euvolemia (61%) followed by
fluid overload (23%) and dehydration (16%) was observed.
Isovolemic hypoosmolar hyponatremia was the most
frequently reported type of hyponatremia.[14]
In hypotonic hyponatremia, water enters the brain, resulting
in cerebral edema. This leads to intracranial hypertension due
to the confinement of the fluid within the cranium along with
the risk of cranial injury. Eventually, the fluid leaves the brain
tissues within hours, reducing fluid overload and swelling
of the brain.[16,17] The feedback mechanism is efficient even
in cases of asymptomatic nature of severe hyponatremia
that develops slowly. Nevertheless, this adaptation also has
the risk of osmotic demyelination.[18‑20] Severe aggressive
treatment of hyponatremia including water restriction alone
can result in severe osmotic demyelination.[21‑23] Shrinkage of
the brain induces demyelination of pontine and extrapontine
neurons, which may result in neurologic dysfunction, including
quadriplegia, pseudobulbar palsy, seizures, coma, and even
death. Hepatic failure, potassium depletion, and malnutrition
increase the risk of this complication.[24]
Hyponatremia occurs either due to water retention or loss of
effective solute (sodium plus potassium) in excess of water.
The water excretion capacity is generally so high that the
retention of water is usually due to the impaired renal excretion
of water. An exception to this is primary polydipsia, wherein
excessive water consumption can deteriorate even normal renal
excretory capacity. Decreased secretion of the ADH – arginine
vasopressin results in the effective excretion of any water load.
Therefore, the presence of high‑serum ADH concentrations is
indicative of hyponatremia and helps in the development and
maintenance of hyponatremia.
Virtually, an excess of ADH concentration, usually caused by
the SIADH or depletion of effective circulating volume, is
the main cause of hyponatremia.[3,6] In spite of being the most
usual etiological factor for hyponatremia in hospitalized elderly
patients[7] as well as the most common cause of normovolemic
hyponatremia, SIADH is generally diagnosed by exclusion of
other causes, including diuretics, renal, liver, thyroid, adrenal,
and pituitary diseases.[8]
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In the present study, SIADH was the most common cause of
hyponatremia noted in nearly half of the study population. In
a prospective study conducted in a general medical‑surgical
setting, 66 patients (34%) had euvolemic hyponatremia,
38 (19%) had hypervolemic hyponatremia associated with
edematous disorders, and 33 (17%) had hypovolemic
conditions, chiefly related to gastrointestinal fluid loss or
diuretic use.[3] In a study by Rahil et al., extra‑renal fluid loss,
including vomiting, diarrhea, or diaphoresis was the most
frequent cause of hyponatremia which was found in 33.9% of
the patients. SIADH was considered to be the cause in 20.7%
of the patients.[9] Laczi reported that SIADH was the most
common cause of euvolemic hyponatremia in their study in
Hungary.[25] Another study by Panicker and Joseph[26] on the
clinical profile of hyponatremia in ICU hospitalized patients
reported SIADH as a predominant cause for hyponatremia.[26]
In this study, we evaluated the cause of SIADH as treating the
underlying etiology would prevent considerable morbidity and
mortality. The main cause of SIADH was infections, of which
TB was the leading infectious cause. Further, the profile of TB
in patients with SIADH in decreasing order of occurrence was
as follows: tubercular meningitis, pulmonary TB, miliary TB,
and tuberculomas. Similarly, Vorherr et al. reported a case of
pulmonary TB with hyponatremia and detected antidiuretics in
tuberculous lung tissues.[27] Bryant implied SIADH as a cause in
patients with infectious pulmonary disease such as pulmonary
TB.[28] Cockcroft et al. reported severe hyponatremia caused
by SIADH which led to miliary TB in a 74‑year‑old woman.[29]
Similarly, Weiss and Katz reported hyponatremia resulting
from SIADH in patients with pulmonary TB.[30] Later on, it
was affirmed that an increased ADH level in the presence of
hyponatremia in pulmonary TB cases is a marker of ectopic
ADH production. Few studies demonstrated that the ADH
level was not detectable following full anti‑TB therapy.[31,32]
More than 60% of the patients with TB may present with
hyponatremia or SIADH as the first presentation.[33]
Another mechanism including endocrine system involvement
in TB can also induce hyponatremia and is an important factor
of consideration in patients with pulmonary TB. The adrenal
glands are directly involved in TB,[17] which leads to overt
or subclinical adrenal insufficiency and hyponatremia, along
with the pituitary gland involvement.[2] Childhood tubercular
meningitis can lead to hypopituitarism in 20% of the cases,
years after effective treatment. The reason seemed to be
tubercular lesions impressing the hypothalamus, pituitary stalk,
and indirectly or directly, the pituitary gland itself.[5]
SIADH is a reversible condition in most of the cases, with
effective pulmonary TB treatment.[33] Therefore, it should be
carefully looked for by the treating physician as a cause of
hyponatremia. Furthermore, patients who were affected by
hyponatremia were more likely to have higher mortality as
suggested in a study by Sharma et al.[34] In the present study,
majority of the patients had an improved outcome and mortality
was noted in few of the patients. These finding are consistent

with another study conducted by Joseph and Panicker where
mortality was noted in 7% of patients.

Conclusion
Based on the findings of this study, it may be concluded that
hyponatremia can present with protean clinical manifestations.
The presentation can vary from mild symptoms such as
vomiting, lethargy, and malaise to severe forms such as
confusion, seizure, and coma. Majority of patients report CNS
symptoms and these patients are likely to have euvolemic
hypoosmolar hyponatremia with SIADH as the predominant
cause. The severity of hyponatremia is independent of age,
sex and type of hyponatremia, as it is the rapidity with which
hyponatremia develops that decides the clinical presentation
and not just the levels of serum sodium. The most common
etiology of hyponatremia in the present study was SIADH.
Furthermore, it was observed that patients with SIADH having
infectious etiologies, especially TB, are more likely to develop
hyponatremia.
Clinicians need to be aware about the common occurrence
of hyponatremia, its early identification, and its association
with a large variety of diseases. In developing nations, like
India, TB is still a common health hazard, remains latent, and
can often present only as symptomatic hyponatremia. TB can
induce hyponatremia in several ways such as local invasion of
adrenal glands or pituitary gland, tubercular meningitis, and
SIADH (via pulmonary infection). Therefore, evaluating for
the cause of hyponatremia is equally important, as treating the
underlying cause would prevent considerable morbidity and
mortality associated with this enigmatic electrolyte disorder.
Thus, the treating physician should have a high degree of
suspicion for TB as a cause of hyponatremia, as our study
found TB as the most common infectious cause of SIADH.
Thus, to conclude, a thorough understanding of the
pathophysiological process of hyponatremia and its associated
risk factors is of great importance in prompt and effective
treatment of this potentially life‑threatening condition.
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