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Abstract: Background: Hyponatremia is a common electrolyte abnormality in acute stroke patients and may be related to
variable etiology. Objective: To observe the frequency and types of hyponatremia in hospitalized acute stroke patients.
Materials and methods: This cross-sectional study, carried out in a referral neuroscience institute of Dhaka during February to
November 2017, included 209 patients admitted with acute stroke (65 ischemic, age 61.5±13.3 years, M/F: 45/20; 144
hemorrhagic, age 59.2±13.1 years, M/F: 80/64). The clinical and laboratory values on admission were recorded. Those having
hyponatremia (serum sodium <135 mmol/L) on admission were evaluated by clinical features (history of vomiting or
diarrhoea, volume status, urine output) and laboratory parameters (urine osmolality, urine sodium, plasma osmolality, blood
urea, hematocrit) to determine the types of hyponatremia. Results: Four patients died before the serum could be sent for
electrolytes. Among the rest, 36 (17.6%) had hyponatremia on admission. Serum sodium level was <125 mmol/L in 7 (19.4%)
and 125-134 mmol/L in rest of the patients having hyponatremia (29; 80.6%). The frequency of hyponatremia was similar in
ischemic and hemorrhagic stroke (17.2% vs. 17.7%, p=0.925). Syndrome of inappropriate antidiuresis (SIAD) was most
frequent cause of hyponatremia (50.0%), followed by cerebral salt wasting (CSW; 30.6%). The rest had either hyponatremia
related to gastrointestinal (GI) fluid loss (2.8%) or died before a cause of hyponatremia could be ascertained (11.1%). There
was no significant difference of age, gender, NIHSS score and GCS score on admission as well as in hospital stay and inhospital mortality between patients with or without hyponatremia (p=ns for all). Frequency of CSW was relatively higher in
hemorrhagic stroke (hemorrhagic vs. ischemic: 32.0% vs. 27.3%) and SIAD in ischemic stroke (hemorrhagic vs. ischemic:
40.0% vs. 72.7%) but did not reach level of statistical significance. Conclusion: Frequency of hyponatremia seems remarkable
in hospitalized acute stroke patients, SIAD and CSW being the most frequent cause.
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1. Introduction
Hyponatremia is a common finding in critically ill
patients; acute stroke is no exception [1]. Usually,
neurological insult itself leads to either syndrome of
inappropriate anti-diuresis (SIAD) or cerebral salt wasting
(CSW) in patients with stroke, but other common causes like
gastrointestinal fluid loss or drug related causes may also be
present in such condition. Differentiation of these conditions
is important as the modalities and mood of correcting

hyponatremia is different [2]. Along with clinical picture,
plasma and urinary osmolality and sodium often guides to the
cause of hyponatremia [3].
There is no absolute laboratory parameter that is able to
differentiate SIAD and CSW. Rather, a group of clinical
features like volume status, hemodynamics and fluid balance
are helpful in this regard. Some supportive lab features that
include blood urea, uric acid, hematocrit etc. are used to
strengthen the clinical suspicion [4]. The timely and proper
correction of hyponatremia in acutely ill stroke patients may
improve the outcome and reduce the hospital stay. So, to
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assess the frequency as well as the types of hyponatremia in
acute stroke patients the current study was carried out in a
referral neuroscience hospital of Dhaka, Bangladesh.

2. Materials and Methods
2.1. Study Subjects and Design
This cross-sectional study, carried out from February to
November 2017 in Neurology department of National
Institute of Neurosciences (NINS) and Hospital, Dhaka,
Bangladesh, included 209 patients admitted with acute stroke
(65 ischemic; age 61.5±13.3 years, M/F: 45/20; 144
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hemorrhagic, age 59.2±13.1 years, M/F: 80/64) by
convenient sampling. The clinical and laboratory values on
admission as well as length of hospital stay and in-hospital
mortality were recorded.
Those having hyponatremia (serum sodium <135 mmol/L)
on admission were evaluated by clinical evaluation (history
of vomiting or diarrhoea, volume status, urine output) and
laboratory parameters (urine osmolality, urine sodium,
plasma osmolality, blood urea, hematocrit) to determine the
type of hyponatremia according to the current
recommendations (Figure 1) [4, 5].

Figure 1. Flow chart showing the patient recruitment and study procedure.

2.2. Statistical Analysis
Categorical data were expressed as frequencies and
percentages, while numeric data were expressed as mean
(±SD) when normally distributed and as median and
interquartile range (IQR; 25th -75th percentile) when skewed.
Assessment of normality of data was done by Shapiro-Wilk
test. Comparison of categorical variable was done by χ2-test
and numeric variable by unpaired t-test or Mann-Whitney U

test as applicable. P values < 0.05 were considered as
significant. SPSS (version 22.0) was used for data analysis.
2.3. Ethical Aspects
Written informed consent was taken from the attendants of
the participants. The project was run after approval of the
institutional review board (IRB) of NINS.
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3. Results
Four patients died before the serum could be sent for
electrolytes. Among the rest, 36 (17.6%) had hyponatremia
on admission. Serum sodium level was <125 mmol/L in 7
(19.4%) and 125-134 mmol/L in rest of the patients having
hyponatremia (29, 80.6%). The frequency of hyponatremia
was similar in ischemic and hemorrhagic stroke (Table 1).
Comparison of clinical characteristics of patients with or
without hyponatremia revealed that, there was no significant
difference between these groups in relation to age, gender,
National Institute of Health Stroke Scale (NIHSS) score,
Glasgow Coma Scale (GCS) score, length of hospital stay

and in-hospital mortality (Table 2). Median serum sodium
was 130 (IQR 125-133) in hyponatremia group and 140 (IQR
138-143) in normal serum sodium group.
Table 1. Frequency of hyponatremia in stroke patients.
Type of stroke
Ischemic (n=64)
Hemorrhagic (n=131)
Total

Hyponatremia
Absent
53 (82.8%)
116 (82.3%)
169 (82.4%)

Present
11 (17.2%)
25 (17.7%)
36 (17.6%)

*p
0.925

*by χ2 test
Within parentheses are percentages over row total

Table 2. Comparison of clinical characteristics of patients with or without hyponatremia.
Characters
Age (years; mean±SD)
Female sex
NIHSS score (median & IQR)
GCS score (median & IQR)
Sodium (mmol/L; median & IQR)
Length of hospital stay (days; mean±SD)
In-hospital mortality

Hyponatremia group (n=36)
63.4 ±10.5
13 (36.1)
21 (11-26)
10 (7-12)
130 (125-133)
6.9±3.2
6 (16.7)

P-value stands for difference between hyponatremia group
and normal soidum group
Within parentheses are percentages over column total, if
not mentioned otherwise
SIAD was most frequent cause of hyponatremia (50.0%),
followed by CSW (30.6%). The rest had either hyponatremia
related to gastrointestinal (GI) fluid loss (8.3%) or died
before a cause of hyponatremia could be ascertained (11.1%;
Figure 2). Frequency of CSW was relatively higher in
hemorrhagic stroke (hemorrhagic vs. ischemic: 32.0% vs.
27.3%) and SIAD in ischemic stroke (hemorrhagic vs.
ischemic: 40.0% vs. 72.7%) but did not reach level of
statistical significance (Table 3).

Normal sodium group (n=169)
59.2 ± 13.5
68 (40.2)
18 (10-26)
9 (7-13)
140 (138-143)
6.0±3.2
29 (17.2)

All patients (N=205)
60.0 ± 13.1
81 (39.5)
19 (11-26)
10 (7-13)
139 (136-142)
6.2±3.2
35 (17.1)

p-value
0.09
0.65
0.54
0.66
<0.001
0.11
0.94

Table 3. Types of hyponatremia in different strokes.
Types of
hyponatremia
CSW
SIAD
GI loss
Undetermined
Total

Ischemic stroke

Hemorrhagic stroke

3 (27.3)
8 (72.7)
0 (0.0)
0 (0.0)
11

8 (32.0)
10 (40.0)
3 (12.0)
4 (16.0)
25

*p

0.19

*by χ2 test
Within parentheses are percentages over column total
SIAD: Syndrome of inappropriate antidiuresis
CSW: Cerebral salt wasting
GI: Gastrointestinal

4. Discussions

Figure 2. Frequency of different causes of hyponatremia in acute stroke
(n=36).
SIAD: Syndrome of inappropriate antidiuresis
CSW: Cerebral salt wasting
GI: Gastrointestinal

In this study, we observed that nearly 1 in 5 patients
admitted with acute stroke in a tertiary level hospital of
Dhaka city had hyponatremia; frequency of which was
similar in both hemorrhagic and ischemic stroke patients.
SIAD was observed to be the most frequent underlying
cause. Frequency of CSW was also remarkable.
In various studies, frequency of hyponatremia was
observed to be 10-40% [6-12]. The variability in the
frequency may reflect different case definitions (eg. serum
sodium level <135 or <130) and clinical diversity of the
patients in different studies. Our study was conducted in the
in-patient department of a referral neurology institute, where
severe cases are referred from all over the country. So,
although our findings reflect the whole country, less severe
stroke cases are not included in this study. The median
NIHSS score of the patients also suggests the same.
It is important to look for the presence of hyponatremia
because it not only affects the short term clinical course, but
is also regarded as an independent predictor of mortality in
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both hemorrhagic and ischemic stroke [10, 15]. We did not
observe any significant difference in in-hospital mortality in
stroke patients with hyponatremia; neither has it prolonged
the hospital stay. One explanation may be related to severity
of hyponatremia, as most of our participants having
hyponatremia had serum sodium between 125 and 134
mmol/L. It is possible that more intense hyponatremia may
affect the outcome more pronouncedly. Prospective studies
with larger sample size may be required to observe the effect
of hyponatremia on mortality.
The mechanism of hyponatremia in stroke patient may be
diverse. But, apart from hypovolemic hyponatremia related
to gastrointestinal fluid loss, SIAD and CSW is regarded as
most important cause of hyponatremia in stroke. Despite having
some overlapping features, two conditions can be separated by
careful clinical consideration with supportive laboratory
findings. Pinpointing the cause of hyponatremia can modify the
treatment approach [7]. Although our study did not observe any
statistical significant difference in frequency of SIAD and CSW
in different types of stroke, SIAD was more frequent in ischemic
stroke and CSW in hemorrhagic stroke. Further studies are
required to validate these findings.

5. Conclusion
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