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Abstract 
Background: There are mainly two types of stroke patients viz; non-hemorrhagic stroke and 
hemorrhagic stroke. The electrolyte imbalances of sodium and potassium are the most 
common electrolyte abnormalities in patients with acute stroke. 
Objectives: To compare electrolyte imbalance between acute hemorrhagic and non - 
hemorrhagic stroke patients. 
Materials and Methods: This cross sectional observational study was conducted in 
department of Neurology and General Medicine of Geetanjali Medical College and Hospital, 
Udaipur, Rajasthan for a period of two years. Acute stroke was diagnosed by magnetic 
resonance imaging (MRI) or computer tomography (CT) of the brain. Patient’s 
demographics, investigations and clinical profile data were entered in the performa sheet. All 
acute stroke patients were divided in two groups hemorrhagic (S-H) and non-hemorrhagic (S-
NH) for analysis and comparison. 
Results: Hyponatraemia was observed in 12 (26.08%) of S-H group and 46 (25%) in S-NH 
group (p>0.05). Hypernatremia was seen in 4 (8.69%) of S-H group and 9 (4.89%) in S-NH 
group (p>0.05). Hypokalemia was observed in 3(6.52%) of S-H group and 11(5.97%) in S-
NH group (p>0.05). Hyperkalemia was seen in 3(6.52%) of S-H group and 18 (9.78%) of S-
NH group (p>0.05). 
Conclusion: This study concluded that electrolyte imbalance in the form of hyper or 
hypokalemia and hyper or hyponatremia are common in hemorrhagic and non- hemorrhagic 
acute stroke and they should be screened immediately irrespective of stroke type. 
Keywords: Electrolyte Imbalance, Hemorrhagic Stroke (S-H), Non-Hemorrhagic Stroke (S-
NH) 
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Introduction  
Stroke is a major global public health 
problem. According to the latest estimate 
from the Global Burden of Disease, 
Injuries and Risk Factors Study (GBD-
2015) there is a further shift from 
communicable diseases toward non-

communicable diseases like stroke. This 
effect is likely caused by an increase in 
population and aging of the world's 
population as well as by decreased death 
rates globally in recent decades [1]. The 
most important cause of death is vascular 
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in nature and stroke is currently the second 
leading cause of death worldwide. 
Ischemic heart disease and stroke together 
accounted for 15.2 million deaths in 2015 
[2]. While ischemic strokes comprise the 
highest number of stroke, much of the 
global burden of stroke measured in 
proportion to mortality and disability-
adjusted life-years (DALYs) is allocated to 
hemorrhagic stroke (S-H) [3]. Stroke is one 
of the leading causes of long-term 
disability. 
In India, stroke in younger people is high 
(18-32%) of all stroke cases compared to 
developed countries. Men are more likely 
to have a stroke than women and the 
male/female ratio for India is 7:1. This 
may be due to differences in risk factors 
such as smoking and drinking which are 
more prevalent among men in India 
compared with women [4-6]. Stroke is 
preventable to a large extent due to 
modifiable risk factors [7]. Targeting risk 
factors such as high blood pressure, 
smoking, obesity, diabetes mellitus, atrial 
fibrillation, dyslipidemia, and lack of 
physical activity may have already 
contributed to the observed improvement 
of stroke incidence. 
The electrolyte imbalances of sodium and 
potassium are the most common 
electrolyte abnormalities in patients with 
acute stroke and cause of death unless 
corrected promptly [8]. There are mainly 
two types of stroke viz; ischemic or non-
hemorrhagic stroke (S-NH) and 
hemorrhagic stroke (S-H). Various studies 
had compared the risk factors associated 
with these types of stroke [9,10], but data 
regarding electrolyte imbalances is 
meagre. Data from developing countries 
like India is very scarce. Hence, this study 
was planned to compare electrolyte 
imbalance between patients of S-H and S-
NH at a tertiary care hospital. 
Materials and Methods 
This cross sectional, observational, 
duration based study was conducted in 

department of Neurology and General 
Medicine of Geetanjali Medical College 
and Hospital, Udaipur, Rajasthan. 
Consecutive convenient sampling was 
done. All the patients were enrolled during 
the study period of two years. 
Inclusion criteria: Stroke arterial / 
venous, hemorrhagic / non-hemorrhagic, 
thrombotic / non thrombotic, cardio-
embolic diagnosed clinically and 
confirmed on neuro-imaging were 
included in the study. 
Exclusion criteria: Uncooperative, 
refusal for the consent, transient ischemic 
attacks (TIA), Stroke mimics e.g. Todd’s 
paresis, encephalopathies (metabolic / 
toxic / infective), negative on neuro-
imaging were excluded from the study. 
Procedure: Patient fulfilling the inclusion 
and exclusion criteria coming to the 
emergency, outpatient department (OPD) 
or as in-patient (IPD) in the department of 
Neurology and General Medicine at 
Geetanjali Medical College and Hospital, 
Udaipur were enrolled in the study only 
after taking approval from the Institutional 
Ethics Committee. Informed consent was 
taken from all the patients. Stroke was 
clinically diagnosed by neurologist and 
confirmed on MRI (brain) or CT (Brain). 
After collecting the demographic details 
and past history, patients were asked for 
routine investigations like complete 
blood count, serum glucose, urea, 
creatinine, electrolytes, liver function tests, 
chest x-ray, 12-lead ECG. 
Patient’s demographics, investigations and 
clinical profile data were entered in the 
performa sheet. All enrolled subject’s data 
were analysed and compared in two 
groups S-H and S-NH. 
Statistical analysis: Data was entered and 
analyzed by using Microsoft excel version 
2010 and statistical package for social 
science ver.16 (SPSS 16). Appropriate test 
of significance was applied i.e. chi-square 
test for qualitative data and student ‘t’ test 
was applied for quantitative data. P value 
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less than 0.05 was considered statistically 
significant. 

Results 
Total 230 patients were enrolled during 
two year study. Of these 184(80%) had S-
NH and 46(20%) had S-H. Gender 
distribution among S - H  group, 28 
(60.87%) were males and 18(39.13%) 
were females and of S-NH group, 118 
(64.13%) were males and 66 (35.87%) 
were females. Age distribution of patients 
above 40 years was 39(84.78%) in S-H 
group and 162(88.04%) in S-NH group. 
Hindus were 45(97.83%) in S-H group 
and 166 (90.22%) in S-NH group.  
Patients from rural background were 
28(60.87%) in S-H group and 109 
(59.24%) in S-NH group.  

30 (65.22%) patients were unskilled in S-
H group and 119(64.67%) patients were 
unskilled / unemployed in S-NH group. 
(Table 1) 
Clinical presentation in S-H group was 
motor disability in 31(67.39%), speech 
disturbances in 15 (32.61%) and impaired 
consciousness in 25 (54.35%) whereas in 
S-NH group motor disability were in 145 
(78.80%), speech disturbances in 96 
(52.17%), impaired consciousness in 24 
(13.04%) with vomiting at onset in 
13(28.6%). Impaired consciousness in 
patients were significantly higher in S-H 
group as compared to S-NH group 
(p˂0.05) but speech disturbances in 96 
(52.17%) patients were significantly 
higher in S-NH group (p˂0.05). (Table 1)  

Table 1: Demographic details of both the groups 
 S-H (n=46) 

N (%) 
S-NH (n=184) 
N (%) 

p value 

Mean age (Years) 61.28±17.31 61.19±15.22 >0.05 
Gender 

Male 28(60.87%) 118(64.13%) 0.811 
Female 18(39.13%) 66(35.87%) 

Age 
≤40 years 7(15.22%) 22(11.96%) 0.728 
>40 years 39(84.78%) 162(88.04%) 

Religion 
Hindu 45(97.83%) 166(90.22%) 0.168 
Muslim 1(2.17%) 18(9.78%) 

Residence 
Urban 18(39.13%) 75(40.76%) 0.973 
Rural 28(60.87%) 109 (59.24%) 

Occupation 
Skilled 16(34.78%) 65(35.33%) 0.918 
Unskilled/ unemployed 30(65.22%) 119(64.67%) 

Symptoms 
Headache 8(17.39%) 17(9.24%) 0.185 
Vomiting 13(28.26%) 16(8.70%) <0.05* 
Impaired consciousness 25(54.35%) 24(13.04%) <0.05* 
Speech disturbances 15(32.61%) 96(52.17%) <0.05* 
Motor disturbances 31(67.39%) 145(78.80%) 0.150 
Sensory disturbances 1(2.17%) 25(13.59%) 0.054 

*significant 
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Hyponatraemia was observed in 12(26.08%) patients of S-H group and in 46(25%) of S-NH 
group with no significant statistical difference (p>0.05). Hypernatremia was observed in 
4(8.69%) of S-H group and 9(4.89%) of S-NH group with no significant statistical difference 
(p>0.05). Hypokalemia was reported in 3(6.52%) of S-H group patients and 11(5.97%) in S-
NH group with no significant statistical difference (p>0.05), hyperkalemia was reported in 3 
(6.52%) of S-H and 18(9.78%) of S-NH with no significant statistical difference (p>0.05). 
(Table 2) 

Table 2: Comparison of electrolyte imbalance between both the groups 
Serum 
Electrolyte  

S-H (n=46) 
N (%) 

S-NH (n=184) 
N (%) 

P 
value 

Sodium 
Hyponatremia 12 (26.08%) 46 (25%) 0.749 
Hypernatremia 4 (8.69%) 9 (4.89%) 0.521 
P value 0.043* 0.000*  

Potassium 
Hypokalemia 3 (6.52%) 11 (5.97%) 0.836 
Hyperkalemia 3 (6.52%) 18 (9.78%) 0.689 
P value 0.673 0.246  

*significant 

Discussion 
Stroke is a devastating and disabling 
cerebrovascular disease with significant 
amount of residual deficit leading on to 
economic loss. It has been defined as a 
rapidly developing sign of focal (or global) 
disturbance of cerebral function with 
symptoms lasting for ≥24 hours, or leading 
to death with no apparent cause other than 
vascular origin [11]. It is a collection of 
clinical syndromes resulting from cerebral 
ischemia to intracranial hemorrhage. 
Electrolyte abnormalities are common in 
clinical practice during emergency 
situations. Previous studies have shown 
that these electrolyte problems also closely 
relate to the prognosis of intracerebral 
hemorrhage [12]. Few studies have 
reported the prognostic role of these 
electrolyte imbalances in stroke. This 
study was planned to compare electrolyte 
abnormalities in patients of S-H and S-NH 
groups. 
In present study incidence of S-NH (80%) 
was more than the S-H (20%). Many 
epidemiological studies have concluded 
that S-NH is more common than S-H 
[9,10]. The reasons could be due to 
multiple risk factors like old age, 

hypertension, diabetes mellitus, smoking, 
dyslipidemia, atrial fibrillation, 
hyperhomocysteinemia, alcohol 
consumption etc are associated with S-
NH as compared to S-H; which is due to 
bursting of blood vessels in brain and that 
may due high rise in blood pressure in 
vessels or abnormal blood vessels. 
The mean age of patients in present study 
was above 60 years in both the groups. 
Many studies have also reported 
incidences of stroke are common above 60 
years of age [13,14]. This shows that older 
age groups are at more risk for stroke as 
compared to younger. In present study 
both the groups had more male patients as 
compared to female. Many other 
epidemiological studies had also reported 
similar higher incidence rate of stroke in 
men than women, ranging from 1.4:1 to 
2:1 [15,16]. This shows that men are more 
associated with above mentioned risk 
factors than women. 
In present study more patients in both the 
groups were from Hindu religion, 
unskilled as well as from rural 
background. Other studies have also 
reported that stroke incidence is more 
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common in Hindu and also more in rural 
community [17,18]. This can be explained 
on the basis of Indian census in which 
more population belongs to Hindu religion 
and rural population is more unskilled / 
uneducated than urban and they are less 
aware about the risk factors associated 
with stroke. 
In present study, in both types of stroke 
motor symptoms were more common 
followed by speech disturbances and 
impaired consciousness. These symptoms 
were correlated with other studies which 
had reported that hemiplegia or 
hemiparesis are common in stroke patients 
and also the dysarthia which lead to speech 
disturbances [18,19]. Vomiting and 
impaired consciousness were found to be 
significantly higher in hemorrhagic 
patients. Similar results were also reported 
by other studies [20,21]. It may be due to 
the accumulation of blood around the areas 
which lead to these symptoms. In present 
study speech disturbances were 
significantly higher in non-hemorrhagic 
patients. Similar results were also shown 
by other coworkers [22]. Speech 
disturbances in stroke patients range from 
dysarthria to dysphasia and it may be more 
in non-hemorrhagic stroke patients due to 
damage of these areas from ischemia. 
In present study hyponatremia was 
significantly more in both groups of 
patients as compared to hypernatremia. 
Similar incidences of more hyponatremia 
as compared to hypernatremia were also 
reported by other studies [23,24]. In 
present study incidence of hyponatremia 
was also similar in both the groups. The 
most common reason for hyponatremia in 
both groups could be due to the excessive 
release of anti-diuretic hormone (ADH) 
after stroke which leads to water retention 
and hyponatremia [8]. One study reported 
75.6% and 61.5% patients were having 
SIADH in non-hemorrhagic stroke with 
hyponatremia and hemorrhagic stroke with 
hyponatremia respectively [24]. This was 
also supported by Saleem et al study [25]. 

In present study incidence of hypokalemia 
and hyperkalemia was similar in both 
groups. There was no significant 
difference between the two groups. Other 
studies have also showed similar incidence 
of hypokalemia in both the groups [23,26]. 
It has been proved that hypokalemia is 
common in both hemorrhagic stroke as 
well as non-hemorrhagic stroke; as both 
strokes are emergency situations and it can 
be due to excessive secretion of 
catecholamine during emergency [21]. 
Nicholas et al study had also shown that 
there was no association of hyperkalemia 
to any type of stroke [26]. There was also 
no significant difference between 
incidence of hypokalemia and 
hyperkalemia in hemorrhagic stroke as 
well as in non-hemorrhagic stroke in 
present study. 

Conclusion 
This study concluded that electrolyte 
imbalance in the form of hyper or 
hypokalemia and hyper or hyponatremia 
are common in both hemorrhagic and non-
hemorrhagic stroke and they should be 
screened immediately irrespective of types 
of stroke. These imbalances should be 
treated promptly to avoid complications 
and for better patients outcome. 
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