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ABSTRACT

Objectives: Although there are many studies on stroke, few studies on electrolyte disturbance have been done in our country, even on the outside. 
Our aim in this study is to estimate the level of serum potassium and sodium in acute stroke patients with comparison to patients of the control group.

Result: Significant difference was seen in the distribution of patients according to GCS levels (p=0.014). Mean serum sodium was significantly lowest 
in hemorrhagic stroke, then ischemic stroke, followed by TIA, and the highest sodium level was seen in the control group (p<0.001). Mean serum 
potassium was significantly lowest in hemorrhagic stroke, then ischemic stroke, followed by TIA, and the highest sodium level was seen in the control 
group (p<0.001). Mean serum-to-potassium ratio was significantly highest in hemorrhagic stroke, then TIA, followed by ischemic stroke, and finally, 
by control group (p<0.001).

Conclusion: This study reveals that, in hemorrhagic stroke, the incidence of electrolytes imbalance was more than ischemic and which was mostly 
hyponatremia and hypokalemia.
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INTRODUCTION

Cerebrovascular accidents (CVAs) are a main public health problem. It 
is well distributed in the whole world and is asserted to be the second 
top cause of death in the world. Stroke causes significant impairments 
particularly in the older age group and is among the major health 
matters in several countries [1].

The reports on the association between electrolyte imbalance and 
severity of acute stroke are still in limited number, although there are 
some data about a large number of electrolyte disturbances in acute 
stroke events. There is a deficiency of data about this association, 
especially from the developing countries. Electrolyte disturbances are 
usually present in acute stroke setting as hypokalemia or hyponatremia 
which is the most common type of disturbance. Electrolyte 
disturbances such as hyponatremia resulting from either the syndrome 
of inappropriate antidiuretic hormone secretion, inappropriate fluid 
intake and loss, or high level of brain natriuretic peptides (BNP) can 
result in consequences such as seizures or death.

The most common presenting symptoms of patients with hemorrhagic 
stroke are a headache and vomiting. Vomiting is also an important factor 
of electrolyte disturbance [2]. Published reports about stroke suggest 
that CVD occurs with increasing frequency at all ages and in both the 
sexes. Prospective studies on acute stroke found that hypertension, 
diabetes mellitus, dyslipidemia, obesity, smoking, and family history 
are important RFs [3-5]. The objectives of this study reported here are 
to identify the common electrolyte disturbance in the acute phase of 
multiple types of stroke patients and their relation with some usual 
clinical presentation and outcome.

METHODS

It is a comparative cross-sectional study conducted on patients 
admitted to neurological center from April to July 2018 in comparison 
to patients admitted to medicine department for any cause other than 
CVA in the same hospital and at the same period.

Inclusion criteria
Patients of either sex >40 years of age with acute stroke admitted 
within 48 h of onset and fulfilling the WHO definition of stroke and 
confirmation of stroke with CT scan of the brain, patients with no 
history of endocrine or kidney diseases, patients who were not in 
resuscitation phase, and patients who are not in diuretic therapy were 
included in the study.
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Methods: Our study is a comparative cross-sectional study conducted on patients in the neurological center who suffer from stroke and others 
in  medicine  department  admitted  for  any  disease  other  than  cerebrovascular  accidents  (CVA)  they  consider  the  control  group.  All  were  in 
AL-Diwaniyah Teaching Hospital from April to July 2018. The level of potassium and sodium from all patients is estimated. Patients with ischemic stroke, 
hemorrhagic stroke, and transient ischemic attack (TIA) were classified into having Glasgow coma scores (GCS) of 3–8, 9–12, and 13–15, respectively.

Electrolyte disturbance is commonly found in acute stroke events. 
Recently research with electrolyte disturbances focusing on risk factors 
(RFs) of stroke, its prevalence, and association with other medical 
condition, not only on the neuroendocrine mechanism. Many stroke 
patients die either due to the primary disease or due to its consequences. 
Management of stroke patient aimed not only on the treatment of the 
primary disease but also on the avoidance of severe consequences of 
stroke including dyselectrolytemia, aspiration pneumonia, malnutrition, 
pulmonary embolism, DVT, bowel or bladder dysfunction, urinary tract 
infection, contractures, skin breakdown, and joint abnormalities. An early 
and accurate forecasting of stroke outcome in the emergency department 
is pivotal for decision-making, as well as in assessing patient’s prognosis.

Exclusion criteria
Any patients who have complication that could affect electrolyte 
level,  patients who have any neurological deficit  secondary to head 
injuries,  intracerebral  hemorrhage (ICH),  subdural  hemorrhage, 
epidural hemorrhage, or an infarction which is caused by an 
infection/tumor (space occupying lesion), etc., and also patients 
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Patient consent
The authors certify that they have obtained all appropriate patient 
consent forms. In the form, the patient(s) has/have given his/her/their 
consent for his/her/their images and other clinical information to be 
reported in the journal. The patients understand that their names and 
initials will not be published and due efforts will be made to conceal 
their identity.

Statistical analysis
Data were collected, summarized, analyzed, and presented using two 
software programs; these were the Statistical Package for the Social 
Sciences version 23 and Microsoft Office Excel 2013. Numeric variables 
were presented as mean, standard deviation, and range, whereas 
categorical variables were expressed as number and percentage. 
Association between categorical variables was assessed using either 
Chi-square test or Yates correction for continuity when >20% of cells 
have expected counts <5. Comparison of mean values between the two 
groups was performed using one-way analysis of variance. The level of 
significance was considered at p≤0.05.

RESULTS

Diabetes mellitus was seen in 10 (17.5%), 3 (23.1%), and 4 (33.3) 
patients with ischemic stroke, hemorrhagic stroke, and transient 
ischemic attack (TIA) patients, respectively, and the difference 
statistically was not significant (p=0.459). Hypertension was seen in 
31 (54.4%), 6 (46.2%), and 7 (58.3%) patients with ischemic stroke, 
hemorrhagic stroke, and TIA patients, respectively, and the difference 
statistically was not significant (p=0.814). Smoking was seen in 
33 (57.9%), 8 (61.5%), and 7 (58.3%) patients with ischemic stroke, 
hemorrhagic stroke, and TIA patients, respectively, and the difference 
statistically was not significant (p=0.971). Dyslipidemia was seen in 
34 (59.6%), 7 (53.8%), and 7 (58.3%) patients with ischemic stroke, 
hemorrhagic stroke, and TIA patients, respectively, and the difference 
statistically was not significant (p=0.929). Overweight or obesity was 
seen in 19 (33.3%), 5 (38.5%), and 4 (33.3%) patients with ischemic 
stroke, hemorrhagic stroke, and TIA patients, respectively, and the 
difference statistically was not significant (p=0.938). Family history 
was seen in 20 (35.1%), 4 (30.8%), and 5 (41.7%) patients with 
ischemic stroke, hemorrhagic stroke, and TIA patients, respectively, 
and the difference statistically was not significant (p=0.848). Patients 
with ischemic stroke were classified into 9 (15.8%), 34 (59.6%), and 
14 (24.6%) having Glasgow coma scores (GCS) of 3–8, 9–12, and 
13–15, respectively. Patients with hemorrhagic stroke were classified 
into 5 (38.5%), 7 (53.8%), and 1 (7.7%) having GCS of 3–8, 9–12, and 
13–15, respectively. Patients with TIA were classified into 0 (0.0%), 
5 (41.7%), and 7 (58.3%) having GCS of 3–8, 9–12, and 13–15, 
respectively. A significant difference was seen in the distribution of 
patients according to GCS levels (p=0.014). Mean serum sodium was 
significantly lowest in hemorrhagic stroke, then ischemic stroke, 
followed by TIA, and the highest sodium level was seen in the control 
group (p<0.001). The mean of serum potassium was significantly 
lowest in hemorrhagic stroke, then ischemic stroke, followed by TIA, 
and the highest sodium level was seen in the control group (p<0.001). 
Mean serum sodium-to-potassium ratio was significantly highest in 
hemorrhagic stroke, then TIA, followed by ischemic stroke, and finally, 
by control group (p<0.001). The rate of hyponatremia was 2 (2.2), 
20 (35.1), 5 (38.5), and 2 (16.7), in control, ischemic, hemorrhagic, and 
TIA groups, respectively. The rate of hypokalemia was 1 (1.1), 4 (7.0), 
2 (15.4), and 0 (0.0) in control, ischemic, hemorrhagic, and TIA groups, 
respectively (Table 1).

DISCUSSION

In this present study and according to imaging studies, there are 
57 patients with ischemic stroke, 13 with ICH, and 12 with TIA in 
comparison to 90 patients in the control group.

The current study shows that hemorrhagic stroke most commonly 
occurs at the older age patients (significant difference with the rest of 
patients and control subject p<0.001), while ischemic and TIA mainly 
occur at middle age group and there was no significant difference in 
mean age with the control subject (p>0.05).

According to a study in Manado General Hospital in Indonesia, they 
found that stroke is more commonly occurred in the middle age group 
and above also more in male than female. In this study, we found that 
there is no significant difference between male and female among the 
control and study groups (p=0.952). In a community-based cross-
sectional study in Bao’an district, Shenzhen, China [6,7], there is more 
predominance of stroke in males than between females. The same 
results have been found in Saudi Arabia [8], and other countries, such 
as in German [9], the United Kingdom [10], the US [11], Italy [12], 
and Spain [13]. The multivariable studies indicated that sex was a 
significant factor in stroke, and men have 2 times more risk to develop 
a stroke than women.

Our study revealed that residency is not a RF for CVA because no 
significant difference was encountered among all stroke patients 
(p=0.588). Furthermore, in this study, there is no significant difference 
according to the distribution of patients regarding their occupation 
(p=0.588).

The RFs of stroke in the study group have the same effect for all types 
of stroke because the difference in distribution among ischemic, 
hemorrhagic, and TIA was statistically not significant.

The level of consciousness assessment for patients included in the 
present study was performed according to the GCS.

Our study shows a significant difference in the distribution of patients 
according to GCS levels (as mild, moderate, and severe disturbances 
of consciousness) (p=0.014). We detect that patients presenting 
with hemorrhagic stroke had a conscious level (median was 9) in 
comparative with ischemic and TIA (median 11 and 13), respectively. 
These findings may help to determine the stroke type because 
subarachnoid hemorrhage (SAH) is usually associated with significant 
increase in intracranial pressure and lowering in cerebral perfusion 
pressure this causing intermittent reduction of cerebral blood flow; 
thus, the main presenting symptoms of SAH is a loss of consciousness 
that mean sever GCS.

Distinguishing between ischemic and hemorrhagic stroke not depends 
on symptoms alone which are not enough specific. Any way generalized 
symptoms, such as nausea, vomiting, and headache, in addition to the 
altered level of consciousness, may give a hint to increasing intracranial 

Table 1: Correlation between serum electrolytes (serum sodium 
and potassium) and clinical characteristics

Characteristic Serum Na Serum K Na/K ratio

r p r p r p
Stroke type 0.206 0.064 −0.055 0.625 0.150 0.180
Age −0.197 0.077 −0.328 0.003* 0.301 0.006*
Gender −0.144 0.196 −0.214 0.053 0.110 0.326
Diabetes 0.170 0.126 −0.045 0.688 0.099 0.377
Hypertension 0.234 0.035* 0.215 0.053 −0.131 0.241
Smoking −0.085 0.448 −0.026 0.818 −0.002 0.986
Dyslipidemia −0.012 0.918 −0.087 0.435 0.067 0.548
Overweight or 
obesity

−0.150 0.180 −0.088 0.432 0.030 0.789

Family history 0.092 0.409 0.103 0.356 −0.064 0.570
Residency 0.010 0.929 0.016 0.885 −0.019 0.865
Occupation −0.049 0.659 0.095 0.396 −0.104 0.352
Glasgow coma scale 0.148 0.186 0.236 0.033* −0.181 0.104
r: Correlation coefficient, *: Significant at p≤0.05, Na/K: Sodium/potassium

who have preexisting severe physical or cognitive disabilities 
were excluded from the study.
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pressure and usually found more in hemorrhagic strokes and large 
ischemic strokes.

Disturbance of the normal values of sodium and potassium will affect 
the fluid and electrolyte balance and may result in disturbing the 
normal physiological function and the neurotransmission of the brain 
in the form of collection of fluid and exchange of nutrients such as lactic 
acid and arachidonic acid which have mean role in the development 
of neurological signs and symptoms. The damage that results due to 
these consequences will result either in decreased cerebral blood 
flow or rupture of small vessels due to pressure imbalance. A study 
by Alam et al. [14] revealed that hyponatremia is the main electrolyte 
disturbances in CVA, both in ischemic and hemorrhagic stroke. 
Another study by Kusuda et al., [15] also showed hyponatremia, 
hypernatremia, hypokalemia, and hyperkalemia in CVA. The study also 
stated that hypernatremia is more common in hemorrhagic stroke and 
57% of patients with hypernatremia in his study end by dead within 
1 month of hospital admission indicating the importance of electrolyte 
disturbances in these patients.

In our study, we found that the hyponatremia and hypokalemia are 
more common in hemorrhagic stroke, followed by ischemic stroke, 
then TIA, and the highest level in the control group. Low sodium level 
was mainly detected among patients with hemorrhagic stroke followed 
by ischemic stroke patients, and there is a statistically significant 
association between hyponatremia and type of stroke. Many studies 
and researchers find that hyponatremia in acute CVA patient may 
affect the prognosis and severity of stroke negatively. Hypokalemia 
was more common among hemorrhagic stroke patients followed by 
ischemic stroke patients. In the study of Qureshi et al., it was detected 
that hyponatremia is most common than hypernatremia (30% vs. 19%) 
after aneurysmal SAH [16]. Hypernatremia was significantly associated 
with the worse prognosis, and there is a positive relationship between 
elevated serum sodium levels and poor GCS within 3 months following 
the ictus. Chandy et al. showed that hyponatremia was associated with 
a high risk of cerebral vasospasm after aneurysmal SAH [17].

A retrospective study by Sherlock et al. mentioned that 316 patients 
with aneurysmal SAH and hyponatremia were a common electrolyte 
imbalance between those patients (56% overall prevalence) which 
result in longer hospital admission but without any effect on 
the mortality rate [18]. They detect that, in a major group of the 
hyponatremic patients, (21.4–31.8%, according to the treatment 
modality), this may develop within 7 days after SAH.

Mc Girt et al. revealed that an increase in the serum levels of the 
cerebral natriuretic peptide (BNP) was independently associated with 
hyponatremia, and the occurrence of hyponatremia rises significantly 
within 24 h after the onset of delayed ischemic neurologic deficits [19]. 
Hypokalemia occurs in hemorrhagic stroke patients more than ischemic 
stroke patients in comparison to control group.

on blood pressure, although the exact mechanisms remain unknown. 
High blood pressure represents the major factor in the cardiovascular 
disease (such as stroke, cardiac failure, and coronary artery disease).

CONCLUSION
Our study showed that electrolyte imbalances are the usual problem. 
Hyponatremia and hypokalemia are the main electrolyte disturbances 
in both ischemic and hemorrhagic stroke. Patients with normal 
electrolyte balance had best outcome and it was statistically significant; 
thus, serum electrolyte assessment should be performed for all stroke 
patients. The early diagnosis and perfect control and treatment can end 
with the very good outcome of stroke patients.
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