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 Stroke is the highly common neurological disorder that can be fatal or 

severely disabling. and a serious public health problem, it is the third 

major public health problem and the fourth leading cause of disease 

burden in the global. The aim of this study was to evaluate serum 

electrolytes and renal function parameters after acute stroke. During the 

study period from December 2020 to September 2021.One hundred 

patients (males and females) were included from two teaching hospitals 

(Ibn-Sena and Al-Salam) in Mosul City in Iraq. The demographic and 

clinical data, particularly the clinical presentation at the time of admission 

were recorded on a standardized data sheet. Clinical examination and a 

CT scan of the brain were performed to confirm the diagnosis. On the day 

of admission, a blood sample was obtained for electrolytes analyzed in 

addition to serum BUN and Cr. The NIHSS was used to determine the 

severity of stroke. The patients' functional outcomes were followed for up 

to three months using a modified Rankin Scale, as follows: good 

functional (0 - 3), poor functional outcomes (4 - 6). The study found that 

among 100 patients; (55%) were males and (45%) were females. The 

mean age was 59.71 ± 14.018. There were (84%) cases of ischemic stroke 

and (16%) cases of hemorrhage. Most respondents having electrolytes 

imbalances and potassium disturbances were the most encountered (56%) 

followed by sodium disturbances (52%). This electrolytes abnormalities 

were commonly among acute stroke cases who died within three months 

of follow up, also hyperuricemia and hyper creatinine contributed to high 

rate of mortality in stroke patients. This study concluded that electrolyte 

disturbances are quite common problem in acute stroke along with serum 

BUN and Cr, which are useful adjuvant biochemical markers that can aid 

in prompt medical intervention, avoid any complications and resultant 

improved outcomes in stroke patients. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

The neurological system is a highly specialized, complex network, and sophisticated system that controls 

and organizes body activities such as visual, auditory, gustatory, olfactory, tactile perceptions (sensation), 

movement, balance, and coordination are examples of voluntary and involuntary processes that are 

controlled by it. The neurological system is split into the brain and the spinal cord (central nervous system, 
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or CNS) and the neurons, which govern voluntary and involuntary activities (peripheral nervous system, or 

PNS) [1]. Any pathological condition affects human body and life seriously e.g., stroke in the brain which is 

an equivalent to heart attack, create a major medical and social problems. In order for the brain to function 

properly the oxygenated blood must flow in every part of brain, so if its flow is obstructed by a blood clot 

moving to the brain, or by narrowing or bursting of blood vessels, the brain loses its energy supply, causing 

damage to tissues leading to stroke. Stroke represent the most common neurological emergency, complex 

neurovascular disease, an important public health issue, and a healthcare professional priority topic [2]. 

World Health Organization (WHO) define stroke or cerebrovascular accident (CVA) as: “Rapidly growing 

clinical evidence of localized (or global) neurological impairment of brain function, with abrupt onset 

symptoms lasting more than 24 hours or ending in death, with no evident etiology other than vascular 

origin.” [3]. Cardiovascular disease and acute coronary syndrome are the leading causes of death and 

morbidity across the world. Patients with acute stroke have a hospital mortality and morbidity rate ranging 

from 7.6% to 30%. Neurological fatalities account for around 80% of them, whereas non-neurological 

deaths account for about 17% [2], [3]. Stroke is a primary cause of disability and death globally, impacting 

almost 800,000 Americans each year. The majority of strokes are ischemic (IS), in which blood supply to 

the brain is decreased; the remaining 13% are hemorrhagic (HS), in which a vessel ruptures and blood 

collects in the brain [4]. 

 

Medical consequences, such as cerebral oedema, elevated intracranial pressure (ICP), aspiration pneumonia, 

malnutrition, dyselectrolytemia, bowel and bladder dysfunction, deep vein thrombosis (DVT), pulmonary 

embolism, bed sores, joint abnormalities, and muscular contracture, are the cause of high mortality [5].  

These problems are thought to be a major issue following an acute stroke, and they can delay recovery. 

Several prior studies have revealed that problems are not only prevalent, with estimates ranging from 40% 

to 96% of patients, but they are also associated with poor outcomes. Many of the issues mentioned can be 

avoided or treated if they are discovered [6]. Stroke and kidney dysfunction are on the rise in many nations, 

owing to rising incidence of high blood pressure, hyperglycemia, dyslipidemia, and obesity. Kidney 

impairment is commonly related with ischemic stroke, and approximately a third of patients admitted to the 

hospital with intracerebral hemorrhage (ICH) have chronic kidney disease (CKD) [7], [8]. Chronic kidney 

disease is a major public health issue, with an estimated global prevalence of 8 to 16 %. Cardiovascular 

disease (CVD) risk increases with a reduction in kidney function (usually determined by albuminuria, but 

sometimes comprising abnormalities in urine sediment, pathology or imaging investigations, acid–base and 

electrolyte disturbances related to tubular illnesses, or a history of kidney transplantation) or an estimated 

glomerular filtration rate (GFR) of less than 60 ml/min/1.73 m2 for 3 months or longer [9]. The usage of 

serum blood urea nitrogen (BUN), creatinine (Cr), and electrolyte levels has become an essential biomarker 

for providing a clearer image of the patient, identifying those patients who are at a higher risk, successfully 

diagnosing, and determining prognosis and fatality risk [10].  BUN is a sensitive and powerful predictor of 

hemodynamic alterations and renal perfusion. Although serum Cr is the gold standard test for glomerular 

filtration rate, it is less reliable than serum BUN in detecting normal or moderately impaired kidney 

function. Under the impact of sympathetic, arginine vasopressin, and renin-angiotensin-aldosterone 

systems, which are activated in ACS and promote renal tubular reabsorption of urea, serum BUN may rise 

independently of changes in GFR, making it a stronger prognosis predictor than Cr in ACS patients [11]. 

Reduced renal function is commonly connected with the development of other less well-known vascular 

risk factors such anemia, oxidative stress, hyperhomocysteinemia, and electrolyte imbalance, and it can 

reflect both the length and severity of other cardiovascular risk factors like hypertension, diabetes, and 

dyslipidemia [12]. Serum electrolyte abnormalities, such as sodium and potassium, are the most prevalent 

electrolyte abnormalities detected in stroke patients. 

 

https://www.teikyomedicaljournal.com/


   ISSN: 03875547 

Volume 44, Issue 06, December, 2021 

  

2739 
 

In the acute phase of stroke, electrolyte disturbances such as hyponatremia and hypernatremia can occur as 

a result of the syndrome of inappropriate antidiuretic hormone (SIADH) or cerebral salt wasting (CSW) 

syndrome, elevated brain natriuretic peptide (BNP), inappropriate fluid intake or loss leading to death, and 

seizures. Electrolyte abnormalities must be diagnosed early to reduce morbidity and death in stroke patients 

[5], [13]. In acute stages of stroke, intracerebral bleeding can be linked with elevated ICP and produce 

headache and vomiting, which can lead to dyselectrolytemia [14]. Hyponatremia can produce more 

sensorium changes in stroke patients, and when it happens suddenly, it can cause convulsions and increase 

cerebral oedema, leading to cerebral ischemia, which causes more brain damage and death [15]. Potassium 

is a necessary need for the brain's health, function, and cerebral circulation [16]. The etiology of ischemia 

cell injury is complicated by the presence of calcium in the blood. Calcium buildup inside cells can cause 

neuronal cell death by activating a cascade of cytotoxic processes and apoptotic cell death. Calcium influx 

into the cell via NMDA receptors causes ischemia-induced cell death and excitotoxicity [15], [17]. 

Vasoconstriction and vascular endothelial cell damage are linked to magnesium shortage. As a result, acute 

stroke is a complicated pathophysiological condition that necessitates the combined efforts and expertise of 

all members of the multidisciplinary team. Electrolyte abnormalities may have a detrimental impact on the 

result of an acute stroke, although quick diagnosis and treatment of dyselectrolytemia may enhance the 

outcome of an acute stroke [18]. This study aimed to evaluate serum electrolytes and renal function 

parameters after acute stroke. 

 

2. Materials and Methods 

 

2.1 Location and participants 

During the study period from December 2020 to September 2021. One hundred patient's (males and 

females) were included from two teaching hospitals (Ibn-Sena and Al-Salam) in Mosul City, and the patient 

were chosen according to the following inclusions criteria: Patients of either sex above 18 years of age with 

first-ever acute stroke admitted within 48 hours of onset & fulfilling WHO definition of stroke and 

confirmation of stroke with CT scan of brain. Exclusion Criteria: Patients with H/O previous stroke, TIA, 

Syncope, and any neurological deficit secondary to head injury or infarction which is caused by an 

infection/tumor or having preexisted severe physical or cognitive disabilities. 

 

2.2 Data collection and methods 

At the beginning of conducting the study, the researcher obtains formal approval from the ethical committee 

of higher studies in Nursing College / University of Mosul (No.35, in 20/10/2020), and then get the 

hospital, and patient or their families member consent form to collect the study data. Data were gathered at 

the time of admission using a standardized data sheet to collect demographic and clinical data, including the 

clinical presentation at the time of admission. Clinical examination and a CT scan of the brain were 

performed to rule out any instances that met the criteria. On the day of admission, a blood sample was 

collected. Electrolytes analyzed in this study were sodium, potassium, calcium, magnesium, and Chloride. 

The NIHSS was used to determine the severity of stroke on admission and discharge: Minor stroke was 

defined as a score of 5 on the NIHSS, moderate stroke was defined as a score of 5-15 on the NIHSS, 

moderate/severe stroke was defined as a score of 16-20 on the NIHSS, and severe stroke was defined as a 

score of 21 to 42 on the NIHSS. The patients were monitored for functional outcome for up to 3 months 

using the modified Rankin Scale as follows: 0-3 good functional outcomes, 4-6 poor functional outcomes.  

 

2.3 Data analysis  

Data were displayed as Mean ± Standard deviation. One way ANOVA test was applied to test the 

differences, the P-value considered statistically significant at 0.05 or less. Data were entered into statistical 
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package for social sciences “SPSS” version 26 and Excel 365 software for storage and statistical analysis. 

 

3. Results 

The study comprised of 100 diagnosed cases of clinically and CT/MRI proven acute stroke patients. Their 

mean age was 59.71 ± 14.018 with the highest rate (56%) of age-specific incidence of acute stroke between 

50-69 years of age, (55%) were males and (45%) were females. There were (84%) incidents of ischemic 

stroke and (16%) incidents of hemorrhage. General characteristics of study respondents are reported in 

(Table 1). 

 

Table (1): Frequency and percentage distribution of respondents’ baseline characteristic in patients with 

Cerebrovascular Stroke (CVS) (n=100). 

Characteristic Frequency (f) Percentage (%) 

Age Mean ± SD = 59.71 ± 14.018 

≤ 39 years old 9 9% 

40-49 years old 13 13% 

50-59 years old 24 24% 

60-69 years old 32 32% 

≥70 years old 22 22% 

Gender   

Male 55 55% 

Female 45 45% 

Stroke Types   

Ischemic 84 84% 

Hemorrhagic 16 16% 

Note: n: number of respondents; SD: standard deviation. 

 

Based on electrolyte status in table (2) shown that majority of patients having electrolyte imbalances and 

potassium disturbances were the most encountered in acute stroke patients (56%), followed by sodium 

disturbances (52%), hypokalemia (52%), and hyponatremia (34%). 

 

Table (2): The mean, standard deviation, frequency and correlation of each electrolytes and renal 

parameters with stroke types on admission day. 

Electrolytes 

Ischemic Hemorrhagic 

Chi-Square  

Tests 

Mean ±  

SD 
Mean  

±  

SD 

% 

Mean  

±  

SD 

% 

Hyponatremia 
141.512 

± 

24.473 

28% 
150.625 

± 

30.417 

6% 
X2 = 0.146,  

DF = 2,  

P-Value = 0.929 

1.84  

± 0.707 
Normalnatremia 41% 7% 

Hypernatremia 15% 3% 

Hypokalemia 
6.727 

± 

1.444 

45% 
5.913 

± 

2.260 

7% 
X2 = 3.690,  

DF = 2,  

P-Value = 0.158 

2.74  

± 0.525 
Normalkalemia 37% 7% 

Hyperkalemia 2% 2% 

Hypocalcemia 
2.176 

± 

0.268 

20% 
2.209 

± 

0.281 

4% 
X2 = 11.024,  

DF = 2,  

P-Value = 0.041* 

1.65  

± 0.557 
Normalcalcemia 63% 9% 

Hypercalcemia 1% 3% 
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Hypomagnesaemia 
0.828 

± 

0.118 

12% 
0.801 

± 

0.131 

4% 
X2 = 2.892,  

DF = 2,  

P-Value = 0.235 

1.9  

± 0.461 
Normalmagnesaemia 68% 10% 

Hypermagnesaemia 4% 2% 

Hypochloremia 
102.905 

± 

5.892 

12% 
102.375 

± 

6.632 

2% 
X2 = 1.082,  

DF = 2,  

P-Value = 0.582 

2.14  

± 0.551 
Normalchloremia 67% 14% 

Hyperchloremia 5% 0% 

Hypouricemia 
10.628 

± 

5.488 

7% 
9.513 

± 

7.657 

0% 
X2 = 1.455,  

DF = 2,  

P-Value = 0.483 

2.41  

± 0.6211 
Hyperuricemia 40% 8% 

Normal uricemia 37% 8% 

Hypo creatinine 
156.238 

± 

67.905 

6% 
155.063 

± 

70.199 

0% 
X2 = 1.427,  

DF = 2,  

P-Value = 0.490 

2.34  

± 0.5898 
Hyper creatinine 34% 6% 

Normal creatinine 44% 10% 

Note: x2: chi-square; DF: degree of freedom. 

All data are presented mean ± standard deviation 

(*) Represent significant change (p<0.05). 

 

The Na level was higher in the hemorrhagic group as compared to the ischemic group (150.625 ± 30.417 

mEq/L vs. 141.512 ± 24.473 mEq/L; p-value: >0.05). The K level was lower in the hemorrhagic group in 

comparison to the ischemic group (5.913 ± 2.260 mmol vs. 6.727 ± 1.444 mmol; p-value: >0.05). The Ca 

level was significantly slightly higher in the hemorrhagic group than in the ischemic group (2.209 ± 0.281 

mEq/L vs. 2.176 ± 0.268 mEq/L; p-value: <0.05). Dyschloremia, and dysmagnesemia were recorded with 

slightly higher rates among ischemic stroke patients. Also, the association between type of stroke and serum 

electrolytes levels were not statistically significant (p > 0.05), with an exception to the calcium level which 

shown significant correlation. The level of serum urea was lower in the hemorrhagic group in comparison to 

the ischemic group (9.5125 ± 7.657 mmol vs. 10.6279 ± 5.488 mmol; p-value: >0.05). Also, the creatinine 

level was lower in the hemorrhagic group in comparison to the ischemic group (155.063 ± 70.199 mEq vs. 

156.238 ± 67.905 mEq; p-value: >0.05). no significant correlation found between urea, creatinine, and 

stroke type, as shown in (Table 2, Figure 1). 
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Figure (1): Mean and Standard Deviation of various types of electrolytes in different types of stroke. 

 

According to the NIHSS score used to assess the severity of acute stroke, the present study documented that 

most of the patients (53%) were in moderate deficit neurology when admitted to the hospital. There were 

(25%) patients with severe NIHSS scores, (20%) patients with moderate/severe NIHSS scores and a small 

number of patients with a minor deficit (2%). The mean and standard deviation of sodium level in moderate 

deficit neurology was (135.34 ± 5.588 mEq/L), and for the potassium level in moderate NIHSS score was 

(4.994 ± 1.095 mEq/L). whilst the mean and standard deviation of blood urea in moderate deficit neurology 

was (5.875 ± 1.123 mEq/L), and for the creatinine in moderate NIHSS score was (92.453 ± 14.306 mEq/L) 

(Table 3). 

 

Table (3): The incidence of electrolytes, urea, and creatinine in related to the stroke severity at time of 

admission. 

Values 
Minor 

stroke 

Moderate 

stroke 

Moderate / 

severe stroke 

Severe 

stroke 

Chi-Square  

&  

P-Value 

Hyponatremia 2.0% 17.0% 4.0% 11.0% 
X2 = 12.896,  

DF = 6,  

P-Value = 0.045* 

Hypernatremia 0.0% 9.0% 7.0% 2.0% 

Normalnatremia 0.0% 30.0% 6.0% 12.0% 

Hypokalemia 1.0% 29.0% 8.0% 14.0% 
X2 = 0.564,  

DF = 6,  

P-Value = 0.997 

Hyperkalemia 0.0% 2.0% 1.0% 1.0% 

Normalkalemia 1.0% 25.0% 8.0% 10.0% 

Hypocalcemia 0.0% 11.0% 3.0% 10.0% 
X2 = 5.401,  

DF = 6,  

P-Value = 0.494 

Hypercalcemia 0.0% 3.0% 0.0% 1.0% 

Normalcalcemia 6.0% 40.0% 13.0% 13.0% 

Hypouricemia 0.0% 6.0% 1.0% 0.0% 
X2 = 23.327,  

DF = 6,  

P-Value = 0.001** 

Hyperuricemia 1.0% 20.0% 7.0% 20.0% 

Normal uricemia 1.0% 30.0% 9.0% 5.0% 

Hypo creatinine 0.0% 5.0% 1.0% 0.0% 
X2 = 14.921,  

DF = 6,  

P-Value = 0.021* 

Hyper creatinine 1.0% 14.0% 5.0% 20.0% 

Normal creatinine 1.0% 37.0% 11.0% 5.0% 

Note: x2: chi-square; DF: degree of freedom. 

(*) Represent significant change (p<0.05). 

(**) Represent highly significant change (p<0.01). 

 

Based on the distribution of stroke functional outcomes according to mRS, the present study demonstrated 

that the fatality rate of stroke patients was higher in patients with abnormal levels of renal and electrolytes 

parameters. Hypokalemia, hyponatremia, hypocalcemia were the most commonly encountered electrolytes 

disturbances (25%) (18%) (13%) respectively among acute stroke cases who died within three months of 

follow up see figure 2. however, in another hand hyperuricemia and hyper creatinine contributed to high 

rate of mortality in stroke patients (Table 4, Figure 2). A significant correlation was found between serum 
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electrolytes, urea, and creatinine with functional outcomes (p<0.05), Poor outcomes were seen among 40% 

of cases of dyselectrolytic patients. Also, a statistically significant difference was seen in serum urea and 

creatinine (p<0.05) in regarding the functional outcomes of acute stroke patients (Table 4, Figure 2 & 3).  

 

Table (4): Relationship between serum electrolytes, urea, and creatinine with functional outcomes in acute 

stroke patient after 3 months. 

Values Good Outcomes Poor Outcomes Chi-Square & P-Value 

Hyponatremia 16.0% 18.0% 
X2 = 6.459,  

DF = 2,  

P-Value = 0.040* 

Hypernatremia 15.0% 3.0% 

Normalnatremia 29.0% 19.0% 

Hypokalemia 26.0% 26.0% 
X2 = 6.061,  

DF = 2,  

P-Value = 0.048* 

Hyperkalemia 4.0% 0.0% 

Normalkalemia 30.0% 14.0% 

Hypocalcemia 10.0% 14.0% 
X2 = 5.997,  

DF = 2,  

P-Value = 0.050* 

Hypercalcemia 2.0% 2.0% 

Normalcalcemia 48.0% 24.0% 

Hypouricemia 6.0% 1.0% 
X2 = 6.330,  

DF = 2,  

P-Value = 0.042* 

Hyperuricemia 23.0% 25.0% 

Normal uricemia 31.0% 14.0% 

Hypo creatinine 6.0% 0.0% 
X2 = 7.126,  

DF = 2,  

P-Value = 0.028* 

Hyper creatinine 19.0% 21.0% 

Normal creatinine 35.0% 19.0% 

Note: x2: chi-square; DF: degree of freedom. 

(*) Represent significant change (p<0.05). 
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Figure (2): Mean and Standard Deviation of serum electrolytes with functional outcomes after 3 months 

follow-up by using mRS. 

 

 
Figure (3): Mean and Standard Deviation of serum urea and creatinine with functional outcomes after 3 

months follow-up by using mRS. 

 

4. Discussion 

Stroke becomes more common as people get older. The respondents in our research were mostly between 

ages of 50 and 69. (55%) of patients were males and (45%) of patients were females. Most of the 

participants (84%) had ischaemic stroke, (16%) had haemorrhagic stroke. In this study majority of all acute 

stroke patients had electrolyte abnormalities (56%). These investigations were conducted on a limited scale 

in hospitals and may not be indicative of the situation throughout the country. Furthermore, data on 

electrolyte changes in patients with acute stroke are scarce in our nation, as well as in other areas of the 

world, making comparisons difficult. In the present study, the possible predictive measure of a series of 

serum electrolytes or ionic levels, involved in the stroke, were examined at patients’ admission to the 

hospital, (34%) of all stroke patients had hyponatremia, which was most commonly among ischemic stroke 

patients (28%) followed by hemorrhagic stroke patients (6%). But there was no statistically significant 

association between hyponatremia and type of stroke (p=>0.05). Reported hyponatremia in 29% of acute 

stroke in their study [19]. Hyponatremia was shown to be the greatest prevalent in a group of hemorrhagic 

strokes studied by [20], [21]. Hypokalemia was more common among ischemic stroke patients (45%) than 

hemorrhagic stroke patients (7%). Only (4%) of all stroke patients had hyperkaliemia. Reported in (28.78%) 

of acute stroke patients and reported more frequently in ICH patients [20], [22]. But chi-square test revealed 

no statistically significant association between hyponatremia, hypokalemia, and type of stroke (p>0.05). 

Showed a relationship between serum calcium and acute stroke [23]. Several studies have found a link 

between infarct size reduction and blood calcium levels in stroke patients. Other researchers concluded that 

there was no link between serum calcium levels and death. In another investigation subjects with high blood 

calcium levels were shown to have a higher risk of dying [23], [24]. The divergence between our results and 

many other worldwide research in terms of dyselectrolytemia incidence by type of stroke might be related 

to our higher percentage of ischemic strokes than hemorrhagic stroke. A bimodal cause and effect 

connection might explain the link between electrolyte abnormalities and stroke severity. Electrolyte 

imbalances are caused by excessive ADH secretion, elevated BNP and ANP secretion, or CSWS, as well as 

improper and/or insufficient fluid delivery and fluid loss owing to vomiting. Electrolyte imbalances can 

have a negative impact on the prognosis of acute stroke patients. 

 

As a result, serum electrolytes should be measured in every patient suffering from an acute stroke. As a 
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result, in patients with acute stroke, fluid intake and electrolyte levels should be constantly monitored [25], 

[26]. On the other hand, these electrolyte abnormalities will lead to a change in sensory level and, as a 

result, stroke severity. In regard to our findings [27], there was also no link between the severity of a stroke 

and electrolyte abnormalities in a limited sample size (n=85). Another study discovered that stroke patients 

with electrolyte imbalance had a greater fatality rate than individuals with normal levels. This is particularly 

true for hypernatremia, which contributes to the development of cerebral edema. Our research found a 

statistically significant link between electrolyte imbalance and stroke outcome (p<0.05). In a study of 34 

individuals having hyponatremia with stroke, 24 recovered and 10 died. Out of (52) patients with 

hypokalemia with stroke, (37) survived & (15) died. The p value for this statistically significant (p<0.05). 

This result is similar to the study done by [21]. Serum Cr and BUN levels in acute stroke patients were 

significantly higher. Several prior research, including a study by have revealed similar findings [28]. The 

link between uremia and atherosclerosis, which is caused by oxidative stress on artery walls and eventually 

leads to myocardial ischemia or infarction, might be one reason for the higher BUN in ACS patients. 

Secondly, during an episode of ACS, the sympathetic nervous system and the renin-angiotensin system are 

upregulated, both of which are linked to enhanced BUN reabsorption from the renal tubules. Thirdly, 

elevated serum Cr and BUN levels, which are measures of renal function, may suggest renal disease, and 

the link between renal disease and coronary artery disease is well documented [29]. A comparable research 

by found that increases in blood BUN on admission were linked with a doubling increased risk of death 

[30]. 

 

5. Conclusions 

This study demonstrates that electrolyte abnormalities, as well as serum BUN and Cr, are helpful adjuvant 

biochemical indicators that can aid in quick medical action, minimize complications, and result in improved 

outcomes in stroke patients. 
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