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Abstract  

Background: Stroke is a major public health problem. It  
is one of the leading causes of chronic disability and the  

second leading cause of death. Electrolyte disturbances have  

negative influences on the outcome of stroke.  

Aim of Study: The aim of this study was to find out the  
relative frequency of electrolyte disturbances among acute  

stroke patients; and their relationship with severity and outcome  

of acute stroke. This study was a descriptive proscriptive one.  

Material and Methods: Samples consisted of 33 1 patients  
with first ever acute CVS (<48) recruited from emergency  
department, ICU, stroke unite or inward Neurology Department  
of Assiut University Hospital. Patients with well-known organ  
failure were excluded. Patients were evaluated clinically on  
admission and discharge (within one week) by NIHSS together  
with estimation of serum electrolyte levels.  

Results: The result shows that the most common distur-
bances was potassium disturbances (25.7%), followed by  
Sodium disturbances (22.0%), while calcium disturbances  
and magnesium disturbances recorded in nearly a similar rate  

(15.1% # 15.4%) from all studied samples. Patients presented  

with severe CVS (NIHSS >15) had the highest rates of dys-
natremia, dyskalemia, dysmagnesemia with significance  
association between dysnatremia and severity of stroke (p=  
0.006). Survivals of acute CVS patients with dysnatremia and  
dyskalemia showed clinical deterioration. This deterioration  
was significant among cases with hyponatremia, hypernatremia  
and hypokalemia who were not amenable for correction of  

their electrolyte disturbances. Among cases who died of acute  

CVS dysnatremia was the most commonly encountered elec-
trolyte disturbances (40.0%).  

Conclusion:  The incidence of electrolyte disorders in  
acute stroke patients was high, and severe CVS cases had the  
highest rates of dysnatremia, dyskalemia, and dysmagnesemia.  
Dysnatremia had significant association with stroke severity.  
Dysnatremia and dyskalemia affect prognosis of stroke neg-
atively.  
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Introduction  

STROKE  is the second leading cause of death; it  
ranked after heart disease and before cancer, [1] ,  
and is the most disabling of all neurological dis-
eases. The total lifetime prevalence of stroke among  
population aged 20 years and more in Upper Egypt  

(desert area) was 8.5/1,000, [2] . Nearly one third  
of stroke patient die within 3 weeks and 48% die  
within one year. High mortality in stroke is due to  

some complications like cerebral edema, brainstem  
herniation, infection, associated heart disease,  

metabolic disorders and electrolytes disturbances,  

[3] .  

Electrolytes are important because they are  

what cells use to maintain voltages across their  
cell membranes and to carry electrical impulses.  

Na, K, Ca and Mg are major body electrolytes; [4] .  
Sodium influences osmotic equilibrium, blood  
volume, blood pressure and plays a major role in  
acid-base balance. The concentration of plasma  

sodium depends on its dilution with water, [5] .  
Potassium is a basic need for the brain and essential  

for neuronal cell health, function, and cerebral  

circulation, [6] . Calcium (Ca2+) ions play a phys-
iological role in the multiple pathomechanisms of  

cerebral ischemia. Cell calcium metabolism during  

and immediately after a transient period of ischemia  

influences the cascade of events that leads to  
subsequent neuronal injury, [7] . Magnesium is one  
of trace metals which have important influences  

on brain development and function, [8] . Magnesium  
is an important electrolyte and may have properties  

which protect the brain by acting as a glutamate  

receptor antagonist and calcium channel blocker,  

[9] .  

Aim of study:  

We tried to find out the relative frequency of  

electrolyte disturbances among acute stroke pa-
tients; and their relationship with severity and  

short-term outcome.  
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Subjects and Methods  

This was a prospective descriptive hospital-
based study conducted in Assuit University Hospi-
tal. The study extended along 6 months from the  

1 st  of June 2015 to the end of November 2015.  

During this period all patients with 1 st  ever stroke  
attending the Emergency Department, Stroke Unite,  
ICU or Neurology Inward Department during their  

first 48 hours of stroke occurrence (n=331) were  

included in the study.  

Inclusion criteria were:  First ever stroke patients  
(ischemic and hemorrhagic stroke) at first 48 hours  

of the CVS onset, patients with any age groups,  
both sexes are included in this study.  

Exclusion criteria:  Patients on renal dialysis,  
other neurological diseases other than stroke, re-
current stroke, organ failures (liver cell failure,  

cardiac failure, renal failure). Diagnosis of stroke  

was based on history of disease, physical and  
neurological examination and confirmed by neuro-
imaging study. All patients were subjected to:  
Demographic data collection and detailed clinical  
history with special emphasis on time elapsed since  
the onset of stroke, comorbid conditions, and risk  

factors of stroke: HTN, DM, renal troubles, history  
of current antihypertensive or antidiabetics treat-
ment whether oral hypoglycemic or insulin therapy.  

Estimation of stroke severity was assessed on  

admission and on discharge using NIHSS as follow:  
Mild stroke with NIHSS <4, moderate stroke if  
NIHSS ranges from 4-15, while score >15 was  

considered as sever stroke. Electrolytes analyzed  

in this study were sodium, potassium, ionized  
calcium, and ionized magnesium. Normal range  

of studied electrolyte were as follow: Sodium level  
in a range of (135-150Meq/L), Potassium level  

(3.5-5 Meq/L), Calcium level (1.16-1.36Meq/L),  

and Magnesium level (1.8-2.4Meq/L).  

In Statistical analysis categorical variables were  
described by number and percent (n, %), where  

continuous variables described by mean and stand-
ard deviation (mean, SD). Chi-square test used to  

compare between categorical variables where com-
pare between continuous variables by t-test Plots.  
A two-tailed p<0.05 was considered statistically  
significant. All analyses were performed with the  

SPSS 20.0 software. Relations and differences  
were considered significant according to the level  
of significance as follow: p<0.05: Insignificant,  
p>0.005: Significant, p>0.01: Highly significant,  
and p>0.001: Very highly significant. The study  
was approved by Local Ethics Committee in Faculty  

of Medicine Assuit University. The confidentiality  

of patient's data was maintained during all steps  

of the study.  

Results  

331 patients were recorded with acute CVS  
(>48hs) along period of study. Their mean age was  
56.2± 11.9 with the highest rate of age specific  
incidence CVS (41.9%) between 50-60 years of  

age 56.5% were males. The majority of patients  
had arterial ischemic stroke (63.1%), and the most  

affected artery was MCA (75.8%), most of the  

patients (66.8%) had severe stroke (NIHSS >15),  
and mortality rate of the studied sample was  

(13.6%).  

Based on electrolyte status, potassium distur-
bances was the most encountered in acute CVS  
patients (25.7%), followed by sodium disturbances  

(22.0%) especially hyponatremia and hypokalemia  

(17.8%) for each, (Table 1).  

Table (1): Rates of electrolyte levels along the 1 st  week of  
CVS.  

1st day (n=331) 

No.  % 

Normal Na  258  77.9  
Abnormal  73  22.0  
Low  59  17.8  
High  14  4.2  

Normal K  246  74.3  
Abnormal  85  25.7  
Low  59  17.8  
High  26  7.9  

Normal Ca  281  84.9  
Abnormal  50  15.1  
Low  46  13.9  
High  4  1.2  

Normal Mg  280  84.6  
Abnormal  51  15.4  
Low  49  14.8  
High  2  0.6  

Patients presented with severe CVS (NIHSS  
>15) had the highest rates of dysnatremia, dyska-
lemia, and dysmagnesemia, and this was particu-
larly significant for dysnatremia ( p=0.006), (Table  
2).  

Dysnatremia was recorded in a similar rate  
(22%) among patients with ischemic and hemor-
rhagic stroke, while dyskalemia, dyscalcemia, and  
dysmagnesemia were recorded with slightly higher  

rates among hemorrhagic stroke patients; but the  
difference was statically insignificant, (Table 3).  

Brain stem stroke was associated with the high-
est rates of all electrolytes disturbances, (Table 4).  
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Table (2): Relationship between stroke severity on presentation  

and rate of electrolyte disturbances among acute  
stroke patients.  

Table (3): Relationship between type of stroke and rates of  

electrolyte disturbances on presentation.  

Type of stroke  

p- 
value  

NIH  
Ischemic  
(n=218)  

Hemorrhagic  
(n=113)  Mild  

<4  
(n=4)  

Moderate  
4-15  

(n=106)  

Severe  
>15 p- 

value  (n=221)  No.  %  No.  %  

No.  %  No.  %  No.  %  Normal  170  78.0  88  77.9  0.982  

Dysnatremia  48  22.0  25  22.1  0.982  
Normal Na (n=258)  4  100  93  87.7  161  72.9 0.006*  
Dysnatremia  0  0.0  13  12.3  60  27.1 0.006*  Low  37  17.0  22  19.5  0.574  

Low (n=59)  0  0.0  10  9.4  49  22.2 0.012*  High  11  5.0  3  2.7  0.461  

High (n=14)  0  0.0  3  2.8  11  4.9 0.608  
Normal  166  76.1  80  70.8  0.291  

Normal K (n=246)  4  100  85  80.2  157  71.0 0.103  
Dyskalemia  52  23.9  33  29.2  0.291  

Dyskalemia  0  0.0  21  19.8  64  28.9 0.103  
Low (n=59)  0  0.0  15  14.2  44  19.9 0.286  Low  33  15.1  26  23.0  0.076  

High (n=26)  0  0.0  6  5.7  20  9.0 0.477  High  19  8.7  7  6.2  0.419  

Normal Ca (n=281)  3  75  89  83.9  189  85.5 0.801  Normal  187  85.8  94  83.2  0.532  
Dyscalcemia  1  25  17  16.03  32  14.5 0.801  

Dyscalcemia  31  14.2  19  16.8  0.532  
Low (n=46)  1  25  17  16.03  28  12.7 0.578  
High (n=4)  0  0.0  0  0  4  1.8 0.365  Low  29  13.3  17  15.0  0.664  

High  2  0.9  2  1.8  0.887  
Normal Mg (n=280)  4  100  96  90.6  180  81.4 0.070  
Dysmagnesemia  0  0.0  10  9.4  41  18.6 0.070  Normal  187  85.8  93  82.3  0.406  
Low (n=49)  0  0.0  10  9.4  39  17.6 0.104  

Dysmagnesemia  31  14.2  20  17.7  0.406  
High (n=2)  0  0.0  0  0  2  0.9 0.606  

Low  30  13.8  19  16.8  0.458  
* Statistical significant difference (p<0.05).  High  1  0.5  1  0.9  0.635  
All data are presented mean ±  standard deviation.  

Table (4): Relationship between site of stroke and rate of electrolyte disturbances among stroke patients.  

BG + Capsular  
N=66  

Lobar  
N=183  

IVH  
N=28  

SAH  
N=14  

Cerebellar  
N=12  

Thalamic  
N=44  

Brain stem  
N=22  

No.  %  No.  %  No.  %  No.  %  No.  %  No.  %  No.  %  

Na:  

Normal  55  83.3  145  79.3  18  64.3  6  42.9  12  100.0  34  77.3  4  18.2  

Abnormal  12  18.2  37  20.2  10  35.7  8  57.1  0  0.0  10  22.8  18  81.8  

Low  11  16.7  29  15.8  8  28.6  6  42.9  0  0.0  9  20.5  15  68.2  

High  1  1.5  8  4.4  2  7.1  2  14.3  0  0.0  1  2.3  3  13.6  

Normal  46  69.7  136  74.3  19  67.9  11  78.6  8  66.7  37  84.1  10  45.5  

Dyskalemia  21  31.8  46  25.2  9  32.1  3  21.4  4  33.3  7  15.9  12  54.5  

Low  18  27.3  27  14.8  7  25.0  3  21.4  3  25.0  6  13.6  9  40.9  

High  3  4.5  19  10.4  2  7.1  0  0.0  1  8.3  1  2.3  3  13.6  

Normal  57  86.4  159  86.9  22  78.6  10  71.4  10  83.3  36  81.8  14  63.6  

Dyscalcemia  10  15.2  23  12.6  6  21.4  4  28.6  2  16.7  8  18.2  8  36.4  

Low  10  15.2  21  11.5  6  21.4  4  28.6  2  16.7  8  18.2  6  27.3  

High  0  0.0  2  1.1  0  0.0  0  0.0  0  0.0  0  0.0  2  9.1  

Normal  57  86.4  155  84.7  22  78.6  10  71.4  9  75.0  36  81.8  15  68.2  

Dysmagnesemia  10  15.2  27  14.8  6  21.4  4  28.6  3  25.0  8  18.2  7  31.8  

Low  10  15.2  25  13.7  6  21.4  4  28.6  3  25.0  8  18.2  7  31.8  

High  0  0.0  2  1.1  0  0.0  0  0.0  0  0.0  0  0.0  0  0.0  
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It was found that among survivals of acute  

CVS, patients with electrolytes disturbances  

showed clinical deterioration. This was significant  

among cases with hyponatremia, hypernatremia,  

and hypokalemia who were not amenable for cor-
rection, (Table 5).  

Table (5): Short-term outcome of CVS (based on NIHSS) in  
relation to electrolytes disturbances on presentation.  

NIHSS  
p - 

value  At admission  
Mean ±  SD  

At discharge  
Mean  ±  SD  

Normal Na  21.21 ±7.99  20.13± 10.24  0.401  
Low and improved Na  23.83±8.18  21.81 ± 10.30  0.975  
Low and deteriorated Na  23.04±7.69  26.50± 11.51  0.000*  
High and improved  25.44±7.90  23.74± 10.35  0.690  
High and deteriorated  19.33±5.96  21.83±7.19  0.022*  

Normal K  21.83±8.07  20.89± 10.45  0.502  
Low and improved K  21.79±7.3 9  20.15±9.72  0.554  
Low and deteriorated  21.95±9.83  24.05± 13.31  0.006*  
High and improved  23 . 10±7.97  22.45± 11.06  0.139  
High and deteriorated  28.67±3.21  37.00±8.66  0.120  

Normal Ca  21.78±7.99  22.96± 10.59  0.134  
Low and improved Ca  20.98±9.77  24.17± 13.53  0.012*  
Low and deteriorated  24.30±7.67  25.60± 10.32  0.484  
High and improved  26.75±3.86  29.00±5.48  0.328  
High and deteriorated  

Normal Mg  21.15±8.09  22.18± 10.68  0.104  
Low and improved Mg  23.58±7.05  26.18± 10.29  0.003*  
Low and deteriorated  26.20±8.63  26.67±9.72  0.730  
High and improved  26.00±0.00  27.00±0.00  0.157  
High and deteriorated  

*: Statistical significant difference (p<0.05).  
All data are presented mean ±  standard deviation.  

Dysnatremia was the most commonly encoun-
tered electrolyte disturbances (40%) among cases  

who died within one week of stroke, (Table 6).  

Table (6): Rates of electrolyte disturbance among deaths of  
CVS within the 1 st  week of stroke.  

Outcome  
Died (n=45)  

No.  %  

Normal Na  27  60.0  
Abnormal  18  40.0  
Low  15  33.3  
High  3  6.7  

Normal K  30  66.7  
Abnormal  15  33.3  
Low  10  22.2  
High  5  11.1  

Normal Ca  35  77.8  
Abnormal  10  22.2  
Low  10  22.2  
High  0  0.0  

Normal Mg  34  75.6  
Abnormal  11  24.4  
Low  11  24.4  
High  0  0.0  

Discussion  

This study included 33 1 patients with 1 st  ever  
CVS stroke. Highest rate of age specific CVS  

(41.9%) was between (>50 <60 years). This rate  
is higher than that recorded by Hassan et al., [10] ,  
in India who found that only 24.3% of CVS patients  
aged 51-60 years. Although, in general, the inter-
national incidence of stroke is increasing with  

increasing age, [11,12] , this higher incidence (41.9%)  
among young adults (>50-<60ys) might reflect  
inadequate 1ry prevention protocol strategy for  

CVS in our country. In the current study the ma-
jority of the patients 65.9% had Ischemic stroke,  

and the ratio of Ischemic to Hg stroke is 1.9:1.  

Which is similar to the international incidence  
reported by WHO (2:1) [13] .  

In the present study, dyskalemia was the most  

commonly recorded electrolyte disturbance (25.7%)  
(n=85/331) among patients presenting with 1 st  ever  
acute stroke, particularly hypokalemia which was  
encountered in a higher rate among those with  

hemorrhagic stroke than in ischemic stroke (23.0%  
#15.1%). On the contrary, dysnatremia was the  

most commonly encountered electrolyte disturbance  

in other studies [10,14]  which recorded dysnatremia  
in 47.3% and 38.6%, while they recorded dyskale-
mia among 32.7% and 28.8% of acute stroke pa-
tients respectively.  

This lower rate of dysnatremia and dyskalemia  

recorded in the current study could be attributed  

to the restrictive inclusion criteria to only those  

with 1 st  ever CVS. There is no doubt that those  

with 1 st  ever CVS had shorter duration and/or less  

risk factors than those who have recurrent stroke.  

On the other hand in Manado study in Indonesia,  

only 8.2% of acute stroke patients were found to  

have dysnatremia, (7.1% hyponatremia & 1.2%  

hypernatremia), [15] . This might be related to the  
small sample size (n=85 patient), beside the wider  
normal range of the serum sodium level (135-153),  
as well as their adopted exclusion criteria, where  
they exclude patients on diuretics, and patients  

with renal impairment, even if acute.  

As regard electrolyte disturbance in relation to  

stroke severity according to NIHSS, it was found  
that patients presenting with severe CVS (NIHSS  

>15), had the highest rate of electrolyte disturbances  

(dysnatremia, dyskalemia, dysmagnesemia). This  

association between electrolyte disturbances and  

severe CVS could be explained on bimodal cause  

and effect relationship. On one hand CVS might  
be a cause of electrolyte disturbances, for example  

hyponatremia due either to Syndrome of Inappro- 
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priate secretion of ADH or Cerebral Salt Wasting  
Syndrom, [16,17] . On the other hand, these electro-
lyte disturbances will contribute to altering sensorial  
level and consequently to stroke severity. On the  
contrary, Mieke et al., (2014), [15] , among a small  
sample size (n=85) found no association between  
severity of stroke and electrolyte disturbances.  

In the current study it was found that brain stem  
stroke was associated with the highest rate of  
electrolyte disturbances compared to any other site  
of stroke. Our results are in partial agreement with  
earlier study carried by Kusuda (1989) and his  
colleagues, [18] , who found that in hemorrhagic  
stroke, the incidence of hypernatremia was the  
highest in those with brain stem lesion. On the  
contrary Guo, [19] , reported that patients with  
thalamic hemorrhage are more likely to have elec-
trolyte disturbances than those with non-thalamic  
hemorrhage.  

Among survival, it was found that patients with  
electrolyte disturbances showed significant deteri-
oration with significant increase in NIHSS on  
discharge compared to that on admission particu-
larly those with uncorrected hyponatremia, hyper-
natremia, hypokalemia, hypocalcemia and hy-
pomagnesemia. In agreement with this current  
study, Lath et al., [20] , Aiyagari et al., [21] , and  
Siddique et al., [22] , found that acute hyponatremia  
in acute stroke affects the outcome of stroke neg-
atively either in the form of clinical deterioration,  
or death. Similarly, Huang et al., [23] , recorded  
higher mortality rate of hyponatremic CVS patients  
than normonatremic patients.  

However, Rodrigues [24] , found that patients  
with hyponatremia showed significant deterioration  
with significant increase in NIHSS on discharge  
compared to that on admission, prolonged hy-
ponatremia might leads to cerebral edema, enceph-
alopathy, tissue damage and seizure which could  
be a part of extension in avascular injures after  
acute ischemic syndrome. In this present study it  
was found that among cases who died within the  
1 st  week of CVS, dysnatremia was recorded with  
the highest rate of electrolyte disturbances (40%),  
especially hyponatremia (33.3%), followed by  
dyskalemia (33.3%), dysmagnesemia (24.4%), and  
dyscalcemia (22.2%). Electrolyte imbalance has  
severe effect on brain functioning. This may lead  
to severe complications like organ failures and  
ultimately can lead to death, [25] . This correlates  
well with the study Mieke et al., 2014, [15] , which  
found that mortality rate of stroke patients with  
electrolyte imbalance was higher (7.1 %) than in  

patients with normal level. This is especially true  
for hypernatremia because of its contribution on  
the development of brain edema. Regarding potas-
sium level dyskalemia was another predictor of  
short-term outcome of stroke cases, where dyska-
lemia was the second most commonly recorded  
(33.3%) electrolyte disturbances among cases died  
within 1 st  week of CVS. Among surviving cases,  
it was found that patients with hypokalemia, not  
amenable for correction, showed significant clinical  
deterioration with significant increase in NIHSS  
on discharge compared to that on admission along  
1 st  week of stroke. Similarly Salah and his col-
leagues 1997 reported that post stroke hpokalemia  
is common and associated with poor outcome  
(hazard ratio 1.73 (95% CI: 1.03-2.9) for 1mmol/L  
lower plasma K concentration), [26] . Hypokalemia  
in stroke patients, especially those with aneurysmal  
subarachnoid hemorrhage (aSAH), might be attrib-
uted to autonomic neural stimulation or elevated  
levels of catecholamine, as a result of stimulation  
of a (3 2-adrenergic receptors linked to Na+/K+  
adenosine triphosphatase (Na+/K+ ATPase), [27] .  
In this present study we found that among cases  
who died, dyscalcemia was found in 22.2%. Fur-
thermore it was found that patients with dyscal-
cemia showed deterioration in terms of significant  
increase in NIHSS on discharge compared to that  
on admission even when Ca level was corrected.  
Interestingly, Appel et al., [28]  reported that serum  
calcium levels at both extremes of range are asso-
ciated with greater mortality.  

However, Jong-Won Chung [29] , found that  
albumin-corrected calcium levels has more prog-
nostic significance than serum calcium in terms of  
early neurologic outcome and long-term mortality  
after acute ischemic stroke. Regarding Dysmag-
nesemia hypomagnesemia was recorded among  
24% of patients died within the 1 st  week of stroke.  
Among survival cases, patients with hypomag-
nesemia, especially those who were not amenable  
for correction, showed significant clinical deterio-
ration. In accordance to the current results, cojocaru  
et al.,  [30] , found that decrease in serum magnesium  
indicates severity of the stroke and a magnesium  
substituation may be useful. Similarly, Van den  
Bergh et al.,  [31]  reported that hypomagnesemia is  
frequently seen between the 2 nd  and 12th  day after  
SAH and is related to the severity of hemorrhage.  

In Conclusion:  
Electrolyte disturbance is a quite common prob-

lem that is encountered with acute CVS, particularly  
brain stem stroke. The problem necessitate rapid  
detection and careful monitoring as it closely affects  
short term prognosis and stroke outcome.  
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