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Background: Calcium is known to be major mediator in ischemic neuronal cell death. Recent 
studies have shown that elevated serum calcium levels at admission in patients with stroke have 
been associated with less severe clinical deficits and with better outcomes. Aim: The aim of this 
to determine the correlation between serum calcium  (total, corrected, and ionized) and infarct 
size  (IS) in patients with acute ischemic stroke. Materials and Methods: Data were collected 
from 61  patients presenting with acute ischemic stroke from May 2015 to April 2016 at a 
tertiary care institute in Northeast India. Only patients aged ≥40 years and diagnosed as having 
acute ischemic cerebrovascular stroke with clinical examination and confirmed by a computed 
tomography scan were included in the study. Serum calcium levels  (total, albumin corrected, 
and ionized) were collapsed into quartiles, and these quartile versions were used for calculating 
correlation. Pearson’s correlation coefficient was used for comparing calcium levels with IS. 
Results: Total calcium, albumin‑corrected calcium, and ionized calcium had a statistically 
significant negative correlation with IS with r = −0.578, −0.5396, and  −0.5335, respectively. 
Total and ionized calcium showed a significant negative correlation with IS across all four 
quartiles. Albumin‑corrected calcium levels showed a significant negative correlation with IS 
only across the lowest and highest quartiles. Conclusion: The findings in our study suggest that 
serum calcium can be used as a prognostic indicator in ischemic stroke as its levels directly 
correlates with the IS.
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shifts and regional areas of the cerebral cortex experience 
failed perfusion. At blood flow rates below 10  ml/min/100  g, 
sudden depolarization of the neurons occurs with depletion of 
high‑energy compounds such as adenosine triphosphate (ATP), 
rapid loss of intracellular potassium  (K+) to the extracellular 
space, and sodium (Na+) and calcium (Ca2+) begin to enter the 
cells.[5]

Normally, the 10,000:1 (extracellular: intracellular) differential 
is maintained by at least four mechanisms, three of which 
are ATP dependent[6‑8] Ischemia leads to interruption in the 
oxygen‑dependent generation of high‑energy compounds 
eliminating three of the four mechanisms of cellular calcium 
homeostasis. A  rapid and massive influx of calcium into the 
cell results.[9] The only remaining mechanism: mitochondrial 
sequestration causes overloading of the mitochondria with 

Original Article

Introduction

S troke is defined by the World Health Organization as “a 
clinical syndrome typified by rapidly developing signs of 

focal or global disturbance of cerebral functions, lasting more 
than 24  h or leading to death, with no apparent causes other 
than of vascular origin.”[1] Stroke, along with its devastating 
and long‑term complications are one of the leading causes 
of morbidity and mortality in the world as well as in India. 
India, with more than 1  billion inhabitants, is undergoing 
remarkable economic and demographic changes in the recent 
years resulting in a transition from poverty‑related infectious 
and nutritional deficiency diseases toward lifestyle‑related 
cardiovascular and cerebrovascular diseases.[2,3] Considering 
the immense medical, financial and social burden ischemic 
stroke confers, the need to develop reliable and viable 
prognostic markers remains an important goal in the field of 
medical research.

Normal cerebral blood flow  (CBF) in man is typically 
in the range of 45–50  ml/min/100  g between a mean 
arterial pressure of 60 and 130  mmHg.[4] When CBF falls 
below 20–30  ml/min/100  g, marked disturbances in brain 
metabolism begin to occur, such as water and electrolyte 
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calcium and diminished capacity for oxidative phosphorylation. 
Elevated intracellular Ca2+ activates membrane phospholipases 
and protein kinases. A consequence of phospholipase activation 
is the production of free fatty acids  (FFA’s) including the 
potent prostaglandin inducer, arachidonic acid  (AA). The 
degradation of the membrane by phospholipases almost 
certainly damages membrane integrity, further reducing 
the efficiency of calcium pumping and leading to further 
calcium overload, and a failure to regulate intracellular 
calcium levels following the ischemic episode.[10] In addition, 
FFAs almost certainly have other degradative effects on cell 
membranes.[11] The production of AA as a result of FFA release 
causes a biochemical cascade ending with the production of 
thromboxane and leukotrienes. Both these compounds are 
profound tissue irritants which can cause platelet aggregation, 
clotting, vasospasm, and edema,[11‑13] with resultant further 
compromise to the restoration of adequate cerebral perfusion 
on the restoration of blood flow.

Awareness of the participation of Ca2+ in the ischemic cascade 
has led to the development of several potential neuroprotective 
agents designed to modify the role of this ion in acute focal 
brain injury. However, most endeavors have proven not very 
successful presumably because of existence of several types of 
calcium channels which continue to allow calcium entry into 
the cells, despite blockage of one particular type of calcium 
channel. However, an underlying role of movement of calcium 
from the extracellular to the intracellular compartment leading 
to triggering of the cascade of events that eventually lead to 
neuronal cell death is undebatable.

A study carried out by Chung et  al. found that higher 
albumin‑corrected calcium levels were of prognostic 
significance in terms of early neurologic outcome and 
long‑term mortality after acute ischemic stroke.[14] Serum 
calcium also correlates with the size of cerebral infarct and 
clinical outcomes as shown by Buck et  al. and Ovbiagele 
et al.[15,16] Despite the rapid increase in the incidence of stroke 
in India, as well as the Northeastern part of the country, there 
is a dearth of such studies from these regions. As such, our 
study was an endeavor to study the significance of serum 
calcium levels in stroke, as well to find the correlation, if any 
of serum calcium  (total, ionized and albumin corrected) with 
infarct size (IS) in ischemic stroke.

Materials And Methods
Study design
This study was conducted at a tertiary care institute in 
Shillong, Meghalaya. Data were collected from all patients 
admitted with ischemic stroke for 1  year from May 2015 
to April 2016. The study protocol was approved by the 
Institutional Ethics Committee, and the written informed 
consent was taken from all participants before their inclusion 
in the study. Only patients aged  ≥40  years and diagnosed as 
having acute ischemic cerebrovascular stroke with clinical 
examination and confirmed by a computed tomography  (CT) 
scan were included in the study. Patients aged  <40  years, 
presenting with hemorrhagic stroke, subarachnoid hemorrhage, 
and cerebral venous sinus thrombosis were excluded from 

the study. Patients with hepatic or renal disease were also 
excluded as these might affect calcium or albumin levels. 
Out of 126  patients who had presented with stroke, only 
61  patients were included considering all relevant inclusion 
and exclusion criteria.

Measurement of total  (TCa) and ionized  (ICa) calcium 
was done in Caretium ISE analyzer. Albumin‑corrected 
calcium  (CCa) level was calculated as serum total calcium 
level  +  0.8 ×  (4  −  patient’s albumin level)  (Normal serum 
albumin level is 4  mg/dL). CT imaging was performed with 
a Multislice  (128 slices) CT scan  (Definition AS  +  Excel 
Seimens, Germany, No‑1) in all patients. For analysis of the 
IS, the formula shown by Sims et  al. to be the most accurate 
was used.[17] As per this formula, the largest lesion slice was 
selected. The longest lesion axis on this slice was measured 
with the ruler tool. A  second line was drawn perpendicular 
to the first at the widest dimension. These two measurements 
were called the x  (A) and y  (B) axes. A  third axis, the z  (C) 
axis, was computed by multiplying the number of slices by 
slice thickness. The scan slice for CT was 5 mm. Final IS was 
measured as ABC/2. For the purpose of the study, biochemical 
and radiological investigations done immediately after 
admission (<48 h) were used.

Statistical analysis
A database was constructed on Microsoft Excel  (Office 
2007, Microsoft Corporation, Redmond, Washington, USA), 
and the statistical analyses were performed using GraphPad 
Prism version  7.00  (GraphPad Software, Inc., California, 
USA). Continuous variables were shown as mean  ±  standard 
deviation, and nominal variables were shown as the number 
of cases and percentage. Serum calcium levels  (total, albumin 
corrected, and ionized) were collapsed into quartiles (values 
provided in tables), and these quartile versions were used to 
calculate correlation. Pearson’s correlation coefficient was 
used for comparing TCa, ICa, and CCa with IS. A  two‑tailed 
P  <  0.05 was considered statistically significant, whereas a 
P < 0.01 was considered highly significant.

Results and Observations
Data were collected from 61  patients out of 126  patients 
who had presented with cerebrovascular accident after due 
consideration to all relevant inclusion and exclusion criteria. 
There were 23  females  (37.71%) and 38  males  (62.29%), 
ranging from 40  years to 81  years in age. The mean age 
of the patients was 59.31  ±  11.04  years. The levels of 
total calcium, albumin‑corrected calcium, and ionized 
calcium were 9.61  ±  0.96  mg/dL  (range: 7.84–11.5), 
9.72 ± 0.97 mg/dL (range: 7.92–11.66), and 4.82 ± 0.51 mg/dL 
(range: 3.9–5.9), respectively. Mean IS as measured on the 
CT scan was 45.44  ±  18.2 cm3  (range: 16–94). The levels of 
total protein and albumin in the patients with ischemic stroke 
were 7.43  ±  0.61  g/dL  (range: 5–8.4) and 3.87  ±  0.39  g/dL 
(range: 2.3–4.9), respectively. Gender‑wise distribution of 
baseline biochemical and radiological parameters are shown in 
Table  1. Analysis revealed no significant difference between 
males and females with respect to age, calcium levels (total, 
corrected, and ionized), total protein, albumin levels, or IS.
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Total calcium, albumin‑corrected calcium, and ionized calcium 
had a significant negative correlation with IS with r = −0.578, 
−0.5396, and  −  0.5335, respectively  [Figures  1‑3]. Pearson’s 
correlation coefficient for serum albumin and IS was not 
statistically coefficient  (r = −0.0463, P  =  0.7226). Calcium 
levels  (total, corrected, and ionized) were collapsed into 
quartiles, and Pearson’s correlation coefficient was used for 
comparing the levels with IS  [Table  2]. It can be seen from 
the table that total and ionized calcium showed a significant 
negative correlation with IS across all four quartiles. 
Albumin‑corrected calcium levels showed a significant 
negative correlation with IS only across the lowest and highest 
quartiles and not the second and third quartiles. In all the 
three, the correlation with IS was highly significant across 
the highest quartile of calcium levels  (total, corrected, and 
ionized).

Discussion
In our study, 61  patients with ischemic stroke were evaluated 
regarding mainly their serum calcium levels and IS  (as 
measured by CT scan). In the present study, it was found 
that serum calcium levels had a negative correlation with 
IS in patients with ischemic stroke, and this correlation was 
statistically significant. This statistically significant correlation 
was established for total, albumin corrected, and ionized 
calcium. These findings were in accordance with those by 
Kasundra et  al.,[18] where a statistically significant  (P  <  0.05) 
correlation of IS was found with both calcium level and 
corrected calcium level. Similar findings were also reported 
by Buck et  al.[16] and D’Erasmo et  al.[19] Our study had an 
added advantage as along with measurement of total calcium 
and calculation of albumin‑corrected calcium levels, ionized 
calcium was also measured directly.

Hence, our present study is suggestive of the finding that 
ischemic stroke patients with a larger IS tend to have lower 
levels of serum calcium and those with smaller IS s tended to 
have a higher level of serum calcium. The pathophysiological 
mechanisms underlying the observations of our study are not 
well defined. However, experimental studies have established 
that influx of Ca2+  into neuronal cells is a mechanism of 
ischemic cell death. During ischemia, when the CBF falls 
below 10  ml/min/100  g, there is an interruption in the 
oxygen‑dependent generation of high‑energy compounds. 
This leads to a disturbance in cellular calcium homeostasis as 
three of the four mechanisms responsible for maintaining the 

10,000:1  (extracellular: intracellular) differential of calcium 
outside the cells is ATP dependent. A  rapid and massive 
influx of calcium into the cell results.[9] Elevated intracellular 
Ca2+  activates membrane phospholipases and protein kinases. 
The integrity of the cell membrane is further damaged due 
to phospholipases, and this reinforces the failure to maintain 
calcium homeostasis. As a result more calcium is extracted 
from the blood into the brain.

Table 1: Demographic profile and baseline characteristics of the study population
Parameter Range Mean±SD Significance (P)

Male Female Male Female
Age (years) 42-78 41-81 58.97±10.77 59.87±11.71 0.7616 (NS)
Total calcium (mg/dL) 7.84-11.5 8.2-11.3 9.67±1.02 9.49±0.87 0.4908 (NS)
Ionized calciulm (mg/dL) 3.91-5.9 4.12-5.6 4.85±0.56 4.78±0.43 0.5869 (NS)
Albumin‑corrected calcium (mg/dL) 7.92-11.66 8.29-11.36 9.82±1.03 9.55±0.84 0.2910 (NS)
Total protein (g/dL) 6.5-8.2 5-8.4 7.37±0.67 7.53±0.48 0.3277 (NS)
Albumin (g/dL) 2.3-4.92 3.61-4.62 3.84±0.45 3.93±0.25 0.3901 (NS)
IS (cm3) 16-92 16-94 43.63±18.53 48.43±17.64 0.3220 (NS)
P>0.05. NS: Statistically not significant, SD: Standard deviation, IS: Infarct size

Table 2: The correlation between serum calcium (total, 
corrected, and ionized) and infarct size

Serum calcium IS
r P

Total calcium (mg/dL)
7.84-8.92 (n=15) −0.5204 0.0467*
8.94-9.47 (n=18) −0.5328 0.0276*
9.48-10.44 (n=15) −0.5183 0.0478*
10.45-11.5 (n=13) −0.7759 0.0011**

Corrected calcium (mg/dL)
7.92-8.96 (n=15) −0.5602 0.0299*
8.97-9.72 (n=16) −0.4262 0.0997 (NS)
9.74-10.44 (n=15) −0.2892 0.2958 (NS)
10.52-11.66 (n=15) −0.6807 0.0052**

Ionized calcium (mg/dL)
3.9-4.32 (n=13) −0.6235 0.0228*
4.4-4.8 (n=19) −0.5442 0.016*
4.86-5.23 (n=14) −0.5676 0.0343*
5.32-5.9 (n=15) −0.7049 0.0033**

*Statistically significant, P<0.05; **Statistically highly significant, 
P<0.01. NS: Statistically not significant, IS: Infarct size

Figure 1: Significant negative correlation of total calcium with infarct size
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For a substantial and noticeable decrease in serum calcium 
to occur, there must be a complementary increase in the 
accumulation of intracellular calcium. It is thought that during 
ischemic stroke, total neuronal cell Ca2+  content may increase 
to 150% of control or more.[19] The finding that there is a 
greater decrease in serum calcium in patients with ischemic 
stroke as compared with patients of transient ischemic 
attack also lends strength to this hypothesis.[20] Whether this 
intracellular influx of serum calcium leading to a decrease 
in the serum calcium, directly correlates with the IS cannot 
be ascertained with certainty, until direct quantification of 
intracellular calcium in the ischemic cells can be done.

In our study, Pearson’s correlation coefficient was calculated 
for total, albumin corrected, and ionized calcium. Total 
calcium had a better correlation with IS as compared to 
corrected and ionized calcium. Total calcium and ionized 
calcium had a statistically significant correlation with IS 
across all four quartiles, but CCa had a statistically significant 
correlation only with the lowest and highest quartile ranges. 
This findings are in sync with Ovbiagele et  al.,[15] D’Erasmo 
et  al.,[19] and Kasundra et  al.,[18] who found total calcium to 
be a better predictor in the outcome of ischemic stroke as 
compared to corrected calcium. There was no statistically 
significant correlation between serum albumin and IS in our 
study. The correlation of albumin with stroke outcome has 
been shown to be significant by some and nonsignificant by 
others.[21‑24] However, the occurrence of fluctuations in the 
levels of serum albumin during acute stroke has also been 
established without doubt. Our study also found a better 
correlation with IS across the highest quartile of calcium in all 
three cases (total, albumin corrected, and ionized). The reason 
for this also is not exactly known. It is presumably because 
higher calcium values are associated with smaller ISs, which 
in itself indicates a lower disturbance in calcium homeostasis. 
Although calcium from the extracellular compartment moves 
to the intracellular compartment during ischemia, the degree 
of rise in intracellular calcium is much more than the drop in 
extracellular levels.[25]

Our study was not without limitations. First, our study 
correlated only biochemical  (calcium) and radiological  (IS) 
parameters. Functional and clinical indicators such as The 
National Institute of Health Stroke Scale and Barthel index 
were not included in the study. In addition, serum calcium level 

was measured only once, unlike its repeated estimation by 
Ovbiagele et al.[15] in a similar study. Although care was taken 
for to carry out the biochemical and radiological investigations 
immediately after admission, lack of standardization of a fixed 
time frame may also cause bias in the analysis. However, the 
annual intraindividual calcium level variation is only ~2%, and 
it is believed that the degree of change in the levels of serum 
calcium as noted in our study cannot be completely accounted 
for by the transport of extracellular calcium into the ischemic 
neuronal cells.[26]

Conclusion
In our study, it was found that total, corrected, and ionized 
calcium had a statistically significant correlation with IS 
in ischemic stroke. This correlation was stronger for total 
and ionized calcium as it was established across all four 
quartiles of calcium. To the best of our knowledge, this is 
the first study from Northeast India highlighting this. The 
findings in our study suggest that serum calcium can be used 
as a prognostic indicator in ischemic stroke as it directly 
correlates with the IS. Of particular interest in trying to 
better determine the potential cause and effect relationship 
would be to see if serum calcium levels change over time in 
relationship to IS. Prospective studies designed specifically 
with a larger sample size and direct measurement of calcium 
levels at specified time intervals would help in shedding 
greater light in the exact pathophysiological mechanism of 
ischemic stroke.
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