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Abstract
Hypomagnesemia is postulated as one of the important determinants of outcome 
following traumatic brain injury (TBI) through its effect on secondary injuries to neurons. 
Aims and Objective: The aim of this study was to determine the relationship between serum 
magnesium level and neurological outcome in patients admitted with severe head injury. 
Materials and Methods: In this prospective study, patients admitted with severe TBI were 
recruited and dichotomized into low serum magnesium group and normal serum magnesium group 
based on the initial serum magnesium level. Data were collected regarding age, sex, and Glasgow 
Coma Scale at admission. Neurological outcome of the patients in these groups was assessed using 
Glasgow Outcome Scale at 6 months. Results: Seventy‑two patients (male = 50, female = 22) 
with a mean (±standard deviation) age of 42.5 (±12.7) years were studied. Forty‑two (58%) 
patients had low serum magnesium level (<1.3 mEq/L) at admissions. At 6‑month follow‑up, 81% 
of patients with poor neurological outcome had low serum magnesium as compared to 19% of 
patients with good outcome (P = 0.01). Hypomagnesemia was associated with poor neurological 
outcome (odds ratio = 2.1, P = 0.04, 95% confidence interval = 1.0–8.8) on regression analysis. 
Conclusion: Hypomagnesemia appears to be an independent prognostic marker in patients with 
severe TBI.

Keywords: Glasgow Outcome Scale, head injury, serum magnesium

Serum Magnesium as a Marker of Neurological Outcome in Severe 
Traumatic Brain Injury Patients

Original Article

Raghavendra 
Nayak,  
Sanjeev Attry, 
Samarendra Nath 
Ghosh
Department of Neurosurgery, 
Bangur Institute of 
Neurosciences, Kolkata, 
West Bengal, India

Introduction
Traumatic brain injury (TBI) is one of the 
leading causes of mortality, morbidity, and 
disability in our country. As patients are 
usually young individuals, this leads to 
a huge impact on socioeconomic status. 
Despite the presence of organized trauma 
care system and adaptation of head injury 
guidelines, the outcome of severe head 
injury is suboptimal. Studies have clearly 
shown that it is not just the initial trauma 
which decides the outcome; instead, there 
are so many biochemical imbalances which 
lead to substantial neuronal deaths hours 
after the trauma.[1]

There are multiple biomechanical pathways 
which get activated on severe head injury, 
and it is the imbalances in these pathways 
which lead to secondary injuries to the 
neurons. Many studies have focused on 
rebalancing these pathways to preserve 
the neurons from deaths and apoptosis 
with replacement therapies including 
antioxidants, hormones, and ions. Among 

these serum magnesium levels have 
been shown to have a crucial impact on 
the outcome of head injury.[2] The effect 
of alterations in serum magnesium in 
severe head injury has been scarcely 
studied in humans, but it is thought to 
have an important role in cytotoxic and 
reperfusion pathways of secondary brain 
injury.[1,3] A rat TBI model demonstrated 
that Mg2+ deficiency exacerbates neurologic 
dysfunction and increases mortality in rats. 
This study also showed an improvement 
in neurological outcome on pretreatment 
with magnesium.[4] These findings were 
also reproduced later by other experimental 
studies.[5,6] In this study, we attempted 
to study the relationship between serum 
magnesium levels and the neurological 
outcome in severe head injury patients.

Materials and Methods
This was a prospective study conducted 
over a period of 1 year from October 2010 
to September 2011 at Bangur Institute of 
Neurosciences, Kolkata, India. This study 
was approved by the Institutional Review 
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Board. Adult patients with severe TBI admitted to the 
Bangur Institute of Neurosciences who met the inclusion 
criteria were recruited after obtaining written informed 
consent. The inclusion criteria were age between 18 and 
75 years, postresuscitative Glasgow Coma Scale (GCS) 
score of ≤8, not under the influence of pharmacologic 
agents or alcohol, and admission within 12 h of injury. 
The patients with significant multiorgan injury, bilateral 
absent pupillary light reflex, hypotension (systolic blood 
pressure <90) for 10 min, and the patients who lost the 
follow‑up were excluded from the study.

Standard care of the patients included ventilation, 
phenytoin for seizure prophylaxis, ceftriaxone for antibiotic 
prophylaxis, ranitidine for gastric ulcer prophylaxis, 
and urinary catheterization. Mannitol was added when 
computerized tomography (CT) brain showed a focal 
mass effect or diffuses cerebral edema. The decision of 
surgical decompression was taken according to the mass 
effect noted in the CT brain and was individualized to each 
patient. The data were collected with regard to age, gender, 
and GCS score.

Blood sample was collected for serum magnesium assessment. 
The serum magnesium measurement was carried out in a fully 
automated computerized microanalyzer (Hitachi model 911; 
Boehringer Mannheim, Mannheim, Germany). The initial 
serum magnesium was assessed within 24 h of admission to 
our hospital. Patients were dichotomized into two arms based 
on the initial serum magnesium level: low serum magnesium 
group with serum magnesium level <1.3 mEq and normal 
group with serum magnesium level value of 1.3–2.1 mEq. 
Magnesium sulfate (MgSO4) replacement was instituted for 
all patients with the initial serum [Mg2−] levels <1.3 mEq/L 
as a part of routine clinical care.

Outcomes

Glasgow Outcome Scale (GOS) was assessed at 6 months 
either directly, over telephone, or through letters. Good 
recovery or moderate disability (GOS 1 and 2) was 
considered as favorable outcome, and severe disability, 
persistent vegetative state, or death (GOS 3, 4, and 5, 
respectively) was considered as unfavorable outcome.

Statistical analysis

The data were expressed as a mean and standard 
deviation (SD). Proportions were compared using 
Chi‑square tests or Fisher’s exact test wherever appropriate. 
Student’s t‑test was used to compare the means of two 
continuous variables which were normally distributed, and 
nonparametric tests were used if their distribution was not 
normal. Multivariate analyses were conducted with logistic 
regression adjusting for well‑known prognostic factors such 
as age and GCS. Two‑sided significance tests were used 
throughout, and the significance level was kept at P = 0.05. 
Statistical analysis was performed using the  SPSS 11 
software package (Chicago, Illinois, United States).

Results
A total of 198 patients of severe TBI were admitted 
within the study period, of which 72 patients (male = 50, 
female = 22) who met the inclusion criteria were recruited 
in the study. The mean (±SD) age of the study patients 
was 42.5 (±12.7) years. The mean GCS at admission 
was 5.4 ± 1.7. The mean (±SD) serum magnesium level 
at admission was 1.14 ± 0.35 mEq/L with lowest being 
0.5 mEq/L and highest of 1.9 mEq/L. Forty‑two (58%) 
patients had low serum magnesium level (<1.3 mEq/L) at 
admissions with remaining thirty patients (42%) having 
normal serum magnesium levels. The outcome of the study 
patients assessed at 6 months using GOS showed that 
51 patients (71%) had a good outcome and 21 (29%) had a 
poor outcome.

There was no difference in age (43.1 ± 12.6 vs. 41.7 ± 13.2, 
P = 0.66) and initial GCS (5.2 ± 1.7 vs. 5.7 ± 1.7, P = 0.17) 
in patients with low serum magnesium as compared to 
those with normal serum magnesium [Figure 1].

At 6‑month follow‑up, 58 patients (81%) with poor outcome 
had low serum magnesium as compared to 14 patients (19%) 
with good outcome (P = 0.01) as assessed by GOS [Figure 2].

Using a binary logistic regression model, low serum 
magnesium (mg <1.3 mmol/L) was associated with poor 
outcome (odds ratio = 2.1, P = 0.04, 95% confidence 
interval = 1.0–8.8), whereas age above 40 years and initial 
GCS score <5 were not statistically significant.

Discussion
Magnesium is a second most abundant intracellular cation 
after potassium found primarily in bone (53%) and soft 
tissues (46%), with the remaining 1% found in the blood, 
either in the free ionized form (54%–65%) or bound to 
proteins (27%–34%) and anions (8%–12%). It is a cofactor 
for >300 enzymatic reactions.[7]

Figure 1: Bar diagram showing that there was no significant association 
between the initial Glasgow Coma Scale and serum magnesium level 
(5.2 ± 1.7 vs. 5.7 ± 1.7, P = 0.17)
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Magnesium plays a very important role in the secondary 
brain injury by its effects on numerous biomechanical 
functions including neurotransmitter release, ion 
changes, oxidative stress, protein synthesis, and 
energy metabolism.[8] Only the free, ionized form of 
magnesium [Mg2−] is physiologically active.

Low serum magnesium is usually seen in critically ill 
patients including severe head injury patients.[9] In a study 
by Dhandapani et al., serum ionic Mg2+ was significantly 
lower in patients with severe TBI as compared to normal 
controls (mean serum ionic Mg2+: 0.37 + 0.04 mmol/L vs. 
0.44 + 0.05 mmol/L, P < 0.01).[10] Although the mechanism 
of magnesium depletion in head injury patients is largely 
unknown, a possible explanation could be the increased 
lipolysis triggered by the stress‑induced catecholamine 
surge leading to increase in the free fatty acids which bind 
to Mg2+ and thus increase the excretion of Mg2− in the 
urine.[11,12]

Depletion of intracellular free magnesium in the cortex 
of brain‑injured rats by 70% and its correlation with the 
functional outcome was demonstrated by Vink et al.,[13] 
using 31P magnetic resonance spectroscopy, within the 
1st h of injury.[14] Experimental studies supported this by 
demonstrating the exacerbation of neurologic dysfunction 
and increased mortality rate due to hypomagnesemia in a 
rat TBI animal model.[15]

Free and total serum [Mg2+] levels have been shown to 
behave differently in head injury patients. Mendez et al. 
showed decreased total serum [Mg2+] in all groups of head 
injury (mild, moderate, and severe tuberculosis), whereas 
ionized serum [Mg2+] was only decreased in severe head 
injury patients. Interestingly, the ionized [Mg2+] level 
normalized within 24 h, whereas total serum [Mg2+] 
remained abnormally low, thereby suggesting ionic 
magnesium as a biochemical marker of severe TBI.[16]

Experimental studies have shown that role of magnesium 
in the activation of N‑methyl‑D‑aspartate receptor,[17] 
inhibition of glutamate release,[18] opening of calcium 
channels,[19] lipid peroxidation, production of free radicals, 

edema formation, and the opening of the mitochondrial 
permeability transition pores responsible for apoptosis.[3] 
The neuroprotective effects of Mg2+ may also be a result 
of its ability to inhibit cell apoptosis‑related proteins 
such as p53 and Bax, primarily in cortical neurons after 
experimental TBI.[20] The suspected protective role of 
Mg2+ in TBI may be a result of various cellular factors that 
inhibit secondary neuronal injury.

This study showed that severe head injury patients with 
hypomagnesemia at the initial admission had significantly 
poor outcome at 6‑month follow‑up. Among the severe 
head injury patients with hypomagnesemia at admission, 
81% of patients with poor outcome had low serum 
magnesium as compared to 19% of patients with good 
outcome (P = 0.01) as assessed by GOS at 6‑month 
follow‑up. Serum hypomagnesemia can be considered as 
an independent marker for poor neurological outcome in 
TBI.[21] Larger studies are required to confirm the outcomes 
of the present study and to study the exact mechanisms 
responsible for hypomagnesemia and its role in secondary 
neuronal injury in the severe head injury.

Conclusion
The neurological outcome of TBI correlates well with the 
serum magnesium concentration. Low serum magnesium 
may be related to the initial stress response of the severe 
head injury. Hypomagnesemia appears to be an independent 
prognostic marker in patients with severe TBI.
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