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Serum ionic magnesium in traumatic brain injury
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Abstract: Magnesium is an important ion in the body milieu, being a component of several enzymatic
processes in the intra- and extracellular compartments. We have compared serum ionic magnesium
levels between patients of severe closed traumatic brain injury and normal volunteers, so as to correlate
the magnesium levels to severity of head injury. The study was carried out on fifty four patients of closed
head injury with GCS 5-8. Biochemical analysis of serum for ionic magnesium was done at admission.
The test was also performed on 20 normal volunteers and the results were studied for significant
differences. Magnesium levels were compared between various subgroups defined by age, sex,
admission interval, alcohol dependence, GCS, CT findings and appropriate statistical analyses done.
Serum ionic magnesium levels in patients of severe head injury were in the range 0.15 to 0.45 mmol/ L
(Mean 0.37 mmol/ L) as compared with control range 0.4 to 0.6 mmol/ L (Mean 0.44 mmol/ L) which was
statistically significant. Additionally it was found that patients presenting earlier than 6 hrs had significantly
lower serum ionic magnesium levels compared with those presenting later. Other subgroup differences
were not statistically significant. Admission serum ionic magnesium levels of patients with severe closed
TBI appear to be significantly lower than those of normal controls, more so within the first 6 hours after

injury.
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INTRODUCTION

Traumatic brain injury (TBI) remains the biggest killer of
individuals under 50 yrs of age'. In the last two decades, it
has become clear that the effects of the traumatic event are
not all instantaneous, but a substantial component of
neuronal cell death resulting from the primary injury may
begin hours later, with the primary injury initiating a
secondary injury cascade made up of deleterious
pathophysiological and biochemical reactions?. The
delayed development of secondary injury creates an
opportunity for therapeutic intervention and considerable
effort is being directed toward identifying the secondary
injury factors and developing interventions that may
potentially prevent their actions. Despite many research
studies on TBI, few markers have been applicable to
diagnose trauma at tissue concentration. Serum magnesium
alterations in TBI have been scarcely studied, but may
have important implications related to the cytotoxic and
reperfusion injury pathway of secondary brain damage'-2.
We carried this study to compare serum ionic magnesium
levels in patients of severe closed TBI at admission and
normal volunteers and to identify factors that may be
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associated with altered serum magnesium levels.

METHODS

Fifty four patients of severe head injury admitted under
the Neurosurgical department of All India Institute of
Medical Sciences, from Jan to Dec, 2004, fulfilling the
following criteria were taken up for the study.

Inclusion criteria:

1.  Closed TBI

2. Glasgow coma scale (GCS) 5,6,7 and 8

3. Agel8to60

4. Admitted within 12 hours of injury

Exclusion criteria:

1. Hypotension [Systolic BP 90 mmHg] for 10 min
2. Bilateral absent pupillary light reflex

3. Blood urea more than 50 mg/ dL

4. Significant multiorgan injury

The serum samples were analyzed for ionic magnesium
(Mg?") on critical care analyzer (Nova biomedical corps,
USA) using Mg?* ion selective electrode with neutral carrier
ionophores. Other routine biochemical parameters were also
analyzed. The test was also performed on 20 normal
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volunteers to arrive at a control range. The clinical and
radiological data of patients were collected prospectively.
Magnesium levels were compared between control
population and head injury patients. Comparisons were
also done among various subgroups defined by age, sex,
admission interval, alcohol dependence, GCS, and
Computed tomography (CT) findings.

Statistical analysis

SPSS software (version 10) was used for statistical analysis.
The mean magnesium levels were compared among various
groups using the independent-samples T test. Numeric
variables were analyzed using the Pearson correlation
coefficient. Categorical data was analyzed with Chi-square
test. Two sided significance tests were used throughout
and the significance level was kept at P< 0.05.

RESULTS

Admission serum ionic magnesium levels in patients of
severe closed head injury were in the range 0.15 to 0.45
mmol/ L (Mean 0.37, SD +0.04 mmol/ L) as compared with
the control range 0.4 to 0.6 mmol/ L (Mean 0.44, SD +0.05
mmol/ L). The difference was found to be statistically
significant (p<0.001).

The Pearson correlation coefficient between age and
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FIGURE 1: Magnesium in TBI and control

serum ionic magnesium levels in the TBI group was -0.17
and it was not statistically significant (P=0.22).

Female head injury patients had significantly lower serum
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FIGURE 2: Sex difference
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ionic magnesium levels (Mean 0.32 mmol/ L) as compared
to male head injury patients (Mean 0.38 mmol/ L) (p=0.004).

Hypomagnesaemia (Ionic Mg?* < 0.4 mmol/ L) was noted

m
= 100 7
c
i
il 807
[ ERE I
=] N
2 50 e
] Patetatety
a0 1 il P
& :-c:-c:-‘:-‘:-‘: AT AT AT AT,
AT e,
L :-c:-c:-‘:-‘:-‘: AT AT AT AT,
RN R
= z:l i :-'::-'::-“:-‘:-‘ AT AT AT A
h LRI PR AT
I e
&£ 0 T |
= Ghirz 12 hrs

FIGURE 3: Admission interval and hypomagnesaemia

in 28 out of 34 patients (82.4%) who had presented earlier
(< 6 hrs), but only in 9 out of 20 (45%) who had presented
later (p=0.004).

Table 1. Alcohol dependence and Mg**

Alcohol dependence| Mean serum Mg?" mmol/ L N
No .37 41
Yes .38 13

Table 2. GCS and Mg*

GCS Mean serum Mg?* mmol/ L N
5 .39 11
6 .39 9
7 .37 18
8 .37 16
0.5 1
E 0,45
2 0,425 1
E 04
% [ERCEITIE
£ 0.35
ﬁ 0.325 -
g 0.3
2 0
025 T T T T ]
1 2 3 4 4]
CT category

FIGURE 4 : CT category and Mg?*

The relationship between ionic magnesium levels and
alcohol dependence, GCS, CT category (TCDB)? are as
follows, none of which were statistically significant.
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Discussion

Magnesium is the second most abundant intracellular
cation* and the fourth most abundant cation in the body
and is present in more than 300 enzymatic systems®, crucial
for ATP metabolism and protein synthesis and is also an
essential transmembrane and intracellular modulator of
electrical activity. Magnesium concentration affects a
number of secondary injury factors including
neurotransmitter release, ion changes, oxidative stress,
protein synthesis, and energy metabolism®.

Vink et al demonstrated 70% decline of intracellular free
magnesium in the cortex of brain-injured rats, using *'P
MRS, within the first hour of injury and non-recovery of
the same over the next three hours’. They later
demonstrated its correlation with functional outcome®. In a
small group of patients with severe TBI, plasma total
magnesium was found to be low’. Parallel reduction in free
ionized magnesium has been found in animal'® and human'!
studies which correlated with the outcome'® and severity''.
This is most likely due to enhanced glucose metabolism'*!3
and can also be due to urinary losses’. Supporting
experimental studies have also demonstrated that inducing
a brain magnesium deficiency prior to injury exacerbates
the functional deficits and that attenuating the post-
traumatic decline attenuates the functional deficits after
TBI*

Mendez et al in their study of children with head injury
found sustained decrease of total magnesium levels in all
subgroups of head injury, whereas ionic magnesium levels
were low only in patients of severe TBI which got
normalized by 24 hours, thereby suggesting ionic
magnesium as a biochemical marker of severe TBI and
mechanisms in restoring their blood levels".

The key role of magnesium in TBI is due to NMDA
receptor noncompetitive blockade as described in detail in
animal experiments by Johnson et a/'®. Though NMDA
blockade is the most plausible mechanism of its action in
TBI, other possible mechanisms are calcium channel
antagonism'’, inhibition of glutamate release'®, maintenance
of CBF'", suppression of apoptosis!, and 4APP
upregulation?. They act together or in isolation to attenuate
excitotoxic secondary axotomy?, inhibit traumatic
vasospasm'®, suppress vasogenic and cytotoxic edema?®
and as the ultimate result probably provide
neuroprotection.

Our study shows significant reduction of serum ionic
magnesium in severe TBI (0.37 mmol/ L) as compared with
control (0.44 mmol/ L), which was more so within the first 6
hours after trauma. We could not detect any other

significant correlation possibly due to small number of
patients and narrow inclusion criteria.

Further studies are required to confirm the findings of
the present study and to elucidate causes of
hypomagnesaemia in TBI and mechanisms involved in
maintaining their blood levels. Considering the crucial role
of magnesium, its fall in TBI patients and its low cost, it
could be a candidate for trial as a neuroprotective agent in
the unsolved mystery of TBI for years to come.

CONCLUSION

Admission serum ionic magnesium levels of patients with
severe closed TBI appear to be significantly lower than
those of normal controls, more so within the first 6 hours
after injury.
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