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e There was an association between GCS score and Magnesium level in patients with diffuse axonal injury;

® There was no any association between GCS score and sodium, potassium zinc levels in patients with diffuse axonal injury.

Introduction

raumatic Brain Injury (TBI) is one of
the most common causes of mortality in
people aged 1-45 years in North America,
leading to various disabilities with high
socio-economic burden [1]. The overall
incidence of TBI in the United States is
538.2 per 100,000 people [1]. The TBI has two types of
primary and secondary TBI. Current clinical approaches
to manage TBI are based on this classification. Surgi-
cal treatment of primary TBI is performed at a primary
center for the management of severe cases. On the other
hand, diagnosis, prevention, and treatment of secondary
TBI are important principles for the management of se-
vere cases [3, 4]. Common mechanisms of primary TBI
include direct impact, acceleration/deceleration, penetrat-
ing injury, and blast injury. Although these seem to be
heterogeneous, they have common feature of exerting
external mechanical forces to the brain. The resulting
trauma consists of focal cerebral contusions, hematomas,
and DAI associated with cerebral edema [5, 6]. Second-
ary TBI often results from different molecular mecha-
nisms that begin during the primary trauma and continue
for hours and days. Some of these mechanisms include
glutamate-induced overstimulation, cell membrane dam-
ages induced by free radicals, mitochondrial dysfunction,
vascular wall injuries, inflammatory responses, apopto-
sis, ischemia induced by vasospasm, local occlusion of
microvasculature, and electrolyte disturbances [7, 8].

Serum electrolyte disturbances in TBI patients are con-
sidered as preventable secondary consequences of brain
injury and can be resulted from the trauma itself, iatro-
genic causes, or other conditions such as renal failure,
cirrhosis, and congestive heart failure [9-11]. The risk of
electrolyte disturbances in TBI patients depends on the
severity of injury, the presence or absence of underlying
diseases, age, and initial treatment strategies such as re-
suscitation fluid selection, mannitol or diuretics admin-
istration, and hyperventilation [12]. Disturbances in the
serum levels of sodium [9], potassium [14], magnesium
[15], and zinc [16] are common, but they are prevent-
able secondary consequences (e.g., cerebral edema, in-
creased intracranial pressure, decreased consciousness

level, and worsening brain damage) in patients suffering
from Diffuse Axonal Injury (DAI). The DAI is a type of
TBI at the junction of the gray and white matter. Detect-
ing such imbalances in the serum levels of electrolytes
could lower the mortality and morbidity rates of primary
or secondary TBI [14]. In this study, we aim to investi-
gate the relationship between common serum electrolyte
disturbances and the Glasgow Coma Scale (GCS) score
in patients with DAL

Materials and Methods

This is a retrospective cross-sectional study performed
on patients with DAI admitted to Poursina Hospital
in Rasht, Iran from 2019 to 2020. Patients with a con-
sciousness level below 15 were enrolled in the study.
Exclusion criteria were hospitalization for less than three
days, being diagnosed with liver or kidney diseases, re-
nal insufficiency, uptake of drugs causing electrolyte dis-
turbances, having serious visceral or orthopedic injuries,
having a lesion or hematoma based on CT scan poten-
tially associated with the loss of consciousness, a history
of brain surgery or other surgeries.

The lab data of patients were recorded from their medi-
cal files during hospitalization. Based on the presence or
absence of serum potassium (K), sodium (Na), magne-
sium (Mg), and zinc (Zn) disturbances on the first day
of hospitalization, patients were divided into two study
groups of with and without serum electrolyte disturbanc-
es. The GCS scores of the two groups were recorded at
the time of admission and discharge. The patients were
discharged when their serum electrolyte levels were
within the normal range.

Descriptive statistics such as frequency, percentage,
Mean+SDwere used to describe the data. For the as-
sumptions of parametric tests, the normality of data
distribution was assessed by Kolmogorov-Smirnov
test, and the homogeneity of variances was examined
using Levene’s test. For normally distributed quantita-
tive variables, independent t-test was used to compare
the mean scores between the study groups. In case of
abnormal distribution, Mann Whitney U test was used
for comparison. To assess the simultaneous effects of
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independent variables on the study outcome, linear re-
gression was employed. Fisher’s exact test was used
to compare the study outcome between the two groups
of patients. All statistical analyses were performed in
SPSS software v. 26 at a statistically significance level
of P<0.05.

Results

The mean age of patients was 34.78+19.64 years,
where 88 (87.1%) were males and the rest were females.
The mean GCS scores at the time of admission and dis-
charge were 10.10£3.67 and 13.64+2.35, respectively.
Overall, disturbed serum Na, K, Mg, and Zn were de-
tected in 15 (14.9%), 16 (15.8%), 37 (36.6), and 41
(40.6%) patients, respectively.

Based on the results of crude analysis, there were no
significant differences in GCS score of patients with and
without abnormal levels of Na, K, Zn and Mg neither
at the time of admission (Table 1) nor at the discharge
time (Table 2).

According to the results in Table 3 regarding the si-
multaneous effects of study variables on the GCS score
at the time of admission, only Mg serum level exerted a
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significant impact on the GCS score (P=0.041), where a
1.84-unit decrease in GCS caused an increase per unit in
serum Mg level.

According to the results in Table 4 regarding the si-
multaneous effects of study variables on the GCS score
at the time of discharge, only Mg serum level exerted a
significant impact on the GCS score (P=0.017), where a
1.42 unit decrease in GCS caused an increase per unit in

serum Mg level.

Discussion

Serum Na, K, Mg, and Zn disturbances in patients with
DALI are common, but are preventable, secondary com-
plications [12-16]. In our study, we investigated the as-
sociation between the GCS score and serum electrolyte
levels in hospitalized patients with DAI at the time of
admission and discharge. The mean GCS score at the
time of admission and discharge were 10.10+3.67 and
13.64+2.35, respectively. Among the participants, 15
(14.9%) presented with disturbed Na, 16 cases (15.8%)
with impaired K, 37 (36.6%) with abnormal Mg, and
41 (40.6%) had disturbed Zn levels. There were no sig-
nificant differences in mean GCS score between patients

Table 1. Comparison of GCS scores at the time of admission between the two groups of patients

Mean+SD/GCS Score
Electrolytes P
Without Serum Electrolyte Disturbances With Serum Electrolyte Disturbances
Na 10.234£3.75 9.29+3.14 0.555
K 10.1743.71 9.7543.59 0.482
Mg 10.7243.58 9.38+3.41 0.133
Zn 10.4143.71 9.6513.16 0.320

Table 2. Comparison of GCS scores at the time of discharge between the two groups of patients

Mean+SD/GCS Score
Electrolytes P
Without Serum Electrolyte Disturbances With Serum Electrolyte Disturbances
Na 13.65+2.48 13.54+1.39 0.175
K 13.64+2.40 13.64+2.09 0.808
Mg 13.88+2.46 13.21+2.11 0.182
Zn 13.55+2.16 13.78+2.66 0.653
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Table 3. Regression analysis results for assessing simultaneous effects of study variables on the GCS score at the time of admission

Variables Unstandardized B Standard Error Standardized B T P
Na 0.01 0.06 0.02 0.20 0.840
K 0.08 0.88 0.01 0.09 0.930
Mg -1.84 0.89 -0.22 2.07 0.041
Zn 0.02 0.03 0.06 0.53 0.594
Gender 1.61 1.10 0.15 1.45 0.149
Age 0.02 0.02 0.12 1.19 0.237

with and without disturbances in serum Na, K, Zn and
Mg levels at the time of admission and discharge.

One of the interesting topics in recent years has been
the impact of sodium disturbance on the prognosis of
patients with TBI. We identified no significant relation-
ships between the GCS score and serum Na level at the
time of admission in patients with DAL It was found that
14.9% of patients had Na disturbances. This is against
the results of other studies. Paiva et al. revealed a higher
incidence of Na disturbance in patients with cerebral
hemorrhage, subdural hematoma, DAI, and diffuse ce-
rebral lesions compared to those suffering from brain
contusion [17]. For example, Maggiore et al. reported
that hypernatremia was associated with a three-fold in-
crease in the risk of mortality in the TBI patients hospi-
talized in the intensive care unit [18]. Lee et al. recog-
nized severe hypernatremia as an independent risk factor
of mortality in the patients admitted to the neurosurgery
intensive care unit [19]. Cintra et al. reported a higher
incidence of serum Na disturbance in patients who died
in the first week after TBI compared to survivors [20].
The discrepancy between our findings and the results of

mentioned studies may be due to the difference in the
study population and duration of follow-up period; in our
study, DAI patients were adult and all had consciousness
levels below 15, while Yousefichaijan et al. assessed 110
patients aged one month to 18 years. So, it seems that
Na disturbance in patients with DAL, despite an impact
on the prognosis of patients, have no significant effect on
short-term GCS scores during hospitalization, suggesting
that the associations between hypernatremia and mortal-
ity in TBI patients are independent of the GCS score [18-
20, 24]. In another study, Yousefichaijan et al., showed
a significant relationship between Na disturbances and
GCS score in hospitalized patients with TBI [25]. More-
over, some studies such as Buharyet al. in 2017, reported
a significant decrease in GCS score associated with an in-
crease in serum Na levels in patients with TBI [11]. This
may indicate that over time and during longer hospital-
ization periods, the relationship between serum Na levels
and GCS score may become more clinically and statisti-
cally significant. In favor of such theory, a study reported
a lower mortality rate in patients who had hyponatremia
at the time of admission compared to those hospitalized
for several days [26].

Table 4. Regression analysis results for assessing simultaneous effects of study variables on the GCS score at the time of discharge

Variables Unstandardized B Standard Error Standardized B T P
Na 0.01 0.04 0.02 0.27 0.784
K -0.36 0.60 -0.06 -0.59 0.552
Mg -1.42 0.58 -0.26 -2.43 0.017
Zn 0.008 0.01 -0.04 -0.39 0.695
Gender 0.11 0.71 0.01 0.15 0.878
Age 0.01 0.01 0.14 1.36 0.177
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According to the results of the present study, though
15.8% of patients had serum K disturbances, there were
no significant relationship between serum K level and
GCS score. In a study by Pin-On et al. in 2018, who in-
vestigated the prevalence of water and electrolyte distur-
bances and their effects on the prognosis and mortality of
TBI patients after surgery, hypokalemia was identified as
the most common electrolyte disturbance in the patients
[27]. It was reported that hypernatremia, hyponatremia,
and hypokalemia were the most common electrolyte dis-
turbances in TBI patients with mild (GCS score 13-15)
and moderate (GCS score 9-12)conditions before and
after surgery. In patients with a severe condition (GCS
score <8), however, the most common electrolyte dis-
turbance were hypokalemia followed by hyponatremia
[27]. Buhary et al. in 2017, reported a significant rela-
tionship between GCS score and serum K levels in TBI
patients [11], while we found no significant relationship
between the mean GCS score at the time of admission
and serum K disturbance. This difference may be due
to the fact that in our study, the relationship of serum
K level was assessed with the GCS score at the time of
admission, while in Buhary et al.’s study, the GCS score
was recorded during hospitalization.

Magnesium plays a critical role in improving and re-
pairing secondary brain injuries [15]. Low levels of
serum Mg have been reported in patients with diseases
such as TBI [28]. For example, Dhandapani et al., re-
ported a significantly lower serum Mg level in patients
with severe TBI compared to the controls [29]. Although
the mechanism of serum Mg depletion in TBI patients
is unknown, increased lipolysis following TBI has been
suggested to increase catecholamines and subsequently
the serum levels of free fatty acids that bind to Mg and
enhance its urinary excretion [30, 31]. Experimental
studies have proposed the role of Mg in the activation
of N-methyl-D-aspartate receptors and inhibition of glu-
tamate release [32], in the opening of calcium channels
[33], as well as lipid peroxidation, free radical produc-
tion, and apoptosis [34]. The role of Mg in suppress-
ing apoptosis in damaged neurons may be related to its
ability to inhibit apoptosis-related proteins such as p53
and Bax in cortical neurons after TBI [35]. According to
our results, 36.6% of patients with DAI had serum Mg
disturbance. Based on the crude analysis, there was no
significant difference in the mean GCS scores between
patients with and without serum Mg disturbance, but
based on the adjusted analysis, only Mg serum level had
significant effect on the GCS Score. Accordingly, each
unit of increase in serum Mg predicted a decrease in the
GCS score at the time of admission and discharge; how-
ever, it was unexpected considering the role of Mg in
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improving brain injuries, suggesting a direct correlation
between the GCS score and serum Mg level.

In the present study, 40.6% of patients had abnormal
serum Zn levels, and there were no significant differ-
ences in the mean GCS score between patients with and
without serum Zn disturbances at the time of admission
and discharge. Recent studies have suggested that al-
though the net cerebral Zn level does not change after
TBI, the direction of Zn towards affected brain regions
causes a decrease in Zn level in one area and an increase
in other area [16]. This is important, given that zinc de-
ficiency increases apoptosis and reduces neuronal repair
in TBI models in vitro [16]. Considering the relatively
long-term effects of Zn on the brain, it seems that acute
and short-term changes in serum Zn level cannot signifi-
cantly affect the GCS score in patients with DAL

Conclusion

The GCS score in patients with DAI at the time of ad-
mission and discharge is related to their serum level of
magnesium. Their GCS score has no relationship with
serum levels of other electrolytes including sodium, po-
tassium zinc.

Ethical Considerations
Compliance with ethical guidelines

All study procedures were in compliance with the ethi-
cal guidelines of the 2013 Declaration of Helsinki. This
study was approved by the ethics committee of Guilan
University of Medical Sciences (Code: IR.GUMS.
REC.1398.329).

Funding

This research did not receive any grant from funding
agencies in the public, commercial, or non-profit sectors.

Authors' contributions

Conceptualization and Methodology: Hamid Behzad-
nia, Shahrokh Yousefzadeh-Chabok., Mohammadreza
Emambhadi, Mesbah Dibavand; Investigation, Writing
Original Draft, Review & Editing: All authors; Re-
sources and Supervision: Hamid Behzadnia, Mesbah
Dibavand.

Conflict of interest

The authors declared no potential conflicts of interest.

Behzadnia H. et al. Serum Electrolytes Levels and GCS Score in Patients with DAL Caspian J Neurol Sci. 2022; 8(3):149-155



http://cjns.gums.ac.ir/
https://en.gums.ac.ir/
https://en.gums.ac.ir/
http://ethics.research.ac.ir/IR.GUMS.REC.1398.329
http://ethics.research.ac.ir/IR.GUMS.REC.1398.329

July 2022, Volume 8, Issue 3, Number 30

Acknowledgments

The authors would like to thank all the efforts and kind
co-operations of the Guilan Road Trauma Research Cen-
ter at Guilan University of Medical Sciences.

References

[1] Rutland-Brown W, LangloisJA, Thomas KE, Xi YL. Incidence
of traumatic brain injury in the United States, 2003. ] Head
Trauma Rehabil. 2006; 21(6):544-8. [DOI:10.1097/00001199-
200611000-00009] [PMID]

[2] Tagliaferri F, Compagnone C, Korsic M, Servadei F, Kraus J.
A systematic review of brain injury epidemiology in Europe.
Acta Neurochir (Wien). 2006; 148(3):255-68. [DOI:10.1007/
s00701-005-0651-y] [PMID]

[3] McMillan T, Bigler ED, Teasdale G, Ponsford ], Murray GD.
Outcome assessment after traumatic brain injury. Lancet
Neurol. 2018; 17(4):299. [DOI:10.1016/S1474-4422(18)30041-3]

[4] Corps KN, Roth TL, McGavern DB. Inflammation and neu-
roprotection in traumatic brain injury. JAMA Neurol. 2015;
72(3):355-62. [DOI:10.1001/jamaneurol.2014.3558] [PMID]
[PMCID]

[5] Armstrong RC, Mierzwa AJ, Sullivan GM, Sanchez MA.
Mpyelin and oligodendrocyte lineage cells in white matter pa-
thology and plasticity after traumatic brain injury. Neurop-
harmacology. 2016; 110(Pt B):654-9. [DOI:10.1016/j.neurop-
harm.2015.04.029] [PMID]

[6] Werner C, Engelhard K. Pathophysiology of traumatic
brain injury. Br ] Anaesth. 2007; 99(1):4-9. [DOI:10.1093/bja/
aem131] [PMID]

[7] Williamson C, Rajajee V. Traumatic brain injury: Epidemi-

ology, classification, and pathophysiology. UpToDate. 2021.
[Link]

[8] Buhary BM, Alrajhi SM, Abukhater M, Kyadudyn AM, SM
AF, Rahman AK, et al. Acid Base Electrolyte Imbalance and
Survival Outcome of Low Glasgow Coma Scale (GCS) pa-
tients in the Medical Intensive Care Unit. Ann Med Health Sci
Res. 2017; 7:10-5. [Link]

[9] Balestreri M, Czosnyka M, Chatfield DA, Steiner LA,
Schmidt EA, Smielewski P, et al. Predictive value of Glasgow
Coma Scale after brain trauma: Change in trend over the past
ten years. ] Neurol Neurosurg Psychiatry. 2004; 75(1):161-2.
[PMID]

[10] Stocchetti N, Pagan F, Calappi E, Canavesi K, Beretta L,
Citerio G, et al. Inaccurate early assessment of neurological
severity in head injury. ] Neurotrauma. 2004; 21(9):1131-40.
[DOI:10.1089/neu.2004.21.1131] [PMID]

[11] Stratton SJ. Glasgow coma scale score in trauma triage: A meas-
urement without meaning. Ann Emerg Med. 2018; 72(3):270-1.
[DOI:10.1016/j.annemergmed.2018.06.036] [PMID]

Caspian Journal of
Neurological Sciences

[12] Ali Z, Prabhakar H. Fluid management during neurosurgi-
cal procedures. ] Neuroanaesth Crit Care. 2016; 3(04):535-40.
[DOI:10.4103/2348-0548.174733]

[13] Krishnamoorthy V, Distelhorst JT, Vavilala MS, Thomp-
son H. Traumatic brain injury in the elderly: Burden, risk
factors, and prevention. ] Trauma Nurs. 2015; 22(4):204-8.
[DOI:10.1097 /JTN.0000000000000135]

[14] Suman S, Kumar N, Singh Y, Kumar V, Yadav G, Gupta
BK, et al. Evaluation of serum electrolytes in traumatic
brain injury patients: Prospective randomized observational
study. J Anesth Crit Care Open Access. 2016; 5(3):00184.
[DOI:10.15406/ jaccoa.2016.05.00184]

[15] Ozgurtas T, Kahraman S. State of the art of new data on the
role of magnesium in brain injury: Clinical interest of meas-
urements of total and ionized magnesium. Magnes Res. 2004;
17(4):327-34. [PMID]

[16] Levenson CW. Zinc and traumatic brain injury: From chela-
tion to supplementation. Med Sci. 2020; 8(3):36. [DOI:10.3390/
medsci8030036] [PMID] [PMCID]

[17] Paiva WS, Bezerra DA, Amorim RL, Figueiredo EG, Ta-
vares WM, De Andrade AF, et al. Serum sodium disorders in
patients with traumatic brain injury. Ther Clin Risk Manag,.
2011; 7:345-9. [DOI:10.2147 / TCRM.S17692] [PMID] [PMCID]

[18] Maggiore U, Picetti E, Antonucci E, Parenti E, Regolisti
G, Mergoni M, et al. The relation between the incidence of
hypernatremia and mortality in patients with severe trau-
matic brain injury. Crit Care. 2009; 13(4):R110. [DOI:10.1186/
cc7953] [PMID] [PMCID]

19] Li M, Hu YH, Chen G. Hypernatremia severity and the risk
YP ty
of death after traumatic brain injury. Injury. 2013; 44(9):1213-8.
[DOI:10.1016/j.injury.2012.05.021] [PMID]

[20] Cintra Ede A, Aradgjo S, Quagliato EM, Castro Md, Falcdo AL,
Dragosavac D, et al. Vasopressin serum levels and disorders of
sodium and water balance in patients with severe brain injury.
Arq Neuropsiquiatr. 2007; 65(4B):1158-65. [PMID]

[21] Kulesza B, Nogalski A, Kulesza T, Prystupa A. Prog-
nostic factors in traumatic brain injury and their asso-
ciation with outcome. J Pre Clin Clin Res. 2015; 9(2):163-6.
[DOI:10.5604/18982395.1186499]

[22] Husson EC, Ribbers GM, Willemse-van Son AH, Verhagen
AP, Stam HJ. Prognosis of six-month functioning after mod-
erate to severe traumatic brain injury: A systematic review of
prospective cohort studies. ] Rehabil Med. 2010; 42(5):425-36.
[DOI:10.2340/16501977-0566] [PMID]

[23] Fabbri A, Servadei F, Marchesini G, Stein SC, Vandelli A.
Early predictors of unfavourable outcome in subjects with
moderate head injury in the emergency department. ] Neu-
rol Neurosurg Psychiatry. 2008; 79(5):567-73. [DOI:10.1136/
jnnp.2007.120162] [PMID]

[24] Shehata M, Ragab D, Khaled M, Hegazy M, Hussein A,
Khaled H. Impact of hypernatremia on patients with severe
traumatic brain injury. Crit Care. 2010; 14(Suppl 1):P355.
[DOI:10.1186/ cc8587] [PMCID]

[25] Yousefichaijan P, Karimian K, Pakniyat A, Sheikhi-dezfoli
M, Rafiei M. Serum sodium: A useful prognostic factor for
non-severe traumatic brain injury in children? Trauma and
Emerg Care. 2016; 2(2):1-3. [DOI:10.15761/TEC.1000122]

Behzadnia H. et al. Serum Electrolytes Levels and GCS Score in Patients with DAL Caspian J Neurol Sci. 2022; 8(3):149-155



http://cjns.gums.ac.ir/
https://en.gums.ac.ir/
https://doi.org/10.1097/00001199-200611000-00009
https://doi.org/10.1097/00001199-200611000-00009
https://www.ncbi.nlm.nih.gov/pubmed/17122685
https://doi.org/10.1007/s00701-005-0651-y
https://doi.org/10.1007/s00701-005-0651-y
https://www.ncbi.nlm.nih.gov/pubmed/16311842
https://doi.org/10.1016/S1474-4422(18)30041-3
https://doi.org/10.1001/jamaneurol.2014.3558
https://www.ncbi.nlm.nih.gov/pubmed/25599342
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5001842
https://doi.org/10.1016/j.neuropharm.2015.04.029
https://doi.org/10.1016/j.neuropharm.2015.04.029
https://www.ncbi.nlm.nih.gov/pubmed/25963414
https://doi.org/10.1093/bja/aem131
https://doi.org/10.1093/bja/aem131
https://www.ncbi.nlm.nih.gov/pubmed/17573392
 https://www.uptodate.com/contents/traumatic-brain-injury-epidemiology-classification-and-pathophysi
https://www.uptodate.com/contents/traumatic-brain-injury-epidemiology-classification-and-pathophysiology
https://www.amhsr.org/articles/acid-base-electrolyte-imbalance-and-survival-outcomeof-l2.html
https://pubmed.ncbi.nlm.nih.gov/14707332/
https://doi.org/10.1089/neu.2004.21.1131
https://www.ncbi.nlm.nih.gov/pubmed/15453984
https://doi.org/10.1016/j.annemergmed.2018.06.036
https://www.ncbi.nlm.nih.gov/pubmed/30144864
https://doi.org/10.4103/2348-0548.174733
https://doi.org/10.1097/JTN.0000000000000135
https://doi.org/10.15406/jaccoa.2016.05.00184
https://pubmed.ncbi.nlm.nih.gov/15726908/
https://doi.org/10.3390/medsci8030036
https://doi.org/10.3390/medsci8030036
https://www.ncbi.nlm.nih.gov/pubmed/32824524
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7565729
https://doi.org/10.2147/TCRM.S17692
https://www.ncbi.nlm.nih.gov/pubmed/21941440
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3176167
https://doi.org/10.1186/cc7953
https://doi.org/10.1186/cc7953
https://www.ncbi.nlm.nih.gov/pubmed/19583864
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2750153
https://doi.org/10.1016/j.injury.2012.05.021
https://www.ncbi.nlm.nih.gov/pubmed/22709549
https://www.ncbi.nlm.nih.gov/pubmed/18345422
https://doi.org/10.5604/18982395.1186499
https://doi.org/10.2340/16501977-0566
https://www.ncbi.nlm.nih.gov/pubmed/20544152
https://doi.org/10.1136/jnnp.2007.120162
https://doi.org/10.1136/jnnp.2007.120162
https://www.ncbi.nlm.nih.gov/pubmed/17766433
https://doi.org/10.1186/cc8587
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2934539
https://doi.org/10.15761/TEC.1000122

aspian Journal of
Neurological Sciences

[26] Lindner G, Funk GC, Schwarz C, Kneidinger N, Kaider A,
Schneeweiss B, et al. Hypernatremia in the critically ill is an
independent risk factor for mortality. Am J Kidney Dis. 2007;
50(6):952-7. [DOI:10.1053/j.ajkd.2007.08.016] [PMID]

[27] Pin-On P, Saringkarinkul A, Punjasawadwong Y, Kacha S,
Wilairat D. Serum electrolyte imbalance and prognostic fac-
tors of postoperative death in adult traumatic brain injury
patients: A prospective cohort study. Medicine (Baltimore).
2018; 97(45):€13081. [DOI:10.1097/MD.0000000000013081]
[PMID] [PMCID]

[28] Polderman KH, Bloemers FW, Peerdeman SM, Girbes ARJ.
Hypomagnesemia and hypophosphatemia at admission in pa-
tients with severe head injury. Crit Care Med. 2000; 28(6):2022-5.
[DOI:10.1097 /00003246-200006000-00057] [PMID]

[29] Dhandapani SS, Gupta A, Vivekanandhan S, Mahapatra
AK, Mehta VS. Serum ionic magnesium in traumatic brain in-
jury. Indian ] Neurotrauma. 2005; 2(02):103-6. [DOI:10.1016/
50973-0508(05)80023-1]

[30] Sakamoto T, Takasu A, Saitoh D, Kaneko N, Yanagawa
Y, Okada Y. Ionized magnesium in the cerebrospinal fluid
of patients with head injuries. ] Trauma. 2005; 58(6):1103-9.
[DOI:10.1097/01.TA.0000169950.51735.C4] [PMID]

[31] McKee JA, Brewer RP, Macy GE, Borel CO, Reynolds JD,
Warner DS. Magnesium neuroprotection is limited in humans
with acute brain injury. Neurocrit Care. 2005; 2(3):342-51.
[DOI:10.1385/NCC:2:3:342]

[32] Johnson JW, Ascher P. Voltage-dependent block by in-
tracellular Mg2+ of N-methyl-D-aspartate-activated chan-
nels. Biophys J. 1990; 57(5):1085-90. [DOI:10.1016/S0006-
3495(90)82626-6]

[33] Iseri LT, French JH. Magnesium: Natures physi-
ologic calcium blocker. Am Heart J. 1984; 108(1):188-93.
[DOI:10.1016/0002-8703(84)90572-6]

[34] Vink R, Nimmo AJ, Cernak 1. An overview of new and
novel pharmacotherapies for use in traumatic brain injury.
Clin Exp Pharmacol Physiol. 2001; 28(11):919-21. [PMID]

[35] Lee]S, Han YM, Yoo DS, Choi SJ, Choi BH, Kim JH, etal. A
molecular basis for the efficacy of magnesium treatment fol-
lowing traumatic brain injury in rats. ] Neurotrauma. 2004;
21(5):549-61. [PMID]

July 2022, Volume 8, Issue 3, Number 30

Behzadnia H. et al. Serum Electrolytes Levels and GCS Score in Patients with DAI. Caspian J Neurol Sci. 2022; 8(3):149-155



http://cjns.gums.ac.ir/
https://doi.org/10.1053/j.ajkd.2007.08.016
https://www.ncbi.nlm.nih.gov/pubmed/18037096
https://doi.org/10.1097/MD.0000000000013081
https://www.ncbi.nlm.nih.gov/pubmed/30407307
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6250545
https://doi.org/10.1097/00003246-200006000-00057
https://www.ncbi.nlm.nih.gov/pubmed/10890658
https://doi.org/10.1016/S0973-0508(05)80023-1
https://doi.org/10.1016/S0973-0508(05)80023-1
https://doi.org/10.1097/01.TA.0000169950.51735.C4
https://www.ncbi.nlm.nih.gov/pubmed/15995455
https://doi.org/10.1385/NCC:2:3:342
https://doi.org/10.1016/S0006-3495(90)82626-6
https://doi.org/10.1016/S0006-3495(90)82626-6
https://doi.org/10.1016/0002-8703(84)90572-6
https://www.ncbi.nlm.nih.gov/pubmed/11703396
https://www.ncbi.nlm.nih.gov/pubmed/15165363

