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Abstract: Recently traumatic brain injury due to road traffic accidents is increase in Sudan and remains a serious concern and one
of the leading causes of death and disability. This study aimed to determine serum Sodium and Potassium levels in traumatic brain
injury patients. Fifty Sudanese adult with traumatic brain injury were enrolled in this study and sodium and potassium levels were
measured by an automated electrolyte analyzer. The results of this study revealed that the majority of patients were suffering from
hyponatremia 26/50(52%) and hypokalemia 22/50(44%). In patients with epidural hematoma, the hyponatremia represent
7/21(33.3 %) , hypokalemia 9/21 (42.9%) , hypernatremia 2/21 (9.5%), While among patient with subdural hematoma the
hyponatremia represent 10/29 (34.5 %), hypokalemia 13/29 (44.8%), hypernatremia 5/29(17.2 %), and hyperkalemia 2/29 (6.9
%). Among 50 patients, 5/50 (10%) had Glasgow Coma Scale score < 8, 8/50 (16%) had Glasgow Coma Scale score 9 to 12, and
37/50 (74%) had Glasgow Coma Scale score 13 to 15. The study concludes that, hyponatremia followed by hypokalemia and
hypernatremia are more common among patients with traumatic brain injury.
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1. Introduction

Worldwide traumatic brain injury is among the most significant one causing high morbidity and mortality. The consequences of
traumatic brain injury results in disability with lifelong financial, medical, emotional and family trauma [1]. Patient with traumatic
head injury have a high risk of developing different type of electrolyte imbalance, [2,3,4]. at the time of admission and duration of
their hospital stay. The changes of electrolytes will affect treatment and outcome of patient [5]. Cerebral injury can lead to
electrolyte imbalance which may prove critical for survival of patients. And can cause polyuresis through the syndrome of
inappropriate antidiuretic hormone secretion and cerebral salt loss. Patients with cerebral trauma are commonly managed with
mannitol, which can promote polyuresis [6.7]. Thus, polyuresis is a possible source of loss of different electrolytes in severe head
injury patients. Electrolyte imbalance in cases of TBI is associated with the pathology of the brain itself or is iatrogenic in
causation [8,9]. The risk to the development of electrolyte disturbance in TBI patients depends on the severity of head injury,
underlying disease, age, and primary therapeutic strategy such as the choice of resuscitation fluid, administration of mannitol or
diuretics, and hyperventilation [5,10,11]. Among the all serum electrolytes, the most common electrolyte subject to imbalance in
patients with TBI is serum sodium [12,13,14] some researchers reported that the most common electrolyte imbalance condition in
TBI was hypernatremia followed by hyponatremia and hypokalemia [14]. Severe hypokalemia were also reported among patients
with head injury [15]. In Sudan the road fatality rate were increased recently, Thus This study aimed to determine the sodium and
potassium imbalance among patients with traumatic brain injury attending Gezira Traumatology Center in Sudan.

2. Materials and Methods
2.1 Study design
Cross sectional laboratory based study.
2.2 Study area and duration
This study was conducted in Gezira Traumatology Center, which is the only specialized center located outside of Khartoum, the
center serve the patients in Gezira State and neighboring states. The center located in Wad Medani city which located in Central
Sudan in the western bank of the Blue Nile River, in 187 Km south of Khartoum, This study was carried out during the period of
May 2017 to March 2018.
2.3 Study population and Sample Size
Fifty patients with traumatic brain injury were enrolled in this study. Patients with Renal failure, Diabetes mellitus, Hypertension
and hemolytic anemia were excluded from this study.
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2.4 Study variables

The dependent variables of this study were Na+ level, K+ level and Types of TBI and age and sex consider as independent
variables.

2.5 Sample collection

Three ml of venous blood samples were collected from each participants -under aseptic condition, in plane containers and allowed
to clot. Then centrifuged for 10 -15minutes at 1500 - 2000 rpm to obtain serum and analyzed immediately by electrolyte analyzer
after passing of quality control and calibration materials

2.6 Principle of the method

lon — selective electrode is a kind of chemical sensor that converts the activity of a certain lon in to an electric potential. It is only
sensitive to one kind of ion in the solution. When the ion is selective by the sensor and an electric potential is established against
the sensor. The relationship between activity and potential is expressed by Nernst equation.

_ 2303 RT
E=EO+ > logcxfx

Where:

E: electric potential of ion — selective electrode in the solution being measured.

EO: standard electrode potential of ion — selective electrode.

N: electrovalence of the ion being measured.

R : gas constant (8.314J/K.mol)

T: absolute temperature (273tt Co)

F: faraday constant (9647c/mol)

Cx: concentration of the ion being measured.

FX: activity coefficient of the ion being measured in given condition such as room temperature.

Nernst equation shows that electrode potential of ion — selective electrode is linear to the logarithm of the activity (or
concentration) of the ion being measured. The sodium ion will also affect lithium electrode. A selective coefficient calibrator is
used to minimize the interference of sodium.

3. Result

Fifty adult traumatic brain injury patients were enrolled in this study. 66% of the study populations were male and 34% of them
were female. According to the serum Sodium level the study population categorized into three groups: High Serum Sodium Level
(> 145 mmol/L), 9 patient (18%), Low Serum Sodium Level (< 130 mmol/L), 26 patient(52%), and Normal Serum Sodium Level
15 patient (30%). High Serum Potassium Level (> 5 mmol/L), 8 patient (16%) , low serum Potassium (< 3.5 mmol/L), 22 patient
(44%) and Normal Serum Potassium Level, 20 patient (40%) Table(1).

Table 1 Distribution of serum sodium and potassium level among the study population

Variables Number of %
patients(n=50)
Sodium
> 145 mmol/L) 9 18
> 130 - < 140mmol/L 15 30
< 130 mmol/L 26 52
Potassium
>5 mmol/L) 8 16
> 3.5 -<5mmol/L 20 40
< 3.5 mmol/L 22 44
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Table (2)Distribution of study population according to Glasgow coma scale (GCS)

The study population categorized into three groups (Severe, Moderate and Mild) according to the degree of severity of Glasgow
coma scale as shown below in Table (2).

Table2 Distribution of study population according to Glasgow coma scale (GCS)

GCS Degree of severity pa'::zrrp[?g:o;o) %

3-8 Severe 5 10
9-12 Moderate 8 16
13-15 Mild 37 74

Distribution of serum Sodium and Potassium levels among study population according to Epidural hematoma and subdural
hematoma:

The study population were categorized into two groups according to the type of hematoma: Epidural hematoma (21 patients) and
subdural hematoma (29 patient). distribution of serum Sodium level in Epidural hematoma patient as follow : High serum Sodium
level (> 145 mmol/L) , 2 patient (9.5%) and Low Serum Sodium Level (< 135 mmol/L) ,7 patient (33.3%), whereas the distribution
of serum Sodium level among Subdural hematoma as follow : High serum Sodium level (> 145 mmol/L) , 5 patient (17.2%) and
Low Serum Sodium Level (< 130 mmol/L) , 10 patient (34.5%). While the distribution of serum Potassium level in Epidural
hematoma patients as follow: There is no patient have High Serum Potassium Level (> 5 mmol/L) , whereas Low Serum Potassium
Level (< 3.5 mmol/L), 9 patient (42.9%). The distribution of serum Potassium level in subdural hematoma as follow: high serum
potassium level (> 5 mmol/L), 2 patient (6.9%), low serum potassium level (< 3.5 mmol/L), 13 patient (44.8%).

Table 3 Distribution of serum Sodium and Potassium level in study population according to Epidural hematoma(EDH) and
Subdural hematoma(SDH)

Variables EDH(n21) % SDH(n29) % P. value
High Serum Sodium Level (> 145 mmol/L) 2 9.5 5 17.2
Low Serum Sodium Level (< 135 mmol/L) 7 33.3 10 34.5 0.461
High Serum Potassium Level (> 5 mmol/L) 0 0.0 2 6.9
0.380
Low Serum Potassium Level (< 3.5 mmol/L) 9 42.9 13 44.8

4, Discussion
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Electrolyte imbalance are more common among patients with brain injury. Monitoring of electrolytes in patients with brain injury
are very important to ensure common electrolyte imbalances. The changes of electrolytes level such as hyponatremia,
hypernatremia, and hypokalemia, are needed to identify quickly and made the corrections. Most report indicate that serum sodium
and potassium levels were changes among patients with traumatic brain injury. The results of this study revealed that the majority
of patients were suffering from hyponatremia 26/50(52%). The result of this study agreed with study done by many researchers
[12,16,17], in which hyponatremia revealed (64%). Also our study indicated that 9/50(18%) of patients had hypernatremia and this
could be due to hypothalamic-pituitary dysfunction. In contrast to our study, a study done in Pakistan by Mirza, et al ., [18]
reported hypernatremia as a major abnormalities that occurred in 65.1% of patients with traumatic brain injury, while in our study
hypernatremia was represent 9/50(18%). These differences could be due to underlying disease and /or the choice of resuscitation
fluids used. Also the hyponatremia among the patients may develop as result of syndrome of inappropriate secretion of antidiuretic
hormone characterized by dilutional hyponatremia or cerebral salt-wasting syndrome featured by natriuresis [7]. Hyponatremia
may also be caused by the activity of the brain natriuretic peptide (BNP) [4]. Hyperosmolar therapy, including mannitol or
hypertonic saline solution, promotes fluid shifts from interstitial compartments into intravascular compartments and then diuresis
and this could lead to electrolytes imbalance mainly sodium [13].

Our study revealed that 22/50(44%), 8(16%) and 20(40%) of patients had hypokalemia, hyperkalemia and normal potassium
level respectively. This result agree with study done by Hande G A et al., and Pathomporn P., et al [15,19] they reported that
hypokalemia is more common among patients with traumatic brain injury. Hypokalemia among patients could be due to an
increase in their urinary loss, caused by neurologic trauma.

Among 50 patients recruited, 29/50(58%) with subdural hematoma and 21/50(42%) with epidural hematoma, 5 (10%) had
Glasgow Coma Scale (GCS) score < 8, 8 (16%) had GCS score 9 to 12, and 37 (74%) had GCS score 13 to 15. Subdural hematoma
and epidural hematoma were the most common diagnosis of patients with acquired brain injury [19]. Among patients with epidural
hematoma, the hyponatremia represent 7/21(33.3 %) , hypokalemia 9/21 (42.9%) , hypernatremia 2/21 (9.5%), While among
patient with subdural hematoma the hyponatremia represent 10/29 (34.5 %), hypokalemia 13/29 (44.8%), hypernatremia
5/29(17.2 %), and hyperkalemia 2/29 (6.9 %). There is no significance differences between sodium and potassium imbalances
among patients with subdural or epidural hematomas. Hyperkalemia among patients with traumatic brain injury probably due to a
secondary shift of potassium from intra to extracellular space.

5. Conclusion

This study concludes that hypokalemia followed by hyponatremia and hypernatremia are more common among patients with
traumatic brain injury, there for continuous monitoring of electrolytes are very important to improve patients outcomes.

Acknowledgments

The authors express sincere thanks to the head director of Gezira Traumatology Center, patients and staff of laboratory to
facilitate, participate and helping of this study.

Disclosure of conflict of interest
The authors declare that they have no competing interests.
References

1. Alves OL, Bullock R (2008). "Excitotoxic damage in traumatic brain injury". In Clark RSB, Kochanek P. Brain injury.
Boston: Kluwer Academic Publishers. p. 1. ISBN 0-7923-7532-7. Retrieved 2008-11-28

2. Jayantee Kalita, Rajesh KumarSingh, Usha Kant Misra, D.(2017). Cerebral Salt Wasting Is the Most Common Cause of
Hyponatremia in Stroke. Journal of Stroke and Cerebrovascular Diseases VVolume 26, Issue 5, May, Pages 1026-1032

3. Prathep S, Sriplung H, Phuenpathom N, et al (2017). Characteristics and outcomes of Thai patients hospitalized with
severe traumatic brain injury between 2009 and 2011. J Med Assoc Thai;100:843-9. [Google Scholar).

4. Yasuaki Nakagawaa Toshio Nishikimiab Koichiro Kuwahara.(2019). Atrial and brain natriuretic peptides: Hormones
secreted from the heart. Peptides VVolume 111, January 2019, Pages 18-25.

5. Carney N, Totten AM, O’Reilly C, et al(2017). Guidelines for the management of severe traumatic brain injury, fourth
edition. Neurosurgery;80:6-15. [PubMed] [Google Scholar].

6. Audibert G,Hoche J,Baumann A ,Mertes PM(2012). Water and electrolytes disorders after brain injury: mechanism and
treatment.Ann Fr Anesth Reanim.31(6):109-15.

www.ijeais.org/ijahmr



http://www.ijeais.org/ijahmr
https://pubmed.ncbi.nlm.nih.gov/?term=Aytuluk+HG&cauthor_id=32146086
https://scholar.google.com/scholar_lookup?journal=J+Med+Assoc+Thai&title=Characteristics+and+outcomes+of+Thai+patients+hospitalized+with+severe+traumatic+brain+injury+between+2009+and+2011&author=S+Prathep&author=H+Sriplung&author=N+Phuenpathom&volume=100&publication_year=2017&pages=843-9&

International Journal of Academic Health and Medical Research (IJAHMR)
ISSN: 2643-9824
Vol. 4, Issue 8, August — 2020, Pages: 1-5

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Leonard J, Garrett RE, Salottolo K, Slone DS, Mains CW, Carrick MM, Bar-Or D.(2015). Cerebral salt wasting after
traumatic brain injury: a review of the literature. Scand J Trauma Resusc Emerg Med. 2015 Nov 11;23:98. [PMC free
article] [PubMed].

Murray GD, Butcher I, McHugh GS, et al(2007). Multivariable prognostic analysis in traumatic brain injury: results from
the IMPACT study. J Neurotrauma 2007;24:329-37. [PubMed] [Google Scholar].

Kulesza B, Nogalski A, Kulesza T, et al(2015). Prognostic factors in traumatic brain injury and their association with
outcome. JPCCR;9:163-6. [Google Scholar].

Rhoney DH, Parker D(2006). Considerations in fluids and electrolytes after traumatic brain injury. Nutr Clin
Pract;21:462—78. [PubMed] [Google Scholar].

Lindsey KA, Brown RO, Maish GO, et al(2010). Influence of traumatic brain injury on potassium and phosphorus
homeostasis in critically ill multiple trauma patients. Nutrition;26:784-90. [PubMed] [Google Scholar].

Paiva WS, Bezerra DA, Amorim RL, et al(2011). Serum sodium disorders in patients with traumatic brain injury. Ther
Clin Risk Manag;7:345-9. [PMC free article] [PubMed] [Google Scholar].

Rafig MF, Ahmed N, Khan AA. Serum electrolyte derangements in patients with traumatic brain injury. J Ayub Med Coll
Abbottabad 2013;25:162-4. [PubMed] [Google Scholar].

Suman S, Kumar N, Singh Y, et al(2016). Evaluation of serum electrolytes in traumatic brain injury patients: prospective
randomized observational study. J Anesth Crit Care;5:00184(open access). [Google Scholar]

Hande Gurbuz Aytuluk , Hulya Topcu (2020). Severe Hypokalemia and Rebound Hyperkalemia During Barbiturate
Coma in Patients With Severe Traumatic Brain Injury. Neurocirugia (Astur) 4;S1130-1473(20)30001-4.doi:
10.1016/j.neucir.2019.12.003.

Usha S Adigal, Vickneshwaran V2, Sanat Kumar Sen, (2012).Electrolyte derangements in traumatic brain injury. Basic
Research Journal of Medicine and Clinical SciencesISSN 2315-6864Vol. 1(2) pp. 15-18.

Li M, Hu YH, Chen G(2013). Hypernatremia severity and the risk of death after traumatic brain injury. Injury
2013;44:1213-8. [PubMed] [Google Scholar].

Mirza Faisal Ahmed Rafiq, Noor Ahmed, AdilAziz Khan(2013). SERUM ELECTROLYTE DERANGEMENTS IN
PATIENTS WITH TRAUMATIC BRAIN INJURY. J Ayub Med Coll Abbottabad;25(1-2)

Pathomporn Pin-on, M.Med.Sc, Ananchanok Saringkarinkul, et al(2018). Serum electrolyte imbalance and prognostic
factors of postoperative death in adult traumatic brain injury patients. Medicine (Baltimore). 2018 Nov; 97(45): e13081.

www.ijeais.org/ijahmr



http://www.ijeais.org/ijahmr
https://scholar.google.com/scholar_lookup?journal=J+Anesth+Crit+Care&title=Evaluation+of+serum+electrolytes+in+traumatic+brain+injury+patients:+prospective+randomized+observational+study&author=S+Suman&author=N+Kumar&author=Y+Singh&volume=5&publication_year=2016&pages=00184&
https://pubmed.ncbi.nlm.nih.gov/?term=Aytuluk+HG&cauthor_id=32146086
https://pubmed.ncbi.nlm.nih.gov/32146086/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Topcu+H&cauthor_id=32146086
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pin-on%20P%5BAuthor%5D&cauthor=true&cauthor_uid=30407307
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saringkarinkul%20A%5BAuthor%5D&cauthor=true&cauthor_uid=30407307
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6250545/

