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Abstract: 
Background: In developing countries like India, Traumatic brain injury (TBI) is one of the predominant causes 

of morbidity and mortality with great impact on the socioeconomic losses. Every year, 50 - 60% of the road 

traffic accident patients are being hospitalised for traumatic brain injury. Patients of TBI have high risk of 

electrolyte derangements and it is likely due to abnormality in serum sodium, potassium, calcium, magnesium. 

This study was conducted to evaluate serum derangements of different electrolytes in patients with traumatic 

brain injury. 

Materials and Methods: This is a prospective study conducted in the department of neurosurgery from October 

2019 to June 2020. All adult patients attending emergency department of Gauhati medical college & 

Hospital(GMCH) with traumatic brain injury with subsequent hospitalisation were included in this study. All 

those patients who needed ventilator support and those less than 14 years of age were excluded. 314 patients 

were included. On confirmation of head injury by computed tomography (CT)Head(P), the severity grades of 

head injury was assessed with glasgow coma scale (GCS) on arrival at the GMCH hospital trauma and 

emergency department. Serum electrolytes (serum sodium, potassium, calcium and magnesium) were measured 

at time of arrival in emergency before starting intravenous fluid then once daily for remaining period of hospital 

stay was carried out.  

Results: A total of 314 patients were included in this study with mean age of 36.87 + 16.01years.Hyponatremia 

(36.3%) is the most common electrolyte imbalance  found in this study. Hypernatremia was present in 25.5% 

patients. Hypokalemia is present in 21.4% patients and hyperkalemia is present in 17.5% patients. 

Hypocalcemia is present in 14.7% patients and hypercalcemia is present in 8% patients. Hypomagnesemia is 

present in 6.4% patients and hypermagnesemia is present in 5.4% patients. mortality was seen in 8.6% patients. 

Conclusion: Electrolyte derangements are most common in patients with traumatic head injury. It is an 

important and treatable cause of neurologicaldeterioration. 
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I. Introduction 
 In developing countries like India, Traumatic brain injury (TBI) is one of the predominant causes of 

morbidity and mortality with great impact on the socioeconomic losses. Every year, 50 - 60% of the road traffic 

accident patients are being hospitalised for traumatic brain injury
1,2

. Patients of TBI have high risk of electrolyte 

derangements and it is likely due to abnormality in serum sodium, potassium, calcium, magnesium
3
. It may be 

due to use of intravenous fluids, syndrome of inappropriate ADH secretion, diuretics and cerebral salt washing. 

Serum Sodium is the most common and important electrolyte abnormality responsible among all these 

electrolytes. Potassium changes mainly Hypokalemia and fluid content are noted
4-6

. Most common cause was 

syndrome of inappropriate anti-diuretic hormone secretion followed by Cerebral salt wasting and use of 

diuretics
5-7

. Patients may sometimes deteriorates after initial improvement even after a week due to electrolyte 

disturbances mainly due to sodium
8
. So proper management of dyselectrolytemia is very important

9
.  

 Serum calcium is also one of the important electrolyte abnormality associated with a variety of clinical 

manifestations in patients with traumatic brain injury
10

 mainly development of tetany
11

 which may lead to 

seizures. Abnormal responses of neurons to stimulation secondary to accumulation of intracellular calcium in 

traumatic brain injury are responsible for these features
12

.  

 Abnormality in serum magnesium following a traumatic brain injury is also been observed. Magnesium 

has been called "nature's physiological calcium channel blocker" because it appears to regulate the intracellular 

flow of calcium ions and hypocalcemia is also related with low levels of Mg. There is a strong correlation 

between Hypomagnesemia and some disorders like ischemic heart disease, hypertension, coronary 
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vasoconstriction, transient ischemic attacks, cardiac arrhythmias, sudden death, preeclampsia-eclampsia, 

strokes, seizures, neuromuscular irritability, and diabetes
12-19

. 

  

This study was conducted to evaluate serum derangements of different electrolytes in patients with traumatic 

brain injury. 

 

II. Material And Methods 
 This is a prospective study conducted in the department of neurosurgery from October 2019 to June 

2020. All adult patients attending emergency department of Gauhati medical college & Hospital with traumatic 

brain injury with subsequent hospitalisation were included in this study. All those patients who needed 

ventilator support and those less than 14 years of age were excluded. Consent was taken before initiating the 

study and those patients who are not willing to give consent were excluded from the study. 314 patients were 

included. On confirmation of head injury by computed tomography (CT)Head(P), the severity grades of head 

injury was assessed with glasgow coma scale (GCS) on arrival at the GMCH hospital trauma and emergency 

department. Serum electrolytes (serum sodium, potassium, calcium and magnesium) were measured at time of 

arrival in emergency before starting intravenous fluid then once daily for remaining period of hospital stay was 

carried out. All patient received standard treatment as per institutional protocol for TBI. Statistical analysis was 

performed using SPSS-16. 

III. Result 

 
Figure 1: Gender distribution 

 

 A total of 314 patients were included in this study with mean age of 36.87 + 16.01 ranging from 5 

years to 85 years. There were 227 males and 87 females. In this study, Most common NCCT findings at the time 

of admission were Extradural hematoma in 88 (28%) patients followed by Subdural hematoma in 77 (24.5%) 

patients, Intracerebral hemorrhage in 74 (23.6%) patients, Subarachnoid hemorrhage in 67 (21.3%) patients and 

Diffuse Axonal Injury in 8 (2.5%) patients. Mean hospital stay in this study was 5.37 + 1.87 days ranging from 

1 day to 8 days.  

  Out of total 314 patients,92 patients have Mild GCS (13-15) which constitutes 29.3 %, 157 

patients have Moderate GCS (9-12) (50%) and 65 (20.7%) patients have severe GCS (</=8).  

In this study, mortality was seen in 8.6% patients and 91.4% patients recovered. 

 

Table 1: Incidence of Electrolyte Imbalance 
Electrolyte Imbalance 

 Frequency Percent 

Hyponatremia 114 36.3% 

Hypernatremia 80 25.5% 

No Change 120 38.2% 

 

Hypokalemia 67 21.4% 

Hyperkalemia 55 17.5% 

No Change 192 61.1% 

Male, 72.30%

Female, 27.70%

GENDER
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Hypocalcemia 46 14.7% 

Hypercalcemia 25 8.0% 

No Change 270 77.3% 

 

Hypomagnesemia 20 6.4% 

Hypermagnesemia 17 5.4% 

No Change 277 88.2% 

 

 

Table 2: Serum sodium (Na+) derangements following traumatic brain Injury 

Change in Electrolye levels Diagnosis Frequency Percent 

Hyponatremia Diffuse Axonal Injury 5/8 36.3% 

(114/314) Extradural hematoma 35/88 

Intracerebral hemorrhage 30/74 

Subarachnoid hemorrhage 25/67 

Subdural hematoma 20/77 

 

Hypernatremia Diffuse Axonal Injury 6/8 25.5% 

80/314 Extradural hematoma 20/88 

Intracerebral hemorrhage 15/74 

Subarachnoid hemorrhage 17/67 

Subdural hematoma 22/77 

 

No Change 38.2% (290/314) 

 

Table 3: Serum potassium (K+) derangements following traumatic brain Injury 

Change in Electrolye levels Diagnosis Frequency Percent 

Hypokalemia Diffuse Axonal Injury 2/8 21.4% 

(67/314) Extradural hematoma 16/88 

Intracerebral hemorrhage 14/74 

Subarachnoid hemorrhage 16/67 

Subdural hematoma 19/77 

 

Hyperkalemia Diffuse Axonal Injury 1/8 17.5% 

(55/314) Extradural hematoma 20/88 

Intracerebral hemorrhage 9/74 

Subarachnoid hemorrhage 10/67 

Subdural hematoma 15/77 

 

No Change 61.1% (192/314) 

 

Table 4: Serum calcium (Ca2+) derangements following traumatic brain Injury 

Change in Electrolye levels Diagnosis Frequency Percent 

Hypocalcemia Diffuse Axonal Injury 4/8 14.7% 
(46/314) Extradural hematoma 8/88 

Intracerebral hemorrhage 16/74 

Subarachnoid hemorrhage 5/67 

Subdural hematoma 13/77 

 

Hypercalcemia Diffuse Axonal Injury 1/8 8.0% 
(25/314) Extradural hematoma 4/88 

Intracerebral hemorrhage 7/74 

Subarachnoid hemorrhage 9/67 

Subdural hematoma 5/77 

 

No Change 77.3% (270/314) 

 

Table 5: Serum magnesium (Mg2+) derangements following traumatic brain Injury 

Change in Electrolye levels Diagnosis Frequency Percent 

Hypomagnesemia Diffuse Axonal Injury 3/8 6.4% 
(20/314) Extradural hematoma 2/88 

Intracerebral hemorrhage 6/74 

Subarachnoid hemorrhage 4/67 
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Subdural hematoma 5/77 

 

Hypermagnesemia Diffuse Axonal Injury 2/8 5.4% 

(17/314) Extradural hematoma 3/88 

Intracerebral hemorrhage 4/74 

Subarachnoid hemorrhage 4/67 

Subdural hematoma 4/77 

 

No Change 88.2% 

(277/314) 

 

Table 6: Association between electrolyte imbalance and GCS score 
 

 GCS </=8 GCS 9-12 GCS 13-15 Total (%) 

Hyponatremia 67 30 17 114(36.3%) 

Hypernatremia 40 25 15 80(25.4%) 

 

Hypokalemia 27 33 7 67 (21.3%) 

Hyperkalemia 25 19 11 55(17.5%) 

 

Hypocalcemia 13 26 7 46(14.6%) 

Hypercalcemia 7 9 9 25 (7.9%) 

 

Hypomagnesemia 7 8 5 20(6.3%) 

Hypermagnesemia 10 7 0 17 (5.4%) 

 

IV. Discussion 
 Head injuries are common cause of morbidity and mortality. Electrolyte derangements are common in 

patients with TBI
20

.Patient management of electrolyte balance following head injury is the most important 

strategy to avoid these.Maintaining of fluidbalance is main stay of treatment. It also greatly affects neurological 

outcome. Many different type of fluids are used namely hypertonicsaline/dextran solution (HHS). Volume 

replacement with isotonic fluids not only is therapeutically of limited efficacy but may aggravate posttraumatic 

brain edema.
21

 Same were the causes in our study and we also experienced difficulty in maintaining fluid 

balance. More so we also used isotonic saline and Hartman’s solution as James HE et al
22

 and the aim was 

normovolumia. Cintra Ede A et al
23

 also used these fluids and according to them these are well compensated. 

However we did not use hypertonic/hyperoncotic saline/dextran solution (HHS) as some of authors did.
21,22

 

 In this study, a total of 314 patients were included in this study with mean age of 36.87 + 16.01 ranging 

from 5 years to 85 years. There were 227 males and 87 females. In this study, Most common NCCT findings at 

the time of admission were Extradural hematoma in 88 (28%) patients followed by Subdural hematoma in 77 

(24.5%) patients, Intracerebral hemorrhage in 74 (23.6%) patients, Subarachnoid hemorrhage in 67 (21.3%) 

patients and Diffuse Axonal Injury in 8 (2.5%) patients. Mean hospital stay in this study was 5.37 + 1.87 days 

ranging from 1 day to 8 days. 
 Hyponatraemia is defined as a serum sodium concentration of <135 mmol litre

24
 and occurs in up to 

15% of the general adult inpatient population. It is more common after brain injury, especially in those patients 

who are critically ill,
25

 usually develops between 2 and 7 days after the injury and is associated with mortality 

increases of up to 60%.
26,27

 In this study, Hyponatremia (36.3%) is the most common electrolye imbalance 

imbalance found in this study. In a study by Goh KP et al.
28

 Hyponatremia was a major electrolyte abnormality. 

Previous studies have suggested that 27 – 41% of TBI patients develop hyponatremia
29,30

 and 51% of TBI 

develop mild hyponatremia whoever 20 % of them develop moderate and severe hyponatremia
 31

. Another study 

proved that TBI patients develop hyponatremia only in 16.8 %
 29

.In this study, Hypernatremia was present in 

25.5% patients.The causefor hypernatremia could be diabetes insipidus, hypothalamicpituitary dysfunction and 

use of mannitol.  

 Potassium was the second most common electrolyte which underwent significant derangements 

followed by serum sodium levels. This is in accordance with the study by Pomeranz S et al.
4
Patients with severe 

head injury are at high risk for the development of Hypokalemia. Low potassium levels in these patients might 

be due to an increase in their urinary loss, caused by neurologic trauma. Potassium was the second most 

common electrolyte which underwent significant derangements followed by serum sodium levels. In this study, 

Hypokalemia is present in 21.4% patients and hyperkalemia is present in 17.5% patients. These changes were 

thought to be due to the large catecholamine discharge that is known to accompany severe head trauma, with 

resultant beta 2-adrenergic stimulation of the Na+-K+ pump.
4
 

 Serum calcium changes render a variety of clinical manifestations in patients with traumatic brain 

injury
10 

In this study, Hypocalcemia is present in 14.7% patients and hypercalcemia is present in 8% patients.
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 In this study, Hypomagnesemia is present in 6.4% patients and hypermagnesemia is present in 5.4% 

patients. In this study, mortality was seen in 8.6% patients and 91.4% patients recovered. In a study by Mokhtari 

et al
32

, mortality rates were significantly higher in patients with hyponatremia and hypernatremia than in other 

patients. 

 

V. Conclusion 

 Electrolyte derangements are most common in patients with traumatic head injury. It is an important 

and treatable cause of neurologicaldeterioration. Most commonly, electrolyte derangements occur during the 

first week of injury. Proper and timely management not only improves neurological status but alsodecreases 

morbidity andmortality. As Sodium is the most common electrolyte affected. Serum potassium, calcium and 

magnesium levelsmust also be looked for as they play an important role in prevention of secondary brain insults, 

preservation ofcerebral perfusionpressure, and optimization of cerebral oxygenation if done within 24 hours 

following resuscitation. 
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