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Background: Electrolyte derangements are common sequel of traumatic brain injury. Use of 
intravenous fluids, diuretics, syndrome of inappropriate ADH secretion and cerebral salt washing are 
some of the factors responsible for this. Proper in time detection followed by appropriate treatment not 
only improves neurological status but also decrease morbidity and mortality. This study was conducted 
to know serum derangements of different electrolytes in patients with traumatic brain injury. 
Methodology: This cross-sectional study was conducted in Pakistan Institute of Medical Sciences, 
Islamabad, Pakistan from Feb 2009 to Feb 2010. All adult patients with traumatic brain injury who 
presented to Neurosurgical department with severe head injury (GCS <8) and who need monitoring in 
high dependency unit, were included in this study. Initially twice daily serum electrolyte monitoring for 
one week then once daily for remaining period of hospital stay was carried out. All samples were sent 
to Pathology department of Pakistan Institute of Medical Sciences, Islamabad. Patients who need 
corrective measures for imbalance had repetition of sampling after giving appropriate therapy. 
Statistical analysis was performed on SPSS-16. Results: Total 215 patients presented with severe head 
injury that were managed in high dependency unit. Out of which 127 (59.1%) were male and 88 
(40.9%) were females. Most of them were adults between 21–40 years of age (21.4%; 24.7%). Sodium 
was the main electrolyte that underwent change & out of which hyper-natremia was major abnormality 
that occurred in 140 (65.1%) of patients.  This is followed by hypo-kalemia that occurred in 79 (36.7%) 
of patients. Serum calcium & magnesium levels show little derangements. Conclusion: Electrolyte 
imbalance following traumatic head injury is an important cause to look for in patient monitoring. 
Sodium is the chief electrolytes of concern. Serum potassium and calcium levels also under goes 
notable changes.  
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INTRODUCTION 
Motor vehicle accidents are common squeal of 
today’s modern era. They results in severe 
intracranial and extra-cranial injuries.1 Both hydro-
electrolytic and haemodynamic factors contribute in 
patients with head injury and their effect is related to 
blood-brain barrier integrity and characteristics of 
cerebral perfusion pressure (CPP). Any disturbance 
in these results in development of interstitial oedema 
and worsening of cerebral ischemia. Early interstitial 
oedema is mainly a consequence of low plasma 
osmolality, whereas low oncotic pressure plays a 
minor role.2 Various mediators are released which 
enhance vasogenic and/or cytotoxic brain oedema. 
These include glutamate, lactate, H+, K+, Ca++, nitric 
oxide, arachidonic acid and its metabolites, free 
oxygen radicals, histamine, and kinins.3 

Head injury also leads to various electrolyte 
derangements each of which have different 
neurologic manifestations.4 Sodium is the most 
common and important electrolyte responsible 
among these. Both hyponatremia and hyernatremia 
can result. More so changes in potassium chiefly 
hypokalemia5 and fluid content 6 are also encountered 
in clinical practice7. Many different causes are 

responsible for these. The most common being 
syndrome of inappropriate anti-diuretic hormone 
secretion,8 Cerebral salt wasting (CSW),7 reception 
of furosemide and mannitol4. Age is another 
important factor that also greatly affects morbidity 
and mortality. Advancing age has poor outcome.9 
Appropriate fluid management of patients with 
traumatic brain injury (TBI) presents a challenge in 
most part of the world.10 Isotonic fluid  can be given 
without significant fluid disturbances in body.11 

However patients may deteriorate after initial 
improvement even after 10 days due to electrolyte 
disturbances chiefly sodium.12 It can result in depress 
level of consciousness. 

Patient management of electrolyte balance 
following head injury is the most important strategy 
to avoid these.10 The use of hyper osmolar fluids, 
such as hypertonic saline, has gained significant 
interest because they are devoid of dehydrating 
properties and may have other beneficial properties 
for patients with traumatic brain injury (TBI).1 Other 
pharmacological agents such as phenibut (50 mg/Kg) 
and sodium hydroxybutyrate (0.2 g/Kg)13 may also 
be used. They prevent electrolyte changes in blood 
also. They not only restore cardiovascular function 
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but also decrease intracranial pressure.14 However 
hyperosmolar fluid also results in electrolyte 
disturbances especially of sodium which in result can 
alter fluid balance.4 More so patients management of 
electrolyte balance is also important in prevention of 
traumatic cerebral vasospasm.10 Many different 
options to lower increased ICP such as hypothermia, 
barbiturates, and osmotherapy also have some 
unwanted effects that depends upon underlying 
pathological lesion with severe head injury.15 

Rehabilitation among these patients is very important 
and it may take some time.16 

This study was conducted to know serum 
derangements of different electrolytes in patients 
with traumatic brain injury. 

MATERIAL AND METHODS 

All adult patients with traumatic brain injury who 
presented to Neurosurgical Department with severe 
head injury (GCS <8) and who needed monitoring in 
high dependency unit, were included in this study. All 
those patients who needed ventilator support and those 
less than 14 years of age were excluded. 
 Initially twice daily electrolyte monitoring for 
one week then once daily for remaining period of 
hospital stay was carried out. Patients who needed 
corrective measures for imbalance had repetition of 
sampling after appropriate therapy. Statistical analysis 
was performed on SPSS-16. 

RESULTS 
Total 215 patients were presented from February 
2009 to February 2010 with severe head injury. Out 
of which 127 (59.1%) were male and 88 (40.9%) 
were female. Sodium was the major electrolyte that 
underwent significant change followed by Potassium. 
Out of 215 patients 31 patients develop Hyonatremia 
(14.4%); 140 (65.1%) develop Hypernatremia; 44 
(20.5%) patients had no change in serum sodium 
levels (Table-1).     

Sodium is followed by Potassium. Serum 
Potassium level changed as; Hypokalemia in 79 (n = 
215) (36.7%); Hyperkalemia in 48 (22.3%) and 88 
(40.9%) had static potassium levels (Table-2). Other 
electrolytes which we look for were serum Calcium 
and Magnesium. Calcium levels were changed as; 
Hypocalcaemia in 71 (33%), Hypercalcaemmia in 10 
(4.7%) and 134 (62.3%) had static serum calcium 
levels (Table-3). Changes in Magnesium levels 
remained stable in majority. There was hypo-
magnesemia in 12 (5.6%), and hyper-magnesemia in 
6 (2.8%) patients (Table 4). 

Table-1: Changes in serum sodium levels (n=215) 
Parameter Frequency Percentage 
Hyponatremia 31 14.4 
Hypernatremia 140 65.1 
No change 44 20.5 

Table-2: Changes in serum potassium levels (n=215) 
Parameter Frequency Percent 
Hypokalemia 79 36.7 
Hyperkalemia 48 22.3 
No change 88 40.9 

Table-3: Changes in serum calcium levels 
Parameter Frequency Percent 
Hypocalcemia 71 33.0 
Hypercalcemia 10 4.7 
No change 134 62.3 

Table-4: Changes in serum magnesium levels 
Parameter Frequency Percent 
Hypomagnasemia 12 5.6 
Hypermagnesemia 6 2.8 
No change 197 91.6 

DISCUSSION 
Electrolyte derangements are common in patients with 
head injury.4 Most common and notable changes occur 
in serum Sodium and Potassium levels.6,17 Changes in 
fluid level secondary to resuscitative measures and 
pharmacological therapy (use of Furosemide and 
Mannitol)2 are mainly responsible for these. However 
other causes can also contribute. Out of which cerebral 
salt wasting, syndromes of inappropriate ADH secretion 
(SIADH) secretion are important.18 Maintaining of fluid 
balance is main stay of treatment. It also greatly affects 
neurological outcome. Many different type of fluids are 
used namely hypertonic/hyperoncotic saline/dextran 
solution (HHS). Volume replacement with isotonic 
fluids not only is therapeutically of limited efficacy but 
may aggravate posttraumatic brain edema.14 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 al11 and the aim was normovolumia. Cintra Ede A 
et al17 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.14,11 The use of these solutions 
was in specific conditions in our study like in SIADH 
and Diabetes Inspidis. 

Controlling intra cranial pressure (ICP) is 
pivotal in traumatic brain injury patients. Unterberg A et 
al12 used different pharmacological agents like mannitol 
and furosemide are used for this purpose.2 We also used 
the same to control ICP. Dexamethasone is also a 
valueable adjunct.18 Gaab M6 routinely used 
Dexamethasone for this purpose and they found it more 
useful than mannitol and furosemide.6 These results are 
in accordance with our study. However we did not use 
Furosemide routinely as we did Dexamethasone. 
Furosemide and Mannitol were used in specific 
situations in our study.  

Electrolyte derangements in our study did not 
correlated with Goh KP et al.18 They had Hyponatremia 
as major electrolyte abnormality. Whereas we had 
(14.4%) of patients with Hyponatremia as compared to 
140 (65.1%) patients who develop Hypernatremia; 44 
(20.5%) patients had no change in serum sodium levels. 
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So hypernatremia was more common in our study. The 
logical reason for this contrast may be the relative 
dehydrating policy as we used up to two litres of fluids 
per 24 hours routinely as in accordance with Steinbok P 
et al19 along with the insensible losses. More so most of 
the patients were with poly trauma, which need 
tracheostomy and some develop fever also. So perhaps 
insensible losses were the cause of it. Monitoring of 
electrolytes was twice daily in first week of trauma as in 
accordance with Steinbok P et al.19 

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.5 In our study low 
serum potassium was in 36.7% of patients as compared 
to 22.3% who had high serum potassium levels. 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.5 

Serum calcium changes render a variety of 
clinical manifestations in patients with traumatic brain 
injury.20 Right from development of tetany21 to seizures 
all can happen. Abnormal responses of neurons to 
stimulation secondary to accumulation of intracellular 
calcium in traumatic brain injury are responsible for 
these.22 Both serum hypocalcaemia and hypercalcaemia 
can occur.20 Hyperphenylalaninemia,23 decrease in 
serum magnesium concentration and hyperventilation to 
control raised intracranial pressure22 are factors  
responsible for these. We had more patients with 
hypocalcaemia 33% than hypercalcaemia 4.7%. Above 
mentioned factors were responsible for these. However 
we did not check phenylalanine levels as Plöchl E et al23 
did. Most of patients had stable serum magnesium 
levels. Only 12 (5.6%) had hypo and 6 (2.8%) had 
hypermagnesemia. 

CONCLUSION 
Electrolyte derangements are very common in patients 
with head trauma. It is an important and manageable 
cause of neurological deterioration. Most common 
derangement is during the first week of injury. Sodium 
is the most common electrolyte affected. Serum 
potassium and calcium levels must also be looked for, 
especially in first week of trauma. 

REFERENCES 
1. Childers MK, Rupright J, Jones PS, Merveille O. Assessment of 

neuroendocrine dysfunction following traumatic brain injury. 
Brain Inj 1998;12:517–23. 

2. Guggiari M, Georgescu H. The injured brain. Basis for hydro 
electrolytic and hemodynamic resuscitation. Ann Fr Anesth 
Reanim 1994;13(1):98–104. 

3. Unterberg AW, Stover J, Kress B, Kiening KL. Edema and brain 
trauma. Neuroscience 2004;129:1021–9. 

4. Rhoney DH, Parker D Jr. Considerations in fluids and 
electrolytes after traumatic brain injury. Nutr Clin Pract 
2006;21:462–78. 

5. Pomeranz S, Constantini S, Rappaport ZH. Hypokalaemia in 
severe head trauma. Acta Neurochir (Wien) 1989;97(1–2):62–6. 

6. Gaab M, Knoblich OE, Schupp J, Herrmann F, Fuhrmeister U, 
Pflughaupt KW. Effect of furosemide on acute severe 
experimental cerebral edema. J Neurol 1979;220(3):185–97. 

7. Askar A, Tarif N. Cerebral salt wasting in a patient with head 
trauma: management with saline hydration and fludrocortisone. 
Saudi J Kidney Dis Transpl 2007;18:95–9. 

8. Gribkov AV, Fraerman AP, Salalykin VI, Salmin AA, Sidorkin 
VG, Mikhaĭlova EM. Regulation of the water-electrolyte balance 
during neurosurgical operations with balanced anesthesia using 
sodium oxybutyrate. Anesteziol Reanimatol 1992;(1):28–31. 

9. Unterberg A, Schneider GH, Gottschalk J, Lanksch WR. 
Development of traumatic brain edema in old versus young rats. 
Acta Neurochir Suppl (Wien) 1994;60:431–3. 

10. Ishizaki T, Momota H, Kuwahara K, Tanooka A, Morimoto S. A 
case of symptomatic traumatic cerebral vasospasm associated 
with hyponatremia. No Shinkei Geka 1999;27:1031–6. [Article 
in Japanese] 

11. James HE, Schneider S. Effects of acute isotonic saline 
administration on serum osmolality, serum electrolytes, brain 
water content and intracranial pressure. Acta Neurochir Suppl 
(Wien) 1993;57:89–93. 

12. Unterberg A, Kiening K, Schmiedek P, Lanksch W. Long-term 
observations of intracranial pressure after severe head injury. The 
phenomenon of secondary rise of intracranial pressure. 
Neurosurgery 1993;32:17–23. 

13. Novikov VE, Chemodurova LN. The effect of GABA-ergic 
agents on the blood electrolyte balance in acute craniocerebral 
trauma. Eksp Klin Farmakol 1992;55(3):70–2. 

14. Berger S, Schürer L, Härtl R, Deisböck T, Dautermann C, Murr 
R, et al. 7.2% NaCl/10% dextran-60 versus 20% mannitol for 
treatment of intracranial hypertension. Acta Neurochir Suppl 
(Wien) 1994;60:494–8. 

15. Nara I, Shiogai T, Hara M, Saito I. Comparative effects of 
hypothermia, barbiturate, and osmotherapy for cerebral oxygen 
metabolism, intracranial pressure, and cerebral perfusion pressure 
in patients with severe head injury. Acta Neurochir Suppl 
1998;71:22–6. 

16. Parkerson JB Jr, Taylor Z, Flynn JP. Brain injured patients: 
comorbidities and ancillary medical requirements. Md Med J 
1990;39:259–62. 

17. Cintra Ede A, Araújo S, Quagliato EM, Castro M, Falcão 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. 

18. Goh KP. Management of hyponatremia. Am Fam Physician 
2004;69:2387–94. 

19. Steinbok P, Thompson GB. Metabolic disturbances after head 
injury: abnormalities of sodium and water balance with special 
reference to the effects of alcohol intoxication. Neurosurgery 
1978;3(1):9–15. 

20. Myshkin Ki, ChuenkovVF. Changes in blood serum calcium 
levels in acute cranio-cerebral injury. Vopr Neirokhir 
1963;27:26–8. 

21. Kogan OG, Kaishibaev SK. A case of tetany developing after brain 
injury. Zdravookhranenie Kazakhstana 1961;21(10):68–70. 

22. Gurkoff GG, Shahlaie K, Lyeth BG. In vitro mechanical strain 
trauma alters neuronal calcium responses: Implications for 
posttraumatic epilepsy. Epilepsia 2012;53(Suppl 1):53–60. 

23. Plöchl E, Thalhammer O, Weissenbacher G. Brain damage of 
acute course in an infant with hyperphenylalaninemia and 
hypercalcemia. Helv Paediatr Acta 1968;23(3):292–304. 

Address for Correspondence: 
Dr. Mirza Faisal Ahmed Rafiq, Consultant Neurosurgeon, KRL General Hospital, Islamabad. Cell: +92-331-5081876 
Email: drfaisal765765@hotmail.com 


