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Introduction

What is known
Traumatic brain injury (TBI) accounts for 50% of deaths from 
bodily injury and of those who survive many suffer long-term 
functional disability.1 As the vast majority of trauma patients 
are children or young adults, the socio-economic effects are of 
major consequence. Little can be done to correct the primary 
damage to the central nervous system and management 
must focus on preventing secondary insults. Of critical 
importance is the prevention of raised intracranial pressure 
and reduced cerebral perfusion as a result of brain oedema. 
Meticulous attention should be paid to fluid administration 
and fluid balance.2,3,4 Sodium, the major extracellular cation, 
plays a critical role in fluid balance and abnormalities are 
not uncommon in the moderate to severe traumatic brain 

injury population.4,5,6. As a result of its osmotic activity, both 
elevated and decreased abnormalities in serum concentrations 
have the potential to cause severe secondary brain injury.6 

What is not known
The prevalence of sodium abnormalities in the moderate 
to severe brain injury patient is not known in the South 
African population. The diagnosis of sodium abnormality in 
this cohort of patients has not been previously studied with 
most studies being performed in ICU patients with multiple 
comorbidities in other countries.13,15 The relationship between 
CT findings and sodium abnormality has not previously been 
assessed in our population. The relationship between sodium 
abnormality, diagnosis and outcome has not been studied 
previously in isolated brain injury patients in our setting. It is 
not known if the onset of sodium abnormality has any effect 
on the outcome of the patient.
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What is being studied
The main aim of the study was to determine the prevalence of 
sodium abnormalities in the moderate to severe brain injury 
patient in the Durban population. The ancillary aim of this 
study was to determine the aetiology of sodium abnormalities 
in patients suffering TBI and the relationship to outcome, and 
to look at the onset of sodium abnormality and the effect on 
outcome.

Methods
This retrospective descriptive study was conducted on patients 
who were admitted to the Level I Trauma Unit at Inkosi Albert 
Luthuli Central Hospital (IALCH) in Durban, South Africa, 
between January 2013 and June 2015. The study protocol 
was approved by the Biomedical Research Ethics Committee 
of the University of KwaZulu-Natal, BREC study number 
BE008/16 (sub-study of BCA207/09). The aim of the study 
was to determine the prevalence and aetiology of sodium 
abnormalities in patients with moderate to severe brain injury 
admitted to the trauma unit.

Data were extracted from the hospital software system 
for clinical records (Sorian™, Siemens, Germany) and the 
prospectively maintained trauma unit clinical database. All 
patients were managed as per ATLS principles and underwent 
a neurosurgical examination and computed tomography of 
the brain. Only moderate (GCS 9 – 13) and severe (GCS < 
9) head injury patients were considered in the study as these 
are the patients commonly admitted to our trauma ICU and 
patients with a better GCS can control their fluid intake 
through normal physiologic mechanisms. Excluded from the 
study were all patients with multiple compartment injuries, 
renal disease or acute kidney injury (AKI – KDIGO Grade 
2  to 3), cardiac disease and prior sodium disorders. The first 
blood sample was obtained on admission to the resuscitation 
area of the trauma unit and thereafter daily. Patients were 
defined according to the sodium abnormality and classified 
as having normal sodium concentrations, hypernatremia or 
hyponatremia. Age, sex, mechanism of injury, CT findings, 
surgical management, onset of sodium abnormality, duration, 
peak, and trough levels were recorded. Outcome was 
determined by the Glasgow Outcome Scale (GOS).

Definitions: Normal serum sodium was defined as 
levels between 135  mmol/L to 144  mmol/l. Hyponatremia 
was defined by a serum concentration < 135  mmol/l and 
hypernatremia > 145 mmol/l. The sodium abnormalities were 
graded into mild, moderate and severe hyper- or hyponatremia 
as follows. Severe hypernatremia was defined as a serum 
sodium of 160mmol/L or greater, moderate hypernatremia as 
a serum sodium from 155 – 159mmol/L, mild hypernatremia 
as a serum sodium from 150  mmol/L to 154  mmol/L, mild 
hyponatremia as a serum sodium less than 135  mmol/L, 
moderate hyponatremia as a serum sodium less than 
130 mmol/L and severe hyponatremia as a serum sodium less 
than 125 mmol/L. Hypernatremic patients were classified into 
those with suspected diabetes insipidus (DI), dehydration or 
secondary to hypertonic saline use. Those with hyponatremia 

were classified into suspected fluid overload, Syndrome of 
inappropriate ADH secretion (SIADH), and Cerebral Salt-
wasting Syndrome(CSWS). DI was defined as polyuric 
hypernatremia with a serum osmolarity >  280  mosm/l and 
urine osmolarity < 200 mosm/l. Dehydration was defined as 
hypernatremia with serum osmolarity > 280 mosm/l and urine 
osmolarity normal or high. SIADH was defined as hypotonic 
hyponatremia with a serum osmolarity <  275  mosm/l and 
an inappropriately high urine osmolarity > 100 mosm/l with 
either euvolemia or hypervolemia. CSWS was diagnosed by 
hyponatremia, dehydration with an elevated serum osmolarity 
and a urine sodium > 20 mEq/L. 

Statistical analysis: Data were analysed using Stata 14 
(StataCorp, College Station, TX, USA). Continuous variables 
were described using either means (standard deviation – SD) 
or medians (interquartile ranges – IQR). Categorical variables 
were described as frequencies and percentages. Pearson’s 
Chi-squared test or Fisher’s exact test, where applicable, were 
used to assess associations between categorical variables 
and sodium abnormality. Differences in continuous variables 
between groups was determined using the Kruskal-Wallis 
test. Spearman’s correlation coefficient was also calculated. A 
p-value less than 0.05 was considered statistically significant. 

Results
Of 803 admissions during the study period 184 (22.9%) 
had either isolated TBI or TBI with concomitant minor 
musculoskeletal injury. Males accounted for 143 (77.7%) 
admissions with a male to female ratio of 3.5:1. The median 
age was 29 years (IQR 13.5 – 36). Forty-one (22.3%) patients 
were children (defined as less than 13 years of age). Motor 
vehicle related collisions accounted for 71.2% of injuries. 
Less common were blunt assaults (9.7%), falls from a height 
(6%), penetrating assaults (3.8%), found unconscious (9.3%). 
The population characteristics, sodium abnormalities, and 
outcome in relationship to severity of TBI are tabulated in 
Tables 1–3.

Table 4 illustrates TBI pathology as determined by CT 
scanning. Diffuse brain injury occurred in 39.7%, cerebral 
contusions in 16.3%, acute subdural haematoma in 15.2%, 
traumatic subarachnoid haemorrhage in 4.9%, intraventricular 
haemorrhage in 2.2% of patients, acute subdural haematoma 
with contusions in 5.4%, acute extradural haematoma in 
6%, brainstem elongation in 0.5%, tract haematoma in 
1.6%, intracerebral haematoma in 1.1%, subacute subdural 
haematoma in 0.5%, posterior fossa extradural haematoma 
in 0.5%, comminuted skull fracture in 4%, posterior fossa 
contusion in 0.5%, skull base fracture in 1.1%, previous 
infarct with no new haemorrhage in 0.5%. 

Patients were treated as follows: 67 (36.4%) having only 
an ICP monitor, 38 (20.7%) had a craniotomy and an ICP 
monitor, 27 (14.7%) had a decompressive craniectomy and 
an ICP monitor, 49 (26.6%) had neuroprotective ventilation 
only, with no ICP monitor inserted, 2 (1.1%) had a wound 
debridement and 1 (0.5%) was admitted for neurological 
observation.
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Abnormal serum sodium concentrations were present in 
126 (68.4%) patients of whom 61 (33.1%) had hyponatremia 
and 65 (35.3%) hypernatremia (Table 1). In the hypernatremia  
group, 52 (80%) had dehydration post resuscitation at 6 
hours, 7 (10.7%) had DI and 6 (9.3%) had hyperosmolar 
therapy as the cause. In the hyponatremia group, 47 (77.1%) 
had fluid overload, 11 (18%) had SIADH and 3 (4.9%) 
had CSWS (Table 2). Age was not associated with sodium 
abnormalities (p = 0.077) but those within the normal sodium 
concentration group had the lowest mean age. There was 
no significant correlation between mechanism of injury and 

sodium abnormality. The majority of patients with moderate 
TBI had a good outcome (78.3%), while the majority of 
patients with severe TBI had a poor outcome (55.1%)  
(Table 3). 

The peak differed by sodium abnormality (Figure 1) with 
50% of the hyponatremia patients peaking 4 days later than 
the hypernatremia patients (p = 0.001). Hypernatremia peaked 
at day 3 (IQR 2–5) and hyponatremia troughed at day 7 (IQR 
4–8). The analysis of the onset of sodium abnormality showed 
that for those patients who survived, a later onset was related 
to a better outcome (p  =  0.024). There was no correlation 

Table 1. Population characteristics, n (%)
Characteristic Hyponatremia

(n = 61)
Normal
(n = 58)

Hypernatremia
(n = 65)

Total
(n = 184)

p-value

Gender 0.708
Male 49 (80.3) 43 (74.1) 51 (78.5) 143 (77.7)
Female 12 (19.7) 15 (25.9) 14 (21.5) 41 (22.3)
Age, mean (SD) 30.8 (16.2) 24.3 (13.6) 28.1 (16.6) 27.8 (15.7) 0.077
Grading 0.231
Mild 46 (75.4) - 45 (69.2) 91 (49.5)
Moderate 12 (19.7) - 11 (16.9) 23 (12.5)
Severe 3 (4.9) - 9 (13.9) 12 (6.5)
GOS 0.380
Low disability 12 (19.7) 18 (31.1) 12 (18.5) 42 (22.8)
Moderate disability 21 (34.4) 16 (27.6) 16 (24.6) 53 (28.8)
Severe disability 10 (16.4) 6 (10.3) 11 (16.9) 27 (14.7)
Vegetative 11 (18.0) 6 (10.3) 11 (16.9) 28 (15.2)
Death 7 (11.5) 12 (20.7) 15 (23.1) 34 (18.5)
Admission GCS 0.141
Moderate 17 (27.9) 11 (19.0) 9 (13.9) 37 (20.1)
Severe 44 (72.1) 47 (81.0) 56 (86.2) 147 (79.9)
Discharge GCS 0.195
Moderate 28 (82.3) 15 (71.4) 20 (62.5) 63 (72.4)
Severe 6 (17.7) 6 (28.6) 12 (37.5) 24 (27.6)
Onset (days), median (IQR) 5 (3 - 7) - 2 (1 - 4) 3 (2 - 6) 0.002
Peak (days), median (IQR) 7 (4 - 8) - 3 (2 - 5) 5 (2 - 7) 0.001
Duration (days), median (IQR) 3 (2 - 6) - 3 (1 - 4) 3 (2 - 5) 0.145

Table 2. Sodium abnormality, n (%)

Hypernatremia Hyponatremia

Dehydration 52 (80.0) Fluid overload                         47 (77.1)

DI 7 (10.8) SIADH                                     11 (18.0)

Hyperosmolar therapy 6 (9.2) CSW                                      3 (4.9)

Table 3. TBI severity on admission, n (%)

Grade of head injury severity (GCS) Good outcome (GOS 4-5) Poor outcome (GOS 1-3)

Moderate TBI (GCS) 29 (78.4) 8 (21.6)

Severe TBI (GCS) 66 (44.9) 81 (55.1)
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between age and duration of sodium abnormality (r = 0.11,  
p = 0.202) and duration did not differ by sodium abnormality 
(p = 0.145). 

Glasgow Outcome Score (GOS) results reflected that the 
majority of patients had either low (22.8%) or moderate 
(28.8%) disability. Although the underlying pathology of TBI 
was not associated with GOS (p = 0.059), the GOS of patients 
with DI tended to be poorer (p = 0.031) ranging from severe 
disability (14.3%) to death (71.4%).

There was no association between the type of fluid used 
and GOS (p = 0.159). Death occurred in 34 (18.5%) patients 
and diagnosis was found to be significantly associated with 
mortality (p = 0.01), the most common diagnoses amongst 
those who died being dehydration (29.4%), fluid overload 
(17.7%) and DI (14.7%). Of those patients who survived, 133 
(88.7%) had improved GCS post intervention whilst 12 (8%) 
experienced a decreased GCS and 5 (3.3%) patients remained 
unchanged. GCS on discharge was significantly higher 
than GCS on admission within each sodium abnormality 
(p < 0.0001). 

The predominant fluid in adults was plasmalyte in 
57.7%, Ringer’s lactate 22.5% and normal saline 8.2%. The 
predominant fluid in paediatrics was paediatric maintenance 
solution. There was no association between fluid used and 
GOS (p = 0.159).

Discussion
In this study, abnormal serum sodium concentrations 
were present in 126 (68.4%) patients with a prevalence of  
61 (33.1%) cases of hyponatremia and 65 (35.3%) 
hypernatremia. ln a retrospective cohort study, Maggiore et 
al.1 verified that hypernatremia was common, occurring in 
51.5% of patients for 31% of the duration of the ICU stay. 
The prevalence of sodium abnormalities in this study was 
comparable to previous studies,1-3 however it is the first 
analysis of this nature in KwaZulu-Natal. 

In this study patients with hypernatremia had a worse 
outcome than those with hyponatremia, with 21% of patients 
who died having associated DI. This will often occur as 
brain death occurs in severe TBI and consequently terminal 
DI may be more part of the occurrence of brain death in 
these patients. Severe hypernatremia following TBI is due 
to damage to the hypothalamic-pituitary axis and decreased 
production of antidiuretic hormone (ADH) resulting in 
diabetes insipidus (DI). Although lesions may occur at any 
point along this axis, the most common aetiology is pituitary 
gland dysfunction as a result of swelling, ischaemia, or direct 
injury in those with basal skull fractures. This pathology 
causes rapid fluid depletion and escalation of the serum 
sodium levels to moderate and severe derangements. It has 
been recognised that this causes secondary cerebral oedema 
during rapid fluid replacement, resulting in deterioration of 
patients and was possibly the reason for its correlation with 
outcome.11,12,14 Neurological dysfunction is the principal 
manifestation of hypernatremia especially in patients with 
intracranial pathology.5,6 Hypernatremia was associated with 
a threefold increase in ICU mortality in one study.3 This study 
confirms a poor outcome as defined by the GOS in patients 
with hypernatremia as the GOS of patients with DI tended to 
be poorer ranging from severe disability to death.

The current study found that the maximum abnormality 
in serum sodium differed by sodium abnormality with 50% 
of the hyponatremia patients peaking 4 days later than the 
hypernatremia patients. The analysis of the onset of sodium 
abnormality showed that for those patients who survived, 

Table 4. CT findings on admission, n (%)
Diffuse brain injury 73 (39.7)
Cerebral contusions 30 (16.3)
Acute subdural haematoma 28 (15.2)
Traumatic subarachnoid haemorrhage 9 (4.9)
Intraventricular haemorrhage 4 (2.2)
Acute subdural haematoma with contusions 10 (5.4)
Acute extradural haematoma 11 (6)
Brainstem elongation 1 (0.5)
Tract haematoma 3 (1.6)
Intracerebral haematoma 2 (1.1)
Subacute subdural haematoma 1 (0.5)
Posterior fossa extradural haematoma 1 (0.5)
Comminuted skull fracture 7 (4)
Posterior fossa contusion 1 (0.5)
Skull base fracture 2 (1.1)
Previous infarct with no new haemorrhage 1 (0.5)

Table 5. Management, n (%)
ICP monitor 67 (36.4%)
Craniotomy and an ICP monitor 38 (20.7%)
Decompressive craniectomy and an ICP monitor 27 (14.7%)
Neuroprotective ventilation only with no ICP 
monitor inserted

49 (26.6%)

Wound debridement 2 (1.1%)
Neurological observation 1 (0.5%)

Figure 1.
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a later onset was related to a better outcome. Meticulous 
attention should be paid to repetitive and accurate checking 
of serum sodium concentration especially within the first 
ten days of TBI.2 The mean time after which the disturbance 
occurred was 23 days after head trauma in one study.2 
Hyponatremia is a common neuro-medical problem seen in 
survivors of central nervous system injury.7-10 It is associated 
with seizures, coma, persistent vegetative state and brainstem 
compression and death as complications.3,13 It was found, in a 
previous study, that 20% of patients suffered an acute onset of 
severe hyponatremia following TBI and this was associated 
with a poor neurological outcome or death after sudden 
onset of seizures, followed by coma, apnoea and brainstem 
compression.3 This highlights the importance of detecting and 
correcting hyponatremia as soon as possible.

There was no significant correlation between mechanism of 
injury and sodium abnormality. The majority of patients with 
moderate TBI had a good outcome (78.3%), while majority 
of patients with severe TBI had a poor outcome (55.1%). 
Paiva et al.3 could find no association among various types 
of TBI and the proportion of sodium disorders, although the 
incidence of sodium disorders was greater in those suffering 
diffuse injury compared to intracerebral haematomas. 

The current study found a high prevalence of dehydration 
and fluid overload in our patient cohort. It is possible that 
the high incidence of dehydration is secondary to patients 
being poorly resuscitated at referral centres, while the high 
incidence of fluid overload is possibly due to the overzealous 
resuscitation of some patients with additional aggressive 
resuscitation at referral centres. There are currently no 
statistical data to support this, however and a future study 
will be helpful to determine what percentage of patients 
are under-resuscitated or over-resuscitated from referral 
centres. There exists currently no ideal device to adequately 
assess a ventilated trauma patient’s fluid volume to guide 
resuscitation and current diagnostic techniques such as IVC 
compressibility, pulmonary wedge catheter and stroke volume 
variation are not accurate enough to be more than a guide to 
resuscitation in any centre. It is vital that fluid management 
of these patients with moderate to severe TBI be optimised to 
prevent sodium flux, either upward or downward. To further 
decrease the risk of sodium abnormalities a suitable fluid 
management protocol must be developed for implementation 
both at the initial resuscitation hospital and in the ongoing 
management of these patients.

Age was not associated with sodium abnormalities but 
those within the normal sodium concentration group had the 
lowest mean age. A previous study suggested that most of 
the patients with sodium abnormalities were 21–50-year-old 
males who had undergone craniotomy.2

GOS at discharge reflected that the majority of patients had 
either low (22.8%) or moderate (28.8%) disability. There was 
no association between the type of fluid used and GOS. Death 
occurred in 34 (18.5%) patients and diagnosis was found to 
be significantly associated with mortality, the most common 
diagnoses amongst those who died being dehydration (29.4%), 
fluid overload (17.7%) and DI (14.7%). The GCS has been 

reported to correlate with sodium levels where a lower GCS 
was associated with a lower sodium level.4 The GOS however 
was not discussed in that study.

The predominant intravenous fluid in adults was plasmalyte 
in 57.7%, Ringer’s lactate 22.5% and normal saline 8.2%. The 
predominant fluid in paediatrics was paediatric maintenance 
solution. There was no association between fluid used and 
GOS.

Limitations
The majority of our neurosurgical trauma patients are not 
followed up and the long-term outcome could not be assessed. 
The fluids given at referral centres cannot be controlled and 
may not have been clearly documented on referral letters to 
the unit on admission. Patients are not routinely taken directly 
to the trauma unit and this allows influence from referral 
centres on the fluid given to patients. 

Conclusion
The prevalence of abnormal serum sodium concentrations 
was almost 69% of whom almost half had hyponatremia 
and the rest hypernatremia. Death occurred in 34 (18.5%) 
patients and among those who died dehydration (29.4%), 
fluid overload (17.7%) and DI (14.7%) were significantly 
associated with mortality. The analysis of the onset of sodium 
abnormality showed that for those patients who survived, a 
later onset was related to a better outcome. This makes early 
diagnosis of abnormal serum sodium important to identify 
and treat the underlying cause. An early screening tool should 
be in place in all critical care units where moderate to severe 
TBI is managed to establish if serum sodium is abnormal, for 
example, regular blood gas measurements with electrolytes. 
A controlled fluid management protocol is required at both 
referral hospitals and in the ongoing management of these 
patients with moderate to severe TBI to reduce the prevalence 
of sodium abnormalities.
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