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Abstract

Objective: To determine the clinical outcome and mean length of hospital stay of paediatric patients
with severe blunt traumatic head injury (THI) receiving 3% hypertonic saline (HTS) in the Emergency
Department (ED).

Methodology: This case series study was conducted at the Department of Emergency Medicine,
Aga Khan University Hospital, Karachi, from 2014 to 2015 via chart review of 105 patients. Detailed
history and clinical examination of all paediatric patients aged 2-16 years was recorded which included
moderate to severe head injury as classified by the Glasgow Coma Scale (GCS) by the Brain Trauma
Foundation. As per routine care after admission of such a patient, for resuscitation 3% HTS was
administered. GCS was recorded at 6 hours and at the time of discharge.

Results: Of the 105 patients, 76 (72.4%) were male and 29 (27.6%) were female, and the mean age
was 61.6+45.9 months. Traumatic brain injury (TBI) was found moderate in 60 (57.1%) cases and
severe in 45 (42.9%) of our patients as per the GCS. Six hours after resuscitation with 3% hypertonic
saline, 45 (43%) patients normalised as per GCS, 39 (37%) patients had moderate TBl and 21 (20%)
had severe TBI. Forty five patients had a hospital stay of 2-3 days. The GCS improved after resuscitation
with 3% hypertonic saline in emergency department, with a mean length of stay of 4.6+3.9 and
12.6+10.7 days in moderate and severe head injury respectively with a P value of <0.001, and was
normal in 94 (89.5%) patients at the time of discharge.

Conclusion: Paediatric patients with TBI receiving 3% hypertonic saline results in improved GCS and

a decrease in the length of hospital stay.
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Introduction

Trauma is one of the major causes of morbidity and
mortality around the world and by the year 2020, it will
be considered the third largest cause of the global burden
of disease.! Despite recent advances in the field of trauma,
TBl is still an area of concern for most researchers around
the world, as is considered the major cause of morbidity
and mortality in most developed and developing
countries.2 It is the leading cause of death in North America
under age of 45 and stresses people financially.3
In most literature, TBI is reported as a 'silent epidemic.’ It
is under reported in most developing countries and
estimated to affect 435,000 children. Around one third of
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the deaths occurring between the ages of 1-14 years with
an incidence of 679 cases per 100,000 children, projected
to become 2700 deaths.45 In developed countries 200 per
100,000 people admitted in the hospitals annually are at
risk of TBI.

TBI affects mostly the younger population as they are
more exposed to the external environment, with a major
concern of lifelong disability and a high impact on socio-
economic and public health. TBI related disability has
been reported to be around 5.3 M in the USA with 7.7 M
having neurocognitive deficits.6 Asian region also has a
high incidence of road traffic accidents and self-inflicted
injuries, making it one of the top ten causes of mortality.”
India shares a significant rate of intracranial injury from
road traffic accidents, falls and other injuries. While in
Pakistan the incidence is 81 per 100,000 with 15% mortality
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rate.89 As a developing country, Pakistan has a mere
presence of basic health needs, therefore TBI creates a
significant burden on the physiological and economical
aspects on the individual and the family.10

In the past few decades there is an ongoing debate on
the use of hypertonic saline (HTS) for reducing intracranial
pressure (ICP) after TBI. The proposed beneficial effect of
the HTS is mostly believed due to its property to reduce
the elevated intracranial pressure by creating an osmotic
gradient between the intracellular and intravascular space,
thus decreasing the intracranial pressure caused by
cerebral oedema or the space occupying haematoma.
Therefore HTS has shown beneficial results however the
data is still lacking.

The use of HTS in lowering intracranial pressure was first
done in 1919, and the effects were further investigated
in animal testing showing similar results. The mechanism
postulated to favour this is the creation of osmotic gradient
that has been central in the aforementioned effect. The
increased osmotic gradient that is created with the use
of 3% hypertonic saline, causes the water to diffuse out
passively across the blood brain barrier through the
intravascular space and reducing it which results in the
decrease of intravascular volume and eventually improving
the cerebral blood flow.

While HTS proved to play a definitive role in the reduction
of the ICP, Wakai et al further found hypertonic saline to
be more effective in reducing the intracranial pressure as
compared to mannitol.’2 However reliable data is still
missing on the use of HTS, its association with the length
of hospital stay and Glasgow coma scale (GCS). Recently
3% HTS has gained appreciation in the paediatric
population, however no such study has been conducted
in Pakistan on the use of 3% hypertonic saline in paediatric
patients with traumatic brain injury. Hence our aim is to
investigate clinical/GCS improvement in paediatric
patients along with the mean length of hospital stay (LOS)
who presented with moderate and severe traumatic head
injury and were resuscitated with 3% HTS in the ED.

Methods

This case series has been conducted from 2014 to 2015
in the Emergency Department of Aga Khan University
Hospital, a tertiary care level 1 trauma centre, after the
approval from institutional review board. It was
retrospective cross sectional study chart review, with non-
probability convenient sampling. The sample size was
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calculated from the study published in Anesthesia &
Analgesia in 2006.13 In patients who used HTS, the mean
length of stay was 8 days with standard deviation of 2.8,
with confidence level of (1-a. = 95%), standard deviation
(o =2.8) and margin of error (d=0.5) the calculated sample
size of the study was 89. If we add 15% as non-response
rate, the sample size of our study would be 102+3 (105).

We included paediatric patients with blunt TBI of either
gender between 1 to 16 years of age. Patients with
moderate to severe traumatic brain injury diagnosed as
per the operational definition were included in this study.
All those patients were excluded from the study who had
any pre-existing congenital or acquired central nervous
system pathology, had polytrauma, more than 12 hours
of TBI, patients who received any form of intravenous
fluids like mannitol or dextrose from other hospitals, the
ones who left against medical advice (LAMA), those who
needed any neurosurgical intervention, and those who
developed nosocomial infections (pneumonia, urinary
tract infections and wound infections).

All patients enrolled were managed as per the hospital
standards and policy and were observed and categorised
with moderate and/or severe brain trauma on the basis
of the GCS as per the Brain Trauma Foundation.
Demographic variables were determined and 3%
hypertonic saline was started as routine care. Six hours
after resuscitation, GCS was conducted and recorded
again on the questionnaire. The patients who were
admitted in the hospital were followed up and the
Glasgow Coma Scale was also recorded on the day of
discharge.

Data was entered and analysed by using SPSS statistical
package version 20. Mean and standard deviation were
calculated for age groups, length of hospital stay and
Glasgow Coma Scale (GCS) score. Frequency and
percentages were calculated for age groups and gender.
Stratification with respect to age, gender and GCS score
was undertaken. Post stratification t-test was applied and
p-value < or = 0.05 was taken as significant.

Results

Total of 105 patients were enrolled of which 76 (72%)
males and 29 (28%) were female.

Mean age of the patients was 61.6+45.9 months. Majority
of patients were of 60-144 months while the least number
of patients were above the age 144 months as shown in
detail in Figure .
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® 13-24 months

® 25-59 months
60-144 months

= > 144 months

44 (42%)

Figure: Age distribution.

Table-1: GCS score at Triage, 6 hour after HTS and on Discharge.
GCS Score Triage GCS  GCS after 6 hours of observation post HTS  n (%)

Severe (GCS <8) 45 (42%) 21(20%) 8(7.5)
12.6+10.7
Moderate (GCS9-12) 60 (57%) 39(37%) 3(3)
46+3.9
Mild (GCS >12) 0 45 (43%) 94(89.5)
2.6+1.9
Total 105 105 105
Table-2: GCS score at 6 hours and Length of Hospital Stay.
GCS score at 6 hours LOS at Hospital p-value
Mean £ SD n=105
Severe (GCS <8) 12.6+10.7 21 <0.001*
Moderate (GCS 9-12) 4.6+3.9 39
Mild (GCS >12) 2.6+1.9 45
Table-3: Age group and Length of Hospital Stay.
Age group LOS at Hospital p-value
Mean £ SD n=105
< 12 months 43+33 13 <0.842*
12-24 months 69+79 13
25-59 months 50+73 28
60-144 months 53+66 4
> 144 months 6.4+6.2 7

After HTS administration, GCS improved in all groups of
patients with mild, moderate and severe TBI. In triage
there was a reduction of 24 (22%) patients with severe
TBI and after 6 hours of HTS administration, which further
decreased to 8 (7.5%) patients. While 60 (57%) patients
presented with moderate TBI, at the time of discharge
only 3 (3%) had moderate TBI. After resuscitation with
HTS, 94 (89.5%) patients were discharged with only mild
TBI as described in Table 1.

Assessing the ED LOS, we found that 20 (30%) of the
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patients with TBI had to stay longer than 6 hours, followed
by 24 (36%) who were either discharged or transferred
within 2-3 hours from ED. Only 5 (7.6%) had an ED stay of
less than 1 hour.

As shown in Table 2, comparing the GCS Score at 6 hours
with hospital LOS, patient with severe TBI resuscitated
with 3% HTS had a mean hospital LOS of 12.6+10.7; for
those with moderate TBI, mean hospital LOS was 4.6+3.9
and these with mild TBI, mean hospital LOS of 2.6+1.9
with p value of <0.001.

Table-3 compares the age groups with hospital LOS
showing that 44 patients were of age group between 60-
144 months with a mean and standard deviation of
5.316.6, followed by 28 patients of the age group 25-59
months, with a mean and standard deviation of 5.0+7.3.
The smallest number of patients was 7 of the age group
>144 months, with a mean and standard deviation of 6.4
+ 6.2. The p-value calculated through ANOVA was 0.842.

When comparing the gender of patients with hospital
LOS using the t-test, we found 76 (72%) males with a mean
and standard deviation of 5.3+6.0, followed by 29 (28%)
females with a mean and standard deviation of 5.6+7.9
with a p-value of 0.830.

Discussion

In every part of the world paediatric head injury is an area
of concern as it creates a critical economic burden on the
family when they are faced with such an episode.’# The
mechanisms of head injury are diverse and resuscitation
strategies are an area of interest that are still under
investigation in the developed world.'4 Timely
resuscitation with appropriate fluids can have significant
impact on improved outcomes and the LOS.1
This study is based on the use of HTS in paediatric patients
with TBIl and our results showed an improvement in the
Glasgow coma score after 3% hypertonic saline was
administered on them. Our results were very similar to
studies published previously on the subject.15
Improvement of the GCS could be due to the decrease in
intracranial pressure and the findings are consistent with
the study by Peterson et al, that early use of HTS
significantly lowers the intracranial pressure in paediatric
patients with traumatic brain injury.16

One of major indications for the use of HTS as reported
in literature is the head injury with raised intracranial
pressure. We enrolled paediatric patients with moderate
to severe head injury. These patients showed an
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improvement in the GCS indicated as reduction in the
score when repeated after 6 hours after resuscitation with
3% HTS. These results are very similar to recent reports
that revealed an improvement after the use of the HTS.17

Majority of the patients were males, which are very similar
to findings in previous studies that may be because of
male children being more exposed to the outdoor
environment and more prone to getting injured.’® The
majority of the patients in our study were of the age 60-
144 months which also explains our reasons that this is
the age when a child starts walking and becomes prone
to risk taking behaviours. There is a wide variation of age
in our study but mostly the age corresponds to the walking
stage of children.

Several studies have enumerated the beneficial effects of
the hypertonic saline treatment for elevated intracranial
pressure.(5,9) We also expect similar beneficial effects of
HTS on the intracranial pressure in our patients as we see
improvements in the Glasgow Coma Score (GCS) 6 hours
after resuscitation. Although in few patients GCS remained
the same, but majority of the patients in our study
benefitted from the resuscitation with the HTS. Most
patients who showed an improved GCS were in minor
(mild) TBI range. The findings were again very similar to
the studies that have shown an unusually high survival
rate of 94% for patients who were given hypertonic
saline.’ Only 7% of the patients with severe TBI were
discharged because of their vegetative state which
developed with static or worsening GCS.20

In 33% of our TBI patient population, the duration of ED
stay was between 2-3 hours after there was a decrease in
the intracranial pressure that HTS exerted in our patients,
as demonstrated by the improvement in the GCS.

Though central venous line is a better option for HTS
infusion, especially for larger amount or with higher
concentration, however we use 3% HTS, and more
importantly during the course of acute management.
Achieving central line is time consuming and may not be
available or managed during transport, hence it may delay
the implementation of a potentially beneficial treatment.
Although literature does not favour the use of HTS via a
peripheral catheter because of the extravasation risk and
subsequent local tissue damage,2' however we used large
peripheral route for the administration of the HTS and we
did not document any extravasations at an infusion site.
Our study demonstrates the administration of HTS safer
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through the peripheral route that is in accordance with
studies published previously.2021 We still recommend
central line administration as the preferred route of
delivery, if available for the 3% hypertonic saline as
continuous infusion.

While observing the hospital LOS in our patients, a
significant number of the patients with GCS between 9-
12, had a mean LOS of 4 days, which is very short compared
to the studies published in the past. The reason for this
could be due to shifting patients efficiently and prompt
allotment of the beds which have a pivotal role in the ED.
Also we believe that the moderate brain injury patients
have short LOS, but severe and mild head injury patients
have a quite similar length of hospital stay as well, as
shown in the studies. We also believe that the reason for
such short stays may be due to minimal complications
such as renal failure, pneumonia etc. that we did not
observe in our setting. The studies reported in the past
did not present these complications and are considered

as harbinger for the prolonged length of hospital
Stay'9,'|4,15,22

We did not find any adverse effects that could be linked
to the administration of 3% HTS, which has only shown
improved outcomes in all categories of TBI patients when
assessed in with GCS during discharge. GCS after 6 hours
of resuscitation with the HTS has shown beneficial effects.

The literature does not prove any optimal concentrations
that are necessary for reducing the ICP pressure, and all
concentrations have an equal effect on reducing ICP.20
The end point of resuscitation is the serum sodium
concentration.20 The serum sodium concentration is done
prior to the start of HTS and repeated after every 2 hours
till level of 150meq/L is achieved.20

On the contrary, a large scale study by Cooper et al negates
any beneficial effects of hypertonic saline in blunt head
trauma, making it unclear, whether to use it in the initial
resuscitation phase of TBI.23 Review by Mortazavi et al
also reported no clear benefit from hypertonic saline,
compared to mannitol in regard to neurological outcome,
even though there was a small positive trend for the
hypertonic saline.24 However reducing the cerebral
oedema and the intracranial pressure are the major
concerns of an emergency physician that have favourable
outcome on to the functionality of patients with TBI.2324

Hypertonic saline also improves the mean arterial pressure,
resulting in an increase in the circulating blood volume
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without the delayed hypotensive effect that is observed
with mannitol use.2!

There are no appropriate guidelines for the use of
hypertonic saline and most physicians and specialties are
administering it as per the literature.19-21 This study opens
the debate for the use of hypertonic saline as per
guidelines that are yet to be developed that will include
the appropriate dosage and timing of its administration
which are of critical importance. Also, there is a need to
compare the efficacy of different concentrations of
hypertonic saline to the concentration used in our hospital.
The use of 3% HTS in patients with traumatic brain injury
deserves more attention and those studies that are well
designed and have a good sample size.

Our findings have demonstrated that most of the
paediatric patients who presented with severe or
moderate head injury had improved at the time of
discharge and had a reduced length of stay in ED. Those
paediatric patients whose GCS did not improve, could be
due to delay at presentation at the hospital.

Conclusion

We concluded that resuscitation of patients after
administering 3% hypertonic saline has good results in
improving the Glasgow coma scale and decreasing the
length of stay at the hospital. As our study was a case
series there is a further need of a controlled trial to clarify
the effects of resuscitation by hypertonic saline on patient
outcome.
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