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Abstract

Introduction There are no comparative studies available for hyperosmolar therapy in children. The present study is a prospective
open label randomized control trial to compare the effect of equiosmolar doses of mannitol and hypertonic saline in reducing
intracranial pressure in children who sustained severe traumatic brain injury.

Methods This is a prospective open-label randomized controlled trial. Thirty children aged less than or equal to 16 years with
severe traumatic brain injury and raised intracranial pressure as measured by ventricular catheter insertion were enrolled. Sixteen
children received 20% mannitol, and 14 children received 3% saline as 2.5 ml/kg bolus for episodes of intracranial pressure
above cutoff value for age. The mean reduction in intracranial pressure and Glasgow outcome scale at 6 months after injury was
measured.

Results The mean reduction in intracranial pressure in mannitol group was 7.13 mmHg and in hypertonic saline group was
5.67 mmHg, and the difference was not statistically significant, p = 0.33. The incidence of death or survival in vegetative state was
23.07% in mannitol group and 16.66% in hypertonic saline group, and the difference was not statistically significant, p = 0.69.
Conclusion Both mannitol and hypertonic saline were equally effective for treatment of raised intracranial pressure in children
with severe traumatic brain injury.

Keywords Mannitol - Hypertonic saline

Introduction

Traumatic brain injury (TBI) management protocols revolve
around the monitoring and management of intracranial pres-
sure (ICP). The use of hyperosmolar agents has a major role in
management of raised ICP due to TBI. Mannitol is a standard
hyperosmolar agent for reducing ICP. Hypertonic saline
(HTS) was introduced later, and now both are used in contem-
porary management of raised ICP [1, 2]. Both agents exert an
early effect on ICP by optimization of rheological properties
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of'the blood resulting in decreased blood viscosity and hemat-
ocrit, increased cerebral blood flow (CBF), and oxygen deliv-
ery, resulting in reflex auto-regulatory vasoconstriction of ce-
rebral arterioles resulting in reduction of cerebral blood vol-
ume (CBV) and ICP [2]. Despite being in clinical use for a
long period of time, there is limited clinical data available for
recommendation of choice of hyperosmolar therapy in chil-
dren. Most of the evidence for hyperosmolar therapy is de-
rived from studies in adult patients with TBI [3]. There is class
II evidence supporting the use of 3% hypertonic saline for the
acute treatment of severe pediatric TBI associated with intra-
cranial hypertension and Class III evidence to support its use
as a continuous infusion during the intensive care unit course.
There is insufficient evidence to support or refute the use of
mannitol, concentrations of hypertonic saline > 3%, or other
hyperosmolar agents for the treatment of severe pediatric TBI
[3]- The recommendation for the use of 3% hypertonic saline
for the acute treatment of severe pediatric TBI associated with
intracranial hypertension is based on availability of evidence
for hypertonic saline rather than any direct comparisons of the

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00381-019-04121-3&domain=pdf
http://orcid.org/0000-0001-7613-1929
mailto:neurodhaval@rediffmail.com

1000

Childs Nerv Syst (2019) 35:999-1005

two hyperosmolar agents. There is insufficient evidence about
the preference and dosage of hyperosmolar agents. The direct
effect on clinical outcome associated with use of a particular
hyperosmolar agent is also unclear. One must thus weigh the
value of longstanding clinical acceptance and safety of man-
nitol, which has no evidence to support its efficacy in pediatric
age group, against hypertonic saline, for which there is less
clinical experience but reasonably good performance in con-
temporary clinical trials and practice [3, 4]. The purpose of
this prospective open randomized study was to compare the
efficacy of equiosmolar dose of mannitol and hypertonic sa-
line in reducing raised ICP in children with severe TBI.

Methods

The institute where the study was conducted is a major
neurotrauma center in the country catering a large population
of patients in southern India. This study was conducted be-
tween January 2012 and June 2014. The study received prior
approval by the Institutional Ethics Committee and informed
consent was obtained from patients’ legal relative. This trial
was registered with Clinical Trials Registry of India (REF/
2015/03/008696).

Study design and patient population

The present study was a prospective open-label randomized
equivalence trial conducted in a neurosurgery intensive care
unit of a tertiary neurosurgical center. The inclusion criteria
were children in age group 1 to 16 years with severe TBI,
defined as post-resuscitation Pediatric Glasgow Coma Scale
(GCS) of 8 or less [5], and presenting within 24 h of trauma.
Children with GCS 3, absent brain stem reflexes, systemic
injuries requiring immediate treatment, clinical evidence of
significant spinal cord injuries, and presentation after 24 h of
injury were excluded. All children underwent initial resusci-
tation, and evaluation and treatment for TBI as required. The
CT scan studies on admission were analyzed using criteria
defined by Marshall et al. based on midline shift, cisternal
compression, and volume of the bleeding [6].

ICP monitor setup and treatment protocol

The patients were sedated and ventilated with head of bed ele-
vated at 30°. The main aim of mechanical ventilation was to
avoid hypoxia by maintaining O, saturation of >95%. The
MAP was maintained with 0.9% saline, and ionotropes if re-
quired. The ICP monitoring was done using intraventricular de-
vice. The external ventricular drain was placed at Kocher’s point
on right side unless there was contraindication like local scalp
injury. Standard anatomic landmarks were used for deciding the
trajectories for ventricular puncture. The ventricular catheter was
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connected to a closed external ventricular drainage (EVD) sys-
tem connected to pediatric pressure transducers which is a strain
gauge variable transducer. The zeroing of the transducer was at
the level of tragus of the ear used as the external landmark of
foramen of Monro. CSF sampling was done only if indicated
otherwise a completely closed system was used with sampling of
CSF done only during insertion and removal of EVD. The aim of
the therapy was to maintain the ICP below 15 mmHg in children
between 1 and 10 years of age and 18 mmHg in children age 11—
16 years of age [7, 8]. When the ICP remained raised more than
the cutoff value for more than 5 min in the absence of noxious
stimuli like suction, positioning, etc., it qualified as an intracranial
hypertensive (ICH) episode. For an ICH episode, the EVD was
opened to drain CSF until it stopped flowing or up to 20 cc
release of CSF whichever is first.

Randomization and intervention

After successful insertion of EVD and ICP monitoring, the pa-
tients were randomized to receive one of the interventional agent.
The randomization was done through computer-generated ran-
dom numbers. The patients received either 20% mannitol
(1098 mOsm/1) as a bolus of 0.5 g/kg (2.5 ml/kg) or 3% hyper-
tonic saline (1027 mOsnv/l) as a bolus of 2.5 ml/kg through the
central venous line over a period of 5 min. The dose calculated
was equiosmolar dose of mannitol and hypertonic saline. The
interventional agents were administered if ICP remained persis-
tently above the cutoff value for more than 5 min in spite of CSF
drainage. The ICU staff informed each episode of raised ICP to
one of the investigators (AK or DS), who was available at bed-
side before initiating treatment for reduction of ICP. The investi-
gator personally documented ICP before initiation and after com-
pletion of treatment, and measured reduction in ICP for each
dose of medication. The aim was to decrease the ICP to cutoff
value for the age. If the first infusion failed, a second infusion of
the same agent was administered. If the ICP did not decrease
even after two consecutive doses of the hyperosmolar agent, it
was considered refractory to therapy.

Outcome variables

The following data were collected: age, gender, mode of inju-
ry, post-resuscitation GCS, pupillary reaction to light, head
CT findings, interval between injury and insertion of EVD,
duration of monitoring, duration of ventilation, duration of
ICU stay, and duration of hospital stay. The ICP monitoring
related data: Mean ICP, MAP, and CPP for each day; number
of episodes of raised ICP requiring CSF releases, volume of
CSF drained, and number of doses of osmotic drugs required
per day were collected. Additional parameters during ICU
stay like mean values of serum glucose, sodium, and creati-
nine, for each day, were collected. The number of patients who
required ionotropes was also recorded. The primary outcome
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was mean reduction of ICP, which was defined as the differ-
ence between ICP value before administering hyperosmolar
agent and lowest ICP value after completion of bolus for each
dose. The mean reduction in ICP was obtained by summing
the difference in ICP values before and after treatment divided
by number of doses during the entire period of ICP monitor-
ing. The secondary outcome was assessed using Glasgow out-
come scale (GOS) modified for children. The outcome
“work” was replaced with “activity or scholastic
performance” for age and pre-injury status of child [9]. The
assessment was done after 6 months of injury. The person who
assessed outcome was blinded for the interventional agent.
The functional outcome was analyzed as death or survival in
vegetative state versus survival with or without disability. The
analysis was intention-to-treat basis.

Statistical analysis
The aim of the study was to compare the effect of man-

nitol and hypertonic saline on the outcome. The baseline
characteristics of the patients in the two groups were

calculated as mean + standard deviation (SD) or median
and range for continuous variables and frequency for cat-
egorical variables. Differences in the baseline variables
were analyzed using independent sample ¢ test for contin-
uous variables, chi-square, and Mann-Whitney test for
non-parametric variables. The differences are analyzed
using a p value of <0.05 which was considered as statis-
tically significant. A p value closer to 1 is mentioned as
not significant (NS) in tables.

Results

A total of 50 children were assessed for eligibility, out of
which 30 children were enrolled and the remaining 20
were excluded for various reasons (Fig. 1). There were
16 patients in mannitol group and 14 patients in hyper-
tonic saline group. There was no violation of treatment
protocol. All subjects received one of the allocated agent
without any crossovers.

Assessed for eligibility (n=50)

[ Enrollment ]

Excluded (n=20)

+ Not meeting inclusion criteria (n=8)
e Delay in arrival to hospital 8

+ Declined to participate (n=3)

+ Other reasons (n=9)
¢ Difficulty in assessing ventricles (n=4)
e Improved before ICP monitoring (n=2)
e Rapidly deteriorated to GCS 3 before
ICP monitoring (n=3)

Randomized (n=30)

A

—

Allocation ] y

Allocated to 20% Mannitol (n=16)
+ Received allocated intervention (n=16)

Allocated to 3% Hypertonic Saline (n=14)

+ Received allocated intervention (n=14)

| |

v [ Follow-Up
Lost to follow-up (n=0) Lost to follow-up (n=0)
Discontinued intervention (n=0) Discontinued intervention (n=0)
v [ Analysis ] v

Analysed (n=16)

Fig. 1 Flow diagram for randomized control trial

Analysed (n=14)
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Table 1  Demographic and injury profile Table 2  Intracranial hemodynamic profile
Variable Mannitol  Hypertonic p Variable Mannitol Hypertonic ~ p
(n=16) saline value (n=16) saline value
(n=14) (n=14)

Age Mean (SD) duration of monitoring 4.1 (1.36)  4.07 (1.38) 0.69
1-5 years (n = 14) 8 6 0.55 Mm dag]S) VAP NS
6-10 years (n=17) 2 5 ean (SD)

11-16 years (n=9) 6 3 Day 1 72.4 (8.8) 72.2 (9.36)

Gender Day 2 77.2 (8.9) 76.0 (7.14)

Male (1= 18) (%) 10 8 (57.1%) 076 Day 3 77.2 (11.08) 78.7 (7.04)
62.5- Day 4 76.9 (12.74)  78.6 (5.81)
%) Day 5 80.7 (13.81) 777 (7.18)

Mode of injury Mean (SD) ICP NS
Road accident (n = 14) 7 7 Day 1 161(72)  16.0(5.51)

Fall from height (n=11) 6 5 0.85 Day 2 17.2 (6.75) 14.1 3.79)
Fall during play (2 =5) 3 2 Day 3 142 (4.15)  14.6(3.17)

POft—resus((éltS)tion GCS 6.6(1.1) 7.4(0.9) 0.06 Day 4 12.8 (2.96) 13.2 (4.09)

mean

Motor score [mean (SD)] 41(08) 46(0.6) 0.10 Day 3 114@3.18)  1324.78)

Marshal CT grade [mean (SD)] 2.6 (0.8) 2.3 (1.0) 036 Mean (SD) CPP NS

Predominant lesion in CT Day 1 605 (6.84)  60.0 (10.01)

Skull fracture (1 = 2) 1 1 0.059 Day 2 604 (0.51) 629 (.73)
EDH (n=4) 3 : Day 3 65.7 (10.13)  67.2 (8.65)

SDH (n=4) 0 4 Day 4 73.05 (9.13)  69.9 (7.77)

SAH (n=3) 3 0 Day 5 72.78.16)  71.8 (7.54)
Contusion (1 = 10) 6 4 Mean (SD) number raised ICP 15.8 (9.04) 18.4 (11.31) 0.55

episodes
IVH (n=2) 2 0 Mean (SD) volume of CSF drain- 262.1 (236.5) 224.2 (146.5) 0.98
DAI (n=5) 1 4 age in ml
Time since injury to EVD 0.29

insertion SD standard deviation, MAP mean arterial pressure, ICP intracranial
<6hn=13) 5 8 pressure, CPP cerebral perfusion pressure, CSF cerebrospinal fluid, NS
624 h (n=17) 1 6 not significant

EDH extradural hematoma, SDH subdural hematoma, SAH subarachnoid
hemorrhage, /VH intraventricular hemorrhage, DA/ diffuse axonal injury,
EVD external ventricular drain

Admission clinical parameters

The basic clinical parameters at presentation which were
known to affect the clinical outcome were compared between
the two groups. There was no difference in age, and gender
distribution of the patient population (Table 1). There were 18
children less than 5 years, the youngest one being 22 months.
The mode of injury was comparable between both groups. The
commonest mode of injury being road traffic accidents either as
a two wheeler passenger or pedestrian injury. All the patients
were assessed and EVD inserted within 24 h and about 13 of
them underwent EVD insertion and monitoring within 6 h of
injury. The median (range) post-resuscitation GCS was 6 (5-7)
and 7 (6-8) in mannitol and HTS group, respectively. The mean
(SD) Marshal CT grade was 2.6 (0.8) and 2.3 (1.0), respective-
ly, in mannitol and HTS group, respectively, with contusions
being the most common pathology found in both the groups.
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Table 3 Serum chemistry
Variable Mannitol Hypertonic saline P
(n=16) (n=14) value
Mean (SD) serum creati- NS
nine
Day 1 0.5 (0.16) 0.5 (0.12)
Day 2 0.5 (0.17) 0.5 (0.14)
Day 3 0.5 (0.13) 0.4 (0.14)
Day 4 0.5 (0.13) 0.4 (0.10)
Day 5 0.4 (0.12) 0.4 (0.6)
Mean (SD) Serum Na in NS
mEq/1
Day 1 136.8 (3.14)  138.2(5.27)
Day 2 141.7 (5.91) 142.2 (5.44)
Day 3 142.0 (6.32)  144.2 (7.08)
Day 4 1419 4.77)  142.6 (3.41)
Day 5 139.7 (4.76)  141.0 (4.10)

SD standard deviation, NS not significant
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Table 4 Outcome

Variable Mannitol (=16)  Hypertonic saline (n=14)  p value
Number of doses per day [mean (SD)] 3.25(1.39) 4.5 (3.75) 0.55
Instances of refractory ICP* [mean (SD)] 1.13 (1.6) 1.21 (1.6) 0.92
Mean (SD) duration of ventilation [mean (SD)]  8.18 (3.7) 8.64 (4.3) 0.79
Duration of ICU stay [mean (SD)] 9.5 (4.3) 9.64 (4.4) 0.92
Duration of hospital stay [mean (SD)] 14.2 (8.1) 11.7(4.8) 0.73
AICP [mean (SD)] -7.13(2.9) —5.67 (3.9) 0.33
ACPP [mean (SD)] 6.48 (5.4) 5.89 (4.7) 0.82
Number of patients who received ionotropes 12 8 0.40
GOS

Survival with or without disability 13 12 0.69

Death of survival in vegetative state 3 (23.07%) 2 (16.66%)

AICP reduction in intracranial pressure, ACPP increase in cerebral perfusion pressure, GOS Glasgow outcome

scale

 Defined as persistently elevated ICP in spite of three consecutive doses of hyperosmolar therapy during entire

period of ICP monitoring

The two groups were statistically comparable in their basic
clinical parameters.

Effects on ICP and cerebral hemodynamics

The mean duration of ICP monitoring was of 4.1 (1.36) and
4.07 (1.38) days in mannitol and HTS group, respectively. The
24-h mean ICP from the day 1 to day 5 of monitoring for both
the groups was comparable. The ICP tracings over this period
showed a trend of higher mean ICP range on the first 2 days of
monitoring plateauing down later during monitoring
(Table 2).

The mean (SD) numbers of raised ICP episodes were 15.8
(9.04) and 18.4 (11.31) in mannitol and HTS group, respec-
tively. All the raised ICP episodes were initially managed by
CSF drainage. Therapeutic CSF drainage controlled almost
more than two-thirds of raised ICP episodes. The episodes
that did not respond to CSF drainage were treated with one
of the hyperosmolar agents depending on the randomization.
The mannitol group required a mean of 3.25 (1.39) doses and
hypertonic saline group required 4.5 (3.75) doses. The amount
of CSF drained for ICP reduction in both the groups was not
statistically different. The daily serum sodium and creatinine
concentrations were comparable in both the groups (Table 3).

Four patients in mannitol group underwent surgery: two for
evacuation of extradural hematoma (EDH), one for depressed
skull fracture, and one for contusion. Surgery was done before
ICP monitoring in three patients, and during monitoring for
one patient. One patient developed refractory ICP and neuro-
logical deterioration during ICP monitoring. A repeat imaging
revealed increased size of contusion, hence underwent sur-
gery. Only one patient in hypertonic saline group underwent
surgery for EDH during monitoring.

Outcome

The primary outcome, mean (SD) reduction in ICP
(AICP), was —7.13 (2.9) in mannitol group and —
5.67 (3.9) in HTS group; the difference was not statis-
tically different (Table 4). The mean (SD) change in
CPP was 6.48 (5.4) mmHg and 5.89 (4.7) mmHg in
mannitol and HTs group, respectively. The cerebral per-
fusion pressure showed a trend towards early improve-
ment in HTS group than in the mannitol group, but the
difference was not statistically significant (Fig. 2). The
average duration of ventilation was 8.18 (3.7) days in
mannitol and 8.64 (4.3) days in HTS group. The mean
duration of hospital stay was also not significantly dif-
ferent in both the groups.
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Change in pressure (mmHg)

ICP-Mannitol  ICP-Hypertonic CPP-Mannitol

Saline

CPP-Hypertonic
Saline

Fig. 2 Graph showing change in pressures in millimeter of mercury. The

negative value for intracranial pressure (ICP) indicates reduction of ICP,

and positive value of cerebral perfusion pressure indicates (CPP) increase

in CPP
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Table 5 Studies on use of hyperosmolar agents in pediatric TBI
Study Results Type of study Comments

Simma et al. (1998) [10] n=32 No difference between groups. More

Ringer’s lactate (RL) solution
vs hypertonic saline

Fisher et al. (1992) [11] n=18

3% hypertonic saline vs normal

Average ICP is less than baseline in
hypertonic saline group

saline
Khanna et al. (2000) [12]

n=10 sustained induced hypernatremia
3% hypertonic saline vs

standard therapy
Peterson et al. (2000) [13]

n=68 monitoring

Only 3% hypertonic saline

Yildizdes et al. (2006) [14]
n=67

3% hypertonic saline vs
mannitol

Roumeliotis et al. (2016) [15]
n=16

3% hypertonic saline vs
mannitol

significant difference

requirement of intervention in RL group.
Inverse correlation with serum Na and ICP

Reduced ICP spike frequency up to 24 h in patients with Prospective

Maintains lower ICP predominant period of time during Retrospective

Lower mortality and duration of coma in HTS group

Decrease in ICP and CPP in both groups without

Prospective
RCT

The drugs were given as a continuous
infusion. ICP target was 15 mmHg

Prospective
RCT
crossover

Used bolus dose regimen. Used
adjunctive treatments also including
mannitol. ICP target 15 mmHg

Small sample size. No standard therapy
observational

Retrospective chart review study. No
comparison with other agents

Retrospective No ICP monitoring

Retrospective Retrospective chart review study. No

mention on outcome

The dichotomized outcome assessment at 6 months post-
injury was 3/12 (23.07%) in mannitol group and 2/12 (16.6%)
in HTS group; the difference was not statistically significant.

Discussion

There are no clearly defined guidelines on the choice of
hyperosmolar agents in the control of ICP in children with TBIL.
Although hypertonic saline is available in many different concen-
trations and there are no comparative studies available as to what
concentration is better than the other, we used 3% hypertonic
saline as it gives more control over maintaining the blood sodium
levels. Moreover 3% hypertonic saline and 20% mannitol are
equiosmolar, and can be given at equal volumes per dose.
Hypertonic saline has gained significant support for its use in
the traumatic brain injury. The current Brain Trauma Foundation
(BTF) guidelines for pediatric brain injury have suggested the
use of hypertonic saline [3]. However, studies supporting use of
hypertonic saline in pediatric age group have shortcomings
(Table 5). Two of these studies did not compare hypertonic saline
with other drug [12, 13]. Other two studies compared hypertonic
saline with normal saline or lactated Ringer’s solution [10, 11].
All of these studies showed superiority of hypertonic saline in
reduction of ICP or improvement of outcome. These results are
not surprising as it is well-known that hyperosmolar agents re-
duce ICP. Based on such evidence, BTF gave level 2 and 3
recommendation “hypertonic saline should be considered for
the treatment of severe pediatric TBI associated with intracranial
hypertension” [3]. This recommendation is probably an
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extrapolation from the studies in adults [16, 17]. The guideline
also mentions that “although mannitol is commonly used in the
management of raised ICP in pediatric TBI, no studies meeting
inclusion criteria were identified for use as evidence for this
topic” [3]. One study compared HTS with mannitol and con-
cluded that duration of coma, and mortality was lower in hyper-
tonic saline group [14]. However, this study was retrospective,
and ICP was not measured. A more recent retrospective study
comparing HTS with mannitol was inconclusive [15].

The strength of our current study was use of age-specific
thresholds for ICP. We also used a multitier treatment with CSF
drainage as the initial modality of reducing ICP. With therapeutic
CSF drainage as the first line of management, the doses of
hyperosmolar agents were reduced. We did not encounter any case
of EVD-related infection as a closed system was used. Other
strengths of our study were no cross overs, and follow-up of all
patients. We assessed both ICP reduction and functional outcome,
and we found that the outcome was equivalent for both
hyperosmolar agents. The current study does not add significantly
to evidence for choice of hyperosmolar agents for reduction of ICP
in children. However, this study is an important initial step in the
knowledge of hyperosmolar therapy for pediatric TBI. This study
indicates the feasibility of a large randomized controlled trial of
hyperosmolar therapy for pediatric TBL

Limitations

The limitation of our study was small sample size. Other stud-
ies on hyperosmolar therapy in children with TBI are also
underpowered (Table 4). For adequate power of study, a large
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multicenter study is warranted. The present underpowered
study cannot generate a good class of evidence but demon-
strates the feasibility of such studies at a larger scale. The
second limitation was use of hyperosmolar therapy as second
tier treatment after failure of CSF drainage to reduce the ICP.
The EVD, when available, is recommended prior to
hyperosmolar therapy [18]. The EVD as an initial treatment
may dilute the effect of hyperosmolar therapy. It is not known,
whether there will be any difference in ICP reduction between
mannitol and hypertonic saline if any of these agents are ad-
ministered as first-line therapy. Many centers do not use EVD
for ICP monitoring. When ICP monitoring is done using pa-
renchymal sensor, option of CSF drainage is not available, and
true effect of hyperosmolar therapy can be assessed. The third
limitation was that we did not measure time to peak effect and
duration of effect, cerebral blood flow, cerebral tissue oxygen,
cerebral metabolism, cerebral injury biomarkers, cerebrospi-
nal compliance, and pressure reactivity. The multimodal mon-
itoring is labor intensive, and is not available in our set up.

Conclusion

There was no significant difference in reduction in ICP be-
tween mannitol and HTS group. Moreover, both groups had
similar functional outcome. Pending further larger studies, the
choice of hyperosmolar therapy for children with severe TBI
should be individualized based on one’s practice and experi-
ence. The issues that remain to be clarified with hyperosmolar
therapy are duration of effect, possibility of rebound hyperten-
sion, effect on blood flow and metabolism, and outcome.
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