Efficacy comparison of mannitol
and hypertonis saline for
Traumatic Brain Injury (TBI)
treatment

by Arie Ibrahim

Submission date: 04-Mar-2020 03:49AM (UTC+0700)
Submission ID: 1268658278

File name: 281-2640-1-PB.pdf (1.01M)

Word count: 4346

Character count: 23707



1f1‘RlGlNAL ARTICLE

Bali Medical Journal (Bali Med J) 2016, Volume 5, Number 3: 516-521
P-ISSN.2089-1180, E-ISSN.2302-29

EMERGING
SOURCES
CITATION
, INDEX _,

_—

e
Published by DiscoverSys
ABSTRACT

?aumatic Brain Injury (TBI) case is comlelyfound in the emergency
room. TBI accompanied by increased intracranial pressure (ICP) is
a neurological emergency that requires prompt and appropriate
management. Hyperosmolar fluid is the main treatment in the initial
management of increased ICP. Mannitol and hypertonic saline are
hyperosmolar fluids which are generally used. There is no specific
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recommendation regarding the choice between the two fluids. From
the current studies indi? that both fluids are equally effective in
reducing ICP. Regarding the superiority between the two fluids, it is
difficult to deteqwe because of the heterogeneity of the studies that
exist. Therefore, clinicians should choose between hyperosmolar fluids
based on indications and contraindications exist in TBI patients.
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INTRODUCTION

Traumatic Brain Injury (TBI) is a case that is
commonly found in the emergency room (ER) and
an important global public health issue. According
to data in United States, an average of 1.7 million
TBI cases occur each year, and 235.000 of the total
patients are hospitalized, and 50,000 are dead.' The
data obtained from several hospitals in Indonesia
such as dr. Soetomo Hospital, Surabaya, showed total
number of 17.254 patients with brain injury from
January 2002 until December 2013,” while Hasan
Sadikin Hospital, Bandung, found the TBI incidence
rateasmanyas3.578 patients.’ In moderate and severe
head injury, abnormalities are frequently found on
CT scans either in the form of diffuse lesions or focal
lesions such as epidural hematoma (EDH), subdural
hematoma (SDH), subarachnoid hemorrhage (SAH)
and intracerebral hemorrhage (ICH).

The existence of such lesions may increase intra-
cranial pressure (ICP)." Some signs of the increased
ICP can be headache, vomiting, loss of conscious-
ness, papilledema, paralysis of Abducents (VI) nerve
and Oculomotor (III) nerve, Cushings response
which characterized with irregular breathing pattern
and hyperghsion accompanied by bradycardia.” The
neglected increased ICP may lead to nerve damage,
seizures, and death.” Therefore the initial treatment
of the increased ICP is needed. One of the main ther-
apy for lowering ICP is by using the hyperosmolar
fluids.'**¢ There are two fluids that commonly used
which are mannitol and hypertonic saline. There is
still controversy about the superiority between the
two fluids until now. In the Emergency, Neurological
Life Support (ENLS) and Advanced Trauma Life
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Support (ATLS) guidelines concerning TBI, there is
no specific reccommendation regarding the ultimate
choice between the two fluids."* In this review, we
will discuss the comparison between the two fluids
with recent evidences.

Pathophysiology of Increased Intracranial
Pressure in Traumatic Brain Injury

ICP normally ranges from 50 to 200 mm H,O or 3-15
mmHg.” ICP depend on cerebral blood flow (CBF)
and maintained at constant pressure between mean
arterial pressures (MAP) of 60-160 mmHg. Inside
close space of cranial cavity, there are fixed volume
(total 1400 to 1700 ml) of several substances namely
blood (10 percent ~150 ml), cerebrospinal fluid (CSF)
(10 percent ~150 ml), and brain tissue (80 percent
~1400 ml). In case of TBI, there will be increased
volume of blood and CSF which cause increase in
ICP. When autoregulatory mechanism of CBF fail,
the CBF will depend entirely on systolic blood pres-
sure (SBP) and slightly change in SBP is able to bring
catastrophic consequences on brain tissue.”

Several mechanisms are re sible in increas-
ing ICP after TBI (Figure 1).° Disruption of blood
brain barrier leads to hemorrhage or exudation
of plasma into brain tissue that increases plasma
portion of cranial tissue. In addition, inflamma-
tory process causes by injured tissue also aggravate
the exudation process by inducing vasodilatation.
Injured brain parenchyma itself also contrib-
utes to increase ICP. Injured cells tend to have
dysfunctional transport mechanism within plasma
membrane. This leads to sodium and calcium
accumulation in cytoplasm that eventually lead to
cellular edema.”
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Severe and persistent increase in ICP caused by
primary injury will lead to secondary injury within
brain parenchyma. Inflammation induced by
tissue damage not only induce vasodilatation that
will further increases ICP, but also damage nearby
tissue by means of oxidative damage and proteolityc
enzyme secreted by macrophage and neutrophyle.
Oxidative damage also originated from poor tissue
perfusion that lead to mitochondrial oxidative
dysfunction and increase ROS production. Calcium
accumulation within damaged cell also induces
further damage primarily by inducing apoptosis
of affected cell. Meanwhile, damaged neuronal
cells itself also secrete glutamate neurotransmitter,
a potential inducer of neurotransmitter induced
cytotoxicity within brain tissue. All of these
secondary damages eventually will aggravate the
edema even further and create vicious cycle of
pressure-damage within traumatic brain.*”

Treatment of Increased Intracranial
Pressure in Traumatic Brain Injury

In the case of increased ICP, fast and precise manage-
ment to reduce ICP should be done immediately."
Decreasing ICP can be achieved in two ways:
conservative and operative.'” In most intracranial
hemorrhagic case, operation is definitive therapy in
reducing ICP by evacuating hematoma.'" Indication
of operation depend on the cause of TBI and patient’s
condition particularly from neurological status,

Published by DiscoverSys | Bali Med J 2016; 5 (3): 516-521 | doi: 10.15562/bmj.v5i3.281

ORIGINAL ARTICLE

R t l
AT Oxydative

Mediated

Damage el

| Calcium Mediated

Inflammation
Damage

Diagrammatic illustration of pathophysiology of increased intracranial pressure in traumatic brain injury”

radiological status and the measurement of ICP"
ication of operation in EDH is if the volume >30 cc
regardless of the GCS score."” Whereas, an EDH with
volume less than 30 cc and with less than a 15-mm
thickness or with less than a 5-mm midline shift
(MLS) in patients with a GCS score greater than 8
without focal deficit can be managed non-operatively
with close neurological observation."” Meanwhile,
i tion of operation in subdural hematoma (SDH)
is an acute SDH with a thickness greater than 10 mm
or a midline shift greater than 5 mm on computed
tomographic (CT) scan should be surgically evac-
uated, regardless of the patients GCS score."" For
intracranial hematoma @& H) the indication is if the
patients develop sign of progressive neurological
deterioration referable to the lesion, medically refrac-
tory intracranial hypertension, or signs of mass effect
on computed tomographic (CT) scan."* Patients with
GCS scores of 6 to 8 with frontal or temporal contu-
sions greater than 20 cc in volume with midline shift
of at least 5 mm and/or cisternal compression on CT
scan, and patients with any lesion greater than 50 cc
in volume should also be treated operatively."
Conservative treatment (Figure 2) can be carried
out immediately prior to the operative procedure
or if the operative procedure cannot be conducted.'
Conservative treatment such as the 30° head-up
position, hyperventilation, othermia, and the
use of hyperosmolar fluid."* Head up position have
beneficial effects on intracranial pressure (ICP) by
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Figure2 Schematic diagram of conservative management of elevated
intracranial pressure®’
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improving an arterial pressure (MAP), airway
pressure, central venous pressure and cerebro-spinal
fluid displacement.'® Other approach in conservative
therapy include mild induces hypothermia (MIH)
defined as the maintenance of body temperature at
32-35°C. MIH is intended to lower metabolic rate
especially within intracranial tissue which exerts
significant neuroprotection and attenuates second-
ary cerebral damage after TBL'"'* In addition to
MIH, prophylactic hyperventilation can be delivered
to patient with TBI. Hyperventilation lowers intra-
cranial pressure (ICP) by the induction of cerebral
vasoconstriction with a subsequent decrease in cere-
bral blood volume.” The target prophylactic hyper-
ventilation is to reach PaCO2 levels of 25 to 28."

In order to reduce intracranial pressure more
effectively, hyperosmolar fluid is often used. The
principle of this treatment follow diffusion law in
which the edematous fluid will be absorbed into
intravascular compartment due to higher osmolar-
ity caused by hyperosmolar fluid administration.*
However, because of its potential to cause brain
atrophy, close monitoring during administration
period is mandatory. The principle use of hyper-
osmolar fluids is in osmotic pressure difference
between the intravascular to the interstitial. Two
types of hyperosmolar fluids commonly used are
mannitol and hypertonic saline."

Mannitol

Mannitol, 1,2,3,4,5,6-hexanehexol (C6HS8 (OH) 6),
is a natural polyol (sugar alcohol) which is used
primarily for the osmotic diuretic properties.”
Because of its inability to pass through endothelial

layer, mannitol lowers ICP increasing intravascular
osmotic pressure that will attract extracellular fluid
into int?scular compartment. Initially, mannitol
lowers blood viscosity through increased plasma
volume which resulting increased microvascular
flow and tissue oxygenation. Increased tissue perfu-
sion lead to vasoconstriction reflex that limit blood
supply to brain tissue hence, decrease ICP.
Meanwhile, because of its large size and inability to
diffuse through endothelial layer, mannitol cause
increase in intravascular osmotic pressure, widen-
ing the osmotic gradient between intravascular
and extra vascular compartment. Eventually, the
edematous fluid will be drawn into blood vessel and
greatly contribute to lowering ICP.

Clinical mannitol preparations are sterile solu-
tion of 10% and 20%.”' Usual dose of mannitol
(0.5-1 g/kg) was given over 5-15 minutes and could
berepeated in every 4-6 hours.” The decrease in ICP
occurred within 30 to 45 minutes after the admin-
istration of mannitol and it lasted for 6 hours.”
The administration of mannitol is contradicted
in patients who experienced hypotension and
renal failure because the working mechanism as a
diuretic and excretion pathway through kidney.”
Repeated administration of mannitol may cause
rebound phenomena, an increased in ICP because
of the accumulation of mannitol in extracellular
fluid.”' Because of these side effects, the discontin-
uation process is conducted gradually by tapering
off the dosage.”

Hypertonic Saline

Hypertonic saline is a saline solution containing 1%
to up to 23.4% sodium chloride.”* Hypertonic saline
which iscommonly used is 3%, 5%, 7.5%, and 23 .4%.*
The mechanism of action of this solution is princi-
pally the same as mannitol infusion that is by increas-
ing intravascular osmotic pressure. The advantage
of hypertonic saline is the fluid can be administered
for hypotensive patients with increased ICP* It is
because hypertonic saline do @} have diuresis effects
as mannitol.” In addition, hypertonic saline can
inhibit the inflammatory cascade mechanism which
prevent secondary brain injury and also improve
the neurotransmitters as well as restore electrolyte
levels in brain tissue.”**” However, the use of hyper-
tonic saline needs to be considered in patients with
a chronic state of hypernatremia and hyponatremia
because it may cause the demyelination syndrome.*
Therefore, the periodical electrolyte serum evaluation
may be needed to avoid the side effects. Rebound
phenomenon is less common in hypertonic saline
administration compared to mannitol. It is because
of the coefficient to penetrate the brain barrier in
hypertonic Saline is higher than mannitol.”
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Comparison of ﬂe Effectiveness between
Hypertonic Saline and Mannitol
When no contraindications were present,
clinicians are faced with the problem choos-
ing between hypertonic saline and mannitol to
reduce ICP on the TBI. Vialet et al conducted a
randomized prospective study in 20 patients with
severe TBI (Glasgow Coma Scale [GCS] <8).**
The patients were randomized and divided into
two groups: the group receiving 7.5% hypertonic
Saline (361 mOsm) and the one receiving 20%
mannitol (175 mOsm) in the same amount which
was 2 ml/kg. The study ffind that the mannitol
group experienced total and duration of longer
daily episodes of ICP > 25 mmHg and required
more drainage of cerebrospinal fluid compared
to hypertonic saline. This@fudy also got number
of treatment failure by 70% in the mannitol
group compared to 10% treatment@ilure in the
hypertonic saline group. There was no significant
difference in death or neurological improvement
in 90 days. Notes should be given that although
the amount of fluid used was the same, but this
study used two fluids with different osmolarity.*
Lgp005, Battison et al conducted a prospec-
tive cross-over randomized controlled study that
compared the efficacy of hypertonic saline and
dextran mixture with 20% mannitol to reduce the
increase of ICP** This study included nine patients,
consisting of six patients with TBI and thr@@patients
with SAH. The fluids that being used are 200 mL of
20% mannitol (249 mOsm) and mixture of 100 mL
of Saline 7.5% and 6% dextran-70 (250 mO#R),
which infused over 5 minutes. The study found that
both mannitol and hypertonic saline significantly
reduced ICP, but hypertonic saline decreased ICP
more significantly and had longer duration effect
than mannitol. The main strength of this study
is the use of same osmolarity between the two
fluids.”” In 2009, Oddo et al conducted a prospec-
tive, nonrandomized, and cross-over stu@f in 12
patients with severe TBI who experienced episodes
of intracranial hypertension (ICP> 20 mmHg for
more than 10 minutes) by comparing the effects
of oxygen pressure in the brain tissue (PbtO2) on
the administration of mannitol and hypertonic
saline.”” All patients were infused with 25% manni-
tol (412 mOsm) over 20 minutes with dose of 0.75
gr/kg. If, the ICP was not decreased or the patient
experienced recurrentincreased ICP, 250 ml of 7.5%
hypertonic saline (641 mOsm) will be given. This
study found 42 episodes of intracranial hyperten-
sion which 28 episodes were treated with mannitol
and 14 boluses of hypertonic saline were given for
recurrent intracranial hypertension episodes. The
study found that the administration of hypertonic
saline produced lower ICP and cerebral perfusion
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pressure (CPP) and also improved brain tissue
oxygenation compared to mannitol. g

Cottenceauetalin2011 conducted a prospective,
randomized controlled trial (RCT) which included
47 patients with severe TBI and ICP> 15 mmHg.
The patients were randomized and divided into two
groups: the group receiving 4 ml/kg dose of 20%
mannitol (n=25) and the group receiving 2 ml/kg of
7.5% hypertonic saline (n=22). The two fluids had
similar osmolarity. The results of the study showed
that both fluids were equally effective in lowering
ICP, but stronger and long@gduration of ICP reduc-
tion effect was shown in hypertonic saline group.
There was no significant difference in neurological
outcome between groups for 6 months using the
Glasgow Outcome Score (GOS)."

Sakellagipdis et al, in 2011 conducted a prospec-
tive study to compare the effectiveness of mannitol
and hypertonic saljn in dose with same osmo-
larity. Twenty-nine patients with severe TBI and
suffering continuous intracranial hypertension
(> 20 mmHg for 5 minutes) were treated with
either 20% mannitol (2 ml/kg) or 15% hypertonic
saline (0,42 ml/kg).”” The study found that there
was no significant difference both in decreasing
ICP and duration of the action of the two fluids.*

Mangat et al, 2015 conducted a retrospective
cohort study in patients with severe TBI using The
Brain Trauma Foundation TBI—trac New York
State database. They found 35 patients who received
hypertonic saline only and 477 patients who
received mannitol only. The authors were conduct-
ing analysis by matching the patients een the
groups. After the pairing, they included 25 patients
in 20% mannitol group and 25 patients in hyper-
tonic saline (3% hypertonic Saline n = 24; 23.4%
hypertonic Saline, n = 1) with similar character-
istic@l' The study found that the number of days
and tfe number of hours per days where a patient
had ICP >25 mmHg was lower in hypertonic saline
group compared to mannitol group. The authors
also found that patient in hypertonic saline group
were hospitalized in ICU for shorter period.”

Systematic review in 20@fgby Burgess et al,
found that there was no significant difference
between mannitol and hypertonic saline in reduc-
ing mortality, ICP, and the neurological output in
the patients with severe TBI.* This review involved
seven well-publicized trials until November 2015.
The failure rate of ICP-lowering therapy was less
found in the hypertonic saline group. This system-
atic review wrote that the data which were currently
used were still limited due to the high heterogeneity
of each study.”* A review by Boone et al, also found
that because of the heterogeneity among studies,
the superiority between hypertonic saline and
mannitol in reducing ICP in patients TBI could
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Table 1 Studies regarding comparison of effectivitygmannitol and hypertonic saline for Traumatic Brain Injury

Study Study design Sample Solution used Result
Vialet et al. (2003) RCT 20 patients with 7.5% Saline hypertonic solution There was no difference in mortality
severe TBI (2400 mOsm/kg/H(2)O) or 20%  and neurological improvement, but
mannitol (1160 mOsm/kg/H(2) the total and duration in hypertonic

Battison et al.
(2005)

Prospective, cross-
over, controlled

9 TBI patients (n=6)
and SAH (n=3)

0), anumber of 2 ml/kg body
weight.

200 mL 20% mannitol (249
mOsm) or 100 mL of 7,5% Saline
and 6% dextran-70 (250 mOsm)

saline group ICP were > 25 mmHg
lower than that in mannitol group.

Hypertonic saline gave more
significant reduction in ICP and
longer duration effect than mannitol.

Oddo etal. (2009)  Prospective, 12 patients with 25% Mannitol, 0.75 g / kg, Hypertonic saline had effects in
nonrandomized, severe TBI 412 mOsmol / dose vs 7,5% decreasing ICP, increasing CPP, and
cross-over Hypertonic Saline, 250 mL, 641 brain tissue oxygenation which was

g()smol / dose better than mannitol.

Cottenceauetal.  Prospective, 47 patients with % Mannitol (4 mL/kg; Hypertonic saline provided more

(2011) Randomized severe TBI n=25 patients) or 7,5% Saline powerful effect on the improvement
Controlled Trial hypertonic (2 mL/kg; n=22 of CPP.

(RCT) patients) There was no differen
neurological outcome in both groups.

Sakellarindiset al.  Prospective 29 patients with 20% Mannitol, 2 ml/kg vs 15% There was no significant difference

(2011) severe COT Hypertonic saline, 0.42 mL/kg either in decreasing ICP and duration

of the action of the two solutions.

Mangat et al. Retrospective cohort 50 patients with Hypertonic Saline (3% hypertonic Hypertonic saline provided lower

(2015) severe TBI saline, n = 24; 23.4% hypertonic daily and cumulative increased

saline, n = 1) vs. 20% mannitol ICP and shorter period of ICU
(n=25) hospitalization than mannitol.
not be concluded.” Studies regarding comparison 3.  Zamzami NM, Fuadi I, Nawawi AM. Angka Kejadian dan
- . . s Outcome Cedera Otak di RS. Hasan Sadikin Bandung
of effe.cn\flty of ma.nmtOl and hypertonlc Asahne mn Tahun 2008-2010. Jurnal Neuroanastesi Indonesia.
lowering intracranial pressure for TBI patient were 2013;2(2):89-94.

summarized in Table 1. 4. Steiner LA, Andrews P]. Monitoring the injured brain: ICP

and CBE British journal of anaesthesia. 2006;97(1):26-38.

5. Sadoughi A, Rybinnik I, Cohen R. Measurement and

CONCLUSION management of increased intracranial pressure. Open Crit
Care Med J. 2013;6(1):56-65.

Traumatic brain injury (TBI) with increased ICP is 6. American College of Surgeons Committee on Trauma.

logical that i Iv f d Advanced Trauma Life Support Student Course Manual.

a neurological emergency that 1s comm9n y foun Ninth ed. USA: American College of Surgeons; 2012.

and may cause death. Early treatment whichisquick 7. Rangel-Castillo L, Gopinath S, Robertson CS. Management
and effective should be given. Hyperosmolar fluid of Intracranial Hypertension. Neurologic clinics.
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€re are more evidences, mannitol and hypertonic 1y rifin M, Tjahjadi 1, Faried A, Sutiono A. Perdarahan
saline should be given in accordance with the indi- Epidural dan Fraktur Kompresi Tengkorak. Bandung:

cations and contraindications of the administration. Sagung Seto; 2012.

12. Haddad SH, Arabi YM. Critical care management of
severe traumatic brain injury in adults. Scandinavian

REFERENCES journal of trauma, resuscitation and emergency medicine.

2012;20:12.

1. Garvin R, Venkatasubramanian C, Lumba-Brown A, 13. Bullock MR, Chesnut R, Ghajar ], Gordon D, Hartl R,
Miller CM. Emergency Neurological Life Support: Newell DW, et al. Surgical management of acute epidural
Traumatic Brain Injury. Neurocritical care. 2015;23 Suppl hematomas. Neurosurgery. 2006;58(3 Suppl):S7-15; dis-
2:5143-54. cussion Si-iv.

2. Tim Neurotrauma RSUD Dr  Soetomo-Fakultas 14. Bullock MR, Chesnut R, Ghajar ], Gordon D, Hartl R,
Kedokteran Universitas Airlangga. Pedoman Tatalaksana Newell DW, et al. Surgical management of acute subdural
Cedera Otak. Second ed. Surabaya: Revka Petra Media; hematomas. Neurosurgery. 2006;58(3 Suppl):S16-24; dis-
2014. cussion Si-iv.

520 Published by DiscoverSys | Bali Med J 2016; 5 (3): 516-521 | doi: 10.15562/bmj.v5i3.281




15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

ORIGINAL ARTICLE

Bullock MR, Chesnut R, Ghajar ], Gordon D, Hartl R,
Newell DW, et al. Surgical management of traumatic paren-
chymal lesions. Neurosurgery. 2006;58(3 Suppl):$25-46;
discussion Si-iv.

Porchet F, Bruder N, Boulard G, Archer DP, Ravussin P. [The
effect of position on intracranial pressure]. Annales fran-
caises d’anesthesie et de reanimation. 1998;17(2):149-56.
Urbano LA, Oddo M. Therapeutic hypothermia for trau-
matic brain injury. Current neurology and neuroscience
reports. 2012;12(5):580-91.

Andrews PJ, Harris BA, Murray GD. Hypothermia for
Intracranial Hypertension after Traumatic Brain Injury.
The New England journal of medicine. 2016;374(14):1385.
Marion DW, Firlik A, McLaughlin MR. Hyperventilation
therapy for severe traumatic brain injury. New horizons
(Baltimore, Md). 1995;3(3):439-47.

Stocchetti N, Maas Al, Chieregato A, van der Plas AA.
Hyperventilation in head injury: a review. Chest.
2005;127(5):1812-27.

Shawkat H, Westwood M-M, Mortimer A. Mannitol:
a review of its clinical uses. Continuing Education in
Anaesthesia, Critical Care & Pain. 2012;12(2):82-5.
Brophy GM, Human T, Shutter L. Emergency Neurological
Life Support: Pharmacotherapy. Neurocritical care.
2015;23 Suppl 2:548-68.

Nissenson AR, Weston RE, Kleeman CR. Mannitol.
Western Journal of Medicine. 1979;131(4):277-84.

Surani S, Lockwood G, Macias MY, Guntupalli B, Varon J.
Hypertonic saline in elevated intracranial pressure: past,
present, and future. Journal of intensive care medicine.
2015;30(1):8-12.

Feig PU, McCurdy DK. The Hypertonic State. New
England Journal of Medicine. 1977;297(26):1444-54.
Doyle JA, Davis DP, Hoyt DB. The use of hypertonic saline
in the treatment of traumatic brain injury. The Journal of
trauma. 2001;50(2):367-83.

Hartl R, Medary MB, Ruge M, Arfors KE, Ghahremani F,
Ghajar ]. Hypertonic/hyperoncotic saline attenuates
microcirculatory disturbances after traumatic brain injury.
The Journal of trauma. 1997;42(5 Suppl):S41-7.

Vialet R, Albanese ], Thomachot L, Antonini F
Bourgouin A, Alliez B, et al. Isovolume hypertonic solutes
(sodium chloride or mannitol) in the treatment of refractory

Published by DiscoverSys | Bali Med J 2016; 5 (3): 516-521 | doi: 10.15562/bmj.v5i3.281

29.

30.

31

32.

33.

34.

35.

posttraumatic intracranial hypertension: 2 mL/kg 7.5%
saline is more effective than 2 mL/kg 20% mannitol. Critical
care medicine. 2003;31(6):1683-7.

Battison C, Andrews PJ, Graham C, Petty T. Randomized,
controlled trial on the effect of a 20% mannitol solution
and a7.5% saline/6% dextran solution on increased intra-
cranial pressure after brain injury. Critical care medicine.
2005;33(1):196-202; discussion 57-8.

Oddo M, Levine JM, Frangos S, Carrera E, Maloney-
Wilensky E, Pascual JL, et al. Effect of mannitol and hyper-
tonicsaline on cerebral oxygenation in patients with severe
traumatic brain injury and refractory intracranial hyper-
tension. Journal of neurology, neurosurgery, and psychia-
try. 2009;80(8):916-20.

Cottenceau V, Masson F, Mahamid E, Petit L, Shik V,
Sztark F etal. Comparison of effects of equiosmolar doses
of mannitol and hypertonic saline on cerebral blood flow
and metabolism in traumatic brain injury. Journal of neu-
rotrauma. 2011;28(10):2003-12.

Sakellaridis N, Pavlou E, Karatzas S, Chroni D, Vlachos K,
Chatzopoulos K, et al. Comparison of mannitol and
hypertonic saline in the treatment of severe brain injuries.
Journal of neurosurgery. 2011;114(2):545-8.

Mangat HS, Chiu YL, Gerber LM, Alimi M, Ghajar ],
Hartl R. Hypertonic saline reduces cumulative and daily
intracranial pressure burdens after severe traumatic brain
injury. Journal of neurosurgery. 2015;122(1):202- 10.
Burgess S, Abu-Laban RB, Slavik RS, Vu EN, Zed PJ.
A Systematic Review of Randomized Controlled Trials
Comparing Hypertonic Sodium Solutions and Mannitol
for Traumatic Brain Injury: Implications for Emergency
Department Management. The Annals of pharmacother-
apy. 2016;50(4):291-300.

Boone MD, Oren-Grinberg A, Robinson TM, Chen CC,
Kasper EM. Mannitol or hypertonic saline in the setting
of traumatic brain injury: What have we learned? Surgical
neurology international. 2015;6:177.

cc) (D

This workis licensed under a Creative Commons Attribution

521




Efficacy comparison of mannitol and hypertonis saline for

Traumatic Brain Injury (TBI) treatment

ORIGINALITY REPORT

19. 14, 11+ 19

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

.

surgicalneurologyint.com

Internet Source

3%

El

Submitted to Queensland University of
Technology

Student Paper

2

&

Submitted to Pensacola State College
Student Paper

2

=

Submitted to Queen Mary and Westfield College

Student Paper

2

El

blog.clinicalmonster.com

Internet Source

1o

Submitted to University of West London

Student Paper

1o

EH B

Submitted to iGroup

Student Paper

1o

Submitted to Georgetown University
Student Paper

1o




emedicine.medscape.com

Internet Source

1o

RN
(@)

Submitted to University Of Tasmania
Student Paper

1o

—
—

pinpdf.com

Internet Source

1o

RN
N

operativeneurosurgery.com

Internet Source

1o

-
w

www.ncbi.nlm.nih.gov

Internet Source

1o

—
N

www.scilit.net

Internet Source

1o

RN
@)

Submitted to Saba University School of

Medicine
Student Paper

1o

Exclude quotes On Exclude matches <1%

Exclude bibliography On



