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Background: Traumatic brain injury (TBI) causes mortality and long-term disability among young adults and imposes
a notable cost on the healthcare system. In addition to the first physical hit, secondary injury, which is associated with
increased intracranial pressure (ICP), is defined as biochemical, cellular, and physiological changes after the physical
injury. Mannitol and Hypertonic saline (HTS) are the treatment bases for elevated ICP in TBI. This systematic review and
meta-analysis evaluates the effectiveness of HTS in the management of patients with TBI.

Methods: This study was conducted following the Joanna Briggs Institute (JBI) methods and PRISMA statement. A
systematic search was performed through six databases in February 2022, to find studies that evaluated the effects of
HTS, on increased ICP. Meta-analysis was performed using comprehensive meta-analysis (CMA).

Results: Out of 1321 results, 8 studies were included in the systematic review, and 3 of them were included in the
guantitative synthesis. The results of the meta-analysis reached a 35.9% (95% Cl 15.0-56.9) reduction in ICP in TBI
patients receiving HTS, with no significant risk of publication bias (t-value =0.38, df = 2, p-value =0.73). The most
common source of bias in our included studies was the transparency of blinding methods for both patients and

Conclusion: HTS can significantly reduce the ICP, which may prevent secondary injury. Also, based on the available
evidence, HTS has relatively similar efficacy to Mannitol, which is considered the gold standard therapy for TBI, in
boosting patients’ neurological condition and reducing mortality rates.
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Introduction

Traumatic brain injury (TBI) is the most common cause
of mortality and long-term disability among young adults
[1]. It is estimated that about seventy million individuals
suffer from TBI each year [2], which makes it a conse-
quential public health concern worldwide and imposes a
significant cost on the healthcare system [3]. Road traffic
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injuries, falls, and violence are among the most common
cause of TBI [4].

The first physical hit is not the only injurious mecha-
nism in TBI. Biochemical, cellular, and physiological
changes after the physical injury, which is called second-
ary injury [5], are significantly associated with poor neu-
rological outcomes and mortality in these patients [6].
Studies suggested that increased intracranial pressure
(ICP), which is a common complication associated with
TBI [7], is a factor associated with secondary injury in
TBI patients [8].

Hyperosmolar therapy, such as Mannitol and Hyper-
tonic saline (HTS), is one of the primary treatment bases
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for elevated ICP in TBI [9, 10]. Several insights have been
gained about HTS and mannitol in TBI. HTS is consid-
ered routine care in TBI patients [11]. Several studies
assessed the efficacy of hyperosmolar components in
decreasing ICP and overall outcomes of patients with
TBI, but there are still controversies in this regard [12,
13]. In a meta-analysis of randomized controlled trials
(RCTs) in 2016, HTS was compared with any other solu-
tions in severe TBI. This study found no significant dif-
ference between HTS and other solutions in lowering
mortality or improving ICP [14]. Also, a recent Cochrane
review in 2020, based on weak available evidence, found
that HTS is no better than mannitol in TBI patients [15].

These mentioned reviews did not include recent
publications. In addition, observational studies were
not included in these studies. This systematic review
and meta-analysis evaluates the efficacy of HTS in the
management of elevated ICP secondary to TBI, as the
primary outcome. The effects of HTS in lowering mor-
tality rates and improving neurological outcomes are also
investigated as secondary outcomes.

Methods

This systematic review was completed following the
methods reported in Joanna Briggs Institute (JBI) Man-
ual for Evidence Synthesis [16] and Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [17].

Eligibility criteria

Studies, that assessed the effects of HTS in any concen-
tration and dosage, on ICP in patients with TBI were
included in this systematic review. Non-English papers,
review articles, commentaries, letters, and these were not
included.

Search

A systematic search was conducted in Medline via Pub-
Med, EMBASE, Scopus, ProQuest, Google Scholar, and
Web of Science in February 2022 with no limitations. The
details of search strategies are presented in Additional
file 1.

Study selection

The results of database searches were imported into
EndNote x 9 software and after removing the duplicated
results, two independent researchers (NG, SD) assessed
the meeting eligibility criteria in two title/abstract and
full-text stages. Disagreements in the study selection pro-
cess were resolved through consultation or by referring
to another author (HS), who is an expert in this topic.
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Data collection

Data extraction was conducted using an electronic
table in Microsoft excel which included the following
parameters: the name of the first author of the study,
the publication year, study design, setting of the study,
mean age of the participants, the male ratio, assessed
interventions, mortality rate, neurological outcomes,
and outcomes about ICP.

Risk of bias assessment

The risk of bias in RCTs was assessed using the JBI
checklist [18]. JBI critical appraisal tool for RCTs
assesses the risk of bias regarding the randomization,
allocation concealment, the similarity of the groups in
the baseline, blinding of participants and researchers,
identic received treatment (other than the intervention
of interest), follow-up completion, analyzing the par-
ticipants in the groups to which they were randomized,
identic and reliable outcomes measurement, and sta-
tistical analysis. For cross-sectional studies [19], quasi-
experimental studies [18], and case—control studies
[19], the relevant checklists were utilized.

Data synthesis

Meta-analysis was performed using the comprehen-
sive meta-analysis (CMA) software [20] with mean and
SD for changes in ICP (in percent) by HTS. A random
effect model was utilized for the meta-analysis. 95%
confidence intervals (ClIs) and 0.05 level of significance
for p-value were observed and the result was pre-
sented as the forest plot. Also, the publication bias was
assessed using the Begg and Mazumdar’s correlation
test [21] and presented as the funnel plot.

Results

Study inclusion

The details of the selection process are presented in the
PRISMA flow diagram (Fig. 1). In summary, out of 1321
results of databases searching, 8 studies were included
in this systematic review [22-29] and 3 of them were
included in the quantitative synthesis. Three of these
studies were observational studies and the rest five
studies had a clinical trial study design. The publica-
tion years were 1998 to 2018. The sample size in these
studies was between 6 and 60 and the mean age of the
participants varies between 30 and 55. 90-day neuro-
logic status was reported in one study [25], Cottenceau
reported a 6-month follow-up, and finally, and Jagan-
natha et al. only assessed this outcome over 6 days.
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Fig. 1 PRISMA flow diagram

Table 1 shows a summary of the characteristics and
findings of the included studies.

Risk of bias

Table 2 shows the results of the risk of bias assessments
using the JBI checklists [18]. Based on our assessments,
the most common source of bias in our included RCTs
was appropriate reporting blinding methods for both
patients and outcome assessors. In one of the cross-sec-
tional studies, dealing with confounding variables was
a source of bias. In one quasi-experimental study, there
was no control group.

Summary of findings

A similar efficacy for mannitol and HTS in patients with
sustained ICP was reported in 3 studies [22, 24, 28]. In
two studies, the daily ICP burden was significantly lower
in the HTS group compared to Mannitol [23, 25]. In
Jagannatha et al’s study, Mannitol and HTS had a simi-
lar effect on ICP over 6 days, but an increase in the daily
mean ICP was observed after this span which was sig-
nificant only in the Mannitol group [27]. Regarding the
different doses of HTS, Chris Carter et al. in a study
published in 2017 reported the same efficacy for 5% and
23.4% NaCl for a sustained ICP>20 mm Hg [26]. Finally,
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Table 2 The results of risk of bias assessments
Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13
Randomized controlled trials
Francony G. 2008 Yes Yes Yes Yes No uc Yes Yes Yes Yes Yes Yes Yes
Vialet R. 2003 uc Yes Yes uc No Yes Yes Yes Yes Yes Yes Yes Yes
Cottenceau V. 2011 Yes Yes Yes Yes uc uc Yes Yes Yes Yes Yes Yes Yes
Jagannatha AT. 2017 Yes Yes Yes Yes uc uc Yes Yes Yes Yes Yes Yes Yes
Cross-sectional studies
Ware M. 2005 Yes Yes Yes Yes No No Yes Yes - - - - -
Cheng F. 2018 Yes Yes Yes Yes Yes Yes Yes Yes - - - - -
Case—control study
Carter C. 2017 Yes Yes Yes Yes Yes Yes Yes Yes Yes - - - -
Quasi-experimental study
Schatzmann C. 1998 Yes N/A N/A No uc N/A N/A Yes uc - - - -

UC unclear, N/A not applicable

in Schatzmann et al’s study infusions of HTS decreased
ICP effectively [29].

Regarding mortality, a similar mortality rate between
HTS and Mannitol was reported in 3 studies [23, 25, 27].
Also, the duration of ICU or hospital stays was not sig-
nificantly different between HTS and Mannitol in 2 stud-
ies [23, 27]. Finally, the neurologic outcome did not differ
significantly between HTS and Mannitol in 3 studies that
reported this outcome [25, 27, 28].

Meta-analysis

A meta-analysis of three studies in which a decrease in
ICP was reported in patients receiving HTS was per-
formed. Heterogeneity between studies was not signifi-
cant (Q-value=0.187, df=2, p-value=0.98, I>=0.00%).
The results of quantitative synthesis reached a 35.9%
(95% CI 15.0-56.9) reduction in ICP in TBI patients
receiving HTS (Fig. 2). Figure 3 shows the funnel plot to
examine the publication bias which was not significant in
included studies (¢-value =0.38, df =2, p-value=0.73).

Discussion

This study considers the effectiveness of HTS in the man-
agement of elevated ICP secondary to TBI, lowering mor-
tality rates, and improving neurological outcomes. Based
on the available evidence, HTS seems to be efficacious in
reducing ICP [22-29]. The results of our meta-analysis
reported a 35.9% reduction in ICP in TBI patients with
HTS therapy. Also, the neurological consequences [25,
27, 28] and mortality rates [23, 25, 27] do not seem to be
significantly different between HTS and Mannitol.

From the mechanism point of view, HTS causes plasma
expansion by redistribution of fluid from the extravascu-
lar space. Also, the immunomodulatory and anti-inflam-
matory effects of HTS are reported in previous studies

[11, 30-32]. HTS and mannitol share similar mechanisms
for lowering elevated ICP by establishing an osmotic gra-
dient across the blood-brain barrier. Increased brain
oxygenation is another mechanism suggested by previous
studies [33]. Cottenceau et al. reported no effects of man-
nitol or HTS in boosting the cerebral metabolism, which
was assessed by oxygen, glucose, and lactate levels [28].
Also in Jagannatha et al’s study, sodium level, osmolality,
and renal function parameters were comparable between
HTS and Mannitol groups [27]. Higher reflection coef-
ficient, effective maintenance of plasma volume, and
dehydration of endothelial cells were also suggested as
theoretical advantages of HTS [27, 34, 35].

With the implementation of new guidelines since the
1980s, the management of TBI patients appears to be
evolving [36]. Despite the absence of Class 1 evidence,
ICP monitoring is suggested as a standard clinical obser-
vation in TBI patients [37]. A recent scoping review
found the evidence regarding the HTS usage in patients
with moderate TBI without ICP monitoring inconclusive
[38]. We investigated the role of HTS in controlling ICP
as the primary outcome and we found that HTS can sig-
nificantly reduce the ICP in patients with TBL

Increased ICP is a common life-threatening condi-
tion, which is considered the “silent epidemic” [2].
Studies found average ICP in the first two days is an
independent predictor of mortality in patients with
severe TBI [39]. In addition, the complications of
increased ICP include but are not limited to neuro-
logical and visual abnormalities, headaches, and nausea
[40]. Therefore, this medical and surgical emergency
requires prompt recognition and management [41].
Mannitol as a hyperosmolar therapy with wide usage
in TBI [42] is considered the gold standard therapy
for increased ICP due to TBI, but experts believe it is
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Model Study name Statistics for each study Mean and 95% CI
Standard Lower Upper
Mean error limit  limit Z-Value p-Value

Carter CH et al(2017)a 0.340 0.348 -0342 1.022 0977 0329 .
Carter CH .et al(2017)b 0.260 0356 -0437 0957 0731 04865 .
Francony G .etal(2008 )  0.350 0140 0.076 0624 2500 0012 —.—
Schatzmann C _et al(1998) 0.430 0222 -0.006 0866 1935 0053

Random 0.358 0107 0150 0569 3361 0.001

-1.00 -0.50 0.00 0.50 1.00
Fig. 2 The forest plot for the meta-analysis
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Fig. 3 The funnel plot of the studies

due to its historical use and not its superiority over
HTS [43]. Recent systematic reviews compared man-
nitol with HS for treating elevated ICP after TBI and
found no superiority for none of them [44, 45]. Diuretic
properties of mannitol and hypotension reduce the ten-
dency to Mannitol among clinicians. In addition, poor
glycemic control with Mannitol also was reported in
studies which may affect the overall result of manage-
ment [27]; therefore, the latest guidelines recommend
HTS over Mannitol [46, 47]. The comparison of HTS
and Mannitol in this study found HTS as safe and effec-
tive as Mannitol; therefore, the choice between them
should be based on circumstances, availability, or the
clinical situation [48].

Reduction of ICP can be safely achieved with HT'S [49].
Francony et al. observed a prolonged duration of ICP
reduction in 120 min [22]. Horn et al. also reported that
repeated bolus application of HTS could significantly
decrease ICP in patients with therapy-resistant elevation
of ICP [50]. This finding was in the same line as Munar
et al’s study which found administration of 7.2% HTS
effective in reducing ICP [51]. Appropriate reduction in
ICP can lead to the prevention of secondary injury and
potentially severe complications.

Mannitol is suggested to have a beneficial effect on
mortality [52]. The mortality rates were reported in 3
studies. In Cheng et al’s study and Vialet et al’s RCT,
mortality was not significantly differed between HTS
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and Mannitol [23, 25]. A comparable difference in
6 months and in-hospital mortality between mannitol
and HTS groups was also reported in Jagannatha’s RCT
[27]. In this condition and based on the available evi-
dence it seems Mannitol and HTS have no significant
superiority over each other in reducing the mortality
rate in patients with TBI; however, there is still a need
for additional research in this regard [47, 53].

Improvement of neurological outcomes by HTS was
reported previously [32]. In our included studies these
outcomes were reported in 3 studies. In Vialet et al’s
RCT, neurologic outcomes based on the number of
patients with severe Glasgow scale did not differ signifi-
cantly between Mannitol and HTS [25]. In Cottenceau
et al’s study, the authors did not detect a significant dif-
ference in neurological outcome at 6 months, too [28].
Finally, Jagannatha’s RCT also found similar Glasgow
scale scores at ICU and hospital discharge, in Mannitol
and HTS groups [27], which was similar to the previ-
ously mentioned study. The latest Neurocritical Care
Society (NCS) guidelines recommended future studies
for a comprehensive conclusion in this regard [47].

Studies assessed the efficacy of prehospital HTS
resuscitation on neurological outcomes, too. In a RCT
conducted by Cooper et al. in 2004, the authors found
almost identical neurological function after 6 months,
for conventional resuscitation protocols and HTS,
which did not support the routine usage of HTS in the
prehospital setting [54].

In addition to hyperosmolar therapy, cerebrospinal
fluid drainage and barbiturates are also suggested for
the management of patients with TBI. Decompressive
craniectomy is also suggested as second-line therapy
for elevated ICP. A recent Cochrane review assessed
the efficacy of this procedure and found it effective in
reducing mortality; nevertheless, the authors found the
effects on long-term neurological outcomes controver-
sial [7]. Based on the latest guidelines, decompressive
craniectomy is only recommended for late refractory
ICP elevation [55].

This study was associated with multiple limitations.
The limited number of well-designed RCTs, lack of
appropriate reports of serum levels of metabolic param-
eters, such as sodium and glucose, as well as systemic
hemodynamics were the main limitations of this study.
Also, different reporting methods prevented a compre-
hensive meta-analysis. We suggest future well-designed
prospective multicenter studies with larger sample sizes,
appropriate identification and dealing with possible con-
founding variables, additional cost—benefit analysis, and
a longer duration of follow-up—to translate into a long-
term benefit——for reaching more comprehensive and
conclusive results on this topic.
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Conclusion

Hyperosmolar therapy with HTS can reduce the ICP sig-
nificantly, which may lead to the prevention of secondary
injury in TBI patients. Based on the available evidence,
HTS has relatively similar efficacy to Mannitol, which is
considered the gold standard therapy for TBI, in boosting
patients’ neurological condition and reducing mortality
rates.
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