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Abstract

difference was insignificant.

imbalance.

Background: Hypertonic saline and mannitol are hyperosmolar agents frequently used to lower ICP and relax the
brain during surgeries. Several methods have been used to achieve a good and relaxed brain, such as hyperventila-
tion, cerebrospinal fluid drainage, head position correction, and administration of hyperosmolar agents. Comparing
equiosmolar doses between hypertonic saline and mannitol in patients undergoing elective craniotomies is impor-
tant to further notice the differences in several outcomes. This study aims to compare the outcome of hypertonic
saline versus mannitol on brain relaxation in patients undergoing elective craniotomy.

Results: 10 articles from 2007 to 2021 were included. Hypertonic saline is associated with better brain relaxa-

tion (OR =1.84,95% Cl 1.31-2.59; P=0.001) but significantly increase blood natrium level, both serum and arterial
(MD=3.03,95% Cl 1.70-4.36; P= <0.001 and MD=7.14, 95% Cl 0.04-14.24; P= <0.001, respectively). Mannitol
was associated with increased fluid input and urine output (SMD = — 0.56, 95% Cl —0.98 to —0.15; P= <0.001 and
SMD=-0.96,95% Cl — 1.42 to —0.50; P= <0.001, respectively). Serum osmolality and hemodynamic parameters

Conclusions: Hypertonic saline is associated with significantly better brain relaxation score and increased blood
sodium level without increase in urine. This may prove to be clinically significant in patients with electrolyte
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Introduction

Cerebral relaxation is an important component of neu-
roanesthesia [1]. A good, relaxed brain improves surgi-
cal access and widens the surgical view for the surgeon
[2]. It minimises retraction, reduces local hypoperfusion
and cerebral ischemia, and, therefore, minimises the risk
of complication and postoperative neurological deficit
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[1, 3]. Several methods have been used to achieve a good
and relaxed brain, such as hyperventilation, cerebrospi-
nal fluid drainage, head position correction, and adminis-
tration of hyperosmolar agents [4]. Mannitol is the most
popular hyperosmolar agent used for osmotherapy [5].
Hyperosmolar agents such as mannitol and hypertonic
saline exert their effect via two mechanisms [6, 7]. Fast-
acting effect through rheological effects, plasma expan-
sion, and delayed effect through its osmotic action. This
increases plasma osmolarity to shift fluid from the brain
parenchyma into the intravascular space. Both solutions

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://orcid.org/0000-0003-2741-7597
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s41983-022-00565-8&domain=pdf

Johansyah et al. Egypt J Neurol Psychiatry Neurosurg (2022) 58:142

are routinely used in neurosurgery to treat intracra-
nial hypertension. Mannitol is associated with various
adverse events, such as hypovolemia, nephrotoxicity,
and rebound phenomenon [8]. Hypertonic saline, due to
its higher sodium content, is also associated with several
adverse events, such as metabolic acidosis and central
pontine myelinolysis (CPM) [9, 10]. There have been no
reports of CPM after the use of HS in reducing ICP to
date.

Several randomised controlled trials (RCTs) have been
done, aiming to compare both solutions in their safety
and efficacy. There were two meta-analyses initiated in
2015 and 2017 favouring hypertonic saline as the supe-
rior agent to reduce ICP and relax the brain. Since then,
there have been 4 new RCTs conducted [5, 11-13]. We
aimed to update the comparison of these solutions on
their safety and efficacy in producing brain relaxation,
along with their effect on fluid status, sodium content,
and hemodynamic parameters.

Methods
This systematic review and meta-analysis were per-
formed according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines [14].

Search strategy

We searched Scopus, Cochrane Library databases, Scien-
ceDirect, and Proquest for RCTs comparing equiosmo-
lar doses of hypertonic saline versus mannitol for brain
relaxation in patients undergoing elective craniotomies.
We used Medical Subjects Headings (MESH) terms and
keywords as follows: “mannitol,” “hypertonic saline,
“brain relaxation,” “osmotherapy,” “craniotomy,” and “neu-
rosurgery”. No other restrictions were applied. The search
commenced in early July 2022.

Eligibility and selection criteria

Two reviewers searched and independently screened the
journals. Criteria of inclusion include the following: (1)
studies have to be Randomised Controlled Trials (RCTs);
(2) Equiosmolar doses of hypertonic saline versus manni-
tol have to be used; (3) Patients undergoing elective cra-
niotomy surgeries of all brain pathologies; (4) reporting
relevant outcomes; (5) written in English; (5) full text is
available.

Two authors extracted the data needed independently.
Disagreements were resolved through discussion. One
author assessed the risk of bias using Cochrane risk
of bias through Review Manager [15]. Another author
rated the quality of evidence using Grading of Recom-
mendations Assessment, Development, and Evaluation
(GRADE) through the GRADEpro GDT Web app [16,
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17]. Risk of bias table and a summary of findings with
GRADE recommendation were generated.

Data synthesis and analysis

The primary outcome observed is the results of brain
relaxation. Brain relaxation was assessed using a 4-point
scale (perfectly relaxed, satisfactory relaxed, firm brain,
bulging brain) or a 3-point scale (tight, appropriate, and
soft). We categorised “perfectly relaxed,” “satisfactory
relaxed,” “appropriate,” and “soft” as good brain relaxation
and generated dichotomous results. The outcome was
assessed using the odds ratio (OR) with 95% confidence
intervals (CI). Secondary outcomes were as follows: total
urine output and fluid input were assessed using stand-
ardised mean difference (SMD) with 95% CI, serum
sodium, arterial sodium, plasma osmolality, max mean
arterial pressure (MAP) and max central venous pressure
(CVP) were assessed using mean difference (MD) with
95% CI. Subgroup analyses were conducted on total urine
output according to the different doses used.

A P value of <0.05 is considered statistically signifi-
cant, and 95% confidence intervals were used. Sensitivity
analyses were commenced by removing suspicious stud-
ies to find the source of heterogeneity. Heterogeneity was
assessed using 12 and P value for Chi-square. Publication
bias was analysed using a visual inspection of the funnel
plot. A random-effects model was used in outcomes with
high heterogeneity, presented by an I2 value of >50%. We
used Review Manager version 5.4 to process our meta-
analysis and generate forest plots.

Results

Trial characteristics

A total of 181 Articles were identified initially. 12 dupli-
cate studies were removed. 13 studies were included
after screening the title and abstract. 11 full-text studies
were thoroughly reviewed. The final 10 RCTs that were
published from 2007 to 2021 were included in the study,
as represented in Fig. 1. A total of 745 patients were
included, consisting of 371 (49.7%) males and 374 (50.2%)
females. Of the 745 patients, 373 (50%) were allocated
in the HS group, while 372 (49.9%) were allocated in the
mannitol group.

Risk of bias assessment and quality of evidence

The risk of bias assessment results is shown in Fig. 2.
All studies included had an overall moderate risk of
bias. Of the 10 studies included, 6 studies defined ran-
dom sequence generation using computer-generated
randomization or computerized random number gen-
eration and were deemed a low risk of bias [2, 5, 11,
13, 18, 19]. 4 of the studies did not define the sequence
generation and were deemed the unclear risk of bias
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Identification of new studies via databases and registers
c Records removed before screening:
-% Records identified from: Duplicate records (n = 12)
L Databases (n = 181) ——»1 Records marked as ineligible by automation
= Registers (n = 0) tools (n = 0)
§ Records removed for other reasons (n = 0)
Records screened Records excluded
(n=169) (n =156)
(@)} . .
E Reports sought for retrieval Reports not retrieved
8 (n=13) (n=0)
3]
N
\ 4 Reports excluded:
Reports assessed for eligibility Abstract only (n= 1)
(n=13) Not written in English (n = 1)
Use of unequiosmolar solutions (n = 1)
= New studies included in review
9 (n=10)
g Reports of new included studies
£ (n=0)
Fig. 1 PRISMA flow chart to visualize the study selection process

[12, 20-22]. One of the studies was rated with a high
risk of bias in the domain of incomplete outcome data
due to it having an unequal number of patients in each
group with no explanation [18].

The GRADE evidence profile was generated using the
GRADEproGDT web app, and the summary of findings
alongside can be found in Table 1. Quality of evidence
ranges from very low to moderate; moderate for brain
relaxation, total urine output, serum sodium, and fluid
input; low for arterial sodium and max CVP; very low
for serum osmolality and max MAP. We downgraded

» .

the outcomes for “risk of bias,” “inconsistency,” and
“imprecision.”

Brain relaxation

All 10 studies reported this outcome with a total sample
size of 735 patients.[2, 5, 11-13, 18—22]. We used a fixed-
effects model for this outcome. The outcome favours HS
to achieve a better brain relaxation score when compared
to mannitol with a significant relationship. There was no
significant heterogeneity observed.
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Fig. 2 A Risk of bias assessment; + indicates a low risk of bias; —indicates high risk of bias; ? indicate an unclear risk of bias. B Risk of bias graph,

Total urine output

Data on urine output were reported on 7 studies with a
total sample size of 615 patients [2, 11, 18—-22]. We chose
to use standardized means difference with 95% ClIs as
the pooled statistic. The heterogeneity was high, and a

random-effects model was used for this outcome. Man-
nitol is associated with significantly increased total urine
output when compared with HS.

To identify the source of heterogeneity, we performed
a subgroup analysis based on the doses used. In the
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Table 1 Detailed participants for each outcomes including their quality of evidence

Outcomes Number of Certainty of Relative effect (95% Cl) Anticipated absolute effects

participants the evidence

(studies) (GRADE) Risk with mannitol Risk difference with

hypertonic saline

Brain Relaxation® 745 Q) OR1.84 67 per 100 12 more per 100

(10 RCTs) Moderate?® (1.31t0 2.59) (6 more to 17 more)
Total urine output* 615 @) - - SMD 0.75 SD lower

(7 RCTs) Moderate? (0.92 lower to 0.22 lower)
Serum osmolality 164 o000 - The mean serum osmolality ~ MD 1.97 mOsm/L higher

(3 RCTs) Very low< was 296.6 mOsm/L (3.05 lower to 7 higher)
Arterial sodium* 328 Q) - The mean arterial sodium was  MD 12.69 mmol/L higher

(3RCTs) Low®< 132 mmol/L (10.85 higher to 14.53 higher)
Serum sodium* 253 @) - The mean serum sodium was ~ MD 4.5 mmol/L higher

(5 RCTs) Moderate® 138 mmol/L (3.65 higher to 5.35 higher)
Fluid input* 576 @) - - SMD 0.56 SD lower

(6 RCTs) Moderate? (0.98 lower to 0.15 lower)
Max MAP 139 OO0 - The mean max MAP was MD 1.83 mmHg higher

(3 RCTs) Very low®< 84.7 mmHg (1.54 lower to 5.2 higher)
Max CVP 263 &0 - The mean max CVP was MD 0.56 mmHg higher

(RCTs) Low<d 8.6 mmHg (0.68 lower to 1.8 higher)

CVP: central venous pressure; MAP: mean arterial pressure; MD: mean difference; SMD: standardised mean difference; SD: standard deviation; Cl: confidence interval;

OR: odd ratio

" Statistically significant, P value <0.05

@ Multiple unclear risk of bias on random sequence generation
b There is a significant level of heterogeneity among studies
©Small sample size

dThere is a mild level of heterogeneity among studies

subgroup analyses, we found low heterogeneity in high
doses and significant heterogeneity in low—moderate
doses. The results of these subgroup analyses show a sig-
nificant increase in total urine output when using manni-
tol in comparison with HS, regardless of the dose.

Fluid input

Among the studies, 6 studies reported this outcome [2,
18-22]. HS is associated with significantly less total fluid
input when compared to mannitol. Heterogeneity was
high, and a random-effects model was used.

Serum osmolality

Out of the 10 studies, only 3 studies reported this out-
come [18-20]. The pooled data show no significant dif-
ference in serum osmolality between both solutions
when used in elective craniotomies. High heterogeneity
was observed, and a random-effects model was used.

Sodium level

Data on sodium level were observed in 7 studies with dif-
ferent modes of measurements. 4 of the studies measure
serum sodium level [11-13, 18]. 2 of the studies measure

arterial sodium level [11, 20]. 1 study reports both serum
and arterial sodium level [19].

HS is associated with a significant increase in serum
sodium level in comparison with mannitol with moder-
ate heterogeneity. A fixed-effects model was used. HS is
also associated with a significant increase in sodium level
when measured through arterial blood samples. Hetero-
geneity was high, and a random-effects model was used.

Max MAP

Only 3 studies reported this outcome [2, 11, 20]. The
pooled data show no significant difference in maximum
MAP between the two groups. Heterogeneity was high,
and a random-effects model was used.

Max CVP

Data on max CVP were observed on 5 studies [2, 11, 18—
20]. No significant difference was found between the two
solutions. Heterogeneity was high, and a random-effects
model was used. Each analysis result was provided as a
forest plot shown in Fig. 3.
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Study or Subgroup

Hypertonic Saline Mannitol
Events Total Events Total Weight

0dds Ratio
M-H, Fixed, 95% CI

0Odds Ratio

Cvp

M-H, Fixed, 95% CI
Ali, 2017 17 19 15 20  3.1% 2.83[0.48, 16.81] —
Ankush, 2020 12 15 11 15 4.4%  1.45[0.26, 8.01] —
Barik, 2021 16 30 9 30 84% 2.67[0.92,7.70] T
Dostal, 2015 27 36 21 38 10.2%  2.43[0.90,6.53] T
Hernandez, 2016 25 30 27 30 9.0% 0.56 [0.12, 2.57] .
Raghava, 2015 21 25 22 25 71%  0.72[0.14,3.59 e e
Rozet, 2007 14 20 14 20  84%  1.00[0.26, 3.87] N
Sokhal, 2017 11 20 11 20 9.9%  1.00[0.29, 3.48] B
Wu, 2010 101 122 81 116 28.7%  2.08[1.12,3.84] =
Zaffer, 2014 48 56 38 58 10.7%  3.16(1.25,7.95]
Total (95% Cl) 373 372 100.0%  1.84[1.31,2.59] L 2
Total events 292 249
Heterogeneity: Chi* = 7.90, df = 9 (P = 0.54); I’ = 0%
Test for overall effect: Z = 3.54 (P = 0.0004) 0.01 Favol?r‘sl[Mannin Favours [HISDI 100
B Hypertonic Saline Mannitol Std. Mean Difference Std. Mean Difference
Study or Subgroup _Mean __ SD_Total Mean _ SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
2.1.1 High Dose
Ali, 2017 0302 0126 20 0529 0.142 19 12.1% -1.66[-2.40,-0.92] —
Raghava, 2015 1644 0703 25 2.9 1597 25 13.7% -1.00[-159,-0.41] —
Rozet, 2007 15 0509 20 2.969 16 20 12.7% -1.21[-1.89,-0.53] —_
Zaffer, 2014 438 072 56 55 075 58 154% -1.51(-193,-1.09] ——
Subtotal (95% CI) 121 122 54.0% -1.37[-165,-1.08] *
Heterogeneity: Tau? = 0.00; Chi® = 2.73, df = 3 (P = 0.43); I* = 0%
Test for overall effect: Z = 9.50 (P < 0.00001)
2.1.2 Low-Moderate Dose
Dostal, 2015 0.665 0496 36 1395 0.825 38 14.7% -1.05[-1.54,-0.57) —_
Hernandez, 2016 1556 0.798 30 1.744 0.923 30 14.5% -0.22[-0.72,0.29] -
W, 2010 0596 031 122 0707 0.417 116 16.7% -0.30[-0.56,-0.05] |
Subtotal (95% CI) 184 46.0% -0.51[-0.98, -0.03] R 4
Heterogeneity: Tau? = 0.13; Chi® = 7.93, df = 2 (P = 0.02); I* = 75%
Test for overall effect: Z = 2.10 (P = 0.04)
Total (95% CI) 309 306 100.0% -0.96 [-1.42, -0.50] L 4
Heterogeneity: Tau? = 0.31; Chi? = 38.63, df = 6 (P < 0.00001); I* = 84% = + 3 +
Test for overall effect 4.10 (P < 0.0001) Favours [Mannitol] Favours (HS]
Test for subgroup differences: Chi? = 9.39, df = 1 (P = 0.002), I* = 89.4%
C Hypertonic Saline Mannitol Std. Mean Difference Std. Mean Difference
Study or Subgroup _Mean __ SD_Total Mean _ SD Total Weight IV, Random, 95% CI 1V, Random, 95% C
Dostal, 2015 2304 1,429 36 3391 1823 38 17.1% -0.65[-1.12,-0.19] —_
Hernandez, 2016 3,028 834 30 3,330 824 30 16.4% —
Raghava, 2015 4,296 1347 25 5172 2,361 25 15.6% —
Rozet, 2007 4335 581 20 6,648 1346 20 12.1% —_—
Wu, 2010 1,294 189 122 1,314 166 116 202%  -0.11[-0.37,0.14] h
Zaffer, 2014 7,041 850 56 7,219 960 58 18.6% -0.19[-0.56,0.17] -
Total (95% CI) 289 287 100.0% -0.56 [-0.98, -0.15] L 2
Heterogeneity: Tau? = 0.21; Chi® = 26.07, df = 5 (P < 0.0001); I = 81% — =y 3
Test for overall effect: Z = 2.65 (P = 0.008) Favours [Mannitol] Favours [HS]
D Hypertonic Saline Mannitol Mean Difference Mean Difference
Study or Subgroup _Mean __SD _Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Dostal, 2015 297 118 36 297.5 85 38 33.2% -0.50(-5.21,4.21] ——
Raghava, 2015 301.2 106 25 293 103 25 28.9% 8.20(2.41,13.99 —_—
Rozet, 2007 2986 33 20 2992 7.4 20 38.0% -0.60[-4.15,2.95] ——
Total (95% CI) 81 83 100.0% 1.97 [-3.05, 7.00] e ——
Heterogeneity: Tau? = 14.03; Chi? = 7.09, df = 2 (P = 0.03); I = 72% o % 3
Test for overall effect: Z = 0.77 (P = 0.44) Favours [HS] Favours [Mannitol]
E Hypertonic Saline Mannitol Mean Difference Mean Difference
Study or Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Ali, 2017 1431 2.8 19 1382 27 20 24.1% 4.90[3.17,6.63] —
Ankush, 2020 143.7 45 15 137 26 15 10.4% 6.70[4.07,9.33] e
Barik, 2021 1422 31 30 1376 27 30 33.2% 4.60[3.13,6.07) —a—
Dostal, 2015 1407 3.9 36 137.9 3.9 38 22.7% 2.80[1.02,4.58] —
Raghava, 2015 143.7 5.4 25 1389 44 25  9.6% 4.80[2.07,7.53] I
Total (95% CI) 125 128 100.0% 4.50 [3.65, 5.35] >
Heterogeneity: Chi? = 6.47, df = 4 (P = 0.17); I* = 38% - =% t T
Test for overall effect: Z = 10.41 (P < 0.00001) Favours [Mannitol] Favours [HS]
F Hypertonic Saline Mannitol Mean Difference Mean Difference
Study or Subgroup _ Mean _ SD _Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Raghava, 2015 1439 73 25 1346 4.4 25 19.3%  9.30(5.96, 12.64] —_—
Rozet, 2007 1463 3.1 20 1325 3.6 20 31.6% 13.80(11.72,15.88] -
Wu, 2010 1446 2.8 122 1313 2.8 116 49.1% 13.30[12.59, 14.01] ]
Total (95% CI) 167 161 100.0% 12.69 [10.85, 14.53] R 4
Heterogeneity: Tau? = 1.66; Chi? = 5.63, df = 2 (P = 0.06); I = 64% Ty =r T 20
Test for overall effect: Z = 13.52 (P < 0.00001) Favours [Mannitol] Favours [HS]
G Hypertonic Saline Mannitol Mean Difference Mean Difference
Study or Subgroup _ Mean __ SD_Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Ali, 2017 86.1 7.9 19 8L1 62 20 41.9%  5.001[0.53,9.47] —_——
Hernandez, 2016 75 10 30 79 13 30 36.5% -4.00[-9.87,1.87) ————®&—
Rozet, 2007 100 16 20 97 18 20 21.6% 3.00[-7.55,13.55]
Total (95% CI) 69 70 100.0% 128 [-5.09, 7.65] e ——
Heterogeneity: Tau? = 19.97; Chi? = 5.77, df = 2 (P = 0.06); I = 65% - 3 £y + To
Test for overall effect: Z = 0.40 (P = 0.69) Favours [Mannitol] Favours [HS]
H Hypertonic Saline Mannitol Mean Difference Mean Difference
Study or Subgroup _Mean D Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Ali, 2017 9.6 2 19 101 15 20 28.3% -0.50[-1.61,0.61] —=-
Dostal, 2015 104 48 36 8143 38 18.0%  230[0.22,4.38] —
Hernandez, 2016 9 3 30 9 4 30 20.8% 0.00[-1.79,1.79] -t
Raghava, 2015 66 28 25 4832 25 221%  1.80[0.13,3.47] =
Rozet, 2007 11 4 20 12 6 20 10.8% -1.00[-4.16,2.16] —_—T
Total (95% CI) 130 133 100.0% 0.56 [-0.68, 1.80] -
Heterogeneity: Tau? = 1.08; Chi’ = 9.36, df = 4 (P = 0.05); I = 57% - I

Test for overall effect: Z =

.89 (P = 0.37)

Fig. 3 A Brain relaxation, B urine output, C fluid input, D serum osmolality,

E serum sodium level, F arterial blood sodium level, G max MAP, H max

-5 5
Favours [Mannitol] Favours [HS]
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Discussion

This meta-analysis is an update on Shao’s previous meta-
analyses in 2015 and Fang in 2017 [23, 24]. We included 4
new RCTs that have been published, since the last meta-
analysis was initiated to date. Our findings show that
HS is associated with a significant increase in producing
better brain relaxation compared to mannitol. This find-
ing is in line with previous results by Shao and Fang. We
also found significantly fewer total urine output and fluid
input, no difference in serum osmolality, a significant
increase in serum and arterial sodium, and no difference
in max MAP in HS group when compared to mannitol.
These findings are also consistent with previous studies
[23, 24]. However, we added 1 new study and found no
significant difference in maximum CVP between both
solutions. This is different from a previous study by Fang,
where they found a slightly greater reduction of CVP
when compared with HS [24].

This study used the GRADE approach to assess the
quality of evidence to provide an objective view of our
certainty in the outcome. The evidence quality ranges
from very low to moderate. We downgraded our evi-
dence due to heterogeneity we cannot identify, small
sample sizes, and a high risk of bias.

Our meta-analysis showed that HS is associated with
a significantly better brain relaxation score when com-
pared to mannitol. Hypertonic saline theoretically has a
higher reflection coefficient of 1 when compared to man-
nitol (0.9). The higher reflection coefficient means that
hypertonic saline is more impermeable to the biological
membrane, our blood—brain barrier (BBB), and can exert
a better osmotic driving force to draw out water from
interstitial tissue to intravascular space [6, 7]. This also
means that theoretically, HS will not cause rebound ICP
increase, an adverse effect of long use of mannitol, as HS
will not seep through the BBB and draw water to, instead
of from the brain tissue [8]. This, however, only applies to
an intact BBB. Brain tumours and other space-occupying
lesions (SOLs) will cause peritumoral oedema and com-
promise BBB [25].

Significantly fewer urine output seen in HS might be
explained by the high sodium value of hypertonic saline.
A higher sodium value in HS might stimulate the hypo-
thalamus to secrete an antidiuretic hormone, exerting its
antidiuretic effect [6, 7]. The fewer urine output translates
to less fluid needed to be administered intraoperatively,
as we can see in this study, where HS is also associated
with significantly fewer fluid input.

The high sodium content, however, might be a dou-
ble-edged sword. Our study shows that HS is associated
with significantly increased blood sodium levels, both
by serum and arterial measurement. This may prove
to be clinically significant in patients with electrolyte
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abnormalities. A study measuring sodium level in trau-
matic shock patients given hypertonic saline shows that
all sodium levels return to baseline within 24 h, and most
within 4 h [26]. One study by Ankush also shows sodium
level return to baseline value in 48 h [12]. Safety concern
regarding the use of HTS is centered around the conse-
quences of an acute hyperosmolar state. Rapid correc-
tion of sodium in a previously hyponatremic patient may
produce central pontine myelinolysis, otherwise known
as osmotic demyelination syndrome (ODS) [6, 7, 9]. This
condition is, however, best treated by prevention of rapid
correction of sodium through good preoperative evalu-
ation and blood electrolyte workup. There have been
no reports of CPM after the use of HS in reducing ICP
to date. Another concern is rapid initial blood volume
expansion in patients with acute heart failure and pul-
monary edema leading to acute worsening of respective
diseases [6, 7]. This adverse effect is due to hyperosmo-
larity and affects both HTS and mannitol. This may be
prevented with the addition of diuretics.

Our study had some limitations. First, the brain relaxa-
tion score is a subjective measurement and, therefore, is
prone to bias and subjective views. Ideal and objective
measurement is ICP values, but in our included studies,
only two provided the measurement, albeit only in fig-
ures [5, 11]. Second, we cannot identify sources of het-
erogeneity in some outcomes. Third, small sample sizes
and a small number of studies may limit the power of our
study.

Conclusions

This study demonstrated that HS might have a greater
effect on producing good brain relaxation when com-
pared to mannitol in patients undergoing elective cra-
niotomies under multiple brain pathologies. HS is
associated with fewer total urine output and fluid input.
However, HS is associated with increased blood sodium
levels, and its use and safety in patients with electrolyte
abnormalities warrant further investigation. Both solu-
tions have no significant difference in serum osmolal-
ity or hemodynamic parameters. However, this study
limitations requires further high-quality RCTs with an
objective assessment of brain relaxation to confirm the
findings.
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