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ABSTRACT
Aim: This meta-analysis and systematic review aims to investigate and compare the efficacy of mannitol and 
hypertonic saline in treating patients who have suffered from traumatic brain injury (TBI).

Methods: We reviewed publications from the Medline database, Web of Science, and Google Scholar from inception 
to 13 October 2022 with only English-based literature. The risk of bias from included Randomized controlled trial (RCT)
s was assessed using the Cochrane Collaboration’s Tool. Newcastle-Ottawa Scale was employed to assess the included 
cohort's quality. The main outcomes of this review were treatment failure, mortality, intracranial pressure (ICP) reduc-
tion, and Cerebral Perfusion Pressure (CPP) increment. All the statistical analyses were performed using the Review 
Manager 5.4.1. A random-effects model was used to pool the studies when heterogeneity was seen, and the results 
were reported in the odds ratios (OR) and mean differences (MD) and the corresponding 95% confidence intervals. 

Results: The results of the statistical study found that there was a significantly lower treatment failure rate [OR 
= 1.80 (1.26, 2.57); p = 0.001; I2 = 74%], the lower mortality rate [OR = 2.17 (1.26, 3.73); p = 0.005; I2 = 0%], a 
greater increase in CPP [MD = -1.28 (-2.50, -0.05); p = 0.04; I2 = 0%] associated with hypertonic saline treatment 
as compared to mannitol treatment. However, concerning ICP decrease, there was no significant difference 
between the two treatment options [MD = 1.86 (-0.64, 4.36); p = 0.14; I2 = 70%]. 

Conclusions: Quantitative and qualitative analysis of trials and observational studies comparing the efficacy 
of hypertonic saline and mannitol demonstrates that hypertonic saline is a preferable treatment option with 
greater effectiveness and safety than mannitol in managing patients with TBI. 
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Introduction

Traumatic brain injury (TBI) is an accidental insult to 

brain tissue resulting from sudden mechanical trauma to 

the brain and can cause severe neurological morbidity 

and mortality [1]. Any apparent injury to the parenchyma 

of the brain that leads to the development of cerebral 

edema causes a progressive increase in ICP [2]. 
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Raised ICP concerns adverse events in patients with 

TBI, as uncontrolled or poorly controlled intracranial 

hypertension signifies a poor prognosis [3]. In patients 

with diffuse brain injury, any rise in ICP beyond 10 

mm Hg heralds a poor neurological status with higher 

morbidity and mortality [4]. In addition to causing 

direct damage to the brain, raised ICP decreases CPP 

and cerebral blood flow [5,6]. A large fall in CPP can 

result in significant ischemic injury if autoregulation 

fails to maintain cerebral blood flow [7]. Following TBI, 

decreased cerebral blood flow resulting in ischemia is 

linked to a poor neurological prognosis and a greater 

mortality risk [8]. 

Management of patients with TBI and other types of 

brain injury requires frequent and careful ICP monitoring 

[9]. Prompt recognition with aggressive management of 

high ICP in the event of brain injury brings forth direct 

benefits on outcomes - more so when performed with a 

stepwise and individualized approach [10]. Aggressive 

medical therapy with emphasis on appropriate control 

of raised ICP can facilitate patients to make a better 

recovery without severe disability [11].

Effectual management of intracranial hypertension 

involves medical interventions such as Cerebrospinal fluid 

(CSF) drainage, sedation and osmotherapy, and avoidance 

of aggravating factors [12]. The use of barbiturates and 

steroids as a prophylactic measure and empiric therapy for 

raised ICP has proved ineffective, and definitive therapy 

should target the specific mechanisms leading to raised 

ICP, such as increased brain water content, increased 

cerebral blood volume, and CSF outflow resistance [13].

When administered, hypertonic fluids can reduce 

intracranial pressure and increase cerebral blood flow; the 

mechanism behind that is dehydrating cerebrovascular 

endothelium and erythrocytes. This can help minimize 

the secondary brain injury that follows head trauma [14]. 

Increasing the osmotic load by giving osmotic agents 

such as hypertonic saline, glycerol, and mannitol can 

effectively reduce ICP by pulling water from the brain 

tissue [15].

Mannitol lowers ICP by its immediate effect of plasma 

expansion which decreases blood viscosity, and by its 

slightly delayed osmotic effect of pulling out water from 

cerebral interstitial space [16]. It also tends to increase 

cerebral blood flow by reducing blood viscosity while 

constricting cerebral blood vessels and, thus, reducing 

ICP [17]. Hypertonic saline predominantly produces its 

effects by causing the osmotic transfer of fluid from the 

intracellular space to the interstitial and ultimately, to the 

intravascular space [18]. 

Literature reveals several research works that were 

conducted to compare the therapeutic efficacy and 

safety of mannitol and hypertonic saline. However, 

the generalizability of the findings of these studies 

is controversial and limited due to the different 

methodologies employed, small sample sizes, different 

potencies used, and different outcome measures. Our 

meta-analysis compared the efficacy of mannitol with 

hypertonic saline in patients with TBI. Data from all 

clinical trials and comparative studies were incorporated 

into our analysis.

Material and Methods

Eligibility criteria

Studies were included based on the described eligibility 

criteria using PICOS: P (Population); I (Intervention); C 

(Control); O (Outcome); S (Studies); only clinical trials 

and cohort studies published in English were selected. 

Studies conducted in hospitals full filling the inclusion 

criteria were used. Studies were chosen based on their 

primary or secondary outcome that matches our objective 

“treatment failure, mortality, CPP and ICP.”

Search strategy and protocol registration

The Preferred Reporting Items for Systematic Review 

and Meta-analyses (PRISMA) guidelines were used to 

conduct our systematic review [19]. The search terms: 

“Saline Solution, Hypertonic,” “mannitol,” “cerebral 

edema,” “intracranial hypertension or elevated ICP,” 

“TBI,” “Adult,” and “children” were implemented; 

Medline database, Web of Science, and Google 

Scholar were employed for the literature search, from 

their inception to 13 October 2022. The protocol was 

registered on INPLASY which is the International 

Platform of Registered Systematic Review and 

Meta-analysis Protocols. The registration number is: 

INPLASY2022100010.

Study selection and data extraction

The investigators made use of electronic registers and 

databases. The searched studies were exported to the 

EndNote Reference Library software version 20.0.1 

(Clarivate Analytics) to exclude duplicate articles. 

Data were retrieved using a spreadsheet program. The 

researchers came to an agreement on any discrepancies 

in the data.

Quality assessment of studies

The Cochrane Collaboration's Tool was used to evaluate the 

listed studies' possibility of bias. Three levels - high, unclear, 

and low - were used to classify the overall risk of bias in a 

judgment. Using the level of bias, the overall quality of risk 

was classified as having a high, moderate, or low risk of bias 

(Table 1). The Newcastle Ottawa Scale was used to assess 

the likelihood of bias in the included cohorts. Scores above 

7 were labeled to have low bias risk, scores between 6-7 

were labeled moderate bias risk, and scores between 1 and 5 

were labeled to have high bias risk (Table 2).

Statistical analysis

Review Manager (version 5.4.1; Copenhagen: The Nordic 

Cochrane Center, The Cochrane Collaboration, 2020) was 

employed for all the statistical analysis. The data from 

included studies were pooled using the random-effects 

model, and the analysis was done by calculating the odds 

ratio (OR) with respective 95% confidence intervals (CI). To 

evaluate any differences between the subgroups chi-square 

test was performed. The sensitivity analysis was done to 

analyze the influence of any individual study in driving the 

results and assess the reasons for heterogeneity. According 

to Higgins and .Thompson [20], the scale for heterogeneity 
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was considered: I2
 = 25%-50% was considered moderate 

heterogeneity; 50%-75% as substantial heterogeneity; 75%-

100% as considerable heterogeneity, and p < 0.1 indicated 

significant heterogeneity. A value of p < 0.05 was considered 

statistically significant for all analyses in our study.

Results

Literature search results

Initial results from a search of Medline database, Web 

of Science, and Google Scholar electronic databases 

revealed 732 relevant research. Following title and 

abstract-based exclusions, the full texts of 89 studies 

were reviewed for possible inclusion. There remained 12 

studies for quantitative analysis (Figure 1).

Study characteristics

Table 3 shows the basic characteristics of included 

studies [21-32]. Among the 12 included studies, 8 studies 

are randomized controlled trials and 4 are cohort studies. 

The research was carried out in a variety of countries and 

areas all over the world. A total of six studies evaluated 

mortality outcomes, four studies evaluated treatment 

failure, seven studies evaluated the effect on raised 

ICP, and seven studies evaluated the effect on cerebral 

perfusion pressure. The studies encompass both the adult 

and pediatric populations. 

Result of quality assessment

The funnel plot could not be used to assess publication as 

there were fewer than 10 studies.

Out of the 12 studies, 11 showed a low risk of bias [21-

23,25-32], and only 1 study had a moderate risk of bias [24].

Results of meta-analysis

The detailed forest plots were used to outline the effect sizes 

of treatment failure rate, mortality outcome, ICP reduction, 

and CPP increment associated with hypertonic saline 

treatment compared to mannitol treatment (Figures 2-5).

Treatment failure of hypertonic saline compared to 
mannitol

Four studies reported data on treatment failure rates. 

The statistical analysis (Figure 2) showed a significantly 

lower treatment failure rate associated with hypertonic 

saline treatment compared to mannitol treatment [OR = 

1.80 (1.26, 2.57); p = 0.001; I2
 = 74%].

Comparing the mortality reduction between 
hypertonic saline and mannitol

Six studies reported data on mortality outcomes. The 

statistical analysis (Figure 3) showed a significantly 

lower mortality rate in the hypertonic saline treatment 

group compared mannitol group [OR = 2.17 (1.26, 3.73); 

p = 0.005; I2
 = 0%].

The effect of hypertonic saline compared to 
mannitol on intracranial pressure

Seven studies reported data on ICP reduction. The 

statistical analysis (Figure 4) showed no significant 

Table 1. Risk of bias of RCTs.

Author and year
Adequate 
sequence 
generation

Allocation 
concealment

Blinding of  
participants 

and personnel

Blinding of  
outcome  

assessment

Incomplete 
outcome 

data

Selective 
outcome 
reporting

Other 
sources of 

Bias
Net risk

Battison et al. (2005) [21] Low Low Low High Low Low Low Low

Cottenceau et al. (2011) [22] Low Low Low Unclear Low Low Low Low

Harutjunyan et al. (2005) [23] Low Unclear Unclear Unclear Low Low Low Low

Huang et al. (2020) [24] Unclear Unclear Unclear Unclear Low Low Low Moderate

Jagannatha et al. (2016) [25] Low Unclear Unclear Unclear Low Low Low Low

Kumar et al. (2019) [27] Low Unclear Unclear Low Low Low Low Low

Patil and Gupta (2019) [29] Low Low Low Unclear Low Low Low Low

Vialet et al. (2003) [31] Unclear Unclear High Low Low Low Low Low

Table 2. Quality assessment of cohort study.

Represent-
ativeness 

of the 
exposed 
cohort

Selection 
of the 
Non-

exposed 
cohort

Ascertainment 
of exposure

Demonstration 
that outcome of 
interest was not 
present at start 

of study

comparability 
of cohorts on 
the basis of 

the design or 
analysis

Assessment 
of outcome

Was follow-
up long 

enough for 
outcomes to 

occur

Adequacy 
of follow-

up of 
cohorts

Net 
score

Kerwin et al. 
(2009) [26]

1 1 1 1 1 1 1 1 8

Oddo et al. 
(2009) [28]

1 1 1 1 1 1 1 1 8

Vats et al. 
(1999) [30]

1 1 1 1 1 1 1 1 8

Yildizdas et al. 
(2005) [32]

1 1 1 1 1 1 1 1 8
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difference in ICP reduction between hypertonic saline 

treatment and mannitol treatment [mean differences 

(MD) = 1.86 (-0.64, 4.36); p = 0.14; I2
 = 70%].

The effect of hypertonic saline compared to 
mannitol on cerebral perfusion pressure

Seven studies reported data on CPP increment. The 

statistical analysis (Figure 5) showed that there was 

a significantly greater increase in CPP associated with 

hypertonic saline treatment as compared to mannitol 

treatment [MD = -1.28 (-2.50, -0.05); p = 0.04 ; I2
 = 0%].

Sensitivity analysis

To determine how each study might affect the final 

result, a sensitivity analysis was performed. For the 

sensitivity analysis, the following method was employed: 

we excluded one study at a time, generating the OR and 

MD for the rest of the studies. No significant change 

was observed after excluding any individual study, the 

sensitivity analysis suggested that the results were robust. 

Discussion

Our systematic review and meta-analysis of 12 published 

studies indicated that hypertonic saline is superior to 

mannitol in terms of CPP increase, treatment success, and 

mortality outcomes. In terms of ICP reduction, there is no 

substantial difference in the effectiveness of hypertonic 

saline and mannitol.

A study comparing the therapeutic efficacy of 

mannitol and hypertonic saline in treating raised ICP 

Figure 1. PRISMA 2020 flow diagram for new systematic reviews which included searches of 
databases and registers only.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. PRISMA 2020 flow diagram for new systematic reviews which included searches of 

databases and registers only. 
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Table 3. Characteristics of included articles.

Author and year Study 
design

Study 
publication 

year

Study 
Location

Total 
patients

(n)

Study 
population

Hypertonic 
saline

infusions

Mannitol
infusions Risk of bias

Battison et al. (2005) 
[21] RCT 2005 United King-

dom 9 ≥16 years old 9 9 Low

Cottenceau et al. 
(2011) 
[22]

RCT 2011 France,
Israel 47 ≥16 years old 22 25 Low

Harutjunyan et al. 
(2005) [23] RCT 2005 Germany 32 >18 years 15 17 Low

Huang 2020 
[24] RCT 2020 China 83 ≥18 years 236 221 Moderate

Jagannatha et al. 
(2016) [25] RCT 2016 India 38 15-70 years 18 20 Low

Kerwin et al. (2009) 
[26] Cohort 2009 United States 22 Mean age 35.7 

years 108 102 Low

Kumar et al. (2019) 
[27] RCT 2019 Germany 30 ≤16 years 14 16 Low

Oddo et al. (2009) [28] Cohort 2009 United States 12 Mean age 36 
years 14 28 Low

Patil and Gupta (2019) 
[29] RCT 2019 India 120 >18 years 40 40 Low

Vats et al. (1999) [30] Cohort 1999 United States 43

Hypertonic sa-
line (mean age 

6.4 years)
Mannitol 

(mean age 3.5 
years)

82 56 Low

Vialet et al. (2003) [31] RCT 2003 France 20

Hypertonic 
saline (mean 
age 35 years)

Mannitol 
(mean age 
30.8 years)

10 10 Low

Yildizdas et al. (2005) 
[32] Cohort 2005 Turkey 67 Mean age 68.9 

months 25 22 Low

Figure 2. Forest plot of treatment failure.

Figure 3. Forest plot of mortality.
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associated with experimental intracerebral hemorrhage 

demonstrated that both interventions are equally 

effective, however, hypertonic saline may show a more 

prolonged effect [33]. Hypertonic saline has been found 

to be more effective than mannitol in treating refractory 

episodes of intracranial hypertension in severe cases 

of head trauma [31]. In an animal study comparing the 

therapeutic efficacy of mannitol and hypertonic saline/

dextran solution, the initial ICP reduction with mannitol 

was found to be maintained for a longer duration while no 

difference in duration was observed after the subsequent 

administration of the drugs. Moreover, hypertonic saline/

dextran was shown to impart greater CPP compared to 

mannitol by affecting the water content of the cerebral 

hemispheres [34].

 Not only is the treatment with hypertonic saline superior 

to mannitol in the acute management of brain edema 

associated with brain injury, but repeated treatment with 

mannitol may also paradoxically aggravate the problem 

in some cases. It has been demonstrated that mannitol 

progressively accumulates in the brain tissue, and, 

with repeated administration, its concentration exceeds 

the plasma concentration. This reversal of the osmotic 

gradient between plasma and the edematous brain can 

potentially exacerbate vasogenic edema [35]. Moreover, 

osmotic diuresis with mannitol can induce apoptosis in 

vascular endothelial cells with the activation of various 

intracellular signaling pathways. This can directly 

produce detrimental effects on the vascular endothelium 

[36]. Mannitol may also disturb fluid and electrolyte 

balance which can override its beneficial effects and 

needs careful monitoring [37].

The superior benefit of hypertonic saline can also 

be inferred from the finding that repeated bolus 

administration of hypertonic saline can effectively 

reduce ICP in patients with raised ICP refractory to 

mannitol and barbiturates [38]. The effectiveness of 

hypertonic saline in reducing ICP and cerebral edema 

was found to be more pronounced in patients with head 

trauma and postoperative edema as compared to those 

with non-traumatic cerebral hemorrhage or cerebral 

infarction [39]. It has been demonstrated via case studies 

that intravenous hypertonic saline is a more effective 

treatment option with favorable outcomes when ICP 

reduction is required without diuresis in patients who 

have TBI [40].

Over and above that, resuscitation with hypertonic 

saline in the presence of concomitant hemorrhagic 

shock and head trauma can reduce cerebral edema while 

replenishing intravenous volume at the same time [41]. 

Such resuscitation can override the rise in ICP associated 

with fluid resuscitation by dehydrating areas of the 

brain with intact blood-brain barrier [42]. In addition to 

effectively reducing ICP in patients afflicted with severe 

brain injury, hypertonic saline also improves CPP and 

PbtO
2
 [43]. 

Pooled data from clinical trials and observational studies 

showed that hypertonic saline is overall more effective 

than mannitol in the management of patients with 

TBI. Our research suggests that hypertonic saline is an 

effective and safe treatment for patients with TBI, and we 

propose that it be incorporated into current guidelines for 

the care of TBI patients.

Figure 4. Forest plot of ICP.

Figure 5. Forest plot of CPP.
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Conclusions

Quantitative and qualitative analysis of trials and 

observational studies comparing the efficacy of hypertonic 

saline and mannitol demonstrates that hypertonic saline 

is a preferable treatment option with greater effectiveness 

and safety than mannitol in the management of patients 

with TBI. 

Strength

Our article may be one of the few examples of research 

that has extensively assessed and compared the two 

osmotic treatments' effectiveness during the treatment 

of TBI. Data from trials and research carried out at 

numerous trauma centers across the world are given. 

Additionally, different quantities and potencies of 

mannitol and hypertonic saline have been assessed. We 

are the first to discuss the pediatric age group in research. 

Our findings thus offer more solid and thorough proof of 

the efficacy of these therapy choices.

Limitations
The generalizability of our study findings is limited in some 
ways. First, there is variability in the study designs. Second, 
the type of TBI experienced by patients, the concentration 
of osmotic solution infusion, and the duration and 
frequency of infusions are not uniform. Therefore, we were 
unable to make conclusive statements on the safest dose, 
concentration, and duration of infusion. 
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