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____________________________________________________________________________________________________________ 

Abstract 

Background: Hypertonic saline (HTS) and mannitol are used widely for raised intracranial pressure (ICP) after traumatic brain injury 

(TBI), but the preferred agent remains uncertain. This systematic review evaluated the efficacy and safety in acute TBI management. 

Methods: This review followed PRISMA principles. PubMed, Embase, Scopus, and Web of Science were searched for original studies 

comparing HTS or related hyperosmolar sodium solutions with mannitol in TBI. Eligible designs included randomized trials, prospective 

studies, retrospective cohorts, case-control studies, and multicenter observational studies. Outcomes included ICP reduction, cerebral 

perfusion pressure, neurological outcome, mortality, treatment failure, and adverse effects. Results: Thirteen original studies were 

included, most enrolled severe TBI patients with raised ICP. Both agents reduced ICP. Several studies reported physiological advantages 

with HTS, including lower ICP burden, improved cerebral perfusion pressure, better brain tissue oxygenation, faster target achievement, 

or lower treatment failure. Studies using similar osmotic burdens found comparable short-term ICP reduction. HTS increased serum 

sodium or osmolality in some studies, and mannitol was associated with greater urine output.  Conclusion: HTS had physiological 

advantages, and the included studies does not prove better clinical outcome than mannitol. 

Keywords: Traumatic brain injury; Hypertonic saline; Mannitol; Intracranial pressure; Cerebral perfusion pressure; Osmotherapy; 
Emergency care. 
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 Introduction 

Traumatic brain injury (TBI) is a major global health 

problem and it’s an important cause of death, 

disability, and long-term neurological impairment in 

all age groups. More than 50 million TBIs occur 

worldwide each year, and the condition creates a 

great burden for patients, families, health systems, 

and economies [1]. Global burden estimates show 

that TBI accounted for 27.08 million new cases and 

55.50 million prevalent cases in 2016 [2]. 69 million 

individuals sustain TBI annually, with a high 

proportional burden in low- and middle-income 

countries [3]. 

The clinical consequences of TBI are driven by the 

primary mechanical insult and secondary brain 

injury processes that evolve after trauma. 

Secondary injury includes cerebral edema, impaired 

cerebral perfusion, ischemia, hypoxia, and 

increased intracranial pressure [1]. Intracranial 

hypertension is important because the brain is 

enclosed within the fixed cranial vault, and 

progressive swelling reduce cerebral blood flow or 

cause life-threatening tissue shifts [1].  

Hyperosmolar therapy is commonly used to reduce 

ICP in patients with severe TBI. Mannitol has 

historically been used for this purpose because it 

creates an osmotic gradient, reduces brain water, 

and improve blood rheology [4]. Hypertonic saline 

(HTS) is an alternative therapy because it increases 

serum osmolality, shifts water from brain tissue into 

the intravascular space, and support hemodynamic 

stability and cerebral perfusion [5]. Current 

neurocritical-care guidance indicate that 

hyperosmolar therapy reduces ICP or cerebral 

edema in TBI [5]. 

Despite frequent clinical use, the preferred 

hyperosmolar agent still debated. Previous clinical 

studies compared different concentrations of HTS 

with different doses of mannitol [6]. Some studies 

found that HTS produce faster or greater ICP 

reduction and better cerebral perfusion effects, and 

other studies show no significant difference 

between the two agents [7]. Pediatric studies are 

also uncertain, as recent multicenter data found no 

clear survival or functional outcome advantage of 

3% HTS over 20% mannitol in children with 

moderate to severe TBI [8]. 

This is clinically relevant in emergency and acute-

care settings, where rapid selection of an osmotic 

agent affects ICP control, cerebral perfusion, fluid 

balance, electrolyte safety, and subsequent 

neurocritical-care management. Differences in drug 

concentration, route of administration, renal 

effects, serum sodium changes, and patient-specific 

conditions such as hypovolemia or renal 

impairment influence bedside decision-making. In 

this study we aimed to systematically review the 

original comparative studies to analyze the efficacy 

and safety of HTS versus mannitol in the acute 

management of TBI. 

Methods 

This systematic review was conducted according to 

the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) approach. 

The review was designed to evaluate the efficacy 

and safety of HTS compared with mannitol in the 

acute management of TBI. The research question 

was structured using the PICO framework. The 

population included adult or pediatric patients with 

TBI. The intervention was HTS or a related 

hyperosmolar sodium solution used for ICP control. 

The comparator was mannitol. The outcomes of 
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 interest included intracranial pressure reduction, 

cerebral perfusion pressure, brain oxygenation, 

neurological outcome, mortality, treatment failure, 

and reported adverse effects. 

A systematic literature search was performed using 

four electronic databases: PubMed, Embase, 

Scopus, and Web of Science. The search focused on 

original studies evaluating HTS or hyperosmolar 

sodium therapy versus mannitol in TBI. Search 

terms included combinations of terms related to 

traumatic brain injury, head injury, intracranial 

pressure, intracranial hypertension, hypertonic 

saline, sodium chloride, sodium lactate, mannitol, 

osmotherapy, emergency care, trauma care, 

intensive care, and neurocritical care. Boolean 

operators were used to combine the search terms. 

The reference lists of relevant articles were checked 

to identify eligible original studies. Duplicate 

records were removed before screening. 

Studies were eligible for inclusion if they were 

original human research articles comparing 

hypertonic saline, hypertonic sodium chloride, or 

another hyperosmolar sodium solution with 

mannitol in patients with traumatic brain injury. 

Randomized controlled trials, prospective studies, 

retrospective cohort studies, case-control studies, 

and multicenter observational studies were 

considered eligible. Studies were included if they 

reported one relevant efficacy or safety outcome 

(intracranial pressure response, cerebral perfusion 

pressure, neurological outcome, mortality, 

treatment failure, serum sodium or osmolality 

changes, renal effects, urine output, or other 

adverse events). Review articles, systematic 

reviews, meta-analyses, editorials, letters, animal 

studies, laboratory studies, case reports, 

conference abstracts without sufficient data, and 

studies not comparing hypertonic saline or 

hyperosmolar sodium therapy with mannitol were 

excluded. 

Titles and abstracts retrieved from the database 

search were screened for relevance. Articles that 

were uncertain were assessed using full-text review. 

Final inclusion was based on the predefined 

eligibility criteria. Only original articles directly 

relevant to the review question were included in the 

qualitative synthesis. When a study included a 

hyperosmolar sodium solution other than sodium 

chloride, it was retained only if it compared that 

agent with mannitol in TBI. 

Data were extracted into tables, and extracted 

variables included author, year, country or setting, 

study design, population characteristics, sample 

size, intervention, comparator, dosing strategy, 

outcomes assessed, main efficacy findings, safety 

findings, and authors’ conclusions. The included 

studies were summarized narratively because of 

differences in study design, population age group, 

HTS concentration, mannitol dose, outcome 

definitions, and follow-up duration. The analysis 

focused on patterns of ICP control, cerebral 

perfusion effects, mortality, neurological outcomes, 

and adverse effects across studies. 

Results 

Thirteen original studies met the inclusion criteria 

and were included in the qualitative synthesis. The 

included studies consisted of prospective 

randomized studies, open-label randomized trials, 

alternating-treatment studies, retrospective 

cohorts, case-control analyses, and prospective 

multicenter observational cohorts. Most studies 

enrolled patients with severe TBI and increased ICP. 
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 The clinical setting was ICU, neurocritical care, 

trauma center, or pediatric ICU after acute TBI. 

The included studies compared different 

concentrations and regimens of HTS or 

hyperosmolar sodium solutions against mannitol. 

HTS concentrations included 3%, 7.5%, 7.45%, 15%, 

and 23.4% sodium chloride. One study compared 

sodium lactate with mannitol and was retained as a 

related hyperosmolar sodium-solution comparator. 

Mannitol was most commonly given as 20% 

mannitol, although some studies used 25% 

mannitol or weight-based mannitol dosing. 

HTS and mannitol were effective in reducing ICP in 

patients with TBI. Vialet et al. found that 7.5% HTS 

was associated with fewer and shorter refractory 

intracranial hypertension episodes and a lower 

treatment failure rate than 20% mannitol. Francony 

et al. and Sakellaridis et al. didn’t find statistically 

significant difference between mannitol and HTS in 

the magnitude of ICP reduction when similar 

osmotic burdens were used. Cottenceau et al. found 

that both mannitol and HTS decrease intracranial 

pressure, although HTS produced a stronger and 

sustained effect on cerebral perfusion. 

Several studies found physiological advantages of 

HTS. Oddo et al. found improved brain tissue 

oxygenation, lower intracranial pressure, and 

higher cerebral perfusion pressure after HTS in 

patients with refractory intracranial hypertension. 

Mangat et al. 2015 found that HTS was associated 

with lower cumulative and daily intracranial 

pressure burdens than mannitol. Mangat et al. 2020 

[9] reported that HTS was associated with a lower 

combined burden of high intracranial pressure and 

low cerebral perfusion pressure. Patil and Gupta 

found that all agents reduced intracranial pressure, 

but 3% HTS produced the greatest reduction and 

the shortest time to target intracranial pressure. 

The CENTER-TBI study found similar ICU mortality 

and 6-month outcomes between mannitol-

preference and HTS-preference strategies. In 

pediatric TBI, Kumar et al. [10] found no significant 

difference in intracranial pressure reduction or 6-

month outcome between 3% HTS and mannitol. 

Chong et al. [8] found no significant difference in 

mortality or functional outcomes between children 

treated with 3% HTS and those treated with 20% 

mannitol. Tatro et al. [6] found no significant 

difference between 23.4% sodium chloride and 

mannitol in intracranial pressure reduction at 30, 

60, or 120 minutes. 

HTS was associated with increased serum sodium, 

chloride, and osmolality in some studies, while 

mannitol was associated with greater urine output. 

Serious comparative safety differences were not 

consistently reported. The included studies indicate 

that HTS offer physiological advantages in selected 

patients, mainly for refractory intracranial 

hypertension or impaired cerebral perfusion. 

Characteristics of the included studies and main 

findings were presented in Table 1 & 2 respectively.
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 Table 1. Characteristics of the included studies 

Study Country and setting Design Population Sample size Intervention Comparator Outcomes 

Vialet et al., 

2003 [11] 

France; university 

hospital trauma 

center 

Prospective 

randomized 

study 

Severe head 

trauma with 

refractory 

intracranial 

hypertension 

20 
7.5% HTS, 2 

mL/kg 

20% mannitol, 

2 mL/kg 

Number and 

duration of 

intracranial 

hypertension 

episodes, 

treatment failure, 

CPP, safety 

Francony et 

al., 2008 

[12] 

France; two ICUs in 

a university hospital 

Parallel 

randomized 

controlled trial 

Severe brain 

injury with 

sustained ICP 

>20 mmHg; 

mainly TBI, with 

small stroke 

subgroup 

20 
7.45% HTS, 100 

mL 

20% mannitol, 

231 mL 

ICP reduction, 

CPP, middle 

cerebral artery 

flow velocities, 

brain tissue 

oxygenation, 

urine output, 

serum osmolality 

Ichai et al., 

2009 [13] 
France; adult ICU 

Prospective 

open 

randomized 

study 

Isolated severe 

TBI with 

intracranial 

hypertension 

34 

Hyperosmolar 

sodium lactate, 

1.5 mL/kg 

20% mannitol, 

1.5 mL/kg 

ICP reduction, 

treatment 

success, 1-year 

Glasgow 

Outcome Score 

Oddo et al., 

2009 [14] 

USA; 

neurointensive care 

unit 

Retrospective 

analysis from 

prospective 

observational 

database 

Severe TBI with 

refractory 

intracranial 

hypertension 

and PbtO2 

monitoring 

12 patients; 42 

treatment 

episodes 

7.5% HTS, 250 

mL 

25% mannitol, 

0.75 g/kg 

Brain tissue 

oxygenation, ICP, 

CPP, cardiac 

output 

Cottenceau 

et al., 2011 

[15] 

France and Israel; 

two university ICUs 

Prospective 

randomized 

study 

Severe TBI with 

increased ICP 
47 

7.5% HTS, 2 

mL/kg 

20% mannitol, 

4 mL/kg 

ICP, CPP, cerebral 

blood flow, 

cerebral 

metabolism, 

serum sodium, 

hematocrit, 6-

month GOS 

Sakellaridis 

et al., 2011 

[16] 

Greece; hospital 

ICUs/neurosurgery 

setting 

Alternating-

treatment 

clinical study 

Severe head 

injury 

29 patients; 199 

hypertensive 

events 

15% HTS, 0.42 

mL/kg 

20% mannitol, 

2 mL/kg 

Extent of ICP 

reduction and 

duration of effect 
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 Study Country and setting Design Population Sample size Intervention Comparator Outcomes 

Severe TBI with 

raised ICP 

episodes 

Mangat et 

al., 2015 

[17] 

USA; New York 

State TBI-trac 

database 

Retrospective 

matched 

cohort 

Severe TBI with 

intracranial 

hypertension 

treated with 

only one 

hyperosmolar 

agent 

25 HTS 

matched to 25 

mannitol 

Mostly 3% HTS 

bolus; one 

patient 

received 23.4% 

HTS 

20% mannitol 

Cumulative ICP 

burden, daily ICP 

burden, ICU days, 

ICP monitoring 

days, 2-week 

mortality 

Kumar et 

al., 2019 

[10] 

India; tertiary 

neurosurgical ICU 

Prospective 

open-label 

randomized 

controlled trial 

Children ≤16 

years with 

severe TBI and 

raised ICP 

30 
3% HTS, 2.5 

mL/kg 

20% mannitol, 

2.5 mL/kg 

Mean ICP 

reduction, 6-

month Glasgow 

Outcome Scale 

Patil and 

Gupta, 

2019 [7] 

India; neurosurgical 

department 

Prospective 

randomized 

controlled 

study 

Adults with 

isolated severe 

TBI and 

sustained ICP 

>20 mmHg 

120 3% HTS 

20% mannitol; 

third arm 

received 10% 

mannitol + 

10% glycerol 

ICP reduction, 

CPP, MAP, GCS 

change, serum 

sodium, serum 

osmolality, 

hematocrit 

Mangat et 

al., 2020 [9] 

USA; New York 

State TBI-trac 

database 

Case-control 

study using 

prospectively 

collected data 

Severe TBI 

patients treated 

with only one 

hyperosmolar 

agent 

25 HTS 

matched to 25 

mannitol; 

sensitivity 

analysis 24 HTS 

matched to 48 

mannitol 

HTS bolus 

therapy 
Mannitol 

Combined high 

ICP and low CPP 

burden, ICP/CPP 

burden duration, 

2-week mortality 

Tatro et al., 

2021 [6] 

USA; single tertiary 

academic medical 

center 

Single-center 

retrospective 

cohort 

TBI patients ≥16 

years on severe 

TBI pathway 

with ICP monitor 

or EVD 

31 patients; 162 

doses 

23.4% sodium 

chloride, 30 mL 

Mannitol, 0.5 

g/kg 

Absolute ICP 

reduction at 30, 

60, and 120 

minutes; time to 

next elevated ICP 

van Veen et 

al., 2023 

[18] 

Europe and Israel; 

CENTER-TBI 

multicenter cohort 

Prospective 

multicenter 

comparative 

effectiveness 

cohort 

TBI patients aged 

≥16 years 

admitted to ICU 

and treated with 

mannitol and/or 

HTS 

502 treated 

with mannitol 

or HTS from 

2056 assessed 

HTS-first or 

HTS-preference 

strategy 

Mannitol-first 

or mannitol-

preference 

strategy 

ICU mortality, 6-

month GOSE, 

patient 

determinants of 

agent choice 
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 Study Country and setting Design Population Sample size Intervention Comparator Outcomes 

Chong et 

al., 2025 [8] 

Asia, Latin America, 

and Europe; 28 

pediatric ICUs 

Prospective 

multicenter 

observational 

cohort 

Children <18 

years with 

moderate to 

severe TBI 

445 3% HTS 20% mannitol 

Mortality, 

discharge PCPC, 

3-month GOS-E-

Peds, functional 

outcomes 

 

Table 2. Main findings of the included studies 

Study Main findings Clinical outcome findings 

Vialet et al., 

2003 [11] 

7.5% HTS reduced the number and duration of refractory 

intracranial hypertension episodes more than 20% mannitol. 

Treatment failure was lower with HTS. 

Mortality and neurologic outcome did not 

significantly differ between groups. 

Francony et al., 

2008 [12] 

Equimolar 20% mannitol and 7.45% HTS produced similar 

sustained ICP reduction over 120 minutes. 

Mannitol caused greater urine output; HTS 

increased sodium and chloride. No major PbtO2 

difference was observed. 

Ichai et al., 2009 

[13] 

Sodium lactate produced greater and more prolonged ICP 

reduction than mannitol and had a higher treatment-success 

rate. 

The authors reported better long-term GOS in the 

sodium lactate group. 

Oddo et al., 2009 

[14] 

HTS was associated with lower ICP and higher CPP than 

mannitol in refractory episodes. 

HTS increased brain tissue oxygenation, while 

mannitol did not show a significant PbtO2 increase. 

Cottenceau et 

al., 2011 [15] 

HTS and mannitol reduced ICP; HTS had a stronger and longer 

cerebral perfusion effect. 

No significant difference in neurological outcome 

at 6 months; cerebral metabolic rates were not 

improved by either agent. 

Sakellaridis et 

al., 2011 [16] 

Mean ICP decrease was similar: 7.96 mmHg with mannitol vs 

8.43 mmHg with HTS. Duration of effect was also similar. 

One electrolyte complication occurred after each 

treatment. 

Mangat et al., 

2015 [17] 

HTS reduced cumulative ICP burden and daily ICP burden 

compared with mannitol. 

ICU days were lower in the HTS group; 2-week 

mortality was lower numerically but not 

statistically significant. 

Kumar et al., 

2019 [10] 

Mean ICP reduction did not differ significantly between 

mannitol and 3% HTS in pediatric severe TBI. 

Death or vegetative survival was not significantly 

different between groups. 

Patil and Gupta, 

2019 [7] 

All three agents reduced ICP below 15 mmHg. The largest ICP 

reduction, shortest time to ICP target, and greatest CPP/MAP 

changes were observed with 3% HTS. 

Serum sodium and osmolarity increased most after 

HTS. No clear neurological outcome benefit over 

mannitol was shown. 
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 Study Main findings Clinical outcome findings 

Mangat et al., 

2020 [9] 

HTS was associated with lower combined burden of high ICP 

and low CPP than mannitol in matched comparisons. 

The analysis focused mainly on ICP/CPP burden; 

observational design limits causal certainty. 

Tatro et al., 2021 

[6] 

No significant difference in absolute ICP reduction at 30, 60, or 

120 minutes between 23.4% sodium chloride and mannitol. 

No difference in time to next elevated ICP. Patient-

specific selection was recommended. 

van Veen et al., 

2023 [18] 

ICU mortality and 6-month outcomes were similar between 

mannitol-preference and HTS-preference strategies. 

Choice of hyperosmolar agent was driven more by 

center practice than patient characteristics. 

Chong et al., 

2025 [8] 

In children with moderate to severe TBI, HTS was not 

associated with lower mortality or better functional outcome 

than mannitol after adjustment. 

Mortality was 7.1% with HTS and 11.0% with 

mannitol, but the difference was not statistically 

significant. 

 

Discussion 

This systematic review found that HTS and mannitol 

were effective for reducing raised ICP in patients 

with TBI, with no significant advance of one agent 

for mortality or functional recovery. This is 

consistent with previous comparative literature, 

where they reduced ICP with the magnitude and 

duration of benefit differ in studies because of 

differences in HTS concentration, mannitol dose, 

osmotic load, timing of administration, and 

outcome definitions [19]. The absence of a uniform 

clinical advantage is important because 

hyperosmolar therapy is selected rapidly during 

acute TBI care [20]. 

The physiological results of our review indicate that 

HTS have advantages in selected patients, mainly 

where cerebral perfusion pressure, prolonged 

intracranial pressure control, or systemic 

hemodynamics are important. Shi et al. reported 

that 3% HTS and 20% mannitol reduced ICP [21]. 

Schwimmbeck et al. found no significant difference 

in mortality or favorable neurological outcome and 

reported lower ICP at 90–120 minutes and higher 

cerebral perfusion pressure after HTS compared 

with mannitol [20].  

Miyoshi et al. reviewed randomized trials in 

prehospital, emergency department, and ICU 

settings and the included trials were all conducted 

in ICUs, which limit direct data for emergency 

department practice [22]. Their study showed no 

significant difference in all-cause mortality between 

HTS and mannitol, and the certainty of evidence 

was rated very low for all outcomes [22]. A 

Cochrane review by Chen et al. found no significant 

difference in the effect of HTS compared to 

mannitol in efficacy or safety for long-term 

management of acute TBI [23]. 

The mechanistic findings explain why HTS is better 

in physiological outcomes. HTS increase serum 

osmolality and intravascular volume, which reduce 

cerebral edema and support cerebral perfusion 

pressure, whereas mannitol can cause osmotic 

diuresis and limited by dehydration, hypotension, 

renal effects, or rebound intracranial pressure in 

some patients [19]. Oddo et al. found improved 

brain tissue oxygenation, lower ICP, and higher 

cerebral perfusion pressure after 7.5% HTS in severe 
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TBI with refractory intracranial hypertension [14]. 

Ichai et al. found that sodium lactate produced a 

prolonged ICP reduction than mannitol [13]. 

Our findings indicate individualized selection rather 

than universal preference for either agent. HTS is 

reasonable when hypovolemia, hyponatremia, low 

cerebral perfusion pressure, or refractory 

intracranial hypertension is present. Future studies 

should use standardized dosing, clearly defined 

emergency and neurocritical-care settings, 

consistent neurological outcomes, and systematic 

adverse-event reporting to determine whether 

short-term physiological advantages translate into 

patient-centered benefit. 

 

Conclusion 

Our systematic review found that HTS and mannitol 

are effective for reducing raised ICP after TBI. HTS is 

better in physiological outcomes in some studies, 

including lower ICP burden, improved cerebral 

perfusion pressure, better brain oxygenation, and 

faster target achievement. These benefits did not 

translate into superiority in mortality or functional 

outcomes. Safety findings were reported, with HTS 

affecting sodium or osmolality and mannitol mainly 

increasing diuresis. Treatment choice should be 

individualized according to hemodynamics, serum 

sodium, renal status, clinical urgency, injury 

severity, setting, and available monitoring 

resources. 
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