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ABSTRACT
Background and objective:
Elevated intracranial pressure (ICP) is a critical complication of ischemic stroke. This review article summarizes existing 
literature pertaining to the role of hypertonic saline (HTS) in lowering ICP in ischemic stroke patients. 

Methods: 
Studies were selected using a comprehensive search of several research databases. Studies conducted in adult (aged 
18 and older) human patients receiving HTS osmotherapy for elevated ICP were included, encompassing a wide range 
of neurological conditions and various administration methods, durations, and concentrations of HTS.

Results:
We found HTS to reduce ICP in ischemic stroke patients, on par effectively, and in some studies, superior to more 
conventional ICP-lowering methods such as mannitol. Patients with comorbid conditions such as cerebrovascular and 
renal diseases also tolerated HTS well. The risk of developing hypernatremia was significantly higher in patients 
receiving HTS osmotherapy. Neurological complications, such as central pontine myelinosis, were not observed in any 
of the participants; however, no clear benefit regarding the long-term neurologic outcome of these patients has been 
reported thus far. 

Conclusion: 
While encouraging, existing literature on the use of HTS as a treatment for elevated ICP still needs to be more 
conclusive and necessitates further research. Questions regarding duration, optimal concentration of intervention, and 
method of administration need to be addressed by future randomized controlled trials. 
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INTRODUCTION
Stroke is the second leading cause of mortality 
worldwide and is associated with high morbidity.1  It can 
further be classified into two categories: ischemic and 
hemorrhagic, with the former accounting for nearly 
80% of the cases.2 Malignant or massive strokes cause 
severe cerebral edema, resulting in brain tissue shifting 
and herniation. These account for less than 10% of all 
ischemic strokes.3 Cerebral edema formation causes a 
subsequent rise in intracranial pressure (ICP), 
eventually leading to secondary neuronal damage.4 
Considering the disease burden, it is of immense public 
health importance to explore different options for the 
acute management of ischemic stroke. Several medical 
therapies have been proposed to manage cerebral 
edema and elevated ICP. These include but are not 

limited to, osmotherapeutics, barbiturates, and 
hyperventilation.5

Mannitol is A commonly used treatment option for 
cerebral edema. However, it has become increasingly 
uncommon due to significant adverse effects on 
cessation, such as electrolyte imbalances, acute kidney 
injury, and rebound intracranial hypertension. Hence, 
its role as the standard treatment has diminished.6 

Barbiturates are said to work by decreasing cerebral 
metabolism but are not the mainstay therapy due to 
their significant adverse effects and very short-acting 
benefits. Similarly, hyperventilation is also not 
recommended in such patients due to the extensive 
adverse effects profile. Moreover, newer, more effective 
treatments with fewer side effects have emerged.5
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One such treatment is hypertonic saline (HTS). A 
significant body of research concludes that HTS is 
comparable to or even better than mannitol for the 
reduction of ICP, especially when it comes to ICP 
refractory to mannitol.7 Despite its widespread use, no 
set guideline currently dictates our use of HTS. 
Furthermore, there needs to be more data regarding its 
safety and efficacy. This narrative review aims to 
provide insight into the efficacy, mode of action, and 
potential side effects of HTS for ischemic stroke to 
better equip clinicians with the right tools to care for 
their patients. 

Osmolarity & BBB
The blood-brain barrier (BBB) acts as a highly selective 
and partially permeable boundary that prevents the 
entry of circulating blood components into the 
extracellular fluid of the central nervous system.8 It 
comprises the cerebral capillaries’ endothelial cells, 
astrocytes, and pericytes buried within the capillary 
basement membrane.9,10 Several factors, such as the 
size of the substance and its lipid solubility, affect the 
substance's permeability across the BBB. This 
specialized mechanism allows the selective diffusion of 
small molecules while actively transporting essential 
nutrients, ions, and large molecules crucial for neural 
function. Water molecules can also efficiently diffuse 
across the BBB, which helps maintain appropriate 
osmotic balance.11

Osmolarity refers to the concentration of osmotically 
active particles per unit volume of a solution, indicating 
its osmotic pressure. This measurement is crucial for 
determining water and solute movement through 
semipermeable membranes, such as the blood-brain 
barrier.12 The blood-brain barrier's selective transport is 
influenced by the osmotic effectiveness or tonicity of 
particles, which depends on the barrier’s permeability 
restrictions.13

Mechanism of raised ICP  
Complications such as ischemic injury, hemorrhage, or 
lesions can lead to cerebral edema. Cerebral edema in 
the aftermath of an ischemic stroke can be classified 
as cytotoxic, ionic, or vasogenic. Initially, cytotoxic 
edema occurs due to the failure of Na/K ATPase 
pumps, causing intracellular Na and fluid build-up. This 
is followed by ionic and vasogenic edema caused by 
disrupting the blood-brain barrier.4 This can cause 
increased ICP, ultimately leading to poor neurological 
outcomes and mortality.14 The Monro-Kellie hypothesis  
explains that ICP depends on tissues, blood, and CSF 

contained by the rigid skull, where a decrease in one 
factor compensates for an increase in another.15 

However, when compensatory mechanisms are 
exhausted, ICP dramatically rises, potentially causing 
mass effect and brain matter herniation.12

Mode of action (MOA) of hypertonic saline in ICP 
reduction
Hypertonic saline exerts its effect mainly by two 
mechanisms: by forcing a shift in fluid from inside the 
cells to the capillary lumen. This effect greatly depends 
on the osmotic gradient established. 

HTS is commonly used to treat acute brain injuries, such 
as ischemic stroke, intracranial hemorrhage, and 
traumatic brain injury, as it effectively reduces ICP and 
hemispheric edema. Many studies have highlighted the 
neuroprotective properties of HTS in decreasing mortality 
after cerebral ischemia.16,17 Studies have shown that HTS 
can reduce the size of the infarct and brain water content. 
It is accomplished by suppressing the secretion of 
neuroinflammatory mediators such as TNF-α and IL-1β in 
activated microglia, both in vivo and in vitro. The 
suppression is achieved through the notch signaling, 
which works in synergy with the NF-κB pathway.18 HTS 
has a higher solute concentration than the surrounding 
tissues. Therefore, it forces fluid out of the cells, bringing 
down cerebral edema.19  

Recently, the role of HTS has increased as a substitute 
for mannitol to regulate brain edema. HTS is proposed 
to be a favorable osmotic agent as sodium chloride is 
entirely barred from an intact BBB. Moreover, HTS 
expands the intravascular volume with rising mean 
arterial blood pressure, improving cerebral perfusion 
pressure (CPP). An animal study found that infusion of 
7.5% HTS, initiated six or 24 hours after ischemia 
induction, significantly decreased water content in both 
hemispheres. Beneficial results were reported after a 
continuous infusion lasting one to four days. The serum 
osmolality exceeded 350 mOsm/L during this time. 
However, reducing the saline concentration (to 3%) did 
not affect the infarct volume or the water content of the 
ischemic brain regions.5

METHODS
Eligibility Criteria
We included randomized controlled trials (RCTs) and 
retrospective chart reviews (RCRs) assessing 
the efficacy of Intracranial pressure (ICP)  osmotherapy 
on pertinent clinical and functional outcomes 
in patients with ischemic stroke. Specific criteria for 
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comparison groups were not imposed, and studies 
without them were also included. Our primary outcome 
was changes in intracranial pressure (ICP) secondary to 
HTS osmotherapy. Our secondary outcome was 
functional outcome. 

We only searched for literature in the English language. 
We excluded trials that were conducted on animal 
subjects or pediatric patients under 18 years of age. 
Reviews, systematic reviews, meta-analyses, and 
prospective cohort studies were not considered. We 
only included articles published between 1950 and 
2022.

Information Sources
The following electronic databases were consulted: 
Medline via PubMed, the Cochrane Library, Web of 
Science, ClinicalTrials.gov, and Scopus. Data was 
managed through Rayyan online services. These 
databases were last consulted in August 2023.

Search Strategy
A search string was engineered with a combination of 
MeSH terms including “osmotherapy”, “hypertonic 
saline”, “hypertonic sodium chloride” “brain edema”, 
cerebral edema”, “intracranial hypertension”, 
“ischemic stroke”, and keywords relating to the topic to 
identify all RCTs and RCRs in which HTS was used in the 
management of ischemic stroke. 

Selection Process and Data Extraction
Literature obtained from electronic databases was 
screened for duplicates. We extracted the following 
data from each study: its design, number of total 
participants, number of ischemic stroke patients, 
dosage and duration of HTS intervention, 
control/comparative group, functional outcome, and 
limitations. 

EXISTING LITERATURE ON HTS AND STROKE

Retrospective chart reviews 
When analyzing 76 transtentorial herniation (TTH) 
events among 68 patients, out of which eight had a 
stroke, Koenig et al. concluded that even though 
outcomes of TTH were poor, treatment with HTS was 
associated with a rapid reduction in TTH and ICP in 
three-fourths of the patients.20 However, despite the 
successful reversal, outcomes remained poor. This 
cohort tolerated HTS well and did not report any cases 
of central pontine myelinolysis. They did report a fall in 

hemoglobin and a rise in bilirubin in two patients. 
Despite no established causal relationship, the 
absence of any alternate explanation raises questions. 

Froelich et al. did a retrospective chart analysis of 
prospectively collected data and found no association 
between continuous HTS and increased risk of renal 
failure, infection, or deep vein thrombosis. They did 
report a significant risk of developing moderate (Na 
>155 mmol/L) and severe (Na >160 mmol/L) 
hypernatremia. Therefore, continuous HTS was 
deemed safe in severely injured patients, given that 
sodium levels are monitored carefully.21  

A 2013 study evaluated the safety and efficacy of 
14.6% or 23.4% HTS for refractory intracranial 
hypertension. None of the 55 patients enrolled in the 
study experienced central pontine myelinolysis. Repeat 
doses were efficacious enough to reduce ICP, with a 
mean reduction of 49.5% after each dose. 
Furthermore, efficacy was comparable among the two 
groups.22

Chris Carter et al. compared the safety of and efficacy 
in reducing intracranial hypertension of 5% NaCl with 
23.5% NaCl among 44 patients with elevated ICP 
(>20 mm Hg). They reported comparable median 
percentage reductions in ICP between the two groups 
up to 120 minutes. Time to administration was also 
compared, with the 5% NaCl group reporting a shorter 
median time. Central line placement resulted in delays 
in administration in two patients in the group receiving 
23.5% NaCl. No difference was seen in the prevalence 
of adverse effects in both cases.23

Anunit J.S. Chugh et al. compared patients with 
malignant ischemic infarcts managed with continuous 
HTS with those managed with routine medical care. 
Baseline clinical and radiographic parameters were 
comparable in both cohorts, and no significant 
difference was observed between the rate and timing of 
surgery, complications, and mortality. They concluded 
that there was no improvement in clinical outcomes or 
significant benefit of using continuous HTS. A small 
sample size limited the study, and due to its 
retrospective nature, the radiographic and clinical 
evaluation period needed to be standardized.24 

Studies on patients with various conditions
In a retrospective analysis by Hauer et al. early 
continuous HTS infusion was studied for safety and 
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effects in patients with cerebral edema and underlying 
cerebrovascular disease. The infusion was continued 
until there were no signs of intracranial hypertension or 
edema exacerbation in brain image and clinical course. 
They concluded that a continuous HTS infusion is safe, 
and there are no signs of neurological worsening. 
Clinicians were advised to strictly monitor patients and 
avoid concurrent use of piperacillin/tazobactam to 
prevent severe hypernatremia.16

Hirsh et al. did a retrospective study using 23.4% saline 
in patients with renal failure undergoing renal 
replacement therapy. They observed that patients with 
renal failure tolerated 23.4% saline well, and 
hypotension was the most common side effect.25 As 
seen previously, despite the successful reversal of TTH, 
outcomes remained poor.6 

Corry et al. did a retrospective and prospective review. 
Admission diagnosis, creatinine changes, and HTS 
formulations (3% NaCl, 3% NaCl/sodium acetate mix, 
and 23.4% NaCl) were compared. The comparison 
group consisted of patients receiving only lactated 
ringers or normal saline. They reported no correlation 
between saline type and renal function. It was 
concluded that changes in sodium and chloride levels 
may have a negative impact on renal function. 
Therefore, the use of HTS should be carefully 
considered. The authors proposed that the reduced 
renal blood flow may be due to prior use of medications, 
such as angiotensin-converting enzyme inhibitors, in 
the context of rapid fluctuations in Na and Cl.26

Erdman et al. did a multicenter, retrospective study of 
patients receiving continuous HTS infusions. Out of 
337 patients included, 33.5% had an ischemic stroke. 
AKI was reported in 54 patients, with 28 classified as 
AKIN stage 1, and the remaining 26 were divided 
between AKIN classes 2 & 3. Patients developing AKI 
were likelier to receive loop diuretics, hypertonic 
intravenous fluids, piperacillin/tazobactam, and 
mannitol. They were also more likely to have longer ICU 
stays and a history of chronic kidney disease (CKD). 27

Randomized control trials
Stefan Schwarz et al. investigated the effects of HTS on 
stroke patients. Six of the eight patients had an 
ischemic stroke. They had 22 episodes of increased 
ICP that did not respond to treatment with 20% 
mannitol. Successful results were observed within 10 
minutes of infusion, with the highest ICP decrease 

noted as 9.9 mm Hg at 35 minutes post-infusion. 
However, subsequently, there was a rise in ICP. At the 
end of the study, four patients died of uncontrollable 
intracranial hypertension, and the remaining were 
severely disabled. There was no mean arterial blood 
pressure change, although the cerebral perfusion 
pressure remained elevated.28

Gilles Francony et al. conducted a study to compare the 
effects of equimolar doses of 20% mannitol solution 
and 7.45% HTS in treating 20 patients with continuous 
elevated ICP of >20 mm Hg due to traumatic brain 
injury or stroke. Only one of the 20 patients had an 
ischemic stroke. The study found that the mannitol 
group showed a 45% reduction in ICP from baseline 
values, while the HTS group showed a 35% reduction 
after 60 minutes of infusion. Furthermore, mannitol 
increased cerebral perfusion pressure and diastolic and 
mean blood flow velocities.29

In a study by Michael N. Diringer and his colleagues, 
the impact of 20% mannitol and 23.4% saline infusion 
on cerebral blood flow, oxygen metabolism, oxygen 
extraction fraction, and blood volume was evaluated. 
Nine patients with ischemic stroke and large 
hemispheric infarction were involved in the study. 
However, neither treatment group showed significant 
changes in the infarct core, peri-infarct, or ipsilateral 
regions. In both treatment groups, arterial pCO2, 
arterial oxygen content, blood pressure, renal function, 
and temperature remained stable. Although a trend for 
increased CBF was noted in the contralateral 
hemisphere after mannitol infusion, it was not 
statistically significant. During the study period, a 
strong association was observed between the 
percentage change in CBF in the contralateral and 
non-ischemic hemispheres post-osmotic therapy and 
the mean blood pressure.30

Yingying Su et al. compared the efficacy and safety of 
employing 10% HTS and 20% mannitol for treating 
increased ICP in patients with large hemispheric 
infarction (LHI). Forty-nine episodes of ICP ≥15mmHg 
were seen among 14 study participants. Similar 
efficacy was seen in the reduction of ICP to baseline in 
both treatment groups, and no notable differences 
were observed in either the duration or degr reduction. 
While HTS treatment resulted in better ICP reduction for 
most time points, the group treated with mannitol 
experienced a more pronounced drop in MAP. On the 
other hand, the HTS group showed a more significant 
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rise in CPP.31

HTS vs. mannitol 
In another study, the incidence of adverse effects in 19 
consecutive patients treated with 2-3% HTS admitted 
to the neurosciences critical care unit were compared 
to a contemporary cohort of patients receiving mannitol 
as the sole form of osmotherapy. Although an 
association was observed between increased 
pneumonia risk and HTS, there was no notable contrast 
in adverse effects between the two cohorts.32

Side effects
Despite the potential benefits of hypertonic saline, it is 
crucial to consider the adverse effects associated with 
its use in stroke patients. Numerous studies have 
reported several complications related to HTS 
administration, such as pulmonary edema, diabetes 
insipidus, hyperchloremia, cardiac arrhythmias, 
hypotension, coagulopathy, hemolysis, and acute 
kidney injury (AKI). 25,27

Systemic effects
Prolonged use of HTS in stroke patients with 
hypernatremia increased the risk of elevated blood urea 
nitrogen (BUN) and serum creatinine (Cr). Erdman et 
al. reported that 16% of neurocritical care patients 
receiving continuous infusion of HTS developed acute 
kidney injury (AKI), associated with significantly 
prolonged ICU stays and increased mortality (48.1% vs. 
21.9%). Patients with AKI were more likely to have 
severe hypernatremia, hyperchloremia, and 
hyperosmolality compared to those without AKI (46.3% 
vs. 19%, 79.6% vs. 55.1%, and 51.9% vs. 18.9%, 
respectively). Furthermore, concurrent use of 
piperacillin/tazobactam in HTS patients raised AKI risk 
by 290%. Other risk factors included a history of 
chronic kidney disease, severe hypernatremia, male 
gender, and the African American race.27

Carter et al., when comparing the use of 5% NaCl with 
23.4% NaCl found that both groups had a similar 
prevalence of adverse events, which was 27%. The 
adverse effects were mostly the same between the 
groups, except for a slightly higher incidence of pleural 
effusions in the 5% NaCl group (75% vs 32%). 23 
Hauer et al. observed a similar prevalence of adverse 
effects in a study comparing early continuous HTS 
infusion to a historical control group with underlying 
cerebrovascular disease. Adverse effects included 

cardiac arrhythmias, acute renal, liver, or heart failure, 
and pulmonary edema, with no significant differences 
between the groups.16

Froelich et al. reported that continuous 3% HTS as 
maintenance fluid in brain injury patients significantly 
increased the incidence of moderate and severe 
hypernatremia compared to normal saline. The 
mortality rate was 41%, and hypernatremia was 
considered a contributing factor to mortality in 16% of 
the patients. 21 Additionally, Larive et al. established 
no significant difference in the prevalence of adverse 
effects in HTS and mannitol cohorts. Adverse effects 
observed in the HTS cohort included pneumonia 
(26.3%), bacteremia (15.8%), dysrhythmia (5.3%), 
hypokalemia (31.6%), and hyponatremia after HTS 
discontinuation (5.3%). One patient in the HTS group 
who received propofol was noted to have both heart 
block and bacteremia during the HTS infusion. They did 
not report any cases of acute renal failure in either 
group. 32

Neurological effects
Central pontine myelinolysis, though an often-feared 
complication, was not observed in any participants.33 

It has been observed that continuous HTS therapy may 
lead to a paradoxical increase in radiographic cerebral 
edema. In later stages of ischemic strokes, 
hyperosmolar substances leak into the extravascular 
compartments due to blood-brain barrier breakdown. 
This can be the reason for the observed effects. 
Administering HTS in a transient or bolus manner can 
be more effective, as it relies on vascular osmolality 
and autoregulation to induce neuronal dehydration. A 
continuous infusion of hypertonic saline can be 
detrimental, particularly during late-stage ischemic 
stroke.24 Moreover, to prevent the risk of rebound 
edema, HTS should ideally be gradually tapered, and 
the serum sodium level should be kept at least 10–12 
mEq/L over 24 hours. 34
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CONCLUSION
The mechanism of action of hypertonic saline in 
reducing ICP is still unclear. Existing literature shows 
that HTS effectively reduces ICP in various diseases, 
including, but not limited to, ischemic stroke. It is 
crucial to emphasize that HTS is also the treatment of 
choice for treating cases of raised ICP refractory to 
hyperventilation and mannitol. Patients with 
co-morbidities like cerebrovascular and renal disease 
were able to tolerate HTS, which was more effective in 
lowering ICP than mannitol. Both continuous and bolus 
infusions and different concentrations have been used 
in different settings, with neither superior to the other. 
The potential for osmotic demyelination syndrome is 
the most concerning complication associated with HTS 
therapy, although it was not observed in any of the 
studies analyzed.

RECOMMENDATIONS FOR FURTHER RESEARCH
Despite the extensive research conducted on HTS 
therapy, there still needs to be more conclusive 
evidence to dictate guidelines. There are essential 
questions surrounding the exact mechanism of how 
HTS lowers ICP, the optimal concentration of HTS that is 
most effective in reducing ICP, the comparability of 
bolus infusion with continuous infusion, and whether 

HTS should be used as the first-line treatment. These 
questions must be answered conclusively to provide 
definitive guidelines for HTS therapy.

Three randomized controlled trials (RCTs) are needed. 
The first RCT will compare the effectiveness of different 
concentrations of HTS and mannitol, aiming to highlight 
the potential drawbacks of each treatment. The second 
RCT aims to compare the safety and efficacy of bolus 
and continuous infusion administration methods of 
osmotic agents. This investigation will provide valuable 
insights into the optimal way of administering osmotic 
agents while considering patient safety and treatment 
effectiveness concerns. The third RCT will compare HTS 
with current medical therapies to evaluate its 
advantages and disadvantages in treating elevated ICP. 
This assessment is crucial in determining where HTS 
stands among existing medical interventions for 
elevated ICP.

This review aims to create a strong foundation for future 
investigations. The main objective of these trials is to 
provide healthcare professionals with reliable and 
evidence-based information, allowing them to make 
better and safer decisions for their patients.
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