
INTRODUCTION 

Malignant cerebral edema is a general term that describes patho-
logic swelling of the brain parenchyma and can be the result of in-
flux of fluid into the extravascular space. In the setting of acute 
ischemic infarcts, cytotoxic edema results from cellular death and 
resultant intracellular influx of water. Although this is thought to 
be the mechanism of early cerebral edema in ischemic infarcts, lat-
er stages likely involve a loss of the integrity of the blood-brain 
barrier as well [1,2]. Cerebral edema is directly correlated with in-
creased intracranial pressure (ICP) and has been determined to 
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be an independent marker of poor outcomes in patients with 
stroke [3]. Malignant middle cerebral artery (MCA) syndrome 
refers to severe cerebral edema and subsequent neurologic decline 
that occurs as a result of a large MCA territory infarct. 

There are several mechanisms by which hypertonic therapy has 
been postulated to decrease cerebral edema and subsequently 
ICP. Increasing osmolality in the intravascular space produces an 
osmotic gradient and draws fluid out of the extravascular spaces; 
by decreasing the viscosity in the intravascular space, there is a re-
flexive vasoconstriction that reduces cerebral blood flow. Howev-
er, these mechanisms may only decrease ICP transiently [2]. Also, 
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the eventual loss of autoregulation that occurs in ischemic infarcts 
means loss of the blood brain barrier and resultant efflux of the 
hyperosmolar contents, which could theoretically increase cere-
bral edema [1]. 

The role of continuous hypertonic saline infusion for control of 
malignant cerebral edema is controversial. Despite its widespread 
use in clinical practice, the data supporting its use over intermit-
tent boluses dosing are limited. Although continuous infusion of 
hypertonic saline has been effective in reducing cerebral edema in 
animals, limited data was found in humans [4-7]. In this systemat-
ic literature review, we present the current data on the use of con-
tinuous hypertonic saline. Our objectives were to determine the 
mortality and neurological outcomes when continuous hyperton-
ic saline is used in the management of malignant cerebral edema 
secondary to acute ischemic infarcts and to determine the rates of 
systemic complications, hospital length of stay, and functional 
outcomes in patients in whom continuous hypertonic saline was 
used.

METHODOLOGY

A systematic literature review of the use of continuous hypertonic 
saline in the setting of malignant cerebral edema secondary to 
acute ischemic infarcts was performed in accordance with guide-
lines for the preferred reporting items for systematic review and 
meta-analysis (PRISMA) [8]. A search strategy using controlled 
vocabulary, in combination with keywords, pertaining to adminis-
tration of hypertonic saline in acute ischemic infarcts was per-
formed by a health science librarian via the following electronic 
databases: Medline via PubMed, Ovid, Embase via Embase.com, 
the Cochrane Library (Wiley interface, current issue), Web of Sci-
ence/Knowledge via Clarivate Analytics, ClinicalTrials.gov, and 
Scopus. The search was limited to English language literature. The 
references of the searched literature were utilized to expand the 
search and include all grey literature. 

Data Management was conducted through Rayyan online ser-
vices [9]. Abstracts obtained under previously described plat-
forms were reviewed independently by the following authors for 
relevance: AJSC, MM, and KS. The eligible studies were then in-
dependently reviewed in full to determine adherence to inclusion 
and exclusion criteria by these same authors. Nonduplicated stud-
ies were then reviewed by AJSC for appropriateness. AJSC and 
MM then utilized the Newcastle-Ottawa Assessment of Quality 
for evaluation of the quality of the included studies. 

Inclusion criteria were the following: randomized controlled 
trials, prospective and retrospective cohort studies, and database 
studies in English language; Adult patients ≥ 18 years old with 

acute ischemic infarcts (including anterior and posterior circula-
tion) in whom hypertonic saline was administered. Exclusion cri-
teria were the following: reviews, meta-analysis, animal studies, 
studies involving pediatric patients ( < 18 years of age), traumatic 
brain injury studies, and non-English language studies. 

The initial intended primary outcome was mortality rate (over-
all and/or neurological death defined by death secondary to brain 
herniation, refractory elevated ICP, or direct involvement of vital 
neurologic structures) among patients that received hypertonic 
saline as means of reducing cerebral edema. Secondary outcomes 
were the following: (1) neurological outcomes (Glasgow Out-
come Scale) among patients that received continuous hypertonic 
saline, (2) rates of adverse events (i.e., congestive heart failure, 
pulmonary edema, and acute kidney injury), (3) hospital and in-
tensive care unit length of stay, and (4) functional outcomes 
(modified Rankin Scale).

RESULTS

Eight hundred ninety-nine records were initially identified. After 
initial screening, 154 abstracts were reviewed. After further appli-
cation of exclusion criteria, 14 full-length articles were reviewed. 
However, of these studies, only five involved continuous adminis-
tration of hypertonic saline and were thus included for data syn-
thesis (Fig. 1, Table 1) [10-14]. The overall quality of the studies 
as determined by the Newcastle-Ottawa scale ranged from fair to 
good, and most were limited by follow-up length and comparabil-
ity of the study groups (Table 2) [10-14].

In 1998, Qureshi et al. [10] conducted a single-center retro-
spective review of 27 patients with cerebral edema, six of whom 

Fig. 1. Study flowchart. TBI, traumatic brain injury.
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had ischemic stroke. They investigated the effect of continuous 
hypertonic saline on ICP and lateral displacement in cerebral ede-
ma. Three percent hypertonic saline was infused with a target se-
rum sodium concentration of 145–155 mmol/L, with therapy 
continuing until patients showed improvement, complications, or 
lack of response. A significant correlation was observed between 
ICP reduction and increasing serum sodium concentration in pa-
tients with head trauma and postoperative edema but not in pa-
tients with ischemic strokes. In addition, there was no reduction 
in radiographic cerebral edema within 72 hours of starting the in-
fusion. The authors proposed that low mean baseline ICP and 
predominance of cytotoxic edema (as opposed to primarily va-
sogenic edema seen in head trauma) as possible contributing fac-
tors to lack of response seen in ischemic stroke patients. Limita-
tions of this study include the lack of a control group and small 
sample size [10].

In 2004, Larive et al. [11] studied 19 consecutive patients who 
were treated with 2% or 3% hypertonic saline—two of them with 
ischemic strokes. The primary objective was to assess the efficien-
cy and time required to achieve a target serum sodium concentra-
tion of 145–155 mEq/L. The secondary objective of the study 
was to assess the safety of hypertonic saline infusion measured by 
adverse effects including development of phlebitis, pneumonia, 
adult respiratory distress syndrome, bacteremia, sepsis, seizures, 
acute renal failure, arrhythmias, electrolyte disturbances, acid base 
disturbance, anemia, and coagulopathy. Adverse effects from the 
hypertonic saline cohort were compared to a mannitol cohort; 
however, no statistical significance between the adverse effects of 
the two groups was shown. Hypernatremic state was achieved af-
ter a median of 1 day; however, in some instances, it took up to 5 
days to reach target hypernatremia. A significant direct association 
(r= 0.08, P= 0.01) was found between the serum sodium con-
centrations and the Glasgow Coma Scale (GCS) score of the co-
hort in the first 8 days of hypertonic saline therapy. In addition, 
the cohort was devoid of serious adverse effects related to the hy-

pertonic saline infusion. However, these results were heavily con-
founded by other variables and do not show clinical significance 
in terms of sustained neurological improvement [12].

A 2005 prospective randomized clinical study from Harut-
junyan et al. [13] investigated the differential effects of efficacy 
and safety of 7.2% hypertonic saline infusion (7.2% NaCl/HES) 
versus 15% mannitol for 40 patients at risk of increased ICP, eight 
of whom had ischemic infarcts. The 40 patients were randomized 
to receive either 7.2% NaCl/HES 200/0.5 or 15% mannitol at a 
defined infusion rate halted at ICPs below 15 mmHg. Primary 
outcomes for the study included ICP control in the respective 
groups. In the collective outcomes, both drugs held capabilities to 
lower ICP below 15 mmHg, although 7.2% hypertonic solution 
showed to be more effective than mannitol. In the subgroup anal-
ysis of patients with ischemic strokes, hypertonic saline led to a 
faster and longer reduction in ICP compared to mannitol. Howev-
er, there was no difference in mortality. Data on neurologic out-
comes was not provided. The limits of the study include the ab-
sence of the rate of infusion and the non-inclusion of the targeted 
plasma sodium and serum osmolality levels [13]. 

In 2011, Hauer et al. [12] investigated the effects of continuous 
hypertonic saline infusion in 100 patients with a mixture of cere-
brovascular diseases, including intracerebral hemorrhage, isch-
emic strokes, or aneurysmal subarachnoid hemorrhage. They 
compared patients receiving hyperosmolar therapy to a historical 
cohort of 115 with severe cerebrovascular disease that did not re-
ceive continuous hypertonic saline. Of these patients, 57 had isch-
emic infarcts. Their treatment protocol involved initiation of hy-
pertonic saline within 72 hours of symptom onset, with adjust-
ment of infusion rate until targets of 145–155 mEq/L and 310–
320 mOsm/kg were reached for plasma sodium and serum osmo-
lality, respectively. Primary outcomes included frequency of ICP 
crises and in-hospital mortality. Overall, they observed a trend of 
fewer ICP crises and a significant reduction in mortality in pa-
tients who received hypertonic saline compared to controls. How-

Table 2. Newcastle-Ottawa Scale for quality assessment

Study
Selection Comparability Outcome

Total
REC SNEC AE DO SC AF AO FU AFU

Qureshi et al. (1998) [10] ○ × ○ ○ ○ × ○ × × 5 (Fair)
Hauer et al. (2011) [12] ○ ○ ○ ○ ○ × ○ × × 6 (Fair)
Larive et al. (2004) [11] ○ × ○ ○ ○ × ○ × × 5 (Fair)
Erdman et al. (2017) [14] ○ × ○ ○ × × ○ × × 4 (Fair)
Harutjunyan et al. (2005) [13] ○ ○ ○ ○ ○ ○ ○ × × 7 (Good)

○, the study satisfied an item; ×, the study did not satisfy an item. Quality conversion: good quality (7–9), fair quality (4–6), poor quality (0–3).
REC, representativeness of the exposed cohort; SNEC, selection of the nonexposed cohort; AE, ascertainment of exposure; DO, demonstration that outcome 
of interest was not present at start of study; SC, study controls for hypertonic saline solution; AF, study controls for any additional factor; AO, assessment 
of outcome; FU, follow-up long enough for outcomes to occur; AFU, adequacy of follow-up cohorts.

https://doi.org/10.18700/jnc.2100074
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ever, similar to the findings of Qureshi et al. [10], these improve-
ments were not demonstrated in those with ischemic infracts. 
Though identical inclusion criteria were used to identify the his-
torical control group, the control cohort was significantly older 
than those receiving hypertonic saline. Age is well-established in-
dependent factor in prognosis of acute stroke and may have con-
tributed to the survival benefit in the cohort receiving hypertonic 
therapy. Further, this study involved a limited cohort of patients 
with ischemic stroke [11]. 

In 2017, Erdman et al. [14] conducted a two-center retrospec-
tive cohort review to assess predictors of acute kidney injury in 
337 patients receiving hypertonic saline infusion for severe neuro-
logical injuries—113 with ischemic strokes. Acute kidney injury 
occurred in 16% of patients receiving hypertonic saline. In addi-
tion, by comparing those that developed an acute kidney injury 
with those that did not, the study found independent risk factors 
for developing acute kidney injury that included a history of 
chronic kidney disease (P= 0.007), serum sodium > 155 mmol/L 
(P≤ 0.001), treatment with piperacillin/tazobactam (P= 0.002), 
male gender (P= 0.002), and African American race (P= 0.007). 
Interestingly, multiple risk factors commonly thought to contrib-
ute to acute kidney injury were not identified as significant in this 
study including mannitol, diuretics, contrast media, and other an-
timicrobials. In addition, type of neurologic injury (acute isch-
emic stroke, intracerebral hemorrhage, traumatic brain injury, or 
other) was not an independent risk factor. The study also noted 
that, because sodium concentration was recorded as a categorical 
variable, they could not comment on the relationship between 
acute kidney injury and increases in sodium. In addition, the study 
noted that both institutions widely use hypertonic saline infusion 
in patients. Thus, there was no comparison to a cohort with com-
parable cerebral edema that was not given hypertonic saline infu-
sion [14]. 

Among the five studies, a total of 186 ischemic stroke patients 
were studied. In studies that involved a control group, a total of 33 
patients did not receive continuous hypertonic saline. Those that 
received hypertonic saline were found to have fewer episodes of 
elevated ICP and faster and greater reduction in ICP. However, 
there were no significant overall differences in neurological out-
comes, with some contrasting data on short-term GCS. Qureshi 
et al. [10] found that mean GCS worsened in ischemic stroke pa-
tients given hypertonic saline (n = 6), while Larive et al. [11] 
found a direct association between serum sodium concentrations 
and GCS in the first 8 days of hypertonic saline infusion (n = 2). 
The results of Larive et al. [11] may be confounded by the fact 
that only 2 of 19 patients in their study had ischemic strokes so 
GCS improvement may not be entirely applicable to this patient 

population. There were no significant differences in adverse 
events in those studies that reported this data (Table 1).

In regards to mortality, only Hauer et al. [12] found decreased 
mortality with use of hypertonic saline (n = 28) by 12.6% 
(P= 0.037) when compared to control group (n = 29 ischemic). 
Although Erdman et al. [14] found an increased mortality 
(P= 0.001) in those that developed an acute kidney injury (16%), 
patients with ischemic strokes (n = 113) were not at a higher risk 
for developing acute kidney injury. Erdman et al.’s study [14] was 
also the only study to report on length of stay and functional out-
comes. They found an increase in length of stay with those that 
developed acute kidney injury but no overall difference in func-
tional outcomes at discharge.

DISCUSSION

Malignant cerebral edema continues to be a prominent contribut-
ing factor to morbidity and mortality in ischemic stroke patients. 
Use of hypertonic therapy has been employed for decades for the 
reduction in cerebral edema and ICP. Although transient uses of 
this therapy have demonstrated reduction in ICP, no studies have 
demonstrated sustained reduction in cerebral edema or improve-
ment in neurological outcomes. 

Several studies have examined the effects in animal models with 
conflicting results. Toung et al. [4] demonstrated improvement in 
global cerebral edema with continuous hypertonic saline in rat 
models treated after MCA infarctions. Similarly, Zeng et al. [5] 
found that hypertonic saline was effective in reducing cerebral 
edema as compared to mannitol in rat models. However, Bhard-
waj et al. [6] reported that hypernatremia worsened cortical in-
farct volume following transient focal cerebral ischemia in rats. 
Similarly, Papangelou et al. [7] found no reduction in brain water 
content on the ipsilateral hemisphere of an induced MCA stroke 
in rats and with no change in infarct volume. 

Continuous use, however, has been sparsely studied in humans. 
In a review of hemispheric stroke management in 2011, Kimberly 
and Sheth [15] recommended eunatremic goals with no indica-
tion for administration of prophylactic hypertonic saline. Further-
more, in a 2008 review of hypertonic saline for neurologic injury, 
Forsyth et al. [16] highlight the lack of information on the effect 
of hypertonic therapy for stroke patients. These authors [16] cite 
several animal studies that showed hypertonic saline having a neg-
ative impact on the stroke penumbra, but data in humans is limit-
ed.

Recently published guidelines by the neurocritical care society 
also highlight the general lack of evidence when it comes to use of 
hypertonic saline for management of cerebral edema in ischemic 

5https://doi.org/10.18700/jnc.210007



strokes [17]. In addition, most studies involve comparison of 
mannitol versus hypertonic saline with primary outcomes being 
ICP control without effectively matched cohort groups. Most of 
these studies indicate that transient use of hypertonic saline leads 
to effective ICP control even in cases of mannitol failure [13,18]. 
However, use of continuous hypertonic saline has only been 
demonstrated in a limited number of prior studies. Our literature 
review has demonstrated only five studies that evaluated the role 
of continuous hypertonic saline—all of which failed to largely 
demonstrate sustained and prolonged reduction in ICP and did 
not appear to improve overall mortality or neurological outcomes 
(Table 1). 

Collectively, these previous studies fail to demonstrate any sig-
nificant improvement in mortality or neurological outcomes. Al-
though several of these studies do demonstrate reduction in ICP 
with continuous hypertonic saline, the results are not sustained 
and do not translate to a clinical improvement. Additionally, lack 
of control groups, small sample sizes, and lack of reported data on 
functional outcomes and length of intensive care unit/hospital 
stay make these studies fairly limited in terms of generalizability. 
Lastly, these studies did not evaluate the role of continuous hyper-
tonic saline in preventing or delaying decompressive hemicraniec-
tomy surgery. Most of the studies were fair quality with relatively 
low levels of evidence (Tables 1 and 2). Future prospective studies 
with matched cohorts are needed to adequately assess the effects 
of continuous hypertonic saline in patients with malignant cere-
bral edema secondary to acute ischemic infarcts.

CONCLUSION

Continuous hypertonic saline for acute ischemic infarcts has been 
routinely used in neurocritical centers for the management for 
malignant cerebral edema. However, the data supporting its use is 
extremely limited. We present a systematic literature review that 
highlights the lack of substantial evidence supporting its use and 
emphasizes the study flaws that make the conclusions nongener-
alizable. Although the reported studies demonstrate improvement 
in ICP control, there are no significant differences in neurological 
or functional outcomes, or overall mortality. 
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