
CLINICAL STUDIES

EFFECTS OF 23.4% SODIUM CHLORIDE SOLUTION IN

REDUCING INTRACRANIAL PRESSURE IN PATIENTS WITH

TRAUMATIC BRAIN INJURY: A PRELIMINARY STUDY

Marcus L. Ware, M.D.,
Ph.D.
Department of
Neurological Surgery,
University of California,
San Francisco,
San Francisco, California

Venu M. Nemani, B.S.
University of California,
San Francisco School of Medicine,
San Francisco, California

Michele Meeker, R.N.,
B.S.N,
Department of
Neurological Surgery,
University of California,
San Francisco,
San Francisco, California

Currie Lee, B.S.
University of Illinois
School of Medicine,
Chicago, Illinois

Diane J. Morabito, R.N.,
M.P.H.
Department of
Neurological Surgery,
University of California,
San Francisco,
San Francisco, California

Geoffrey T. Manley, M.D.,
Ph.D.
Department of
Neurological Surgery,
University of California,
San Francisco,
San Francisco, California

Reprint requests:
Geoffrey T. Manley, M.D., Ph.D.,
Department of Neurological
Surgery,
University of California,
San Francisco,
1001 Potrero Ave., Box 0899,
San Francisco, CA 94110.
Email: manley@itsa.ucsf.edu

Received, July 21, 2004.

Accepted, April 28, 2005.

OBJECTIVE: Mannitol is the standard of care for patients with increased intracranial
pressure (ICP), but multiple administrations of mannitol risk renal toxicity and fluid
accumulation in the brain parenchyma with consequent worsening of cerebral edema.
This preliminary study assessed the safety and efficacy of small-volume injections of
23.4% sodium chloride solution for the treatment of intracranial hypertension in
patients with traumatic brain injury who became tolerant to mannitol.
METHODS: We retrospectively reviewed the charts of 13 adult patients with traumatic
brain injury who received mannitol and 23.4% sodium chloride independently for the
treatment of intracranial hypertension at San Francisco General Hospital between January
and October 2003. Charts were reviewed to determine ICP, cerebral perfusion pressure,
mean arterial pressure, serum sodium values, and serum osmolarity before and after
treatment with 23.4% sodium chloride and mannitol. Complications were noted.
RESULTS: The mean reductions in ICP after treatment were significant for both
mannitol (P�0.001) and hypertonic saline (P�0.001); there were no significant dif-
ferences between reductions in ICP when comparing the two agents (P � 0.174). The
ICP reduction observed for hypertonic saline was durable, and its mean duration of
effect (96 min) was significantly longer than that of mannitol treatment (59 min) (P �
0.016). No complications were associated with treatment with hypertonic saline.
CONCLUSION: This study suggests that 23.4% hypertonic saline is a safe and effective
treatment for elevated ICP in patients after traumatic brain injury. These results warrant
a rigorous evaluation of its efficacy as compared to mannitol in a prospective ran-
domized controlled trial.
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Traumatic brain injury (TBI) is a major
health problem affecting nearly 1,500,000
people in the United States each year (23).

Many patients who sustain TBI have cerebral
edema or space-occupying hematomas that pro-
duce intracranial hypertension. Conventional
medical treatment of intracranial hypertension
includes osmotic therapy, hyperventilation,
head elevation, and barbiturates, but because
other treatments have limited efficacy, mannitol
is the mainstay of medical treatment for acute
intracranial hypertension. Although mannitol
frequently is effective in reducing intracranial
pressure (ICP), multiple administrations intro-
duce a risk of kidney failure and mannitol accu-
mulation in brain parenchyma with consequent

worsening of cerebral edema (14). Mannitol
works as a systemic diuretic and, under certain
circumstances, may contribute to systemic hy-
potension (5). Thus, mannitol may be contrain-
dicated for patients who are hypotensive or who
are undergoing fluid resuscitation.

Experimental data (2, 28, 34, 40) and clinical
studies (10, 39) have shown that hypertonic sa-
line may decrease ICP. Hypertonic saline has
also been shown to have beneficial hemody-
namic, vasoregulatory, and immunomodula-
tory effects (9, 12, 31, 32). Furthermore, treat-
ment with hypertonic saline may increase
serum sodium, which has been correlated with
improved control of ICP (15, 24, 25, 31). In a
recent study (36), 7.5% saline was an effective
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and safe initial treatment for posttraumatic intracranial hyper-
tension refractory to sedation and optimal management of fluids.
Furthermore, a recent preliminary case series showed significant
decreases in ICP in patients with intracranial hypertension after
the intravenous administration of a 23.4% saline solution over 15
to 20 minutes (33). However, only one of the eight patients in that
study had experienced TBI.

There are no conclusive clinical data on the safety and
efficacy of higher concentrations of hypertonic saline used to
control intracranial hypertension in patients with TBI. We
have used 23.4% sodium chloride at our institution to treat a
number of patients who had increased ICP after TBI. We chose
23.4% saline because it is the highest concentration of saline
available, and it provides the highest osmotic load with a low
fluid volume compared with other sodium chloride prepara-
tions. In addition, preservative-free 23.4% saline is commer-
cially available and requires no special preparation before
injection. In this study, hypertonic saline was used to treat a
selected population of patients with TBI who had become
tolerant to mannitol.

PATIENTS AND METHODS

Selection of Patients

Between January and October 2003, 141 patients with severe
TBI resulting in lesions that caused intracranial hypertension
were admitted to San Francisco General Hospital (SFGH). All
patients were treated by a multidisciplinary team whose aim
was to reduce secondary brain injury. From among those 141
patients, patients who met the following criteria were selected
for this retrospective study: 1) treatment with 23.4% sodium
chloride solution as described below; 2) age of 18 years or
older; 3) injury within 12 hours before admission; 4) patients
requiring monitoring of ICP because of a Glasgow Coma Scale
(GCS) score lower than 8 at some point during their hospital
course or patients requiring postoperative monitoring of ICP;
5) computed tomographic (CT) scan of the brain showing a
mass lesion, including epidural hematoma, subdural hema-
toma, intracerebral or intracerebellar hematoma, subarach-
noid hemorrhage with swelling or parenchymal insult, paren-
chymal contusions, diffuse axonal injury, diffuse swelling
with midline shift of more than 2 mm, or depressed cranial
fracture; and 6) patients with ICP that could not be adequately
controlled with mannitol.

Management

The patients were initially treated in the emergency depart-
ment, where they received fluid resuscitation and neurological
evaluation. Patients who had a GCS score less than 8 received an
endotracheal tube. All patients then underwent a CT scan of the
head. Patients with subdural or epidural hematomas with mass
effect were taken to the operating room immediately for evacu-
ation of the hematoma; those patients had ICP monitors placed
postoperatively in the operating room. Patients without mass
lesions and a GCS less than 8 were taken directly to the intensive

care unit and ICP monitors were placed. Patients admitted with
a GCS score greater than 8 who experienced neurological dete-
rioration also had placement of an endotracheal tube and an ICP
monitor in the intensive care unit.

The goal of ICP management was to maintain ICP of less
than 20 mm Hg. Fluid boluses and vasopressors were used to
support blood pressure to maintain a cerebral perfusion pres-
sure �60 mm Hg. Patients with endotracheal tubes were me-
chanically ventilated to keep their arterial oxygen pressure
(PaO2) above 90 mm Hg and arterial carbon dioxide pressure
(PaCO2) between 35 and 40 mm Hg; a central venous catheter
was placed in each of those patients. Fluid boluses were used
to maintain central venous pressure above 8 cmH2 0.

Serum sodium values and serum osmolarity were moni-
tored daily and before treatment with either mannitol or 23.4%
sodium chloride solution. The target serum sodium value was
140 mEq/L. Patients with serum sodium values less than 135
mEq/L were treated with supplemental enteral sodium chlo-
ride. If the serum sodium value continued to decrease despite
supplementation, 3% sodium chloride was administered in-
travenously. Patients with serum sodium values greater than
155 mEq/L were not treated with 23.4% sodium chloride
because of the possibility of worsening hypernatremia.

When ICP exceeded 20 mm Hg for more than 5 minutes,
patients were evaluated for such causes of increased ICP as
poor positioning, agitation, hypoventilation, or noxious stim-
uli. If necessary, adjustments were made in ventilation param-
eters or in sedation. If these adjustments were not adequate,
cerebrospinal fluid was drained to control ICP in patients who
had ventriculostomies in place. If ICP remained high despite
these measures, patients received boluses of mannitol in doses
determined by the treating physician (0.25–1.9 g/kg). When
mannitol did not decrease ICP to under 20 mm Hg for more
than 60 minutes, the patient was considered to have devel-
oped tolerance to mannitol. Patients then received 30 ml of a
23.4% sodium chloride solution (234 mg/ml, 8008 mOsm/L
solution; American Regent Laboratories, Inc., Shirley, NY)
intravenously by an SFGH neurosurgeon over a 2-minute
period. Two patients were given hypertonic saline because
they were undergoing active fluid resuscitation for low central
venous pressures while their ICPs were increasing.

After the administration of 23.4% saline for an episode of
refractory intracranial hypertension, patients were eligible to
receive either hypertonic saline or mannitol for episodes of
intracranial hypertension at the discretion of the medical team.
In some cases, mannitol and hypertonic saline were given in
fairly rapid succession (less than 1 hour apart) for episodes of
intractable intracranial hypertension. For these patients, inde-
pendent administrations for each such episode were excluded
from the study because of the complexity of dual treatment.

Chart Review and Comparisons

We retrospectively reviewed the charts of patients eligible
for the study to determine ICP, cerebral perfusion pressure,
mean arterial pressure, serum sodium values, and serum os-

WARE ET AL.

728 | VOLUME 57 | NUMBER 4 | OCTOBER 2005 www.neurosurgery-online.com



molarity in the hours before and after treatment with 23.4%
sodium chloride and mannitol. The duration of ICP reduction
was noted. Complications were also noted. This study com-
pared each patient’s responses to independent administra-
tions of 23.4% saline with the same patient’s responses to
independent administrations of mannitol.

Statistical Analysis

For patients with several treatments of mannitol or hyper-
tonic saline, values were averaged such that each patient
contributed equally to the overall means. Means and standard
deviations (SD) for these values were computed and com-
pared using SPSS for Windows (version 11.5.0; SPSS, Inc.,
Chicago, IL). Pretreatment values were compared to ensure
that there were no statistical differences in these values before
treatment with hypertonic saline or with mannitol. Means for
each value before and after treatment were also compared to
determine whether treatment with either hypertonic saline or
mannitol had a statistically significant effect. The paired t test
was used to compare all means; the level of significance was
set at P � 0.05.

RESULTS

Patients’ Demographic and Diagnostic Characteristics

Of the 141 patients with severe TBI admitted to the Neuro-
surgery Service at SFGH between January and October 2003,

13 adult (�18 yr) patients were eligible according to the in-
clusion criteria and were included in this study. The patients
(10 male, 3 female) ranged in age from 19 to 65 years (mean, 42
yr; median, 37 yr; SD, 15 yr) (Table 1). The mechanisms of
injury were as follows: one motor vehicle accident, three mo-
torcycle accidents, three pedestrian-versus-automobile acci-
dents, two falls, one single gunshot wound to the head, and
two assaults with a blunt object. One patient had an unknown
mechanism of injury. On their arrival in the emergency de-
partment, there were three patients with mild head injury
(GCS score �12), three patients with moderate head injury
(GCS score 9–12), and seven patients with severe head injury
(GCS score �9). The mean GCS score on arrival was 7.7
(median, 7.0; SD, 4.1). The mass lesions observed on initial CT
scans included cerebral contusions in seven patients (54%),
subdural hematoma (SDH) in nine (69%) patients, and epi-
dural hematoma (EDH) in two (15%) patients.

Patient Treatment and Outcomes

All patients had an ICP monitor placed shortly after admis-
sion (Table 2). Of patients with mild and moderate head inju-
ries, all had clinical deterioration (Patients 10 and 13 required
surgery) and ICP monitors in all cases. Of the 13 patients in
this study, 3 (23%) received a Camino bolt monitor (Integra
LifeSciences Corp., Plainsboro, NJ), and 10 (77%) received a
ventriculostomy. Of the 13 patients, 7 had brain-tissue oxygen
monitors placed during their hospital course because of their

TABLE 1. Demographic and diagnostic characteristics of patientsa

Patient
no.

Age/sex
Mechanism

of injury
Diagnosis and initial CT findings

Admission GCS
score

1 20/M MVA Bifrontal contusions, IVH 5 (E1V1M3)
2 19/M GSW Bifrontal contusions, SAH, cranial fractures 15 (E4V5M6)
3 34/M MCA Right EDH, bifrontal contusions 9 (E2V2M5)
4 57/F PVA Bifrontal SDH w/ brainstem herniation, bilateral SAH 3 (E1V1M1)
5 47/M Assault Bifrontal contusions, SAH, small right SDH, hemorrhage in

left pons, cranial fracture
5 (E1V2M2)

6 35/M Unknown Left frontal SDH and SAH, cranial fracture 9 (E2V2M5)
7 63/M Fall Bifrontal contusions, bifrontal SAH 13 (E3V4M6)
8 59/F MCA Bifrontal subarachnoid hemorrhage, bilateral SDH 7 (E1V1M5)
9 37/F Assault Bilateral SDH, diffuse SAH, left frontal contusion 5 (E1V2M2)

10 30/M PVA Left hemispheric SDH and SAH, left to right subfalcine
herniation, cranial fracture

14 (E4V4M6)

11 35/M MCA Right frontal contusion, right SDH 3 (E1V1M1)
12 65/M PVA Left SDH 3 (E1V1M1)
13 50/M Fall Right parietal SDH, left EDH, diffuse SAH 9 (E2V2M5)

Mean 42.0 7.7
Median 37.0 7.0
SD 15.0 4.1

aCT, computed tomographic; GCS, Glasgow Coma Scale; MVA, motor vehicle accident; IVH, intraventricular hemorrhage; E, eye response; V, verbal response; M,
motor response; GSW, gunshot wound; SAH, subarachnoid hemorrhage; MCA, motorcycle accident; PVA, pedestrian-versus-automobile accident; EDH, epidural
hematoma; SDH, subdural hematoma; SD, standard deviation. Patients are listed in the chronological order of their admission to the study.
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enrollment in another study. Those patients had ICP measure-
ments recorded every minute for the period that the device
was in place. Patients without brain tissue oxygen monitors
had ICP measurements recorded every 15 minutes. Eight
(64%) patients underwent a decompressive craniectomy
shortly after admission. One patient (Patient 9) underwent
craniectomy for neurological decline associated with the evo-
lution and swelling of a bifrontal contusion 2 weeks after his
initial trauma.

Of the 13 patients in the study, 3 (23%) were discharged
with moderate disability after an average hospital stay of 14
days (Table 2). Four (31%) patients were discharged with se-
vere disability after an average hospital stay of 26 days. Two
(15%) patients were discharged in a vegetative state after an
average hospital stay of 28 days. Four (31%) patients died
while in the hospital after an average hospital stay of 3 days.
At the long-term follow-up evaluations, four (31%) patients
had upper moderate disability, and one (8%) patient had
lower moderate disability on the Glasgow Outcome Scale.
Four (31%) patients were lost to follow-up review.

Effects of Mannitol

There were 19 treatments with mannitol among the 13
patients (Table 3). The average dose of mannitol given was 75

g (median, 75 g) or 0.86 g/kg (median, 0.79 g/kg). The average
ICP peak for which mannitol was given was 38 mm Hg (me-
dian, 39 mm Hg). The average reduction in ICP after mannitol
administration was 20 mm Hg (median, 23 mm Hg). A com-
parison of ICP before and after the administration of mannitol
showed that the effect of this treatment was significant (P �
0.001). In 16 of 19 treatments (84%), there was at least a 25%
reduction in ICP, and in 13 of 19 treatments (68%), there was
at least a 50% reduction in ICP. The average duration of the
effect of mannitol in this population was 59 minutes (median,
74 min).

Effects of Hypertonic Saline

There were 22 treatments with 23.4% saline solution in the
13 patients (Table 4). The average ICP peak for which 23.4%
saline was given was 36 mm Hg (median, 29 mm Hg). The
average reduction in ICP after hypertonic saline administra-
tion was 15 mm Hg (median, 13 mm Hg); this reduction was
highly significant (P � 0.001). There was not a significant
difference between ICP reduction after hypertonic saline com-
pared with mannitol (P � 0.174) (Table 5). In 17 of 22 treat-
ments (77%), there was at least a 25% decrease in ICP, and in
12 of 22 treatments (54%), there was at least a 50% reduction in
ICP. The average duration of effect of hypertonic saline in this

TABLE 2. Patients’ diagnoses and outcomes after treatment with mannitol and 23.4% sodium chloride solutiona

Patient
no.

Surgical procedure
Duration of

hospitalization (d)
GOS score at

discharge
GOS score at 6 months

2 Placement of Camino® bolt monitorb 8 Moderate disability Upper moderate disability
3 Placement of an EVD, brain oxygen monitor,

temperature probe and microdialysis catheter
20 Moderate disability Lost to follow-up review

6 Placement of right Camino® bolt monitor, placement of
right brain oxygen monitor

15 Moderate disability Lost to follow-up review

5 Right hemicraniectomy, partial right frontal lobectomy,
placement of left frontal Camino® bolt monitor,
placement of left brain tissue oxygen monitor

30 Severe disability Lower moderate disability

10 Left hemicraniectomy, right EVD placement, placement
of right brain tissue oxygen monitor

15 Severe disability Upper moderate disability

11 Right hemicraniectomy, left EVD placement 33 Severe disability Upper moderate disability
13 Left hemicraniectomy, left EVD placement 26 Severe disability Lost to follow-up review
1 Placement of right EVD, placement of brain oxygen

monitor
18 Vegetative Upper moderate disability

7 Right hemicraniectomy, partial right frontal lobectomy,
left EVD placement

37 Vegetative Lost to follow-up review

4 Left hemicraniectomy for SDH, right EVD placement 5 Dead
8 Left hemicraniectomy for subdural hematoma, right

EVD placement, placement of right brain tissue oxygen
monitor

1 Dead

9 Left hemicraniectomy, partial left frontal lobectomy,
right EVD placement

3 Dead

12 Right hemicraniectomy, right EVD placement 2 Dead

aGOS, Glasgow Outcome Scale; EVD, external ventricular drain; SDH, subdural hematoma.
bCamino bolt monitor is manufactured by Integra LifeSciences Corp., Plainsboro, NJ.
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population was 96 minutes (median duration 90 min). The
difference between the mean durations of effect of hypertonic
saline (96 min) and mannitol (59 min) was profound and
statistically significant (P � 0.016). There were two patients
(Patients 4 and 9) who had transient reductions in ICP that
lasted less than 5 minutes; this very brief duration was
deemed �no effect.� Both of these patients subsequently died
from high ICP and consequent brainstem dysfunction. There
was a trend toward shorter duration of effect for hypertonic
saline in severely injured patients with a GCS score of less
than 9 when admitted (Patients 1, 4, 5, 9, 11, and 12) compared
with less severely injured patients.

Other Effects of Treatment

There were no complications associated with treatment
with hypertonic saline. The average serum sodium value was
140 mmol/L before the use of hypertonic saline and 145
mmol/L after treatment. The average serum sodium value
was 141 mmol/L before mannitol treatment, and there was a
slight increase to 142 mmol/L after treatment. The increase in
sodium after the administration of 23.4% saline was statisti-
cally significant, and the increase after mannitol treatment was
not (P � 0.001 and 0.174, respectively). The average serum

osmolarity before hypertonic saline administration was 312
mmol/kg within 6 hours of treatment and 310 mmol/kg
within 4 to 24 hours after treatment (data not shown). The
average blood urea nitrogen was 9 mmol/L both before and
after administration of hypertonic saline. The average serum
creatinine level was 0.8 mmol/L before hypertonic saline ad-
ministration and 0.7 mmol/L afterward; no patient experi-
enced acute renal failure as a result of hypertonic saline ad-
ministration. There was one patient with a serum creatinine
value of 1.4 before treatment with hypertonic saline that re-
mained unchanged after treatment. There were no episodes of
acute anemia or hypokalemia associated with 23.4% saline
administration, nor were there any episodes of convulsions,
congestive heart failure, or coagulopathy after the administra-
tion of hypertonic saline.

DISCUSSION

Much of the effort expended in the care of patients with TBI
is to reduce secondary injury. The two most important forms
of secondary injury that can be monitored, anticipated, and
treated in the intensive care unit are cerebral ischemia and
intracranial hypertension (26). As hypotension occurs in

TABLE 3. Effect of mannitol administration on intracranial pressure, mean arterial pressure, and serum sodium valuesa

Patient
no.

Mannitol dosage
in grams (g/kg)

ICP (mm Hg) peak/nadir
(% reduction)

Duration of
effect (min)

MAP (mm Hg)
before/after

Serum sodium
(mEq/L) before/after

1 50 (0.85) 45/16 (64%) 150 102/114 134/138
2 60 (1.02) 48/2 (96%) 15 100/92 127/137
3 100 (0.68) 28/11 (61%) 15 99/105 136/139
4 50 (0.85) 40/7 (83%) 225 88/104 149/150
5.1 50 (0.66) 25/10 (60%) 30 87/84 145/142
5.2 35 (0.46) 31/7 (77%) 75 101/97 149/150
5.3 35 (0.46) 43/7 (84%) 30 133/132 151/151
5.4 50 (0.66) 25/8 (68%) 45 111/114 156/151
5.5 35 (0.46) 38/11 (71%) 30 115/118 159/151
5.6 35 (0.46) 34/8 (76%) 45 105/90 157/156
6 100 (1.94) 38/11 (71%) 60 117/117 143/143
7 50 (0.68) 40/3 (93%) 90 111/114 143/142
8 100 (1.68) 54/48 (11%) No effect 110/106 136/141
9 50 (0.79) 68/65 (4%) No effect 94/103 145/144

10 100 (1.02) 31/10 (68%) 60 84/98 143/144
11 100 (1.13) 25/21 (16%) No effect 105/103 137/135
12 100 (1.12) 24/15 (38%) 105 86/87 144/144
13.1 100 (0.92) 22/12 (45%) 60 87/82 139/136
13.2 50 (0.46) 24/14 (42%) 150 99/104 134/139

Mean 75 (0.86) 38/18 (56%) 59 100/103 147/145
Median 75 (0.79) 39/11 (66%) 74 101/105 143/142
SD 24 (0.40) 13/19 22 11/9 6/5

aICP, intracranial pressure; MAP, mean arterial pressure; SD, standard deviation. There were 19 treatments with mannitol in the 13 patients. Repeat treatments were
given as indicated to the patients listed with decimal figures (e.g., 5.1, 5.2).
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roughly 30% of patients with severe TBI and has been shown
to increase mortality rates (6, 37), proper resuscitation and
avoiding hypotension are extremely important measures. The
association between intracranial hypertension and poor out-
come after head injury has also been well documented (4, 11,
13, 17, 21). In a recent study, an ICP �20 mm Hg was a strong
predictor of relative risk for neurological deterioration and an
eventually poor outcome (13). Thus, increased ICP can exac-
erbate the initial injury sustained in TBI and lead to grave
disability or death.

There is substantial evidence that hypertonic saline at lower
concentrations has desirable effects on patients’ hemodynam-
ics. The rapid infusion of a small volume of hypertonic solu-
tion was originally designed for the prehospital treatment of
hemorrhagic shock (3, 8, 16, 18, 22, 35). The rapid infusion of
hypertonic solution leads to an osmotic gradient that draws
water into the intravascular compartment with a rapid mobi-
lization of parenchymal fluid (22, 35). This fluid shift results in
hemodilution, endothelial shrinkage, and improved microvas-
cular flow (19, 20). Additionally, resuscitation with a small-

volume hypertonic solution has been shown to increase car-
diac output (3, 8, 18). The improved cardiac output and
reduced microcirculatory resistance combine to improve
blood flow through capillary beds and thus lead to metabolic
improvement. Because higher cardiac output is likely to pro-
tect against hypotension while patients are undergoing fluid
resuscitation, the effects of hypertonic saline may be desirable
for many patients after TBI.

Hypertonic saline administration has been shown to de-
crease ICP in a number of animal models (1, 28, 29, 40). Thus,
one might expect hypertonic saline to work well in the hospi-
tal setting by both reducing intracranial pressure and improv-
ing blood flow to the rich capillary beds within the brain
parenchyma. One randomized controlled clinical trial of 1.6%
hypertonic saline versus lactated Ringer’s solution adminis-
tration during fluid resuscitation in patients with TBI showed
no significant difference in ICP (30); however, methodological
issues make this finding difficult to interpret. For instance, the
patients’ GCS score when admitted was lower, the grade of
head injury determined by CT scanning was higher, and the

TABLE 4. Effect of 23.4% saline administration on intracranial pressure, mean arterial pressure, and serum sodium valuesa

Patient
no.

ICP (mmHg)
peak/nadir

(% reduction)

Duration of
effect (min)

MAP (mmHg)
before/after

Serum sodium
(mEq/L) before/after

1 24/15 (38%) 90 125/122 137/140
2 35/6 (83%) 240 89/94 127/137
3 26/15 (42%) 180 122/96 139/144
4.1 38/6 (84%) 120 106/50 150/152
4.2 63/55 (13%) No effect 78/83 152/NA
5.1 30/11 (63%) 60 87/90 128/143
5.2 33/7 (79%) 60 98/105 150/154
5.3 37/7 (81%) 120 121/112 151/156
5.4 27/7 (74%) 180 104/112 151/154
5.5 28/7 (75%) 180 118/116 151/157
5.6 37/10 (75%) 60 123/118 150/158
6.1 32/6 (81%) 60 121/92 139/144
6.2 33/4 (88%) 240 123/116 141/146
7 26/13 (50%) 90 96/113 137/140
8 56/37 (34%) 5 106/117 141/156
9 88/66 (25%) No effect 103/121 144/150

10.1 20/10 (50%) 60 109/94 138/143
10.2 21/19 (10%) 15 128/133 143/146
11 29/22 (24%) 15 NA/NA 135/140
12 22/18 (18%) 60 85/86 144/149
13.1 21/16 (24%) 180 93/107 140/135
13.2 24/14 (42%) 240 104/122 134/139

Mean 36/20 (44%) 96 105/105 140/145
Median 29/15 (38%) 90 105/111 140/145
SD 19/16 76 13.9/16.7 5.9/6.4

aICP, intracranial pressure; MAP, mean arterial pressure; N/A, not available; SD, standard deviation. There were 22 treatments with 23.4% saline solution in the 13
patients. Repeat treatments were given as indicated to the patients listed with decimals (e.g., 4.1, 4.2).
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mean and maximal ICP values were significantly higher for
the group receiving hypertonic saline at the time they entered
the study. Moreover, Cooper et al. (7) showed in a double-
blind, randomized, controlled trial of 229 patients with TBI
who were comatose and hypotensive that, in patients treated
with prehospital fluid resuscitation using 250 ml of 7.5% sa-
line, there was a trend toward decreased ICPs at admission
compared with patients treated with 250 ml lactated Ringer’s
solutions (10 versus 15 mm Hg, P � 0.08). However, the GOS
scores, Functional Independence Measure, and rates of pa-
tients returning to work were not statistically different be-
tween the two treatment groups. In contrast, a prospective
randomized study by Vialet et al. (36) showed that a 7.5%
hypertonic saline solution given as a 2 ml/kg bolus was more
effective in treating intracranial hypertension than was 20%
mannitol given as a 2 ml/kg bolus to posttraumatic head-
injured patients with intracranial hypertension that was re-
fractory to sedation, cerebrospinal fluid drainage, and hyper-
ventilation. This study and others (10, 39) suggest that
hypertonic saline administration may be useful in the treat-
ment of intracranial hypertension.

We describe the use of 23.4% hypertonic saline solution in
the treatment of increased ICP in a small group of patients
who sustained TBI. Considering the promising results shown
with lower concentrations of hypertonic saline, we anticipated
that this group would have some reduction in ICP. We limited
use of this solution to patients with uncontrolled ICP and
required that a physician from the SFGH Neurosurgery team

administer the treatment because of the potential risks. The
potential risks that have been established experimentally for
hypertonic saline administration include hypernatremia, hy-
perosmolarity, renal failure, convulsions, coma, central pon-
tine myelinolysis, congestive heart failure, hypokalemia, he-
molysis, and problems with coagulation (27, 38). The patients
in this study had none of these complications. We found that
23.4% saline could be administered safely while producing a
marked reduction in ICP in the patients treated. In most of
those patients, the decrease in ICP was sustained for well over
an hour. The mean duration of effect of hypertonic saline (96
min) was significantly greater than that of mannitol (59 min).

It is widely believed that the mechanism of action of both
hypertonic saline and mannitol in reducing ICP is their hy-
perosmolar properties. In this study, 240 mOsm of 23.4%
saline solution (30 ml of an 8008-mOsm/L solution) was in-
fused over 2 minutes; for mannitol, an average of 497 mOsm
(75 g mannitol or 375 ml of 20% mannitol at 1372 mOsm/L)
was infused over 30 to 45 minutes. The number of osmoles of
hypertonic saline administered was less than that of mannitol
in this study. The profound effects of 23.4% saline in rapidly
reducing ICP can likely be attributed to its rapid infusion.
Another interesting finding in this study was the duration of
the effect of 23.4% saline treatment. Increases in serum sodium
can lead to better control of ICP in patients with intracranial
hypertension (15, 24, 25, 31). Therefore, it is arguable that the
increase in serum sodium in this population may have con-
tributed to better ICP control after the treatment with hyper-
tonic saline. If the increase in serum sodium was the major
mechanism acting to reduce ICP, we would have expected
more profound changes in ICP in patients with lower sodium
levels before treatment with hypertonic saline and smaller
changes in patients with higher serum sodium levels before
treatment. However, we observed substantial ICP reductions
in six of the seven (86%) patients after hypertonic saline treat-
ment who had serum sodium levels of more than 150 mmol/L
before treatment. Together, these finding suggest that there
may be multiple mechanisms that contribute to the sustained
decrease in ICP seen after treatment with 23.4% saline.

In addition, there was an intriguing trend toward shorter
duration of effect for hypertonic saline in severely injured
patients with a GCS score under 9 at admission (Patients 1, 4,
5, 9, 11, and 12) compared with less severely injured patients.
This effect may be related to the severity of injury or to
changes in intracranial compliance in this patient population.
The explanation for this trend is not clear. This study does not
have the power to address this issue, and we suggest a larger
trial designed with the statistical power to detect such strati-
fication in effect.

Because of the small number of subjects and treatments in this
study, only a few conclusions can be made. There was a pro-
found reduction of ICP in most of the patients with intracranial
hypertension treated with hypertonic saline or with mannitol.
Because there are some similarities between the mechanisms of
action of these two agents, it is likely either intervention would
be effective that for many patients with increased ICP. There are

TABLE 5. Mean values before and after treatment with 23.4%
saline compared with mannitola

Before-treatment comparisons P value

ICP peak before treatment (23.4% saline versus
mannitol)

0.443

MAP before treatment (23.4% saline versus
mannitol)

0.307

Serum sodium values (23.4% saline versus
mannitol)

0.599

After-treatment comparisons
ICP peak versus nadir (23.4% saline) �0.001
ICP peak versus nadir (mannitol) �0.001
Change in ICP (after 23.4% saline versus after
mannitol)

0.174

MAP (before 23.4% saline versus after 23.4%
saline)

0.923

MAP (before mannitol versus after mannitol) 0.128
Serum sodium (before 23.4% saline versus after
23.4% saline)

�0.001

Serum sodium values ( before mannitol versus
after mannitol)

0.174

Duration of effect (23.4% saline versus
mannitol)

0.016

aICP, intracranial pressure; MAP, mean arterial pressure.

HYPERTONIC SALINE IN TRAUMATIC BRAIN INJURY

NEUROSURGERY VOLUME 57 | NUMBER 4 | OCTOBER 2005 | 733



theoretical differences, however, that may make hypertonic sa-
line a more favorable treatment under some circumstances. For
patients undergoing fluid resuscitation, we would expect that the
hemodynamic effects of hypertonic saline would act to reduce
ICP while supporting blood pressure. Thus, hypertonic saline
may be a better choice when intravascular fluid expansion is
desired. Although we found no significant difference in patients’
mean arterial pressures after the administration of either 23.4%
saline or mannitol, these selected patients had high therapeutic
intensities, and closer evaluation of fluid status would be re-
quired to see these changes.

In some patients who sustain TBI, 23.4% saline is both safe
and effective in the treatment of intracranial hypertension.
Based on the results of this preliminary study, we suggest that
a large prospective randomized controlled trial be performed
to document the effect of hypertonic saline at different con-
centrations in the treatment of intracranial hypertension in
patients who sustain TBI. Only from a larger trial can we
determine how to use this promising intervention treatment
most effectively.
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COMMENTS

The use of hypertonic saline instead or in addition to mannitol has
been a topic that has enjoyed continuous but low-profile interest in

the critical care and emergency medicine communities for many years.
More recently, this level of interest has begun to increase, making this
paper by Dr. Ware and colleagues very timely. As the authors em-
phasize, this is a small, retrospective study. Nevertheless, investiga-
tions of this type add to our knowledge about the efficacy and use of
hypertonic saline in critically ill patients. Further studies are needed to
help us fine-tune our understanding about the limitations of this
treatment (e.g., levels of serum sodium and osmolality above which
this treatment should not be used, or the extent of renal dysfunction
that might preclude the use of this treatment). Once such information
is determined, a prospective study, such as that proposed by the
authors, could be undertaken to clarify the benefits and limitations of
this treatment.

Alex B. Valadka
Houston, Texas

The use of hypertonic saline for resuscitation of trauma patients and
treatment of elevated intracranial pressure (ICP) is increasingly

common in many hospitals throughout the country. This trend raises
some concern, however, because there have been very few clinical
trials of this therapy, and those that have been completed do not
appear to show efficacy. The study by Dr. Ware et al., therefore, is
timely and adds to our understanding of the risks of using the most
potent of the available hypertonic saline solutions. The study also
provides insight into how ICP reduction following hypertonic saline
treatment, both in terms of degree and duration, compares with that
of mannitol. Unfortunately, the impact of hypertonic saline treatment
on outcomes cannot be determined in this study because of the small
number of patients, range of admission Glasgow Coma Scale (GCS)
scores (3–15), high proportion of patients lost to follow-up at 6
months, and large number (9/13) that also had decompressive crani-
ectomies. As mentioned by the authors, the combination of mannitol
and hypertonic saline treatment also confounds outcome analysis, as

does the retrospective nature of the study. Indeed, the outcomes seem
alarmingly poor: at discharge 77 had a poor outcome (Glasgow Out-
come Scale 1-3), and 31% died, yet the mean admission GCS score was
7.7, only 46% had a GCS of less than 7, and 46% had a GCS of 9 or
higher. Perhaps the most intriguing finding is the greater impact of
hypertonic saline on ICP for those with a higher GCS compared with
those with more severe injuries. This observation provides an impor-
tant clue as to the mechanism of action of hypertonic saline. As
pointed out in the discussion section of the paper, it is not entirely
consistent with the popular theory that hypertonic saline causes a
reduction of cerebral edema primarily by creating a favorable trans-
endothelial osmotic gradient.

Donald W. Marion
Boston, Massachusetts

Dr. Ware et al. show in a study of 13 head-injured patients with
refractory intracranial hypertension that a 30 ml bolus of 23.4%

hypertonic saline resulted on average in a 44% reduction in ICP and
had a longer mean duration of effect (96 min versus 59 min) than
mannitol. On average, serum sodium increased by 5 mEq/L. No
complications were reported with the use of this therapy.

This small retrospective study suggests this very concentrated form
of hypertonic saline is as effective as mannitol and apparently safe in
transiently reducing ICP in severely head-injured patients with refrac-
tory intracranial hypertension. As the authors acknowledge, this re-
port is far from definitive and raises many questions about the ulti-
mate utility of hypertonic saline for ICP control. For example, can
hypertonic saline be used as first-line therapy for controlling intracra-
nial hypertension instead of mannitol? Can hypertonic saline and
mannitol be used concurrently? In which subgroups of traumatic
brain injury patients will this therapy be most effective? Is there an
upper limit of serum sodium at which hypertonic saline should not be
used? And finally, can hypertonic saline be used as an alternative
means for maintaining adequate blood pressure in lieu of more con-
ventional therapies such as colloid administration or vasopressors?
Hopefully, additional prospective studies addressing some of these
issues will be forthcoming.

Daniel Kelly
Los Angeles, California

In many intensive care units throughout the world, hypertonic saline is
being used with increasing frequency for the treatment of raised ICP in

patients with traumatic brain injury. To my knowledge, this is the first
report describing the use of 23.4% hypertonic saline for this indication. In
this relatively small, selected, retrospective study no adverse events were
reported and the duration of effect of 23.4% hypertonic saline appears to
be longer than that of mannitol. It should, however, be recognized that in
this study hypertonic saline only was administered to patients in whom
mannitol did not reduce ICP below 20 mmHg for more than 60 minutes
so that an additive effect of hypertonic saline over a prior administration
of mannitol was investigated.

I feel a word of caution is appropriate when the use of high
concentration hypertonic saline is contemplated. It should be recog-
nized that this study only reports on single-dose administrations in
the majority of patients and no extrapolations can be made towards
safety and efficacy of repeated bolus administrations.

My concern would be that repeated bolus administrations, espe-
cially when possibly combined with the administration of mannitol,
may lead to an unacceptably high incidence of hypernatremia and
hyperosmolarity. Further studies are required to determine the rela-
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tive benefits and risks of the use of high concentration hypertonic
saline versus mannitol, especially concerning the dual treatment of
mannitol with hypertonic saline. Frequent monitoring of serum so-
dium and osmolarity should be considered mandatory.

Andrew I.R. Maas
Rotterdam, Germany

Dr. Ware et al. provide a small study which further intensifies interest
in using hypertonic saline for the treatment of intracranial hyper-

tension. Perhaps, the most important observation is that now is the time
to seriously consider a randomized, control trial, but how such a trial
should be conducted is quite an interesting question. First, one must
settle on the dose of hypertonic saline. Second, we must agree on what

should be the upper level of serum sodium. Third, and perhaps most
important, long can the compound be used safely.

Unfortunately, as the authors point out in their reference section and to
some extent in their discussion, the use of this agent has been variable and
we really do not have tremendously good guidance with regard to trial
design. That probably will require some type of consensus meeting so that
we can have a better idea as to how we should proceed. Nevertheless, this
small but well-done retrospective review certainly suggests that hypertonic
saline in the dose used is effective, particularly when mannitol seems to lose
its effectiveness, and this observation is important.

Lawrence F. Marshall
San Diego, California
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