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Abstract

Background Cerebral edema and raised intracranial
pressure are common problems in neurological intensive
care. Osmotherapy, typically using mannitol or hypertonic
saline (HTS), has become one of the first-line interven-
tions. However, the literature on the use of these agents is
heterogeneous and lacking in class I studies. The authors
hypothesized that clinical practice would reflect this het-
erogeneity with respect to choice of agent, dosing strategy,
and methods for monitoring therapy.

Methods An on-line survey was administered by e-mail
to members of the Neurocritical Care Society. Multiple-
choice questions regarding use of mannitol and HTS were
employed to gain insight into clinician practices.

Results A total of 295 responses were received, 79.7% of
which were from physicians. The majority (89.9%) repor-
ted using osmotherapy as needed for intracranial hyper-
tension, though a minority reported initiating treatment
prophylactically. Practitioners were fairly evenly split
between those who preferred HTS (54.9%) and those who
preferred mannitol (45.1%), with some respondents
reserving HTS for patients with refractory intracranial
hypertension. Respondents who preferred HTS were more
likely to endorse prophylactic administration. Preferred
dosing regimens for both agents varied considerably, as did
monitoring parameters.
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Conclusions Treatment of cerebral edema using osmoti-
cally active substances varies considerably between
practitioners. This variation could hamper efforts to design
and implement multicenter trials in neurocritical care.

Keywords Osmotherapy - Cerebral edema -
Intracranial pressure - Intracranial hypertension -
Traumatic brain injury - Hypertonic saline - Mannitol -
Survey - Neurocritical care

Introduction

Cerebral edema is a pervasive problem in neurocritical
care. It is an inevitable consequence of acute brain injury,
including ischemic stroke, intracranial hemorrhage (ICH),
traumatic brain injury (TBI), subarachnoid hemorrhage
(SAH), CNS infections, and intracranial neoplasms. It is
widely recognized as one of the underlying causes of
secondary brain injury contributing to poor patient out-
come in many of these disease states. Unchecked brain
edema has potentially devastating consequences, including
intracranial hypertension, cerebral ischemia, herniation,
and eventual progression to death. Consequently, early
recognition and treatment are critical.

Use of osmotically active substances is the mainstay of
therapy for cerebral edema, with or without associated
intracranial hypertension [1]. Mannitol and hypertonic
saline have gained widespread acceptance; however, little
clinical data inform their use. Current practice guidelines
for ICH, ischemic stroke, and TBI acknowledge that
osmotically active substances may play a useful role, but
have been unable to provide detailed recommendations
regarding clinical applications secondary to a lack of high
quality clinical trials [2—4].
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Fig. 1 Distribution of
Physician Specialties among
Survey Respondents

In the absence of applicable large-scale randomized
controlled trials, we hypothesized that the indications for
osmotherapy, choice of agent, dosing regimen, and method
for monitoring therapy would vary considerably between
practitioners and institutions. If true, this heterogeneity
could significantly undermine efforts to design multicenter
trials in the neurocritical care community. Consequently,
we designed a survey in an effort to better understand the
practice patterns governing the use of these agents in the
neurocritical care community. The authors also sought to
explore the impact of physician training on use of osmot-
ically active substances.

Materials and Methods
Survey Development and Administration

After obtaining approval from the Institutional Review
Board, an on-line survey consisting of 20 multiple-choice
questions was generated using a commercial service. The
survey was developed by an interdisciplinary team of
neurocritical care clinicians, all of whom had considerable
experience managing patients with cerebral edema and
intracranial hypertension. The survey addressed demo-
graphics, indications for the use of osmotherapy, choice of
agent, dosing strategy, and criteria for discontinuation of
therapy. Several items permitted multiple responses, and
some provided the opportunity for open-ended responses.
The survey was approved for distribution by the Neuro-
critical Care Society Board of Directors, and the members

If you are a physician, what is your primary
specialty?

B Neurology (n = 119,50.2%)

M Neurosurgery (n = 21, 8.9%)

B Anesthesiology (n = 23, 9.7%)

B Emergency Medicine (n =4, 1.7%)
W Internal Medicine (n = 32, 13.5%)
mSurgery(n=5, 2.1%)

% Other (n = 23, 13.9%)

of the Society were invited to participate by e-mail.
Responses were anonymous. The initial invitation was
distributed on January 12, 2009, with a second request
issued to the same recipients approximately 6 weeks later.

Data Analysis

Response rates were calculated as a percentage of those
who responded to a given question, as opposed to a per-
centage of all survey respondents. Certain questions were
directed at a designated subset of survey takers; i.e., phy-
sicians; consequently, the number of respondents varied
between items. In some cases, more than one response was
permitted; in those instances, the survey responses will
exceed 100%.

Results
Demographics

Members of the Neurocritical Care Society were sent
invitations to participate in this survey via e-mail in Jan-
uary, 2009. A total of 295 responses were received, 279
(94.6%) of which were complete. The majority of
respondents (79.7%) were physicians; physician assistants,
and nurse practitioners comprised 8.8% of the sample,
followed by clinical pharmacists (7.5%), and registered
nurses (4.1%). Among physicians, 58.3% listed neurology
as their primary specialty (see Fig. 1), and 59.6% reported
fellowship training in neurocritical care.

@ Springer



224

Neurocrit Care (2011) 14:222-228

Indications for Osmotherapy

Clinicians reported using osmotherapy in a wide range
of disease states, including TBI (89.1%), SAH (67.3%),
ICH (68.3%), and ischemic stroke (62.7%). The majority
of survey respondents reported using osmotherapy on an
as-needed basis, either for intracranial hypertension
(89.9%) or for cerebral edema as noted on imaging studies
(58.7%). A similar proportion employed osmotically active
substances empirically for patients with declining exams
(54.9%). Only a small minority reported using osmother-
apy prophylactically, either for edema (17.8%) or for
intracranial hypertension (16.8%). Clinicians who indi-
cated a preference for HTS were more likely to endorse
prophylactic osmotherapy (49.4 vs. 16.4% of those who
prefer mannitol). Responses were consistent across disci-
plines and physician specialties.

Choice of Agent

A slight majority of survey respondents favored the use of
HTS (54.9%) over mannitol (45.1%). Among those that
preferred HTS (Table 1), the most commonly cited reasons
were less rebound edema (43.8%), duration of benefit
(42.6%), and lack of systemic side effects (39.4%). Several
clinicians (15.6% of those who responded to this item)
commented that they chose HTS in patients who would be
expected to benefit from volume expansion as opposed to
osmotic diuresis. Of those who preferred mannitol
(Table 2), 35.0% attributed their preference to greater
experience; the next most commonly stated reason was the
lack of need for central access (17.1%). A subset of those
who employ mannitol noted that their institutions either

Table 1 Reasons given for preferring hypertonic saline over
mannitol

If you prefer hypertonic saline, please indicate why. (Please select all
that apply.)

Answer options Response Response
percent count
I do not prefer hypertonic saline 31.3 78
Rheological effects 22.9 57
Immunomodulation 10.4 26
Fewer systemic side effects 394 98
More prolonged benefit 42.6 106
Less rebound edema 43.8 109
Easier to titrate 353 88
Less renal failure 31.3 78
Other (please specify) 36
Answered question 249
Skipped question 46

@ Springer

Table 2 Reasons given for preferring mannitol over hypertonic
saline

If you prefer mannitol, please indicate why (Please select all that
apply)

Answer options Response Response
percent count

I do not prefer mannitol 57.8 152

Less pulmonary edema/CHF 5.7 15

More experience 35.0 92

More effective 8.4 22

Less rebound edema 2.3

No risk of hemolysis 3.0 8

Does not require central access 17.1 45

Other (please specify) 26

Answered question 263

Skipped question 32

had not yet approved, or did not carry hypertonic saline.
Others described using mannitol preferentially for acute
decompensation, and reserving HTS for patients with per-
sistent intracranial hypertension. A greater proportion of
neurosurgeons (61.9%) than neurologists (44.9%) reported
a preference for mannitol, but this difference was not sta-
tistically significant.

Mannitol: Use in Clinical Practice

Ninety-five percent (95.4%) of survey participants use
mannitol in their clinical practice. The majority reported
using bolus doses delivered for the treatment of elevated
intracranial pressure or decline in exam (83.0%). Twenty-
eight percent reported using scheduled dosing for patients
without intracranial pressure (ICP) monitors, and 1.8%
reported using continuous infusions. Eighty percent
(80.2%) of respondents routinely monitor serum osmolality
in patients receiving mannitol, 31.3% track serum sodium
levels, and only 22.5% report monitoring the osmolal gap.
Interestingly, a higher proportion of neurosurgeons than
neurologists reported following sodium levels (57.1 vs.
24.4%). Twenty-two clinicians reported relying on the
clinical exam and/or ICP alone, and one neurologist
described following the ratio of blood urea nitrogen to
serum creatinine for evidence of intravascular volume
depletion. For those that do routinely monitor serum
osmolality, 320 mOsms was the cutoff chosen by the
majority of respondents (57.8%); a minority (19.6%)
selected a cutoff of 340 mOsms. Physicians with training in
neurocritical care were somewhat less likely to monitor
serum osmolality than those without (66.4 vs. 75.3%), but
the target values did not differ between groups. More than
half of study participants (58.8%) also reported following
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serum sodium levels as a means to guide therapy, though a
wide range of target values were reported. Most responses
(69.2%, or 39.4% of all respondents) fell within the
150-160 range, with some clinicians commenting that they
will tolerate higher values if alternative interventions have
been exhausted.

Hypertonic Saline: Use in Clinical Practice

Eighty-nine percent of sampled clinicians reported using
HTS for management of cerebral edema or ICH. Patterns of
administration varied considerably. Approximately, a third
of respondents (79, or 28.1%) reported using continuous
infusion exclusively; an additional quarter (74, or 26.6%)
exclusively used bolus doses for intracranial hypertension;
and several others (53, or 18.9%) reported using both
strategies. A minority (43, or 15.3%) reported using
scheduled bolus doses, with or without ICP monitoring.
Among those who employ continuous infusions, 65.9%
prefer 3% normal saline; however, clinicians reported
using a variety of formulations ranging from 1.5% to
14.6%. A subset of practitioners (91, or 33.2%) reported
adding sodium acetate to their infusions in order to prevent
or treat hyperchloremic metabolic acidosis. This practice
was significantly more widespread among fellowship-
trained neurointensivists, with 50.0% versus 28.6% report-
ing some acetate use (P = 0.03). In the open-ended
response section, 3 clinicians (1.1%) indicated that they use
sodium bicarbonate for this purpose. Virtually all clinicians
who reported using HTS also reported monitoring serum
sodium levels; 30.1% also follow serum osmolality. Once
again, most respondents titrated to a sodium level between
150 and 160 (67.0%), with 10.2% being willing to tolerate
sodium levels as high as 165. Several practitioners com-
mented that the target sodium level varies according to the
clinical situation, with two noting that the rate of change is
an important factor. Of those who took serum osmolality
into account, 64 out of 104 (61.2%) selected 320 mOsms as
the most appropriate cutoff.

Discontinuation of Osmotherapy

Respondents cited a number of criteria for use in deter-
mining when to discontinue osmotherapy. The majority
(87.7%) reported that normalization of intracranial pressure
was a necessary precondition. Sixty-one respondents
(22.0%) listed intracranial pressure as the only consider-
ation, 154 clinicians (55.6%) also reported taking the
patient’s clinical exam into account. Radiographic findings
were considered important by 99 respondents (35.7%),
though no one listed radiographic improvement as the sole
criteria for discontinuation of therapy. Seventy-three indi-
viduals (26.4%) felt that the time course of the patient’s

disease process was an important consideration, with 29
(10.4%) listing clinical considerations as the only relevant
factors in the decision to withdraw osmotherapy. Two
respondents reported that measures of cerebral perfusion
and vasomotor reactivity factored into their decisions as
well.

Discussion

Prevention of secondary brain injury is one of the primary
goals of the clinician; efforts to do so often center on the
management of cerebral edema and intracranial hyperten-
sion. Mannitol has been used for this purpose since the
1960s [5, 6]. In addition to establishing an osmotic gradient
across the blood—brain barrier, experimental data indicate
that mannitol has rheological effects that contribute to ICP
reduction and can affect cerebral blood flow (CBF) both
regionally and at the level of the microcirculation [6-10].
In the presence of preserved cerebral autoregulation,
mannitol infusion induces transient vasoconstriction. This
has been explained alternately as a response to increased
cerebral perfusion pressure (CPP) resulting from volume
expansion, or as a response to increased CBF resulting
from decreased blood viscosity [10, 11]. Studies evaluating
the clinical effect of mannitol on blood flow and oxygen-
ation have been inconsistent. Mannitol has been shown to
transiently increase CBF in several small studies of patients
with a variety of diagnoses, [7-9] but this finding could not
be confirmed in a group of patients with ICH [12]. Simi-
larly, data regarding the effect of mannitol on cerebral
oxygenation in TBI have been conflicting [13—16]. There is
also experimental evidence that mannitol functions as a
free-radical scavenger and inhibits programmed cell death,
leading to speculation that it may have neuroprotective
effects [10, 17, 18].

Hypertonic saline solution was found to reduce the
volume of brain tissue in experimental models almost a
century ago, but interest in the use of HTS solutions for
brain injured patients lagged until the 1980s and 1990s [1].
At that time, reports emerged that HTS resuscitation may
convey a survival benefit in hemorrhagic shock patients
with coexisting TBI[19]; however, this could not be con-
firmed in a later trial [20]. Hypertonic saline has been
proven effective in reducing ICP in a number of clinical
scenarios, including those in which intracranial hyperten-
sion had proven refractory to mannitol [21-24]. Unlike
mannitol, it is a very effective volume expander, and has
been shown to improve cardiac output, systemic tissue
perfusion, and mean arterial pressure in trauma patients
[1, 25, 26]. It has proven to be effective in increasing CBF
in patients with poor-grade subarachnoid hemorrhage,
regardless of the intracranial pressure. It has rheological
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Table 3 Comparison of mannitol and hypertonic saline

Hypertonic saline

Mannitol
Indications Intracranial hypertension secondary to cerebral edema
Dosing 0.25-1.5 g/kg boluses as needed or at fixed intervals
(e.g., q6 h)
Targets Intracranial pressure, radiographic midline shift, clinical exam

Monitoring 1. Follow osmolar gap (goal <20 before the next dose)
. Achieve hypernatremia (without systemic hypovolemia)

2
3. BUN/Creatinine
1

Advantages
osmotic diuresis

2. No need for central venous access

Disadvantages 1.
compromise of MAP/CPP

2. Impaired clearance can lead to nephrotoxicity

. Rapid effect in reducing ICP even before the onset of

Could lead to reduction of intravascular volume and

Intracranial hypertension secondary to cerebral edema

Different concentrations available as boluses or infusion
(2, 3, 7.5, and 23.4%)

Intracranial pressure, radiographic midline shift, clinical exam

Pre-specified Na ranges (e.g., 140-150 or 150-160). Avoid
exceeding 160 mEq/1

—

. 23.4% 30 cc bolus has an immediate effect in ICP reduction

2. HTS permeability coefficient 1 vs. 0.9 for Mannitol (intact
BBB)

. Volume expander
. Positive inotropy

. Mixed immunomodulatory results

—_— A~ W

. Hypervolemia and Pulmonary edema

2. Hyperchloremic metabolic acidosis (consider 50:50 solutions
with Na-Acetate)

3. Accumulation into injured brain via disrupted blood-brain 3. Accumulation into injured brain via disrupted blood-brain

barrier and rebound edema

barrier and rebound edema
4. Hyperoncotic hemolysis

5. Requires central venous access (peripheral administration
may lead to vein sclerosis)

6. Bolus administration (esp. 23.4%) can lead to transient
hypotension

7. Mixed immunomodulatory results

effects similar to those observed with mannitol [27], and
additionally has immunomodulatory effects which have
been demonstrated both in trauma and in sepsis (see
Table 3) [28, 29].

Though both agents are relatively safe in clinical prac-
tice, a variety of complications have been described.
Hypertonic saline is known to cause venous sclerosis [30],
and concentrations above 2% are best administered via
central venous catheter. Other reported adverse effects
have included acute kidney injury, coagulopathy, exacer-
bation of congestive heart failure, hypokalemia, and
seizure [25, 31]. Central pontine myelinolysis is a potential
risk, though it has never been reported in patients receiving
HTS for treatment of cerebral edema. Recognition of the
effect of HTS on neutrophil function led to speculation that
administration may increase susceptibility to infection, but
a recent observational study failed to substantiate this
concern [32]. The most common side effects observed with
mannitol administration are hypovolemia, hyperkalemia,
pulmonary edema, and renal insufficiency [1, 10]. Both
agents produce hypernatremia, which has been associated
with increased mortality and renal failure in critically ill
patients with and without neurological disease [33]. To
some extent, these findings may be confounded by disease
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severity; however, the upper limit of mannitol/HTS dose
remains to be defined. Perhaps the most significant ques-
tion surrounding the use of osmotically active agents is the
possibility of rebound cerebral edema. Prolonged exposure
to a hypertonic environment leads to increases in intra-
cellular concentrations of electrolytes and organic osmoles
in neuronal tissue [10]. Subsequent administration of rel-
atively hypo-osmolal fluids can result in influx of water
into the intracellular space, potentially increasing cerebral
edema and intracranial pressure. Furthermore, the reduc-
tion in brain water content resulting from use of
osmotherapy is dependent upon the integrity of the blood—
brain barrier. In regions where the barrier has been dis-
rupted, osmotically active agents can diffuse into the brain
parenchyma. Mannitol accumulation within edematous
brain tissue has been demonstrated in patients with primary
brain tumors [34, 35], and in at least one patient with an
ischemic stroke [36], though the clinical relevance of this
phenomenon remains uncertain. Though tissue accumula-
tion of sodium chloride has not been demonstrated,
clinically significant rebound edema has been described in
ICH patients after treatment with infusions of HTS [37].
We have reported a preference of practitioners for HTS
over mannitol. We believe the above comparative discussion
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of pros and cons highlights the main reasons employed by
the surveyed practitioners. Namely, these are: a decreased
likelihood for rebound cerebral edema, longer duration of
clinical benefit, safer systemic side-effect profile, and vol-
ume expansion. Despite decades of experience, clinical trials
pertaining to the use of these agents are few in number. A
recent review revealed only nine clinical trials of HTS
solutions in neurosurgical practice; the majority of these
included fewer than 30 patients [21]. Some trials described
the use of continuous infusions, whereas others employed
bolus doses in response to elevated intracranial pressure.
Clinical practice among neurointensivists, as reflected in our
survey, follows the same pattern with a third of clinicians
using continuous infusion to establish and maintain a pre-
specified sodium level, a third using bolus, as needed, doses
and another third combining the two strategies. This survey
does not provide insight into the underlying rationale for
these choices. We speculate that in the absence of scientific
evidence practitioners follow local patterns of experience.

The doses described in the literature vary widely, with
relatively few studies relying on weight-based dosing. The
literature on the use of mannitol displays similar variabil-
ity, with bolus doses ranging from 0.5 g/kg to 1.4 g/kg, and
continuous infusions reported in a minority of studies [24,
38-43]. Only three direct comparisons have been reported,
all of which were limited by small sample sizes [7, 24, 39].
Vialet et al. randomized trauma patients with refractory
intracranial hypertension to 2 ml/kg of either 7.5% HTS
(2400 mOsm/kg/H,0) or 20% mannitol (1160 mOsm/kg/
H,0) over a period of several days and found that patients
receiving HTS required fewer interventions for elevated
ICP [24]. Two small trials have evaluated equimolar doses
of HTS and 20% mannitol, and found equal efficacy in
reducing ICP [7] and producing intraoperative brain
relaxation [39]. However, no trial to date has compared
mannitol and HTS with respect to patient outcome.

We inquired on the monitoring targets used by practi-
tioners during osmotherapy. According to our results, HTS
therapy is guided heavily by sodium levels and to a lesser
extent by serum osmolality. The reverse applies to the use
of mannitol. For either agent the numbers indicated by our
responders are Na levels of 150-160 mEq/l and a serum
osmolality <320 mOsm/I1. Evidence for these target ranges
is sparse. Aiyagari et al. have reported an independent
association between Na exceeding 160 and mortality [33].
Regarding mannitol use, and as suggested by Diringer and
Zazulia, we often exceed the 320 threshold. Monitoring the
osmolar gap as an index of renal mannitol clearance to
avoid nephrotoxicity has been suggested, but only 1 out of
5 practitioners in our sample report doing so routinely [10].

To our knowledge, this is the first attempt to characterize
the clinical application of osmotherapy within the neuro-
critical care community. Our results confirm that clinician

practice differs widely with respect to the use of osmother-
apy, as would be expected given the absence of high quality
clinical trials. This study has several limitations, the most
obvious of which is that the study population does not
accurately represent the range of practitioners who may find
themselves managing patients with cerebral edema. By tar-
geting members of the Neurocritical Care Society, we
selected a population of individuals with demonstrated
interest and expertise in this patient population. We hope that
besides the mere recording of practice and despite the sig-
nificant variability, our data may serve as an osmotherapy
guide for practitioners beyond specialized neurointensivists.
It is likely that our results underestimate the degree of het-
erogeneity which exists in the community at large. The need
for large, randomized trials in neurocritical care is widely
recognized; however, lack of consensus among experts
regarding treatment of cerebral edema has the potential to
undermine these efforts.

Conclusions

The use of mannitol and HTS in neurocritical care patients
varies considerably. Due to the different mechanisms of
action and side-effect profiles of these agents, it is rea-
sonable to hypothesize that these practice variations could
impact patient outcomes. As a consequence, the lack of
consensus could undermine efforts to conduct multicenter,
randomized trials in neuroscience intensive care units. A
large-scale randomized trial of mannitol versus HTS will
be necessary to resolve these inconsistencies.
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