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Hypertonic Saline is Superior to Mannitol for the
Combined Effect on Intracranial Pressure and
Cerebral Perfusion Pressure Burdens in Patients
With Severe Traumatic Brain Injury

BACKGROUND: Hypertonic saline (HTS) and mannitol are effective in reducing intracranial
pressure (ICP) after severe traumatic brain injury (TBI). However, their simultaneous effect
on the cerebral perfusion pressure (CPP) and ICP has not been studied rigorously.
OBJECTIVE: To determine the difference in effects of HTS and mannitol on the combined
burden of high ICP and low CPP in patients with severe TBI.

METHODS: We performed a case—control study using prospectively collected data from
the New York State TBI-trac® database (Brain Trauma Foundation, New York, New York).
Patients who received only 1 hyperosmotic agent, either mannitol or HTS for raised ICP,
were included. Patients in the 2 groups were matched (1:1and 1:2) for factors associated with
2-wk mortality: age, Glasgow Coma Scale score, pupillary reactivity, hypotension, abnormal
computed tomography scans, and craniotomy. Primary endpoint was the combined
burden of ICPygh (> 25 mm Hg) and CPP)q,, (< 60 mm Hg).

RESULTS: There were 25 matched pairs for 1:1 comparison and 24 HTS patients matched
to 48 mannitol patients in 1:2 comparisons. Cumulative median osmolar doses in the 2
groups were similar. In patients treated with HTS compared to mannitol, total number of
days (0.6 + 0.8 vs 2.4 + 2.3 d, P < .01), percentage of days with (8.8 &+ 10.6 vs 28.1 4 26.9%,
P < .01), and the total duration of ICPpign + CPPjqy, (11.12 £ 14.11 vs 30.56 & 31.89 h, P = .01)
were significantly lower. These results were replicated in the 1:2 match comparisons.
CONCLUSION: HTS bolus therapy appears to be superior to mannitol in reduction of the
combined burden of intracranial hypertension and associated hypoperfusion in severe TBI
patients.

KEY WORDS: Cerebral perfusion pressure, Hypertonic saline, Intracranial pressure, Mannitol, Traumatic brain
injury
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raumatic brain injury (TBI) is a signif-
T icant cause of morbidity and mortality in
developed countries and is emerging as a
major cause of death in developing countries.
More than 500 000 individuals with TBI suffer
permanent neurological disability and 50 000 die
each year in the United States.!
Surgical and medical management of severe
TBI has undergone significant advancement in

the last decades as evidenced by decreasing
mortality.  Development and  compliance
with the Brain Trauma Foundation guide-
lines (hereafter referred to as Guidelines) for
management of severe TBI has been key in
significantly reducing mortality.”? While primary
surgical intervention is aimed at evacuating
extra-axial hematomas, the overarching principle
of medical management is to treat elevated

ABBREVIATIONS: AIS, American Spinal Injury Association Impairment Scale; CBF, cerebral blood flow; CPP,
cerebral perfusion pressure; CT, computed tomography; GCS, Glasgow Coma Scale; HTS, hypertonic saline; ICP,
intracranial pressure; IQR, interquartile range; ISS, injury severity score; TBI, traumatic brain injury
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intracranial pressure (ICP) and decreased cerebral perfusion
pressure (CPP).>® There are several therapies employed for
achieving these, and use of hyperosmotic therapy is often first line
in emergent treatment of discrete episodes of elevated ICP as well
as episodes of cerebral herniation, due to the favorable therapeutic
risk—benefit profile.”"!2

Data on the use of hyperosmotic agents have focused on
lowering elevated ICE while the effect on CPP has been
considered a secondary endpoint and not rigorously studied.
An ideal hyperosmotic agent should simultaneously lower
ICP and maintain or improve CPP. The previous Guidelines
included level II recommendations for the use of mannitol
for treating intracranial hypertension, while no recommen-
dation existed supporting the use of HTS due to lack of
evidence.'” The current iteration of the Guidelines published
in 2016 state “while there is increasing use of hypertonic
saline as an alternative hyperosmotic agent there is insufficient
evidence available from comparative studies to support a formal
recommendation.”®

Several studies have demonstrated the efficacy of HTS
and mannitol in ICP reduction.®10-12:14-20 However, debate
continues on the superiority of either agent and there exists no
data on the effect of these agents on the combination of high
ICP and low CPP. In the current study, we examined the effect
of HTS and mannitol on the combination of cumulative daily
periods of ICP > 25 mm Hg (ICP4e) and CPP < 60 mm Hg
(CPP)4y), during the entire treatment of intracranial hypertension
in patients with severe TBI. We have used a pragmatic approach
and examined cumulative burdens of simultaneously high ICP
and low CPP over the entire period of acute TBI rather than a
single dose—response basis or sole effect on ICP alone, in an effort
to clarify overall superiority of either agent. We also compared
the effects of the 2 agents on CPP to discern if either agent
was associated with lowered cerebral perfusion related to systemic
effects on diuresis, intravascular volume, and cardiac outpug, since
mannitol is a diuretic and HTS is not.

METHODS
Study Design and Setting

This is a case—control study using prospectively collected data from
the TBI-trac® database (Brain Trauma Foundation, New York, New
York) established to monitor compliance with existing Guidelines in
the management of severe TBI in New York State. The database was
supported by the New York State Department of Health and imple-
mented across 20 level I and 2 level II trauma centers. In addition
to monitoring compliance to Guidelines, the database also allowed for
the testing of clinical hypotheses that could improve upon the current
guidelines as part of a quality improvement program. Clinical infor-
mation about patients with severe TBI was entered into the database
prospectively by trained nurse coordinators at participating institu-
tions. The information includes data from the prehospital period, the
emergency department, and the first 10 d in the intensive care unit
along with 2-wk mortality. No patient identifiers were entered into the
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database to maintain patient confidentiality. The protocol was either
approved by or exempt from review by each participating institutional
review board. No patient consent was required for inclusion in the TBI

registry.

Participants

Data from patient admissions between June 6, 2000 and August 21,
2008 when the database was discontinued were reviewed. The study
population included adult patients (>16 yr) who had suffered a severe
TBI and were hospitalized for at least 5 d. Patients were included if they
received only 1 hyperosmolar agent, either HTS or mannitol, for the
treatment of intracranial hypertension. When both agents were used,
data were not available regarding the reasons for utilizing the second
agent, ie, it was used based on physician preference, drug availability,
or treatment failure. Therefore, patients who received both agents were
excluded from data analysis to prevent erroneous conclusions. Patients
were also excluded if they met any of the following criteria on day 1:
Glasgow Coma Scale (GCS) score of > 9, motor score of 6, GCS score
of 3 with bilateral fixed and dilated pupils, arrival at the trauma center 24
h or more following injury, and death on day 1. Patients with a do-not-
resuscitate/do-not-intubate order or an advanced directive requesting
no heroic measures were also excluded. Mannitol doses were recorded
by range per day (0-50, 51-100, 101-200, 201-600 g/d). HTS doses
were converted to similar osmolar ranges, and medians were compared
between HTS and mannitol. Injury severity scores (ISS) were compared.

Patient Matching

Patients were matched for day of ICP monitor insertion as well as
known predictors of 2-wk mortality after severe TBI namely age, initial
GCS score, hypotension on day 1, pupillary reactivity, abnormalities on
computed tomography (CT) scan and extra-axial surgical lesions.?! Since
the HTS group was not very large, we performed exact matching for
differences in baseline characteristics between the 2 groups.” In order
to include maximal numbers of matched pairs, age and baseline CT
abnormality were not included in the matching since their standardized
difference was <20% and the P-value was > .05 (ie they were balanced
between the 2 groups), and consequently we evaluated the these variables
between the 2 groups after matching. Additional to the 1:1 matching, for
sensitivity analyses we also performed a 1:2 matching. Patients without
matches or with missing or erroneous data were excluded.

Outcome Variables

The primary outcome measure was the burden of combined high
ICP and low CPP (ICPpg + CPPl,,,) as measured by total burden and
cumulative burden. Total burden was represented by the total number
of days of ICPps, + CPPyq,,. The cumulative ICPp, + CPPy,,, burden
was calculated as number of days with ICPyg, + CPPy,,, as a percentage
of total days of ICP monitoring. In addition, the cumulative number of
hours with ICP;g, + CPP),,, was calculated. We also examined the total,
cumulative, and averaged daily CPP),,, burden and associated systemic
hypotension and vasopressor use during the period of ICP monitoring.

Statistical Analysis

The comparison is made between 2 groups of patients receiving either
HTS or mannitol. Propensity score matching was not possible due to
the small sample sizes; we therefore used an exact matching approach.
Baseline differences between the groups were assessed using 2 methods.
First, continuous variables were compared using the 2 sample t-test, and
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FIGURE 1. Flowchart of patient selection and inclusion.

categorical variables were compared using chi-square or Fisher exact test.
Second, the standardized difference, which is the difference in mean in
units of the pooled standard deviation between patients in the 2 groups,
was computed. A standardized difference of >20% has been suggested
to represent meaningful imbalance between groups, as described
previously.”> Either a standardized difference of >20% or a P-value
of < .05 was used to determine baseline differences between the
2 groups.

The differences in outcome measures between matched pairs were
evaluated using the Wilcoxon signed rank test for continuous variables
and the Cochran-Mantel-Haenszel test for categorical variables. All
statistical tests were 2-sided, and P < .05 was considered statistically
significant. Analyses were performed using SAS version 9.3 software (SAS
Institute Inc, Cary, North Carolina).

RESULTS

Patient Selection and Matching

Data from 22 trauma centers were available. We identified
2641 patients with severe TBI, of whom 512 met inclusion
criteria (Figure 1). A total of 35 patients received only HTS as
an osmotic agent and 477 received mannitol only. Eight patients
were excluded in the HTS group: 7 had missing or wrong data

NEURO

entered. Of the 27 remaining patients who received HTS, exact
matches in the mannitol group were found for 25 patients and
these were included for the 1:1 matching and data analysis.
In the mannitol group, all patients received 20% mannitol; in
the HTS group 24 patients received 3% HTS as a bolus while
1 patient received 23.4% HTS as a bolus (osmolar dose was
similar between 3% and 23.4% HTS). In the 1:2 matching group,
1 further HTS patient did not have a corresponding match in the
mannitol group; therefore, in this group 24 HTS patients were
matched to 48 mannitol patients.

Baseline demographics and key characteristics were similar in
the 2 groups (1:1; 1:2 matching; Table 1). In each group, age
and incidence of abnormal CT were not statistically different,
whereas GCS score, pupillary abnormality, hypotension on
day 1, craniotomy, and day of ICP monitor insertion were
matched for and therefore identical. Duration of ICP monitoring
(Tables 2 and 3) in the matched groups was not statistically
different. In the 1:1 match, 3 patients (2 in HTS and 1 in
mannitol group) underwent ICP monitoring with normal CT
scans based on level III guideline recommendation, though only
1 did not develop intracranial hypertension at any time. In the
1:2 group, there were 6 patients (2 in HTS and 4 in mannitol
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TABLE 1. Baseline Characteristics of the 2 Study Groups After 1:1and 1:2 Matching for Predictive Variables

1:1 Match 1:2 Match
HTS Mannitol HTS Mannitol
(n=25) (n=25) (n=24) (n=48) P-value*
Age (years) 34.96 + 5.41° 36.68 +16.90° 35.29 + 15.65° 32.75 + 13.61° 962
(mean =+ SD) 51°
GCS score 540 4155 533 4+ 1547
(mean £ SD)
Abnormal pupils % 16.0" 16.7
Hypotension on day 1% 16.0 16.7
Craniotomy % 240t 250"
Day of ICP insertion 1.16 + 0.47° 1.08 + 0.281
(mean 4 SD)
Abnormal CT% 92.0¢ 96.0¢ 91.7* .56¢
HTS, hypertonic saline; SD, standard deviation; GCS, Glasgow Coma Scale; ICP, intracranial pressure; CT, computed tomography.
*The P values were calculated using the Wilcoxon signed-rank or Cochran-Mantel-Haenszel test for paired data.
*matched variables. < p-values for corresponding variable comparisons.
TABLE 2. ICP and CPP Burden Comparisons Between HTS and Mannitol Groups in 1:1 Matched Group
HTS (n = 25) Mannitol (n = 25)
Mean 4+ SD Med (IQR) Mean 4+ SD Med (IQR) P-value
ICP monitoring duration (days) 64 + 27 5(4-9) 77 £ 27 9 (7-10) .09
No. of days with ICPpign + CPPjoy 06 £+ 0.8 0(0-1) 24 + 23 2(0-4) <.01*
% days with ICPpigp + CPPjoy 8.8 £ 10.6 0 (0-20) 28.1 £+ 26.9 22.2 (0-40) <.01*
Total hours with ICPygy, + CPPyoy, 112 £ 141 7 (1-18) 30.56 + 31.89 18 (10-44) .01*
No. of days with CPP,,, 20 £ 17 1(1-3) 3.6 + 2.8 3(2-5) .03*
% of days with CPPo,, 32.8 £ 239 30 (20-42.9) 48.6 + 44.7 33.3(20-80) Nl
Total hours with CPPjq,, 8.88 + 11.89 6 (1-13) 18.96 + 21.89 11(3-23) .06
Averaged daily duration of CPPyq,, (hours) 15 4+ 22 0.7 (0.3-1.9) 2.8 + 39 1.1(0.4-3.5) 20

HTS, hypertonic saline; SD, standard deviation; IQR, interquartile range; ICP, intracranial pressure; CPP, cerebral perfusion pressure. "p < .05.

group) with normal CT who underwent ICP monitoring,
and 3 did not develop intracranial hypertension. Differences
in the cumulative median dose ranges for HTS (1101-3300
mOsm) and mannitol (551-1100 mOsm) were not statistically
different (P = .19).

ICPhigh + CPPyo,, Burden

In the 1:1 match, total number of days with ICPy,, + CPPy,,
burden (0.6 & 0.8 vs 2.4 + 2.3 d, P < .01) and cumulative
[CPyp, + CPPy, burden (% days) were significantly lower in the
HTS group (8.8 & 10.6 vs 28.1 & 26.9%, P < .01; Figure 2).
The total duration of ICPy;g, + CPPy,, burden was also lower in
the HTS group (11.12 £ 14.11 vs 30.56 &+ 31.89 h, P = .01;
Table 2). Similarly, in the 1:2 match the total number of days
with ICPp, + CPPy,, (0.7 £ 0.8 vs 2.2 & 2.1 d, P < .01),
cumulative ICPygy + CPPy,,, burden (% days; 9.2 & 10.7 vs
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30.2 £ 26.7%, P < .01), and total hours of ICPp,, + CPPy,,
burden (11.54 £ 14.26 vs 32.98 & 25.56 h, P < .01) were all
significantly lower in the HTS group (Table 3).

CPPy,\, Burden

In the HTS group of the 1:1 match, the number of days
with CPP),,, was significantly lower than in the mannitol group
(2.0 £ 1.7 vs 3.6 £ 2.8 d, P = .03; Figure 3). Cumulative CPP),,,
burden (% days; 32.8 £ 23.9 vs 48.6 & 44.7%, P = .11), total
hours with CPPy,,, (8.88 = 11.89 vs 18.96 =+ 21.89 h, P=.055),
and averaged daily CPP,,, burden (1.5 £ 2.2 vs 2.8 & 3.9 h/d,
P = .20) were lower in the HTS group, but this difference was
not statistically significant (Table 2).

However, in the larger group comparison (1:2 match), total
number of days with CPPy, (2.0 + 1.8 vs 3.6 £ 2.6 d,
P = .01), cumulative CPP,,, burden (% days; 32.1 £ 24.1 vs

www.neurosurgery-online.com
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TABLE 3. ICP and CPP Burden Comparisons Between HTS and Mannitol Groups in 1:2 Matched Group

HTS (n =24) Mannitol (n = 48)
Mean + SD Med (IQR) Mean + SD Med (IQR) P-value
ICP monitoring duration (days) 6.6 + 2.6 5.5(4.5-9.5) 71+ 270 8 (5-10) 46
No. of days with ICPhigh + CPPioy 07 £ 08 0(0-1) 22 + 211 1.5 (0.5-4) <.01*
% days with ICPhigh + CPPjoy 92 + 107 0 (0-20) 302 + 26.7 23.6 (5-50) <.01*
Total hours with ICPhigh + CPPiow 1154 + 1426 7 (1-18) 32,98 + 3556 17 (8.5-49) <.0T*
No. of days with CPP|q,, 20 £ 1.8 1(1-3) 3.6 + 26 3(2-5) .01*
% of days with CPP,, 321 + 241 27.5 (20-41.4) 57.1 &+ 52.6 50 (21.1-80) .01*
Total hours with CPP)q,, 9.21 £+ 12.03 6 (1-15) 18.85 £ 19.19 12 (4-28.5) .01*
Averaged daily duration of CPPy,,, (hours) 15 £ 22 0.7 (0.3-1.9) 34 £ 51 1.9 (0.6-4) .01*

HTS, hypertonic saline; SD, standard deviation; IQR, interquartile range; ICP, intracranial pressure; CPP, cerebral perfusion pressure.“p < .05.
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FIGURE 2. Effects of HTS and mannitol on ICPyg, + CPPy,.

57.1 & 52.6%, P = .01), total hours with CPP,,, (9.21 & 12.03
vs 18.85 £19.19 h, P=.01), as well as the daily averaged CPP),,,
(1.5 +2.2vs 3.4 = 5.1 h/d, P = .01) were significantly lower in
the HTS group compared with the mannitol group (Table 3).

NEUROSURGERY

Hypotension and Vasopressor Use

In the 1:1 match, cumulative number of hours with systolic
blood pressure < 90 mm Hg was 0 h (interquartile range [IQR] 0-
1) in HTS group and 0 h (IQR 0-1) in mannitol group (P =.69).
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FIGURE 3. Effects of HTS and mannitol on CPPy,.

Similarly cumulative duration of mean arterial pressure < 80 mm
Hg was 28 h (IQR 13-46) in the HTS group and 32 (IQR 10-52)
in the mannitol group (P > .99). The difference was not statisti-
cally significant for either parameter. This was similar in the 1:2
matched group (Table 4). Use of vasopressors was documented in
ranges per day (0, 1-8, 9-17, 17-24 h); median category values
for duration of vasopressor use were not statistically significantly
different between HTS (1 h, IQR 1-1.5) and mannitol group
(1 h, IQR 1-1.5; P = .97) in 1:1 as well as the 1:2 matched
groups.
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Overall Injury Severity

ISS were not available for all patients. In the 1:1 group, 23
HTS-treated patients and 11 mannitol-treated patients had ISS
recorded, while in the 1:2 group, 22 of 24 HTS and 21 of 48
mannitol-treated patients had ISS recorded. In the 1:1 match,
median ISS was 35 (IQR 22-38) in HTS and 33 (IQR 26-45) in
mannitol groups (P = .36); and American Spinal Injury Associ-
ation Impairment Scale (AIS) for head was 5 (IQR 3-5) in HTS
and 5 (IQR 4-5) in mannitol groups, respectively (P =.27). In the
1:2 cohort, ISS was 36.5 (IQR 22-38) in HTS and 29 (25-45) in
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TABLE 4. Comparisons of Incidence of Hypotension and Vasopressor Use Between HTS and Mannitol Groups in 1:1 and 1:2 Matched Groups
HTS Mannitol
Mean (IQR) Mean (IQR) P-value
1:1 match
Cumulative duration of SBP < 90 mm Hg (hours) 0 (0-1) 0(0-1) .69
Cumulative duration of MAP < 80 mm Hg (hours) 28 (13-46) 32 (10-52) .99
Median duration category value for vasopressor use® 1(1-1.5) 1(1-1.5) 97
1:22 match
Cumulative duration of SBP < 90 mm Hg (hours) 0 (0-1) 0(0-1) .98
Cumulative duration of MAP < 80 mm Hg (hours) 27 (12.5-45.5) 20.5 (10-44) .55
Median duration category value for vasopressor use® 1(1-2.25) 1(1-1) 23

HTS, hypertonic saline; SBP, systolic blood pressure; MAP, mean arterial pressure; IQR, interquartile range.

@Categories for vasopressor use:1=0h,2 =1-8 h, 3 = 9-17 h, 4 = 18-24 h administered.

mannitol-treated patients (P = .68); and AIS head was 5 (IQR
3-5) and 5 (IQR 4-5) in HTS and mannitol-treated patients,
respectively (P = .41). In addition, in all but one patient, AIS
head was the highest score compared to other subscores.

DISCUSSION

In this study, we utilized a pragmatic approach in comparing
the cumulative effect of HTS and mannitol on the combined
durations of high ICP (> 25 mm Hg) and low CPP (< 60
mm Hg): ICPy,, + CPPy,, over the entire clinical course
of ICP monitoring after severe TBI. Our data demonstrate
that in severe TBI patients, HTS use was associated with a
greater reduction in the total number of days, the percentage
of days, and rtotal hours of ICPp, + CPPjo,, burden when
compared to mannitol. In addition, the CPP),, burden was
significantly lower in HTS-treated patients compared with
those who received mannitol. We matched patients in the
2 comparison groups for clinical predictors that impact 2-
wk mortality after severe TBI. The results are consistent
when compared in a 1:1 and 1:2 match between HTS and
mannitol patients respectively for ICPyg, + CPPqy, burden, and
strengthened for CPP,, burden by comparison of 1:2 matched
groups.

We have previously reported on HTS superiority in reducing
ICP burden while observing no difference in mortality between
HTS and mannitol-treated groups.”” Data from several other
studies also demonstrate the superiority of HTS in reducing
ICP in periods of intracranial hypertension.'®:14-19:24-26 \While
reducing ICP is a key treatment endpoint, ensuring adequate
cerebral perfusion is also essential in the management of
intracranial hypertension in patients with TBI. In the uninjured
brain, cerebral autoregulation ensures an adequate cerebral blood
flow (CBF) over a range of CPP. TBI may impair autoregulation,
thereby making CBF more dependent upon CPD, and the extent
of this disruption correlates with outcome.””-?® Current guide-
lines recommend a CPP of 60 to 70 mm Hg, while avoiding

NEURO

an elevated CPP with vasopressors as it contributes to increased
incidence of respiratory failure.”” An ideal hyperosmotic agent
must decrease ICP as well as ensure maintenance of adequate CPP.
Data on the combined effects on ICP and CPP by mannitol and
HTS are sparse.

HTS and mannitol share some common mechanisms of action
in reducing increased ICP. They enable osmotic fluid shifts,
increase cardiac output, improve capillary blood laminar flow, and
increase perfusion in ischemic areas by dehydrating endothelial
cells.?*-3% While these are cited as predominant mechanisms for
ICP reduction, several of these also improve CBF and CPP>*3
And improvement in cerebral perfusion further improves cerebral
oxygenation.lo’%

In a cohort of 11 patients, in instances of ICP < 20 mm Hg,
mannitol administration did not affect ICP or cerebral hemody-
namics; with ICP > 20 mm Hg, increased CPP was not reflected
in improvements in brain parenchymal oxygenation or jugular
oxygenation.” However, in these patients the initial CPP was
not below the threshold of 60 mm Hg. In 6 patients with
ICP > 25 mm Hg and CPP < 60 mm Hg who were given
a total of 32 infusions of hypertonic/hyperoncotic saline (7.5%
HTS combined with 6% hydroxyethyl starch), ICP was lowered
44% and CPP increased 38% at 30 min after administration.'”
Vialet et al studied the response to isovolumic HTS and mannitol
in 10 patients each; the number and duration of episodes of
ICP > 25 mm Hg were significantly lower in the HTS group,
whereas the number and duration of episodes of CPP < 60
mm Hg were not significantly different even though the osmolar
load and measured osmolality were higher in the HTS group.*®
In a similar study with 10 patients in each arm, Francony et
al'” administered single equiosmolar dose (255 mOsm) of either
20% mannitol or 7.45% HTS. Mannitol was noted to have a
similar reduction in ICP as with HTS up to 120 min, whereas
both CPP and mean flow velocities by transcranial Doppler
were significantly higher in the patients who received mannitol.
However, the baseline CPP in these patients was 75 & 15 mm
Hg and 81 £ 12 mm Hg in the mannitol and HTS groups,
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respectively, and was not subthreshold. Oddo et al*® reported

on the treatment of 42 episodes (28 with mannitol, 14 with
HTS) of intracranial hypertension in 12 patients. While both
agents were associated with decreased ICD, patients who received
HTS had a significant increase in CPP from baseline, which
was also not below threshold (63 + 15 mm Hg to 76 + 17
mm Hg at 120 min), and this increase was not seen in patients
who received mannitol. In addition, HTS patients had a signif-
icant increase in brain oxygenation. Similarly, 2 further studies
showed increased CPP after HTS therapy; however, one study
had only an HTS arm while in the other study, patients were
treated at a threshold ICP of 15 mm Hg and averaged baseline
values were > 70 mm Hg.'®?> The latter study by Cottenceau
et al®> was prospective, which showed an significant increase in
CPP in both HTS and mannitol groups that was not different
when examined for the combined effect of infusion group and
post-treatment measurement time, though CBF was higher in
the HTS group. In meta-analyses, Kamel et al’” reported on 5
trials that included patients with non-TBI, showing HTS as a
superior agent in reducing ICP, but no data on CPP were reported.
Meanwhile, the Cochrane review concluded that mannitol may
increase mortality after severe TBI compared to HTS.*® More
recently, a pooled data analysis from 3 trials showed continuous
hyperosmolar HT'S therapy was associated with improved survival
over bolus HTS therapy,®* and a prospective clinical trial is
underway.*’

The above studies are the most meticulous publications
examining the effects of HTS and mannitol on ICP and CPP after
TBI. As can be seen, these studies are small, have overlap in HTS
and mannitol utilization in the same patients, which may poten-
tially include a residual effect from the agent previously dosed,
or examine CPP effects in patients who did not have a critically
low CPP (< 60 mm Hg) and would not derive any clear benefit
from further CPP augmentation. Therefore, we strictly used the
burden of CPP < 60 mm Hg as an endpoint by itself as well as
in combination with ICP > 25 mm Hg.

We have also addressed a time period bias seen in previous
studies, which examined only immedjiate effects on ICP and CPP
changes following single-dose treatment but ignore the delayed
effects. Mannitol is a diuretic and there are concerns that it causes
subsequent delayed diuresis.!”*4%"4! However, in our data, we did
not observe any difference in occurrence of hypotension between
groups, suggesting the effects of HTS may be predominantly in
lowering ICP and thereby also reducing incidence of low CPP,
without a significant effect on blood pressure. Even brief episodes
of intracranial hypertension and cerebral hypoperfusion measured
as area under the curve for ICPye, and CPPy,, correlate with
poor outcome.*>*> To address the cumulative effects of such brief
episodes as well as a possible decreased dose-response to hyperos-
motics after repeated doses, we chose to compare the total burden
of ICP and CPP during the entire treatment period. It appears
from our data that the effects of HTS and mannitol are clearly
different when total burden is examined.
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Limitations of the Study

First, this is a retrospective analysis of data, and does not allow
for the sample to be powered to the highest level of analysis.
However, the data were collected prospectively in a systematic
and consistent manner. Second, our patient sample size is small
due to the low utilization of HTS; however, this is the largest
cohort of severe TBI patients studied for ICP and CPP effects
of mannitol and HTS. Due to the small number of HTS patients
available, we selected patients with no treatment crossover and
performed rigorous patient matching to strengthen our results.
Third, information about other treatments, practice patterns of
individual centers, and reasons for selection of a particular hyper-
osmotic agent are not known. Therefore, physician bias or other
confounders cannot be entirely excluded. While ISS were not
available for the entire group, from the available data severity of
injury appears similar in the 2 groups, and more importantly, in all
but one patient cranial injury was the most severe injury suffered.
During the 8-yr period of data collection and in the period since,
the ICP threshold changed from 25 to 22 mm Hg, while CPP
thresholds have not changed; we assume that the small difference
in threshold would not impact the results. Finally, information on
adverse events is not available. However, there are some reported
in the literature that would warrant close attention, such as renal
failure, cardiac failure from volume overload, and severe hyper-
natremia. By nature of design and data availability, confounding
cannot be completely excluded, though as detailed we have made
a systematic effort to minimize this effect.

The results of this study suggest that HTS use is associated with
lower combined burden of “high ICP and low CPP” in severe TBI
patients suffering intracranial hypertension. Whether this has a
significant effect on mortality can only be determined in a large
randomized controlled trial.

CONCLUSION

HTS bolus therapy for raised ICP was associated with lower
incidence and duration of the combination of raised ICP and
reduced CPP burden in patients with severe TBI and intracranial
hypertension. In addition, patients treated with HTS had lower
incidence and duration of low CPP. These data suggest that HTS
is superior to mannitol in the treatment of intracranial hyper-
tension after severe TBI. Larger prospective validation is required
to determine whether these benefits also result in improvement in
patient outcomes.
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MANGAT ET AL

COMMENT

D espite a lot of recent study comparing hypertonic saline to mannitol
there remains uncertainty as to which agent is superior. Unfortu-
nately many of these studies have compared apples to oranges with the
osmolalities of the administered agents differing. In addition, specific
clinical scenarios such as shock and hyponatremia require additional
study to determine the superior agent in these conditions. The work
presented here advances our understanding of the clinical effects of
mannitol vs. hypertonic saline.

The New York thi-trac® database (Brain Trauma Foundation) has
made important contributions to traumatic brain injury care. It has
provided key evidence supporting both intracranial pressure (ICP) and
cerebral perfusion pressure (CPP) directed care, and has also suggested
dramatic improvements in outcome in relation to adoption of the
Brain Trauma Foundation guidelines.! Among the many patients in
this database, some were treated only with mannitol or hypertonic
saline, facilitating valuable comparisons. In a previous work examining
these patients the authors demonstrated that hypertonic saline was
more effective than mannitol at controlling ICP? Given the concern
with mannitol’s diuretic effects the authors have now additionally and
appropriately analyzed the effect of mannitol and hypertonic saline on
CPP and the composite outcome measure ICPhigh + CPPlow. The
BEST: TRIP study has suggested that clinicians are perhaps too focused
on ICP alone,” so this analysis is a welcome one. The results of the
performed case-control study led the authors to conclude that hyper-
tonic saline performed better than mannitol with respect to CPP and
ICPhigh + CPPlow.

Although this manuscript provides valuable information, it has short-
comings. As CPP is derived by subtracting ICP from the mean arterial
pressure (MAP) it is initially unclear whether noted effects relate
to ICP or MAP. This is especially true of the composite outcome
ICPhigh + CPPlow. The authors found that hypotension was not signif-
icantly different between the groups so it is presumed that the effect
ultimately seen in this study related to a difference in ICP control (as
presented in their previous manuscript?). The suggestion that the two
hyperosmolar agents do not differentially affect MAP is quite valuable.
There is an important caveat here, though, which the reader should be
aware of. Note that patients were matched for burden of hypotension
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in the first 24 h. Although the total burden of hypotension (including
that subsequent to the first 24 h) was the metric incorporated into
the outcome measures, matching for this outcome variable should be
considered in interpreting the study. The study likely also suffers from
some residual confounding - although the osmolality of administered
solutions, vasopressor administration and the injury severity score did not
differ significantly between the groups they remain potential confounds.
Indeed, there was a statistical trend (2= .19) to hypertonic saline treated
patients receiving more osmoles. The fact that the data is 10 y old is also
a consideration.

It is an increasingly rare day that I use mannitol in my practice but
I do find some patients respond better to it than hypertonic saline.
Indeed, mannitol should have a superior concentration gradient as it is
not normally found in the body. Some unpublished, objective data at my
disposal suggests that most neurotraumatologists have also switched to
predominant use of hypertonic saline. Better quality data will ultimately
be needed to change the guideline recommendations, however. Many
clinicians, in my experience, neglect to replace fluid losses associated
with mannitol administration and doing so would likely eliminate a lot
of the concern with hypotension with this agent. Do not forget that in
the second edition of the Brain Trauma Foundation Guidelines for the
Management of Severe Traumatic Brain Injury? mannitol was recom-
mended as a resuscitation fluid given its initial volume expanding effects,
so it should not be withheld in a hypotensive, herniating patient if hyper-
tonic saline is not available.

Gregory W. J. Hawryluk
Salt Lake City, Utah
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