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Learning objectives
By reading this article, you should be able to:

e Explain the pharmacology of mannitol and hy-
pertonic saline.

e Recall how mannitol and hypertonic saline can
reduce raised intracranial pressure in the context
of traumatic brain injury.

o Differentiate between the different formulations
of hypertonic saline and mannitol.

e Discuss the evidence regarding the use of
mannitol and hypertonic saline in traumatic
brain injury.

Severe traumatic brain injury (TBI) is classified in the acute
phase as a post-resuscitation Glasgow coma score (GCS) of
3-8.! It carries significant morbidity and has a mortality of
20—30%." Once primary brain injury has occurred, the overall
goal of treatment is to prevent secondary damage. The care of
patients with TBI is informed by the use of international
evidence-based guidelines collated by the Brain Trauma
Foundation (BTF). Central to these are targeted interventions
to monitor and lower intracranial pressure (ICP), whilst
maintaining cerebral perfusion.’

According to the Monro—Kellie hypothesis, the relation-
ship between intracranial volume and pressure is linear, up to
a point beyond which the ICP increases exponentially (Fig. 1).
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Key points

e Osmotherapy can reduce intracranial pressure
after traumatic brain injury.

e Mannitol and hypertonic saline have distinct ac-
tions and adverse effects.

e There is currently no evidence to support the
overall superiority of one agent.

e It is unknown whether osmotherapy improves
neurological outcome or mortality in traumatic
brain injury.

e To ensure safety, any local guidelines should ac-
count for the different formulations available.

To begin with, an increased intracranial volume is compen-
sated for by compression of compliant structures within the
skull. The cerebrospinal fluid (CSF) is pushed out of the ven-
tricular system into the spinal subarachnoid space and the
blood volume is reduced as veins and arteries collapse. Cere-
bral perfusion is initially maintained by systemic hyperten-
sion. However, when these compensatory mechanisms are
exhausted, the ICP increases exponentially and death occurs,
either through cessation of cerebral blood flow (CBF) or
brainstem herniation.?*

It has been almost 100 yr since the effects of osmother-
apy to reduce CSF and brain volume were first recognised
through the experimental use of i.v. hypertonic saline (HTS)
in cats.® Over time, many hypertonic solutions have been
used in clinical practice, including bicarbonate 8.4%, sodium
lactate, mannitol, and HTS (with or without dextrans).4 For
decades, mannitol has been considered the gold standard.
Its widespread use was demonstrated in a 1996 survey of UK
neurosurgical centres, which showed it was used routinely
in all units.” More recently, however, there has been sig-
nificant debate regarding the potential superiority of HTS.°
The aims of this article are to review the existing evidence
on the use of osmotherapeutic agents, and provide prag-
matic information regarding the clinical use of mannitol
and HTS in TBI.
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Fig 1 The relationship between intracranial pressure and intracranial volume.

Pharmacology and physiology of mannitol
and HTS

Mannitol (CgH1406) is a naturally occurring six-carbon polyol
isomer of sorbitol. It has a molecular weight of 182 Da and is
readily filtered by the glomerulus. It does not undergo
biotransformation, and is minimally reabsorbed and excreted
by the kidney.

The term HTS describes a group of fluids containing so-
dium chloride in a greater than physiological concentration.
The range of concentrations available for clinical use varies
from 1.8% to 30% (Table 1). Some formulations also contain
dextrans, with the aim of prolonged volume expansion.

After an i.v. bolus of mannitol or HTS, plasma osmolarity
increases. The increase in plasma osmotic pressure draws
water from the intracellular and interstitial compartments
into the intravascular space. This causes an increase in blood
volume, cardiac output, and pulmonary capillary wedge
pressure.”®

In TBI, both mannitol and HTS act to reduce the ICP by
promoting neuronal and endothelial cell dehydration.
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Neuronal dehydration reduces brain volume by limiting ce-
rebral oedema, whereas endothelial dehydration reduces
capillary wall thickness. A thinner capillary wall widens the
vessel diameter, promoting blood flow and reducing the dis-
tance that oxygen must diffuse before it can reach the
neuronal mitochondria. The movement of water into the
capillary reduces blood viscosity, again facilitating flow and
oxygen delivery to the brain. In response to better oxygena-
tion, pial arterioles constrict, thus reducing cerebral blood
volume and alleviating the increase in ICP.”®

However, this is where the similarities end. Approximately
45 min after a bolus of mannitol i.v., diuresis occurs, causing
significant hypotension and a potential decrease in cerebral
perfusion pressure (CPP).”® As mannitol passes into the
nephron, it increases the osmotic pressure in both the prox-
imal convoluted tubule and descending loop of Henle. This
prevents water from being reabsorbed back into the circula-
tion and leads to a dilute tubular sodium concentration.
Furthermore, the effects of mannitol on activating endoge-
nous atrial natriuretic peptide and suppressing antidiuretic
hormone release combine to result in the production of high
volumes of dilute urine.

Conversely, HTS causes a prolonged increase in intravas-
cular volume, which may benefit CPP especially in hypoten-
sive trauma patients. Mannitol acts as a free-radical
scavenger, which may limit damage to neuronal mitochon-
dria.® HTS is believed to restore endothelial Na*/glutamate
pump activity controlling the toxic excitatory effects of excess
glutamate release.”

Adverse effects and precautions when using
osmotherapy

It is no surprise that mannitol and HTS can cause complica-
tions from cardiovascular changes, electrolyte disturbance
and renal damage.”® HTS may precipitate pulmonary oedema
in patients with heart failure because of the sudden expansion
of intravascular volume, whereas a rapid infusion of mannitol
may result in acute arterial hypotension and cerebral
hypoperfusion.™®

Mannitol promotes urinary excretion of magnesium, po-
tassium, phosphate, and bicarbonate ions, and can cause
hyperosmolar renal failure.® In contrast, HTS can cause a
profound hyperchloraemic acidosis and significant

Table 1 Comparison of different concentrations of HTS available for clinical use, and mannitol as a 10 and 20% preparation.

Solution Sodium Osmolarity Equiosmolar dose Dose (mlkg~") for Recommended dose
concentration (mOsmL~?) ml (275 mOsm) 80 kg person in intracranial hypertension
(mmol L7

NacCl 0.9% 154 308 892 11.0 N/A

Ringer’s lactate 130 275 1000 12.5 N/A

Saline 1.7% 291 582 472 5.9

Saline 3% 513 1027 268 34 2mlkg?

Saline 5% 856 1711 161 2.0 1-2ml kg’1:137.57275 mOsm

Saline 7.2%/HES 6% (200/0.6) 1232 2464 112 1.4

Saline 7.5% 1283 2566 107 1.3 1-2mlkg™?

Saline 7.5%/dextran 70 6% 1283 2568 107 1.3

Saline 10% 1712 3424 80 1

Saline 23% 4004 8008 34 0.43

Saline 30% 5000 10,000 27.5 0.34

Mannitol 10% (1 g m1™?) 549 502 6.3 0.25-2 g kg~ over 30—60

min=40—-160 ml (22—88 mOsm)
Mannitol 20% (2 g m1~?) 1098 251 3.1 20—80 ml (22—88 mOsm)
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hypernatremia. As a result, serum sodium needs to be moni-
tored closely. The highest recorded serum sodium in a patient
that survived after HTS therapy for TBI was 169 mmol L~ 1. As a
precaution, most studies set an upper serum sodium limit of
155 mmol L7, a figure often used to guide clinical practice.’
HTS poses the theoretical risk of central pontine myelinol-
ysis if administered to a patient with hyponatraemia. How-
ever, evidence from post-mortem studies of non-survivors
and MRI scans of those recovering from TBI show no signs of
this phenomenon.’

Because they are hyperosmolar, both mannitol and HTS
can cause extravasation injuries. Mannitol can be given
through a large peripheral vein, but it is recommended that
HTS be infused through a central line, making its adminis-
tration more complicated. However, an observational study in
2017 showed a low incidence of adverse incidents [one
episode of thrombophlebitis and two episodes of infiltration
(n=34)], when HTS 3% was infused through a peripheral can-
nula. The risks of administering low-concentration HTS
(3-5%) may, therefore, be overstated.'® However, it is
considered prudent to flush peripheral cannulae after an
infusion to avoid blockage.

There are concerns over the ability of mannitol to cross the
blood—brain barrier, accumulate in the brain, and worsen
local oedema. This phenomenon has been demonstrated in
rats, but its relevance in humans remains unknown.'* HTS
has a slightly increased reflection coefficient (1.0 for HTS
compared with 0.9 for mannitol), and is therefore less likely to
cause this local cerebral oedema. However, prolonged
administration of either agent can result in reversal of the
water transfer gradient between the brain parenchyma and
blood; this highlights the importance of a gradual reduction in
dosage after a prolonged infusion of either agent.*”®

Evidence base: systematic reviews and
meta-analyses

Many studies have attempted to address the question of
whether HTS is superior to mannitol in the treatment of raised
ICP, and the topic has been debated for more than 20 yr.
Subsequent attempts to draw this research together have
resulted in multiple systematic reviews, including two
Cochrane systematic reviews and five other meta-analy-
ses.'?"® Furthermore, in its aim to produce clear guidance,
the BTF has reviewed and assessed the quality of the evidence
base. To date, no clear conclusions have been drawn.

The combined analysis of the data is fraught with diffi-
culty. The original studies (Table 2) considered patients with a
wide range of underlying pathologies, and used different hy-
pertonic solutions of varying osmolar concentrations and
volumes. Furthermore, the treatment protocols, ICP defini-
tions, and thresholds for administration were diverse, and
clinical measures of efficacy, such as mortality and long-term
neurological outcome, were rarely considered. As a result, the
meta-analyses drew data from vastly heterogeneous studies
(Table 3).

The meta-analysis of Kamel and colleagues in 2011
reviewed RCTs comparing equimolar doses of HTS and
mannitol for the treatment of increased ICP resulting from
any underlying pathology.’* It drew data from five trials
(Table 3) to include a total of 112 patients. The primary
outcome was the proportion of successfully treated episodes
of increased ICP (as defined by the individual studies). The
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results showed a pooled relative risk of 1.16 [95% confidence
interval (CI): 1.00—1.33] in favour of HTS. However, this
translates into a mean difference in ICP reduction of only 2.0
mm Hg (95% CI: 1.6—5.7), which is a small pressure difference
of uncertain clinical relevance.

In 2012, Mortazavi and colleagues performed a systematic
review of the use of HTS for treating increased ICP of any
cause in patients with quantitative ICP monitoring in situ.’> As
part of the review, the authors performed a meta-analysis of
eight RCTs, pooling data to compare the overall rates of
treatment failure in each group. The analysis concluded that
there was a statistically increased incidence of treatment
failure in patients receiving mannitol compared to those
receiving HTS (odds ratio: 0.36; CI: 0.19—0.68; P=0.002), sup-
porting the superiority of HTS over mannitol. However, the
methods used were poorly described and broad inclusion
criteria drew data from significantly heterogeneous studies.
The overall quality of this study is called into further question
by the inclusion of evidence rejected by Kamel and colleagues
as being weak.™*

In 2014, Rickard and colleagues undertook a meta-
analysis designed specifically to compare the use of
mannitol and HTS in haemodynamically stable adults with
TBL.'® They included six studies that involved 171 patients
and 599 episodes of raised ICP. The results showed a
weighted mean difference in ICP reduction of 1.39 mm Hg
(95% CI: 0.74—3.53) when using HTS solutions compared to
mannitol. The authors reported a trend towards better ICP
control with HTS, but concluded that both mannitol and HTS
are equally effective at reducing increased ICP, with no sta-
tistically significant difference in their overall performance.
Of note, this analysis excluded the data of Vialet and col-
leagues because of inconsistencies between the abstract and
full publication.’ This study was included in the analyses of
other researchers.'>17:18

In 2015, Li and colleagues performed a meta-analysis using
data from six RCTs and one non-randomised crossover trial
that used mannitol and HTS for the treatment of increased ICP
in adults after TBL.Y There was a significant overlap with the
studies used in the meta-analysis by Rickard and colleagues.*®
A total of 169 patients were included. The primary outcome
was the pooled mean change in ICP from baseline to the end of
the hyperosmolar infusion. The secondary outcomes were
mean ICP at 30, 60, and 120 min after the start of therapy. This
analysis showed HTS to be a superior agent for lowering ICP
compared to mannitol with the pooled mean difference in
ICP=—1.69 (95% CI: —2.95 to —0.44; P.0.008).

The most recent published meta-analysis of Berger-
Pelleiter and colleagues included only RCTs that used HTS in
adults with severe TBL'® It is the largest review to date and
includes 11 studies and 1820 patients. However, only four of
these studies included mortality data and six were used to
extract ICP data. In contrast to the other reviews, they found
that HTS did not improve ICP control (weighted mean differ-
ence: —1.25 mm Hg, 95% CI: —4.18 to 1.68=78%) or reduce
mortality (risk ratio: 0.96; 95% CI: 0.83—1.11; [=0%) when
compared to other solutions. This result can be explained by
the inclusion of two large trials totalling 1302 patients, in
which a single 250 ml bolus dose of either HTS 7.5% or Ringer’s
lactate was administered as a pre-hospital therapy before CT
scan and knowledge of the true extent of the brain injury.?>%
The methodology of these RCTs is very different from the in-
hospital protocols used in other studies, where patients had



810C ‘6 IoqWINN ‘ST SWIN[OA | uoneonpy v(g

£8C

Table 2 Summary of papers used in five meta-analyses and BTF guidelines on the use of osmotherapy in TBI. GOS, Glasgow outcome scale; HSD, hypertonic saline/dextran; PET, positron
emission tomography; SAH, subarachnoid haemorrhage; SBP, arterial systolic blood pressure.

Study design Patient Pathology Protocol Outcome measure
number
Schwartz et al. (1984)** RCT crossover 54 TBI GCS <8 5 ml kg~ Mannitol 20% (5.49 mOsm kg ') bolus or ICP reduction mortality
phenobarbitone
Fisher et al. (1992)* RCT crossover 18 Paediatric TBI HTS 3% vs NaCl 0.9% or NaCl 0.9% Mean ICP reduction
Schwartz et al. (1998)% RCT 9 Stroke ICP >25 Mannitol 20% (220 mOsm bolus) or HTS 7.5%-+HES 6% Decrease (>10%) below ICP
mm Hg (257 mOsm bolus) baseline
Shackford et al. (1998)* RCT pre-hospital’” 34 TBI GCS <8 HTS 1.6% or Ringer’s lactate to maintain SBP ICP reduction, GOS 6 months
>100 mm Hg
Qureshi et al. (1999)° Retrospective cohort 82 TBI GCS <8 Saline acetate 2—3% or NaCl 0.9% used as a continuous Mortality
infusion of 75—-150 ml h™*
Afifi et al. (2003)% RCT 40 Tumour Mannitol 20% or HTS 3% both 5.49 mOsm kg~* doses ICP control <20 mm Hg
Vialet et al. (2003)*° RCT 20 TBI GCS <8 Mannitol 20% (2 ml kg~'=2.2 mOsm kg~ ?) or HTS 7.5% ICP control <22 mm Hg
(2 m kg '=5.13 mOsm kg% mortality, GOS
Cooper et al. (2004)*° RCT pre-hospital 229 Blunt TBI GCS <9 250 ml HTS 7.5% or 250 ml Ringer’s lactate bolus Mortality and GOS
and SBP <100 mm Hg
Battison et al. (2005)* RCT 9 TBI and SAH GCS Mannitol 20% (200 ml=249 mOsm) and NaCl 7.5%/ ICP reduction and duration
<8 and ICP >20 dextran 70 6% (100 ml=250 mOsm); each patient below 20 mm Hg
mm Hg received two boluses of each; the first agent was
randomised
Harutjunyan et al. (2005)%* RCT 40 TBI GCS <8 HTS 7.2%+HES 6% or mannitol infusion 15% until ICP Mean effective dose; CPP
<15 mm Hg
Bentson et al. (2006)*? RCT 22 SAH, ICP 10—20 2 ml kg HTS 7.2%+HES 6% or 2 ml kg~ NaCl 0.9% Mean change in ICP, CPP
mm Hg
Francony et al. (2008)*? RCT 20 TBI (17), ICH (2), 231 ml Mannitol 20% or 100 ml HTS 7.45% (both Mean ICP reduction
stroke (1) 255 mOsm boluses)
Ichai et al. (2009)** RCT! 34 TBI Mannitol 20% (1.74 mOsm kg~* bolus) or sodium ICP reduction, GOS at 12
lactate (1.65 mOsm kg~* bolus) months
0ddo et al. (2009)* Retrospective 12 TBI mean GCS 3 Mannitol 25% (0.75 g kg~ '=4.12 mOsm kg %) or 250 ml Brain tissue oxygenation, CPP
non-randomised on admission HTS 7.5%=641 mOsm bolus (range: 9.1—6.4 mOsm kg~ *
crossover for 70—100 kg person)
Bulger et al. (2010)** RCT pre-hospital 1073 Blunt TBI SBP 250 ml Bolus of either HTS 7.5%/dextran 70 6% or HTS 28 day mortality; 6 month GOS
>100 mm Hg 7.5% or NaCl 0.9%
Bordreaux et al. (2011)® RCT 11 TBI GCS <8 NaHCO 8.4% (100 ml=200 mOsm) vs HTS 5% (85 Mean ICP reduction and
ml=171 mOsm) infused over 30 min duration
Cottenceau et al. (2011)% RCT 47 TBI GCS <8 Mannitol 20% (4.39 mOsm kg™') us HTS 7.5% Mean time ICP >20 mm Hg and
(5.13 mOsm kg~) bolus GOS at 6 months
Morrison et al. (2011)%® Feasibility study 106 Blunt TBI GCS <9 250 ml HSD vs 250 ml NaCl 0.9% with 4 h of injury Feasibility to do study (ICP,
for pre-hospital mortality CPP)
RCT
Sakellardis et al. (2011)* RCT 29 TBI GCS <9 Mannitol 20% (2 ml kg~'=2.2 mOsm kg™ ) vs HTS 15% Mean ICP reduction and
(0.42 ml kg~*=2.2 mOsm kg') infused alternatively duration
Scafani et al. (2012)*° Cohort study' 8 TBI GCS <7 1 gkg~! Mannitol 20% (n=6) or 0.686 ml kg~ HTS 23.4% CBF measured by PET 1 h post-
(n=2); both doses are 5.49 mOsm kg* osmotherapy
Mangat et al. (2015)** Retrospective 50 1:1 TBI GCS <8 HTS 3% or HTS 23.4% vs mannitol bolus 20% 14 day mortality; cumulative
cohort using matched ICP burden

BTF database

" Study not blinded.

T Not disclosed if blinded.

¥ Comparison groups not adequately matched.
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Table 3 Comparison of original evidence used in published meta-analyses and BTF guidelines. 3rd Edn, 2007 BTF guidelines, third edition;

4th Edn, 2017 BTF guidelines, fourth edition.

Mortazavi
(2012)*°

Kamel
(2011)**

Meta-analysis authors
(Original research)

Rickard Li
(2014)*¢ (2015)*

Berger-pelleiter BTF*
(2016)*®

Schwartz et al. (1984)**
Fisher et al. (1992)%
Shackford et al. (1998)%*
Schwartz et al. (1998)%
Qureshi et al. (1999)°
Afifi et al. (2003)%

Vialet et al. (2003)"°
Cooper et al. (2004)%°
Battison et al. (2005)*°
Harutjunyan et al. (2005)**
Bentson et al. (2006)*?
Francony et al. (2008)*3
Ichai et al. (2009)3*

0ddo et al. (2009)**
Bulger et al. (2010)**
Bordreaux et al. (2011)%®
Cottenceau et al. (2011)%
Morrison et al. (2011)*®
Sakellardis et al. (2011)*
Scafani et al. (2012)*°
Mangat et al. (2014)*!

3rd Edn
‘3rd Edn

‘3rd Edn

‘4th Edn

‘4th Edn

‘4th Edn

" Study used as part of meta-analysis.

f Data not used for primary outcome analysis (osmolality data used only for secondary outcome analysis).

¥ Mortality data extracted.
1 ICP data extracted.

known severe TBI and established intractable raised ICP. As
the prehospital studies did not show any difference in survival
or long-term neurological outcome between groups, it is no
surprise that inclusion of this huge patient number produced
a meta-analysis with a similar outcome. Adverse events were
considered as secondary outcomes in three of the meta-
analyses. No significant difference in safety was found be-
tween groups.

Two Cochrane reviews have been published concerning
the use of mannitol in the control of brain volume. The first
reviewed the use of mannitol or HTS for brain relaxation in
patients undergoing craniotomy for elective tumour resec-
tion.!? It included six RCTs with 527 participants, and
concluded that HTS significantly reduces the risk of tense
brain during craniotomy (relative risk: 0.60; 95% CI: 0.44—0.83).
Although not directly comparable to reviews of TBI, it does
support the findings of Kamel and colleagues and Mortazavi
and colleagues that HTS lowers ICP to a greater degree than
mannitol.***°

The second systematic review aimed to quantify the ef-
fects of different mannitol regimes compared with other ICP-
lowering agents in the context of acute TBI. Unfortunately,
the review had very limited search criteria and identified
only four eligible RCTs with highly diverse methodology.
Each study had a different control agent, (phenobarbitone,
HTS, HTS/hydroxyethyl starch (HES), Ringer’s lactate, or NaCl
0.9%). The dose, timing, and duration of mannitol therapy
varied, and the severity of TBI was mixed. Furthermore, the
authors ignored their own exclusion criteria by including a
study with an element of crossover. It is difficult to see how
the results from this review can be used to draw a reliable
and coherent conclusion, and the authors themselves
concede that there is insufficient evidence to answer their
questions.’®
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Current guidelines

Clinicians throughout the world refer to the BTF guidelines to
inform and design local TBI management protocols. The
guidelines are based on expert review of evidence, with sys-
tematic assessment of its quality followed by consensus
recommendation. The process is both thorough and robust. A
systematic review is undertaken and an analytical framework
is applied to the raw search so that relevant studies can be
identified. Selected studies are then assessed for bias as a
marker of internal validity, and their overall quality is rated as
either Class 1, Class 2, or Class 3 (Table 4). The most relevant
studies are then amalgamated into a ‘body of evidence’.
Aggregate quality, consistency, and precision of results, and
whether the evidence provided is direct (has an effect on
survival or outcome) or indirect (has an effect on a surrogate
marker, such as ICP reduction) are then used to inform a
judgement regarding the overall strength of this body and the
subsequent level of recommendation that can be issued
(Table 4).

The production of guidelines and the strength of any
recommendation made are limited by the quality of research
underpinning any one topic. These challanges regarding the
quality of evidence applied here, as described above. Indeed, a
large number of studies included in other meta-analyses
(Table 3) were rejected by the BTF as having insufficient
quality.

In the most recent 2017 edition of the BTF guidelines, the
group undertook a systematic review aimed at assessing the
comparative effectiveness of different hyperosmolar agents.’
In the 10 yr after the publication of the third edition, only three
new studies (see Tables 3 and 4) were identified (one Class 2
retrospective cohort study and two Class 3 RCTs) as relevant
and of acceptable quality. The study by Mangat and colleagues
is interesting, as it used data from the BTF’s own TBI-trac New
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Table 4 Definitions used by the BTF to describe the quality of a study used in the production of their guidelines and definition of ‘levels of
recommendation’ which can be made, regarding the overall strength of a BTF guidance.

An individual study can be classed based on quality of its design and integrity of data.

Class 1: derived from good-quality RCTs with solid methodology and large patient numbers

Class 2: derived from cohort studies where comparison of two or more groups is clearly distinguished, or from flawed RCTs

Class 3: derived from case series, databases/registries, case reports, and expert opinion, flawed RCTs, cohort, or case-control studies
Abody of evidence is used to formulate a guideline. The quality and strength of the body of evidence defines the level of recommendation

given to each guideline.

Level I: a high-quality body of evidence. Two or more Class 1 studies

Level II A: a moderate-quality body of evidence. Class 1 studies with inconsistent results or class 2 studies

Level II B: a low-quality body of evidence consisting of Class 2 studies, with direct evidence but of overall low quality
Level III: a low-quality body of evidence consisting of Class 3 studies, or Class 2 studies providing only indirect evidence
Insufficient: no evidence identified or quality too poor to make a recommendation

York State database, data not used in previous meta-ana-
lyses.?? However, it was a single, non-randomised retrospec-
tive study with a relatively small sample size (n=75) and
limited matching to address confounding factors. Three Class
3 studies from the third edition were retained; however, each
addressed different subtopics comparing HTS with normal
saline, HTS with lactated Ringer’s, and mannitol with barbi-
turates.”?>?* These studies are, therefore, not considered to
constitute a ‘body of evidence’.

Ultimately, the BTF had to concede that there is insufficient
evidence to recommend the superiority of any one agent over
another. They also removed the recommendation for the use
of mannitol in patients with signs of trans-tentorial hernia-
tion or progressive neurological deterioration. The BTF states
that ‘Osmotherapy may lower ICP’ adding ‘The committee is
universal in its belief that hyperosmolar agents are useful in
the care of patients with severe TBI'.!

In the UK, neither the National Institute for Health and
Care Excellence in their 2014 guideline, ‘Head Injury, the Early
Management’, nor the Trauma Audit and Research Network
makes any reference to the use of osmotherapy in the man-
agement of TBL.?

Conclusion

Where does this leave the frontline clinician caring for a pa-
tient with signs of imminent brainstem herniation or persis-
tently increased ICP? Given the belief that osmotherapy is
useful, and the compelling evidence that both mannitol and
HTS are effective at lowering raised ICP, it would seem prag-
matic and reasonable for a bolus of either mannitol or HTS to
be administered. Studies report few adverse events associated
with their use, suggesting that the risks of administration are
low compared to any potential benefit. This is especially true
when the alternative option, to do nothing, may well result in
patient death. However, the question still remains whether
any ICP reduction achieved through osmotherapy actually
conveys a survival benefit or an improved neurological
outcome.

Ultimately, the choice between ‘sugar and salt’ to assist
with the control of raised ICP after TBI falls to personal (or
locally agreed) preference. A 2011 online survey of neuro-
intensivists reported a fairly close split with 55% of clinicians
favouring the use of HTS over mannitol.?® At present, there is
no conclusive evidence regarding the superiority of either
agent. However, when using mannitol or HTS, clinicians
should be aware of potential pitfalls of the chosen therapy,
and be familiar with the dose and formulation of the agent
used (Table 1). Furthermore, when designing pragmatic

clinical guidance for the use of mannitol or HTS, it would be
prudent for the following to be taken into account:

(i) Assessment and ongoing review of the patient’s volume
status, electrolytes and comorbidities.
(ii) Documented response to the initial bolus.

(iii) The use of locally agreed guidelines for the overall
management of TBI with a view to other therapies being
used (e.g. evacuation of CSF or space-occupying lesion).

(iv) Local policies should aim to standardise formulations to
limit prescribing error and potential harm in the event of
accidental or erroneous administration.
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