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Abstract

Traumatic brain injury (TBI) remains a major cause of mortality and disability. Post-traumatic intracranial hypertension
(ICH) further complicates the care of patients. Hyperosmolar agents are recommended for the treatment of ICH,
but no consensus or high-level data exist on the use of any particular agent or the route of administration. The
two agents used commonly are hypertonic saline (HTS) and mannitol given as bolus therapy. Smaller studies
suggest that HTS may be a superior agent in reducing the ICH burden, but neither agent has been shown to
improve mortality or functional outcome. In a recently published analysis of pooled data from three prospective
clinical trials, continuous infusion of HTS correlated with serum hypernatremia and reduced ICH burden in
addition to improving 90-day mortality and functional outcome. This lays the foundation for the upcoming
continuous hyperosmolar therapy for traumatic brain-injured patients (COBI) randomized controlled trial to
study the outcome benefit of continuous HTS infusion to treat ICH after severe TBI. This is much anticipated
and will be a high impact trial should the results be replicated. However, this would still leave a question over
the use of mannitol bolus therapy which will need to be studied.
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Traumatic brain injury (TBI) is one of the major causes of
death and disability, and contributes to 30% of all injury-
related mortality. After severe TBI, prompt surgical and
medical management of patients reduces mortality.
Guidelines for the management of severe TBI have been
formulated and published for the past two decades by the
Brain Trauma Foundation (BTF), and adherence to these
has resulted in a significant reduction in mortality [1, 2].
The primary interventions that have maximal impact

and have led to the several-fold reduction in mortality
from severe TBI over the past decades are immediate
surgical intervention and subsequent care by specialist
intensivists. In a majority of patients who have under-
gone craniotomy for surgical evacuation of an extra-
axial clot or rarely decompressive craniectomy for severe

swelling, as well as in patients who may not have a sur-
gical lesion, post-traumatic intracranial hypertension
(ICH) poses a threat to life and quality of life after sur-
vival. There are few proven therapies for the efficient
treatment of ICH, yet there is a paucity of prospective
randomized clinical trials for those agents.
Hypertonic solutions such as mannitol and hypertonic

saline (HTS) are recommended early in the management
of ICH after severe TBI [1]. They provide therapeutic
benefit along with a wide therapeutic margin. The most
recent BTF guidelines stated “although hyperosmolar
therapy may lower intracranial pressure, there was insuf-
ficient evidence about effects on clinical outcomes to
support a specific recommendation, or to support use of
any specific hyperosmolar agent”. The current recom-
mendation for the use of mannitol to treat ICH is
carried from the previous edition of the guidelines “to
maintain sufficient recognition of the potential need for
hyperosmolar therapy to reduce intracranial pressure,
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while acknowledging that more research is needed to
inform more specific recommendations” [1]. While man-
nitol has been the traditional agent of choice supported
by older studies, the use of HTS is increasing and is
supported by several recent studies, albeit small or
heterogeneous ones [3–8]. Reduction in intracranial
pressure (ICP) has been consistently demonstrated with
both mannitol and HTS, but there is a suggestion that
HTS provides a more robust and durable effect in lower-
ing ICP [3, 7]. Recent research has now focused on
establishing superiority between HTS and mannitol
administered as bolus therapy.
There have also been a few small prospective single-arm

studies involving patients with different intracranial path-
ologies that have shown that the use of continuous HTS
infusion to achieve hypernatremia is beneficial in reducing
ICP [9, 10]. Asehnoune et al. analyzed pooled data from
three prospective clinical trials involving TBI patients, and
compared data from one center that used continuous
HTS infusion as first-line ICH therapy to other centers
that administered HTS as bolus therapy only, as part of a
systematic, guidelines-based tiered therapy for raised ICP
after severe TBI [11]. With propensity score analysis
adjusted for defined confounders of outcomes, the
adjusted hazards ratio for survival and 90-day functional
outcome with continuous HTS therapy were significantly
greater than that for intermittent therapy. No significant
adverse effects such as renal failure and neurological com-
plications were seen. In pediatric patients treated with
HTS, sustained hypernatremia has been shown to be asso-
ciated with thrombocytopenia, renal failure, neutropenia,
and acute respiratory distress syndrome, but these have
not been observed extensively in adults, though asso-
ciated hyperchloremia may be associated with in-
creased mortality [12–15].
The above study is the first large prospective dataset to

demonstrate survival benefit with use of HTS, and provides
a foundation for the planned COBI trial (continuous hyper-
osmolar therapy for traumatic brain-injured patients;
NCT03143751), which has been approved and funded to
commence shortly [16]. COBI will study the use of continu-
ous HTS infusion for a minimum of 48 h in moderate to
severe TBI patients aged 18–80 years using the primary out-
come measure of Glasgow Outcome Score–extended
(GOS-E).
While this trial will answer the question of utility of

continuous HTS in improving outcomes, the question of
the efficacy of HTS in comparison to mannitol bolus
therapy, which is currently the preferred treatment, will
remain unanswered. The mode of administration is
important since bolus therapy reduces elevated ICP
immediately by improving cerebral hemodynamics, but
it is a reactive measure. After repeated doses over several
hours, HTS and mannitol cause a reduction in brain

water and further reduction in ICP. In comparison,
continuous infusion is associated with hypernatremia
and hyperosmolality, which gradually cause cerebral
dehydration and pre-emptively reduce ICP.
And what of mannitol; will it be abandoned if the

results of the COBI trial confirm the current findings?
That may not happen so readily, with the primary reason
being the ease of peripheral intravenous administration
versus the need for central venous catheters that are
required for administering hypertonic saline. It may be
that mannitol remains the hyperosmolar agent of choice
for early resuscitation, while HTS may be adopted for
maintenance therapy, even though data for that also
favors HTS [5].

Conclusion
Hyperosmolar therapy offers a means to reduce ICH after
severe TBI. There are no high-level data on the superiority
of mannitol versus HTS in reducing ICH burden or improv-
ing outcomes. New data suggest that continuous infusion of
HTS reduces ICH burden and improves survival and func-
tional outcomes. The COBI trial will study the outcome
benefit of continuous HTS infusion therapy in moderate
and severe TBI patients, and may well be a hallmark trial for
the effect of hyperosmolar agents in not only reducing ICH
but also improving survival and functional outcomes.
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