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ABSTRACT
increase neuronal cell death, exacerbate the original brain in
jury, and in severe cases, lead to increased intracranial pressure
(ICP) and herniation of brain tissue.7–9

There are limited options available to the combat medic for
management of traumatic brain injury (TBI) with impending
or ongoing herniation. Current pararescue and Tactical Com
bat Casualty Care (TCCC) guidelines prescribe a bolus of 3%
or 5% hypertonic saline. However, this fluid bears a tactical
burden of weight (~570g) and pack volume (~500cm3). Thus,
23.4% hypertonic saline is an attractive option, because it has
a lighter weight (80g) and pack volume (55cm3), and it pro
vides a similar osmotic load per dose. Current literature sup
ports the use of 23.4% hypertonic saline in the management
of acute TBI, and evidence indicates that it is safe to adminis
ter via peripheral and intraosseous cannulas. Current combat
medic TBI treatment algorithms should be updated to include
the use of 23.4% hypertonic saline as an alternative to 3% and
5% solutions, given its effectiveness and tactical advantages.

While provision of adequate brain tissue oxygenation and
perfusion are the primary goals to reduce secondary injury in
the acute TBI patient, emergent strategies for acutely elevated
ICP with signs of impending or ongoing herniation (IOH) are
key to preventing irreversible injury and death.10 Continued
shift of brain parenchyma can compress the third cranial nerve
leading to unilateral or bilateral mydriasis (“blown” pupil).
Parenchymal shift can also damage the respiratory and cardiac
automation centers in the medulla and pons.11 Clinical signs
of impending herniation include significant pupillary asym
metry, unilateral or bilateral fixed and dilated pupils, decorti
cate or decerebrate posturing, respiratory depression, and the
“Cushing triad” of hypertension, bradycardia, and irregular
respiration.12
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Hyperosmolar Therapy

Introduction

One of the primary treatments of acute posttraumatic elevated
ICP and IOH is administration of in
travenous (IV) hyper
osmolar agents. Boluses of hyperosmotic agents are effective
in lowering ICP on a short-term, emergent basis, primarily
through the creation of an osmotic gradient that reduces cere
bral swelling by moving fluid out of brain tissue and into the
vasculature.13,14 Hyperosmolar therapy has been in use since
1919 with a wide variety of agents proffered: glucose, urea,
mannitol, and sodium chloride.15 In current literature, manni
tol and hypertonic saline (HTS) have been established as effec
tive for the management of elevated ICP.16

TBI is the most pervasive injury in modern conflicts with a
wide range of sequelae from mild to life threatening.1 Second
only to uncontrolled hemorrhage, TBI accounts for 9% of
deaths in casualties with potentially survivable injuries.2 TBI
grade is based on presenting neurologic function as measured
on the Glasgow Coma Scale (GCS) – mild (13–15), moderate
(9–12), and severe (3–8).3 From 2000 to 2019, the Defense
and Veterans Brain Injury Center reported 415,858 Service
members diagnosed with TBI, with 12% classified as moder
ate, severe, or penetrating TBI.4 Blast, blunt, and penetrating
mechanisms can cause TBI; blast is the most common in the
combat environment (46–56%).5,6

Clinically, mannitol and HTS have limited evidence to sug
gest superiority of one over the other.17,18 However, there are
multiple reasons HTS is favored over mannitol in the combat
environment. First, mannitol is a potent osmotic diuretic and
causes intravascular depletion, which is detrimental in poly
trauma patients with hemorrhagic shock.19 Second, manni
tol crystallizes when exposed to low temperatures, requiring
the use of filters and rewarming to 70°C if crystals form.20
Finally, mannitol use is cumbersome, with the typical dosing

The damage to neuronal tissue from the primary TBI cannot
be treated by the combat medic. In the prehospital setting, the
treatment focus for patients with moderate and severe TBI is
on limiting the deleterious effects of secondary injury. This is
defined as the compounding of parenchyma damage by physi
ologic, molecular, and biomechanical mechanisms that persist
for hours to days following the initial injury. Collectively, these
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(0.5–1.0g/kg) of a 25% solution (12.5g/50mL) requiring up
to seven vials to treat an 80kg patient. Because of these thera
peutic and logistical limitations, the Pararescue Medical Operations Handbook (PJHB) and the Tactical Combat Casualty
Care (TCCC) guidelines recommend HTS as the preferred
agent for management of IOH.21,22

Current Practice and Tactical Considerations
The current TCCC guidelines for TBI management do not in
clude HTS during tactical field care. However, during tactical
evacuation care, the guidelines recommend a 250mL 3% or
5% HTS IV bolus for suspected herniation (indicated by uni
lateral dilated pupil with decreased level of consciousness).22
Current Joint Trauma System Clinical Practice Guidelines for
the management of elevated ICP in severe TBI also include the
initial 3% HTS bolus followed by an infusion at 50–100mL/h
with provision for serum sodium level monitoring.23 Despite
the current TCCC and PJHB treatment recommendations for
the use of 3% or 5% HTS in the combat setting, the added
weight and bulk in the medic’s limited rucksack make carrying
these solutions inefficient.
Hypertonic saline packaging varies depending on concentra
tion. The 3%, 5%, and 7.5% concentrations come in 500mL
polyvinyl chloride plastic bags identical to traditional IV crys
talloid solutions, such as 0.9% sodium chloride (NaCl) and
lactated Ringer’s. The solution is accessed by inserting a sterile
intravenous set directly into the bag spike port, and a 250mL
bolus is administered over 10–30 minutes. The 23.4% HTS
comes as a 30mL solution in a borosilicate glass vial sealed
with a rubber stopper and plastic cap to maintain sterility.
This formulation is administered as a slow push over 10 min
utes to avoid transient hypotension.
The NaCl concentration, milliequivalents per container, con
tainer weight, and pack volume of the most common avail
able hypertonic saline preparations are presented (Table 1).
When compared with 3% or 5% solutions in 500mL bags,
30mL 23.4% HTS vials represent an advantage in terms of
weight, pack volume, and shelf-life (36 versus 30 months).24
These vials also deliver a similar sodium load to the TCCC
recommended 250mL dose of 3% solution at a higher osmo
larity (8,008 versus 1,026 mOsm/L). The 30mL 23.4% HTS
vials are small enough to fit inside the hard, plastic cases that
combat medics use to protect prefilled syringes and small med
ication vials. Glass vials and plastic infusion bags appear to be
equally durable, although this characteristic of the respective
containers has not been formally evaluated.

Clinical Support for 23.4% Hypertonic Saline

While there have been no randomized controlled studies of
23.4% HTS in the prehospital setting, in-hospital data support
its efficacy. In a retrospective analysis, intermittent bolus doses
of 23.4% HTS alone were shown to significantly reduce ICP
without significant changes to hemodynamics.25 In a study of
patients with suspected herniation treated with 23.4% HTS,
75% had clinical reversal of transtentorial herniation with an
accompanying decrease in ICP without significant changes in
hemodynamic parameters. Among the patients who had ICP
monitors, ICP decreased from 23.3 ± 16.2 mmHg to 13.8 ±
10.3 mmHg at 1 hour and to 11 ± 12 mmHg at 24 hours af
ter 23.4% HTS administration.26 A retrospective comparison
of 5% or 23.4% HTS for sustained ICP > 20 mmHg found
both solutions reduced ICP, without a statistically significant
difference in percentage of responders or rate of adverse reac
tions.27 In a pilot trial, 23.4% HTS was superior to mannitol
in lowering ICP, suggesting it is at least as effective as lower
concentrations of HTS, extrapolating from prior studies.17,18,28

Administration of Hypertonic Saline
Traditionally, HTS solutions greater than 2–3% NaCl are
given via central venous catheter due to concern for extrava
sation injury and vein sclerosis. The administration of 23.4%
HTS via intraosseous (IO) needle was reported in two small
case series of neurological emergencies and noted to be a fea
sible route for drug delivery without any apparent injection
site complications.29,30 Animal research has demonstrated that
peripheral vein phlebitis after IV administration of hyperos
molar agents is a function of agent weight-based osmolarity
(mOsm/kg) and duration of infusion.31 In an emergency with
out central venous or IO access, 23.4% HTS (8,008 mOsm/L)
can be safely administered into a correctly placed and patent
large vein IV as a bolus followed by a 0.9% saline flush. For
comparison, phenytoin sodium (6,175 to 9,740 mOsm/L) is
routinely given in a similar volume via large peripheral vein
access for the emergent treatment of status epilepticus.32,33
In a series of pediatric neurological emergencies, four patients
received 23.4% HTS via peripheral IV without access-site
complications.34 Some academic institutional protocols recom
mend 23.4% HTS by peripheral IV for emergent management
of IOH, and analysis of quality assurance data suggests this is
a safe practice.12,35
Regardless of which access is used, free withdrawal of blood
and unrestricted flow of a 0.9% saline flush without local

TABLE 1 Comparison of Available Hypertonic Sodium Chloride (NaCl) Solutions for Use in Management of Acutely Elevated Intracranial
Pressure With Impending or Ongoing Herniation

Volume (mL)

Sodium
concentration
(mEq/L)

Sodium content
(mEq/container)

Osmolarity
(mOsm/L)

Weight (g)

Pack volume
(cm3)

3% NaCl1

500

513

256.5

1,026

571*

500‡

Plastic bag

5% NaCl

500

856

428

1,712

571†

500‡

Plastic bag

7.5% NaCl

500

1,283

641.5

2,566

571†

500‡

Plastic bag

23.4% NaCl2

30

4,004

120.1

8,008

80

55

Glass vial

Solution

B. Braun Medical Inc. (Bethlehem, PA), NDC# 0264-7805-10.
2
Fresenius Kabi USA (Lake Zurich, IL), NDC# 63323-187-30.
*Weight including solution, bag, and outer protective wrap.
†
Weight assumed to be equivalent to 500mL 3% NaCl bag.
‡
Assumes 1mL saline in a flexible plastic bag to be 1cm3 pack volume.
1
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