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Case report

Introduction

Respiratory disturbances as a result of traumatic

brain injury (TBI) have been reported in medical

literature and in animal studies. This ranges from

bradypnea, hypopnea, or obstructive sleep apnea

to impact brain apnea following various severities

of TBI (1). Intravenous (IV) hypertonic saline (HTS)

is an effective therapeutic measure against increased

intracranial pressure (ICP) in the setting of mod-

erate to severe TBI (2). Minimal literature exists to

support the use of IV HTS in the setting of mild

TBI in the absence of space-occupying injuries or

lesions (3). To the authors’best knowledge, this

case report describes the first documented use of

IV HTS solution for the treatment of persistent

bradypnea and hypopnea in a concussed adoles-

cent. We obtained written consent for publication

from the patient’s legal guardian prior to the writ-

ing of this case report.

Case

A previously healthy, 11-year-old, 38.4 kg girl

presented to the pediatric emergency department

for evaluation following a head injury. The girl had

sustained a fall after she was caught in a dog leash

striking the back of her head on the ground. Her

family reported a temporary loss of consciousness,

subsequent memory deficit, and emesis.

The initial vital signs were as follows: blood pres-

sure, 122/77 mmHg; heart rate, 106 beats/minute;

respiratory rate, 26 breaths/minute; temperature,

36.4 。C; oxygen saturation, 98% on room air; and

a Glasgow Coma Scale (GCS) score of 14. The phys-

ical examination was significant for swelling and

tenderness of the left occipitoparietal region and

superficial abrasions below the left eye and fore-

head. Given the GCS score and other signs of altered

mental status, a computed tomography (CT) scan

was obtained, showing a small to moderate-sized

soft tissue contusion to the left parietal scalp with
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otherwise no intracranial abnormalities.

Immediately after performing the CT scan, the

girl developed hypoxia with oxygen saturation

rapidly decreasing to 73% on room air and end-

tidal carbon dioxide of 20 mmHg secondary to

hypopnea and bradypnea (5-6 breaths/minute)

when asleep. She responded to verbal and physi-

cal stimuli with immediate spontaneous return of

intrinsic respiratory drive and resolution of hypox-

ia. As a precautionary measure, she was placed on

supplemental oxygen via nasal cannula at a rate

of 2 L/minute. Episodes of bradypnea and hypop-

nea recurred twice while sleeping, and failed to

resolve spontaneously.

Even though the CT did not show any evidence

of obvious intracranial abnormalities, there was

concern that the girl had subclinical cerebral

edema and concussion. A decision was made to try

a bolus dose of HTS. She had a sodium concentra-

tion of 143 mmol/L drawn 3 days prior during an

unrelated outpatient encounter, and a sodium con-

centration of 141 mmol/L drawn just prior to the

administration of HTS. She had a 22-gauge IV

catheter in the left antecubital vein not posing a

concern for IV infiltration. She received a 115 mL

(3 mL/kg) HTS bolus infused over 5 minutes. Within

minutes of completing the infusion, the girl awoke

spontaneously and became alert with a GCS of 15.

The girl was observed in the emergency depart-

ment for 2 hours after the administration of HTS

and remained stable on room air with no further

recurrence of bradypnea or hypopnea. Secondary to

her concussive symptoms, she was hospitalized and

then discharged home in stable condition after a

13-hour inpatient observation.

Discussion

A concussion is a form of mild TBI that is the

result of multiple pathophysiological processes,

including but not limited to hypoxia, ischemia, vaso-

genic edema, excitotoxicity, and increased oxida-

tive stress following the compression and deforma-

tion of brain tissue after mechanical injury (4).

The primary mechanisms of HTS in lowering ICP

are improved tissue perfusion and oxygenation

(5,6). This is due to alterations in blood flow, i.e.,

reduced viscosity, and physical properties of red

blood cells such as a reduction in cell size of approx-

imately 15%. Administration of HTS also reduces

the size of endothelial cells leading to vasodilation

of small capillaries and reflex arterial vasocon-

striction. Furthermore, HTS reduces intracerebral

fluid volume by creating an increased osmotic gra-

dient, which causes a fluid shift from the parenchy-

ma across the blood-brain barrier. In an adult study,

an ICP lowering effect was observed in as little as

5 minutes after the HTS administration (7). This

finding explains the rapid change in clinical picture,

which was observed in this current case.

The secondary and more hypothetical mechanisms

that have been reported with HTS are neurochem-

ical and immunomodulatory. It is presumed that

a rise in extracellular sodium concentration raises

the resting membrane potential, reducing depolar-

ization and preventing cell death. In addition, admin-

istration of HTS is postulated to reduce neutrophil

cytotoxicity further preventing cell death.

The primary risks of HTS administration are asso-

ciated with its high osmolarity, and warrant reliable

IV access to prevent tissue injury in the event of

infiltration. Sudden shifts in sodium and serum

osmolarity are well tolerated by pediatric patients.

If possible, it is prudent to confirm patients’serum

sodium concentrations within normal limits prior

to administration to avoid the risk of osmotic demyeli-

nation associated with chronic hyponatremia.

This case report provides an example of favorable

outcome of hyperosmolar therapy with HTS in an

adolescent girl with respiratory depression due to

mild TBI. It should be noted that the use of HTS

may be considered an off-label indication given

the currently scant evidence. This highlights a need

for further study to support the therapeutic option.
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