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Introduction. Ingestion of a small amount of concentrated hydrogen peroxide can cause cerebral air gas embolism (CAGE). Hyperbaric
oxygen therapy (HBOT) is the standard of care in the treatment of CAGE. We report a case of CAGE after accidental ingestion of 33%
hydrogen peroxide treated with HBOT resulting in reversal of both the clinical and radiologic abnormalities. Case report. A 48 year-old
male took two sips of 33% hydrogen peroxide. A short time later, he developed hematemesis, left sided hemiplegia, confusion, and left
homonymous hemianopsia. Initial laboratory studies, chest x-ray, and brain CT were normal. MRI demonstrated areas of restricted
diffusion and T2 hyperintensities in multiple vascular territories consistent with ischemia due to CAGE. Eighteen hours after arrival, the
patient underwent HBOT at 3 atmospheres absolute (ATA) for 30 minutes and 2.5 ATA for 60 minutes with clinical improvement. Follow-
up MRI at six months demonstrated resolution of the hyperintensities. Discussion. A search of MEDLINE from 1950 to present revealed
only two cases of CAGE from ingestion of concentrated hydrogen peroxide treated with HBOT. Both cases, similar to ours, had complete
resolution of symptoms. Of the seven reported cases of CAGE from hydrogen peroxide that did not undergo HBOT, only in one patient was
there a report of symptom resolution. Conclusion. Ingestion of even a small amount of concentrated hydrogen peroxide can result in
cerebral air gas embolism. Hyperbaric oxygen therapy may be of benefit in reversing the symptoms and preventing permanent neurological
impairment.
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Introduction

Hydrogen peroxide is an oxidizing agent available in most
households and found in many industrial settings. Used as
topical disinfectants, solutions of hydrogen peroxide typi-
cally contain low concentrations, either 3% or 6%. Higher
concentrations, such as 33% or 35%, are used as bleaching
agents and extremely high concentrations, 80 to 90%, are
used with catalysts or other solutions to fuel rocket engines
(1). Some practitioners of “alternative medicine” suggest that
hydrogen peroxide be used in the treatment of patients with
HIV infection, cancer, and other disease processes; although
these claims are unfounded (2). With its wide range of uses,
hydrogen peroxide results in numerous exposures reported to
poison centers every year. Over a 36 month period beginning
in January 1989, the Utah Poison Control Center reported

325 hydrogen peroxide exposure cases, or 0.34% of all calls
(3). Most exposures to peroxide are benign but toxic exposures
occurring as a result of ingestion have been reported (3).
A rare, but known, complication of concentrated hydrogen
peroxide ingestion is cerebral artery gas embolism (CAGE)
(4–9). We report a patient who unintentionally ingested 33%
hydrogen peroxide and presented with symptoms and mag-
netic resonance imaging (MRI) findings suggestive of multiple
cerebral arterial gas emboli; and his subsequent response to
treatment with hyperbaric oxygen therapy.

Case report

A 48-year-old right-handed man unintentionally ingested two
“sips” an unlabeled container of 33% hydrogen peroxide with
two acetaminophen tablets. He had been previously healthy
and had a past medical history positive for hypertension but
no history of stroke or other neurological abnormality. Soon
after ingestion, the patient vomited and went to the local
emergency department. Several minutes after arriving in the
emergency department, the patient had hematemesis consist-
ing of 50 to 75 milliliters of foamy red fluid. After vomiting,
the patient complained of a headache, problems with his
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vision and had difficulties following commands. Two hours
later, he developed left sided weakness and confusion. His
initial vital were reported to be normal except a systolic
blood pressure of 186/90 mmHg. A neurological examination
demonstrated a left homonymous hemianopsia, a left sided
facial droop, and motor weakness. Strength examination
showed a left sided hemiparesis with approximately 1/5
strength in all muscles affecting arms and legs equally. Initial
laboratory studies including a complete blood count, a basic
metabolic profile, prothrombin time and activated partial
thromboplastin time were within normal laboratory values.
Chest radiograph, electrocardiogram and non-contrast head
CT were likewise interpreted as normal. MRI of the brain,
performed twelve hours after ingestion of hydrogen peroxide,
demonstrated multiple areas of hyperintensity on fluid attenu-
ated inversion recovery images (FLAIR) (Fig. 1A and 1B)
and multiple matching areas of restricted diffusion on diffu-
sion weighted images (Fig. 1C and 1D). More specifically the
abnormalities were seen in the following areas: the parietal
lobes affecting the right greater than the left; right occipital
lobe; bilateral frontal lobes; left posterior temporal lobe;
along the left central sulcus; and bilateral cerebellar hemi-
spheres right greater than left. These findings were consistent
with multiple areas of cerebral ischemia.

Given the patient’s history of hydrogen peroxide ingestion,
the local physician contacted the regional poison control cen-
ter who recommended emergent hyperbaric oxygen therapy
(HBOT). Eighteen hours after arrival, the patient underwent
HBOT in a monoplace chamber pressured with 100% oxygen
at a depth of 3 atmospheres absolute (ATA) for 30 minutes
and 2.5 ATA for 60 minutes. Improved vision and strength
were noted in the patient immediately following HBOT. The
patient remained hypertensive throughout his hospitalization,
and was treated with a daily nitro patch. By hospital day 4,
the patient had complete resolution of the previous physical
exam findings and was discharged home. Follow-up MRI of
the brain 6 months later showed only a small area of T2
hyperintensity in the right occipital lobe (Fig. 2A and 2B).
Fourteen days after discharge the patient resumed his jobs as
a truck driver and farmer. Since discharge, the patient noted
his only residual deficit was occasional difficulties with long-
term memory, although formal testing was not obtained.

Discussion

Ingestions of 3% hydrogen peroxide are typically benign with
mucosal toxicity being the most commonly reported sign
(10). At concentrations of 30% or higher, ingestion of even
small amounts of peroxide can be potentially fatal. In previ-
ous reports ingestion of concentrated hydrogen peroxide has
resulted in the following complications: hemorrhagic gastritis
(11,12), respiratory collapse (11,13); pneumomediastinum
(14); seizures (9, 11); portal venous gas (12,15); air in the
right ventricle of the heart (15,16); and death (15–17).
Cerebral air gas embolism (CAGE), alone or in combination
with other complications, may also develop after ingestion of
a small amount of concentrated hydrogen peroxide (4–9,11).
Similar to other reported cases, our case involved the ingestion

Fig. 1. MRI of the brain 12 hours after concentrated hydrogen
peroxide ingestion demonstrating hyperintensities in (A) the right
occipital cortex, left  central sulcus and bilateral frontal lobes and in
bilateral cerebellar hemispheres (B) on FLAIR imaging, areas of
restricted diffusion in the bilateral cerebellar hemispheres (C) and in
the right occipital cortex (D).

Fig. 2. MRI of the brain obtained 6 months after treatment with
hyperbaric oxygen therapy for multiple air gas embolisms from
concentrated hydrogen peroxide ingestion showing near complete
resolution of previous defects in (A) cerebral cortex and (B) the
cerebellum.
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of a relatively small amount (two “sips” per history) of con-
centrated (33%) hydrogen peroxide. Our patient also showed
signs of gastritis, with hematemesis, similar to other cases of
CAGE (6,11).

There have been three proposed mechanisms by which
orally ingested hydrogen peroxide could produce an arterial
gas embolism. First, oxygen bubbles formed, or forced, in the
venous circulation could pass directly to the arterial circulation
through a patent foramen ovale or intracardiac defect (8).
Secondly, oxygen bubbles or undissociated hydrogen peroxide
could pass through a pulmonary arterio-venous fistula or
undergo transpulmonary transportation over the pulmonary
capillary bed (7,18). And lastly, aspiration could result in
hydrogen peroxide itself, or oxygen gas bubbles, being
absorbed into the pulmonary veins (8). In our patient, echocar-
diography was not performed so the mechanism for the
appearance of the cerebral arterial gas emboli is unclear.

Diagnosis of CAGE is typically based on a temporal rela-
tionship to a known cause, such as open heart surgery,
barotrauma related to scuba diving, suicidal injection of air
(19), or as in this case ingestion of hydrogen peroxide (20).
Further support for the diagnosis can come from radiological
imaging with non-contrast head CT if gaseous bubbles can
be directly visualized in the intracranial circulation (7), or
with MRI if diffusion weighted and FLAIR images show
multiple areas of cerebral ischemia (5,8). In our case, the
patient had a reportedly normal head CT, while the MRI
showed multiple areas of restricted diffusion on diffusion
weighted images.

Successful treatment of CAGE from concentrated hydro-
gen peroxide has been has been demonstrated after hyper-
baric oxygen therapy (HBOT) in two previous articles (7, 9).
Benefit from HBOT is presumed to occur by decreasing the
volume of the gas in the intra-cranial vasculature allowing its
redistribution, absorption, and subsequent vascular reperfu-
sion (7,21). While early treatment with HBOT would seem
ideal, treatment in previous reported cases occurred at 11 and
20 hours after ingestion and still resulted in reported benefits
(7,9). This is similar to cases of CAGE from other causes
where excellent clinical outcomes have been reported with
delays in hyperbaric treatment ranging from 11 up to
60 hours (22,23). In our case, the patient underwent HBOT at
18 hours with some improvement noted immediately after-
ward and complete resolution by 4 days after treatment.
Despite the reports of benefit, the role of HBOT in hydrogen
peroxide ingestions is based solely on case reports. Of the
eight previous reports involving 10 patients, including ours,
of CAGE from concentrated hydrogen peroxide ingestion,
three patients’ received HBOT and seven did not. In all the
patients receiving HBOT there was complete resolution of
symptoms (7,9). In the 7 patients not undergoing HBOT: one
died (4), four had persistent hemiparesis (4,6,8,11), one had
spastic quadriplegia and seizures (4) and only in one case was
there reported to be complete resolution of previous deficits:
hemiparesis, and a six nerve palsy (5). Based on these

reports, the relatively low risk involved in HBOT, and its
established role as treated for CAGE from other causes (20):
Physicians should consider HBOT as first line therapy in all
cases of CAGE from concentrated hydrogen peroxide ingestion.

Current recommendations for HBOT in cerebral air gas
embolisms involve use of Navy Dive Table 6, which takes
patients to a depth of 3 ATA for 60 minutes followed by
120 minutes at 2 ATA with several air breaks interspersed
throughout taking a total of 285 minutes to complete. In the
two previous cases where HBOT was used for hydrogen
peroxide induced CAGE, treatments consisted of 49 minutes
at 3 ATA (dive stopped secondary to claustrophobia) and
3 ATA for 30 minutes followed by 2 ATA for 60 minutes
(7,9). Our protocol was similar to the latter with the patient
taken to a depth of 3ATA for 30 minutes and 2.5 ATA for
60 minutes in a 100% oxygen environment.

In conclusion, ingestion of concentrated hydrogen perox-
ide can result in clinical and radiological evidence of cerebral
air gas embolism. Treatment with hyperbaric oxygen therapy,
even if delayed, may be of benefit and should be recom-
mended in patients with CAGE.
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