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ARTICLE INFO ABSTRACT

Handling Editor: Prof. L.H. Lash Hydrogen peroxide (HP) poisoning is rare but potentially life-threatening. It can cause tissue damage through
oxygen emboli and reactive oxygen species (ROS). This is the first reported case of blindness caused by cerebral
infarctions involving the visual pathway due to oxygen emboli from HP ingestion. A monocular patient presented
with profound vision loss and no apparent pharyngeal mucosal injury following ingestion of commercial-grade
(35 %) HP. CT imaging revealed gastric wall edema and gas in the portal venous system, suggesting gas emboli.
Post-treatment MRI of the brain and orbits with and without contrast confirmed multifocal embolic infarcts along
the visual pathway, and transcranial doppler studies identified moderate right-to-left shunting to explain the
paradoxical emboli. The patient received hyperbaric oxygen therapy, resulting in a rapid improvement in visual
acuity from hand motion to 20/20 and near-total resolution of visual field loss. Remarkably, this recovery
occurred despite treatment initiation more than 24 h after symptom onset. This case emphasizes the importance
of timely recognition and management of HP poisoning. In the authors’ minds it also raised questions about the
routine use of 100 % oxygen in hyperbaric therapy due to potential additional oxidative stress. It is the authors’
opinion that further research should be done to validate treatment protocols and further interrogate possible
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risks associated with reactive oxygen species and oxygen toxicity.

1. Introduction

Hydrogen peroxide (HP) may exert toxic effects on tissues either
directly, by way of caustic corrosion and lipid peroxidation due to the
effects of excess reactive oxygen species, or indirectly when tissue is
infarcted by gas emboli which form as a result of rapid oxygen pro-
duction creating bubbles in the vascular system [1]. Each of these
mechanisms must be considered when assessing a patient with HP
poisoning, as early intervention has the potential to produce a dramat-
ically positive effect while failure to correctly diagnose and treat these
individuals may lead to a poor outcome.

According to the Centers for Disease Control (CDC), less toxic ex-
posures to HP are most commonly due to inhalation or skin exposure
[2], but oral ingestion of higher strength (>10 %) solutions may cause
severe morbidity or even death [3]. Vision problems associated with HP
exposure are most likely related to cytotoxic injury of the ocular surface,
as might occur with a splash of household strength solution (3 %) or
rarely with use of a contact lens that has been cleaned with higher

concentration (>3 %) HP [4]. Though HP is known to induce apoptosis
in retinal ganglion cells (RGCs) and has been used as a model for optic
nerve demyelination in vitro [5,6], only a single case report of HP
associated optic neuropathy has been documented and it is unlikely that
the case truly represented a causal relationship [7]. Tissue infarctions
due to oxygen-emboli are a well-recognized byproduct of exposure to HP
following oral ingestion or iatrogenic exposure [3]. With this manuscript
we report the first case of blindness due to cerebral infarction by oxygen
emboli as a result of industrial strength (>30 %) HP ingestion, as well as
the dramatic improvement that followed hyperbaric treatment.

Case. Report

A 66-year-old right-handed man with a history of hyperlipidemia,
hypertension, and phthisis bulbi of the right eye, following penetrating
trauma during childhood, presented to the emergency department (ED)
with severe vision loss which began 30 min to 1 h following oral
ingestion of commercial grade 35 % HP solution 24-h prior to arrival. He
reported ingesting about a quarter of a 16.9 0z/500 mL water bottle
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(approx. 125 mL = about 44 mL of HP), which was used to store HP for
cleaning. He reported that he quickly regretted the mistake and expec-
torated the volume that was in his mouth before forcing himself to
vomit.

On presentation, his vision was limited to hand motions in all
quadrants in his left eye. He had no light perception in the right eye, his
baseline since childhood. His left pupil was round and reactive to light,
with a dense afferent pupillary defect on the right. Intraocular pressure
was normal in the left eye. Dilated fundus examination of the left eye
demonstrated a nuclear cataract but otherwise clear media, and a
normal appearing retina, without pallor, foveal darkening, vessel box-
carring, or other signs of a retinal vascular occlusion. The optic nerve
appeared normal without any edema, pallor, hemorrhages, or cotton
wool spots. Venous blood gas as well as laboratory testing for serum
volatiles and osmolality were within normal range. The sedimentation
rate and the c-reactive protein level were normal. Computed tomogra-
phy (CT) of the brain and CT angiography of the head and neck did not
reveal any acute findings. CT of the abdomen and pelvis demonstrated
thickening of the gastric wall as well as a punctate focus of gas in the
hepatic vein, and diffuse hepatic hypodensity. Magnetic resonance im-
aging (MRI) of the brain and orbits as well as transcranial dopplers were
performed after treatment had been initiated. MRI of the brain and
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orbits with and without contrast demonstrated scattered foci of
restricted diffusion on the surface of the cortices of the right medial
occipital lobe, near the calcarine fissure, right superior frontal gyrus,
precentral gyrus, bilateral inferior parietal lobules, and lateral occipital
lobes (Fig. 1). The appearance was considered to be consistent with
infarctions due to an embolic source. The optic nerves, the optic chiasm,
and the tracts were without abnormal enhancement. Transcranial
doppler with bubble study was performed, demonstrating a Spencer
grade 4 right-to-left shunt, likely reflecting a patent foramen ovale or
intrapulmonary arteriovenous malformation.

Upon arrival at the ED, the patient was evaluated by the emergency
medicine, toxicology, neurology, gastroenterology, and ophthalmology
services. Toxicology recommended hyperbaric oxygen therapy for
treatment of possible infarctions due to arterial oxygen emboli. The first
hyperbaric treatment was to a depth of 2.81 ATA consisting of a total of
143 min of compression, 113 min being bottom time, and 90 min of
100 % oxygen administration. The patient reported an improvement in
vision 1-2 h following the first treatment and his corrected near vision
was measured at J16 (20/200 Snellen distance equivalent). Given the
measurable improvement, the patient received a second treatment ses-
sion, this time to a depth of 2.36 ATA with a total of 67 min of
compression, 59 min of bottom time, and again 90 min of 100 % oxygen

Fig. 1. MRI axial slices, DWI (A,C) and ADC (B,D) sequences demonstrating diffusion restriction in the right medial occipital lobe (A,B) and bilateral inferior parietal

lobules (C,D).
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administration. The following morning his corrected near vision
measured J1 + (20/20 Sn. dist.) and subjectively he reported that his
vision had returned to baseline. Given this success, treatment was dis-
continued. The patient was prescribed daily aspirin and atorvastatin, for
stroke risk factor mitigation per his neurologist’s recommendation, and
discharged home to follow-up outpatient with neurology and neuro-
ophthalmology.

At a follow-up visit 2 months after his hospitalization, the patient’s
uncorrected distance vision was 20/20 in the left eye. Testing was only
possible for the left eye due to the aforementioned injury to the right
eye. Standardized automated perimetry using the Humphrey Visual
Field 30-2 SITA Standard strategy with a size III stimulus demonstrated
mild depression centrally with a dense scotoma inferonasal to fixation
and a mean deviation of —6.30 dB (Fig. 2A). Zeiss Cirrus optical
coherence tomography of the retinal nerve fiber layer (RNFL) flagged
normal RNFL and neuroretinal rim thicknesses, but closer inspection
revealed wedges of RNFL thinning both nasally and superiorly (Fig. 2B).

2. Discussion

This case highlights the time sensitive challenges a physician may be
faced with when treating a patient with vision loss following a toxic
ingestion as well as a very intriguing set of pathophysiological mecha-
nisms. Localizing the lesion in a case where the only manifestation is
vision loss was made more challenging by the fact that our patient was
monocular at baseline. In this case, the patient reportedly recognized his
error and spit out a large mouthful of HP before inducing emesis. The
apparent lack of pharyngeal mucosal injury made HP toxicity seem less
likely initially, but the findings of edema of the gastric wall and gas in
the portal venous system on the CT of the abdomen provided the evi-
dence needed to suspect cerebral infarctions due to gas emboli and
prompted emergent treatment. This was later supported by the multi-
focal embolic infarcts seen on MRI and moderate right-to-left shunt that
was seen on the transcranial dopplers with bubble study, both of which
were performed post-treatment to confirm the diagnosis of multifocal
infarcts involving the visual pathway. One feature of this case, which
may be more impressive than the rapid improvement in visual acuity
from hand motions to 20/20, is the fact that he presented greater than
24 h after symptom onset and still experienced near total resolution of
his visual field loss.

Hydrogen peroxide readily crosses epithelial barriers. Catalase, an
enzyme present in all aerobic cells, is responsible for converting HP to
water and oxygen [8]. Just 1 mL of 3 % HP will produce 10 mL of ox-
ygen gas, while 1 mL of 35 % will produce 100 mL of oxygen [3]. It’s
unlikely that he retained the full measure of HP he said he took (125 mL)
as this would have produced over 10 liters of gas. This startling fact may
explain why our patient experienced profound deleterious effects
despite his immediate effort to regurgitate the toxin. HP is an odorless
and colorless liquid, allowing it to be mistaken for water if placed in an
unlabeled container. While the liquid’s bitter taste will signal to a con-
sumer that it is not safe for ingestion, the recognition at this point may
be too late.

A systematic literature review of embolic phenomena due to HP
exposure by King et al. found that time to symptoms of embolic phe-
nomena in cases of HP ingestion has been reported as early as immediate
and as late as 72 h from exposure, but in 90 % of cases the symptoms
occur within 10 h [3]. Treatment with hyperbaric oxygen therapy is
aimed at restoring blood flow to infarcted tissue by dissolving the gas
emboli through increased pressure. Oxygen is sometimes used to in-
crease oxygenation to the tissues, though it will aggravate
ischemia-reperfusion. King et al. found that 56.5 % of patients treated
with hyperbaric oxygen for portal venous gas or air-gas emboli saw full
recovery compared with 41.8 % of patients not treated with hyperbaric
oxygen [3]. Optimal recovery of function is expected with a shorter time
to treatment. There were deaths in 4 of the 54 (7.4 %) patients treated
with hyperbaric oxygen compared with 13 of 72 (18.1 %) of patients in
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the non-treated group. One significant bias with these comparisons is
that sicker patients may be too unstable to be candidates for hyperbaric
therapy. Interpretation is also limited by small sample sizes, diversity of
treatment indications, and lack of standardization among treatment
centers, but in addition to data from previous studies, hyperbaric oxygen
therapy seems to improve likelihood of recovery and reduce mortality in
patients treated for infarctions due to air-gas emboli versus the alter-
native. The efficacy of hyperbaric therapy at room air concentrations
(“hyperbaric air”) for treatment of arterial oxygen emboli has not been
studied.

One question the authors raise is whether treatment with 100 %
oxygen may pose an additional risk by increasing oxidative stress in
patients with possible or known injuries due to increased activity of
reactive oxygen species (ROS). HP generates ROS both in vivo and in
vitro, and this is at least part of the mechanism by which neutrophils kill
bacteria. Clearly, there are scenarios where the therapeutic value of
hyperbaric oxygen is desired, as with decompression sickness or treat-
ment of bacterial and especially anaerobic infections [9]. One of the
proposed mechanisms by which hyperbaric oxygen treats infectious
disease is the antimicrobial effect of increased ROS formation [10].
Several studies have demonstrated that hyperbaric oxygen therapy may
have deleterious effects on mitochondrial function [11]. Indeed, there
are models that use HP titration as a test of mitochondrial dysfunction as
the cells with mitochondrial impairment are more sensitive to HP
induced apoptosis [12,13]. Oxygen, and particularly ROS may aggravate
any underlying mitochondrial impairment [14]. To take the point a step
further, the opposite of hyperbaric oxygen, or therapeutic hypoxia, has
been proposed as a treatment of mitochondrial dysfunction and has
demonstrated remarkable beneficial effects in animal models of neuro-
degenerative diseases, diseases where ROS excess plays a major role in
the pathophysiology [15-17].

In cases of air-gas emboli, the therapeutic purpose of hyperbaric
treatment is to reduce the size of the emboli in accordance with Boyle’s
law and thereby restore blood flow to infarcted tissues. While the oxygen
window effect explains the unmistakable benefit of treating nitrogen
and inert gas emboli with 100 % oxygen [18], hyperoxygenation may
have less therapeutic value in cases of pure oxygen emboli, as increasing
the oxygen content in the blood would theoretically reduce the gradient
which is otherwise leveraged to shrink nitrogen and inert gas bubbles
[19]. Hyperoxygenation is also known to induce vasoconstriction of
neurovasculature, which may be counterproductive in these cases [20].
Previous study does not support the use of hyperbaric oxygen or
hyperoxygenation therapy for stroke patients [20,21]. Such concerns
might lead one to consider whether treatment with hyperbaric air (21 %
oxygen, 79 % nitrogen) would be preferable to hyperoxygenation, as it
would be expected to produce fewer ROS, the byproducts of oxygen
metabolism. It may be useful to investigate this idea by indirectly
assessing systemic ROS production in patients undergoing hyperbaric
oxygen therapy using serum-based testing such as derivatives-oxygen
metabolites (d-ROMs) [22].

In conclusion, this is a report of blindness caused by cerebral in-
farctions involving the visual pathway due to oxygen emboli subsequent
to ingestion of commercial grade (35 %) HP. The patient’s profound
blindness resolved shortly after treatment with hyperbaric oxygen
therapy. We wish to highlight the importance of recognizing and
treating patients with sequelae of possible oxygen emboli, the effects of
which may be pleotropic. The beneficial effect of hyperbaric treatment
in this cases was undoubtable, but in the authors’ opinion there may be
reason to reconsider the standard practice of treating patients exposed to
HP with 100 % oxygen. Though the tremendous benefit of hyperbaric
treatment alone may render the point moot, the authors express concern
that treating patients with oxygen emboli due to HP ingestion with
hyperoxygenation may place them at increased risk of adverse effects or
tissue injury due to increased free radical production or delayed bubble
dissolution, ideas which require validation with dedicated investigation.
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Fig. 2. Humphrey Visual Field 30-2 SITA Standard strategy with a size III stimulus (A) demonstrating mild depression centrally with a dense scotoma inferonasal to
fixation in the left eye. Zeiss Cirrus optical coherence tomography of the RNFL (B) demonstrating wedges of RNFL thinning nasally and superiorly in the left eye.
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