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Hydrogen Peroxide Poisoning
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Abstract Hydrogen peroxide is an oxidising agent that is used in a number of household products, including

general-purpose disinfectants, chlodne-free bleaches, fabric stain remavers, contact lens disinfectants and haie
dyes, and it is a component of some tooth whitening produgts, In industry, the principal use of hydrogen peroxide
is as a bleaching agent in the manufacture of paper and pulp. Hydrogen peroxide has been employed medicinally
for wound irrigation aiid for the sterilisation of ophthalmic and eadoscopic Instruments.

Hydrogen peroxide canses toxicity via three main mechanisms: corrosive damage, oxygen gas formation and
lipid peroxidation. Cencentrated hydrogen peroxide is caustic and exposure may resuit in local tissue damage.
Ingestion of concentrated (>35%) hydrogen peroxide can also result in the generation of substantial volumnes of
oxygen. Where the amount of oxygen evelved exceeds its maximum solubility in bloed, venous or arterial gas
embolism may occur, The mechanism of CNS damage is thought to be arterial gas embolisation with subsequent
brain infarction, Rapid generation of oxygen in closed body cavities can also canse mechanical distension and
there is potential for the rupture of the hollow viscus secondary to oxygen liberation, In addition, intravascular
foaming following absorption can seriously impede right ventricular output and produce complete loss of cardiac
output. Hydrogen peroxide can also exert a direct cytotoxic effect via lipid peroxidation.

Ingestion of hydrogen peroxide may cause irritation of the gastrointestinal tract with nauses, vomiting,
haematemesis and foaming at the mouth; the foam may obstruct the respiratory tract or result in pulmorary
aspiration. Painful gastric distension and belching may be caused by the liberation of large volumes of oxygen in

Toxicol Rev 200d; 23 (1); 51-57
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the stomach. Blistering of the mucosae and oropharyngeal burns are common following ingestion of concen-
wrated solutions, and laryngospasm and haemorthagic gastritis have been reported, Sinus tachycardia, lethargy,
confusion, coma, convulsions, stridor, sub-epigloitic narrowing, apnoea, cyanosis and cardicrespiratory arrest
may ensue within minutes of ingestion. Oxygen gas embolism may produce multiple cerebral infarctions.
Although most inhalational axposures czuse little more than coughing and transient dyspnoea, inhalation of

highly concentrated solutions of hydregen

peroxide can cause severe iritation and inflammation of mucous

membranes, with conghing ard dyspnoea. Shock, coma and convulsions may ensue and pulmonary oedema may

pecur up to 24-72 hours post exposuce.

Severe toxicity has resulied from the use of hydrogen peroxide solutions to irrigate wounds within closed
body cavities or under pressure as oxygen gis embolism has resulted.

Inflammation, blistering and severe skin damage may follow dermal contact. Ocular exposure to 3% solutions
may cause immediate stinging, irritation, lacrimation and blurred vision, but severe injury is unlikely. Exposure
to more concentrated hydrogen peroxide solutions (»10%) may result in ulceration or perforation of the cornea.

Gut decontaniination is not indicated following ingestion, due to the rapid decomposition of hydrogen
peroxide by catalase to oxygen and water. If gasiric distension is painfui, a gastric tube should be passed to
release gas, Early aggressive airway management is critical in patients who have ingested concentrated hydrogen
peroxide, as respiratory failure and arrest appear to be the proximate cause of death. Endoscopy should be
cansidered if there is persistent vomiting, haematemesis, significant pral burns, severe abdominal pain,
dysphagia or stridor. Corticosteroids in high dosage have been recommended if laryngeal and pulmonary
oedema supervene, but their value js unproven. Endotracheal intubation, or rarely, tracheostomy may be required
for life-threatening laryngeal oedema. Contaminated skin should be washed with copious amounts of water. Skin
lesions should be treated as thermal burns; surgery may be required for deep burns. In the case of eye exposure,
the affected eye(s) should be irrigated immediately and thoroughly with water or 0.9% saline for at least 10-15
minutes. Instiflation of a local anaesthetic may reduce discomfert and assist more thorough decontamination,

1. Uses and Causes of Poisoning

Eqn_.ommn peroxide (FaO2) is usually marketed as colourless,
odourless, acidic agueous solutions, in concentrations ranging
from 3% to 90%. It is an oxidising agent and decomposes vigor-
ously and exothermically to oxygen and water in the presence of
most metals, in alkaline solution and in the presence of the enzyme
catalass.

Most of the applications of hydrogen peroxide stem from its
pature as an oxidising ageat. It is used in a number of household
products including general-purpose disinfectants (as a 3% solu-
tien), chlorine-fiee bleaches aa_.uv.wug.mn stain removers (5-15%,
contact lens disinfectants {3%) and hair dyes {6%) and it is 2
component of some tooth whitening products.l'? In industry, the
principal use of hydregen peroxide is as a bleaching agent in the
manufacture of paper and pulp. Itis alse used widely for bleaching
and deodorising textiles and foods, and in the manufacture of foam
rubber, rocket fuel and chemicals including plasticisers.

Hydrogen peroxide has been used medicinally for wound irri-
gation, aithough complications are common (see section 5.4), and
for the sterilisation of ophthalmic and endoscopic instruments.
Hydrogen peroxide has been used to kill resection margin tamour
cells in the breast and liver. In vitro, hydrogen peroxide has been
shown to inhibit or kill giant cell tumour cells, breast cancer cells
and osteoblasts, while it has little effect on normal fibreblasts in

& 2004 Aclis Data Infernation BY. Al ights resarved.

culture. >4 Studies have also been performed on cultured primary
and metastatic brain tumour cells and, while hydrogen peroxide
produced concentration-dependent tumouricidal effects in vitro,
hydrogen peroxide caused significant injury to arachnoid and
stoma with nevronal and glial injury i vivel¥] These latter effects
have been confirmed clinically!™ and it has been recommended
that hydrogen peroxide should be used with caution in neurosur-
gery because of risks of collateral injury to surrounding normal
brain.t!

Concentrated solutions of hydrogen peroxide (35%) have been
sold in health foad shops for the purpose of ‘hyper-oxygenation
therapy® and have been promoted as an unlicensed therapy for a
multitade of diseases including cafiter, AIDS and coronary heart
disease. Such inappropriate use has resulted in serious toxicity.[581

Noodles contaminated with hydrogen peroxide have produced
food poisoning (nausea, vomiting and abdominal cramps) o

Historically, hydrogen peraxide was used for colenic imigation,
although this procedure led to major axygen embelisation with
temporary pertal vein obstruction!!® and marked gut ischaemia;!!!
severe proctitis was also reported."! In addition, infusions of
hydrogen peroxide into the aorta,[™ right ventricle(¥) and perito-
neurni'® were investigated as a means of extrapulmonary oxygen-
ation, before being abandoned because of complications.

Toxkeol Rev 2004; 23 {1}
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2. Epidemiology

Occupational exposure is possible in numerous settings includ-
ing the production of hydrogen peroxide, pulp and paper making,
textiles and food processing, and hairdressing. Household expo-
sures may result from the use of products such as disinfectants,
bleaches and hair dyes.

Of 95052 exposures reported to the Utah Poison Control
Centre aver a 36-month perod beginning Janeary 1989, 325
(0.34%) involved hydrogen peroxide.!'®! Most exposures (60.6%)
occurred in patients under the age of 6 years and ingestion was the
most common route of exposure (85%). Less than 1% of cases
involved inhalation, parenteral or rectal exposure. The only death
in the series was a child who ingested a 35% solution of hydrogen
peroxide.

3. Mechanisms of Toxicily

Hydrogen peroxide causes toxicity via three mechanisms: cor-
rosive damage, oxygen gas formation and lipid peroxidation.
Concentrated hydrogen peroxide is caustic and exposure may
result in local tissue damage. For example, hydrogen peroxide has
been shown to cause toxicity to human comeal epithelial cells in
vitro at concentrations as low as 30 ppm.["7)

Catalase, a haemoprotein containing four haem groups, which
is present in red bloed cells, bone marrow, mucous membranes,
kidney and Jiver facilitates the rapid cleavage of the covalent bond
of hydrogen peroxide to yield water and molecular oxygen (see
equation 1).

catalase
2H,0, — 21,0+ O,
(Eq. 1)

Ingestion of several milliliwes of 35% hydrogen peroxide can
result in the generation of a substantial volume of oxygen. At
standard temperature and pressure, 30mL of 35% hydrogen perox-
ide can liberate 2lmost 3.5L of oxygen.!'® Where the amount of
oxygen evolved exceeds its maximum solubility in Blood, venous
or arterial gas embolism may occur. The mechanism of CNS
damage following ingestion of hydrogen peroxide is thought to be
arterin} gas embolisation with subsequent brain infarction. Rapid
generation of oxygen in closed body cavities can also cause
mechanical distension, and there is potential for the rupture of the
hollow viscus secondary to oxygen liberation. In addition, the
intravascular foaming associated with absorption can seriously
impede right ventricular output and produce a complete loss of
cardiac output.!!?)

Mucosal whitening and frothy bubbles (the *snow white' sign)
in the colonic mucosa has been noted after topical application, and
is thonght to arise secondary to penztration by hydrogen peroxide
into the epithelial interstices and capillasies. The subsequent pro-
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duction of oxygen causes blanching as blood is forced out of the
intramural vascelature 201

Hydrogen peroxide can exert a direct cytotoxic effect via lipid
peroxidation;®? the presence of significant levels of hydroxy
radicals in the brain has been demonstrated following the acciden-
1al infusion of an infant with 3% hydrogen peroxide.P!!

4. Toxicokinetics

Hydrogen peroxide is readily absorbed through the stornach
mucosa and into the portal venous system.”! Rapid cleavage of
the covalent O-O bond yielding molecular oxygen and water then
resuits from the action of catalase, high concentrations of which
are present in erythrocytes.

5, Clinical Features

5.1 Ingestion

Ingestion of small guantities of 3% hydrogen peroxide may
produce mild gastrointestinal irritation but is unlikely to reselt in
serious toxicity. The ingestion of larger quantities, or more con-
centrated solutions, may cause significant morbidity, particularly
in children.[**?7] Ingestion of produets with a concentration >10%
has been associated with a more severe outcome.!") Immediate
and permanent neurological impairment has been described fol-
lowing ingestion of 35% hydrogen peroxide®! and deaths have
oeewred in adults and children.l162831]

Ingestion of hydrogen peroxide may cause irritation of the
gastrointestinal tract with nausea, vomiting, haematemesis and
foaming at the moath; 12 the foam may then obstruet the respira-
tory tractt®® or result in pulmonary aspiration. Painful gastric
digtension and belching may be caused by the liberation of large
volumes of oxygen in the stomach. Blistering of the mucosae and
oropharyngeal burns are commeon following ingestion of solutions
of 30% or over, and laryngospasm®®! and haemorrhagic gastri-
11309 have been reported. Sinus tachycardia, lethargy, confusion,
coma, convulsions, stridor, sub-epiglottic narrowing, apnoea, cya-
nosis and cardiorespiratery arrest may ensue. In fatal cases this
sequence may occur within minutes of ingestion.

Oxygen gas embolism is a particular hazard fellowing inges-
tion of hydrogen peroxide. 225263035401 Myliiple cerebral infarc-
tions may be evident on magnetic resenance imaging (MRI) and
neurological examination may reveal hemiparesis.F41!

Accidental ingestion of a 'large gulp’ of 35% hydrogen perox-
ide by a 64-year-oid man resulted in nausea, vemiting of ‘while
foam’, headache, ataxia and confusion.!'8 The patient was dis-
charged from hosgital foilowing 2 hours of observation. Progres-
sive neurological abnormalities occurred subsequently, including
increasing difficulty in speaking and walking. Acute cerebral gas
embolism was diagnosed and hyperbaric therapy was commenced

Toxlcal Rev 2004: 23 (1)




Watt et al.

20 hours post-ingestion with complete and rapid resolution of his
symptoms with 50 minntes of treatrment.

Ingestion of large quantities of relatively dilute hydrogen per-
oxide has caused significant toxicity in children. Foaming at the
mouth, vomiting, haematemesis and multiple gastric ulcers and
arosions in the ducdenal bulb were reporied after ingestion of
some 50-113g 3% hydrogen peroxide by a 3-year-old child.2+27
Haematemesis, severe gastritis and venous gas embolism occurred
in a 2-year-oid child who ingested an unknown ameount of 3%
hydrogen peroxide.®

5,2 Inhalation

Most inhalational exposures cause little more than coughing
and transient dyspnoea. However, inhalation of highly concen-
trated solutions of hydrogen peroxide can cause severe irritation
and inflammation of mucous membranes, with coughing and
dyspaoea. Shock, coma and convulsions may ensue and pulmon-~
ary oedema may occur up to 24-72 hours post-gxposure. 34

Chronic exposure to an aerosol of hydrogen peroxide was
aetiotogically linked with the development of diffuse interstitial
lung Gisease in a 41-year-old dairy worker who smoked 40 ciga-
rettes daily. Withdrawal from exposure to the aerosol resulted in
improvement in his condition."4

5.3 Injecilon

A 7-month-old child developed an oxygen embolism and died
in ventrcular fibrillation following accidental intravenous infu-
sion of 100mL 3% hydrogen peroxide.!

Self-administration of 35% hydrogen peroxide intravenously as
an attempted therapy for AIDS resulted in nausea, hypotension,
tachycardia, intravascular hagtmolysis with Heinz bady formation,
progressive renal impairment and subsequent death in a 51-year-
old man.!® A strikingly similar case was described earlier.l”

A 39-year-old man experienced haemolysis after self-adminis-
tered intravenous injection of hydrogen peroxide, intended as a
cancer treatment.[8 -

5.4 Wound Imgation

Severe toxicity has resulted from the use of hydrogen peroxide
solutions to irrigate wounds within closed body cavities or under
pressure. Oxygen gas embolism has resulted.*#45-53 Venous oxy-
gen embolism has also resulted from the use of surgical packs
impregnated with hydrogen peroxide.1 Marked ST elevation and
a precordial “mill wheel’ murmus have been reported.55)

One week after a 78-year-old woman had undergone mitral and
aottic valve replacements, she developed a massive right haemo-
thorax.1%¢! Following sternal incision, blood and clots were found
in the right pisural cavity and examination of the wound disclosed
a small tear on the anterior surface of the middle lobe. Before chest
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closure, the surgeon imigated the surgical field with 300mL of 1%
hydrogen peroxide solution. Tmmediately, an ST segment increase
of 3.2mm was observed in ECG leads I, 1T and VE; severe
tradycardia and hypotension developed prior to asystole. Tran-
soesophageal echocardiography showed air bubbles in left-sided
structures and the diagnosis of gas embolism was made. The
surgical field was flocded with saline solution, 100% oxygen was
administered ang a needle was placed into the left veniricle. Ina
few minutes the ECG abnormalities disappeared and the patient
recovered. Follow-up showed no evidence of catdio or neuro-
logical deficit.

The syringing of 200mL 3% hydrogen peroxide into a wound
and abscess cavity under the fascia lata followed by packing of the
wound catsed a sudden drop in end-tidal carbon dioxide partial
pressure and resulted in cyanosis, tachycardia and hypotension.
An oxygen embolus was diagoosed.*!

Surgical emphysema was reported in a G-year-old girl follow-
ing irrigation of a cheek laceration resulting from a dog bite. This
resolved spontanecusly over a few hours.*¥ Injection of 10mL 3%
hydrogen peroxide under pressure into an anal fistula caused
marked subcutaneous emphysema, cyanosis, severe hypotension
and bradycardia unresponsive to atropine and epinephrine in an
8-month-old child.") The patient survived following aggressive
management including wide excision of the anal fistuia.

Fatal posterior pneumocephalus and brain siem compression
occurred after irmigation of a lumbar wound with hydrogen perox-
ide. 53 The wound was secondary to lumbar disc space infection.
Pulmonary oedema and subcutaneous emphysema has resulted
following repeated irrigation of a shrapnel wound with 3% hydro-
gen peroxide administered under pressure.5)

‘The use of hydrogen peroxide during root canal tregtment has
coused  subcutaneous emphysemal®€l and pneumomedias-
tinum. 51

£.5 Rectal Adminlstration

Nausea, distension, rectal bleeding and slight distal rectal ero-
sion have occurred following rectal exposure to hydrogen perox-
ide (concentration not mﬁma&.:m\ Colonic uiceration has been
reported following administration of an enema containing hydro-
gen peroxide. 1%

5.6 Darmal Exposure

Dermal contact may cause inflammation, blistering and severe
skin damage. A characteristic whitening of the skin may oc-
curl'56% gnd paraesthesiae have been reported.!'él

A 3-year-old man whe accidentally splashed 35% hydrogen
peroxide over his shoulder and back developed erythema, focal
epidermal necrosts, purpura and gas-containing ‘blisters’ follow-
ing prolonged exposure via wet work clothes. Subcutanecus em-

Toxicol Rewv 2004; 23 (1)
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physema was detected on chest x-ray and was related (o the area of
skin damage, presumably indicating local penetration of hydrogen
peroxide. 14 ‘

Contact dermatitis has been reported following exposure to hair
&n _Mw:ahizw hydrogen peroxide and in subsequent paich test-
ing.

5.7 Ocular Exposure

Hydrogen peroxide has been shown 1o cause toxicity to human
comneal epithelial cells in wirro at concentrations as low as 30
ppm.I"] The effects of ocular exposure in humans have been
reviewed.[%! Exposure to 3% solutions may cause immediate
stinging, irritation, lacrimaiion and blurred vision and subepitheli-
al comeal and conjunctival bubbles may be observed.”! Exposure
to more concentrated solutions (»10%) may result in ulceration or
perforation of the cornea.

Comeal opacity has been reported following the use of hydro-
gen peroxide-soaked tonometer tips.[%8% In one case in which a
3% hydrogen peroxide solution was used, with no subsequent
mimumcn of the tip, pain and blurred vision were reported follow-
ing eye examination. The following day an *O-shaped’ opacity
was noted in the anterior stroma, which persisted for 4 weeks, and
visual acuity was decreased. 6%

Two women aged 24 and 82 years of age developed 90% and
30% comeal epithelial defects, respectively, following inadvertent
administration of Haemoccult developer (4.5% hydrogen perox-
tde, 75% denatured ethanol) into the eye instead of ophthalmic
drops. Immediate and severe pain, tearing and photophobia was
experienced by the 82-year-old woman,[™%!

Insertion (without neutralisation) of a soft contact lens that had
been stored for [ week in 3% hydrogen peroxide caused an almost
immediate central white corneal opacity. There was no discomfort
or reflex tearing and the lesion resclved over several days.(™)

5.8 Miscellaneous

.

Three diaiysis patients exposed to dialysis fiuid inadvertently
contaminated with hydrogen peroxide experienced haemolysis
and required blood transfusions.™!

It has been suggested that a form of colitis, commonly referred
to as pseudolipomatosis, is caused by exposure to residual hydro-
gen peroxide in endoscopic instruments."™ An outbreak of enteri-
tis involving seven patients in a gastrointestinal endoscopy unit
was linked to the use of endescopes sterilised with 3% hydrogen
peroxide. Instantaneous effervescence and blanching of the muco-
sal surfaces (the ‘snow white’ sign) were observed. Non-specific
inflammation was noted on biopsy but no subsequent morbidity
occurred.2?

Oxygen embolisation to the mesenteric and portal veins has
been reported in infants following intestinal irrigation with hydro-
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gen peroxide to remove inspissated meconium. In one case, death
resulted from gangrene of the bowel.l4

6. Management

6.1 Ingestion

6.1.1 Supporlive Care

Gut decontamination is not indicated due to the rapid decompo-
sition of hydrogen peroxide. Oral fluids should not be adminis-
tered if the solution is concentrated as an exothermic reaction will
be induced. If gastric distension is painful, a gastric mbe should be
passed to release gas.

Early aggressive airway management Is critical in patients who
have ingested concentrated hydrogen peroxide, as respiratory fail-
ure and arrest appear to be the proximate cause of death. An ECG,
arterial blood gases and a full blood ¢ount should be obtained, and
venous access should be secured. Cardiorespiratory monitoring is
essential in patients with suspected gas embolisation. Metabolic
acidosis should be corrected by the adminisiration of sodium
bicarbonate.

If clinically significant features develop, or if the patient has
ingested either a concentrated hydrogen perexide solutior (>10%)
or a substantial amount of a 3% solution, chest and abdeminal x-
rays should be citained to detect perforation or gas embolism, A
CT or MRI scan should be performed if CNS effects develop.

&.1.2 Upper Gashointestina! Endoscepy

Endoscopy should be considered if there is persistent vomiting,
haematemesis, significant oral burns, abdominal pain, dysphagia
or suidor, or if the patient has ingested a substantial amount of
>10% hydrogen peroxide. Where there is evidence of gastric
mucosal injury, oxygen embolism to the portal venous system is a
possibility.['s Patients who are asymptomatic after ingestion: do
not require endoscopy.

&.1.3 Oxygen

In cne case report, continuous administration of 100% oxygen
for 6 hours through a respiratory mask led to complete resoluticn
of symptoms of cerebral embolism, including neurclogical defi-
cits.1?%! Hyperbaric oxygen therapy may be of value in weating
cerebral gas embolism!!3403577 although data are [imited.

6.2 Inhalation

If respiratory tract irritation is present, a chest x-ray and pul-
menary function tests should be performed and be repeated, as
necessary. Corticosteroids in high dosage (prednisolone 60-80
mg/day) have been recommended if laryngeal and pulmonary
oedema supervene but their value is unproven. Diuretics are of no
value. Mechanical ventilation may also be necessary. Endotrache-

Toxicol Rev 2004; 23 (1)
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al intubation or, rarely, tracheostomy may be required for life-
threatening laryngeal oedema.

6.3 Wound Imigation

Nitreus oxide should not be administered simuitaneously as an
anagsthetic during wound irrigation with hydrogen peroxide, as
use of 60% nitrous oxide may increase the size of an oxygen
embolism by up to 300%.14

6.4 Dermcl Exposure

The patient should remove soiled clothing and wash him/
herself if possible. Contaminated skin should be washed with
copious amounts of water, Skin lesions should be treated as
thermal burms; surgery may be required for deep burns,

6.5 COcular Expesure

Irrigate the affected eye(s) immediately and thoroughly with
water or 0.9% saline for at least 10-15 minutes. Repeated instilla-
ticn of a local acaesthetic may reduce discomfort and assist more
thorough decontamination. Comneal damage may be detected by
instillation of fluorescein; patients with corneal damage and thoss
whose symptoms do not resolve rapidly should be referred for
ophthaimelogical assessment.

7. Conclusions

The deliberate ingestion of household products containing hy-
drogen peroxide cannot easily be prevented as these formulations
are so readily available; ingestion may lead to serious sequelae,
particularly if more concentrated solutions are involved. Acciden-
tal ingestion of dilute solutions by children is unlikely to lead to
sertous sequelae, although deaths have been reported from the
ingestion of concentrated solutions. Despite serious complications
being reported from the use of hydrogen peroxide for wound
irrigation, this practise continues, although it should be reconsid-
ered, if not abandoned, in the light of the evidence that substantial
morbidity and even death may follow its use, Hydrogen peroxide
is a potentiaily dangerous and unsuitable agent for routine wound
irrigation and debridement.1*!
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