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Abstract
Methyl ethyl ketone peroxide (MEKP) is a widely used catalyst in the hardening of ester resins. It is highly
hazardous, since it is a highly reactive oxidizing compound. Thus, it’s exposure results in chemical burns and
release of free radicals. Previously reported cases of MEKP ingestion showed high morbidity and mortality as it
caused severe metabolic acidosis, acute liver and renal failure, upper gastrointestinal ulceration, optic disc atrophy,
myocardial damage, coagulopathy, and neurologic damage. A 42-year-old man accidentally ingested about 150 ml
of MEKP 40% followed by ingestion of 100 ml olive oil. He was treated with stomach wash, free radical scavengers,
and hemodialysis. Although he developed mild hematemesis, myocardial and hepatic impairment, coagulopathy,
and papillitis, he neither developed renal impairment nor any gastrointestinal strictures after 4 weeks. Besides, his
cardiac and hepatic functions, and coagulapthy were rapidly improved. Treatment with careful stomach wash, olive
oil, free radical scavengers, and hemodialysis may be effective in reducing the morbidity and mortality of MEKP.
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Introduction
MEKP is a colorless to yellow liquid with mint like odor. It is used
as a hardening agent for fiberglass-reinforced plastics, in the
manufacture of acrylic resins, and as a curing agent for unsaturated
polyester resins. It acts through the formation of free radicals that
catalyze the polymerization of the plastic monomer [1].
The pure chemical is an unstable peroxide, capable of releasing
molecular oxygen. It is shock, sunlight, and heat sensitive, and
undergoes explosive decomposition at 230°F. Commercial MEKP
contains a mixture of peroxide, hydroperoxide, and active oxygen in
dimethyl phthalate (DMP), which is used as a diluent to prevent
decomposition and explosion of MEKP. Because of the high reactivity
of MEKP, it is available only as a 40% to 60% solution in dimethyl
phthalate or other phthalates. MEKP can undergo spontaneous
ignition or decomposition if mixed with readily oxidizable organic or
flammable materials or chemical reactants [2].
The toxic oral dose of MEKP in dimethyl phthalate was estimated to
be 50 to 100 ml. It may lead to abdominal burns, gastrointestinal
bleeding, necrosis, perforation of the stomach, stricture of the
esophagus, severe metabolic acidosis, acute liver failure,
rhabdomyolysis, respiratory insufficiency, toxic myocarditis, and
temporary cardiac arrest [3-14].
The mechanism by which MEKP causes toxicity in the acute phase
of exposure is by forming various alkylperoxyl radicals involving the
decomposition into various organic acids (e.g., formic acid, acetic acid,
propionic acid). This reaction is strongly accelerated by the heme
group splitting the MEKP monomer into hydrogen peroxide (H2O2)
and methyl ethyl ketone [15,16].
These free radicals cause deleterious effects on particularly the liver,
and the digestive tract, in addition to the heart, kidney, and nervous
system through inducing lipid peroxidation of these organs. Also, the
organic acids may cause metabolic acidosis, local burns of skin and
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mucosa on contact, and induce neurologic lesions such as
inflammation and ischemia of the optic nerve [17-19].
There are no guidelines for the treatment of MEKP toxicity after
ingestion. All reviewed literature and case reports pointed to trials of
gastrointestinal decontamination [5,11], administration of some
physical antidotes as milk [4], in addition to supportive treatment
[3-14]. In 2008, Van Enckevort et at published a case report that
discussed the value of N-acetylcysteine,as free radical scavenger thus
reversing or preventing the acute liver failure, which is the main cause
of death. Additionally, it pointed to the effectiveness of hemodialysis
in the removal of the formed organic acids, thus correcting the
metabolic acidosis and reversing its deleterious effect on the optic
nerve, kidney, and heart [13].

Case Report
A 42-year-old male car painter accidentally ingested about 150 ml
of solution of 40% MEKP in dimethyl phtalate out of a glass while he
was painting a car. He felt severe burning abdominal pain but he did
not vomit. He immediately ingested about 100 ml of olive oil then he
sought medical advice in a nearby hospital where nasogastric wash was
provided using normal saline. He was then referred to Alexandria
Main University Hospital. The patient arrived at the hospital after
about 70 minutes of ingestion complaining of drowsiness, oral and
abdominal pain. He had history of being a heavy smoker, and cannabis
addict.
On examination, he was slightly confused with blood pressure
70/40, pulse 100 beat/min, temperature 37°C, respiratory rate 28/min,
and oxygen saturation 99%. Oral examination revealed inflamed
tongue, and free oropharynx. Abdominal examination showed slight
tenderness on palpation. Nasogastric drain showed altered
heamatemsis. Fundal examination revealed optic discitis. ECG showed
ST segment depression in leads I, II, and AVL. The rest of examination
was normal.
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Laboratory investigations showed high anion gap metabolic
acidosis, markedly elevated liver transaminases, slightly elevated
creatinine, markedly prolonged activated partial thromboplastin time,
markedly elevated cardiac enzymes, markedly elevated hemoglobin
level, and severe leucocytosis (Table 1). Chest and standing abdominal
X-rays were normal, ultrasound abdomen was free, but
echocardiography revealed slightly decreased cardiac contractility with
ejection fraction 45%.
Lab results

2nd
1st day
day
10pm
8am

3rd day 4th day 5th day 2nd
week
8am
8am
8am

4th
week

Hb g/dl

15.2

14.8

14.4

12

11.4

12.5

12.7

WBC 103/ul

56.7

52.9

33.6

19.3

18.2

13.4

10.5

Plts 103/ul

384

300

229

220

195

315

370

PT sec

51.6

17

12.8

PTT sec

>120

31

25

INR

4.6

1.5

1.1

SGOT U/l

1981

1617

1428

1254

1099

320

60

SGPT U/l

614

566

476

421

388

125

37

Urea mg/dl

58

45

34

29

18

32

38

Creatinine
mg/dl

1.5

1.2

0.88

0.8

0.78

0.9

0.87

CK-MB
ng/ml

29.5

22

15

12

10

10

7.64

3.3

1.3

0.09

0.007

<0.001

7.18

7.38

7.42

Troponin
ng/ml

I

PH

HCO3
mmol/l

7

21

22

Table 1: Laboratory results.
Immediate fluid restitution was given after inserting a central
venous access in addition to the administration of low dose
vasopressors intravenously until the patient became hemodynamically
stable. Intravenous ondansetron and esmoprazole infusion were
started. Oral rebamipide and antacid containing aluminum hydroxide
were given on the second day.
N-acetylcysteine was given intravenously with a loading dose of 140
mg/kg and 70mg/kg maintenance for 17 doses, which is the same
regimen used in acetaminophen toxicity. Also, oral vitamin C in a dose
of 250 mg /day and vitamin E in a dose of 400 mg every 6 hours were
given. A four-hour session of hemodialysis was provided within 60
minutes of admission, after which metabolic acidosis was corrected.
On the second day altered hematemesis and melena stopped and
vasopressors were weaned off. Follow up cardiac, renal, and liver
enzymes started to slightly decline. Over the next three days his
activated partial thromboplastin time, hemoglobin, and renal
functions returned to normal but slight leukocytosis was still present.
His echocardiography follow up was normal with ejection fraction
60%.
The patient was discharged to the ward after five days, where he
stayed for another two days before being discharged home. He was
prescribed esmoprazole tablets in a dose of 40 mg/day, rebamipide
tablets in a dose of 100 mg/8 hours, oral N-acetylcysteine in a dose of
200 mg/8 hours, and oral vitamin E in a dose of 400 mg/day for two
weeks (Table-2). Follow up examination in the outpatient clinic after
two weeks showed that he had neither swallowing nor visual problems.
His complete blood count, and renal functions were normal but his
liver transaminases were slightly elevated.

Compound/Drug

Dose

Starting time

Olive oil

100 ml orally

Immediately
ingestion

after

Lactated ringer solution

4 L intravenously

75
minutes
ingestion

after

Nor-epinephrin

3 microgram intravenously

100
minutes
ingestion

after

80
minutes
ingestion

after

Followed by maintenance infusion in a dose of 192 mg/day 80
minutes
Intravenously
ingestion

after

140 mg/kg loading intravenously

120
minutes
ingestion

after

Ondansetron

4 mg/12 hours
Intravenously

Duration
Once

Over the first 6 hours

8 hours

3 days

80mg loading
Esmoprazole

N-acetylcysteine

Followed by 70mg/kg maintenance for 17 doses/4 hours

Vitamin E

400 mg capsule/6 hours

120
minutes
ingestion

after

Vitamin C

250 mg effervescent tablets/day

180
minutes
ingestion

after
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4 days

3 days

7 days

7 days
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Rebamipide

100 mg tablet/8 hours

Second day

Until the end of the second
week

Esmoprazole

40mg tablet/day

Fifth day

Until the end of the second
week

Vitamin E

400 mg capsule/day

Eighth day

Until the end of the second
week

N-acetylcysteine

200 mg effervescent/8 hours

Fourth day

Until the end of the second
week

Table 2: Compounds/drugs applied to the patient.
Four weeks later upper gastrointestinal endoscopy was performed
revealing no signs of esophageal or stomach ulcerations or strictures.
Complete blood count, and liver enzymes were normal.

Discussion
Although MEKP is a widely used hazardous substance that leads to
high morbidity and mortality, there are no definite guidelines for
treatment of its intoxication.
On reviewing the literature there were only few case reports
regarding MEKP poisoning. They reported a variety of clinical
presentations, treatment modalities, and outcomes. The reported
clinical presentations and complications were esophageal and gastric
ulcerations and strictures, mild impairment of liver functions to acute
liver failure, renal failure, respiratory distress, coagulopathy,
neurologic suppression, toxic myocarditis, rhabdomyolysis, and
cardiac arrest. On the other hand, the reported treatment trials were
mainly supportive and symptomatic. Different trials included the use
of gastric wash, milk, H2-blockers, proton pump inhibitors and
antacids for decontamination and reduction of local gastric effect and
systemic toxicity. In addition to vitamins as B and K, mannitol,
frusemide, steroids, peritoneal dialysis, hemodialysis, N-acetylcysteine,
sodium bicarbonate, and inotropes were used to reverse the systemic
effect [3-14].
In this case although the patient had ingested a large amount of
MEKP, about 150 ml, fortunately he had rapidly ingested about 100 ml
of olive oil which may have acted as a physical antidote. Also, a careful
nasogastric wash, using normal saline, was done within a short period
after ingestion that also may have reduced both the local and systemic
effects of the ingested MEKP [20].
There were two main goals in the treatment plan of this case. The
first was to treat and reduce local injury represented in the upper
gastrointestinal inflammation, ulceration, and bleeding by
administering a proton pump inhibitor through intra venous infusion
in addition to giving oral antacid and rebamipide on the second day.
Oral antacid was started on the second day for fear of any chemical
reaction that may occur with the remaining MEKP in the stomach
which can cause further injury. The second goal was to reverse and
prevent any further systemic injury through preventing further lipid
peroxidation by administering free radical scavengers as Nacetylcysteine, vitamin E, and vitamin C. In addition, the goal was to
remove any accumulated organic acid, specially formic acid, via
heamodialysis thus correcting the metabolic acidosis and reversing its
deleterious effects on various body organs and preventing any further
neurological damage. Also, supportive treatment using fluid
resuscitation and vasopressors was very important to keep the patient
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vitally stable till regaining his normal cardiac functions. These two
goals were successfully achieved using the previously mentioned
treatment strategies, where upper gastrointestinal bleeding and
ulcerations were treated without any later complications as
documented by the upper gastrointestinal endoscopy that was
performed four weeks later. Rapid correction of the metabolic acidosis,
and the cessation of further neurologic damage were achieved
following the removal of organic acids via hemodialysis. The
administration of free radical scavengers as N-acetylcysteine, vitamin
E, and Vitamin C stopped further liver damage as documented by the
improvement of liver transaminases over the following four weeks
(Tables 1 and 2).
Administering vitamin C and E orally in large doses during the
period of hematemsis presented a great challenge. We had to give
strong anti-emetics as ondansetron to prevent vomiting. Fortunately,
it was absorbed without vomiting or any further gastrointestinal
complications. In conclusion, although gastric wash is contraindicated
in case of corrosive ingestion, careful nasogastric wash combined with
physical antidotes as olive oil, milk, and egg white may be of benefit in
case of MEKP ingestion. The use of free radical scavengers as Nacetylcysteine, vitamin E, and vitamin C can be good antidotes that
stop and reverse further organ damage especially the liver.
Heamodialysis is highly beneficial in removing any accumulated
organic acids, particularly formic acid, thus correcting metabolic
acidosis and stopping further neurologic and organ damage.

References
1.
2.

3.
4.
5.
6.
7.
8.

Marcus MF, Hawley MD (1970) Electrochemical studies of the redox
behavior of alpha-tocopherol. Biochim Biophys Acta 201: 1-8.
US National Toxicology Program. Methyl ethyl ketone peroxide in
dimethyl phthalate administered topically to F344/N rats and B6C F1
mice. NTP Technical Report Series No. 18. DHHS (NIH) Publication No.
93-3341. NTP Research Triangle Park, NC, Feb 1993.
DEISHER JB (1958) Poisoning with liquid plastic catalyst; report of a
case. Northwest Med 57: 46.
DINES DE, SHIPMAN K (1962) Toxic myocarditis. Report of a case
arising from ingestion of liquid plastic catalyst. Angiology 13: 297-302.
Burger LM, Chandor SB (1971) Fatal ingestion of plastic resin catalyst.
Arch Environ Health 23: 402-404.
Wojdyla Z, Pach J, Kolodziej J (1979) Fatal acute poisoning with ketonox.
Arch Med sad i krym 29: 199-205.
Mittleman RE, Romig LA, Gressmann E (1986) Suicide by ingestion of
methyl ethyl ketone peroxide. J Forensic Sci 31: 312-320.
Karhunen PJ, Ojanperä I, Lalu K, Vuori E (1990) Peripheral zonal hepatic
necrosis caused by accidental ingestion of methyl ethyl ketone peroxide.
Hum Exp Toxicol 9: 197-200.

Volume 5 • Issue 4 • 1000257

Citation:

Shirazy MS, Fayed AM (2015) A Survivor of Methyl Ethyl Ketone Peroxide (MEKP) Toxicity. J Clin Toxicol 5: 257. doi:

10.4172/2161-0495.1000257

Page 4 of 4
9.
10.

11.
12.
13.
14.

Blazquez M, Laurent-Puig P, Chataigner D, Delchier JC (1991) Caustic
esophago-gastric and liver lesions caused by ingestion of a plastic resin
hardener. Gastroenterol Clin Biol 15: 554-555.
Chataigner D, Garnier R, Reygagne A, Blasquez M, Efthymiou ML (1992)
Chemical burns of the upper digestive tract and cytolytic hepatitis
following ingestion of a mixture of methyl ethyl ketone peroxide,
diacetone alcohol and diisobutyl phthalate. J Toxicol Clin Exp 12:
205-206.
Prez-Martnez A, Gutirrez-Junquera C, Gonzlvez-Piera J, Marco-Macin
A, Rubio-Guijarro JR, et al. (1997) Oesophageal stenosis in a child caused
by ingestion of methyl ethyl ketone peroxide. Eur J Pediatr 156: 976-977.
Bates N, Driver CP, Bianchi A (2001) Methyl ethyl ketone peroxide
ingestion: toxicity and outcome in a 6-year-old child. Pediatrics 108:
473-476.
van Enckevort CC, Touw DJ, Vleming LJ (2008) N-acetylcysteine and
hemodialysis treatment of a severe case of methyl ethyl ketone peroxide
intoxication. Clin Toxicol (Phila) 46: 74-78.
Subbalaxmi MV, Abkari S, Srinivasan VR, Krishnaprasad A (2010)
Methyl ethyl ketone peroxide ingestion: a rare cause of corrosive
chemical poisoning. Natl Med J India 23: 150-151.

J Clin Toxicol
ISSN:2161-0495 JCT, an open access journal

15.
16.
17.

18.
19.
20.

Akzo Nobel. Butanox M-50 product data sheet technical brochure, 2005.
Akaike T, Sato K, Ijiri S, Miyamoto Y, Kohno M, et al. (1992) Bactericidal
activity of alkyl peroxyl radicals generated by heme-iron-catalyzed
decomposition of organic peroxides. Arch Biochem Biophys 294: 55-63.
Barceloux DG, Bond GR, Krenzelok EP, Cooper H, Vale JA; American
Academy of Clinical Toxicology Ad Hoc Committee on the Treatment
Guidelines for Methanol Poisoning (2002) American Academy of
Clinical Toxicology practice guidelines on the treatment of methanol
poisoning. J Toxicol Clin Toxicol 40: 415-446.
Eells JT, Henry MM, Lewandowski MF, Seme MT, Murray TG (2000)
Development and characterization of a rodent model of methanolinduced retinal and optic nerve toxicity. Neurotoxicology 21: 321-330.
Sigurdsson J, Björnsson A, Gudmundsson ST (1983) Formic acid burn-local and systemic effects. Report of a case. Burns Incl Therm Inj 9:
358-361.
Estrera A, Taylor W, Mills LJ, Platt MR (1986) Corrosive burns of the
esophagus and stomach: a recommendation for an aggressive surgical
approach. Ann Thorac Surg 41: 276-283.

Volume 5 • Issue 4 • 1000257

