
Liyanage et 01.Journal of Occupational Medicine and Toxicology (2015) 10:26
001 10.1186/512995-015-0071-8 JOURNAL OF OCCUPATIONAL MEDICINE

AND TOXICOLOG Y

CASE REPORT Open Access

<I> CrossMarkA case of methyl ethyl ketone peroxide
poisoning and a review of complications
and their management
Isurujith K. Liyanage 1,2', Mitrakrishnan R. Navinari', A C A Pathirana 1, H R I S Herath', Jevon Yudhishdran 1,

Nilesh Fernandopulle 1 and Aruna Kulatunga 1

Abstract

Methyl Ethyl Ketone Peroxide (MEKP) is a highly toxic clear liquid used as a solvent. It is a strong oxidizing agent
and a corrosive. Acute and chronic toxicity can occur as an occupational hazard. Ingestion is associated with
corrosive burns leading to stricture formation, inhalational pneumonitis, acidosis, liver failure and renal failure. In this
paper we present a case of a young patient who intentionally ingested MEKP.The patient developed multiple
complications including proximal intestinal obstruction, acidosis and acute kidney injury. He was managed
conservatively and recovered after a prolonged hospital stay. He had multiple inflammatory strictures on
esophageal endoscopy, which improved over 3-6 moths.

Keywords: Methyl Ethyl Ketone Peroxide, Management of corrosive gastrointestinal burns, Occupational safety

Background
Methyl Ethyl Ketone Peroxide (MEI(P) is used as a hard-
ener in manufacture of resins, synthetic rubber and
other petrochemical plastics, It is an ingredient of paints,
varnishes and paint removers, MEKP is also used in
fiberglass and plastics industry as a curing agent It is an
organic peroxide, which is explosive in its pure form,
Hence it is commercially available as a 40-60 % solution
with stabilizing agents such as dimethyl phthalate, cyclo-
hexane peroxide, or diallyl phthalate [1,2],
MEKP is listed as a highly toxic substance and is cate-
gorized into United Nations Hazard class 5.2. [3]. Its col-
orless nature and minimal odor has led to accidental
ingestion both among adults and children [4, 5]. Several
cases of intentional ingestion for self-harm or suicide
have been reported [6]. In addition, poisoning by inhal-
ation and spillage to eyes leading to corrosive damage
has also been reported. Unprotected workers are victims
of chronic exposure and toxicity [7].
Commercially available preparations of MEKP are
strong oxidizing substances. They are known to produce
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alkylperoxyl radicals upon contact with metal ions, a
process accelerated by the presence of iron in the heme
molecule in biological systems. Tissue damage is believed
to be caused by these free radicals, which denature organic
molecules, including peroxidation of lipids, Further tox-
icity is caused by the acidity of the chemicals produced [8].
In a case report and review of literature, van Enckevort
et. al described the clinical features of acute intoxication
in four categories. These include inflammation and ul-
ceration of exposed gastrointestinal tract, acute oxidative
liver injury, complications of formation of organic acids
including metabolic acidosis and secondary acute com-
plications. Secondary complications include acute renal
failure secondary to rhabdomyolysis, ventilator assisted
pneumonia, myocarditis and acute respiratory distress
syndrome [9].
Acute gastrointestinal (GO injury has been observed in
all documented case reports. It can lead to bleeding or
perforation of the GI tract which is potentially fatal [10].
Severe pain due to chemical burns will develop soon
after ingestion. The extent of injuries visible on mouth
and oropharynx are known to be poor predictors of dis-
tal injuries. The presence of stridor, odynophagia (pain
on swallowing), abdominal guarding and rigidity how-
ever, indicate the presence of distal GI injuries [11]. Long
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term problems such as esophageal strictures requinng
multiple endoscopic dilatations has been reported [5].
Liver failure due to oxidative hepatocyte injury is the most
significant single cause of mortality in the previous case
reports [4, 9, 12, 13]. Reversible acute kidney injury (AKI)
has been reported in almost a third of published case
studies. This is mainly attributed to rhabdomyolysis and
myoglobinuria [14]. MEKP can be aspirated resulting in
proximal airway edema and obstruction, pneumonitis or
acute respiratory distress syndrome [15]. Respiratory com-
plications have been seen frequently (38 %) and has also
been a direct cause for documented fatality [9].

Case report
The patient was a 31-year-old healthy male who is self-
employed in the shipping industry as a repairman of
fiberglass boats. After consuming half a bottle of locally
produced arrack (alcohol 38 % W Iw) he ingested an esti-
mated volume of 150 ml of MEKP containing solvent
(60 % MEKP in phthalate solution) as an act of deliber-
ate self-harm. He was unaware of the level of toxicity of
the substance.
The patient developed severe throat and epigastric dis-
comfort soon after ingestion. He was admitted to a re-
gional hospital where he was given activated charcoal. A
nasogastric tube was inserted in anticipation of erosive
complications. Over the next 24 hours, his symptoms
progressed with worsening irritation of the throat, devel-
opment of abdominal pain, difficulty in breathing and
noticeably reduced urine output. He was transferred to
our tertiary care unit for further management of pro-
gressive multi organ involvement.
On general examination he was alert and coherent
with Glasgow coma scale score of 15. There were mul-
tiple ulcerations in his mouth and oropharyngeal region.

Table 1 Basic

Page 2 of 5

Nasogastric tube contents revealed coffee ground aspirate.
Respiratory examination revealed rapid shallow breathing
with a respiratory rate of 40 per minute. Auscultation of
the lungs was unremarkable and oxygen saturation was
99 % on room air on pulse oxymetry. He was tachycardic
(heart rate:l04 beats per minute) with normal blood pres-
sure and adequate peripheral perfusion. Severe guarding
and tenderness over the epigastrium was present in exam-
ination of the abdomen. Bowel sounds were sluggish.
Preliminary investigations revealed progressively rising
serum creatinine and blood urea. He had a neutrophil
leukocytosis (Table 1). Arterial blood gas analysis showed
a high anion gap metabolic acidosis with a pH of 7.21.
Serum potassium was elevated at 6.4 mmol/L, which per-
sisted through the first week of hospital stay. Ultrasound
scan of the abdomen showed normal sized kidneys with
evidence of acute renal failure. Subsequent complete
blood counts showed a reducing trend in hemoglobin and
platelets. Bite cells, Heinz bodies and fragmented red cells
were also seen. Serum lactate dehydrogenase level was
elevated. Direct Coombs test was negative. The reticu-
locyte count was 1.5 % showing an inadequate bone
marrow response. Hemolysis settled by the second
week of the illness.
The patient was managed in the ward. Acute manage-
ment included intravenous sodium bicarbonate to cor-
rect acidosis and medical management of hyperkalemia.
Urgent hemodialysis was followed by regular renal re-
placement therapy for the next four weeks. Repeated
blood transfusions (8 units during the first week) were
required to maintain hemoglobin levels.
Gastric protection was instituted with intravenous pro-
ton pump inhibitors. Parenteral feeding was initiated
due to intolerance of oral feeds. On third day the patient
developed large volume coffee ground aspirate through

028Reference range 02 2nd week 3rd week

Creatinine (umoI/L) 60-120 366 706 800

Hemoglobin (g/dl) 12.2 44 75

Platelets 103/mm3 150-450 49 87 170

White cell count 103/mm3 4-11 12.9 22.2 5.3

AST (UlI) 10-35 611 212 24

ALT (UlI) 10-40 527 252 8

ALP (U/I) 100-360 105 143 129

Total Bilirubin (umol/L) 5-21 29 18 8

Direct Bilirubin <34 25 14 5

Urine RBC Ihpf >100 10 to 15

Urine pus cells Ihpf 4 to 6 Field full

LOH (U/L) 140-280 812 643

Creatine Kinase (UlL) 25-174 457

AST Aspartate transaminase, ALT alanine transaminase, ALP alkaline phosphatase, RBe red blood cells, hpf high power field, LDH Lactate dehydrogenase

253

12.1

245

8.2

29

19

o
2 to 3

343
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the NG tube, which later became bilious. This heralded
distal duodenal obstruction, which was confirmed by a
gastrografin study. This resolved after 2 weeks and liquid
feeds were gradually started as tolerated. However, he
had persistent odynophagia. Upper gastrointestinal en-
doscopy performed on day 28 revealed inflammatory le-
sions extending from upper esophagus to duodenum.
There were slough, exudate and fibrotic bands but sig-
nificant stricture formation was not seen (Fig. 1).
The patient was discharged on the 29th day. He was
tolerating semisolid diet despite having persisting odyno-
phagia. He had lost 4.7 kg during his hospital stay. His
follow up plan included a repeat endoscopic assessment
in 3 months time, psychiatric assessment and follow up
with the medical unit. He was also referred to the dietitian
for nutritional support and supervision.
By his first review in 2 weeks the renal functions had
returned to baseline. First follow up endoscopy at
3 months revealed slough, which was cleared by the pas-
sage of the endoscope. This resulted in temporary relief
of odynophagia. However it recurred and the odynopha-
gia persisted for six months. At 6-month review he was
tolerating normal feeds with only slight discomfort. He
has lost further 7 kg (weight on admission 68 kg) but
features of other nutritional deficiencies were not present.
One year after ingestion, he was asymptomatic and was
gaining weight.

Discussion
Lethal limit of MEKP is estimated to be 50-100 rnl for
adults (Lethal dose in rats: 65 mg/kg) [16). The patient
in this case study consumed a lethal dose of MEKP and
developed most of the local and systemic complications
of ingestion. Different management strategies have been
tried in the past for acute poisoning. Almost all of these

Fig. 1 Fibrotic bands seen in upper gastrointestinal endoscopy on
the 28'11 day
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have been supportive until tissue damage and organ dys-
function recovers spontaneously.
MEKP is a potent oxidizing agent and antioxidant
properties of vitamin E has been shown to be of benefit
in rat models [17). However there are no clinical data to
support their use in acute poisoning [14).
Following ingestion of MEKP, the mouth should be
rinsed with water. Drinking large volumes of milk or
water to dilute the gastric contents has been practiced.
It is advisable to continue of oral feeds as tolerated un-
less perforation is suspected [14). Baseline investigations
recommended are full blood count, renal functions, liver
functions, arterial blood gas analysis, creatine kinase and
coagulation profile. First line imaging includes plain
X-ray films of the neck, chest and abdomen as clinic-
ally indicated. Intraluminal air shadows, air in the
fascial planes, pleural effusions, and gas under diaphragm
are X-ray features supporting gastrointestinal perforation
[18). Endoscopic evaluation is recommended within the
first 24 hours of ingestion and may be beneficial up to
96 hours [19, 12). After the initial 48-96 hours however,
upper gastroesophageal endoscopy (UGE) should be
avoided until after 2 weeks due to wound softening which
can lead to perforation [Ll ]. If perforation is suspected
oral water soluble contrast studies (gastrografin) can be
used to confirm and locate the site [18). If perforated and
severe continuous leakage of bowel contents is present
surgical intervention may be needed.
This patient developed acute transient proximal intes-
tinal obstruction, which spontaneously resolved over the
first two weeks. This could have been due to mucosal
edema due to the injuries. In the absence of esophageal
perforation, insertion of nasogastric tube before the on-
set of edema was useful in managing this patient. It
helped to identify obstruction when continuous bilious
aspiration was noted. It also allowed continuation of en-
teral feeding when persistent odynophagia prevented the
patient from tolerating oral feeds. Hence we recommend
early insertion of a nasogastric tube within the first
24 hours unless severe edema or ulceration precludes its
use. To prevent further GI injury, proton pump blockers
should be used.
Delayed fibrosis and stricture formation leading to in-
testinal obstruction is one of the main long-term com-
plications of corrosive ingestion as seen in this case of
MEKP poisoning. This can occur up to one year after in-
gestion. This patient had multiple inflamed areas of
sloughing in the first esophageal endoscopy, which indi-
cated the possibility of long-term fibrosis and luminal
narrowing. Endoscopic dilatation is needed to relieve the
strictures if present. Further, endoscopic intra-lesional
steroid injections are postulated to augment the affects
of endoscopic dilatation and may reduce further fibrosis
[13, 20). However, evidence for use of steroid injections
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is minimal and recommendations vary widely. As the
lesions were superficial, the gastroenterology team de-
cided not to give intra-lesional steroid injections to our
patient. Patients should be followed up after discharge
to monitor for features of obstruction. In our patient,
the follow up endoscopic examination itself cleared the
inflammatory fibrotic bands producing dramatic im-
provement of his swallowing difficulty.
If swallowing difficulty is present, providing adequate
long-term nutrition under the supervision of a specialist
nutritionist is recommended. This patient had significant
weight loss despite being on high protein diet until dys-
phagia and odynophagia improved. A weight gain was
only noted after 9 to 12 months. If swallowing difficulty
persists and impedes nutritional supplementation, endo-
scopic esophageal dilatation or esophageal resection is
recommended [14].
Oxidative liver injury can be theoretically minimized
or prevented by administration of N-acetyl cysteine
(NAC) [21]. This should be administered within the first
24 hours of ingestion. One case study reports successful
use of NAC as a liver protective agent [9]. However fur-
ther evidence is needed to confirm its effectiveness.
Aspiration and other respiratory complications can be
minimized by not inducing emesis. Aspiration if occurs
should be managed symptomatically with supportive
measures. Acute renal failure may necessitate repeated
renal replacement therapy. There is minimal evidence
to compare continuous renal replacement therapy with
conventional dialysis and both methods have been used
successfully [22].
Hematological complications such as bleeding, hemolysis
and disseminated intravascular coagulation have been re-
ported [9, 6]. Anemia in this patient was multifactorial,
contributed by hemolysis, inadequate bone marrow re-
sponse and gastrointestinal bleeding. Although continuing
hemolysis was a possibility, coffee ground like NG aspirate
and very low hemoglobin with symptoms of anemia war-
ranted transfusions during the first weeks of treatment.

Conclusions
MEKP is a potentially lethal industrial chemical. Acute
poisoning can occur due to accidental or intentional in-
gestion. Ingestion can affect multiple organ systems,
leading to short and long term morbidity. These include
gastrointestinal burn injuries with stricture formation,
acute liver failure, rhabdomyolysis, renal failure and meta-
bolic acidosis. Management is mainly supportive. Careful
monitoring for these complications with prompt interven-
tion when they occur can save lives. Users of these chemi-
cals may be unaware of the potential hazards. There is a
need to increase the awareness on potential toxicity and
safety measures among the handlers of these uncommon
toxic substances.

Page 4 of 5

Consent
Informed written consent has been obtained from the
patient for publication of this article and associated data
and images.

Competing interests
Authors of this case study do not have competing interests.

Authors' contributions
This paper IS written by the medical team who managed this patient. All
authors contributed in literature review and case discussion. AK was the
consultant physician (MD, FRCS)and team leader who supervised this case
study. :\JF(MD, MRCS) is the consultant gastroenterologist. All authors read
and approved the final manuscript.

Received: 20 August 2014 Accepted: 28 July 2015
Published online: 31 July 2015

References
I. Gooch JW Methyl Ethyl Ketone Peroxide. Encyclopedic Dictionary of

Polymers 2011:458-.
Barbalace K.Chemical Database: Methyl ethyl ketone peroxide.
Environmental Chemistry com. 2009.

3. Eller PM, Cassinelli ME. NIOSH manual of analytical methods. DIANE
Publishing; 1994.

4. Prez-Martnez A, Gutirrez-Junquera C. Gonzlvez-Piera J, Marco-Macin A,
Rubio-Guijarro J, Moya-Marchante M. Oesophageal stenosis in a child
caused by ingestion of methyl ethyl ketone peroxide. European journal of
pediatrics. 1997;156(12):976.

5. Bates N, Driver CP,Bianchi A. Methyl ethyl ketone peroxide ingestion'
toxicity and outcome in a 6-year-old child. Pediatrics. 2001;108(2):473-6

6. Mittleman RE,Romig LA, Gressmann E.Suicide by ingestion of methyl ethyl
ketone peroxide. Journal of forensic sciences. 1986;31(1):312-20.

7. Brigham CH,Landrigan PJ.Safety and health in boatbuilding and repair
American journal of industrial rnedione. 1985;8(3)169-82.

8. Akaike T, Sato K, Ijiri S,Miyamoto Y, Kohno M, Ando M, et a! Bactericidal
activity of alkyl peroxyl radicals generated by heme-iron-catalyzed
decomposition of organic peroxides. Archives of biochemistry and
biophysics. 1992;294(1):55-63

9. Van Enckevort C.Touw D, Vlerning L-J N-acetylcysteine and hemodialysis
treatment of a severe'case of methyl ethyl ketone peroxide intoxication.
Clinical toxicology. 2008;46(1):74-8

10. Moon SW,Lee 5W. Choi 51"1,Hong YS.Gastric emphysema after methyl
ethyl ketone peroxide ingestion. Clinical toxicology. 2010;48(1):90-1
doi:10.3109/15563650903478315.

11. Jain AI., Robertson GJ,Rudis MI. Surgical issues in the poisoned patient.
Emergency medicine clinics of North America. 2003;21(4):1117-44.

12. De Jong A, Macdonald R,Ein S.Forte V, Turner A. Corrosive esophagitis in
children: a 30-year review. International journal of pediatric
otorhinolaryngology. 2001;57(3)203-11.

13. Kochhar R.RayJD, Sriram PV,Kumar S,Singh K. Intralesional steroids
augment the effects of endoscopic dilation in corrosive esophageal
strictures. Gastrointestinal endoscopy. 1999;49(4):509-13.

14. Farrow C. Guy's and 5t Thomas' Hospital Trust. Chemical Incident Response
Service.The chemical incident management handbook. Chemical incident
management series.London: Stationery Office; 2000.

15. Bozdemir M, Yildiz M, Seyhanh E,Gurbuz S, Kilicaslan I, Karlidag T. Narrowing
of airway caused by ingestion of methyl ethyl ketone peroxide. Human &
experimental toxicology. 2011;30(12):2002-6.

16. Patnaik P.A comprehensive guide to the hazardous properties of chemical
substances.John Wiley & Sons; 2007.

17. urov R,Matthews L, Tappel A. Vitamin E protection against in vivo lipid
peroxidation initiated in rats by methyl ethyl ketone peroxide as monitored
by pentane. Toxicology and applied pharmacology. 1981;59(1)96-106.

18. Kaman L, Iqbal J, Kundil B, Kochhar R.Management of esophageal
perforation in adults. Gastroenterology Research.2011;3(6):235-44.

19. Erdoqan E,Eroqiu E,Tekant G, Yeker Y, Emir H, Sarimurat N, et al
Management of esophagogastric corrosive injuries in children. European
journal of pediatric surgery: official journal of Austrian Association of
Pediatric Surgery let al] = Zeitschrift fur Kinderchirurgie. 2003;13(5):289-93



Liyanage et al. Journal of Occupational Medicine and Toxicology (2015) 10:26

20. Anderson KD, RouseTM, Randolph JG.A controlled trial of corticosteroids in
children with corrosive injury of the esophagus. New England Journal of
Medicine. 1990;323(10):637-40.

2l. Chyka PA. Butler AV, Holliman BJ.Herman MI. Utility of acetykysteine in
treating poisonings and adverse drug reactions. Drug safety.
2000;22(2): 123-48.

22. Goodman JW,Goldfarb OS,editors. The role of continuous renal
replacement therapy in the treatment of poisoning. Seminars in dialysis;
2006: Wiley Online Library.

Page 5 of 5

Submit your next manuscript to BioMed Central
and take full advantage of:

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptant"

• Inclusion in PubMed, CAS. Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit (J BioMed Central


