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Ethylmalonic encephalopathy (EE), also known 
as encephalopathy, petechiae, and ethylmalonic 

aciduria (EPEMA) syndrome, is a rare autosomal 
recessive disorder of unknown underlying metabolic 
defect (OMIM #602473). The disease was shown to 
be due to a mutation in the ETHE1 gene, located at 
chromosome 19q13.1 Typically patients present in infancy 
with central hypotonia, pyramidal, and extrapyramidal 
signs, delayed psychomotor development, chronic 
mucoid diarrhea, orthostatic acrocyanosis, petechiae, 
and neuroimaging changes. Biochemically the disease is 
characterized by lactic acidemia, elevated concentration 
of plasma C4 and C5 acylcarnitine species, reduced 
activity of cytochrome c oxidase in skeletal muscles 
and markedly increased excretion of ethylmalonic 
acid, and to a lesser extent methylsuccinic acid in the 
urine.2 Ethylmalonic aciduria is also seen in short-chain 
Acyl-CoA dehydrogenase deficiency (SCAD), glutaric 
acidemia type 2, and Jamaican vomiting sickness. 
Nearly 30 patients, most of Arabic or Mediterranean 
origin, have been previously reported.2 Three of them 
were from Kuwait.3,4 Although rare, it is still thought to 
be underdiagnosed or misdiagnosed; the ethylmalonic 
aciduria being attributed to other reasons.1,4,5 We add 
one more patient with the typical features of EE and 
EHTE1 gene mutation to the list of previously reported 
patients, to alert our colleagues to the presence of such a 

ABSTRACT

قاتلًا.   إستقلابياً  اضطراباً  مالوني  الايتيل  الدماغ  اعتلال  يعتبر 
حوض  شعوب  لدى  مشاهدة  أكثر  فإنه  ندرته  من  الرغم  وعلى 
البحر الأبيض المتوسط والمنطقة العربية.  نستعرض في هذا التقرير 
لديها  تظهر  بدأت  حيث  الكويت،  من  لطفلة  جديدة  حالة 
أعراض المرض خلال الأشهر الأربعة الأولى من العمر على شكل 
إسهال مخاطي مزمن، مع تأخر في التطور الروحي والحركي.  كما 
أشهر.   الـ6  بعمر  عضلية  رمعية  اختلاجات  الطفلة  لدى  تطور 
أظهر الفحص السريري وجود نقص مقوية مركزي، مع علامات 
وزرقة  متفرقة  نمشات  وجود  إلى  بالإضافة  الهرمية،  الحزمة  إصابة 
نهايات.  أظهرت التحاليل المخبرية ارتفاعاً في مستوى لاكتات 
المصل، وجاءت نتائج تحري الحمض العضوي في اللطاخة الدموية 
وفي البول متماشية مع تشخيص اعتلال الدماغ الايتيل مالوني، 
التي أظهرت  الطفرة الصبغية  والذي تم تأكيده من خلال دراسة 
وجود حذف متماثل الأمشاج على مستوى الاكسون الرابع للجين 
 )MRI( للدماغ  المغناطيسي  الرنين  أشعة  نتائج   .)ETHE1(
أظهرت وجود تغيرات في النوى القاعدية والمادة البيضاء.  توفيت 
الـ14 شهراً بسبب قصور تنفسي حاد ناجم عن  الطفلة في عمر 
التهاب رئوي شديد.  الهدف من هذا التقرير، لفت نظر الأطباء 
إلى وجود هذا المرض خاصة في هذه المجتمعات، والتأكيد على 

دورهم في الكشف المبكر وإمكانية التشخيص قبل الولادة.

We report a Kuwaiti girl with ethylmalonic 
encephalopathy. She presented at the age of 4 
months with chronic mucoid diarrhea and delayed 
psychomotor development, and at 6 months she 
developed myoclonic epilepsy. She was found to 
have central hypotonia with pyramidal tract signs, 
acrocyanosis, and petechiae. Plasma lactate level was 
elevated. Blood spot and urine for organic acids results 
were consistent with the diagnosis of ethylmalonic 
encephalopathy. Cerebral MRI showed basal ganglia 
and white matter changes. Gene mutation study 
revealed homozygous deletion of exon 4 of the 
ETHE1 gene. The patient died at 14 months after 
extensive bronchopneumonia. Our objective is to alert 
physicians to the existence of such a devastating disease 
in our community and their role in the early diagnosis 
in the index patient for proper genetic counseling.
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rare disease in our community. In addition, we stress the 
importance of screening families with an index patient, 
for the abnormal gene especially in a community with 
high consanguineous marriage rates.6

Case Report. This girl was born at term to double 
first-cousin parents after an uneventful pregnancy and 
delivery (Figure 1). Birth weight was 2.6 Kg. Her 2 elder 
brothers looked healthy. She was first seen at the age 
of 4 months for chronic mucoid smelly diarrhea since 
birth. She was fed infant milk formula since birth. She 
did not appear to be interested in her surroundings with 
severe central hypotonia, brisk deep tendon reflexes, and 
sustained clonus. Her weight and length were 4.7 kg and 
57 cm (both just below the 5th percentile) while her head 
circumference was 39 cm (below the 3rd percentile). 
She was admitted to the hospital at the age of 6 months 
with 2 weeks history of recurrent myoclonic seizures and 
upper respiratory symptoms. She was observed to be 
apathetic and to have petechiae at both upper and lower 
limbs, forehead, and orthostatic acrocyanosis. Optic discs 
appeared pale, while visual evoked potentials revealed 
low amplitude and delayed latency bilaterally. Initial 
blood gases were unremarkable; while serum lactate was 
borderline high at 2.26 mmol/L (normal 0.5-2.2) that 
rose a few days later to 3.55 mmol/L. Serum pyruvate 
level was 25 umol/L (normal 30-80). The acylcarnitine 
profile of blood spots showed moderately elevated 
butyryl carnitine (C4-carnitine) at 1.65 uM (normal 
≤0.1). A further examination of urine by MS/MS 
indicated a very high concentration of C4-carnitine at 
15 uM (normal ≤0.3). Examination of urine by GC/MS 
indicated the presence of moderately high ethylmalonic 
acid. Normal investigations included thyroid, renal, liver 
and coagulation profiles, complete blood count, serum 
creatine kinase, and blood amino acids level. Cerebral 

CT scan revealed the presence of hypodense lesions in 
the area of caudate nucleus. Cerebral MRI at the age of 7 
months showed widened subarachnoid space, increased 
signal intensity in the area of basal ganglia (caudate 
nucleus), left thalamus and white matter on T2 images 
(Figure 2). She did not show significant improvement 
on phenobarbitone and pyridoxine so clonazepam was 
added to her regimen on her sixth day of admission with 
partial control of her fits. She developed apnea on her 
tenth day and needed mechanical ventilation for 5 days. 
Her state of consciousness improved gradually and she 
was able to suck from a bottle and was discharged after 
4 weeks. Screening the ETHE1 gene revealed that the 
patient had a homozygous deletion of exon 4, while her 
parents were heterozygous for the same deletion and 
the brothers were homozygous wild-type. Seizures were 
poorly controlled, and she had repeated chest infection. 
At the age of 14 months, she developed extensive 
bronchopneumonia and died in respiratory failure.

Discussion. The ETHE1 gene encodes a protein 
product that is targeted to the mitochondrial matrix 
after energy-dependent cleavage of a short leader 
peptide.1 Among 29 unrelated patients from different 
parts of the world, 22 types of mutations were reported.2 
Three patients had homozygous deletion of exon 4 as 
in our patient.2 Their origin was not reported, but it 
was the same type of mutation found in 1 of 2 patients, 
for whom the test was carried out, from Kuwait.3 More 
patients have been recently reported with nearly a total 
of 30 different types of gene mutations identified.2,7-9 
However, the clinical features observed are homogenous 
in the vast majority of patients.2 In addition, there is 
no obvious correlation between the clinical features 
including age of onset, severity of symptoms, time of 
progression, and the position or type of mutation.2 

Figure 1 - The family pedigree. The filled symbol indicates our deceased patient and the 
numbers inside the symbols indicate the number of brothers and sisters.

Figure 2 - Brain MRI of the patient at the age of 7 
months, axial T2 weighted image showing 
increased signal intensity in the caudate 
nucleus (thick arrow), left thalamus (thin 
arrow) and white matter.
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Ethylmalonic encephalopathy is characterized 
by an unusual combination of biochemical findings 
including lactic acidosis, elevated concentration of 
C4 and C5 plasma acylcarnitine species, markedly 
elevated urinary concentration of ethylmalonic acid and 
C4-6 acylglycines.1 Of note, lactic acidosis might be 
intermittent being more observed during intercurrent 
infections as observed in our patient, also other 
metabolites may rarely be within normal range between 
crises.5 The underlying metabolic defect is unknown. 
It appears to be due to a mitochondrial disorder, but 
it is not clear whether it is related to a defect in the 
metabolism of isoleucine, methionine, or others.10,11 

It has been shown in animal models (young rats) that 
ethylmalonic acid inhibits the activity of mitochondrial 
creatine kinase in the brain but not in the skeletal or 
cardiac muscles. Considering the importance of creatine 
kinase for brain energy homeostasis, this might explain 
the neurological features observed in EE patients.12 

Neuroimaging studies reveal fairly constant findings 
with involvement of the basal ganglia, thalami, and 
white matter changes. These reflect necrotic lesions in the 
involved structures, which are thought to be due to the 
accumulation of metabolites or to the vascular changes 
commonly observed in this disorder.1 Microscopically, at 
autopsy, there was marked capillary proliferation in the 
substantia nigra, periaqueductal area, putamen, caudate, 
and medial thalamus with increased number and size of 
the endothelial cells in one patient.11

Different forms of treatment were tried including 
vitamins B1, B2, B6, B12, C, E, Biotin, coenzyme Q10, 
low protein diet, and carnitine, but none of them showed 
a consistent effect or long term benefit.4,13 The course 
of disease is a progressive one and most patients die in 
the first few years of life. Most patients die because of 
respiratory failure during intercurrent infection, apnea, 
metabolic decompensation or suddenly unexpectedly.13-16 
Our patient was no exception. Consanguineous marriage 
in the Arab community is high.6 Identification of the 
type of gene mutation in a family with an index patient 
might help prenatal diagnosis, which has not been 
reported yet in this devastating disease. 

In summary EE, though rare, is more commonly 
reported in patients of Arabic or Mediterranean descent. 
It should be considered in patients with lactic acidosis 
and consistent clinical picture. Identification of the 
gene mutation will not only confirm the diagnosis, but 
may also help in the prenatal diagnosis of such a severe 
progressive disease.

Acknowledgment. We are indebted to Massimo Zeviani, 
MD, PhD and Valeria Tiranti, PhD from the Division of Molecular 
Neurogenetics, National Neurological Institute “C. Besta”, Milano, Italy 
for performing the ETHE1 gene mutation study. We also extend our 
thanks to Dr. Mohammed Abdel-Hamid, from the Faculty of Medicine, 
Kuwait University, for performing the Tandem Mass Spectrometry and 
Dr. Hanan Al-Qattan, from the Pediatric Department in Farwaniya 
Hospital, Kuwait, for taking care of the patient and family.

References

  1. Tiranti V, D’Adamo P, Briem E, Ferrari G, Mineri R, Lamantea 
E, et al. Ethylmalonic encephalopathy is caused by mutation in 
ETHE1, a gene encoding a mitochondrial matrix protein. Am J 
Hum Genet 2004; 74: 239-252.

  2. Tiranti V, Briem E, Lamantea E, Mineri R, Papaleo E, De 
Gioia L, et al. ETHE1 mutations are specific to ethylmalonic 
encephalopathy. J Med Genet 2006; 43: 340-346.

  3. Al-Ajmi MO, Kutty SK. A case report-Ethylmalonic aciduria 
encephalopathy with respiratory failure and nephrotic syndrome 
rare presentation. Middle East J Fam Med 2005; 3: 29-32

  4. Heberle LC, Al Tawari AA, Ramadan DG, Ibrahim JK. 
Ethylmalonic encephalopathy- report of two cases. Brain Dev 
2006; 28: 329-331.

  5. Di Rocco M, Caruso U, Briem E, Rossi A, Allegri AEM, Buzzi 
D, et al. A case of ethylmalonic encephalopathy with atypical 
clinical and biochemical presentation. Mol Genet Metab 2006; 
89: 395-397.

  6. Al-Awadi SA, Moussa MA, Naguib KK, Farag TI, Teebi AS, el-
Khalifa M, et al. Consanguinity among the Kuwaiti population. 
Clin Genet 1985; 27: 483-486

  7. Merinero B, Perez-Cerda C, Ruiz Sala P, Ferrer I, Garcia MJ, 
Martinez Pardo M, et al. Persistent increase of plasma butyryl/
isobutyrylcarnitine concentrations as maker of SCAD defect 
and ethylmalonic encephalopathy. J Inherit Metab Dis 2006; 
29: 685.

  8. Zafeiriou DI, Augoustides-Savvopoulou P, Haas D, Smet J, 
Triantafyllou, Vargiami E, et al. Ethylmalonic encephalopathy: 
clinical and biochemical observations. Neuropediatrics 2007; 
38: 59-60.

  9. Mineri R, Rimoldi M, Burlina AB, Koskull S, Perletti C, 
Heese B, et al. Identification of new mutations in the ETHE1 
gene in a cohort of 14 patients presenting with ethylmalonic 
encephalopathy. J Med Genet 2008; 45: 473-478.

10. Nowackzyk MJM, Lehotay DC, Platt BA, Fisher L, Tan R, 
Phillips H, et al. Ethylmalonic and methylsuccinic aciduria in 
ethylmalonic encephalopathy arise from abnormal isoleucine 
metabolism. Metabolism 1998; 47: 836-839.

11. McGown KA, Nyhan W, Barshop BA, Naviaux R, Yu A, 
Haas RH, et al. The role of methionine in ethylmalonic 
encephalopathy with petechiae. Arch Neurol 2004; 61: 570-
574.

12. Leipnitz G, Schuck PF, Ribeiro CAJ, Dalcin KB, Assis DR, 
Barschak AG, et al. Ethylmalonic acid inhibits mitochondrial 
creatine kinase activity from cerebral cortex of young rats in 
vitro. Neurochem Res 2003; 28: 771-777.

13. Yoon HR, Hahn SH, Ahn YM, Jang SH, Shin YJ, Lee EH, et 
al. Therapeutic trial in the first three Asian cases of ethylmalonic 
encephalopathy: Response to riboflavin. J Inherit Metab Dis 
2001; 24: 870-873.

14. Garavaglia B, Colamaria V, Carrara F, Tonin P, Rimoldi 
M, Uziel G. Muscle cytochrome c oxidase deficiency in two 
Italian patients with ethylmalonic aciduria and peculiar clinical 
phenotype. J Inherit Metab Dis 1994; 17: 301-303.

15. Burlina AB, Dionisi-Vici C, Bennett MJ, Gibson KM, Servidel 
S, Bertini E, et al. A new syndrome with ethylmalonic aciduria 
and normal fatty acid oxidation in fibroblasts. J Pediatr 1994; 
124: 79-86.

16. Garcia-Silva MT, Ribes A, Campos Y, Garavaglia B, Arenas 
J. Syndrome of encephalopathy, petechiae, and ethylmalonic 
aciduria. Pediatr Neurol 1997; 17: 165-170.


