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Introduction

Multiple acyl-CoA dehydrogenase deficiency (MADD) 
is a ultrarare inborn error of metabolism in fatty acid 
oxidation and amino acid (1). Patients with later-onset 
MADD develop progressive myopathy and heterogeneous 
symptoms of intermittent vomiting and hypoglycemia (2). 
The endoscopic findings have not been described in detail 
among patients with MADD. Therefore, we present, for 
the first time in literature, a MADD patient with recurrent 
vomiting and abdominal pain and diffuse whitish velvet-
like lesions in the small intestine shown in the video capsule 

endoscopy. The velvet-like lesions might be misdiagnosed 
as mucosal ulcers considering the distributions and 
manifestations of the lesions. Here we described one 
MADD case with compound heterozygous variants of the 
ETFDH gene. We present the following case in accordance 
with the CARE checklist (available at http://dx.doi.
org/10.21037/tp-20-253).

Case presentation

All procedures performed in studies involving human 
participants were in accordance with the ethical standards 
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of the institutional and/or national research committee(s) 
and with the Helsinki Declaration (as revised in 2013). 
Written informed consent was obtained from the patient’s 
parents. An 8-year-old girl of non-consanguineous 
parents from southern China with history of recurrent 
abdominal pain and vomiting since 4 years of age presented 
to the gastroenterology department. Colonoscopy was 
unremarkable, while multiple ulcers were identified in 
the small intestine on video capsule endoscopy. She was 
diagnosed with Crohn’s disease, and initially treated with 
exclusive enteral nutrition, mesalamine and azathioprine 

in a local hospital. She still complained of abdominal pain 
and had multiple episodes of vomiting and was referred to 
our unit. Apart from gastrointestinal symptoms, she also 
reported muscle weakness during attacks. 

On presentation, her physical  examination was 
unremarkable. There was no sign of perianal diseases. 
Inflammatory markers, including C-reactive protein and 
erythrocyte sedimentation rate were within normal limits. 
Other laboratory investigations showed a lactate of 2.9 mmol/L,  
pH of 7.311, serum free fatty acid of 2.161 mmol/L. 
Considering the onset of age and recurrent vomiting, serum 
tandem mass spectrometry was performed, and showed C10 
of 1.29 μM, C8 of 0.57 μM, C5/C3 of 0.362 μM. 

Upper endoscopy and colonoscopy were unremarkable. 
A repeat video capsule endoscopy revealed diffuse whitish 
velvet-like changes in several segments without apparent 
mucosal ulcerations (Figure 1). Abdominal computed 
tomography without contrast showed hepatic lipomatosis 
(Figure 2). As a result, diagnosis of Crohn’s disease cannot 
be supported in our patient. 

Hepatic lipomatosis might not be a usual cause of 
recurrent abdominal pain and vomiting in children. However, 
when associated with elevated free fatty acid, lactate and 
abnormal results of serum tandem mass spectrometry, 
metabolic disorders are of high suspicion. Endocrinology 
was consulted. Genomic DNA was extracted from the 
peripheral whole blood of the patient and parent using 
the Agilent SureSelectXT Human All Exon 50-Mb kit. 
Exome sequencing resulted in an average 100× coverage 
using the Illumina HiSeq2000/2500 sequencer (Illumina, 
San Diego, CA, USA). Sequence read alignments were 
completed using Novoalign (V2.07.18) against the human 
reference genome GRCh37.p10 (http://www.novocraft.com).  
The bioinformatics pipeline has been previously described (3).  
In brief, after quality control, variants were filtered 
by means of public databases, including Human Gene 
Mutation Database (HGMD) Professional, the Exome 
Aggregation Consortium (ExAC), and an in-house database. 
Sanger sequencing was performed with a Biosystems 3500 
DNA Analyzer and analyzed by Mutation Surveyor V4.0.9.

Trios exome sequencing showed that compound 
heterozygous mutations of c.[250G>A] + [524G>T] were 
identified in ETFDH, which was confirmed by Sanger 
sequencing (Figure 3). 

This patient was diagnosed with late-onset MADD and 
treated with riboflavin with a dosage of 100 mg/day instead 
of mesalamine and azathioprine. She was symptom-free 
soon after initiation of treatment. In addition, she did not 

Figure 1 Findings of video capsule endoscopy. Diffuse velvet-like 
changes are present in multiple segments of the small intestine. 
There is no apparent ulceration or erosion.

Figure 2 Abdominal computerized tomography scan without 
contrast. There is hepatic lipomatosis and the liver is not enlarged, 
and there is no splenomegaly. The computerized tomography value 
of the liver is lower than that of the spleen. 
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complain about any adverse effects of the treatment. We 
followed the patient for 2 years, and she did not report any 
attack of vomiting and abdominal pain. The parent refused 
endoscopy since the patient did not show any symptoms 
after treatment. The timeline of this case was shown in 
Figure 4. 

Discussion

MADD (OMIM 231680) is an autosomal recessive inherited 
fatty acid and amino-acid metabolism disorder (4). Most 

late-onset MADD can be corrected by therapeutic dosage 
of riboflavin, thus is regarded as riboflavin-responsive 
MADD (5). Patients were diagnosed by Sanger sequencing 
of ETFDH or whole exome sequencing (2,6). Genetic 
sequencing is crucial in the diagnosis of MADD, for there 
is no need to proceed to more invasive diagnostic testing 
including muscle biopsy (6). The ETFDH gene encodes 
electron transfer flavoprotein ubiquinone oxidoreductase, 
which exists as a 64-kDa monomer harboring one molecule 
of the flavin adenine dinucleotide and a 4Fe4S cluster in 
the inner mitochondrial membrane (7,8). We reported one 

Figure 3 Sanger sequencing of ETFDH confirmed mutations in our patient. (A) Patient: ETFDH c.250G>A, c.524G>T; (B) father of the 
patient: ETFDH c.250G>A; (C) mother of the patient: ETFDH c.524G>T.
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Figure 4 The timeline of this case, including clinical manifestations, tests and treatments. CT, computed tomography; MADD, multiple 
acyl-CoA dehydrogenase deficiency.
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MADD patient presenting with recurrent vomiting and 
abdominal pain. The patient was diagnosed by trios whole 
exome sequencing. 

Hepatic lipomatosis might be an important extra-
muscular finding of late-onset MADD, and severe hepatic 
lipomatosis was revealed by ultrasound in 4 out of 13 
patients with MADD (9). Hepatic lipomatosis and lipid 
storage myopathy in MADD are due to impaired fat 
oxidation and greater dependence upon carbohydrate 
oxidation (9). Patients might be asymptomatic. It is 
generally considered as a benign and stable condition. 
However, progression to cirrhosis and acute liver failure 
have been reported among three adult cases of late-onset 
MADD since 2013 (10-12). Liver involvement is associated 
with various fatty acid oxidation disorders, and steatosis is 
a reliable but non-specific sign (13). Therefore, systematic 
screening is encouraged if there is high index of suspicion.

Endoscopic findings of MADD or other fatty acid 
oxidation disorder have not been specifically reported 
yet. Intestinal fat accumulation was described in familial 
hypobetalipoproteinemia due to apolipoprotein B R463 
mutation (14). We speculated that velvet-like lesions in the 
small intestine were caused by similar pathogenesis of hepatic 
lipomatosis. However, we could not verify our findings in 
other MADD patients considering the rarity of the disease 
and indications for video endoscopy. Because our patient 
had prominent gastrointestinal complains of vomiting and 
abdominal pain, while the first video capsule endoscopy 
showed diffuse whitish changes mimicking ulcerations, she 
was misdiagnosed as Crohn’s disease. However, inborn errors 
of metabolism should also be included in the differential 
diagnosis in patients with predominant gastrointestinal 
complaints, including relatively nonspecific symptoms of 
recurrent abdominal pain and vomiting (15). 

Primary MADD is caused by a genetic defect in 
electron transfer flavoproteins or in electron-transferring 
flavoprotein (ETF) dehydrogenase (4). The c.250G>A and 
c.524G>T variants in ETFDH have already been reported 
to be pathogenic (2,16). In addition, the c.250G>A variant 
might be a possible founder mutation in southern China, 
and clustered in Fujian Province (2). Our patient also came 
from this region. The estimated carrier frequency was about 
1.35% among the normal population (2). 

Our patient was responsive to riboflavin treatment and 
remained symptom-free during 2 years of follow-up. The 
parent refused further endoscopy after treatment as the 
patient denied having attacks of vomiting or abdominal 
pain. Therefore, we could not compare MADD patients 

demonstrate multiorgan dysfunction especially in the case 
of catabolism (17). D,L-3-hydroxybutyrate treatment is 
effective in improving clinical symptoms and survival in 
severely affected MADD cases (1). 

Conclusions

For children presenting with predominant gastrointestinal 
symptoms of recurrent abdominal pain and vomiting, 
pediatricians should consider possibility of metabolic 
disorders, especially when results of imaging and endoscopy 
are inconclusive. In this setting, tandem mass spectrometry 
and genetic sequencing should be timely engaged. 
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