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Abstract

We present the biochemical and molecular diagnosis of dihydrolipoamide dehydrogenase (DLD) 

deficiency (also known as E3 deficiency) and Leigh syndrome in a 14 year-old girl with previous 

history of learning disability and episodic encephalopathy and ketoacidosis. The diagnosis was 

suggested by biochemical laboratory values from plasma amino acids and urine organic acids, 

which were obtained during an acute episode of encephalopathy, lactic ketoacidosis and liver 

failure all precipitated by infectious mononucleosis. DLD deficiency was confirmed via enzymatic 

and molecular analyses. E3 activity from cultured skin fibroblasts ranged between 9% and 29% of 

the mean. Molecular analysis showed compound heterozygosity for novel and previously reported 

pathogenic mutations; p.I353T and p.G136del, respectively. The patient was managed using a 

combination of dietary augmentation as well as continuous renal replacement therapy given her 

severe and persistent lactic acidosis. Her acute decompensation resulted in brain MRI changes 

involving the posterior aspect of the putamina, lateral and medial thalami, substantia nigra, lateral 

geniculate bodies and splenium of the corpus callosum. Additional affected regions included the 

cortex and subcortical white matter of the right and left occipital lobes and the peri-rolandic 

region. We review the literature of molecularly confirmed patients with DLD deficiency and note 

that Leigh syndrome is common in reported patients. This case provides further evidence of the 

heterogeneous presentation of DLD deficiency as our patient presented with her most severe 

decompensation at an age much more advanced than in previously reported patients.
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INTRODUCTION

Dihydrolipoamide dehydrogenase (DLD) functions as the E3 subunit of three mitochondrial 

multienzyme complexes: pyruvate dehydrogenase (PDH), alpha-ketoglutarate 

dehydrogenase (α-KGDH) and branched chain 2-oxoacid dehydrogenase (BCKDH). In 

these complexes, DLD functions as a homodimer of ~50 kDa subunits which reoxidize the 

reduced lipoyl moiety of E2. DLD deficiency (also known as E3 deficiency or maple syrup 

urine disease, type III) is a rare autosomal recessive disorder that presents with variable 

phenotypes ranging from a severe neonatal presentation consisting of ketoacidosis, 

hypoglycemia and encephalopathy to a milder presentation consisting of variable hepatic 

dysfunction and/or neurological findings. The majority of patients develop symptoms within 

the first 1 to 2 years of life with presentation in the neonatal period associated with a worse 

prognosis. While a large percentage of early-onset patients die in the neonatal period, 

multiple patients have been reported surviving into their second and third decade of life [1–

3].

Here we present the biochemical and molecular diagnosis of DLD deficiency associated 

with Leigh syndrome in a 14 year-old girl with learning disability and a history of episodic 

encephalopathy and ketoacidosis. We identify a novel pathogenic DLD mutation in this 

report. Furthermore, this case provides further evidence of the heterogeneous presentation of 

DLD deficiency as our patient presented with her most severe decompensation following 

primary mononucleosis infection at an age much more advanced than in previously reported 

patients. We also review molecularly confirmed cases of DLD deficiency previously 

published and note that Leigh syndrome is common in patients with this disorder.

CASE REPORT

Our female patient was the second child of non-consanguineous parents of mixed European 

ancestry. She was born at term via vaginal delivery following an uncomplicated pregnancy. 

Following delivery, she did well and was discharged from the hospital without incident. 

Throughout the first year of life, her development was apparently normal and she achieved 

all developmental milestones on time.

At about 1 year of age, she began experiencing episodes of recurrent emesis and 

encephalopathy with laboratory evaluations showing lactic acidosis and hypoglycemia (as 

low as 9 mg/dL). The episodes typically lasted between 2 and 10 days with return to 

baseline following each episode. She was admitted to a community hospital for these 

episodes and supported with intravenous (IV) dextrose. Laboratory evaluations performed 

during these episodes showed lactic acidosis and hypoglycemia and at age 5 also included 

transaminase elevations (of unknown degree). At school, she exhibited evidence of some 

learning disability requiring special education in all grades. At 12 years of age, she was 

functioning at a 1st- to 2nd-grade level. She had experienced 1 seizure that occurred at less 

than 5 years of age and was associated with an episode of hypoglycemia, which required a 

rapid infusion of dextrose-containing parenteral fluids. Over time, she developed an 
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avoidance of high protein and high fat foods, maintaining a diet primarily composed of 

carbohydrates.

A biochemical workup was initiated at 12 years of age. Her plasma amino acids 

demonstrated small amounts of alloisoleucine (~8 μM) on two occasions, with normal or 

low concentrations of branched chain amino acids. Urinary organic acid never displayed 

ketoacids. A fibroblast culture was assayed at Emory University, GA for BCKDH activity 

showing 24.3% of normal leucine decarboxylation.

At 14 years of age the patient was admitted to a community hospital following three days of 

recurrent emesis and intermittent fever. Initial laboratory evaluation showed an anion gap 

(32) metabolic acidosis, transaminitis with aspartate aminotransferase (AST) of 496 IU/L 

(normal 8–30 IU/L), alanine aminotransferase (ALT) of 279 IU/L (normal 7–35), and 

glucose of 75 mg/dL. Following 3 days of increasing encephalopathy including the onset of 

aphasia, incontinence, inability to ambulate, and eventually unresponsiveness, she was 

transferred to our pediatric intensive care unit for further management. Upon admission she 

was encephalopathic, moaning but not responding to commands. She withdrew from pain 

but had no other purposeful movements. Her optic disc margins were sharp. Deep tendon 

reflexes were diminished. Her lactate was 5.6 mmol/L (normal 0.5–2.0 mmol/L), AST of 

821 IU/L, ALT of 692, an international normalized ratio of 2.3, partial thromboplastin time 

of 39.7 seconds (normal 22.0–32.0 seconds), ammonia of 154 μmol/L (normal 11–60 

μmol/L), normal anion gap of 11, venous pH of 7.39, and normal blood glucose of 88 

mg/dL. She was placed on hemodialysis and later transitioned to continuous renal 

replacement therapy for 6 days given the persistently elevated lactate with a maximum of 15 

mmol/L on intensive care unit day 2. Throughout this time, her liver function continued to 

worsen with AST and ALT reaching a maximum of 2,810 IU/L and 2,181 IU/L, respectively 

on intensive care unit day 2. Evaluation for viral hepatitis, cytomegalovirus, varicella, 

herpes simplex virus and toxoplasmosis were all negative. Ebstein-Barr virus serologies 

showed positive EBV viral capsid antigen IgM consistent with primary mononucleosis 

infection.

Plasma amino acids at the time of admission to the intensive care unit showed a valine of 

406 μmol/L (normal 155–343 μmol/L), isoleucine of 183 μmol/L (normal 34–106 μmol/L), 

leucine of 428 μmol/L (normal 86–206 μmol/L), alloisoleucine of 26 μmol/L (normal 0 

μmol/L), glutamine of 2,594 μmol/L (normal 457–857 μmol/L), citrulline of 165 μmol/L 

(normal 19–52 μmol/L) and arginine of 148 μmol/L (1–81 μmol/L). Urine organic acids 

showed a massive lactic peak, small 2-hydroxybutyric, 2-hydroxyisovaleric, glutaric, adipic, 

and 2-oxoglutaric peaks, and moderate 2-hydroxyglutaric and 4-hydroxyphenyllactic peaks. 

Maximum ammonia level during this hospital course was 172 μmol/L. Acylcarnitine profile 

was within normal limits. Brain MRI performed on day 3 of the patient’s illness is shown in 

Figure 1, and showed multiple bilateral and symmetric areas of impeded diffusion as well as 

increased T2 signal involving the posterior aspect of the putamina, lateral and medial 

thalami, substantia nigra, lateral geniculate bodies and splenium of the corpus callosum. 

There was also less symmetric areas on increased T2 signal in the cortex and subcortical 

white matter of the right and left occipital lobes and in the peri-rolandic region. An 
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echocardiogram performed during this admission showed normal cardiac anatomy and 

function.

With the combination of dialysis and stringent nutritional monitoring the patient’s mental 

status and laboratory values continued to improve. After 2 weeks of inpatient medical care 

she was transferred to a long-term rehabilitation facility, where she remained for 6 weeks. 

Throughout her hospital stay the patient was maintained on a high carbohydrate diet (70–

75% of daily calories) with protein intake kept at recommended daily allowance. She 

continued this diet following hospital discharge.

Throughout the later part of her hospitalization, with normalized biochemical profiles, she 

exhibited slurred speech, dysmetria by finger-nose-finger test, hypotonia, and an ataxic gait. 

On return visit to our genetics and neurology clinic following 6 weeks of inpatient 

rehabilitation, she continued to have slurred speech and an ataxic gait and required a walker 

to ambulate long distances, and tired quickly. Biochemical evaluation at 9 weeks post-illness 

showed a normal urine organic acid profile, normal lactic acid, leucine, isoleucine, low 

valine, and absent alloisoleucine. In addition, an MRI done about 4 months after discharge 

showed cystic changes of the posterior basal ganglia, with resolution of the other 

abnormalities.

RESULTS

Initially, our patient was suspected of having a variant of Maple Syrup Urine Disease. After 

the current metabolic decompensation an enzyme assay of cultured skin fibroblasts (Center 

for Inherited Disorders of Energy Metabolism, Case Medical Center, OH) showed pyruvate 

dehydrogenase complex activity of 80% of mean, within reference range. Pyruvate 

dehydrogenase E3 activity was decreased at 29% of the mean. Alpha-ketoglutarate 

dehydrogenase complex activity was normal at 107% of the mean but with a decreased E3 

component at 9% of the mean. Molecular testing following her decompensation showed 

compound heterozygosity for two DLD mutations, a previously reported pathogenic variant 

(c.405_407delAGG; p.G136del) and a novel mutation (c.1058T>C; p.I353T) presumed 

pathogenic by multiple functional prediction software programs including PolyPhen-2. Both 

variants were confirmed to be inherited in trans by parental testing. Other tests included 

negative molecular analysis of BCKDHA, BCKDHB, and DBT.

DISCUSSION

Neonatal-onset DLD deficiency typically presents with encephalopathy, recurrent emesis, 

hypotonia, ketoacidosis, and hypoglycemia as shown in Table 1. Other findings can include 

liver failure, cardiomyopathy, seizures and failure to thrive (Table 1). The typical 

biochemical profile of individuals with DLD deficiency consists of elevated branched-chain 

amino acids, elevated glutamine and the presence of allo-isoleucine in plasma, as well as 

detection of alpha-ketoglutarate, branched-chain ketoacids, ketones, and lactate in urine 

[4,5]. Patients who present after the neonatal period typically have a milder phenotype with 

morbidity and mortality significantly lower than the neonatal presentation. Given the lack of 

phenotypic information in the literature, the degree of morbidity that surviving patients with 
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DLD deficiency experience is difficult to determine. Our patient experienced a major 

metabolic decompensation at 14 years of age after contracting infectious mononucleosis. 

Biochemical and molecular work-up confirmed DLD deficiency via enzyme assay and DLD 

gene analysis, which showed compound heterozygosity for a novel mutation (I353T) and a 

previously reported pathogenic mutation (G136del).

Table 1 shows the genotypes of molecularly confirmed patients with DLD deficiency and an 

overview of phenotypic information available. Genotype-phenotype correlations remain 

difficult given the variable phenotype and age of presentation. However, patients with the 

homozygous G229C mutation have been reported to have milder phenotypes with some 

patients presenting in their second decade of life [1]. However, this is not absolute, as Hong 

et al. reported a patient homozygous for the G229C mutation who died as an infant during a 

metabolic decompensation [6].

Leigh syndrome (subacute nectrotizing encephalomyelopathy) is a neurodevelopmental 

disorder that consists of characteristic clinical findings and brain pathology. Diagnostic 

criteria for Leigh syndrome includes (1) progressive neurological disease with motor and 

intellectual developmental delay; (2) signs and symptoms of brainstem and/or basal ganglia 

disease; (3) elevated lactate levels in blood and/or cerebrospinal fluid; and (4) one or more 

of the following: (a) characteristic features of Leigh syndrome on neuro-radioimaging 

(symmetrical hypodensities in the basal ganglia on CT or hyperintense lesions on T2-

weighted MRI), (b) typical neuropathological changes at postmortem exam, or (c) typical 

neuropathology in a similarly affected sibling [7]. Our patient fulfills criteria for Leigh 

syndrome based on her developmental delay, which worsened recently, basal ganglia disease 

as evidenced by her ataxic gait and dysmetria, lactic acidosis and classic brain MRI findings. 

As previously reported, Leigh syndrome is observed in patients with DLD deficiency [5]. 

This development is likely attributable to deficiency of pyruvate dehydrogenase complex 

activity. Review of the literature (Tables 1 and 2) shows that at least five molecularly 

confirmed patients and one enzymatically confirmed patient had brain imaging findings 

consistent with Leigh syndrome [5,8–12]. Though pyruvate dehydrogenase may be involved 

in the development of Leigh syndrome, review of Tables 1 and 2, including our patient’s 

data, suggest that enzyme activity or genotype are not useful predictors for risk of changes 

on brain MRI.

This case provides further evidence of the variable phenotype of DLD deficiency and 

identifies a novel disease-causing mutation. It also indicates the difficulty of recognizing 

subtle signs and symptoms of a rare biochemical disorder which sometimes results in severe 

metabolic decompensation.
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Figure 1. 
MRI performed 3 days after the onset of the patient’s acute illness, showing symmetric areas 

of increased signal. A, B are axial T2 images and C, D sagittal FLAIR images. 1, midbrain; 

2 basal ganglia; 3, thalamus; 4, posterior corpus callosum; and 5, upper midbrain.
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