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Life-threatening lactic acidosis occurring in adults with mitochondrial disorders
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Introduction

Severe, potentially lethal lactic acidosis associated with a mitochondrial disorder is often observed in childhood [START_REF] Garcia-Cazorla | Long-term follow-up of neonatal mitochondrial cytopathies: a study of 57 patients[END_REF]. By contrast, most adult-onset mitochondrial disorders that present with neurological or neuromuscular symptoms are usually associated with a mild increase of blood lactate except in rare cases leading to severe exercise intolerance and lactic acidosis, e.g. in patients with ISCU mutations [START_REF] Mochel | Splice Mutation in the Iron-Sulfur Cluster Scaffold Protein ISCU Causes Myopathy with Exercise Intolerance[END_REF]. We present here detailed data on three patients with mitochondrial disorders revealed by an unusually acute and life-threatening lactic acidosis during adulthood.

Case reports

Clinical characteristics

Case 1

A 27-year old male presented with a 2-year history of exercise intolerance. He developed abdominal pain and vomiting over one month, then tachycardia (160/minute) and collapse. He was referred to an intensive care unit (ICU), where he remained for 3 days and displayed severe lactic acidosis (24 mM) and liver cytolysis (100N) contrasting with moderately increased CK levels (3N). Plasma pyruvate was normal during hyperlactacidemia, excluding pyruvate dehydrogenase deficiency and urine organic acid chromatography (UOAC) showed hyperlactaturia. The patient underwent extra-renal dialysis for 36 hours and received IV bicarbonate infusions. No other triggering factor than vomiting could be identified. Acute diffuse muscle weakness emerged after reawakening. Lumbar puncture was unremarkable, but nerve conduction studies showed a purely motor, subacute axonal neuropathy which recovered completely after 2 months, as did muscle weakness. As his acute symptoms resolved, the patient was discharged, but still presented with fatigue and exercise intolerance.

More than a year after his acute episode, blood lactate was 12.3 mmol/l at rest and his symptoms were stable; clinical examination did not show muscle weakness. During the 5-year follow-up, the patient has come twice to the emergency room for vomiting episodes; in both cases, blood lactates rose up and IV bicarbonate were infused, preventing any further symptoms. Ten years after, he is asymptomatic and never presents recurrence.

Case 2

A 32-year old female developed exercise dyspnea with progressive worsening over one month followed by status epilepticus and acute respiratory failure leading to her hospitalization for 2 months in the ICU where mechanical ventilation was initiated. Her plasma lactate level was 30 mM requiring extra-renal dialysis and IV bicarbonate infusions. She also presented with necrotizing acute pancreatitis treated surgically. Free plasma carnitine levels were decreased (5 µmol/L, N > 20). Plasma acylcarnitine profile revealed an increase of C2 acylcarnitine and the presence of long chain (C16-C18) acylcarnitines. UOAC showed a strong increase of lactate, ketone bodies and dicarboxylic acids. The patient almost fully recovered after two months in the ICU and two months in a rehabilitation center. She received coenzyme Q10 150 mg/day, L-carnitine and vitamine B2 30 mg/day -a treatment that she still undergoes.

Retrospectively, the patient had a longstanding history of exercise intolerance back to her childhood. Ten years after her acute episode, she still presents with mild axial and proximal limb weakness, fatigue and a depressive mood. She is treated with levetiracetam since 11 years without relapse, and anti-epileptic treatment will be stopped in 2018. Thus seizures are probably not related to brain involvement related to mitochondrial disease in this patient. On sequential blood analyses, lactate levels at rest remained elevated up to 7 mM.

Case 3

Patient 3 has been briefly reported elsewhere 3 . His familial history was remarkable by his mother's sudden death at 25 years old. His maternal grand-mother and aunt died from "hepatic problems". At the age of 32 years, he developed progressive muscle fatigability, weakness and dyspnea over a period of 4 months, in association with high CK level (1230 UI/L), hyperlactatemia (10 mmol/L) and liver cytolysis (5N). Despite a treatment with Lcarnitine, coenzyme Q and alkaline water, he presented 15 days later with acute abdominal pain and polypnea. Initials arterial gazes showed metabolic acidosis (pH= 6.86, pCO2= 1.96 kPa, pO2=14 kPa, total CO2=3 mmol/L) with inflammatory syndrome and very high lactate level (20 mM). He received 250 mL of HCO3-(84 per mil) but polypnea increased (40/minutes) and he developed hypoxemia requiring mechanical ventilation. He underwent extra-renal dialysis and others IV bicarbonate infusions. Liver transaminases and CK levels were markedly elevated (10N). UOAC and fatty acid oxidation studies were normal. The patient fully recovered over two-weeks in the ICU but resting lactate levels remained elevated up to 10 mM. For several months, the patient had repeated infusions of bicarbonate to limit hyperventilation-induced lactic acidosis. He has been lost of follow-up.

Muscle biopsy

Muscle biopsy analysis revealed characteristic features of mitochondrial myopathy in patient 1 with presence of ragged red and COX-negative fibers, and in patient 2 with mitochondrial accumulation on SDH staining and a COX-negative fibers. Increased level of lipid droplets were also observed in both cases. By contrast, in patient 3, muscle biopsy only showed mild lipidosis.

Respiratory chain analysis revealed a combined deficiency of complexes III and IV in patient 1, and an isolated complex I deficiency in patient 2. In patient 3, the respiratory chain was normal in the muscle, but decreased complexes II+III and IV activities were observed in the liver (table 1).

Molecular analysis

Denaturing Gradient Gel Electrophoresis (DGGE) analysis technique displayed point mutations of mtDNA in the three patients (figure 1): patient 1 harbored a m.8363A>G substitution in the lysine tRNA (MT-TK gene); in patients 2 and 3, mutations were found in the leucine tRNA (MT-TL1 gene) -m.3280G>A and m.3258C>T respectively. Multiple tissue analysis was performed in patients 1 and 2 whereas patient 3 underwent muscle, liver and skin biopsies (table 2)

Discussion

This study highlights that mitochondrial myopathies may be revealed in adults by acute and life-threatening lactic acidosis leading to referral to ICU. The diagnosis was challenging as, beside elevated lactate levels, the patients presented with no other clinical signs from the mitochondrial spectrum except non-specific symptoms such as fatigue or abdominal pain.

The diagnosis of mitochondrial disorder should always be raised in such condition, and could be easily confirmed in cases 1 and 2 in whom muscle biopsy exhibited typical features.

Diagnostic was much more challenging in patient 3, in whom muscle biopsy only displayed mild non specific lipidosis. An accurate diagnostic of mitochondrial myopathy could be ascertained in this latter case only after assessing respiratory chain activities on liver sample.

All three patients had mtDNA mutations in MT-TL1 and MT-TK genes, which are most often associated with MELAS and MERRF syndromes respectively. Interestingly none of our patients presented the common symptoms of these conditions such as diabetes, deafness, cardiomyopathy, myoclonic epilepsy or stroke-like episodes.

Patients harboring mutations similar to those reported here have already been described, but none of them presented with severe lactic acidosis. Several patients harboring the m.8363G>A mutation have been reported in the literature, mostly presenting as MERRF [START_REF] Santorelli | Novel mutation in the mitochondrial DNA tRNA glycine gene associated with sudden unexpected death[END_REF] or Leigh syndrome [START_REF] Shtilbans | A Mutation in the Mitochondrial DNA Transfer Ribonucleic Acid Lys Gene: Another Cause of Leigh Syndrome[END_REF]. The m.3280G>A mutation has already been found in two patients [START_REF] Sternberg | Mitochondrial DNA transfer RNA gene sequence variations in patients with mitochondrial disorders[END_REF][START_REF] Campos | Two pathogenic mutations in the mitochondrial DNA tRNA Leu(UUR) gene (T3258C and A3280G) resulting in variable clinical phenotypes[END_REF] The m.3258C>T mutation has been previously reported in a 22 year-old woman presenting with an occipital stroke-like episode, who also had a history of exercise intolerance and moderate lactic acidosis (5.1 mM) [START_REF] Campos | Two pathogenic mutations in the mitochondrial DNA tRNA Leu(UUR) gene (T3258C and A3280G) resulting in variable clinical phenotypes[END_REF].

Severe acute lactic acidosis related to mitochondrial disorders is far most frequent in children and in this setting, the ratio of lactate/pyruvate is key to discriminate between pyruvate carboxylase, pyruvate dehydrogenase and respiratory chain deficiencies [START_REF] Poggi-Travert | Metabolic intermediates in lactic acidosis: compounds, samples and interpretation[END_REF]. In adults, acute presentations of mitochondrial disorders preferentially involve the central nervous system with stroke-like episodes, encephalopathy, and seizures, and rarely leads to rhabdomyolysis episodes [START_REF] Vissing | Recurrent myoglobinuria and deranged acylcarnitines due to a mutation in the mtDNA MT-CO2 gene[END_REF]. In contrast with the frequently observed multisystemic manifestations of mitochondrial disorders usually observed in adults, our patients presented pure muscular symptoms and energy liver failure revealed by a severe lactic acidosis. Of note, despite repeated queries, no triggering factor was identified to explain such decompensation, besides a potential role of vomiting in patient 1.

Remarkably, the outcome was favorable after intensive care in all three patients and both 

patients 1 and 2

 2 have never relapsed despite persistence of high lactate levels and muscle fatigability. It remains hard to determine the real contribution of L-carnitine, coenzyme Q and riboflavin on the course of the disease, especially as patient 3 was taking L-carnitine and coenzyme Q before the onset of acute lactic acidosis. Mechanical ventilation, IV bicarbonate infusions and extra-renal dialysis, have probably been the most effective approaches in the three patients, allowing the prevention of further acute metabolic episodes. Despite the severity of the initial clinical situation, prolonged care can indeed lead to a dramatic improvement in such metabolic crises.

Table 1 :

 1 respiratory chain levels in the tissue samples of the patients

		Tissue	Complex I	Complex II	SDH	Complex III	Complex II + III	Complex IV	Citrate synthase
	Patient 1 Muscle	32	57		76	28	105	256
	Patient 2 Muscle	2	102		157	73	132	433
	Patient 3	Liver	23		51	19	8	13	43
	Usual	Muscle	27-53	42-60		110-185	35-55	130-195 150-250
	values	Liver	8-20		43-87	36-60	13-29	18-52	24-56

Table 2 :

 2 heteroplasmy levels in different tissue samples
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