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Abstract

BACKGROUND

Mitochondrial myopathy is a rare genetic disease with maternal inheritance that may
involve multiple organ systems. Due to the lack of typical characteristics, its clinical

diagnosis is difficult, and it is often misdiagnosed or even missed.

CASE SUMMARY

The patient was a young college student, When he presented at the hospital, he had severe
lactic acidosis, respiratory failure and shock with multiple organ dysfunction syndrome
(MODS). He was treated with mechanical ventilation, veno-arterial extracorporeal
membrane oxygenation (V-A ECMO), and other organ support. However, his condition
continued to worsen. After a thorough and detailed medical and family history, a
mitochondrial crisis was suspected. A muscle biopsy was taken. Further genetic testing
confirmed a mitochondrial gene mutation (TRNL1 3243A>G). The final diagnosis of
mitochondrial myopathy was made. Although there is no known specific treatment,
intravenous methylprednisone and intravenous immunoglobulin were started. The
patient’s shock eventually improved. The further course was complicated by severe
infection in multiple sites, severe muscle weakness and recurrent MODS. After two
months of multidisciplinary management and intensive rehabilitation, the patient could
walk with assistance four months after admission and walk independently six months

after ad mission.

CONCLUSION
More attention should be paid to mitochondrial myopathy to avoid missed diagnosis and

misdiagnosis.
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Core Tip: Mitochondrial crisis is rare and difficult to diagnose and treat. This article
reports a patient with mitochondrial crisis, hyperlactic acidemia and respiratory failure
at admission, complicated by multiple organ failure and limb muscle weakness, who
survived mitochondrial crisis after early high-dose hormone and high-dose intravenous
human immunoglobulin therapy, and the patient finally recovered and was discharged

after more than two months of treatment.

INTRODUCTION

Mitochondrial myopathy, accompanied by myasthenia as the first manifestation, is often
associated with stroke and epilepsy-like symptoms. This patient was hospitalized with
primary symptoms of hyperlactatemia, severe shock, and multiple visceral failures. In
addition, it manifested as a mitochondrial crisis and poor microcirculation and organ
support. However, only drugs to improve circulation and assist mitochondrial function
could be given without specific treatment for the disease. The purpose of this article is to
share the mechanisms behind the diagnosis and treatment of mitochondrial crisis in
patients with mitochondrial myopathy to strengthen the understanding of mitochondrial
myopathy. By reporting this case, more doctors can reduce the rates of missed diagnosis

and misdiagnosis of mitochondrial diseases.

CASE PRESENTATION

Chief complaints
A 22-year-old man was hospitalized in June 2021 due to fatigue, chest tightness and

shortness of breath for half a month, which worsened for four days.




History of present illness
The patient caught a cold and developed fatigue, chest tightness, inability to walk, and

gradually aggravation of shortness of breath.

History of past illness

The third-party testing institution and the family history led towards the diagnosis of the
underlying disease. The patient had been hospitalized in 2016 and 2018 for muscle
weakness, chest tightness, and shortness of breath after strenuous exercises such as
running in junior high school. Electromyography indicated a decrease in the amplitude
of the evoked potentials and myogenic changes in the right deltoid muscle, but no genetic
testing was performed. The patient had responded favourably to the administration of

methylprednisolone at that time.

Personal and family history

His mother and uncle had undiagnosed muscle weakness and tachycardia after fatigue.
A distant male relative in the father's family had been diagnosed with
pseudohypertrophic muscular dystrophy. A male relative in the mother's family had

hereditary muscular dystrophy (point mutation).

Physical examination

He reported progressive shortness of breath. The respiratory rate was 32/min with an
SpO2 of 96% (with 5 L/min of oxygen per mask) and sinus tachycardia (pulse rate
115/min). The pCO: was 65 mmHg. Blood pressure (16.7/9.04 Kpa) and body
temperature (36.8°C were normal. Muscle strength in the extremities was symmetrically
reduced with grade four of the MRC scale (with grade zero assigned to no muscle
movement and grade five assigned to full strength). There was no aphasia. There were

abnormal breath sounds, but the other physical examination was unremarkable.

Laboratory examinations




Abnormal values in the laboratory tests were found for lactate (25 mmol /L), creatinine
phosphokinase-MB (385 U/L), N-terminal pro-brain natriuretic peptide (NT-proBNP)
(1622 pg/mL), white blood count (WBC, 18.8*109/L) with 84.4% neutrophils,
procalcitonin (5.6 ng/mL) and interleukin-6 (32 pg/mL).

Imaging examinations

Cardiac ultrasound revealed global heart enlargement, mild mitral and tricuspid valve
regurgitation, a pulmonary artery pressure of 3.86Kpa and small amounts of pericardial
effusion. The left ventricular systolic function appeared normal (Figure 1A). The chest X-

ray suggested enlargement of the right heart. No infiltrations could be seen (Figure 1B).

FINAL DIAGNOSIS

Based on the patient's symptoms, signs, pathology, genetic testing, the patient received a

diagnosis of mitochondrial myopathy and mitochondrial crisis.

TREATMENT

In mitochondrial crisis, intravenous methylprednisone (IVMP) and intravenous
immunoglobulin (IVIG) may be effective. In the maintenance period, the main treatment
strategy is symptomatic supportive care and preventive care. There is no unified theory.
It is mainly the application of high-dose B vitamins, coenzyme Q10, L-carnitine, efc. In
addition, ATP, fat emulsion, amino acids, hormones and other drugs can significantly
improve the symptoms of muscle weakness and fatigue, and traditional Chinese
medicinelll (invigorating the spleen, supplementing qi, removing dampness, promoting

blood circulation and removing blood stasis) is also effective.

OUTCOME AND FOLLOW-UP

He was able to walk with assistance 4 mo and walk independently 6 mo after the initial

admission. Now, the patient is completely normal.




DISCUSSION

Mitochondrial myopathy is a rare disease with mitochondrial dysfunction as the main
feature of the genetic defect!2l. The global incidence rate is only 0.025%[3l. Mitochondrial
damage mainly affects the energy supply. Therefore, the brain and muscles that are most
sensitive to energy supply are particularly vulnerable in this disease. When both the brain
and muscles are involved, the condition is called mitochondrial encephalomyopathy,
while the simple invasion of the skeletal muscles is called mitochondrial myopathyl4l.
Euscle weakness is a common symptom of several clinical syndromes, such as MELAS,
chronic progressive external ophthalmoplegia (CPEO), Kearns-Sayre syndrome, and
myoclonus epilepsy ragged-red fibres (MERRF)I5l. Symptoms of exercise intolerance,
paroxysmal muscle weakness, and muscle soreness could be corroborated with the
diagnosis of mitochondrial myopathy. The disease was predominantly chronic, and few
patients developed severe mitochondrial myopathy. Severe mitochondrial myopathy
presents as acute muscle pain, palpitation, dyspnoea, limb weakness, and lactic acidosis.
In extreme cases, it can present as a life-threatening mitochondrial crisis/l.

Increased ROS generation, hormonal changes and altered mitochondrial gene
transcription are associated with mitochondrial dysfunction in patients with severe
sepsisl’l. Therefore, the patient presented with mitochondrial crisis, respiratory
insufficiency, muscle weakness and severe lactic acidosis.

Lactic acidosis can be the result of a large variety of conditions and diseases, as
outlined. Lactic acidosis from tissue hypoxia and hypoperfusion is very common in
clinical practice in the intensive care setting. Septic shock could not be completely ruled
out in our patient (elevated WBC and procalcitonin). However, there was no hypoxemia,
and blood pressure was normal. Furthermore, the initial diagnostic workup did not show
an obvious infectious focus. Some cardiac compromise was identified in
echocardiography, but this was not consistent with cardiogenic shock. No seizures were
reported or observed. Considering type B lactic acidosis, most conditions could be ruled
out, including intoxications, poisoning and adverse effects from drugs. In a quiet state,

the lactic acid content of the body mainly arises from skin (25%), red blood cells (20%),




the central nervous system (20%), muscles (25%), and the gastrointestinal tract (10%).
Under strain, the elevated lactic acid mainly arises from the skeletal muscles. Studies have
confirmed that mitochondrial diseases are metabolic disorders caused by pathogenic
genetic variants affecting mitochondrial functionl8l. These pathogenic variants alter
mitochondrial structure and function as well as various mitochondrial processes, such as
oxidative phosphorylation, cross mitochondrial membrane ion transport, and
mitochondrial division and fusionl. Therefore, the cellular energy supply is affected, and
lactic acid may accumulate. The change in plasma lactate level over time is a reliable
marker of severity and mortality of the diseasell011l. Recent studies have shown that
lactate is a potential biomarker for predicting patients with poor prognoses from septic
shockl'?l, Relative hyperlactatemia (blood lactate concentration>0.75 mmol/L) has been
shown to be associated with increased in-hospital mortalityl!3. 141,

Rare causes of lactic acidosis, such as mitochondrial myopathy, were considered as
the cause of muscle weakness and respiratory distress with hypercapnia.

The third-party testing institution and the family history with recurrent fatigue and
weakness after exercise in the patient and established or suspected (mitochondrial)
myopathy in other family members pointed us to the clinical suspicion. Autoantibodies,
muscle biopsy and genetic testing were performed.

Myasthenia gravis was suspected, but the immune-related antibody was negative.
Strenuous exercise, fatigue, drinking, and sedative drugs may induce respiratory failure
in patients with mitochondrial myopathy. This patient had a cold and fatigue three days
before admission, which could be the primary inducement of the disease. MELAS is a
multisystem disease with various neurological, muscular, liver, gastrointestinal, and
other symptoms. It leads to exercise intolerance, cramps, and fatigue. Proximal
myasthenia is the primary manifestation of myopathy, and progressive exacerbation
involves the respiratory muscle and the diaphragm. The main diagnoses of the patient
were as follows: (1) clinical manifestations in the nervous system, eye symptoms, and
metabolic disorders, (2) lactic acidosis, (3) abnormal mitochondrial morphology in

muscle biopsy and ultrastructural examination, and (4) mutated nuclear or mitochondrial




DNA. However, there was no history of seizures or stroke-like symptoms. Cranial MRI
did not show characteristic manifestations of stroke-like lesions. Therefore, MELAS
syndrome was considered unlikely.

Typical morphological findings are broken red muscle fibres that can be visualized
using Gomori triple staining, especially when RRF > 4% ~ 10%, with great diagnostic
significancel’™. The findings in the patient's muscle biopsy were suggestive of
mitochondrial myopathy but not pathognomonic for MELAS. However, it has been
reported that muscle biopsy results can be normal in patients with mitochondrial
myopathy[16l.

Genetic testing indicated a mitochondrial TRNL1 3243A>G mutation. Mitochondrial
disease caused by the m.3243A>G mutation is associated with complex and highly
variable types of clinical phenotypes. It can involve various tissues and organs, including
the nervous system, skeletal muscle and myocardium, ear, eye, kidney, liver and
endocrine system. However, in most cases, it presents with only a single symptom. On
the other hand, it may be associated with other diseases or even present as sudden death
of unknown causel!7].

On admission, the patient was in critical condition due to sepsis, with
hyperlactatemia, respiratory insufficiency and circulatory failure within a few hours,
mainly due to mitochondrial disease with sepsis, excessive mitochondrial oxidative
stress, and mitochondrial crisis[!8l. Zhou et al reported three cases of severe mitochondrial
myopathyl®l. One patient died of cardiac arrest at the first onset, and the other two
patients were treated for a long time after surviving the metabolic crisis. Pan et all'?]
summarized the clinical characteristics of five patients with respiratory failure due to the
m.3243A>G mutation. They found that acute respiratory failure was the first
manifestation of type II respiratory failure and restrictive ventilation dysfunction.

At present, there is no effective or gene-modified treatment for most patients with
mitochondrial myopathy. Therefore, the existing regimens focus on symptomatic
support. Several clinical trials have studied the therapeutic effects of various vitamins,

adjuvant factors, and small molecules. However, they have not provided clear results?-




2], Recent research shows that new gene and molecular therapy strategies, especially
mitochondrial zinc finger nucleases (mtZFNS)[2 and mitochondrially targeted
transcription activator-like effector nuclease (mtTALENS)I'®l, create cell lines carrying
different pathogenic mtDNA mutations that produce beneficial heterogeneous
metastasis, providing hope for the future. In addition, recent advances in reproductive
selection in patients with mitochondrial myopathy facilitate some families to prevent the
transmission of mutation to the next generation.

Methylprednisolone was given because the patient had responded favourably to it
in the past. We can only speculate why it was effective or whether adrenal insufficiency
was present. For patients with specific mitochondrial crisis, intravenous
methylprednisone (IVMP) and intravenous immunoglobulin (IVIG) may be effective.
They both ameliorate oxidative stress, are both therapeutic agents for idiopathic
myopathy and can also regulate immunity2>?], Subsequent treatment of infection and
organ support with mechanical ventilation, VA-ECMO, CRRT and antibiotics, nutrition
and other supportive measures stabilized the acute phase, and the patient entered a more
stable stage.

At that time, he regained consciousness but had severe respiratory and limb muscle
weakness. After more than 2 mo of intensive rehabilitation with functional active
exercises, including diaphragmatic pacing, rehabilitation training, and muscle strength
training, the patient could be disengaged from the ventilator and was eventually able to

stand and walk again.

CONCLUSION

Although very rare, mitochondrial myopathy can present as a life-threatening disease.
The diagnosis can be made by ruling out other causes of lactic acidosis and muscle
weakness by taking a thorough family history and performing diagnostic tests such as
muscle biopsy and genetic testing. Although there is currently no specific therapy
available, supportive intensive care comprising steroid and vitamin therapy and

extensive organ support (including ECMO, long-term mechanical ventilation, CRRT and




others) in combination with a dedicated rehabilitation team and program might result in

favourable outcomes.
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