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Case Report

Rehabilitation of Patientswith MELAS Syndrome;
A Case Report

Chia-Sho Yang, Tsung-Ying Li, Shuu-Hai Jiang,
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Departments of Physical Medicine and Rehabilitation, and 1Neurology,
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MELAS (mitochondrial encephalomyopathy, lactic acidosis, and recurrent stroke-like episodes)
syndrome is a mitochondrial disorder. Patients with mitochondrial myopathies typically have exer-
cise-induced symptoms. Thus, patients are often advised to avoid exercise, which leads to decondition-
ing. Currently, the concept of aerobic exercise training as therapy for mitochondrial disease is not well
established. We report the case of a patient with adult-onset MELAS, who responded positively to a low
intensity rehabilitation program. Low intensity training was safe and significantly improved our patient’s
physical fitness. During the 20-month follow-up period, there was no significant reduction in muscle
strength and function. Therefore, short-term endurance training was very useful in our patient. Given this
result, studies with a proper aerobic exercise protocol and long-term follow-up are warranted. ( Tw J

Phys Med Rehabil 2006; 34(3): 183 - 188 )
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INTRODUCTION

MELAS (mitochondrial encephalomyopathy, lactic
acidosis, and recurrent stroke-like episodes) syndromeis a
mitochondrial disorder. Patients with MELAS generally
have a poor prognosis and outcome, as effective therapies
for MELAS syndrome have not been established. The
clinical management of individuals is largely supportive
and includes exercise training.’” In recent studies, exer-
cise has been shown to be of possible benefit to patients
with mitochondrial disease as it prevents deconditioning,
which can exacerbate pre-existing exercise intolerance
and fatigability.*¥ Aerobic training enhances aerobic

capacity, muscle oxidative metabolism, and ATP produc-
tion, decreases lactate levels, and improves quality of life
in patients with mitochondrial disease.! A regular low
intensity regimen can improve muscle endurance and
cardiopulmonary function.

[

[

The patient, a thin 45-year-old woman, was admitted
to our hospital due to an episode involving visual hallu-
cinations, migraine-like headaches, seizure, vomiting,
loss of consciousness, and relative left limbs weakness.
None of her family members or relatives had MELAS.
Her speech was fluent with normal comprehension and
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repetition. She had grade 4 muscle power of her left arm
and left leg. She had intact, symmetrical deep tendon
reflexes and absent Babinski response bilaterally. The
Functional Independence Measure (FIM) score was 74.
On day 2 of her hospitalization, her visual hallucinations,
headache, and vomiting completely resolved. Using a
cane, she could walk a maximal distance of 15 meters;
she had awide-based, dightly ataxic gait as well.

Laboratory data included a serum lactate of 2.4
mmol/L (normal < 2.1 mmol/L). Magnetic resonance
imaging (MRI) studies showed infarcts in the brain
(Figure). Nerve conduction velocities (NCV) of both
lower limbs were normal, but, on electromyography
(EMG), myopathic changes were seen in both lower
limbs. On echocardiography, the resting gection fraction
was >50%. A muscle biopsy was taken from the rectus
femoris muscle and ragged red fibers were noted on
examination. Genetic testing revealed a point mutation at
nt 3243 of the mitochondrial tRNA gene, confirming the
diagnosis of MELAS.

In the third week of her hospitalization, the patient’s
neurologist consulted us for a rehabilitation program. In
general, the main goa of rehabilitation is to improve
physica work capacity, endurance, activities of daily
living (ADL), and independence. The rehabilitation
program prescribed for the patient included aerobic
training (treadmill and stationary bicycle) and ADL
practice (Table). The patient pedaled a cycle ergometer
with a very low constant workload of 30 watts for 15

minutes and walked on a treadmill for 15 minutes at a
speed from 1.0-2.0 mph (0% grade). The rehabilitation
training program was done 5 days a week for 6 weeks
while the patient was hospitalized. After 8 weeks of
hospitalization, the patient was discharged in stable
condition. At the time of discharge, she showed im-
provements in muscle power, balance, endurance, and her
gait speed. Her left extremity muscle power improved
from grade 4 to grade 5; the FIM score was 126 (the
highest level of independence); her gait speed was 0.77
m/s during the 10-Meter Walk Test; and the total distance
covered during the 6-Minute Walk Test (6BMWT) was 190 m.
After discharge, the rehabilitation program pre-
scribed for the patient emphasized instrumental ADL and
home aerobic exercise (Table). She began using a station-
ary bicycle at home for 15 min, 5 times per week. She
also walked in her community 15-20 min daily. She could
do household tasks, including housecleaning, laundering,
washing dishes, and changing bed linens without diffi-
culty. At 16 weeks, the patient’'s BMWT increased to 220
meters, and her gait speed was 0.85 m/s during the
10-Meter Walk Test. At the 20-month follow-up visit, the
patient’s clinical outcome was encouraging, and her
physical function had not significantly deconditioned.

] DISCUSSION ]

Given our experience with this patient, we found that
a rehabilitation program did indeed improve our patient’s

Figure.

Magnetic resonance imaging study of the brain shows hyperintense T2 lesions predominantly in the

gray and subcortical white matter in the right temporal, parietal, and occipital 1obes.
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Table.  The rehabilitation program protocol designed for our MELAS patient from the initial stage to the
maintenance stage

Mode Intensity (RPE) Duration Frequency
Aerobic exercise (ininitiadl and 1. Stationary bicycle (25 watts) <10 10-15 min/day 5 days/week
improvement stages) 2. Treadmill (speed 1- 2 mph; O

% grade)
Home aerobic exercise (in Stationary bike 10-11 15 min/day 5 days/week
mai ntenance stage)
Self-care (ADL) Eating, grooming, dressing <10 15 min/day 5-7 days/week
Instrumental ADL 1. Community activities, such 10-11 15-30 min/day  5-7 days/week

as shopping and socializing

2. Housekeeping skills, such as

cooking and cleaning

RPE, the rate of perceived exertion; ADL, activity of daily living

muscle strength, gait speed, physical function, and quality
of life. The recovery was possible due to the muscle
adaptation that occurs with exercise training, which may
improve aerobic capacity, muscle oxidative metabolism,
the mitochondrial respiratory chain, and decrease secon-
dary physical deconditioning.®® The patient’s ataxic gait
pattern resolved, and she was able to walk with a normal
gait due to improved muscle strength and decreased
muscle fatigability. The patient progressed gresatly in her
ADL functiona skills. The FIM on admission was 74, but
had increased to 126 at the time of discharge. After
discharge, the patient was prescribed a low level exercise
program as part of her outpatient phase. The goal of our
ADL training is to minimize dependence and give the
patient the ability to perform daily skill tasks. We evalu-
ated the needs of the treatment phase based on the pa-
tient’s physical status and provided an effective rehabili-
tation program. In general, patients needs to have ade-
quate ROM and good coordination and muscle strength in
order to perform feeding, dressing, and grooming skills,
as well as to hold tools. The ability to perform key ADL
also requires gross motor and fine motor coordination.
The functional score is associated with an improvement
in the patient’s progress. During the maintenance stage,
the patient’s improvement was limited, but sustained
home aerobic exercise could maintain her fitness level.
Generally, aerobic exercise training effects last only afew
weeks if physical activity ceases, therefore, home exer-

cise rehabilitation is an important aternative type of
outpatient exercise program. Home aerobic exercise with
minimal resistance can prevent fatigue and cardiopul-
monary dysfunction. All of these results have been
reported to be related to improvement of skeletal muscle
oxidative capacity by extraction of available oxygen and
enhancement of oxygen utilization by muscle.”

The treatment of mitochondrial disease has tradi-
tionally involved diets or drugs, such as coenzyme Q,
cytochrome C, nicotinamide, dichloroacetate, and succi-
nate; however, their effects are controversial. Rehabilita-
tion in the form of aerobic training is another approach to
the treatment of mitochondrial disease. In one of the latest
review articles about mitochondrial myopathy, Taivassalo
et al. stated that myopathic patients typically are exercise
intolerant because their capacity for oxygen utilization
(systemic avO, difference) is markedly low.® It is
thought that the capacity for oxygen extraction is directly
correlated with the degree of impaired muscle O, extrac-
tion, and that capillary density and mitochondrial oxida-
tive capacity increase in skeletad muscle if adequate
training is given.® The reported benefits of endurance
training in patients with mitochondrial myopathy include
notable improvement in work and oxidative capacity.
Thus, muscle mitochondrial adaptations can improve the
systemic avO, difference, increase the extraction of
oxygen during exercise, and may also alow patients to
tolerate submaximal exercise.®
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When a rehabilitation program is prescribed for
patients with mitochondrial myopathy, the exercise
intensity should be such as to avoid further muscle
damage due to overload exertion. The exercise prescrip-
tion should consider what will benefit the patient most.
The decision to increase training depends on the patient’s
tolerance of current training and the patient’s functional
capacity. Exercise prescriptions for individuals should
consider their physical status when designing suitable
modes of exercise, as well as their intensity, duration,
frequency, and rate of progression. Training progression
should follow three stages: the initial stage, the improve-
ment stage, and the maintenance stage. In the initial and
improvement stages, dramatic progress is not easy, but
low-intensity training has beneficial effects. In the main-
tenance stage, the purpose is to maintain the training
effects, since the VO,ma has been confirmed to decrease
significantly within 3 weeks of stopping intense endur-
ance training.'®

We used the rate of perceived exertion (RPE) to
monitor training intensity and the degree of exertion.
Intensity is the most important part of an exercise pre-
scription. All the training intensities prescribed for our
patient were lower than Borg RPE scale 12 (light and
very light). Low impact exercise, such as walking and
cycling, was designed to decrease injury and increase
cardiopulmonary function. The ergometer bicycle exer-
cise was done at a very low workload and maintained at
25 watts for 10-15 min. With the very low intensity,

training is safe and does not cause fatigue.! Deborah et al.

found that treadmill training using a sub-maximal proto-
col is good for patients with mitochondrial disease and
increased aerobic capacity.™” In our patient, the intensity
of the treadmill during training progression was set
around 1-2 mph (0%) for 15 min. We estimated that the
functional capacity of our patient was 4-6METS, based on
the approximate energy regquirements in METs while on
the bicycle ergometer™ This means that our patient
could perform many moderate ADL (4-6METSs) and could
also tolerate the rehabilitation program. Our patient had
no complications caused by treadmill and ergometer
training. The effect of rehabilitation on this patient’'s
physical performance has been encouraging.

The clinical course of mitochondrial diseases is
progressive and unpredictable; therefore, the early diag-

nosis of mitochondrial disease is important. Once a
patient is diagnosed with MELAS, treatment should be
started to relieve symptoms and, perhaps, to delay the
progression of the disease. MELAS patients need to
continue aerobic exercise as long as there is improvement
in their physical status. Patients with mitochondrial
disease typically have variable degrees of exercise intol-
erance. Exercise should not be avoided, as this may cause
physical fitness deconditioning. Although there have been
few reported studies dealing with the clinical training
response, exercise therapy appears to be an alternative
treatment for mitochondrial disease.

A proper exercise prescription seems to benefit
MELAS patients, with improvements in physical function
and potential psychological effects. Short-term endurance
training in mitochondrial disease improves functiona
aerobic capacity and increases ATP production, while it
decreases blood lactate levels and heart rate during
resting and exercise. It still remains to be determined
whether rehabilitation programs could benefit all MELAS
patients. Given our results with this patient, low workload
aerobic training may be a potential treatment for MELAS
patients. Thus, aerobic exercise training can be recom-
mended as one of the therapies for mitochondrial disease.
Nevertheless, designing a safe and efficient exercise
protocol remains a major challenge. Future research
should focus on long-term efficacy, identification of safe
endurance training programs, and the improvement of
mitochondrial oxidative capacity. ADL maintenance and
long-term follow up of MELAS patientsis required.

|| REFERENCES ]

1. Tarnopolsky MA, Raha S. Mitochondrial myopathies:
diagnosis, exercise intolerance, and treatment options.
Med Sci Sports Exerc 2005;37:2086-93.

2. Chinnery P, Majamaa K, Turnbull D, et al. Treatment
for mitochondria disorders. Cochrane Database Syst Rev
2006;1:CD004426.

3. Taivassalo T, De Stefano N, Argov Z, et al. Effects of
aerobic training in patients with mitochondrial myopa-
thies. Neurology 1998;50:1055-60.

4. Clay AS, BehniaM, Brown KK. Mitochondria disease:
a pulmonary and critical-care medicine perspective.
Chest 2001;120:634-48.



5. Mahoney DJ, Parise G, Tarnopolsky MA. Nutritional

and exercise-based therapies in the treatment of mito-
chondrial disease. Curr Opin Clin Nutr Metab Care
2002;5:619-29.

. Taivassalo T, Shoubridge EA, Chen J, et a. Aerobic
conditioning in patients with mitochondria myopathies:
physiological, biochemica and genetic effects. Ann
Neurol 2001;50:133-41.

. Taivassalo T, Haller RG. Exercise and training in
mitochondrial myopathies. Med Sci Sports Exerc 2005;
37:2094-101.

10.

1.

Rehabilitation in MELAS Syndrome 187

. Coyle EF, Martin WH 3rd, Sinacore DR, et a. Time

course of loss of adaptations after stopping prolonged
intense endurance training. J Appl Physiol 1984;57:
1857-64.

. Finsterer J, Milvay E. Stress lactate in mitochondrial

myopathy under constant, unadjusted workload. Eur J
Neurol 2004;11:811-6.

Gold DR, Cohen BH. Treatment of mitochondria
cytopathies. Semin Neurol 2000;21:309-25.

REE I WRIERRAMYBIGRE o Uik - 5L :

JUNEIZE X HER/AT ; 2003 0 p.224 o



188 Tw J Phys Med Rehabil 2006; 34(3): 183 - 188

MELAS JE{ZEm A 21562 : WIS
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FASEER A RiE$y(eerobic exercise) > #a AR RE LA NG 7% % FLER ¥ & 48 AR HE 92 42 (MELAS syndrome)
*s &2 5% L P 9% 42 (mitochondrial myopathy) » 48 4& (rehabilitation)
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