N

N

Mitochondrial multiorgan disorder syndrome score
generated from definite mitochondrial disorders
Josef Finsterer, Sinda Zarrouk-Mahjoub

» To cite this version:

Josef Finsterer, Sinda Zarrouk-Mahjoub. Mitochondrial multiorgan disorder syndrome score generated
from definite mitochondrial disorders. Neuropsychiatric Disease and Treatment, 2017, Volume 13,
pp.2569-2579. 10.2147/NDT.S149067 . pasteur-02056219

HAL 1Id: pasteur-02056219
https://riip.hal.science/pasteur-02056219
Submitted on 4 Mar 2019

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License


https://riip.hal.science/pasteur-02056219
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

Neuropsychiatric Disease and Treatment downloaded from https://www.dovepress.com/ by 41.224.13.146 on 05-Mar-2019

For personal use only.

Neuropsychiatric Disease and Treatment Dove

3

ORIGINAL RESEARCH

Mitochondrial multiorgan disorder syndrome
score generated from definite mitochondrial
disorders

Josef Finsterer!

Sinda Zarrouk-Mahjoub?

'Municipal Hospital Rudolfstiftung,
Vienna, Austria; 2Genomics Platform,
Pasteur Institute of Tunis, Tunis, Tunisia

Correspondence: Josef Finsterer
Krankenanstalt Rudolfstiftung, Postfach

20, 1180 Vienna, Austria
Tel +43 | 71165 92085
Fax +43 1 478 1711
Email fipaps@yahoo.de

This article was published in the following Dove Press journal:
Neuropsychiatric Disease and Treatment

6 October 2017

Number of times this article has been viewed

Objectives: Mitochondrial disorders (MIDs) frequently present as mitochondrial multiorgan
disorder syndrome (MIMODS) at onset or evolve into MIMODS during the course. This study
aimed to find which organs and/or tissues are most frequently affected by MIMODS, which are
the most frequent abnormalities within an affected organ, whether there are typical MIMODS
patterns, and to generate an MIMODS score to assess the diagnostic probability for an MID.
Methods: This is a retrospective evaluation of clinical, biochemical, and genetic investigations
of adult patients with definite MIDs. A total of 36 definite MID patients, 19 men and 17 women,
aged 29-82 years were included in this study. The diagnosis was based on genetic testing (n=21),
on biochemical investigations (n=17), or on both (n=2).

Results: The number of organs most frequently affected was 4 ranging from 1 to 9.
MIMODS was diagnosed in 97% of patients. The organs most frequently affected were the
muscle (97%), central nervous system (CNS; 72%), endocrine glands (69%), heart (58%),
intestines (55%), and peripheral nerves (50%). The most frequent CNS abnormalities were
leukoencephalopathy, prolonged visually evoked potentials, and atrophy. The most frequent
endocrine abnormalities included thyroid dysfunction, short stature, and diabetes. The most
frequent cardiac abnormalities included arrhythmias, systolic dysfunction, and hypertrophic
cardiomyopathy. The most frequent MIMODS patterns were encephalomyopathy, encephalo-
myo-endocrinopathy, and encepalo-myo-endocrino-cardiopathy. The mean £ 2SD MIMODS
score was 35.97£27.6 (range =11-71). An MIMODS score >10 was regarded as indicative
of an MID.

Conclusion: Adult MIDs manifest as MIMODS in the vast majority of the cases. The organs
most frequently affected in MIMODS are muscles, CNS, endocrine glands, and heart.
An MIMODS score >10 suggests an MID.

Keywords: multisystem disease, mitochondrial cytopathy, multiorgan, mitochondriopathy,
cardiomyopathy, encephalomyopathy

Introduction

Mitochondrial disorders (MIDs) frequently present as multiorgan disorder syndrome
(MODS) already at the onset of the disease or evolve into a mitochondrial multiorgan
disorder syndrome (MIMODS) during the disease course.* The term “multi-organ
disorder syndrome” should not be mixed up with multiorgan dysfunction syndrome,
which is used for acute multiorgan failure during severe system disease (eg, cardio-
genic shock).> MODS may occur not only in MIDs but also in disorders other than
MIDs, such as myotonic dystrophy, Fabry disease, and glycogen storage disease.
In general, all tissues may be affected in an MID, but those with the highest demand
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of oxygen or with the highest energy requirements are most
frequently involved. These organs include the skeletal
muscle, the peripheral nerves, the central nervous system
(CNS), endocrine organs, the eyes, the ears, the heart, the
arteries, the gastrointestinal tract, the kidneys, the bone mar-
row, the cartilage,*> and the skin.! This retrospective study
was carried out to assess which organs/tissues are the most
frequently affected in MIMODS, which are the most frequent
manifestations within an organ, and whether there are typi-
cal patterns of organ involvement suggesting an MID and to
generate a score, for estimating the probability of a phenotype
to represent an MID.

Methods

All patients with a definite MID diagnosed between 1992
and 2014 were retrospectively investigated. A “definite
MID” was diagnosed if biochemical investigations (the
determination of the respiratory chain complex activity in the
muscle homogenate) revealed a single or multiple respiratory
chain complex defect(s) or if a mutation causative for the
phenotype could be identified (by Southern analysis, PCR,
restriction fragment length polymorphism, polyacrylamide
gel electrophoresis, or long PCR in lymphocytes or muscle).
From each of the included patients, all available records were
assessed for diseases in any of the frequently affected organs
in MIDs. As a generally accepted definition of MIMODS is
not available, MIMODS was diagnosed in case more than
one tissue was affected. All previous and current informa-
tion about history, clinical examination, and instrumental
investigations available was relevant for assessing how many
organs were affected in a patient. Within an organ, it was
counted how many abnormalities per organ were present.
Patients who are currently alive as well as those already
deceased were considered.

Patients with equivocal results on biochemical investiga-
tions or in case of uncertainty about the pathogenicity of a
mutation such as mtDNA polymorphisms were excluded. Also
patients with a probable and possible MID were excluded.
Probable MIDs were defined as those without a biochemi-
cal or genetic abnormality but with abnormal histochemical
findings on muscle biopsy (cytochrome oxidase—negative
fibers, ragged red fibers, nicotinamide adenine dinucleotide—
negative fibers, and succinate dehydrogenase hyperreactive
fibers), increased lipid droplets or glycogen storage, abnor-
mally shaped or structured mitochondria, paracrystalline
inclusions, abnormal cycle lactate stress test, elevated resting
lactate, or the presence of a lactate peak on cerebral magnetic
resonance spectroscopy (MRS). Although MID patients
frequently present with dyslipidemia or hyperuricemia, they

were not regarded as MID manifestations because of the
potential nutritional influence. Hyperhidrosis was regarded
as a manifestation of the autonomic nervous system (ANS),
since this etiology is the most frequent among MIDs, but
hyperhidrosis may be due to other causes as well. Abnormal
visually evoked potentials (VEPs) were regarded as indicative
of a CNS lesion after the exclusion of ophthalmologic abnor-
malities. Although arterial hypertension can be frequently
found in MIDs, it was not assessed as a manifestation of an
MID since arterial hypertension is frequently multicausal.
Atherosclerosis was regarded as MID manifestation only
if classical cardiovascular risk factors (ie, diabetes, arterial
hypertension, hyperlipidemia, and smoking) were absent.
Dysphagia was regarded as a gastrointestinal MID mani-
festation only if there were no depression and no cerebral
abnormality. The present study did not assess differences of
organ involvement between the onset of the MID and the last
follow-up, and it was conducted in accordance with the Dec-
laration of Helsinki. Verbal informed consent was obtained
from all included patients. The research was approved by
the local institutional review board of the NKH Rosenhtigel.

Results

In total, 36 adult, Caucasian patients with a definite MID,
19 men and 17 women, aged 29-82 years, were included
(Table 1). Meanwhile, 7 patients had died. In 21 of the
included patients, the diagnosis was based on genetic testing,
in 17 patients on biochemical investigations of the muscle
homogenate, and in 2 patients on both (Table 1). Three
patients carried a single mtDNA deletion, 15 patients carried
asingle mtDNA point mutation, and 2 patients carried a point
mutation in more than one mtDNA gene. In a single patient,
a depletion syndrome was diagnosed. Among those with a
biochemical defect, 9 patients had a single complex defect
and 8 had combined complex defects (Table 1). The most
frequent single-complex defect concerned C1 (n=6) followed
by C4 (n=3). The most frequent combined complex defect
concerned C1-4 (n=4). In 2 patients, biochemical investiga-
tions and genetic investigations had been carried out.

In one patient, only a single organ (muscle) was affected
at the time of the last available investigation. In one patient,
2 organs were affected, in 4 patients 3 organs, in 10 patients
4 organs, in 4 patients 5 organs, in 3 patients 6 organs, in
8 patients 7 organs, in 3 patients 8 organs, and in 2 patients
9 organs (Figure 1). None of the patients had involvement
of >9 organs. The number of organs most frequently affected
in MIMODS was 4. In total, 35 patients with MIMODS
(97%) were identified. The organs most frequently affected
in patients with MIMODS were the skeletal muscle (n=35),
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Table | Characterization of the 36 adult MID patients included in this study

Patients Age (years) Sex BCD Mutation NAO NAAO NOIPH MIMODSs
| 57 M nd tRNA(Leu) 7 13 23 43
2 66 M n NDI 7 16 26 49
3 65 F Cl1,2,3 nd 6 14 25 45
4 79 M Cl4 nd 7 14 20 41
5 8l F C4 nd 3 4 8 15
6 71 M nd tRNA(Thr) 3 6 12 21
7 46 M Cl4 nd 5 I 23 39
8 51 M Cc4 nd 4 10 15 29
9 34 F Cl-4 nd 8 12 20 40
10 8l F C2,3 nd 5 12 24 41
I 70 F n mtDNAdel 8 14 23 45
12 38 F nd tRNA(Glu) 4 8 13 25
13 75 F Cl NDI 7 19 33 59
14 66 F nd [ 6S-rRNA 3 7 17 27
15 74 M Cl nd 5 I 15 31
16 29 F nd mtDNAdel 9 20 44 53
17 59 M Cl nd 4 6 12 22
18 56 M nd NDI 4 12 23 39
19 43 M nd cytb, ND | 9 21 41 71
20 64 M nd tRNA(Lys) 6 10 22 38
21 45 F nd mtDNAdel 4 5 10 19
22 82 F Cl nd 7 16 29 52
23 73 F nd tRNA(Lys) 7 15 32 54
24 62 M C2,3 nd 6 I 14 31
25 47 M nd ND3 3 8 I 22
26 50 M Cc4 nd 7 10 21 38
27 82 F nd cytb 5 10 17 32
28 68 F nd tRNA(Lys) 4 I 19 33
29 44 M nd tRNA(Lys) | | | 3
30 60 M nd ND3 2 3 6 I
31 65 F nd tRNA(Iso), cytb, ATP6 8 18 31 57
32 68 M Cl nd 4 6 14 24
33 53 M nd NDI 4 7 ) 26
34 49 F Cl-4 mtDNA depletion 4 7 10 21
35 67 F Cl nd 7 10 18 35
36 67 M C234 nd 5 I 21 37

Note: Gene names are in italics.

Abbreviations: BCD, biochemical defect; C, respiratory chain complex; F, female; M, male; MID, mitochondrial disorder; MIMODSs, mitochondrial multiorgan disorder
syndrome score; n, normal; NAAO, number of abnormalities in all organs; NAO, number of affected organs; nd, not done; NOIPH, number of individual PubMed hits.

10
9 M Female
8 W Male
Total
7
6
o
O 5
=z
4
3
2
1
0

1 2 3 4 5 6 7 8 9
Number of organs involved
Figure | Frequency of organ involvement and gender difference among 36 patients

with definite MID.
Abbreviations: MID, mitochondrial disorder; NOP, number of patients.

the CNS (n=27), the endocrine glands (n=26), the heart
(n=21), the intestines (n=20), and the peripheral nerves (n=19;
Table 2). The ears (n=11), the bone marrow (n=11), the eyes
(n=8), the kidneys (n=7), the skin (n=6), and the bones (n=4)
were rarely affected organs. The only organ not affected in
this cohort was the vasculature and the lungs. MIMODS was
as frequent in women as in men (Figure 1).

Among the 35 patients with myopathy, 20 patients had
weakness of the limb muscles, 19 had muscle wasting, 14 had
myalgias, 13 had exercise intolerance, 10 had muscle cramps,
9 had ptosis, 8 had double vision, 6 had chronic progressive
external ophthalmoplegia (CPEO), 6 had sore muscles, 5 had
fasciculations, 2 had muscle stiffness, and 2 patients had a
history of a muscle rupture. In one patient, respiratory mus-
cles were involved. In 34 patients, creatine kinase (CK) was
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Table 2 Abnormalities (n=63) in organs frequently affected by an MID in the present investigation and the literature
Organ Literature reported abnormalities NOPWTA PubMed hits PubMed points References
Muscle Progressive external ophthalmoplegia 6 ~500 3 33
Ptosis 9 ~150 3 34
Easy fatigability, exercise intolerance 13 ~110 3 35
Limb weakness 20 ~60 2 36
Hyper-CK-emia 20 ~55 2 37
Wasting 19 ~50 | 31
Respiratory insufficiency | ~45 | 36
Myoglobinuria | ~30 | 35
Cramping 9 18 | 38
Myalgia 14 16 | 35
Abnormal lactate stress test 15 15 | 39
Double vision, diplopia 8 I | 40
Stiffness 2 5 | 41
Fasciculations 5 3 | 38
Muscle rupture 2 | | 4?2
CNS Epilepsy 4 ~600 3 43, 44
Cortical, subcortical, cerebellar, BS atrophy 7 ~250 3 45
Ataxia 4 ~200 3 46
Parkinson 0 ~150 3 47
Dementia 2 ~100 3 48
Stroke-like episodes 0 ~50 2 45
Migraine 2 ~50 2 31
Dystonia 0 ~40 | 49
Tremor 6 ~40 | 47
Leucencephalopathy, white matter lesions 12 ~35 | 50
Spasticity 5 ~25 | 46
Dysarthria 2 ~20 | 51
Psychosis 0 ~15 | 52
Confusional state 0 ~15 | 53
Mild cognitive impairment 4 ~10 | 54
Basal ganglia calcification | 10 | 45
Dilative arteriopathy 0 | | 55
Delayed visually evoked potentials 7 | | 56
Myelopathy 0 | | 57,58
Endocrine Diabetes 9 ~700 3 37
Short stature 12 ~80 2 20
Thyroid dysfunction 20 ~20 | 59
Hypoparathyroidism 2 ~15 | 60
Adrenal insufficiency (Addison’s disease) 0 ~15 | 6l
Hypogonadism 5 ~15 | 46
Osteoporosis 7 ~10 | 62
Pituitary adenoma 0 4 | 63
Ovarian cysts | 2 | 64
Gynecomastia | 2 | 65
Heart Hypertrophic, dilated, restrictive CMP 7 ~250 3 66
Heart failure, systolic dysfunction 8 ~70 2 67
Arrhythmias 14 ~60 2 68
Arterial hypertension 0 ~50 | 69
Noncompaction 4 ~15 | 70
Pulmonary hypertension 0 ~10 | 71
Aortic root ectasia 0 10 | 25
Coronary heart disease 0 3 | 72,73
Congenital heart disease 0 2 | 32
(Continued)
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Table 2 (Continued)

Organ Literature reported abnormalities NOPWTA PubMed hits PubMed points References

€] Hepatopathy 9 ~100 3 74
Vomiting | ~20 | 75
Diarrhea 5 ~20 | 75
Pancreatitis 2 ~20 | 76
Steatosis hepatis 3 ~15 | 77
Nonspecific colitis | ~10 | 78
Diverticulosis 3 | | 79
Sialadenitis 0 | | 13

PN Neuropathy 18 >100 3 80
Neuronopathy | 2 | 54, 81

Abbreviations: BS, brain stem; CK, creatine kinase; CMP, cardiomyopathy; CNS, central nervous system; Gl, gastrointestinal; MID, mitochondrial disorder; NOPWTA,

number of patients with this abnormality; PN, peripheral nerve.

determined and elevated in 20 patients. In a single patient,
myoglobinuria was detected. The lactate stress test on a cycle
ergometer was carried out in 26 patients and was abnormal
(indicative of an MID) in 15 patients. The electromyogra-
phy (EMG) was carried out in 35 patients and myogenic in
13, neurogenic in 7, and normal in 15 patients. Among the
27 patients with CNS involvement, 12 had leukoencephal-
opathy, 7 had abnormal VEPs, 7 had focal or diffuse atrophy,
6 had tremor, 6 had cognitive impairment, 5 had spasticity,
4 had epilepsy, 4 had ataxia or dysmetria, 2 had migraine,
2 had dysarthria, 1 had basal ganglia calcification, 1 had
an arachnoid cyst, and 1 had restless leg syndrome (RLS;
Table 2). None of the patients underwent MRS or reported
a stroke-like episode. Among the 26 patients with endocrine
abnormalities, 20 had thyroid dysfunction, 12 had short stat-
ure, 9 had diabetes, 7 had osteoporosis, 5 had hypogonadism,
2 had parathyroid dysfunction, 2 had prostate hypertrophy,
and 1 each had ovarian cysts, endometriosis, and gynecomas-
tia, respectively. Among the 21 patients with cardiac involve-
ment, 14 had arrhythmias, 8 had systolic dysfunction or heart
failure, 5 had hypertrophic cardiomyopathy, 2 had dilative
cardiomyopathy, 4 had valve abnormalities, 4 had noncom-
paction (left ventricular hypertrabeculation [LVHT]), and
1 each had pericarditis and abnormal myocardial texture,
respectively (Table 2). Five were supplied with a pacemaker,
but none with an implantable cardioverter defibrillator.
Among the 20 patients with gastrointestinal abnormalities,
9 had hepatopathy with only elevated liver enzymes, 5 had
diarrhea, 3 had diverticulosis, 3 had steatosis hepatis, 2 had
pancreatitis, and 1 each had hyperemesis, hepatomegaly,
nonspecific colitis, and liver cysts, respectively (Table 2).
Among the 19 patients with peripheral nervous system
involvement (ie, myopathy, neuropathy, or neuronopathy),
18 had neuropathy with motor, sensory, or ANS involvement

and 1 had neuronopathy. The ANS was affected in 4 patients
manifesting as hyperhidrosis.

Among the 11 patients with otologic involvement, 11 had
hypoacusis or anacusis and 4 had tinnitus. Among the
10 patients with hematological abnormalities, 10 had anemia,
2 had thrombocytopenia, and 1 had leucopenia. Affection of
the bones/cartilage resulted in polyarthralgia (n=2), arthrosis
(n=2), facial dysmorphism (n=1), and hypertelorism (n=1).
Among the 9 patients with ophthalmologic involvement,
2 had cataract, 3 had glaucoma, 2 had pigmentary retinopathy,
and 2 had optic atrophy. Among the 7 patients with renal
involvement, 5 had renal insufficiency, 2 had nephrolithiasis,
and 1 had renal cysts. Seven patients had dermal involvement
manifesting as lipomatosis (n=2), psoriasis (n=1), basal cell
carcinoma (n=1), seborrheic eczema (n=1), and atopic der-
matitis (n=1). The number of abnormalities in all the affected
organs per patient ranged from 1 to 21.

Myopathy manifested with 15 of 15 different abnor-
malities, CNS involvement with 11 of 18 abnormalities,
endocrine involvement with 7 of 10 abnormalities, cardiac
involvement with 4 of 9 abnormalities, gastrointestinal
involvement with 7 of 8 abnormalities, ophthalmologic
involvement with 4 of 4 abnormalities, otologic involve-
ment with 2 of 2 abnormalities, renal involvement with 3
of 4 abnormalities, hematologic involvement with 3 of 3
abnormalities, bone/cartilage involvement with 4 of 4, and
dermal involvement with 4 of 10 abnormalities. In none of
the patients could mitochondrial vasculopathy be unequivo-
cally attributed to MID. Among the 10 patients with a
neoplasm (28%), 6 had developed a benign neoplasm and 4
had a malignant neoplasm.

No typical pattern of organ involvement could be
extracted from this study, but most of the patients presented
with myopathy, CNS disease, endocrine abnormalities,
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and cardiac dysfunction. As 35 patients had myopathy and
27 patients had CNS involvement, encephalo-myopathy was
the most frequent pattern of organ involvement. However,
more frequently than 2 organs, 3 or 4 organs were simultane-
ously involved resulting encephalo-myo-endocrinopathy or
encephalo-myo-endocrino-cardiomyopathy.

The MIMODS score was calculated as the sum of
3 figures: 1) the number of organs affected (maximal
number =13); 2) the number of abnormalities within an
organ (maximal number =94 [2—18 per organ]) (Table 2);
and 3) the number of hits a PubMed search for each single-
organ involvement by means of the search terms “specific

EEINT3

abnormality,” “mitochondrial,” “human,” and “mutation”
generated. If the number of hits exceeded 100, 3 points were
additionally assigned for an abnormality, 2 points in case of
51-100 hits, and 1 point in case of 1-50 hits. The mean + SD
of the MIMODS score calculated from 35 patients (one
patient did not have MIMODS) was 35.97£27.6 ranging

from 11 to 71. An MIMODS score >10 was thus regarded as

indicative of an MID. If MIMODS was defined as >2 organ
involvement, a score >14 was indicative of MID.

Discussion

This study shows that MIMODS is frequent among non-
selected patients with a definite MID. The most frequently
involved organs in MIMODS are the muscle, CNS, endocrine
glands, heart, and the gastrointestinal tract. Limb weak-
ness, encephalopathy, thyroid dysfunction, and arrhythmias
were the most frequent abnormalities of myopathic, CNS,
endocrine, and cardiac involvement. The most frequent
pattern of organ involvement in MIMODS was encephalo-
myopathy, encephalo-myo-endocrinopathy, and encephalo-
myo-endocrino-cardiomyopathy. An MIMODS score >10
suggests an MID.

The multiorgan nature of most MIDs is well estab-
lished in the literature and supported by several studies
(Tables 2 and 3).® Whether MIMODS is more frequent
in specific MIDs than in nonspecific MIDs is unknown.

Table 3 Abnormalities (n=31) in organs more rarely affected by an MID in the present investigation and the literature

Organ Literature reported abnormalities NOPWTA PubMed hits PubMed points References
Eyes Optic atrophy 2 ~400 3 82
Retinopathy 2 ~150 3 83
Cataract 2 ~40 | 19
Glaucoma 3 ~20 | 84
Ears Hypoacusis, anacusis I ~500 3 19
Tinnitus 4 ~5 | 85
Kidneys Renal insufficiency, renal failure 5 ~80 2 86
Renal tubular acidosis 0 46 2 24
Fanconi syndrome 0 ~15 | 87
Renal cysts | ~5 | 88
Nephrolithiasis 2 | | 89
Vascular Dissection, spontaneous rupture 0 2 | 26, 27
Aneurysm formation 0 | | 29
Ectasia, dilative arteriopathy 0 | | 55
Atherosclerosis 0 | | 73,90
BM Anemia 10 ~80 2 91
Thrombocytopenia 2 ~5 | 92
Leukopenia | ~5 | 92
Bones Skeletal abnormalities? 2 ~15 | 13, 24, 93
Polyarthralgia 2 | | 4,94
Arthrosis 2 | | 95
Dermis Psoriasis | | | 96
Lipomatosis 2 ~10 | 31
Vitiligo 0 2 | 97,98
Edema 0 2 | 13
Hypertrichosis 0 2 | 97, 98
Baldness, alopecia 0 | | 99
Madarosis 0 | | 100
Skin rashes 0 | | 97
Seborrheic enzema | | | 97
Atopic dermatitis | | | 97

Note: *These include facial dysmorphism, hypertelorism, and brachydactyly.

Abbreviations: BM, bone marrow; MID, mitochondrial disorder; NOPWTA, number of patients with this abnormality.
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Among the specific MIDs, MIMODS has been particularly
reported in Pearson syndrome,” '’ Kearns—Sayre syndrome
(KSS), CPEO, sensory ataxic neuropathy with dysarthria and
ophthalmoparesis, and mitochondrial encephalomyopathy,
lactic acidosis, and stroke-like episodes (MELAS).!""4
However, MIMODS is also a frequent manifestation of
nonspecific MIDs.'52! The number of organs affected in
MIMODS is assumed to depend on the disease duration,
as MIDs are progressive disorders in the majority of cases
with deterioration and affection of an increasing number
of organs over time. Nearly all patients with single-organ
involvement at the onset of the disease develop MIMODS
over years. Often, this may occur not earlier than after several
years of clinical stability.

According to the literature, any organ may be affected in
an MID.* However, the most frequently affected organs are
the muscle, the CNS, endocrine glands, and the heart, which
is in line with the findings of the present study.® Frequently
affected are also the eyes and ears, which was not confirmed
by the presently investigated cohort. This is most likely
due to the development of ophthalmologic and otologic
abnormalities only later in the disease course. More rarely
involved are arteries, intestines, kidneys, the hematological
system, lungs, bones, cartilage, and skin. Tables 2 and 3
list the organ abnormalities described in MIDs. Among the
various abnormalities found in organs of MID patients, some
are more frequent than others (Tables 2 and 3). In MID
patients with myopathy, the most frequently described
abnormalities include CPEQ, ptosis, and exercise intolerance
(>100 citations). More rarely described are limb weakness,
muscle wasting, and hyper-CK-emia (51-100 citations;
Table 2). Among CNS abnormalities, the most frequent are
epilepsy, cerebral atrophy, ataxia, Parkinson syndrome, and
dementia (>100 citations). Stroke-like episodes and migraine
occur more rarely (51-100 citations). Among the abnormali-
ties of the endocrine glands, the most frequent is by far diabetes
(>100 citations). The second most frequent is short stature
(51-100 citations; Table 2). Among the cardiac abnormali-
ties, the most frequent is cardiomyopathy (>100 citations).
Heart failure/systolic dysfunction, arrhythmias, and arterial
hypertension occur more rarely (51-100 citations). Among
the gastrointestinal abnormalities, the most frequent is
hepatopathy (elevated liver enzymes; >100 citations). Affec-
tion of the peripheral nerves manifests almost exclusively
as neuropathy (Table 2). The most frequent ophthalmo-
logic abnormalities include optic atrophy and pigmentary
retinopathy (Table 3). Among the otologic abnormalities,
hypoacusis is by far the most frequent. Renal insufficiency
and anemia are the most frequent abnormalities among the

nephrological and hematological abnormalities. Thus the
combination of the key features ptosis, ophthalmoparesis,
easy fatigability, epilepsy, cerebral atrophy, ataxia, Parkinson
syndrome, dementia, diabetes, cardiomyopathy, hepatopa-
thy, neuropathy, optic atrophy, retinopathy, and hypoacusis
(all >100 citations) is highly suggestive of an MID.

In addition to clinical features, abnormalities detectable
on routine instrumental investigations were included. For
example, myopathy may manifest not only with classical
clinical manifestations but also with instrumental abnor-
malities, particularly hyper-CK-emia and abnormal cycle
lactate stress test. More rarely than in muscular dystrophies,
the EMG may be myogenic. Myopathy may also manifest
exclusively with reduced tendon reflexes. Hyponatremia can
be occasionally observed in MIDs without being attributed
to drugs, diet, emesis, sweating, or renal insufficiency.
In these cases, Addison’s disease or Fanconi syndrome
(low molecular weight proteins, glucose, amino acid, uric
acid, phosphate, and bicarbonate not reabsorbed in proximal
tubules resulting in proteinuria, glucosuria, aminoaciduria,
hypophosphatemia, and metabolic acidosis)?* should be
considered. Renal tubular acidosis with or without Fanconi
syndrome may be a rare manifestation of an MID.??* If the
ANS is additionally affected in neuropathy, it may manifest
as dry skin, hypohidrosis, or hyperhidrosis. In addition, there
may be oversensitivity to light, sicca syndrome (xerostomia),
decreased heart rate variability, orthostasis or syncope, gus-
tatory sweating, obstipation, overactive bladder (detrusor
overactivity), or impotence.

Diseases of the arteries such as atherosclerosis, dissec-
tion, ectasia, aneurysm formation, or spontaneous rupture
are not well appreciated as a manifestation of an MID.>2°
The number of patients with such vascular abnormalities is
limited to a few cases (Table 2). Nevertheless, there is an
increasing evidence that these abnormalities can be clearly
related to MID in the few available reports. Although hema-
tological disease is increasingly recognized as a manifestation
of MIDs, it is still underdiagnosed and underreported. Bone
marrow involvement includes anemia, thrombocytopenia,
and leukopenia. Among the sepcific MIDs, such hematologi-
cal abnormalities occur in Pearson syndrome, KSS, Barth
syndrome, mitochondrial myopathy, lactic acidosis and
sideroblastic anemia, X-linked sideroblastic anemia, Leigh
syndrome, Leber’s hereditary optic neuropathy, MELAS,
and thiamine-responsive megaloblastic anemia.** However,
hematological abnormalities occur more frequently in non-
specific MIDs than in specific MIDs.*® Whether eosinophilia,
as found in one of the patients of the present study, should be
attributed to MIDs remains speculative and requires further
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investigations. Dermatological involvement is also hardly
recognized as mitochondrial, but there is growing evidence
that MIDs also manifest in the skin or its appendages.’!
Dermatological involvement in MIDs includes psoriasis,
vitiligo, baldness, alopecia, madarosis, hypertrichosis, skin
rashes, seborrheic eczema, atopic dermatitis, or edema. Not
all these aspects were found in the present study but reported
in the literature (Table 2). Congenital heart disease as a
manifestation of MIDs is also rare but has been described
in single patients (Table 2).? Diverticulosis is also hardly
recognized as a manifestation of MIDs but is prevalent par-
ticular among nonspecific MIDs, without being frequently
reported. Ischemic stroke should not be regarded as a primary
manifestation of MIDs but rather as secondary in case clas-
sical risk factors for atherosclerosis, such as mitochondrial
diabetes, hyperlipidemia, arterial hypertension, severe heart
failure, and LVHT, are present. Altogether, only 71% of the
94 reported abnormalities described in the literature (Table 2)
were also found in the present study.

Abnormalities that have not been previously described
in MID patients but have been found in the present inves-
tigation include liver cysts, RLS, eosinophilia, arachnoidal
cysts, prostate hypertrophy, and endometriosis. Whether
these abnormalities can truly be regarded as manifestations
of the mitochondrial defect and whether valve abnormali-
ties, pericarditis, and abnormal myocardial texture should
be regarded as an MID manifestation remain speculative.
It is also not established that nephrolithiasis is an authentic
manifestation of MIDs. According to our own experience,
however, nephrolithiasis particularly occurs as an initial
manifestation at the onset of adult MIDs. Syncope is multi-
causal but if due to a seizure or a cardiac arrhythmia an MID
should be considered if no other explanations impose oneself.
Syncope may be also due to arterial hypotension, which in
turn could be a manifestation of adrenal insufficiency or
bradyarrhythmia.

Limitations of the study were that it was retrospective,
thus not all patients went through the same clinical screening,
that the records could not be completely pursued in each
case, that the genetic defect was not identified in each case
(biochemical defects could have been secondary), that the
number of included patients was low, that no control group
or disease control group (eg, autoimmune disorders and
myotonic dystrophy) was investigated, that the score was not
validated, that the score does not predict the severity of the
disease, that the number of matching PubMed citations for
each MID manifestation was only approximately determined,
that the number of PubMed hits may not adequately reflect

the frequency of abnormalities, and that not all organs poten-
tially affected in MIDs were also investigated in each patient.
A further limitation is that biochemical and genetic studies
were carried out in only 2 patients. A single biochemical
defect usually reflects a mutation in one of the genes encoding
the subunits of the corresponding respiratory chain complex.
Multiple biochemical defects usually reflect tRNA mutations
or mtDNA depletion.

Conclusion

This study shows that adult MIDs manifest as MIMODS in
the vast majority of the cases; that organs most frequently
affected in MIMODS are the muscle, CNS, endocrine glands,
and heart; and that an MIMODS score >10 suggests an MID
and thus could be a helpful parameter to assess, by nonsophis-
ticated, clinical means, whether an MID is present or not.
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