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A curious triad of retinitis pigmentosa, external ophthalmoplegia, and complete heart block was presented by Sayre et al.
in 1958. Since then, the disorder named Kearns-Sayre syndrome (KSS) has come to represent patients with mitochondrial
DNA deletions presenting before adulthood, primarily with chronic progressive external ophthalmoplegia (CPEO) and
pigmentary retinopathy. However, it is increasingly noted that the presentations can well be variable despite similar
genetic deletions. Here, we present two cases with identical large-scale mitochondrial DNA deletions but very

dissimilar outlook.

1. Introduction

Mitochondria exist in every cell except for mature erythro-
cytes. They function as the energy convertor factory of the cell.
When the mitochondria fail, energy crises in the cells occur
resulting in dysfunction of different organs. Mitochondrial
cytopathies resulting from single large-scale deletions of
mitochondria DNA include Kearns-Sayre syndrome (KSS),
Pearson marrow-pancreas Syndrome (PMS), and chronic
progressive external ophthalmoplegia (CPEO). KSS was first
described in Mayo Clinic in 1958 [1].

Classically, KSS has a triad of features, including the
presence of progressive external ophthalmoplegia, pig-
mentary retinopathy, and an age of onset younger than
20 years. Additionally, one or more of the following features:
(1) heart block, (2) cerebellar ataxia, or (3) increased cere-
brospinal fluid (CSF) protein level (>100g/L) must be
present for the diagnosis of KSS. Patients who, in addition to

PEO, present with some systemic features but not yet ful-
filling the definition of KSS, are regarded as either “KSS
minus” or “PEO plus” [2]. In addition to clinical features,
muscle biopsy or genetic testing is now routine for definitive
diagnosis [3].

Here, we report two cases of genetically proven KSS. One
case presented hypoglycaemia and urine profiling, whilst the
other with multiple endocrinopathies.

L.1. Case 1. CC is the first born child to nonconsanguineous
Chinese parents. He weighed 3.6 kg at birth. Antenatal and
perinatal history was unremarkable.

He experienced two episodes of symptomatic hypo-
glycaemia during childhood. The first episode occurred when
he was 5 years old. Having previously been well, he was noted
one morning to be in a drowsy and sweaty state. He was
hypoglycaemic with dextrostix of 2 mmol/L. Urine ketone was
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not available at that juncture. There was mild metabolic
acidosis, but serum lactate, ammonia, total carnitine, and
acylcarnitine profiles were normal. Urine metabolic screening
revealed moderate generalised aminoaciduria, lactic acid, 3-
hydroxy propionic, 3-hydroxy isovaleric acid, and tiglylgly-
cine, which was compatible with multiple carboxylase
deficiency.

He experienced a second episode of hypoglycaemia at
6 years of age. He had been suffering from repeated vomiting
and was found hypoglycaemic upon attendance to Accident
and Emergency Department. Blood glucose was 1.9 mmol/L,
and there was associated metabolic acidosis. Urine ketones
were strongly positive. Ammonia, lactate, and pyruvate were
normal. The patient then underwent further investigations
including a prolonged fasting for over 8 hours, but all in-
vestigations came back normal. Blood sugar level was
4.8mmol/L after an overnight fast. Urine metabolic
screening was repeated but did not demonstrate significant
abnormalities. Subsequently, CC suffered from repeated
vomiting on several occasions, but serial urine specimens
were normal. The working diagnosis was cyclical vomiting
syndrome.

CC later developed hearing difficulties. He was diag-
nosed to have bilateral sensorineural hearing loss at the age
of 7 and required hearing aids. Figure 1 shows his audiogram
in earlier years and subsequent deterioration.

CC’s height had been satisfactory in the early years of
life, with his height lying in the 10-25th centile up till 5 years
of age. His weight was all along in the 3rd to 10th centile.
This was partially attributed to the fact that he was a small
eater and was easily full. At 6 years of age, both his height
and weight dropped to the 3rd centile; by 12 years of age, he
was 12 cm below the 3rd centile. Serial bone age revealed a
delay of approximately 1.5 years from the chronological age.
His parents are of moderate build, with a midparental height
at the 25th centile.

He started to develop eye abnormalities since the age of
15, which progressed to severe ptosis with restricted hori-
zontal and upward gaze. He adopted an abnormal chin up
posture to compensate for the severe ptosis. His lenses were
mildly hazy, but his visual acuity remained normal. Fun-
doscopy also revealed a normal retina.

Peripheral blood was taken for genetic studies which
confirmed heteroplasmic m.8649_16084del, related to KSS
and Pearson marrow-pancreas syndrome.

After the diagnosis was made, he underwent yearly
electrocardiography (ECG) and echocardiography assess-
ment and these have so far been normal. Currently, he is on
folinic acid and ubiquinol.

1.2. Case 2. WH is an only child to a nonconsanguineous
Chinese family. She first presented at the age of 7 with
bilateral sensorineural hearing loss. Pure tone audiometry at
that juncture showed moderate sensorineural hearing loss of
40dB, and she was prescribed hearing aids soon after di-
agnosis. Subsequently, her hearing deteriorated, resulting in
profound hearing loss of 80 dB 4 years later. Figure 2 shows
her audiogram.
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She also suffered from dizziness and nonpulsatile tin-
nitus with workup attempted but posturography test was
inconclusive as the patient was uncooperative.

Her night vision began to falter at around the same time.
Examination of the fundi revealed pigmentary changes.
Electroretinography demonstrated decreased b wave am-
plitude in both rods and combined responses in scotopic
responses. There was also decreased a and b wave amplitude
and 30Hz flicker responses in photopic responses. The
findings were compatible with rod cone dystrophy. Figure 3
shows her optic coherence tomography scan.

Her weight and height had been along the 3rd centile up
till the age of 8 years. Both dwindled subsequently, and her
weight was 4 kg below 3rd centile and height 10 cm below
3rd centile by the age of 10. She was tested for Turner’s
syndrome which was negative.

Later that year in clinic, she complained of polyuria,
polydipsia, and nocturia. Blood glucose was 32.8 mmol/L
with accompanying ketosis and compensated metabolic
acidosis. The serum pH was 7.39, bicarbonate was
15.9 mmol/L, and base excess was down to —8.1 mEq/L. She
was diagnosed with diabetic ketoacidosis, and after stabi-
lisation has been maintained on four insulin injections.
Anti-islet cell antibodies were negative.

In view of the diabetes mellitus, hearing loss, and visual
problems, she was tested for Wolfram syndrome and was
negative.

By the age of 12 years, she developed hypocalcaemia
and hypoparathyroidism with serum calcium of
1.78 mmol/L, ionised calcium 0.93 mmoL/L, serum phos-
phate 2.23 mmol/L, and parathyroid hormone 0.56 pmol/L
(normal 1.3-9.3 pmol/L). She was started on calcium car-
bonate 1000 mg daily and vitamin D supplementation in the
form of calcitriol 0.25 mcg daily. Computed tomography of
the brain revealed calcifications at the left temporal lobe,
bilateral basal ganglia, and cerebellum.

Because of multiple endocrine problems, she underwent
autoimmune screening. Antiadrenal antibodies, antithyroid
stimulating hormone receptor antibodies, and anti-human
tissue transglutaminase antibodies were all negative. Her
thyroid, adrenal, and gonadotrophin axes remained intact.
Her progression through puberty had been uneventful and
menarche occurred when she was 15 years of age.

Neurologically, she had normal muscle tone and power,
though she did complain of lack of energy. Her gait was
coordinated, and she had no cerebellar signs. Magnetic
resonance imaging of brain showed T2 hyperintensities in
bilateral anterior globi pallidi, midbrain, and cerebral pe-
duncle. Figures 4 and 5 show her MRI abnormalities.

Genetic study with peripheral blood revealed hetero-
plasmic deletion at m.8649_16084del. WH continued to
have half yearly assessment for her cardiac function which
has remained normal.

2. Discussion

Both patients harboured the same heteroplasmic
m.8649_16084del mutation related to CPEO, KSS, and PMS
syndrome. It is the second most common large-scale
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FIGURE 1: (a) Audiogram at presentation at 12 years of age. Bilateral severe sensorineural hearing loss. (b) Audiogram at 22 years of age.
Profound sensorineural hearing loss over right ear and severe hearing loss over left ear.

mitochondrial DNA deletion amongst those previously
described and consists of 8/13 genes encoding for mito-
chondrial OXPHOS subunits and 8/22 tRNAs [4]. The ge-
netic testing was performed on peripheral blood samples,
with long-range polymerase chain reaction amplification
and direct sequencing of the breakpoints performed. Fig-
ure 6 shows the DNA sequencing electrophoretogram.
The 7436-bp large mtDNA deletion was previously
described as a common recurrent variant with a flanking
12-nucleotide direct repeat of CATCAACAACCG at each
end in the MT-ATP6 gene and the D-loop region,

respectively, encompassing mainly genes encoding com-
ponents of respiratory complexes I, III, and IV, in addition
to multiple transfer RNA. It was first demonstrated in
cardiomyocytes of three patients who passed away in
middle ages with cardiomyopathies [5]. The deletion was
also detected in hippocampectomy specimens with hip-
pocampal sclerosis [6], and mtDNA of infertile sperm
[7, 8], muscle biopsies from patients with liver cirrhosis and
end-stage renal failure [9, 10], and hair follicles from aged
individuals [11]. The deletion was also detected in patients
with PMS and chronic fatigue syndrome [12, 13], and
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FIGURE 2: Audiogram at presentation at 6 years of age. Bilateral severe sensorineural hearing loss at 60-90 dB.

together with a OCA2 variant in a patient with albinism and
KSS phenotype [14].

PMS presents in infancy, and the diagnosis is made in the
presence/absence of anaemia and/or vacuoles in erythro-
blasts or other haematologic cell lineages and pancreatic
dysfunction. Neither of our patients have documented
anaemia nor haematological abnormalities.

CPEO is a muscle-specific disease affecting the eye.
KSS is genotypically a continuum of CPEO, with a clas-
sical triad of progressive external ophthalmoplegia, pig-
mentary retinopathy, and an age of onset younger than
20 years. KSS has longer deletions and larger number of
deleted tRNAs than CPEO. It is probable that patients
with longer deletions and more deleted tRNAs induce the
development of KSS phenotype or enhance multisystemic
involvement [15].

Both our patients fulfill the criteria of young onset of
symptoms for KSS. However, our first patient does not suffer
from pigmentary retinopathy and the second patient does
not have PEO. Both of them have yet to fulfil the additional
criteria of cerebellar symptoms, complete heart block, or
high cerebrospinal fluid protein content due to white matter
degeneration (lumbar puncture was not performed and thus
could not be commented upon). Thus both are classified as
PEO plus, or KSS minus cases. Table 1 illustrates the dif-
ferent clinical features found in our patients.

Abnormal urine profile (and hypoglycaemia) had first
brought Case 1 to the attention of metabolic paediatrician,
who initially suspected him to have multiple carboxylase
deficiency. A recent paper analyses abnormal urinary or-
ganic acids in patients with single mitochondrial DNA
deletions. Semeraro reported that metabolites including
lactate, 3-hydroxybyturate, 3-hydroxyisobutyrate, fumarate,
pyruvate, and 2-hydroxybutyrate, 2-methyl 2,3-dihydrox-
ybutyrate,  2-ethyl = 3-hydroxypropionate,  3-methyl-
glutaconate, and tiglylglycine appeared in the majority of

lZOO um

FIGURE 3: Optic coherence tomography scan showing a patch of
atrophy in the outer retina inferotemporal to the fovea with
photoreceptor layer disruption.

200 ym
L]

urinary samples saved from the eight patients with PMS [16].
Patients with KSS tended to have normal urine organic acid
profiles, and if abnormal, the metabolites were similar to
those found in PMS but were less pronounced. Our patient
also presented with tiglylglycine which was noted in that
paper in PMS urine patient samples.

Case 2 presented to the paediatric team with short
stature, followed by diabetes mellitus and hypoparathy-
roidism. Hypoparathyroidism occurs in 7-8% of KSS pa-
tients. The cause of hypoparathyroidism is not fully
understood, though it is known that PTH is produced in
mitochondrial packed clear and oxyphil cells. Low ionised
calcium concentrations is detected by the calcium sensing
receptor, which activates protein kinase C and G proteins,
coupling with adenylate cyclase to produce ATP. In the case
of mitochondrial failure, it is postulated that PTH pro-
duction and calcium release would be hindered [17].
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FIGURE 4: MRI brain showing T1 hyperintensities at caudate head,
putamen, and thalamus caused by calcium.

FIGURE 5: MRI brain showing T2 hyperintensities at posterior and
bilateral pons.

Diabetes mellitus in mitochondrial disease can be
both insulinopenic and insulin-resistant in nature.
Glucose stimulates insulin via the closure of ATP-driven
potassium channels in the cell membrane. In mito-
chondrial patients, impaired oxidative phosphorylation
and decreased ATP production leads to insulin secretion
failure [18]. Diabetes can also result from insulin resis-
tance, as defects in mitochondrial metabolism in skeletal
muscles can lead to reduced fat oxidation capacity
and abnormal lipid accumulation by reducing glucose
intake [19].

The association of diabetes with hypoparathyroidism has
frequently been described in KSS, and postulations have
been made as to why they occur together. Isotani postulates
that genetic linkage and mitochondrial dysfunction likely
play a role. In a paper reporting a case of polyglandular
autoimmune syndrome (PGA) Type 1, they simultaneously
reported four Japanese patients with positive HLA-A24 and
CW3 antigen was also present in presenting with IDDM and
hypoparathyroidism [20]. Antibodies to substantiate auto-
immunity for IDDM and hypoparathyroidism in KSS have
been scarce. Isotani’s case of IDDM and hypoparathyroid-
ism was negative for ICA and antiparathyroid antibodies
[20], and Wilichowski reported a similar case where negative
antipancreatic tissue, and antiparathyroid antibodies were
undetectable [17]. In a few KSS cases involving diabetes, low
titres of ICA had been described [21], though in most cases,
they have been undetectable. In another case of KSS with
growth hormone deficiency, IDDM, and hypothyroidism,
antithyroidal antithyroglobulin and anti-thyreoperoxidase
antibodies were positive. In the latter case, the authors
postulate that the OXPHOS deficiency could have caused a
thyroid cell injury leading to auto antigen production and
the presence of antibodies in KSS [15].

Our second patient had presented with diabetic ketoa-
cidosis, with a very high HbAlc and high postprandial
glucose level. She was started on multiple doses of insulin
(rapid acting and long acting) right from the start. She
remains insulinopenic with C-peptide of 0.15 nmol/L.

Her glucose levels are very difficult to control, as her
appetite is frequently governed by concomitant disturbing
gastrointestinal (GI) problems. The cause of these symptoms
in mitochondrial patients is unclear but may involve loss of
intestinal cells of Cajal and marked atrophy of muscular
propia [22]. All in all, symptoms including anorexia, con-
stipation, reflux, diarrhoea, and dysphagia affects up to 50%
of mitochondrial patients. Anorexia and bloating sensation
were the most prominent in our patient, and it means she
can take hours to finish a meal. Insulin titration is very
difficult. Medications for gastrointestinal symptoms for
symptomatic relief have been suggested including tricyclic
antidepressants for chronic irritable bowel syndrome type
pain and cyclical vomiting, proton pump inhibitors and
antispasmodics for reflux disease, and domperidone for
constipation. Domperidone had been tried in our patient
without significant improvement. Coenzyme Q10 was given
empirically as for other mitochondrial disorders, in the hope
of some improvement of GI symptoms, but this was futile.
She was started on dimenhydrinate by a private practitioner
for nausea, and she reported significant improvement on
symptoms. However, due to possible effects of prolonged QT
interval in a patient at risk of cardiac conduction abnor-
malities, the medication was terminated.

Cardiac manifestations remain the most sinister compli-
cation of KSS and are the most important prognostic indicator.
The continuous demand of ATP from oxidative metabolism
renders cardiac myocytes the cells with the highest volume
density of mitochondria in the body [23]. 57% of KSS patients
suffer from cardiac problems, which primarily present as
syncopal attacks, heart failure, and cardiac arrest due to cardiac
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TasLE 1: Clinical and laboratory features of the two patients with Kearns-Sayre syndrome.

Affected systems Features

Case 1

Case 2

Clinical features

Short stature

—2.8 SD for height

—2.6 SD for height

Growth Failure to thrive —2.5 SD for weight —2.5 SD for weight
Audiology Sensormi:zzsal hearing Severe to profound Severe
Abnormal glucose Ketotic hypoglycaemia with glucose Diabetic ketoacidosis with glucose
status 1.9 mmol/L 32.8 mmol/L
Endocrinolo PTH 0.56 pmol/L (1.3-9.3pmol/L), iCa 0.93
&Y Hvoonarathvroidion Not affected (1.2-1.4 mmol/L), Ca 1.6 mmol/L (2.1-2.5
ypoparatiy mmol/L), PO4 1.78 mmoL/L
(1.12-1.45 mmol/L)
Retinopathy Not affected Pigmentary retinopathy, retinal atrophy
Ophthalmology Ophthalmoplegia Progressive external ophthalmoplegia Not affected
Musculoskeleletal Eye muscles Ptosis Not affected

Skeletal muscles

Not affected

Generalised muscle weakness

Laboratory features

Generalised aminoaciduria, lactic acid,

Urine x metabolic
screening

3-hydroxy proprionic, 3-hydroxyisovaleric
acid, and tiglylglycine

No abnormalities

Lactate Raised lactate

2.6-8.9 mmol/L

Not raised

conduction failure [24]. Pathological findings in KSS typically
involve distal bundle of His as well as bundle branches and
infra nodal conductions [25, 26]. ECG changes begin as
prolonged PR interval and progress over time to 2nd and 3rd
degree heart block. The definitive treatment for presence of
atrioventricular (AV) blockage is permanent pacemaker (PPM)
implantation. The 2012 guidance for device-based therapy of
cardiac rhythm abnormalities published by American College
of Cardiology Foundation and American Heart Association
and Heart Rhythm Society recommends PPM implantation
(class 1 level evidence B) for KSS patients with third degree
and advanced second degree AV block at any anatomic level
whether or not it is associated with symptoms set (class 1 level
of evidence: B). For patients with any degree of AV block

(including first degree AV block) or any fascicular block with
or without symptoms, PPM may still be recommended (class
IIb indication) because there may be unpredictable pro-
gression of AV conduction disease (level of evidence: B) [27].
The 2007 European Society of Cardiology guidelines for
cardiac pacing recommended PPM implantation for patients
with neuromuscular disease with any degree of vascular block
(Class IIA, level of evidence C) or with second or third degree
AV block (class I level of evidence B1) [28].

In the largest series of KSS to date with 35 patients,
Khambatta noted that all four deaths in their series were
sudden cardiac death cases, of which three had not presented
with ECG changes prior to the event and were thus not given
PPM/implantable cardioverter defibrillator. Only two of
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these cases had previous cardiac symptoms, one had syncope
and the other with history of cardiac arrest and ventricular
arrhythmia. Amongst these four death cases, one patient,
who was diagnosed by mtDNA, did not have PEO; in an-
other patient diagnosed by the muscle biopsy, there was no
pigmentary retinopathy. Thus, two out of the four death
cases were indeed KSS minus patients [29]. These findings
are of interest to our patients even though neither of our
patients has been found to have arrhythmia so far, because
being KSS minus patients does not equate having lesser risk
to develop dire comorbidities. Indeed, it reflects that be it
KSS minus or not, current guidelines may not be adequate to
screen out all vulnerable subjects at risk of sudden death.

3. Conclusion

KSS is a multisystemic disease and presents with a multitude
of symptoms even if the genetic deletion is similar. The
presentations first discussed in 1958 have been well accepted.
As research progresses, many are reporting similar symp-
toms outside the initial criteria set, including short stature,
deafness, and endocrinopathies. Large-scale genetic dele-
tions known to cause KSS are being confirmed, and
mechanisms of mitochondrial dysfunction leading to such
conditions are being investigated. Thus, in the near future,
the criteria of KSS may be accustomed to fit these cases
which fundamentally have the same genetic diagnosis and
should be monitored for cardiac risks during their lifetime.

Data Availability

No data are available.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] T. P. Kearns and G. P. Sayre, “Retinitis pigmentosa, external
ophthalmoplegia, and complete heart block,” A.M.A. Archives
of Ophthalmology, vol. 60, no. 2, pp. 280-289, 1958.

[2] S. Di Mauro, Gene Reviews, R. A. Pagon, Ed., University of
Washington, Seattle, WA, Mitochondrial DNA deletion
syndromes, 2003.

[3] A. Berardo, S. DiMauro, M. Hirano, S. DiMauro, and
M. Hirano, “A diagnostic algorithm for metabolic myopa-
thies,” Current Neurology and Neuroscience Reports, vol. 10,
no. 2, pp. 118-126, 2010.

[4] M. Nicolino, T. Ferlin, M. Forest et al., “Identification of a
large-scale mitochondrial deoxyribonucleic acid deletion in
endocrinopathies and deafness: report of two unrelated cases
with diabetes mellitus and adrenal insufficiency,” Respectively
The Journal of Clinical Endocrinology and metabolism, vol. 82,
no. 9, pp. 3063-3067, 1997.

[5] T. Ozawa, M. Tanaka, S. Sugiyama et al., “Multiple mito-
chondrial DNA deletions exist in cardiomyocytes of patients
with hypertrophic or dilated cardiomyopathy,” Biochemical
and Biophysical Research Communications, vol. 170, no. 2,
pp. 830-836, 1990.

[6] E. Volmering, P. Niehusmann, V. Peeva et al., “Neuropath-
ological signs of inflammation correlate with mitochondrial

[7

(8]

[9

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

DNA deletions in mesial temporal lobe epilepsy,” Acta
Neuropathologica, vol. 132, no. 2, pp. 277-288, 2016.

P.S. Ambulkar, J. E. Waghmare, A. R. Chaudhari et al., “Large
scale 7436-bp deletions in human sperm mitochondrial DNA
with spermatozoa dysfunction and male infertility,” Journal of
Clinical and Diagnostic Research, vol. 10, no. 11, pp. GC09-
GC12, 2016.

M. Gholinezhad, Y. Yousefnia-pasha, A. Hosseinzadeh Cola-
gar, M. Mohammadoo-Khorasani, and A. Bidmeshkipour,
“Comparison of large-scale deletions of the sperm mito-
chondrial DNA in normozoospermic and asthenoter-
atozoospermic men,” Journal of Cellular Biochemistry, vol. 120,
no. 2, pp. 1958-1968, 2018.

V. Pesce, A. Cormio, L. C. Marangi et al., “Depletion of
mitochondrial DNA in the skeletal muscle of two cirrhotic
patients with severe asthenia,” Gene, vol. 286, no. I,
pp. 143-148, 2002.

P.-S. Lim, Y.-M. Cheng, and Y.-H. Wei, “Large-scale mito-
chondrial DNA deletions in skeletal muscle of patients with
end-stage renal disease,” Free Radical Biology and Medicine,
vol. 29, no. 5, pp. 454-463, 2000.

S.-H. Kao, C.-S. Liuz, S.-Y. Wang, and Y.-H. Wei, “Ageing-
associated large-scale deletions of mitochondrial DNA in
human hair follicles,” IUBMB Life, vol. 42, no. 2, pp. 285-298,
1997.

A. Rotig, T. Bourgeron, D. Chretien, P. Rustin, and
A. Munnich, “Spectrum of mitochondrial DNA rearrange-
ments in the Pearson marrow-pancreas syndrome,” Human
Molecular Genetics, vol. 4, no. 8, pp. 1327-1330, 1995.

C. Zhang, A. Baumer, I. R. Mackay, A. W. Linnane, and
P. Nagley, “Unusual pattern of mitochondrial DNA deletions
in skeletal muscle of an adult human with chronic fatigue
syndrome,” Human Molecular Genetics, vol. 4, no. 4,
pp. 751-754, 1995.

C. M. Chilibeck, E. E. Glamuzina, C. Y.-J. Ung, E. L. Blakely,
R. W. Taylor, and A. L. Vincent, “Albinism and a mito-
chondrial DNA deletion,” Ophthalmic Genetics, vol. 41, no. 3,
pp- 295-298, 2020.

S. Yamashita, I. Nishino, I. Nonaka, and Y. Goto, “Genotype
and phenotype analyses in 136 patients with single large scale
mitochondrial DNA deletions,” Journal of Human Genetics,
vol. 53, no. 7, pp. 598-606, 2008.

M. Semeraro, S. Boenzi, R. Carrozzo et al., “The urinary
organic acids profile in single large-scale mitochondrial DNA
deletion disorders,” Clinica Chimica Acta, vol. 481, pp. 156-
160, 2018.

E. Wilichowski, A. Griiters, K. Kruse et al., “Hypoparathy-
roidism and deafness associated with pleoplasmic large scale
rearrangements of the mitochondrial DNA: a clinical and
molecular genetic study of four children with Kearns-Sayre
syndrome,” Paediatr Res, vol. 41, no. 2, pp. 193-200, 1997.
K. D. Gerbitz, K. Gempel, D. Brdiczka, K. Gempel, and
D. Brdiczka, “Mitochondria and diabetes. Genetic, bio-
chemical, and clinical implications of the cellular energy
circuit,” Diabetes, vol. 45, no. 2, pp. 113-126, 1996.

J. F. Dumas, G. Simard, M. Flamment, P. H. Ducluzeau, and
P. Ritz, “Ts skeletal muscle mitochondrial dysfunction a cause
of an indirect consequence of insulin resistance in humans?”
Diabetes & Metabolism, vol. 35, no. 3, pp. 159-167, 2009.
H. Isotani, K. Suzuki, Y. Fukumoto, Y. Omote, and
K. Furukawa, “A case of polyglandular autoimmune syn-
drome (PGA) type 1 complicated with slowly progressive
IDDM,” Nihon Naibunpi Gakkai Zasshi, vol. 71, no. 1,
pp. 65-72, 1995.



[21]

[22]

[23

(24

(25]

(26]

(27

[28

(29]

Y. Oka, H. Katagiri, Y. Yazaki, T. Murase, and T. Kobayashi,
“Mitochondrial gene mutation in islet-cell-antibody-positive
patients who were initially non-insulin-dependent diabetics,”
The Lancet, vol. 342, no. 8870, pp. 527-528, 1993.

M. L. Yee, R. Wong, M. Datta et al., “Mitochondrial disease:
an uncommon but important cause of diabetes mellitus,”
Endocrinol Diabetes Metab Case Rep, vol. 2018, 2018.

A. Berio and A. Piazzi, “Multiple endocrinopathies (growth
hormone deficiency, autoimmune hypothyroidism and dia-
betes mellitus) in Kearns-Sayre syndrome,” Pediatria Medica
e Chirurgica, La, vol. 35, no. 3, pp. 137-140, 2013.

H. Agrawal, O. Ekhomu, H. W. Choi et al., “Natural history of
conduction abnormalities in a patient with Kearns-Sayre
syndrome,” Pediatric Cardiology, vol. 34, no. 4, pp. 1044-1047,
2013.

N. K. Roberts, J. K. Perloff, and R. A. P. Kark, “Cardiac
conduction in the kearns-sayre syndrome (a neuromuscular
disorder associated with progressive external oph-
thalmoplegia and pigmentary retinopathy),” The American
Journal of Cardiology, vol. 44, no. 7, pp. 1396-1400, 1979 Dec.
D. S. Clark, R. J. Myerburg, A. R. Morales, B. Befeler,
F. A. Hernandez, and H. Gelband, “Heart block in kearns-
sayre syndrome,” Chest, vol. 68, no. 5, pp. 727-730, 1975.
A. Epstein, J. DiMarco, K. Ellenbogen et al., “2012 ACCF/
AHA/HRS focused update incorporated into the ACCEF/
AHA/HRS 2008 guidelines for device-based therapy of car-
diac rhythm abnormalities: a report of the American College
of Cardiology foundation/American heart association task
force on practice guidelines and the heart rhythm societ,”
Journal of the American College of Cardiology, vol. 61, no. 3,
pp. €6-75, 2013.

M. Brignole, A. Auricchio, G. Baron-Esquivias et al., “2013
ESCGuidelines on cardiac pacing and cardiac resynchroni-
zation therapy,” Europace, vol. 15, no. 8, pp. 1070-1118, 2013.
S. Khambatta, D. Nguyen, T. Beckman, and C. Wittich,
“Kearns-Sayre syndrome: a case series of 35 adults and
children,” International Journal of General Medicine, vol. 7,
no. 3, pp. 325-332, 2014.

Case Reports in Genetics



