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Clinical and Brain Magnetic Resonance Imaging Features in a
Cohort of Chinese Patients with Kearns-Sayre Syndrome
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Background: Kearns-Sayre syndrome (KSS) is a mitochondrial DNA (mtDNA) deletion disorder characterized by a triad of onset
before 20 years of age, ophthalmoplegia, and pigmentary retinopathy. The heart and central nervous system are commonly involved. We
summarized clinical and brain magnetic resonance imaging (MRI) features of a cohort of Chinese KSS patients.

Methods: Nineteen patients confirmed by muscle biopsy and mtDNA analysis were enrolled. We examined clinical profiles, mainly
focusing on changes in electrocardiogram (ECG) and brain MRI. The correlation between genotype and phenotype was statistically
analyzed.

Results: The mean age of onset was 9.6 + 4.3 years, with all developing the classic triad at the time of diagnosis. Heart conduction
block was detected in 63.2%, with four initially presenting as bundle branch block and developing into complete atrioventricular block
over 3—72 months. Brain MRI showed symmetric high-T2 signals in 100% of cerebral and cerebellar white matter, as well as brainstem,
46.7% of basal ganglia, and 53.3% of thalamus. There were two patterns of cerebral white matter involvements, one with selective
subcortical U-fibers and the other with periventricular white matter. The size of mtDNA deletion did not significantly correlate with age
of onset or percentage of ragged blue fibers on muscle pathology.

Conclusions: The clinical features of KSS evolve dynamically, affecting the cardiac conduction system predominantly, highlighting the
significance of ECG monitoring. Brain MRI showed changes involving both the white matter and deep gray nuclei. Clinical presentation
or severity of muscle pathological changes is not related to the size of mtDNA deletions.
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high-T2 signals in subcortical white matter, thalamus,
basal ganglia, and brainstem.!”? Until now, reports on KSS
patients in mainland of China were uncommon,® making it
necessary to clarify the natural history and characteristics of
brain MRI changes in more KSS patients. Herein, we report
clinical profiles of 19 Chinese patients with KSS, focusing
on the dynamic changes in electrocardiogram (ECG), clinical
follow-up, brain MRI feature as well as possible relationships

INTRODUCTION

Kearns-Sayre syndrome (KSS) is a rare sporadic
mitochondrial cytopathy caused by a single large-scale
mitochondrial DNA (mtDNA) deletion.[ Classically, KSS
has a triad of features including onset before 20 years
of age, progressive external ophthalmoplegia (PEO),
and pigmentary retinopathy.**! In addition, heart blocks,

cerebellar ataxia, short stature, and sensory hearing loss are
frequently present in these patients.'! Muscle pathology
plays a vital role in differentiating KSS with other diseases
which present as ophthalmoplegia,l! since ragged-red
fibers (RRFs), ragged blue fibers (RBFs), and cytochrome
oxidase (COX) negative fibers are histopathological
hallmarks of mitochondrial disease.! The most commonly
reported brain magnetic resonance imaging (MRI) findings
in KSS are cerebral and cerebellar atrophy with bilateral
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between phenotype and genotype.
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Patients

Nineteen unrelated KSS patients who visited Peking
University First Hospital from January 2004 to October
2015 were enrolled in this study [Table 1]. All patients
conformed to the diagnostic criteria of KSS, i.e., the triad
of PEO, pigmentary retinopathy, and onset before 20 years
of age, plus at least one of the following: heart block,
cerebellar symptoms, or cerebrospinal fluid (CSF) protein
levels above 1000 mg/L.! Their clinical records were
collected and analyzed, as well as the results of auxiliary
examinations, including fundus photography, ECG, and
brain MRI. All patients were interviewed and examined by
at least two experienced neurologists. MRIs were evaluated
by two neuro-radiologists. In addition, 13 of the patients
were followed up 6 months to 8 years after their confirmed
diagnosis.

This study was approved by the Ethical Committee of Peking
University First Hospital.

Muscle pathology

Muscle biopsies were performed on 15 patients for diagnostic
purpose after they gave written informed consent. For
histological examination, serial frozen sections (8 wm) were
stained by routine histological and histochemical methods.
The percentage of RBFs was counted under the microscope
by at least two different experts in muscle pathology.

Molecular genetics
Twelve patients underwent molecular genetic analysis with
DNA extracted from biopsied muscle samples. The method

of detecting large-scale mtDNA deletion was the same as
previously described.['”)

Statistical analyses

Statistical analyses were conducted using SPSS version
22.0 (SPSS Inc., Chicago, IL, USA). Spearman correlation
coefficient was performed between the age of onset, the
percentage of RBFs, and the length of mtDNA deletions.
P <0.05 was considered statistically significant.

ResuLts

General clinical features

All 19 patients were sporadic and included 11 males and
8 females. The mean age of onset was 9.6 + 4.3 years
(2—16 years) and the mean age at diagnosis was 16.6+ 6.1 years
(8-31 years). The symptoms at onset were ptosis and external
ophthalmoplegia in 16 cases (84.2%) and short stature in
three cases (15.8%). All patients developed ptosis, external
ophthalmoplegia, and pigmentary retinopathy with disease
progression. In addition, ten cases (52.6%) showed cerebellar
ataxia, mainly presenting as unstable gait and cerebellar tremor.
Five cases (26.3%) developed different degrees of hearing
loss. One case (5.3%) was diagnosed with diabetes mellitus
and one case (5.3%) complained of limb weakness but could
still walk independently. At the early stage of the disease,
patients usually presented with extraocular muscle symptoms,
and during the course of the disease gradually developed
other clinical features related to cerebellum, audition, and
heart conduction [Figure 1]. Four patients who underwent
lumbar puncture showed a significant increase in CSF protein
levels (>1000 mg/L). In the follow-up studies of 13 patients,

Table 1: Clinical, myopathological and genetic features of 19 KSS patients

Patient Sex Onset age Onset Additional clinical features EEG RBF% on muscle Size and junction of
number (years)  symptom pathology mtDNA deletion

1 Male 7 Short stature  EO, PR AVB + RBBB* 3.5 5557 bp (8346-13,903)
2 Female 9 Short stature  EO, PR, DM, cerebellar ataxia - ND ND

3 Male 13 EO PR AVB + RBBB* 1.4 4977 bp (8482-13,459)
4 Female 7 EO PR, cerebellar ataxia ST 0.7 4977 bp (8482-13,459)
5 Female 13 EO PR, hearing loss, cerebellar ataxia — ND ND

6 Female 12 EO PR, muscle weakness RBBB 6.2 4977 bp (8482—-13,459)
7 Male 4 EO PR, hearing loss RBBB ND ND

8 Female 5 EO PR, cerebellar ataxia AVB 0.5 ND

9 Male 9 EO PR AVB* 2.5 4977 bp (8482-13,459)
10 Female 9 Short stature EO, PR LAFB 3.8 ND

11 Male 14 EO PR, cerebellar ataxia AVB* 0.3 4977 bp (8482-13,459)
12 Female 2 EO PR, hearing loss, cerebellar ataxia — ND 7989 bp (7449-15,438)
13 Male 10 EO PR, hearing loss - 0.9 4977 bp (8482-13,459)
14 Male 16 EO PR, cerebellar ataxia - 16.0 4977 bp (8482—13,459)
15 Male 9 EO PR, cerebellar ataxia RBBB 0.6 6321 bp (8277-14,598)
16 Male 2 EO PR, cerebellar ataxia - 1.0 4977 bp (8482-13,459)
17 Male 13 EO PR RBBB + LAFB 0.3 ND

18 Female 15 EO PR AVB + RBBB* 0.3 ND

19 Male 14 EO PR, hearing loss, cerebellar ataxia AVB + RBBB 2.0 4977 bp (8482-13,459)

*Receiving permanent pacemaker implantation. EO: External ophthalmoplegia; PR: Pigmentary retinopathy; DM: Diabetes mellitus; AVB:
Atrioventricular block; RBBB: Right bundle branch block; ST: Sinus tachycardia; LAFB: Left anterior fascicular block; — Normal; ND: Not done;
RRF: Ragged-red fibers; RBF: Ragged-blue fibers; COX: Cytochrome-oxidase; mtDNA: Mitochondrial DNA; KSS: Kearns-Sayre syndrome.
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Figure 1: The developing age of different symptoms in 19 KSS patients.
Different spot colors represent different individuals. KSS: Kearns-Sayre
syndrome.

eight patients showed no significant deterioration in condition.
Walking difficulties were seen in three due to cerebellar ataxia,
and loss of ambulation in two patients due to heart failure.

Cardiac manifestations

All patients had ECG examinations. Twelve cases (63.2%)
showed conduction blocks, including right bundle branch
block (RBBB) in three cases, complete atrioventricular
block (AVB) in three cases, complete AVB with RBBB in
three cases, left anterior fascicular block (LAFB) in one case,
RBBB with LAFB in one case, and Mobitz type II 2" degree
AVB with RBBB in one case. One case (5.3%) showed
sinus tachycardia, and the remaining six cases (31.6%) had
no abnormalities of ECG at the time of their last visit. It is
noteworthy that although RBBB was detected in four patients
on their first abnormal ECG, all of them developed RBBB
combined with LAFB, and finally deteriorated to complete
AVB within 3—-72 months during the following monitoring
of ECGs. During the follow-up, five patients with complete
AVB showed relatively stable situations after receiving
permanent pacemaker implantations.

Brain magnetic resonance imaging findings

Abnormalities were found in all 15 patients who had brain
MRI examinations [Table 2 and Figure 2]. All cases showed
symmetric high-T2 signals in cerebral and cerebellar
white matter, as well as brainstem with various extent. In
addition, symmetric high-T2 signals were found in basal
ganglia (mainly globus pallidus) in seven cases (46.7%),
and in thalamus in eight cases (53.3%). According to the
distribution of cerebral white matter lesions, these patients
can be divided into two groups. Group 1 included six
patients who, on brain MRIs, showed subcortical U-fiber
involvement with sparing of the periventricular white matter.
In this group, abnormal high-T2 signals were detected in the
corpus callosum (mainly in the splenium), basal ganglia,
and dorsal brain stem in all six patients, in the thalamus of
five patients (83.3%), and in the cerebral peduncle of five
patients (83.3%). The remaining nine patients belonged
to Group 2 who had mainly periventricular white matter
involvement on brain MRIs. In this group, abnormal
high-T2 signals were seen in the corpus callosum of four
patients (44.4%), basal ganglia in 2 (22.2%), thalamus in
3 (33.3%), cerebral peduncle in 8 (88.8%), and dorsal brain

stem in six patients (66.6%). Patients in both Group 1 and
Group 2 showed involvement of bilateral internal capsule,
especially the posterior limb, and brachium pontis. There
were three cases (20.0%) with abnormal high-T2 signals in
cerebellar dentate nuclei. Cerebellar atrophy was observed
in five cases (33.3%), while obvious cerebral atrophy was
not found in any of the 15 patients. Moreover, of the eight
patients who received diffusion-weighted imaging (DWI)
sequence scanning, 6 (75.0%) showed restricted diffusion
on DWI in white matter and basal ganglia.

Muscle pathology and molecular genetics
Myopathological examination showed RRFs, RBFs, and
COX-negative fibers with different ratios in all 15 patients
receiving biopsy [Figure 3]. The percentage of RBFs ranged
from 0.3% to 16.0%. Single large-scale deletions of mtDNA
were detected in all 12 patients’ muscle DNA who underwent
mtDNA mutation analysis. Nine patients (75.0%) carried
mtDNA 4977 bp deletions (nt8482—nt13,459), three patients
carried three other different larger mtDNA deletions.

Correlation between phenotype and genotype
Statistical analyses showed no correlations between size of
mtDNA deletions and age of onset (P = 0.848) or percentage
of RBFs (P = 0.722). Six cases carrying the same type of
mtDNA 4977bp deletion had brain MRIs. However, the
distribution and severity of brain lesions revealed by MRI
findings varied greatly in these patients.

Discussion

In this study, we recruited 19 patients with KSS - the largest
cohort in mainland China studied so far. All patients presented
with the classic triad of symptoms. The mean age of onset in
our patients was 9.6 + 4.3 years, which was similar to other
reports on Chinese KSS patients.[®!!l It has been reported
that the age of onset was between 13 and 15 years in Korean
KSS patients,'” and 6-10 years in Japanese KSS patients.[']
Therefore, the age of onset in Asian patients with KSS is a
little younger than the US patients with this disease where the
age of onset is 17 & 10 years old.™ The average time interval
from disease onset to diagnosis in our case studies was 7 years,
similar to the study in the US patients,™ suggesting that early
diagnosis of KSS is a challenge for clinicians worldwide.

All patients developed full KSS phenotype after a disease
duration of 2—15 years. As indicated in Figure 1, in
most patients the evolution of disease course showed a
similar pattern. Most of them presented with ptosis or
ophthalmoplegia at the initial stage of the disease. With
disease progression, other systems were affected gradually
within several years, including the appearance of neurological
dysfunction before 20 years of age and cardiac conduction
blockages before the third decade. Cerebellar ataxia was the
most common neurological symptom in our cohort (52.6%),
which was also frequently described in other reports.!':1413
However, it only appeared in one of 35 US patients and was
not described in other Japanese or Korean case series.!*!>!3!
We previously found 71.0% of 73 patients with different
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Table 2: Distribution of high-T2 signals on brain MRIs of 15 KSS patients*

Patient Cerebral white matter* Basal Thalamus Brainstem* Cerebellum
number Subcortical  Periventricular Corpus ganglia Cerebral Dorsal White Dentate
callosum peduncles  brain stem matter nuclei
1 +F - F A i 4 e 4 -
2 A - i S i 4 A 4 4
3 - + - - - + - + —
4 A = < 4 “F = + + =
5 - + — — - + - + -
6 - + + — - + + + -
7 - + - + - - - + -
8 A - e s & s A 4 4
10 - + + + + + + + -
11 - + + — - + + + -
12 - + - — + + + + -
13 - + - - + + + + —
15 + - + + + + + + -
17 + - + + - + + + -
19 - + + - - + + + +

*The rows in gray were cases with subcortical white matter involved, while the rest were cases with prominent periventricular white matter involved;
Internal capsule in this group was affected in all 15 patients; *Brachium pontis in this group was affected in all 15 patients. KSS: Kearns-Sayre

syndrome; MRI: Magnetic resonance imaging.

Figure 2: Brain MRIs of two KSS patients. (a-d) Brain MRI in patient 2 showed abnormal high-T2 signals in the subcortical white matter with
U-fibers involved (a), splenium of corpus callosum, internal capsule, basal ganglia, and thalamus (b), dorsal brainstem (c), and brachium pontis
and cerebellar white matter (d), respectively. (e-h) Brain MRI in patient 6 showed abnormal high-T2 signal signals in the periventricular white
matter (e), splenium of corpus callosum, internal capsule (f), dorsal brainstem (g), brachium pontis, and cerebellar white matter (h), respectively.

MRI: Magnetic resonance imaging; KSS: Kearns-Sayre syndrome.

subtypes of mitochondrial encephalomyopathy had a hearing
impairment.l'! In the present study, however, only five
KSS patients (26.3%) had hearing loss, much lower than
the incidence of 64.0% in Japanese patients,!'* suggesting
thorough auditory function evaluation is needed in these
KSS patients to detect subclinical hearing loss in the future.
Proximal muscle weakness was reported in some KSS patients
in other studies,*!” but it was not common in our patients.
Follow-up showed that the greatest impairments affecting KSS
patients were cerebellar signs and heart problems.

Our study showed that heart conduction block was
very common among Chinese KSS patients, which was
consistent with other reports.!'® There were different types
of conduction blocks including RBBB, LAFB, and different
degrees of AVBs. The most common type of ventricular
arrhythmia reported in KSS patients by others was
bradycardia-related polymorphic ventricular tachycardia.l'”!
However, this was neither found in any of our patients nor
in other Chinese KSS patients reported so far. We found it
was very common that in KSS, conduction defects were
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Figure 3: Muscle pathology of patient 6. Basophilic fibers on H & E
staining (arrow) (a), RRFs on MGT staining (arrow) (b), and RBFs
on SDH staining (arrows) (c and d). RRF: Ragged-red fiber; MGT:
Modified Gomori trichrome; RBF: Ragged-blue fiber; SDH: Succinate
dehydrogenase; KSS: Kearns-Sayre syndrome. Scale bar=50 um.

aggravating and not constant, as seen in most of our patients
who gradually deteriorated from bundle branch blockages to
complete AVBs. The progression rate of conduction defects
differed widely in patients, ranging from several months to
several years. Other reports also stressed that the primary
cause of sudden death in KSS patients was high-grade heart
block,*?% and the incidence of sudden cardiac death in KSS
patients was 20% as reported,#?" making prompt pacemaker
implantation a prerequisite in such conditions. However,
most cases in our cohort showed no cardiac symptoms with
bundle block detected on ECGs, and when syncope or sudden
cardiac death presented, it had usually already progressed
to a high-grade heart block. Therefore, we strongly suggest
that all patients diagnosed with KSS should have ECG
screening at least once a year to detect conduction defects,
ventricular arrhythmias, and QT prolongation.! For those
already having bundle branch heart block, further closer
monitoring should be carried out to notice complete AVB,
which can lead to sudden cardiac death.['™

Brain MRIs were abnormal in all of our patients who
received MRI examinations, although only half of them were
clinically affected, indicating that the severity of clinical
manifestations was not correlated with brain MRI changes.*!!
Previous studies by other researchers reported that the
percentage involvement was 90.9% subcortical white matter,
63.6% basal ganglia, 63.6% brainstem, 54.5% thalamus, and
25.0% cerebellum.2?>% In contrast, we found all patients
had involvement of cerebral and cerebellar white matter, as
well as brainstem with varying degrees. About 53.3% of our
patients presented with high-T2 signals in basal ganglia and
thalamus, which was similar to other reports. Saneto et al.
reported that the characteristic MRI findings of white matter
changes in KSS patients are the involvement of subcortical
U-fibers with sparing of the periventricular white matter,
differentiating KSS from most lysosomal, and peroxisomal

disorders where subcortical regions are only affected late
in the course. Our study, however, showed there were
two patterns of cerebral white matter involvement in KSS:
one with selective subcortical U-fibers involvement and the
other with prominent periventricular white matter affected,
while the latter was also previously reported in an occasional
single case.l**! The percentages of corpus callosum, basal
ganglia, thalamus, and dorsal brain stem involvement were
significantly higher in the group affecting subcortical white
matter than in the group affecting periventricular white
matter, while the involvement of cerebral peduncles showed
no difference between the two groups. However, we did
not detect the differences in the severity of clinical features
between the two groups. In addition, the involvement of
the splenium of the corpus callosum and the posterior limb
of internal capsule was common in our patients, suggesting
another characteristic neuro-radiological feature of KSS
patients. The involvement of the dentate nuclei was not
correlated to clinical cerebellar ataxia, while the common
findings of abnormal signals involving brachium pontis
fibers and cerebellar white matter might provide a possible
explanation. The findings of restricted diffusion on DWI
were not reported previously and might be a characteristic
feature of KSS patients. In our study, brain MRIs were
carried out at different disease stages; future research
should include long-term clinical and MRI follow-up to
further determine the evolving state of brain MRIs and its
relationship to clinical features.

MtDNA deletions were detected in all 12 patients who
were examined by molecular analysis, with 75.0% of them
carrying 4977 bp “common deletions”. According to previous
studies, the size of the deletion, the deletion heteroplasmy
level in skeletal muscle, and the location of the deletion were
significantly correlated with age at onset of symptoms and
progression of disease burden in KSS and other mtDNA
deletion syndromes.?! However, our study could not find
any correlations between the size of the deletion and the
age of onset or the percentage of RBFs in our case series.
As the percentage of mtDNA deletion was not determined
in our study, we assume the deletion heteroplasmy might be
the major factor associated with phenotype. In the future,
more detailed research with a larger cohort of KSS patients
may help determine the actual relationship between mtDNA
mutations and MRI changes.

In conclusion, the present study showed that the clinical
features of KSS had a tendency to evolve. The progression
rate of heart block varied widely among KSS patients,
highlighting the significance of close ECG monitoring. Brain
MRI often showed pronounced changes involving cerebral
and cerebellar white matter and the deep gray nucleus. The
group with the dominant involvement of subcortical white
matter showed higher percentages of corpus callosum, basal
ganglia, thalamus, and dorsal brain stem involvement than
the group with the involvement of periventricular white
matter. Clinical presentation or the severity of muscle
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pathological changes is not related to the size of mtDNA
deletions.
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