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Abstract

Aims: Friedreich Ataxia (FRDA) is the most commonly inherited ataxia; nearly 60% of deaths
are cardiac in nature, with 1 in 8 deaths due to arrhythmia. Additional or irregular heartbeats,
measured as ectopy, can be quantified using portable heart rhythm monitoring. We sought to
describe the ectopic burden in FRDA.

Methods: Using a natural history study of FRDA patients at a single center, we analyzed portable
heart rhythm monitors (Holters). Ectopic burden was defined as the proportion of atrial or
ventricular ectopic beats over total beats.

Results—Of 456 patients, 131 had Holters. Sixty-eight (52.0%) were male, median age of
symptom onset was 8.0 years (5.0-13.0, n=111), median age at time of Holter was 17.3 years
(IQR 12.9-22.8, n=129), and median duration of illness was 8.7 years (IQR 5.3-11.6, n=110).
Median GAA length on the shorter XN allele was 706.0 (IQR 550.0-840.0, n=112). Eight (7.8%,
n=103) had diminished cardiac function and 74 (74.0%, n=100) had ventricular hypertrophy.
Ninety patients (83.0%) had atrial ectopy (SVE): 85 (78.0%) with rare SVE (>0-5%) and 5 (5.0%)
with frequent SVE (>10%). Twenty-five (19.0%) had supraventricular runs and 1 (0.8%) had atrial
fibrillation/flutter. Forty-five (41.0%) had ventricular ectopy (VE): 43 (39.0%) with rare VE (05%)
and 2 (2.0%) with moderate VE (5-10%). Compared to patients with none and rare SVE, patients
with frequent SVE had longer disease duration (18.3 vs 4.6 vs 9.0 years, p=0.0005).

Conclusion: Patients with longer disease duration had higher rates of SVE. Heart rhythm
monitoring may be considered for risk stratification, however longitudinal analysis is needed.
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Introduction

Methods

Cohort

Friedreich Ataxia (FRDA) is an autosomal recessive neurodegenerative disorder that
typically presents in childhood. It is the most common form of hereditary ataxia and affects
roughly 1 in 50,000 people [1]. Patients are affected by progressive gait disturbance, loss of
proprioception, scoliosis, diabetes and cardiomyopathy. Nearly 96% of cases are due to a
homozygous GAA triplet repeat expansion leading to a frataxin protein deficiency [1,2]. In
4% of cases, there is a point mutation or deletion in one allele and a triplet repeat expansion
in the second allele.

Frataxin is expressed in a variety of tissues and within the cell is localized to the
mitochondria. It is involved in the assembly of enzymes containing iron-sulfur clusters and
has been implicated in a variety of important cellular functions, including adenosine
triphosphate (ATP) synthesis and oxidative phosphorylation [3-5]. Frataxin deficiency also
leads to a maldistribution of iron [6,7]. While the exact pathology of how frataxin deficiency
leads to FRDA has not been clearly defined, it is hypothesized that a deficiency in frataxin
leads to dysfunction of iron-sulfur containing enzymes, deficient ATP production and
possibly increased levels of reactive oxygen species.

The clinical hallmarks of the disease are predominantly neurologic, but cardiac dysfunction
accounts for up to 60% of deaths [8]. Cardiac hypertrophy represents the most common
early phenotype, with development of ventricular dilation and fibrosis in later disease stages
[9-11]. It is estimated that cardiac arrhythmias account for up to 16% of deaths [8]. While
nonspecific electrocardiogram (ECG) abnormalities such as T wave inversion have been
described in a significant number of patients, there has been limited assessment of the
irregular heart beat, or ectopy, burden in the FRDA population using portable rhythm
monitoring [10-13]. Several have suggested that supraventricular ectopy (SVE), which
arises from the atria, is relatively common [10] and more frequent than ventricular ectopy
(VE) [11], but none have explored whether SVE burden is associated other features of this
rare disease.

Thus, in the present study, we evaluated portable rhythm monitors with the goal of
describing the ectopic burden in patients with FRDA. For this study ectopic burden was
defined as a proportion (number of atrial or ventricular ectopic beats over total number of
beats).We then compared differences in characteristics between patients with different
ectopic burden and sought to describe patient and disease characteristics amongst patients
with frequent ectopy. We hypothesized that markers of increased disease severity, including
shorter GAA repeat length and diminished cardiac function, would be associated with a
higher SVE burden.

Using a natural history study of consecutive patients seen at a single center for FRDA
between October 1998 and March 2018, we performed an analysis of portable arrhythmia
monitoring as assessed by 24-48 Holter monitors. To be included in the study, patients
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needed to have a diagnosis of Friedreich Ataxia. Holter studies were performed either by the
Children’s Hospital of Philadelphia or by the patient’s primary cardiologist. If performed by
the patient’s cardiologist, the Holter report was forwarded to our institution. For patients
with more than one Holter, the most recent Holter monitor was used. Echocardiographic data
provided by the patient’s cardiologist was also collected if the study was performed within 6
months prior to or 1 month after the Holter.

All protocols were approved by the Institutional Review Board at the Children’s Hospital of
Philadelphia. In this manuscript, the term “portable” is used as the majority of this
population is not ambulatory in the conventional use of the word.

Baseline demographics included sex and age at time of Holter. Disease-specific
characteristics were also recorded and included age of onset of symptoms, length of the
GAA repeat on the shorter frataxin (FXN)allele, and the Friedreich Ataxia Rating Scale
(FARS) score, which is used to measure disease progress with a range of 0 to 159 (higher
scores represent greater disability). Duration of illness was defined as time from age of onset
of symptoms to age at time of Holter. Cardiac medications (diuretics, beta blockers,
angiotensin converting enzyme inhibitors, or angiotensin 1l receptor blockers) in use at the
time of the Holter monitor were captured.

Echocardiographic data were also collected. For patients <18 years of age, the reported
interventricular septal thickness at end-diastole (IVSd) and left ventricular posterior wall
thickness was expressed as a Z score relative to the distribution of measurements vs. body
surface area [14]. Hypertrophy was defined as a Z score >2. For patients =18 years,
hypertrophy for males was defined as >1 cm and for females >0.9 cm [15]. The biplane
ejection fraction (EF), and if not reported, a 4 chamber ejection fraction or the shortening
fraction, was used to determine cardiac function. Diminished function was defined as an EF
<50%. If an EF was not reported, then diminished function was determined as a shortening
fraction (SF) <25%.

Ectopic burden was defined as a proportion, calculated as the number of (supraventricular or
ventricular) ectopic beats over total number of beats. Patients were then grouped into
categories based on the burden of ectopy as follows: none (0%), rare (>0-5%), moderate
(>5%10%), and frequent (>10%) [16-20]. A run is defined as three or more consecutive
ectopic beats categorized as tachycardia. A supraventricular run is ectopy originating from
the atria and a ventricular run is ectopy originating from the ventricles.

Statistical Analysis

Continuous data are reported as median (interquartile range) and categorical data as counts
(percentages). Chi-square and Wilcoxon signed-rank tests were used to assess differences
between patients with and without Holter monitors. Fisher’s and Kruskal-Wallis tests were
used to test for differences in patient characteristics across SVE groups, followed by
pairwise comparisons between the individual groups. To adjust for multiple comparisons, a
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Bonferroni correction was made by comparing P-values to the a level (0.05) divided by 3.
Correlation between supraventricular runs and duration of illness was evaluated with
Pearson’s correlation analysis. All statistical analyses was performed with SAS version 9.4
(SAS Institute Inc., Cary, NC, USA).

Of 456 patients enrolled in the FRDA cardiac study, 131 (28.7%) had a Holter available for
review (Table 1). Compared to patients who did not have a Holter available to review,
patients with a Holter had an earlier onset of symptoms (median 7.0 years [IQR 5.0-13.0] vs
11.0 years [IQR 7.0-15.0], p <0.001). There was no difference with respect to shorter GAA
repeat length.

Among patients with a Holter, 68 (52.0%) were male, median duration of illness was 8.7
years (IQR 5.3-11.6), and the median shorter GAA repeat length was 706.0 [IQR 558.0-
833.0]. Median age at time of most recent Holter analysis was 17.3 years [IQR 12.9-22.8
years] and median FARS score was 59.9 [IQR 46.7-74.0]. Of those patients who had echo
imaging available to review, 74 (74.0%, n=100) had evidence of hypertrophy and 8 (7.8%,
n=103) had diminished function. 33 (33.3%, n=99) were taking cardiac medications at the
time of the Holter.

Characteristics of Holter Monitors

The majority of patients had 24-hour Holter monitors (128, 98.0%); the remainder had 48-
hour Holters. With respect to ectopic burden, 90 (83.0%, n=109) had SVE, including 85
(78.0 %) with rare (>0-5%) SVE and 5 (5.0%) with frequent (>10%) SVE (Figure 1). 25
(19.1%) had supraventricular runs and 1 (0.8%) patient had atrial fibrillation/flutter. 45
(41.0%, n=109) patients had VE including 43 (39.0%) with rare (>0-5%) VE and 2 (2.0%)
with moderate (510%) VE. There was 1 (0.8%) patient with an episode of ventricular
tachycardia. 7 (7.0%, n=100) patients had a pause of 2.0 seconds or longer (Table 2).

Comparison of patient characteristics by SVE Group

Study findings comparing patient characteristics overall by SVE group (none, rare, frequent)
are shown in Table 3. There was a significant difference in distribution of sex (p=0.0041)
and disease duration (p=0.0005) amongst the three SVE groups. However, upon correction
for multiple pairwise comparisons, this difference in SVE between males and females was
not significantly different between frequent SVE vs none or frequent vs rare SVE groups.
With respect to duration of illness, those with frequent ectopy had a longer duration of
illness (18.3 years [IQR 14.8-18.4]) compared to those with no ectopy (4.6 years [IQR 2.8—
8.7], p=0.014) or rare ectopy (9.0 years [IQR 5.8-12.5], p=0.018). There was no statistically
significant difference in shorter GAA repeat length, FARS score, ventricular function or
hypertrophy amongst the 3 groups. For the 110 patients with non-missing data, there was a
low positive correlation (r=0.31, p<0.001) between supraventricular runs and duration of
illness.
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Discussion

This is the largest observational study to date of portable cardiac rhythm monitoring in
FRDA. We found a remarkably high burden of SVE in this cohort (83%), including 5% with
frequent SVE and 19% with supraventricular runs. Although sustained arrhythmia was rare,
nearly one fifth of patients had non-sustained supraventricular runs, and 5% had frequent
SVE. Additionally, we found that SVE burden was associated with longer disease duration.
VE was observed less frequently in our series. Due to this low prevalence, we did not assess
for patient or disease characteristics associated with VE.

It does not appear that we can attribute the degree of ectopic burden in this study to an older
or sicker cohort than typical FRDA patients. The median age of neurologic symptom onset
in this cohort was 7 years (IQR 5-13 years), which is similar to some previously described
studies, but slightly younger than others where the average age of onset was early to mid-
adolescence [9,21-23]. The majority of patients had normal cardiac function and evidence of
hypertrophy by echocardiography, which aligns with previous descriptions regarding the
burden of cardiac disease in FRDA [9,22].

There have been few description of portable monitoring in FRDA. In a prospective study of
patients with FRDA receiving a co-enzyme Q10 analog (Idebenone), Ribai et al found that
13 of 62 (21%) patients with Holter monitors had SVE [10]. Similar to the present study, the
majority of those patients had normal cardiac function and 70% had cardiac hypertrophy.
Follow-up Holter analysis was not described. Weidemann et al. performed an analysis of 32
patients, and similar to the present study, observed SVE occurring more frequently than VE
[11]. In both of the aforementioned studies, the average age of the cohort was older than the
present study (mean 19.3 years +/— 10.4 years vs Ribai 32 +/- 11 years vs Wiedemann 33
years +/— 13 years). Disease duration was also longer (Ribai mean 16 +/- 8 years vs mean
11 years +/- 7.5). Thus, our observations suggest that even younger patients with shorter
disease duration than previously described may present with SVE.

When compared to studies in the normal population, our observation suggests that the SVE
burden in FRDA may be higher. In an observational study of 50 male medical students,
Brodsky et al found that 56% had SVE, which is slightly less than in our study [24].
However, Folarin et al. reviewed the Holter monitors of 303 asymptomatic male aviators
without structural heart disease [20]. In that study, 78.2% demonstrated SVE; however only
5.2% had >0.1% ectopy and 0.3% had very frequent ectopy (>10%), which is a notably
smaller proportion than the 5.4% in our study with >10% ectopy. With respect to VE,
Folarin et al. observed a VE burden of >0.1% in 52% of participants, with no participants
with >10% VE.

Prior studies have demonstrated an association between GAA repeat length, disease severity,
and cardiac manifestations. Amongst a group of 67 FRDA patients, Filla et al observed that
a longer GAA repeat length on the shorter allele was associated with a younger age of onset
and the presence of cardiomyopathy [25]. Durr et al found a similar association between
GAA length and age of onset, loss of ambulation, and cardiomyopathy [1].
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While we had initially hypothesized that shorter GAA repeat length and diminished cardiac
function would be associated with SVE, we did not find this to be the case. Likewise, we did
not find any significant relationship between SVE burden and the presence or absence of
cardiac hypertrophy. However, we did find an association between duration of illness and
SVE, which has not been described previously [10,11,8]. This suggests that SVE burden
increases with prolonged duration of illness, although not necessarily in lock step with the
trajectory of hypertrophy (which can be seen at various stages of disease) or decline in
systolic function (which typically does not occur until late in disease). Other etiologies for
ectopy should also be considered such as atrial myocardial fibrosis and scarring, which
could predispose patients to supraventricular ectopy [26]. In this study we also identified a
positive correlation between the presence of SVE runs and duration of illness. Although
there was a low correlation, this finding suggests that duration of illness is not only
associated with overall ectopic burden, but may also be associated with SVE runs and the
small effect size may be due to other unmeasured modifiers. Thus, if supraventricular
ectopic burden is influenced by the same disease process but precedes cardiac dysfunction,
overt arrhythmias, and heart failure symptoms, then an improvement in SVE burden could
potentially serve as an outcome measure for clinical trials in early stage disease.

Limitations of this study include the retrospective and cross-sectional nature of the data
collection. The relatively young age of this cohort may have also prevented the ability to
capture frank arrhythmias. The reason for obtaining portable rhythm monitoring was also
not always provided, therefore there may be selection bias in those patients that did undergo
testing. Longitudinal rhythm monitoring with serial Holters and use of cardiac medications
as anti-arrhythmics were not captured. Interestingly, while patients in this study who had
Holters were younger than those who did not, their GAA repeat length was not different
between the groups.

In conclusion, the data in this study suggests that the majority of patients with FRDA in this
study have SVE on portable heart rhythm monitoring. Timely and serial Holter monitoring
in FRDA patients with longer disease duration may aid in assessing progression of ectopy
burden. Supraventricular ectopic burden, in conjunction with additional testing such as
cardiac magnetic resonance imaging, may prove to be a useful marker for assessing disease
severity. Further work involving longitudinal analysis is needed to understand the
development and progression of arrhythmias in FRDA.
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