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Friedreich's disease is a hereditary neurodegenerative multiple organ disease, primarily affecting the most energy-dependent tissues
(cells of the nervous system, myocardium, pancreas), the lesion of which is characterized by progressive ataxia, dysarthria, dysphagia,
oculomotor disorders, loss of deep tendon reflexes, pyramid signs, diabetes mellitus, visual impairment. Friedreich's ataxia is the most
common of all hereditary ataxias; nevertheless, this disease is considered orphan. By its pathogenesis, Friedreich's disease is
mitochondrial ataxia, caused by a deficiency in the transcription of the FXN gene, leading to a decrease in the synthesis of the frataxin
protein. Frataxin is a protein associated with the inner mitochondrial membrane, which in turn is involved in the formation of iron-
sulfur clusters, the lack of which leads to a decrease in the production of mitochondrial ATP, an increase in the level of mitochondrial
iron and oxidative stress. The basis of the clinical picture of Friedreich’s disease is ataxia of a mixed (sensitive and cerebellar) nature.
The steady and gradual progression of neurological symptoms significantly affects the quality of life of patients and is most often the
leading reason for seeking medical attention. However, the prognosis is primarily due to the involvement of cardiac tissue in the patho-
logical process. The main causes of death in patients with Friedreich's ataxia are severe heart failure and sudden cardiac death due to
cardiomyopathy. The overwhelming majority of foreign and domestic publications on Friedreich's ataxia are devoted to the neurological
manifestations of this disease, and little attention is paid to this problem in the cardiological scientific and practical society. The purpose
of this review is to provide up-to-date information on modern methods of diagnosing myocardial damage at various stages of
Friedreich's disease.
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Introduction In 1996, mutations in the FXN gene encoding

Friedreich's ataxia (FA) is the most frequent in-
herited ataxia in the European population. The disease
is characterized by the autosomal-recessive way of
inheritance. The incidence rates are similar in men
and women with the disease more often onset in
the first two decades of life. The prevalence of FA
ranges from 2 to 4 persons in 100,000 which allows
to consider it an orphan disease. At that, the prevalence
of heterozygous state of the disease mutation is
about 1:60-1:100 persons [1].
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the frataxin protein were demonstrated to be the
cause of FA development [2]. The homozygous ex-
pansion of the guanine-adenine-adenine (GAA) trin-
ucleotide repeat in the first intron of the FXN gene is
revealed in almost 96 % of the patients with this dis-
ease, while the rest 4% have the compound-het-
erozygous state of GAA-expansion in one allele com-
bined with different pathogenic variant in another
one [3]. The GAA-expansion in 34-65 repeats is re-
garded as unstable premutation while expansion of
more than 66 GAA repeats is pathogenic. There are
also a number of clinical-genetic relationships, in
particular, the extent of the GAA-expansion in the
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smaller allele is inversely proportional to the age of
FA neurological manifestation and determines the
timing of the first symptoms onset by nearly 50%
[4]. Besides, more extend expansion accounts for
the more severe phenotype with early onset, rapid
progression and more prominent cardiac and metabolic
manifestations [5]. Frataxin is implicated in a range
of cellular processes. One of its functions is the
biosynthesis of iron-sulphur clusters (I1SC) in the mi-
tochondrial matrix. ISC are the cofactors for the
Krebs cycle enzymes and also for the complexes |, II
and Il of the mitochondrial respiratory chain. Insuf-
ficient amount of frataxin leads to the secondary
shortage of these proteins which in turn results in
the decrease of mitochondrial ATP production. Mi-
tochondrial dysfunction leads to the progressive
lesion of the most energy-dependent tissues such as
nervous system, myocardium, pancreas and skeletal
muscles. This determines the multisystemic nature
of the damage.

The mean age at the classical FA onset is 10-15
years (after age 25 years in the cases of later onset
types). As a rule neurological lesions prevail in the
FA clinical pattern. The earliest sign of the disease is
the lack of deep reflexes which results in the total
areflexia. In the course of the gradual damage of the
deep sensibility conductors, peripheral nerves (sensory
polyneuropathy) and, to a lesser degree, the cere-
bellum an ataxic gait and coordination disturbances
augment, muscular hypotonia is also found out. The
patients also develop pyramidal signs with the lower
extremities involvement, dysphagia and pelvic dis-
orders. Skeletal deformities (scoliosis and hollow
foot), ophthalmic nerves atrophy and neurosensory
deafness are as well specific. At the advanced stage
of the illness patients cannot walk and take care of
themselves [5].

Involvement of the cardiovascular system, more
exactly myocardium, manifests as cardiomyopathy
with heart failure and different rhythm disorders.
Majority of FA patients develop cardiomyopathy.
Being asymptomatic at the beginning cardiomyopathy
is one of the principal causes of death in FA patients
[6]. Absence of the heart lesion signs may be resulted
not only from subclinical myocardial disorder but
also from the significant limitation of physical activity
due to the nervous system impairment which for a
long time staves off heart failure manifestation. Nev-
ertheless, laboratory and instrumental examination
reveals specific pathological findings in the heart

even in asymptomatic patients. The histological
pattern of heart lesions consists of hypertrophy,
diffuse fibrosis and focal myocardial necrosis [7-9].

Electrocardiogram (ECG) changes such as inversed
T-wave, left axis deviation and repolarization abnor-
malities are reported in majority of the patients.
Echocardiography reveals hypertrophic cardiomy-
opathy in about 65% of the patients. The parameters
of global systolic and diastolic functions as well as
heart chambers measurements remain for a long
time unchanged, however more accurate imaging
methods such as Doppler echocardiography and
magnetic resonance imaging (MRI) find out changes
resulted from intramyocardial fibrosis in almost all
the patients [10,11].

Electrocardiography

Abnormalities of T-wave registered on an ECG
recording, such as T-wave inversion or flattering in
the left chest leads are the earliest signs of cardiomy-
opathy in majority of FA patients [12]. The trend to
sinus tachycardia is revealed regardless of the degree
of myocardial injury [13]. If severe left ventricular
(LV) hypertrophy presents, typical electrocardiographic
signs of hypertrophy are found out — high R-wave in
V5 and V6 combined with deep S-wave in V1 and
V2 leads [13]. It should be noted that even in the
cases of significant left ventricular hypertrophy the
QRS complex has no tendency to widening which
points at the absence of bundle branch blocks; this
is peculiar to hypertrophic cardiomyopathy [13]. Itis
suggested that patients with more severe cardiomy-
opathy more often develop supraventricular heart
rhythm disorders such as atrial fibrillation (AF), atrial
flutter and atrioventricular tachycardia [6]. The interval
QT duration remains normal in majority of the patients
which indicates the absence of predisposition to ma-
lignant ventricular heart rhythm disorders [14].

Echocardiography

Echocardiography is the most available and non-
invasive method for the estimation of heart involve-
ment in FA. Early studies of the echocardiographic
features of the cardiomyopathy in FA placed greater
focus on the estimation of systolic function and my-
ocardial hypertrophy [15,16]. However, left ventricular
remodeling, which is typical for the pathological
process and associated with impairment of both
systolic and diastolic functions, is more precisely
characterized by such parameters of the LV geometry
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as a sphericity index, left ventricular mass index
(LVMI) and left ventricular relative wall thickness
(RWT).

Examination of the large cohort of FA patients
(n=173) revealed altered LV geometry due to the
changes in LVMI and RWT in 82% of the patients
[17]. 42% of the patients demonstrated concentric
LV remodeling (elevated RWT with normal LVMI),
35% — concentric hypertrophy (elevated RWT and
LVMI) and only 5% — eccentric hypertrophy (normal
RWT with elevated LVMI) [17]. In the development
of concentric hypertrophy the diastolic wall thickness
as a rule amounts to less than 15 mm and does not
lead to the left ventricular outflow tract obstruction
[13,18].

In the Regner's study 30 of 173 patients revealed
reduction in LV ejection fraction (EF) less than 50%,
only 6 patients — less than 40%, while the majority
of the examined patients had normal EF, i.e. more
than 50% [17].

LV global systolic function remains normal during
a long time. At the advanced stage of the illness it
decreases in connection with diffuse hypokinesia
and moderate LV enlargement [13,18]. It could be
thus supposed that cardiomyopathy in FA is at first
characterized by LV concentric remodeling with
further progression towards concentric hypertrophy
and then, along with fibrosis areas expansion, - to
eccentric hypertrophy with LV dilation, which signif-
icantly alter its morphology and systolic function.
Autopsy and myocardial biopsy findings in FA patients
show the fibrosis areas presence [7,8,19,20]. Fibrosis
leads to the LV wall thinning with further enlargement
of the chamber, however EF does not change for a
long time and only decreases in the final stage of the
disease. Patients at the advanced stages of cardiomy-
opathy reveal thicker interventricular septum as com-
pared to the LV posterior wall (LW PW) [13]. Influence
of the disease duration on the LV myocardial wall
thickness was also reported in a number of earlier
works [19,21]. The prevalent localization of fibrosis
in LV PW is not semeiotic to FA being also revealed in
other inherited cardiomyopathies such as Fabri disease
and Duchene muscular dystrophy [22,23].

The currently most large-scale study of the echocar-
diographic parameters in FA patients has reported
LV diastolic dysfunction to be the principal finding,
in particular 25% of the patients had normal diastolic
function, 25% — impaired relaxation, 70% — pseudo-
normal filling pattern and 3% revealed restriction

[17]. Evaluation of LV diastolic function was based
on 4 types of the mitral flow pattern: normal function,
impaired relaxation — type 1 (E/A velocities ra-
tio=0.7-0.9, deceleration time (DT) is increased),
pseudonormal filling pattern — type 2 (E/A=1.2-
1.3, DT is short), restriction — type 3 (E/A>2, DT is
short) [11,24]. Difficulties in the differentiation be-
tween normal and pseudonormal diastolic filling pat-
terns did not possibly allow to pay more attention to
its investigating in earlier conducted studies which
predominantly concentrated on the assessment of
the hypertrophy degree and systolic function
[15,25,26]. In accordance with the international
guidelines of 2016 the following parameters must
be taken into account for the diastolic dysfunction
diagnostics: left atrial volume index *34 ml/mz2,
peak tricuspid regurgitation velocity >2.8 m/sec,
E/e’>14. LV diastolic function is defined as normal
if more than a half of the available variables do not
meet the cutoff values for identifying abnormal func-
tion. Diastolic dysfunction is present if more than a
half of the available parameters meet these cutoff
values [27].

Evaluation of the LV global systolic function may
be not enough informative in some cases with poor
correlation with the severity of clinical state in the
early stages of heart failure [28,29]. Speckle-tracking
echocardiography makes it possible to estimate pa-
rameters of myocardial deformation and reveal its
subclinical dysfunction. The technique is based on
the tracking of the motion patterns of acoustic my-
ocardial markers (speckles) during the cardiac cycle
in two-dimensional ultrasound image [30]. Every
region of myocardial tissue is mapped by the individual
tone of grey color which allows a special speckle
pattern to be obtained peculiar to a certain myocardial
region during the cardiac cycle [31]. Myocardium
moves in three planes (longitudinal, circumferential
and radial), this is dictated by the structure of the
layers of myocardial fibers: during the cardiac cycle
the subendocardial and the subepicardial layers move
spirally in opposite directions while the mean layer
moves circularly [32]. Interaction of the layers of
myocardial fibers during the cardiac cycle resultsin a
torsional movement (twist), forming the cardiac
output [32]. Along with majority of hypertrophic
cardiomyopathies the cardiomyopathy in FA patients
is characterized by decreased global longitudinal
strain [14,33,34]. Untwisting rate and the rate of
longitudinal deformation (strain-rate) are more sen-
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sitive parameters than LV EF for the detecting of my-
ocardial dysfunction associated with hypertrophy;
impairment of these parameters can precede LV EF
reduction [35,36].

C. Dedobbeleer et al. in the study of 20 FA patients
with normal both LV EF and myocardial mass revealed
the decrease of global longitudinal and circumferential
LV strains which possibly led to the reduction in the
indexed LV stroke volume at normal ejection fraction
[37]. Besides, the untwisting rate, which is an indicator
of myocardial flexibility during the isovolumic relaxation
and characterizes suction force for effective LV filling,
was significantly reduced in FA patients, this is also
an evidence of impaired LV early diastolic filling [38].
P.M. Mottram et al. in prospective follow up of 60
FA patients using the tissue Doppler imaging (TDI)
had shown the decrease in the velocities of systolic
and early diastolic peaks of the LV lateral wall in a
greater degree than in those of the interventricular
septum, which was associated with reduced LV meas-
urements (end-diastolic and end systolic sizes) [10].
These changes are possibly explained by the more
severe fibrosis of exactly the LV lateral wall. Increased
LV relative wall thickness was another frequent ab-
normality in FA patients [10]. D.P. Dutka et al. have
also revealed reduced systolic and early diastolic my-
ocardial velocity gradients of the LV posterior wall in
29 FA patients [39].

Sometimes echocardiographic image in FA has a
“grain” pattern such as in cardiac amyloidosis, but
unlike the latter pericardial effusion is never occurred
[33].

It should be noted that abnormal height and
weight of FA patients is a difficult problem for the
objectification of echocardiographic data which com-
plicate calculations, especially involving indexation,
thereby influencing the final conclusions.

Magnetic resonance imaging

Cardiac magnetic resonance imaging (MRI) in FA
patients have being used since recently for evaluation
of myocardial edema [8] and replacement fibrosis
spread [40-42] as the early signs of cardiomyopathy
even in the absence of significant hypertrophy [43,44].
Due to high reproducibility and independence from
operator cardiac MRI is ideal for the evaluation of
heart chambers volumes, myocardial mass and ejection
fraction. This is particularly true for the evaluation of
the right ventricle which is often rather difficult using
echocardiography [40].

B. Rajagopalan et al. have reported positive cor-
relation between LV myocardial mass, a number of
the GAA repeats and the age of FA onset. On the
contrary at more than 15-year-duration of the disease
myocardial mass revealed a tendency to reduction
which may indicate heart chambers dilation in the
long-term course of the disease [11]. Use of MRI
with contrast enhancement allows a contrast agent
delayed accumulation to be evaluated and therefore
areas of fibrotic tissue can be visualized [41]. Both
the presence and degree of late gadolinium en-
hancement (LGE) are of value in the evaluation of
prognosis as even a small volume of fibrotic tissue
(<2 % of LV myocardial mass) is associated with the
7-fold increase in the risk of adverse cardiac outcomes
in patients with coronary heart disease [42]. Cardiac
MRI with gadolinium in patients with non-ischemic
cardiomyopathy also demonstrated LGE to be the
predictor of malignant heart rhythm disturbances
regardless of quantity and a mode of the contrast
agent distribution [43].

Available data allow to consider myocardial fibrosis
to be a specific finding in FA cardiomyopathy, it is
the typical feature of the disease progression as in
the late stages thinning of the LV myocardium is fre-
quently observed, however presently we have no
reliable data of the prevalent localization of the my-
ocardial fibrosis in FA, this makes the differential di-
agnosis with other inherited hypertrophic cardiomy-
opathies more difficult [14,22,33,34].

Mitochondrial functions impairment leads to the
muscular fibers necrosis and development of reactive
myocarditis [45]. Myocardial inflammation, inclusive
of subclinical one, can precede cardiomyopathy in
FA with further gradual progression towards evident
dilated cardiomyopathy, which is testified by the au-
topsy data of FA patients [44]. Myocarditis detection
based on the MRI data using the Lake Louise criteria
may be important for the early risk stratification in
FA patients [46-48].

In accordance with the cardiac MRI data patients
with FA and the intact coronary arteries have
reduced myocardial perfusion reserve, which is one
of the earliest manifestations of cardiomyopathy
in this disease [49]. MRI with adenosine stress-
test has also confirmed the significantly reduced
index of the myocardial perfusion reserve, which
was independent of the degree of LV myocardial
hypertrophy and fibrosis presence, this allows to
suppose that impaired perfusion is one of the
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earliest component of pathogenic cascade in FA
cardiomyopathy [8].

Such new MRI techniques as T1- and T2-mapping
and detection of extracellular volume fraction (ECV)
seem promising in studying cardiomyopathies in-
cluding that one in FA as they allow to quantitatively
evaluate diffuse changes in myocardial structure, vi-
sualize fibrosis, edema, amyloidosis and iron storage
[50].

Evaluation of cardiomyopathy severity
in Friedreich's disease

On the base of the available laboratory and in-
strumental research data of myocardial lesions in
Friedreich's ataxia . Weidemann et al. have proposed
to allocate 4 stages in cardiomyopathy progression.
The criteria for the staging were as follows: the LV EF
(<55 %), the LV PW thickness (>11 mm), replace-
ment fibrotic areas in accordance with MRI data (the
LEG presence), elevated high-sensitivity troponin-T
(214 ng/ml), T-wave inversion. On the ground of
these criteria the following stages were proposed:
initial (T-wave inversion only), intermediate (T-wave
inversion with myocardial hypertrophy — the LV PW
thickness >11 mm), severe (fibrosis with elevated
high-sensitivity troponin T), terminal (decreased LV
EF) [51].
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