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Abstract

Introduction: Increase in blood pressure, probably due to an impairment
in arterial elasticity, is frequent in patients affected by Anderson-Fabry disease
(FD). The purpose of this study was to evaluate arterial distensibility in a
group of children or adolescent with FD before and after enzyme replacement
therapy and compare after enzyme replacement therapy findings with those
of healthy controls (C).

Material and methods: Sixteen FD patients were recruited (87.5% male;
mean age at diagnosis: 13.5 + 1.5 years; mean age at study: 15.7 + 2.1 years;
mean treatment length: 2.2 + 0.6 years). Arterial distensibility was evaluated
by means of the previously validated non-invasive QKd, , . method, coupled
with a 24-h ambulatory blood pressure monitoring (ABPM).

Results: FD subjects before therapy vs after therapy — systolic ABPM: p <
0.05; diastolic ABPM: p < 0.05; mean ABPM: p < 0.05; QKd, , ,,: p < 0.009.
FD subjects after therapy vs C — systolic ABPM: p < 0.01; diastolic ABPM:
p <0.03; mean ABPM: p <0.02; QKd,, : p <0.04.

Conclusions: Impaired arterial distensibility in paediatric FD patients
implies an early vascular involvement even in these still so young subjects.
Enzyme replacement therapy resulted in a significant improvement in arterial
elasticity when compared with before treatment findings, but was not able to
normalize it. It may explain the differences in ABPM levels.
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Introduction

Fabry disease (FD), also known as Anderson-
Fabry disease, is a rare X-linked, multisystem
disorder caused by a deficiency of the lysosomal
enzyme alpha-galactosidase A. The progressive
accumulation of glycosphingolipids, specially
globotriaosylceramide, may also lead to
cardiovascular diseases, such as hypertrophic
cardiomyopathy, arterial hypertension, valvular
abnormalities, and arrhythmias. FD predominantly
affects males, and — as a general rule — becomes
manifested in the third-fourth decade of life. In
addition, also heterozygous females may have
variable manifestations of FD, ranging from
asymptomatic to as severe as a male with classic FD
[1-5]. However, a cardiac involvement in children
and adolescent with FD is not rare and may be
evident even at young age [6].

High blood pressure (BP) in FD patients may
depend on glycosphingolipids accumulation in the
lysosomes of arterial smooth muscle and endothelial
cells, with consequent systemic vasculopathy [7].
A study about biophysical characteristics of FD
patients’ carotid arteries in adulthood revealed
structural anomalies, implying that the elastic
properties of the carotid wall were not preserved
[8]. Previous reports in the literature showed
marked alterations in adult FD patients’ brachial
arteries, which were related to both reduced
secretion of endothelium-derived nitric oxide, and
thickened intima-media layer [9, 10]. An increased
vascular oxidative stress was certainly present in
these FD patients’ arteries, as shown by impaired
flow-mediated vasodilatation, an early marker of
atherosclerosis [9].

On the other hand, a loss of the natural aortic
elasticity may be responsible for a rise in BP
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values of FD patients [3]. However, the cellular
pathophysiological mechanism responsible for
high BP remains not clearly identified [11]. The
hypothesis of an increased arterial stiffness, which
could be responsible for this complication, was
proposed. Up to now, there is still a considerable
debate about the exact mechanism responsible for
persistent hypertension in FD and no one of the
published explanations of this complication can be
considered fully convincing [12].

The QKd interval is the time (measured in
milliseconds) between the onset of the depolarization
on the electrocardiogram (Q) and the detection
of the last Korotkoff sound (K) at brachial artery
during cuff deflation, corresponding to diastolic
blood pressure (d). The clinical validation and
the prognostic value of QKd index in providing
valuable information about arterial compliance
were established by several previously published
studies, even in paediatric age [13-17].

The QKd technique was previously validated in
comparison with pulse wave velocity as well [15,
17]. As this interval is inversely related to pulse
wave velocity, QKd measurement provides valuable
information about arterial distensibility [17]. The
latter is calculated on an arterial segment, including
the ascending aorta and a portion of the subclavian
and brachial arteries.

The aims of the present study were: 1) to
evaluate arterial compliance before and after
enzyme replacement therapy, in patients who were
children or adolescent at the time of the diagnosis
of FD; 2) to compare after enzyme replacement
therapy data with those of a control group (C) of
healthy subjects.

Methods
Selection of study participants

FD, as a cause of hypertrophic cardiomyopathy,
is relatively common in Sardinia, a wide island in
the Italian sea with a relatively small number of
inhabitants [18].

Sixteen Sardinian paediatric patients with a
previous diagnosis of FD, aged between 11 and 18
years (14 male and 2 female; mean age at diagnosis:
13.5 £ 1.5 years; mean age at study: 15.7 + 2.1
years; mean treatment length: 2.2 + 0.6 years) were
included in this study. All of them were examined
before and after undergoing the enzyme replacement
therapy. Due to the rarity of the FD manifestations
in paediatric age, the patients’ enrolment required
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about 15 years (from 2001 to 2016). The diagnosis
of FD was on the basis of the early signs and/or
symptoms (involving the heart, brain, kidney, eye,
skin, peripheral nerves, and gastrointestinal tract) or
familial history and confirmed at genetic test (GLE
gene) or biochemical screening (alpha-galactosidase
A activity). The most commonly involved organs was
the heart. The treatment was administered as soon as
the diagnosis was confirmed at laboratory tests.

These patients were compared with a control group
of 16 healthy subjects paired with respect to gender
and age. Criteria of exclusion were the conditions
increasing pre-ejection period and those which might
impair interpretation of the QKd interval (such as
severe subvalvular aortic stenosis, hyperthyroidism,
presence of a pacemaker, left bundle branch block,
and atrial fibrillation) [17].

A 24-hour ambulatory blood pressure monitoring
(ABPM) coupled with QKd interval measurement,
a 12-lead surface ECG, and a transthoracic
echocardiographic examination were performed for
each patient in the study. In the FD group, no one of
the patients was suffering from arterial hypertension,
according with paediatric population specific
nomograms [19, 20].

All patients’ parents gave their informed written
consent to the study, which was conducted according
to Helsinki’s declaration.

OKd measurement

The authors undertook a 24-hour ABPM in the
auscultatory mode coupled with measurement of
the QKd interval, in order to evaluate the rigidity
of the large arteries. In practice, a microphone was
located in the cuff on the brachial artery and three
electrodes were placed on the chest to detect the
QRS complexes. The QKd interval was measured
along with concomitant cardiac frequency, and
BP values every 15 minutes over a 24-hour period
(approximately 96 values for each patient). The
variations of QKd interval were automatically
performed by a monitoring device with a specific
software (Diasys Integra from Novacor, Rueil
Malmaison, France). This index gives an estimate
of arterial distensibility derived from the pulse wave
velocity, so that a reduction in arterial compliance
results in a reduction of the QKd interval.

The device allowed to automatically derive
the QKd,, ., index, which is the value of QKd for
a systolic BP of 100 millimetres of mercury and a
heart rate of 60 beats for a minute, which is totally
independent of the BP levels. It reduces the influence
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of the pre-ejection time (which is linearly correlated
to the heart rate) and makes the comparison among
subjects who have different levels of BP easier
[17]. In fact, as known, many FD patients develop
hypertension [3]. Values of QKd, , ., higher than 200
milliseconds are usually considered normal [17].

As any movement and physical activity often
result in invalid readings in machines that rely on
detection of Korotkoff sounds with simultaneous
ECG recording, our device was programmed to get
additional readings if a likely erroneous reading is
recorded. We followed the generally accepted rule
that an ABPM recording is not acceptable if less than
85% of readings are suitable for use in the analysis
[21]. In this respect, it was necessary to repeat the
24-hour ABPM in 3 out of 20 cases.

Electrocardiography and echocardiography

A 12-lead surface ECG (Cardioline ar2100view
12-channel electrocardiograph, Cardioline, Milan,
Italy) was performed in each patient in the study.
A transthoracic echocardiographic study (Toshiba
Artida™ ultrasound machine, Toshiba Medical
Systems Corporation, Tochigi, Japan) was performed
by the same trained physician. The left ventricular
mass was calculated using Devereux’s formula and
indexed by height to the power of 2.7 [22].

Statistical analysis

The results involving the entire study population
(n = 16) were compared to those of controls (n = 16)
by using the two-tailed Student’s t-test. As for QKd
index, there is no difference in the genders. QKd
analysis was performed with respect to the reference
values obtained in previous studies conducted on
subjects who had either normal or high BP [23].
Values of p < 0.05 were set as the minimum level of
statistical significance throughout the paper.

The relationships among the various parameters
were studied by using the univariate analysis.
Multivariate analysis was not applied because the
sample size was not large enough for this statistic
test.

For all the analyses, commercially available
computer software (SPSS® version 22.0, SPSS Inc.,
Chicago, Illinois, USA) was used.

Results

Tab. 1 shows the main clinical characteristics of
the 16 FD patients, compared to controls. Regarding
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these basal findings, heart rate was measured by
means of a 12-lead surface ECG, whilst BP with
a mercury sphygmomanometer. By contrast, the
measurements reported in the other tables derived
from 24-hour ABPM coupled with QKd evaluation.
In this respect, Tab. 2 shows the patients divided
into two groups: a) subjects affected by FD before
enzyme replacement therapy; b) subjects affected by
FD after enzyme replacement therapy. The before
enzyme replacement therapy FD group showed
some significantly disadvantageous differences for
24-hour ABPM and heart rate values in comparison
with after therapy data. In Tab. 3 the patients are
divided into two other groups: a) subjects affected
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by FD after enzyme replacement therapy and b)
control group. Even after therapy, FD patients had
higher BP values and lower heart rate in comparison
with the control group.

The echocardiographic data are shown in
Tab. 4. Among the groups there were significant
differences in left ventricular mass as well as septal
and posterior wall thicknesses. On the contrary, no
statistically significant differences were detected at
basal ECG between the two groups.

The results of the QKd, , ., index are summarized
in Tab. 5. There were significant differences between
the values of the QKd index before and after

100-60
enzyme replacement therapy (p < 0.001). Furthermore,

Table 1. Basal clinical characteristics (mean values + standard deviation) of the 16 Fabry disease (FD) patients compared

with those of the 16 healthy subjects of the control group.

FD patients Control group Statistical significance
(n=16) (n =16) p
Age (years) 142 +3.5 149 +3.1 ns
Height (cm) 167.7 +5.8 164 + 6.4 ns
Weight (kg) 63.6 +3.8 65.2 +3.7 ns
Systolic BP at rest (mmHg) 1204 +2.9 116.9 +3.3 <0.01
Diastolic BP at rest (mmHg) 77.2+35 74.4 £3.0 <0.02
Heart rate at rest 62.6 + 3.1 783 +7.4 < 0.001

Heart rate was measured by means of a 12-lead surface ECG, whilst blood pressure with a mercury sphygmomanometer.

FD: Fabry disease; BP: blood pressure; ns: not significative.

Table 2. Data from 24-hour ambulatory blood pressure monitoring (ABPM): Fabry disease (FD) patients before and after

enzyme replacement therapy.

FD patients before enzyme FD patients after enzyme Statistical significance
replacement therapy replacement therapy 9
(n=16) (n=16) P
24-hour SBP 118 +4 1135 <0.05
24-hour DBP 737 68 +6 <0.05
24-hour MAP 88 +6 835 <0.05
Heart rate 65+3 724 <0.05

Mean values + standard deviation.

FD: Fabry disease; SBP: systolic blood pressure; DBP: diastolic blood pressure; MAP: mean arterial pressure.

Table 3. Data from 24-hour ambulatory blood pressure monitoring (ABPM): Fabry disease (FD) patients after enzyme

replacement therapy vs control group.

AR LN ElS2 CIEne Control group Statistical significance
replacement therapy (n=16)
(n=16) = P
24-hour SBP 1135 104 £6 <0.01
24-hour DBP 68 +6 62 +3 <0.03
24-hour MAP 98 x5 90 +5 <0.02
Heart rate 724 82+5 <0.04

Mean values + standard deviation.

FD: Fabry disease; SBP: systolic blood pressure; DBP: diastolic blood pressure; MAP: mean arterial pressure.
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Table 4. Echocardiographic findings (mean values + standard deviation).
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FD patients before enzyme
replacement therapy

FD patients after enzyme
replacement therapy

Statistical significance

(n=16) (n=16) P
IVS (mm) 11.6 £ 0.9 8.5+0.7 <0.0001
PW (mm) 10.1 £0.7 84+11 < 0.001
LVDD (mm) 455+1.9 444 £1.7 ns
LVSD (mm) 30.6 +2.6 31.0+27 ns
LVM index (g/m?7) 525+55 45.0 3.8 <0.005

FD patients after enzyme
replacement therapy

Control group

Statistical significance

(n=16) (n=16) p
IVS (mm) 8.5+0.7 9.3+0.6 <0.05
PW (mm) 84+1.1 82+13 ns
LVDD (mm) 444 £1.7 46.1 £1.2 ns
LVSD (mm) 31.0x27 30522 ns
LVM index (g/m?7) 45.0+3.8 47.3+3.3 ns

FD: Fabry disease; IVS: interventricular septum; PW: posterior wall; LVDD: diastolic diameter of the left ventricle; LVSD: systolic
diameter of the left ventricle; LVM: left ventricular mass; ns: not significative.

Table 5. Observed QKd interval values (milliseconds).

100-60

Control group
(n=16)

FD patients before enzyme
replacement therapy
(n=16)

FD patients after enzyme
replacement therapy
(n=16)

QKd 203 £ 22

100-60 (msec)

183 £ 5°

196 + 32

2p < 0.04 (patients after therapy vs control group); ®p < 0.009 (patients before therapy vs patients after therapy).

FD: Fabry disease.

there was also a significant statistical difference in the
after enzyme replacement therapy QKd, ., index in
comparison with the same index in the control group
(p < 0.01). Individual findings about systolic and
diastolic BP, interventricular septum thickness, and
QKd,, , are reported in Tab. 6.

At 24-hour ABPM, the nocturnal decline in BP
values was reduced in the FD patients (with no
statistically significant difference between before
and after enzyme replacement therapy groups),
whereas the nocturnal decline in BP values was
normal in most controls, but reduced in most of
the after therapy FD patients (non-dipper patients:
10/16 FD patients vs 1/16 control group patients,
p < 0.0008). In univariate analysis, we observed a
significant relationship between the QKd interval
and the increased BP values, the interventricular
septum, and the left ventricular mass (r = 0.57,
p=0.02;r=0.61,p=001;r=0.54, p=0.03,
respectively). No other significant relationships
were found. In particular, due to the marked
disproportion between genders in our sample size, a
statistical comparison was not possible.

Paediatric Anderson-Fabry disease and arterial distensibility

Discussion

At the best of our knowledge, no other studies
were conducted to evaluate the profile of arterial
stiffness in patients who were children or adolescent
at the time of the diagnosis of FD. Our findings
confirm the previous hypothesis of increased
rigidity of the large arteries in patients affected by
FD, also when the disease appeared at a very young
age [9]. Increased arterial stiffness may be just the
predisposing cause of higher 24-hour ABPM values
in these patients, although as told these values were
still considered normal for paediatric age standards.

Moreover, in the present study arterial
compliance was lower in FD subjects than in
controls even after enzyme replacement therapy,
being the QKd values, based upon pulse wave
velocity measurement, lower in these patients
than in controls. That outlines a deterioration in
the arterial physical properties in the FD patients.
Until now, differences in arterial distensibility
among FD subjects under enzyme replacement
therapy were evaluated only in adult subjects
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Table 6. Individual findings derived from echocardiography and 24-hour ambulatory blood pressure monitoring (ABPM),

pre- and post-treatment.

ik (rlr‘ul:n) (msn?:g) (mDn?:g) ?:‘:ggu
pre-treatment 11.0 118 73 183
! M post-treatment 8.5 113 62 194
pre-treatment 11.4 114 74 188
2 M post-treatment 9.2 110 74 196
pre-treatment 11.5 122 80 181
3 M post-treatment 7.8 115 68 193
pre-treatment 9.6 118 72 178
4 M post-treatment 7.5 113 65 189
pre-treatment 12.2 125 63 185
> M post-treatment 9.2 123 61 198
pre-treatment 11.3 122 73 195
6 M post-treatment 8.0 118 69 193
pre-treatment 11.8 115 73 183
! M post-treatment 7.9 111 67 197
pre-treatment 11.6 118 73 186
8 M post-treatment 8.2 116 75 202
pre-treatment 12.4 119 70 178
o M post-treatment 9.1 113 67 203
- "y pre-treatment 11.6 111 73 189
post-treatment 9.0 111 71 196
pre-treatment 11.9 118 66 188
1 M post-treatment 9.5 114 65 196
- M pre-treatment 11.7 121 72 177
post-treatment 7.3 113 69 196
pre-treatment 10.8 118 77 183
13 M post-treatment 7.8 108 71 190
pre-treatment 13.6 128 83 171
14 M post-treatment 9.7 118 72 199
pre-treatment 10.9 108 74 188
1 F post-treatment 8.5 103 64 199
pre-treatment 12.3 114 73 180
16 F post-treatment 8.8 108 68 196

IVS: interventricular septum; SBP: systolic blood pressure; DBP: diastolic blood pressure.

calculating carotid to femoral artery pulse wave
velocity by means of tonometry [24]. However,
this method provided an evaluation only at the
moment of the examination, while the QKd interval
technique provided a complete profile of circadian
variations in pulse wave velocity that would be
more appropriate than a single measurement in
assessing arterial elasticity.

The evaluation of arterial distensibility by the QKd
measurement has advantages of being non invasive,
completely automated, reproducible, and for avoiding
interoperator variability. It is a useful ancillary
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to 24-hour ABPM, without any extra discomfort
for the patients. In our opinion, it should be taken
into account when studying the development and
prognosis of cardiovascular complications in FD,
such as BP rises. Our data indicate disadvantageous
differences in arterial rigidity of patients affected by
FD that could explain the differences in BP values.
The vascular damage induced by sphingolipids
storage, especially in endothelial cells, may be
responsible of this issue [25].

According to previous studies conducted on
hypertensive patients, we found a relationship
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between the QKd interval value reduction and the
increased BP values, confirming the already well-
established importance of BP in arterial compliance
[26, 27]. Regarding the cardiac consequences of
the reduction in arterial compliance, we found a
significant relationship between the QKd interval
and interventricular septum, and left ventricular
mass, according to previous reports in essential
hypertension [28].

Heart rate analysis revealed that FD young
patients had a significantly lower heart rate in
comparison with controls, that might reflect a
reduction in parasympathetic stimulation of their
heart [6]. In addition, our echocardiographic
findings are in accordance with previous reports
about cardiac structural manifestations of FD in
children and adolescents [6, 29].

The main limitation of this study was the small
number of patients, with the consequent need to
implement it. This will probably be complicated by
the rarity of this disease in young age. However, it
should be pointed out that the selected FD patients
represented a very homogeneous population.

In addition, going on with the QKd monitoring
for a long time to investigate a possible correlation
with atherosclerosis, which develops as time passes,
would be very interesting. Other most frequently
used methods to evaluate arterial stiffness, such
as pulse wave velocity, could be considered [30].
Again, other factors potentially contributing to the
reduction in arterial compliance in FD should be
considered (for example, over-expression of the
renin-angiotensin system) [31].

In conclusion, our data show that FD patients
have an increased arterial stiffness also in childhood,
and even after enzyme replacement therapy. This is
in accordance with previous reports about the effect
of the enzyme replacement therapy in adult patients
[32]. It might signify a poor future outcome even
in those FD patients with apparently not yet severe
cardiovascular involvement. So, a careful follow-up is
requested. In addition, although a consensus opinion
about medical treatment in paediatric FD is still far
from being ready, we suggest to use all the current
therapies whenever possible (i.e. enzyme replacement
therapy, low doses of angiotensin-converting enzyme
inhibitors and/or angiotensin receptor blockers)
to preserve the natural arterial elasticity as long as
possible and delay the consequent complications
that can contribute to early cardiovascular morbidity
in these patients [6, 33]. In the future, a more in-
depth knowledge of the biochemical mechanisms
involved in FD development — by means of new

Paediatric Anderson-Fabry disease and arterial distensibility
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technologies such as metabolomics — may lead to a
more personalized therapy with novel approaches,
such as stem cells [34-36].

Declaration of interest
The Authors declare that there is no conflict of interest.
References

1. Karetova D, Bultas J, Dostalova G, Palecek T, Kovarnik T, Golan
L, Linhart A Fabry disease — Vascular manifestations. Vasa.
2010;39:123-31.

2. Frustaci A, Chimenti C. Cryptogenic ventricular arrhythmias and
sudden infant death by Fabry disease: prominent infiltration of
cardiac condiction tissue. Circulation. 2007;116:¢350-1.

3. Kleinert J, Dehout F, Schwarting A, de Lorenzo AG, Ricci R,
Kampmann C, Beck M, Ramaswami U, Linhart A, Gal A, Houge
G, Widmer U, Mehta A, Sunder-Plassmann G. Prevalence of
uncontrolled hypertension in patients with Fabry disease. Am J
Hypert. 2006;19:782-7.

4.  Monserrat L, Gimeno-Blanes JR, Marin F, Hermida-Prieto M,
Garcia-Honrubia A, Pérez I, Fernandez X, de Nicolas R, de la
Morena G, Paya E, Yagiie J, Egido J. Prevalence of Fabry disease in
a cohort of 508 unrelated patients with hypertrophic cardiomyopathy.
J Am Coll Cardiol. 2007;50:2399-403.

5. Wilcox WR, Oliveira JP, Hopkin RJ, Ortiz A, Banikazemi M, Feldt-
Rasmussen U, Sims K, Waldek S, Pastores GM, Lee P, Eng CM,
Marodi L, Stanford KE, Breunig F, Wanner C, Warnock DG, Lemay
RM, Germain DP; Fabry Registry. Females with Fabry disease
frequently have major organ involvement: lessons from the Fabry
Registry. Mol Genet Metab. 2008;93:112-28.

6.  Kampmann C, Wiethoff CM, Whybra C, Bachner FA, Mengel E,
Beck M. Cardiac manifestations of Anderson-Fabry disease in
children and adolescents. Acta Paediatr. 2008;97:463-9.

7. Altarescu G, Moore DF, Pursley R, Campia U, Goldstein S, Bryant
M. Enhanced endothelium-dependent vasodilation in Fabry disease.
Stroke. 2001;32:1559-62.

8. Barbey F, Brakch N, Linhart A, Jeanrenaud X, Palecek T, Bultas J,
Burnier M, Hayoz D. Increased carotid intima-media thickness in the
absence of atherosclerotic plaques in an adult population with Fabry
disease. Acta Paediatr Suppl. 2006;95:63-8.

9. Kalliokoski RJ, Kalliokoski KK, Penttinen M, Kantola I, Leino
A, Viikari JS, Simell O, Nuutila P, Raitakari OT. Structural and
functional changes in peripheral vasculature of Fabry patients. J
Inherit Metab Dis. 2006;29:660-6.

10.  Puccio D, Coppola G, Corrado E, Muratori I, Pistone G, Buongiorno
MR, Arico M, Novo S. Non invasive evaluation of endothelial
function in patients with Anderson-Fabry disease. Int Angiol.
2005;24:295-9.

11. Hughes DA, Mehta AB. Vascular complications of Fabry disease:
enzyme replacement and other therapies. Acta Paediatr Suppl.
2005;94:28-33.

7/8



www.jpnim.com Open Access

12.

15.

16.

19.

20.

21.

22.

23.

8/8

Schiffmann R, Warnock DG, Banikazemi M, Bultas J, Linthorst
GE, Packman S, Sorensen SA, Wilcox WR, Desnick RJ. Fabry
disease: progression of nephropathy, and prevalence of cardiac
and cerebrovascular events before enzyme replacement therapy.
Nephrol Dial Transplant. 2009;24:2102-11.

Bassareo PP, Fanos V, Crisafulli A, Mercuro G. Daily assessment
of arterial distensibility in a pediatric population before and after
smoking cessation. Clinics. 2014;69:219-24.

Bassareo PP, Marras AR, Mercuro G. Twent-four-hour ambulatory
blood pressure monitoring in the follow-up of the univentricular
heart after Fontan repair. Blood Press Monit. 2012;17:243-7.
Bassareo PP, Marras AR. Mercuro G. Adolescent acromegaly and
decreased arterial distensibility despite successful treatment. Clin
Endocrinol (Oxf). 2012;77:79-85.

Bassareo PP, Pasqualucci D, Marras AR, Mercuro G. Increased
arterial rigidity in children affected by Cushing’s syndrome after
surgical cure. Cardiol Young. 2010;20:610-4.

Bassareo PP, Marras AR, Manai ME, Mercuro G. The influence of
different surgical approaches on arterial rigidity in children after
aortic coarctation repair. Pediatr Cardiol. 2009;30:414-8.

Favalli V, Disabella E, Molinaro M, Tagliani M, Scarabotto A,
Serio A, Grasso M, Narula N, Giorgianni C, Caspani C, Concardi
M, Agozzino M, Giordano C, Smirnova A, Kodama T, Giuliani
L, Antoniazzi E, Borroni RG, Vassallo C, Mangione F, Scelsi
L, Ghio S, Pellegrini C, Zedde M, Fancellu L, Sechi G, Ganau
A, Piga S, Colucci A, Concolino D, Di Mascio MT, Toni D,
Diomedi M, Rapezzi C, Biagini E, Marini M, Rasura M, Melis M,
Nucera A, Guidetti D, Mancuso M, Scoditti U, Cassini P, Narula
J, Tavazzi L, Arbustini E. Genetic Screening of Anderson-Fabry
Disease in Probands Referred From Multispecialty Clinics. J Am
Coll Cardiol. 2016;68:1037-50.

Marras AR, Bassareo PP, Ruscazio M. The prevalence of
paediatric hypertension, emphasising the need to use specific
population references: the Sardinian Hypertensive Adolescents
Research Program study. Cardiol Young. 2009;19:233-8.
Bassareo PP, Marras AR, Mercuro G. About the need to
use specific population references in estimating paediatric
hypertension: Sardinian blood pressure standards (age 11-14
years). It J Pediatr. 2012;38:1.

O’Brien E, Coats A, Owens P, Petrie J, Padfield PL, Litter WA,
de Swiet M, Mee F. Use and interpretation of ambulatory blood
pressure monitoring: recommendations of the British hypertension
society. Br Med J. 2000;320:1128-34.

de Simone G, Daniels SR, Devereux RB, Meyer RA, Roman
MIJ, de Divitiis O, Alderman MH. Left ventricular mass and
body size in normotensive children and adults: assessment of
allometric relations and impact of overweight. J Am Coll Cardiol.
1992;20:1251-60.

Gosse P, Jullien V, Lemetayer P, Jarnier P, Clementy J.

Ambulatory measurement of the timing of Korotkoff sounds in

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

Journal of Pediatric and Neonatal Individualized Medicine < vol. 6 - n. 2 - 2017

a group of normal subjects: influence of age and height. Am J
Hypertens. 1999;12:231-5.

Collin C, Bensalah M, Beaussier H, Mousseaux E, Germain D,
Laurent S, Boutouyrie P. Aorta dilatation and arterial remodelling
in patients with Fabry disease under enzyme replacement therapy.
Arch Cardiovasc Dis. 2009;102(Suppl 1):S98.

Park JL, Whitesall SE, D’Alecy LG, Shu L, Shayman JA.
Vascular dysfunction in the alpha-galactosidase A-knockout
mouse is an endothelial cell-, plasma membrane-based defect.
Clin Exp Pharmacol Physiol. 2008;35:1156-63.

Gosse P, Guillo P, Ascher G, Clementy J. Assessment of arterial
distensibility by monitoring the timing of Korotkoff sounds. Am J
Hypertens. 1994;7:228.

Benetos A, Laurent S, Asmar RG, Lacolley P. Large artery
stiffness in hypertension. J Hypertens Suppl. 1997;15:S89-97.
Gosse P, Gasparoux P, Ansoborlo P, Lemetayer P, Clementy J.
Prognostic value of ambulatory measurement of the timing of
Korotkoff sounds in elderly hypertensives: a pilot study. Am J
Hypertens. 1997;10:552-7.

Kampmann C, Wiethoff CM, Perrot A, Beck M, Dietz R, Osterziel
KJ. The heart in Anderson Fabry disease. Z Kardiol. 2002;91:
786-95.

Meng Q, Wang S, Wang Y, Wan S, Liu K, Zhou X, Zhong G,
Zhang X, Chen X. Arterial stiffness is a potential mechanism
and promising indicator of orthostatic hypotension in the general
population. Vasa. 2014;43:423-32.

Gosse P, Guillo P, Ascher G, Clementy J. Assessment of arterial
distensibility by monitoring the timing of Korotkoff sounds. Am J
Hypertens. 1994;7:228.

Collin C, Briet M, Tran TC, Beaussier H, Benistan K, Bensalah
M, Mousseaux E, Froissart M, Bozec E, Laurent S, Boutouyrie P,
Germain DP. Long-term changes in arterial structure and function
and left ventricular geometry after enzyme replacement therapy
in patients affected with Fabry disease. Eur J Prev Cardiol.
2012;19:43-54.

Ries M, Gupta S, Moore DF, Sachdev V, Quirk JM, Murray GJ,
Rosing DR, Robinson C, Schaefer E, Gal A, Dambrosia JM,
Garman SC, Brady RO, Schiffmann R. Pediatric Fabry disease.
Pediatrics. 2005;115:e344-55.

Mercuro G Bassareo PP, Flore G, Fanos V, Dentamaro I,
Scicchitano P, Laforgia N, Ciccone MM. Prematurity and low
weight at birth as new conditions predisposing to an increased
cardiovascular risk. Eur J Prev Cardiol. 2013;20(2):357-67.
Bassareo PP, Mercuro G. Stem cells and heart: an oper future or
a mirage? J Pediatr Neonat Individual Med. 2016;5(1):e050102.
Chou SJ, Yu WC, Chang YL, Chen WY, Chang WC, Chien Y,
Yen JC, Liu YY, Chen SJ, Wang CY, Chen YH, Niu DM, Lin
SJ, Chen JW, Chiou SH, Leu HB. Energy utilization of induced
pluripotent stem cell-derived cardiomyocite in Fabry disease. Int

J Cardiol. [In press].

Bassareo - Barbanti - Marras - Mercuro



	Abstract
	Keywords
	Corresponding author
	How to cite
	Introduction
	Methods
	Selection of study participants
	QKd measurement
	Electrocardiography and echocardiography 
	Statistical analysis

	Results
	Discussion 
	Declaration of interest
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6

