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Abstract

Background: Insufficient elastin synthesis leads to vascular complications and arterial hypertension in children with
Williams-Beuren syndrome. Restoring sufficient quantity of elastin should then result in prevention or inhibition of
vascular malformations and improvement in arterial blood pressure.

Methods: The aim of this study was to assess the efficacy and safety of minoxidil on Intima Media Thickness (IMT)
on the right common carotid artery after twelve-month treatment in patient with Williams-Beuren syndrome. We
performed a randomized placebo controlled double blind trial. All participants were treated for 12 months and
followed for 18 months. The principal outcome was assessed by an independent adjudication committee blinded
to the allocated treatment groups.

Results: The principal outcome was available for 9 patients in the placebo group and 8 patients in the minoxidil
group. After 12-month treatment, the IMT in the minoxidil group increased by 0.03 mm (95% Cl -0.002, 0.06)
compared with 0.01 mm (95%Cl - 0.02, 0.04 mm) in the placebo group (p = 0.4). Two serious adverse events
unrelated to the treatment occurred, one in the minoxidil and 1 in the placebo group. After 18 months, the IMT
increased by 0.07 mm (95% Cl 0.04, 0.10 mm) in the minoxidil compared with 0.01 mm (95% Cl -0.02, 0.04 mm) in
the placebo group (p = 0.008).

Conclusion: Our results suggest a slight increase after 12 and 18-month follow-up in IMT. More understanding of
the biological changes induced by minoxidil should better explain its potential role on elastogenesis in Williams-
Beuren syndrome.

Trials registration: US National Institutes of Health Clinical Trial Register (NCTO0876200). Registered 3 April 2009
(retrospectively registered).
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Background

Williams-Beuren syndrome (WBS) is a sporadic con-
genital disorder, first described in 1961 by J.C.P. Wil-
liams, a New Zealander cardiologist [1]. The prevalence
of WBS is estimated at 1.34 in 10,000 (95%CI 0.0-2.6) in
children born between 1980 and 1985 in Norway [2].
WBS is associated with different levels of neurodevelop-
mental, behavioural, renal, and cardiovascular manifesta-
tions [3]. WBS is due to a 7q11.23 micro-deletion [4-7].
This deletion encompasses several genes including the
gene encoding for elastin (ELN), a protein found in fi-
broblasts and the smooth muscle fibres of blood vessels.
ELN haploinsufficiency causes vascular abnormalities,
such as supra-valvular aortic stenosis (SVAS) [8], which
correspond to a thickening of the vessel wall. Indeed,
mutations in the ELN have also been found in a number
of patients having isolated SVAS or stenosis of other
large arteries [9]. Elastin is an important extracellular
matrix protein composing the elastic fibres in artery
walls. The reversible distensibility of elastin allows large
arteries to release during diastole the energy stored dur-
ing systole. Evidence from mouse model of WBS and
Brown Norway rats show the crucial role of elastin in
vascular morphogenesis and in maintaining homeostasis
in vessel walls [10-18]. Altered interactions between
elastin and vascular smooth muscle cells (VSMCs) can
lead to occlusive, vascular pathology [17]. Consequently,
polymorphisms of the ELN gene may cause a number of
vascular diseases, including hypertension, atheroscler-
osis, and stenosis [8, 19].

Epidemiological data originating from retrospective
[20-23] and prospective studies suggest that children with
WBS commonly have an associated cardiovascular disease
[8] or present cardiovascular risk factors [24]. Thoracic
aorta and renal stenosis, coronary artery abnormalities,
QTc prolongation, ventricular hypertrophy on ECG [8],
potentially consecutive to high blood pressure, mitral pro-
lapse, valvular regurgitation, tetralogy of Fallot, pulmonary
valve stenosis, ventricular septal defect, aortic coarctation,
patent ductus arteriosus, have also been described in WBS
patients, but they are less common [25, 26]. Cases of sup-
raventricular tachycardia and sudden death [8, 27, 28],
strokes, and mitral insufficiency are also described [29-
32]. Asymptomatic high blood pressure is the most com-
mon risk factor of cardiovascular events in children with
WBS [33]. Ambulatory blood pressure measurement in
the largest series of 45 patients shows that 19 had a mean
arterial pressure > + 2 standard deviations [34]. Around
50% of the WBS adult patients have a high blood pressure.

Minoxidil is a potassium channel opener vasodilator
marketed for treating resistant hypertension in children
[35—-40]. It can also potentially stimulate elastogenesis in
aortic smooth muscle cells [41, 42], and in skin fibro-
blasts [43] in a dose-dependent manner. In hypertensive
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rats, minoxidil increases elastin level in the mesenteric,
abdominal, and renal arteries by a decrease in "elastase”
enzyme activity in these tissues [44]. In rats, potassium
channel openers decrease calcium influx which inhibits
elastin gene transcription through extracellular signal-
regulated kinase % (ERK 1/2)-activator protein 1 signaling
pathway [45]. ERK 1/2 increases, through elastin gene
transcription, adequately cross-linked elastic fiber content
synthetized by smooth muscle cells, and decreases the
number of cells in the aorta [45].

If insufficient elastin synthesis leads to vascular com-
plications and arterial hypertension in children with
WBS, restoration of sufficient quantity of elastin should
then result in prevention or inhibition of arterial stenosis
and improvement in arterial blood pressure. Therefore,
as a pharmacological agent capable to stimulate elasto-
genesis, minoxidil might be a useful drug for the treat-
ment of abnormal elastin metabolism in WBS children.

Methods
The main objective of this randomized controlled double
blind study was to assess the effect of minoxidil, a potas-
sium channel opener, on common carotid artery (CCA)
Intima Media Thickness after twelve months in children
and adolescents with WBS. The assumption that such a
therapeutic effect could prevent cardiovascular compli-
cations need to be tested by further trials.

Secondary objectives were to assess minoxidil efficacy on:

IMT of the carotid, at month 18, i.e. six months after
the end of the treatment,

the IMT of the right humeral artery,

the arterial stiffness through the pulse wave velocity
(PWV),

and arterial distensibility through diameter change over
cardiac cycle,

the degree of aortic and renal artery stenosis,

the 24-hour mean systolic (SBP) and diastolic (DBP)
blood pressure, twelve months after onset of the
treatment.

Participants

Patients with proven diagnosis of Williams Beuren syn-
drome by genetic testing, with normal or high blood pres-
sure, treated with antihypertensive agent(s) or not, male or
female, aged over 6 and under 18-year, childbearing poten-
tial female negative for pregnancy test, or accepting an ef-
fective birth control for sexually active female were eligible.
Participants with pulmonary hypertension secondary to mi-
tral stenosis, history of myocardial infarction within one-
month prior randomization, or with known allergies to
minoxidil or any of its components, history of asthma, renal
failure (creatinine clearance <40ml/min/1.73m? Schwartz
formula), intolerant to lactose, receiving vasodilator anti-
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hypertensive agents, were excluded. The study protocol was
approved by the ethics committee “Comité de Protection
des Personnes dans la Recherche Biomédicale Sud Est II”
(file number 2008-005-AM?7). All subjects and their parents
provided written informed consent before enrolment.

Intervention

Participants were randomized to receive hard capsules
containing 2.5, 5, 7.5 or 10 mg of minoxidil or a matched
placebo. Hard capsules (size 4; volume 0.21 mL) were
filled manually after compounding minoxidil and lactose
as excipient. Uniformity of drug content and mass was
confirmed in 20 individual hard capsules (batch: 100 hard
capsules) before release. Placebo hard capsules (size 4; vol-
ume 0.21 mL) were filled with lactose.

Adherence to treatment was calculated as the proportion
of the capsules taken among the capsules necessary for the
trial. The number of capsules taken was calculated from
the number of capsules delivered to participants after
deducting the number of capsules returned after twelve-
month follow-up. Minoxidil was prescribed following the
summary of product characteristics for treating high blood
pressure in children. Arterial hypertension was defined fol-
lowing the André curve (Andre J, Deschamps J, Gueguen
R. La tension artérielle chez l'enfant et I'adolescent. Valeurs
rapportées a l'age et a la taille chez ... Arch Fr Pediatr.
1980). Normotensive children, 12 years old and younger,
received the minimum usual dose of 0.2 mg/kg per day.
Hypertensive children, 12 years old and younger received
the minimum usual dose of 0.2mg/kg per day, then doses
were increased by 0.1 mg/kg/day every three days when
necessary to reach the maximum dose of 1 mg/kg per day.
Normotensive children over 12 years old received 5mg per
day. Hypertensive children over 12 years old received the
minimum usual dose of 0.2mg/kg per day, and then doses
were increased to reach the maximum of 40mg per day.
The dosing was decreased in case of adverse events. Dosing
of previous antihypertensive treatments were adapted fol-
lowing the blood pressure level. Other calcium blockers
were not allowed during the study.

Outcomes

The primary outcome was the difference in IMT from
the beginning to the end of 12-month treatment period
on the right common carotid artery (CCA). IMT mea-
surements were obtained with Sequoia™ 512 ultrasound
(ACUSON, Siemens) with a 7.5 to 8 MHz probe, 10 mm
before carotid bifurcation, 1 cm below the carotid bulb
with the patient lying in the supine position and with
the neck rotated to the opposite side of examination. Ac-
quisitions were done on B-mode followed by Time Mo-
tion (TM) mode twice among three different possible
angle views, i.e., transversal, anterolateral and posterolat-
eral position of the probe. On B-mode, a longitudinal
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scanning view in the longest extension was performed
simultaneous to a one derivation electrocardiogram
(ECQG) in order to synchronize images on diastole. TM
mode should provide a clear image of the artery layers
with a view of the CCA on five cardiac cycles with a
minimum depth of 4 cm and a constant zoom of 10 to
20 mm allowing measurement of end-systolic and end-
diastolic diameters. All images were recorded on DMO
and CD Rom and read by two radiologists unaware of
the allocated treatment group, with a specific software.
Each member of the committee measured all IMTs sep-
arately. When the discrepancy between the two assessors
was more than 10% for the same position of the probe, a
common measurement of IMT was organized. A third
assessor adjudicated the IMT when committee members
failed to reach consensus.

Secondary outcomes were to assess the efficacy of min-
oxidil on:

the CCA IMT six months after the end of the
treatment,

the arterial stiffness, measured by carotid-radial pulse
wave velocity and carotid-femoral pulse wave velocity.
Using Pulse Pen®, Sphygmocor®, or Complior® (depend-
ing on the availability of the device) in motionless chil-
dren, two captors were positioned, one on CCA and
another on the homo-lateral femoral artery. Pulse wave
velocity expressed in meter/second (m/s) corresponds
to the measurement of the distance divided by the tran-
sit time between the two captors. Distensibility was cal-
culated on CCA and on the humeral artery from =
(systolic diameter — diastolic diameter)/ diastolic diam-
eter, measured by ultrasound),

the arterial distensibility has been calculated with the
diameter change over cardiac cycle indexed on the
blood pressure level,

the supra-valvular and renal stenosis, measured by bidi-
mensional ultrasound and doppler parameters of car-
diac and right renal artery at the start, after 12 and 18
months,

the arterial blood pressure measured by 24-H ambula-
tory blood pressure monitoring before and at the end
of 12-month treatment period on the non-dominant
arm. An ambulatory device with the appropriate cuff
size suitable for use in children measured the blood
pressure every 20 minutes during the day and every
hour during the night, automatic night time division
was set at 10 PM to 7 AM. Parents filled out a diary in-
dicating the physical activity, and sleep time during
24hours. The minimum, maximum, mean, systolic and
diastolic blood pressures were measured. BP load was
calculated as the proportion of readings above a thresh-
old of the pediatric 95th percentile during 24H awake
and sleep periods.
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Harms

Harms related information were collected at each visit
using the case report form. Site monitoring was per-
formed to make sure that all adverse events have been
reported appropriately during the trial. MedDRA coding
was used to report harms. Hypertrichosis, oedema, sinus
tachycardia, and pericarditis were among expected ad-
verse events.

Sample size

Based on the study of Aggoun et al. [46] comparing the
IMT in 21 children with WBS (0.6 + 0.07 mm) to 21
controls matched on age (0.5 + 0.03 mm), 23 patients
should be enrolled in each group to show an improve-
ment of 0.1 mm in the IMT after twelve month treat-
ment with minoxidil with a bilateral alpha risk of 0.05
and a power of 90%. Randomization sequence were gen-
erated by the department of biostatistics of Hospices
Civils de Lyon and concealed through a web-based plat-
form. Centres were stratified into two groups i) Bor-
deaux and Lyon, ii) Angers, Lille and Poitiers.

Each investigator should call the coordination centre or
connect to the web site in order to randomize patients
after checking for eligibility criteria.

Frequency of harmful events was reported in each arm.

Blinding

Minoxidil and placebo had the same aspects and taste.
All participants, investigators and the coordination
centre were blind to the allocation group. Assessors of
the principal outcome were also blind to the allocated
group. The anti-poison centre of Hospices Civils de
Lyon hold the allocation list in order to verify the justifi-
cation of non-blinding inquiries and to guide investiga-
tors. The success of blinding was not assessed.

Data monitoring committee (DMC)

An independent data monitoring committee was set up to
supervise the conduct of the study and ensure participant’s
safety. No interim analysis of efficacy was planned.

Statistics

IMT of the right primitive carotid artery was measured at
inclusion and after 12 and 18 months by two radiologists
at two probe positions. The Bland and Altman method
was used to assess the agreement between the two radiolo-
gists. Before the analysis, we verified that the measures
were performed on the same probe positions between
visits. All the measurements, three visits, 2 probe positions
by visit, 2 to 4 readings by probe position, allowed us to
use modeling techniques to gain power and precision.
Thus, we used a linear mixed model with a random inter-
cept to take into consideration the intra-patient correlation
between repeated measurements for estimating the effect
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size. IMT was the dependent variable; the visits, the cen-
ters’ strata, the treatment, and the interactions between the
treatment and the visits were the independent variables.
The estimation method was the restricted maximum likeli-
hood (REML). The underlying hypotheses of the mixed
model were checked with graphical methods (using the
mixed procedure of SAS). The Wald test was used to test
whether the coefficient of the interaction between the
treatment and the follow-up visit at 12 months was statisti-
cally significant. The result was checked with the likelihood
ratio (after re-estimation of nested models by the max-
imum likelihood method). In a sensitivity analysis, the pos-
ition of the 3 possible position of the probe and the quality
of the measurement (bad versus good) were introduced
separately as fixed effects into the model to measure their
influence on the estimated effect of minoxidil on IMT. The
influence of age and systolic blood pressure as fixed effects
for continuous variable was also explored for adjustment.
The efficacy analysis was based on intention to treat
principle.

IMT of the right humeral artery was measured once
by visit (only one probe position). For all other measure-
ments on arteries, we measured and analyzed results as
described for the IMT. The maintenance of the treat-
ment effect after 6 months was tested between groups
using the Wald statistics on the coefficient of the inter-
action between the treatment and the visit at 18 months.

All confidence intervals are bilateral, at 95%. Continu-
ous variable were summarized by mean and standard de-
viation (SD), and Wilcoxon test statistics was used to
compare them between groups.

Results

Recruitment

From 10 March 2009 to 18 February 2014, from a total
of 64 eligible patients, 21 were finally randomized,
twelve in the placebo and nine in the minoxidil group.
One patient stopped the treatment prematurely 16 days
after randomization because of the occurrence of an ad-
verse event four days after starting the treatment and
stopped participating in the study after the first visit at
month three. On the fourth of April 2014, the independ-
ent data monitoring committee advised to stop the trial,
since the probability for the study to enroll 25 more par-
ticipants in an acceptable time seemed unachievable. Fi-
nally, twenty participants attended all follow-up visits.

Baseline data

The mean age was 12.3 years (SD = 4.4 yrs) in the minoxi-
dil and 10.8 years (SD = 3.8 yrs) in the placebo group. The
mean BMI was 17.9 Kg/m? (SD = 3.9 Kg/m?) in the min-
oxidil, and 17.5 Kg/m? (SD = 3.3 Kg/m?) in the placebo
group. Ten participants, four in the minoxidil and 6 in the
placebo group had a previous history of cardiovascular
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diseases, and four were treated for hypertension (2 re-
ceived ACE inhibitors in the minoxidil and 2 received Beta
blockers in the minoxidil group). Ten patients had cardio-
vascular diseases, 4 in the minoxidil and 6 in the placebo
group. In the minoxidil group 2 patients had supravalvular
aortic stenosis, 1 pulmonary valvular stenosis, and 1
hypertrophic cardiomyopathy. In the placebo groups three
had supravalvular stenosis, one patient had aortic coarcta-
tion, 1 coarctation de l'aorte, 1 mitral leak, and 1 stenosis
of pulmonary artery.

Participants’ characteristics at baseline are presented in
Table 1. Mean age difference between minoxidil and pla-
cebo groups (1.6 (95% CI -2.1, 5.2), p = 0.38) was not statis-
tically different. Cardiac ultrasound showed SVAS in three
participants in the minoxidil group and one in the placebo
group, and three ventricular hypertrophies in the minoxidil
group and two in the placebo group, which could be related
to a cardiopathy independently of high blood pressure.
Renal Doppler detected two stenosis in the placebo group
and one in the minoxidil group, and no clinically significant
deviations were observed on biological parameters.

Numbers analysed

The adherence to treatment was 99.6% (SD = 5.7 %) in
the minoxidil and 98.7% (SD = 11.0%) in the placebo
group. The principal outcome was available for 9 pa-
tients in the placebo group and 8 patients in the minoxi-
dil group (Fig. 1). Data for three patients were not
analysed, because two had uninterpretable scan views of
IMTs and one was lost from follow-up. A total number
of 384 measurements of IMT were available for the ana-
lysis at 12 and 18 months.

Table 1 Characteristics of the participants

Minoxidil ~ Placebo
N Total N N
Male 12 4 8
Age group 6-11 7 2 5
Age group 12-18 5 2 3
Female 9 5 4
Age group 6-11 4 1 3
Age group 12-18 5 4 1
History of hypertension 21 2 2
Age group 6-11 1 0 2
Age group 12-18 10 2 0
Concomitant Treatment 21 3 4
History of cardiovascular disease 21 4 6

Mean systolic blood pressure mmHg 21 128 (17)* 121 (13)

Mean diastolic blood pressure mm Hg 21 78 (16)* 73 (9)*

*SD = Standard Deviation
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Outcomes and estimation

After 12-month treatment, the IMT in the minoxidil
group increased in CCA by 0.03 mm (95 % CI -0.002,
0.06) compared with 0.01 mm (95 % CI -0.02, 0.04 mm)
in the placebo group (p = 0.4), difference between the
groups was 0.02 mm (95 % CI -0.02, 0.06 mm) (Fig. 2).

After 18 months, the IMT increased in CCA by 0.06
mm (95% CI, 0.02 , 0.10mm) more in the minoxidil
group compared with the placebo group (p = 0.008).
The IMT of the right humeral artery dropped at 12
months in both groups, difference between the minoxidil
and the placebo group was 0.03 mm (95 % CI -0.04, 0.09
mm) at 12 months (p = 0.4), and 0.07 mm (95 % CI
0.01, 0.14 mm) at 18 months (p = 0.04).

The position of the probe, the quality of the measure-
ment, the age at inclusion and the systolic blood pres-
sure did not have any statistically significant effect on
the IMT variation at 12 and 18 months. The estimated
effect of minoxidil on IMT variation remained un-
changed after adjustment (Additional file 1: Table S2).

The lumenal diameter of the CCA adjusted for the time
of the cardiac cycle increased more in the minoxidil group
(difference 0.36 mm, 95% CI, 0.16, 0.56 mm; p = 0.0006).
This effect persisted (0.26 mm (95 % CI, 0.05, 0.46 mm),
p= 0.013) 6 months after the end of the treatment. The dis-
tensibility of the CCA increased in both group, difference
between groups was -1.9 % (95 % CI -6.4, 2.7 %, p=0.4) at
12 months. At 18-month visit the distensibility increased
more in the placebo group, difference between groups was
-6.1 % (95 % CI -10.6, -1.6 %, p=0.008).

The diameter of ascending aorta increased by 1.89 in
the minoxidil and 3.42 in the placebo group (p = 0.81).
The diameter of the humeral artery adjusted for the time
of the cardiac cycle increased by 0.25 mm (95% CI, 0.02,
0.47 mm) more (p = 0.03) in the minoxidil group com-
pared with the placebo group. This effect persisted (0.32
mm (95 % CI, 0.08, 0.55 mm), p= 0.008) after 18
months. The distensibility of the humeral artery
increased in the placebo group, and decreased in the
minoxidil group, the difference between groups was
-2.9% (95 % CI -12.8, 7.0 %, p=0.6). At 18-month visit
the distensibility decreased in both group, the difference
between groups was 3.5 % (95 % CI -6.8, 13.8 %, p=0.5).

Pulse wave velocity measurement variation, available
for 11 patients after 12 months, were -0.8 m/s (SD = 2.0
m/s) in the minoxidil group and -1.5 m/s (SD = 3 m/s)
in the placebo group (p = 0.7).

After 12 months, the 24-H mean SBP increased by 3.6
mmHg in the minoxidil group and by 0.8 mmHg in the
placebo group (p = 0.5), and the 24-H mean DBP in-
creased by 1.6 mmHg in the minoxidil and by 0.9 mm
Hg in the placebo group (p = 0.6). The variations of
CCA, humeral artery, PWV and blood pressure at 12-
month visit are presented in Table 2. The variations of
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[ Enrollment ]

Assessed for eligibility (n=64)

Excluded (n=43)

+ Not meeting inclusion criteria (n=2)
+ Declined to participate (n=9)

+ Other reasons (n=14)

+ Unknown (n=18)

A 4

Randomized (n=21)

}

Y

(o,

Allocation ]

l

Allocated to intervention MINOXIDIL (n=9)

+ Received allocated intervention (n=9)

+ Did not receive allocated intervention (give
reasons) (n=0)

Allocated to intervention PLACEBO (n=12)

+ Received allocated intervention (n=12)

+ Did not receive allocated intervention (give
reasons) (n=0)

v [ FO"OW"UP ] v
Lost to follow-up (give reasons) (n=0) Lost to follow-up (give reasons) (n=0)
Discontinued intervention (family decision to Discontinued intervention (give reasons) (n=0)
terminate prematurely) (n=1)

¥ [ Analysis ] v

Analysed (n=8)
+ Excluded from analysis (premature
termination) (n=1)

Fig. 1 Flow of participants.

Analysed (n=9)

+ Excluded from analysis (no picture of quality
available for primary endpoint central lecture)
(n=3)

CCA and humeral artery at 18-month visit are presented
in Table 3.

Finally, 2 patients in the minoxidil group and 1 in the
placebo group still presented a SVAS at 12 months. One
patient with SVAS stopped the trial early and was lost
from follow-up. No renal artery stenosis was detected at
the end of trial for two patients, one in the minoxidil
and on in the placebo group who completed the trial.

A total of 47 adverse events were categorized with the
use of the Medical Dictionary for Regulatory Activities
classification, 3 severe, 12 moderate, and 32 mild oc-
curred in the minoxidil group and 68, 1 severe, 15 mod-
erate, and 52 mild in the placebo group. As it was
expected, hypertrichosis occurred only in participants of
the minoxidil group, and was reversible after the end of

the treatment. The details on adverse events are re-
ported in Table 4 and in the Additional file 1: Table S1.

Discussion

Our study was underpowered to detect a decrease of IMT
and arterial stiffness or distensibility in CCA or in more
muscular vessels such as humeral artery in children with
WBS treated by minoxidil. Surprisingly, our results indi-
cate that minoxidil tend to slightly increase IMT, and de-
crease distensibility. Exploring the renin angiotensin
system [14], elastin gene transcription and its signaling
pathway [45] and potential new biomarkers [47], we are
hopeful to better explain how minoxidil influences bio-
logically the elastogenesis in patients with WBS. Differ-
ences between groups in vessel wall thickening of 0.02
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mm was very small. The Bland & Altman graphs (Add-
itional file 2: Figures) show that the difference between
measure 1 and 2 decreases after the first reading. The sen-
sitivity analysis also suggests that the measurement covari-
ates do not influence the treatment effect.

We also explored the potential interaction between the
diameter of the carotid artery or the mean ambulatory

Table 2 Variations of vascular parameters after 12-month

blood pressure and the treatment effect on the IMT dur-
ing the 12-month follow-up. Our results show, a positive
correlation in the minoxidil group between the diastolic (r
= 0.08) and systolic (r = 0,42) carotid diameter changes
with IMT change. These carotid diameter changes are also
positively correlated with IMT change in the placebo
group (r diastolic = 0.61 and r systolic = 0.75) with no

Minoxidil Placebo
mean (95% Cl) mean (95% Cl) ICC p value
CCA IMT (mm) 0.03 (-0.002 ; 0.06) 0.01 (-0.02 ; 0.04) 0.86 04
diameter (mm) 041 (0.26 ; 0.56) 0.05 (-0.08; 0.19) 0.56 0.0006
distensibility (%) 1.1 (-2.3;44) 29 (-0.2;6) 0.90 04
RHA IMT (mm) -0.04 (-0.08 ; 0.01) -0.06 (-0.10; -0.02) 0.66 04
diameter (mm) 0.02 (-0 19) -0.23 (-0.37 ; -0.08) 0.63 0.03
distensibility (%) -1 (-85;64) 18 (-4.8;84) 0.01 06
mean (SD) mean (SD)
PWV (m/s) -0.8 (2.0) -1.5 (3.0) 0.7
24-H mean SBP (mmHg) 36 8.7) 08 (7.1) 0.5
24-H mean DBP (mmHg) 16 (7.9) 09 4.7) 06

ICC: Intraclass correlation; CCA: common carotid artery; RHA: right humeral artery; IMT: intima media thickness; PWV: Pulse wave velocity;
S/DBP: Systolic/Diastolic Blood Pressure; p value: linear mixed model except for PWV, 24-H mean SBP and DBP p value: Wilcoxon test; CI95%: bilateral confidence

intervals at 95%



Kassai et al. BMC Pediatrics (2019) 19:170

Table 3 Variations of vascular parameters after 18-month
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Minoxidil Placebo
mean (1C95%) mean (1C95%) p value
CCA IMT (mm) 0.07 (0.04 ; 0.10) 001 (-0.02 ; 0.04) 0.008
distensibility (%) 0.2 (-32;35) 6.3 (33;92) 0.008
Right humeral artery IMT (mm) 0.01 (-0.04 ; 0.06) -0.06 (-0.11;-0.01) 0.04
distensibility (%) -14 (-9.1;64) -49 (-11.7;1.9 05

CCA: common carotid artery; IMT: intima media thickness; p value: linear mixed model; Cl95%: bilateral confidence intervals at 95%

apparent interaction between carotid diameters changes
and the treatment group (p interaction = 0,11 for diastolic
and p = 0,07 for systolic). The mean ambulatory diastolic
and systolic BP changes were positively correlated in the
minoxidil (r sys and diast = 0.20), but negatively correlated
with IMT change in the placebo group (r syt = -0.09, r
diast = -0.45). The interaction between mean ambulatory
BP and the treatment group was statistically significant (p
= 0.018) indicating that when the blood pressure increase,
IMT decreases in the placebo group but still increase
paradoxically in the minoxidil group.

Hypertensive and normotensive children with WBS
present an increased arterial stiffness [48] and IMT [46].
The arterial stiffness in children with WBS seems to be
homogeneous with a mean pulse wave velocity of 6.1 m/s
(SD = 1.1 m/s) reported in the largest cohort so far [48],
and the IMT of 0.6 mm (SD = 0.07 mm). The mean pulse
wave velocity measured in 12 participants to our study
was 7.3 m/s (SD = 2.3 m/s), and the mean IMT was 0.74
mm (SD = 0.15 mm) suggesting that the cardiovascular
features of the participants to our study were similar to
previous reports. Surprisingly, although the antihyperten-
sive effect of minoxidil is well known, the blood pressure
seems to increase slightly with minoxidil compared with
placebo. The vasodilation due to minoxidil could explain
the slight raise of the IMT and drop of the distensibility.

We assumed that minoxidil could be potentially benefi-
cial in children because elastin is synthesized in early life.
We set the duration of the treatment on one-year to make
sure that the elastogenesis could be stimulated. There is
no direct evidence, however, on the time needed to stimu-
late elastogenesis in children. Animal data have shown
that two months treatment with high dose of potassium
channel openers seems enough to stimulate elastogenesis

Table 4 Description of adverse events in each group.

[14, 45]. The low dose of minoxidil used in children com-
pared with the doses used in animals and the shorter dur-
ation of the exposure relative to the life span of children
could explain our inconclusive results.

Our results lack precision, because we did not achieve
the target of 46 participants. The independent DMC rec-
ommended ending the trial because after five years, less
than half of the participants were enrolled, and although
the study was well known to all patient associations in
France and Europe, no new candidate was planning to join
after 2014. The DMC was also concerned with the impos-
sibility for patients with WBS to participate to new studies
if our trial last longer [49]. We also accepted to end the
study after facing unexpected difficulties for obtaining the
main outcome, despite the training provided. Many sites
were unable to comply with the standard operating proce-
dures for measuring IMT in the context of a clinical trial.
Moreover, because of the anxiety of participants with
WBS, physician and staff members experienced difficulties
in recruiting patients and measuring IMT. Finally, as
many potential children participants have not yet experi-
enced any cardiovascular diseases, their parents were
reluctant to let them contribute to the study.

The overall evidence on the potential benefit and mech-
anism of action of drug intervention for patients with WBS
comes from in vitro and in vivo studies in animal models of
elastin synthesis in mice or in Brown Norway rats that has
a low level of elastin [42-44, 50, 51]. Our result lack power
to confirm the result observed with minoxidil on animal
models. This is, however, to our knowledge, the first ran-
domized trial testing the efficacy of a potassium channel
opener on IMT and arterial distensibility in children with
WBS. Minoxidil, despite its known side effect hypertricho-
sis, seemed to be a good candidate, because it has a

N minoxidil N placebo
Withdrawal from treatment 9 1 12 0
Withdrawal from treatment because of adverse events 9 1 12 0
Serious Adverse events* 9 1 12 1
Any adverse events 9 8 12 1
Hypertrichosis 9 5 12 0

*: not related to the treatment (flat foot and strabism correction)
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marketing authorization in children for resistant hyperten-
sion based on case series [17, 36-40], with limited
hypotensive effect on normotensive patients [35]. : It
seems difficult to speculate on the future of minoxidil. Be-
cause of the adverse events of minoxidil , particularly
hyperthrichosis, the compliance should be low for a long-
term treatment. The difficulty of performing clinical trials
in this population indicates also the need to have a better
knowledge of the mechanism of action of minoxidil before
deciding to continue efforts to explore minoxidil as a pre-
ventive therapy of vascular diseases in WS.

Conclusions

It is unclear whether minoxidil has an effect on IMT and
pulse wave velocity in children and adolescents with WBS.
Eighteen months after treatment, even a slight increase
was evidenced in those outcomes. The biological changes
caused by minoxidil on elastogenesis pathway in children
with WBS will help to better explain the result of our trial.
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