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Background: The benefits of cardiac MRI in the diagnosis of cardiac abnormalities in adults with Turner syn-
drome (TS) have been shown by several studies. High blood pressure frequently occurs in TS patients; therefore
ambulatory blood pressure monitoring (ABPM) is routinely performed in adults with TS. However, potential
benefits of either technique remain undetermined in the pediatric TS population.

Aims: To evaluate the potential benefits of cardiac MRI and ABPM in pediatric patients with TS.

Methods: A total of 19 girls with TS, aged between 9 and 18 years old, were prospectively included in a cross-
sectional study from May 2015 to November 2015. We evaluated data from both cardiac MRI and ABPM by
comparison with 2D echocardiography and instant measurement of blood pressure.

Results: Of the 16 cardiac MRI performed, 4 (25%) revealed anatomical abnormalities undiagnosed by echo-
cardiography. Our analysis demonstrated a low correlation between echocardiography and cardiac MRI in
measuring diameters of the aortic root. ABPM revealed 5 cases (29.5%) of moderate hypertension, 4 of which
were previously unknown.

Conclusions: This study has shown an advantage of using cardiac MRI and ABPM for diagnosing cardiovascular
abnormalities in pediatric TS patients, therefore we recommend the routine use of both examinations to improve
overall care and ensure a better transition into adulthood.

1. Introduction

Turner syndrome (TS) is a rare genetic disorder caused by a com-
plete or partial absence of the X chromosome. It affects one out of 2500
female neonates [1]. Congenital cardiovascular structural abnormalities
affect approximately 50% of individuals with TS [2].

Congenital cardiac abnormalities have been reported in almost one
third of TS patients, the most common of which are bicuspid aortic
valve (BAV) and aortic coarctation [3]. Acquired abnormalities mainly
include aortic root dilatation and high blood pressure (HBP).

Aortic dissection is the most severe cardiac abnormality and often
occurs within the aortic root at an average age of 30 years old [4]. In
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cases of aortic dissection, there is typically a high prevalence of BAV
and aortic coarctation, and 75% suffer from HBP [5]. According to
several studies, HBP affects almost 50% of adult TS patients, although
the cause and age of onset are not fully understood [6,7]. Therefore,
ambulatory blood pressure monitoring (ABPM) is usually performed in
the follow-up of TS adult patients.

Several studies have shown the benefits of cardiac MRI in the adult
population of TS [8,9]. MRI brings an accurate anatomical diagnosis of
certain cardiovascular anomalies such as BAV, distal aortic coarctation
and horizontal aortic dilatation [10]. Although transthoracic echo-
cardiography (TTE) is routinely used to detect most cardiac diseases, it
can be limited, especially in patients with poor echogenicity. Therefore,
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Table 1
Patients with abnormal ABPM results.
Patients 1 2 3 4 5
# Age (year) 17.9 17 13.7 13.5 10.8
# History of cardiovascular diseases Yes® No Yes” No Yes®
# History of high blood pressure No No Yes No No
# Percentage of abnormal diurnal blood pressure measurements® (%) Systolic 82.4 35 38.5 30 64
Diastolic 53 <30 <30 <30 <30
# Percentage of abnormal nocturnal blood pressure measurements” (%) Systolic 57.1 60 40 55.5 85.7
Diastolic 57 <30 <30 <30 43
# Percentage of abnormal 24 h blood pressure measurements” (%) Systolic 75 43.3 38.5 38 69
Diastolic 54.2 < 30 < 30 < 30 <30
# Percentage of day and night blood pressures < variation/dipping (%) Systolic 13.5 12.9 8.5 10.3 8.1
Diastolic 16.1 23.7 12.6 12.7 11.5
Mean BP 15.6 17.8 6.1 11.4 6.6

Bicuspid aortic valve.
Coarctation of the aorta in follow-up after surgical repair.
Isolated aortic dilatation.

it is possible that certain congenital or acquired heart diseases in TS
patients may go undiagnosed or are insufficiently described by echo-
cardiography as coarctation of distal aorta, anomalies of the aortic arch,
BAV, aortic root dilatation etc. However, accuracy in the diagnosis of
congenital cardiovascular diseases is increased by combining echo-
cardiography with MRI [3], therefore cardiac MRI is routinely per-
formed in the follow-up of adult TS patients.

In the pediatric TS population, a potential benefit of ABPM and
cardiac MRI has not yet been studied and neither of these two ex-
aminations is currently recommended in routine follow-up.

The main objective of this study was to evaluate cardiac MRI and
ABPM for diagnosing cardiovascular diseases in children with TS by
comparing data with echocardiography and clinical measurements of
blood pressure (BP).

2. Methods

This prospective cross-sectional study was carried out between May
and November 2015 (6 months) in the tertiary care pediatric and con-
genital cardiology department at Montpellier University Hospital in
France. A total of 19 girls with TS aged between 9 and 18 years old were
prospectively recruited during their annual pediatric endocrinology or
cardiology outpatient visit. Routine follow-up included a physical ex-
amination with measurement of arm blood pressure, an electro-
cardiogram and echocardiography. Cardiac MRI and ABPM were per-
formed on TS patients participating in the study. All cardiac MRI were
carried out without general anaesthesia 2 to 4 weeks after echo-
cardiography. The study protocol conformed to the ethical guidelines of
the 1975 Declaration of Helsinki. Informed consent was obtained from
all patients' parents.

2.1. Standards used and statistical analyses

The standards of Gautier et al. and American Society of
Echocardiography (ASE) guidelines were followed to measure the dia-
meter of the aortic root by echocardiography [11]. For ABPM, arterial
pressure was considered abnormally high if the 24-hour mean arterial
pressure exceeded the upper limit of the standard values in > 30% of
ABPM measurements [12]. The standard values of 1997 ABPM were
used in this study [13]. Non-dippers were defined as having < 10%
nocturnal BP reduction. The ABPM was carried out using the SpaceLabs
90,217 brand machine with an adapted pediatric cuff. Individuals were
asked to complete the activity log as instructed by the clinician.

The study population was described using means and standard de-
viations (SD) for quantitative variables and frequencies for qualitative
variables. Quantitative variables were compared with the parametric
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Arterial pressure was considered abnormal when it exceeded the upper limit of the standard values in > 30% of ABPM measurements.

Student's t-test. Echocardiography and cardiac MRI data were analyzed
in a double-blind fashion. The measurements of the aorta were made by
the radiologist and then confirmed by a pediatric cardiologist who
made the same measurements using echocardiography as well.

The reproducibility between MRI and echocardiography in mea-
suring the diameter of the aortic root was analyzed by intra-class cor-
relation coefficient (ICC) and Bland-Altman graphic representation. The
Bland-Altman method describe and quantify agreement between two
quantitative measurements by constructing limits of agreement and
using the mean and the standard deviation(s) of the differences be-
tween two measurements.

The two-sided significance level was set at 0.05 and SAS version 9
(SAS institute, Cary, NC, USA) was used for the analyses.

3. Results

With their parents' consent, 19 girls with TS agreed to participate in
this study during their follow-up within the study period. Population
characteristics showed an average age of 15 years old (SD: 2.4), average
height of 146 cm (SD: 12) and average body mass index of 23 kg/m?
(SD: 3.7). Of the 19 patients, 3 patients had BAV with aortic dilatation
diagnosed by echocardiography, one patient had an operated coarcta-
tion of the aorta and 3 patients received beta-blockers for treatment of
HBP (one case) and aortic dilatation (2 cases).

3.1. ABPM results

Among the 17 ABPM that have been performed, 5 patients (29.4%)
exhibited abnormal ABPM results. Among these 5 cases, only one cor-
related to a high BP measured in the clinic before ABPM (Table 1). The
circadian rhythm of systolic BP appeared abnormal in 53% of cases
with no significant decrease in night systolic BP (non-dipper patient).

3.2. MRI results

Importantly, cardiac MRI revealed 3 cases of BAV which were
previously undiagnosed and analysis showed an association with aortic
root dilatation in two of these patients (Z-scores = 1.84 and 2). Cardiac
MRI also diagnosed 4 previously unknown cases of aortic root dilatation
(Z-score: 1.81, 1.84, 2.27 and 2.34), two of which showed no presence
of BAV.

In the same child, MRI detected two anatomical anomalies asso-
ciated with TS, also previously unknown: a retroesophageal right sub-
clavian artery and a pseudo-coarctation with an elongated aortic arch.
In the cases of BAV, MRI measured a significant dilatation of the aortic
root. Three cardiac MRI could not be performed following a parental
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Fig. 1. Correlation between cardiac MRI and TTE for aortic diameters: annulus and sinus of Valsalva.
The aortic root diameter measured by TTE was smaller compared to MRI by 2.2 mm for annulus and 3.5 mm for sinus of Valsalva.

ICC: intra-class correlation coefficient.

Y-axis = difference between the values of the two methods. X-axis = average of paired values from each method.

refusal.

Our analysis revealed a low correlation between echocardiography
and cardiac MRI for aortic root diameters (annulus, sinus of Valsalva,
sinotubular junction and ascending aorta), particularly for the aortic
annulus and sinus of Valsalva diameters. Echocardiography under-
estimated measurements compared to MRI. A comparison of aortic root
diameters using the Bland-Altman representation revealed a smaller
diameter measured by TTE compared to MRI by: 2.2 mm for annulus;
3.5mm for sinus of Valsalva (S.Valsalva); 1.8 mm for sinotubular
junction (STJ); 1 mm for ascending aorta (Asc aorta) (Figs. 1 and 2).

4. Discussion

The TS cardiovascular mortality rate remains high, with complica-
tions often discovered in adulthood. Although dissection and rupture of
the aorta are rare in the pediatric population, a few cases have been
reported in the literature [5,14,15]. Hypertension affects up to 25% of
adolescents with TS and a higher percentage of adults (40-60%)
[16,17], although it is often isolated from heart disease. Despite the low
number of patients in our study, we successfully detected 5 abnorm-
alities from the 17 ABPM performed. The cases of hypertension de-
tected by ABPM currently require no medical treatment; however, these
patients' diagnosis will adapt their level of cardiovascular monitoring.

Although systematic cardiac MRI for pediatric TS patients is not
recommended in all centers in France, it is often performed in cases
requiring further investigation of a particular abnormality detected by
echocardiography. This study has shown a clear advantage of cardiac
MRI for detecting certain cardiovascular anomalies previously un-
diagnosed by echocardiography.
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Many adult patients with TS begin consultation again in specialized
centers to address important issues, such as the ability to do sport or
assisted reproduction, often due to a decline in follow-up visits since
childhood. This break in transition to adulthood is well-known and the
subject of recent recommendations in congenital cardiology [18]. It is
therefore essential to thoroughly evaluate all possible complications of
pediatric TS patients, such as hypertension or an anatomical abnorm-
ality, before transition to adulthood.

The main limitations of this monocentric study were the small
number of subjects and measurement bias. In addition, the measure-
ment of aortic root diameters by both echocardiography and cardiac
MRI did not include a second reading.

5. Conclusions

HBP can occur in pediatric TS patients even in asymptomatic cases
with no congenital heart disease. On this basis, we recommend ABPM
from childhood in TS patients in addition to clinical BP measurements.
Echocardiography remains the first line examination for diagnosis and
monitoring, yet our data have shown a clear benefit of cardiac MRI
which is essential to confirm and complete the results of echocardio-
graphy. Accurate cardiovascular monitoring is vital to detect any pre-
disposing factors of aortic dissection. Ultimately, both examinations
will improve the overall care of pediatric TS patients, ensuring a better
transition into adulthood. Indeed, our study has shown a diagnostic
benefit of both cardiac MRI and ABPM; however it is important to
confirm this finding in a study with larger patient numbers.
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Fig. 2. Correlation between cardiac MRI and TTE for aortic diameters: STJ and Asc aorta.

The aortic root diameter measured by TTE was smaller compared to MRI by 1.8 mm for STJ and 1 mm for Asc aorta.
ICC: intra-class correlation coefficient.

Y-axis = difference between the values of the two methods. X-axis = average of paired values from each method.
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