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Objective - To assess the cardiovascular features of
Ullrich-Turner’s syndrome using echocardiography and
magnetic resonanceimaging, and to correlatethemwith the
phenotype and karyotype of the patients. The diagnostic
concor dance between the 2 methods was al so assessed.

Methods - Fifteen patients with the syndrome were
assessed by echocar diography and magnetic resonance
imaging (cardiac chambers, valves, and aorta). Their
agesranged from10to 28 (mean of 16.7) years. Thekaryo-
type was analyzed in 11 or 25 metaphases of peripheral
blood lymphocytes, or both.

Results - The most common phenotypic changeswere
short stature and spontaneous absence of puberal develop-
ment (100%); 1 patient had a cardiac murmur. Thekaryoty-
pes detected were asfollows: 45,X (n=7), mosaics (n=5),
and deletions (n=3). No echocardiographic changeswere
observed. Inregard to magnetic resonanceimaging, coarc-
tation and dilation of the aorta werefound in 1 patient, and
isolated dilation of the aorta wasfound in 4 patients.

Conclusion - Thefreguenciesof coarctationand dila-
tion of the aorta detected on magnetic resonanceimaging
were similar to those reported in the literature (5.5% to
20%, and 6.3% to 29%, respectively). This confirmed the
adjuvant role of magnetic resonance imaging to Doppler
echocardiography for diagnosing cardiovascular altera-
tionsin patientswith Ullrich-Turner’s syndrome.
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Cardiovascul ar abnormalitieswerereportedin 55% of
patientswith Ullrich-Turner’ssyndrome?2, mainly coarcta:
tion of theaorta(5.5t0 20%), aortic dilation (12.5t0 29%),
aorticaneurysm, and bicuspid aortic valve. Duetothegreat
morbidity and mortality of the cardiovascular changes as-
sociatedwith Ullrich-Turner’ssyndrome, their early diagno-
sisisnecessary 2. Doppler echocardiography hasbeenthe
most used complementary method for detecting them. Ho-
wever, thelimitation of thismethodin ngthethora-
cicaortaiswell known?“. Inthisregard, magnetic resonan-
ceimaging hastheadvantage of providingintegral visuali-
zation of thethoracic aorta?®.

Theetiology of theseabnormalitiesisunknown. Most
of the time, the associations between karyotype and
phenotypic characteristics, including cardiovascul ar
alterations, arequestionable®.

The objective of the present study was to assess
cardiovascular alterationsin patientswith Ullrich-Turner’s
syndrome using Doppler echocardiography and thoracic
magnetic resonanceimaging, and to correlatetheir pheno-
typic and karyotypic characteristi cs, assessing concordan-
ce and discordance of the resultswith the 2 methods.

M ethods

Fifteen patientswith Ullrich-Turner’s syndromewere
assessed. Their agesrangedfrom 10t0 28 (mean of 16.7+4.0)
years. Six patientswere being treated with growth hormone
and 6withestrogen. Writteninformed consent wasobtained.

Thekaryotypewasanalyzedin 11 or 25 metaphases of
peripheral lymphocytes(G chromosomebanding).

Doppler echocardiography was performed and analy-
zed by the same observer using the SONOS 2000 device
(Hewlett-Packard Medical Systems, Andover, MA, USA).
To measure the cardiovascular structures (left ventricular
diastolic and systolic diameters, left ventricular wall thick-
ness, and aortic root and left atrial diameters), aroutine
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Doppler echocardiographic study was performed accor-
ding to the recommendations of the American Society of
Echocardiography ¢. We obtainedimagesintheone-dimen-
sional modewith theultrasound beam oriented by theima-
gesin 2-dimensional mode, using thetransducer of 3.5MHz
in the short axis parasternal position. The 2-dimensional
examination wasal so used for detecting congenital abnor-
malities of the heart. For flow analysis, we used the same
transducer, operating at 2.7 MHz of frequency.

M agnetic resonanceimaging was performed withthe
General Electric-CGR device (MR MAX of 0.5 Tesla,
France). Imaging of the cardiovascular structures was
obtained coupled with the el ectrocardiogram using spin-
echoimaging sequencesweightedin T1with anechotimeof
20msand repetition timedetermined by heart rate. To assess
cardiac dimensions and ventricular wall thickness, we
obtained imagesin the transverse and short cardiac axis
planes, thelatter perpendicular tothelong cardiac axis. We
also performed a sequence in the oblique sagittal plane,
containing the ascending aorta, the aortic arch, and the
descending aorta. The sectionswere 7-mmthick by 10-mm
increment, and the measurements of the ascending and
descending aortaweretaken in the same planeintheaxial
sections, 1cmabovetheaortic root, closetotheemergence
of theright pulmonary artery. The aortic dimensionswere
compared withthenormal valuesfor age. Theexpected va
luesfor the measurements of the ascending and descending
segmentswere cal culated based on the regression function
established by Fitzgerald et a 7 using cardiac computerized
tomography. In the comparative analyses, in addition to the
patient’s chronol ogic age, we a so considered the patient’s
statura age, whichisthe age corresponding to the patient’s
height assessed according to Marcondeset a 8height curves.

According to the results of magnetic resonanceima-
ging, the patients were divided into the following groups:
normal, aortic dilation, and coarctation of theaorta.

Statistical analysiswasperformed using Student t test
for unpaired sample, and Fisher exact test for comparing
frequencies, considering p<0.05 assignificant.

Results

The patients had the following karyotypes: monoso-
my: 45,X —7 (46.7%) patients, mosai cism: 45,X/46,XX —3
(20%) patients; 45,X/46,X,r(X) —1 (6.7%) patient; 45,X/
46,X ,i(Xq)—1(6.7%) patient; deletions: 46,Xi(Xq) - 2(13.2%)
patients; 46,X,Xp-,9gh+ - 1(6.7%) patient.

The most common phenotypic characteristics were
low height and absence of spontaneous puberal develop-
ment (100%). Theother phenotypic aterationsaccordingto
magnetic resonanceimaging areshownintablel.

No patient had cardiovascular disease on Doppler
echocardiography (tab. I1).

Inapatientwith45,X karyotypeand anormal echocar-
diogram, coarctation of theaortawith poststenotic dilation
was detected on magnetic resonanceimaging (fig. 1). Her
clinical andimaging characteristics, compared with those of
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Tablel - Phenotypic characteristicsdistribution accordingto the
aortic exam by magnetic resonance imaging

Normal Dilation Dilation

CoAo
Characteristics (n:10) (n:4) (n:1)
Ageinyears (mean+SD) 17.3+5.0 13.8+3.3 18
Weight in kg (mean+SD) 41.8+7.7 39.3+10.4 27.6
Height incm (mean+SD) 111.2+58.4 131.6+13.6 125.6
Height Z - score -3.1+0.6 -3.5£1.6 -6.1
Body surface area(m?) 1.23+0.2 1.3+0.2 0.95
Nevi (n) 6 3 Yes
Ogival paate (n) 4 3 Yes
Breast hypertelorism (n) 3 3 No
Low posterior hairline (n) 3 2 No
Short neck (n) 2 1 Yes
Webbed neck (n) 2 1 No
Cardiac murmur (n) 0 0 Yes
Arterial hypertension (n) 2 0 Yes
Hydronephrosis (n) 1 0 Yes
Proteinuria (n) 2 0 Yes

CoAo: coarctation of the aorta; n: number of patients.

Table || — Echocar diographic variables (mean+SD) distribution
according to the aortic exam by magnetic resonance imaging

Variables(cm) Normal Dilation Dilation/
(n: 10) (n: 4) CoAo (n: 1)

Aortic root diameter 2.4+0.3 2.4+0.3 2.3

LV (diastole) 3.9+0.3 4.2+0.2 4.3

LV thickness (diastole) 0.7£0.1 0.7£0.1 0.7

Left atrium (systole) 3.0£0.2 3.2+04 3.0

LV gection fraction 0.79£0.03  0.79+0.07 0.85

CoAo: coarctation of the aorta; LV: left ventricle; Valves: normal.

theremaining patients, areshownintablesl, I1,andI11. Cli-
nically, thispatient with coarctation of theaortahad agrea-
ter statural deviation ascompared with the height expected
for her age(z scoreof —6.1 versus—3.3+1.0) 8and asystolic
murmur detectedintheaorticarea. Thevascular alterations
accordingtothekaryotypeareshownintablelV.
Inregardto chronol ogic age, weobserved that themea:
surementsof the ascending and descending aortic segments
in patientswith Ullrich-Turner’s syndrome on magnetic re-
sonanceimaging, and accordingto Fitzgerald et al 7, were
lower when compared with those of healthy children of the
sameage. However, whenthestatural agesof thesechildren
were considered, no significant differenceswere detected
betweenthevascular measurements reported (tab. V).
Accordingtothediagnostic criterion of aorticdilation
on magnetic resonanceimaging adopted in some studies?,
ie, ascending aorta/descending aortaratio>1.5, weobser-
ved isolated dilation of theascending aortain 4 (26.7%) pa-
tients, of whomonly 1 hadthe45,X karyotype.
Onmagneticresonanceimaging, the patient with coarc-
tation of theaortahad areduced diameter of thedescending
aorta as compared with those of the patientswho did not
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Fig. 1- Thedescending aortaisdilated dueto the post-stenotic dil ation phenomenon.

Tablelll - Aortic characteristics distribution (mean+SD) accor ding
to the aortic exam by magnetic resonanceimaging

Aortic dimension (cm) Normal Dilation  Dilation/CoAo
Ascending Ao diameter 2.2+0.3 2.1+0.2 2.0
Descending Ao diameter 1.6+0.4 1.3+0.2 11
Ascending Ao/

descending Ao ratio 1.40+0.10 1.60+0.03 1.81

CoAo: coarctation of the aorta; Ao: aorta.

TabelalV - Karyotypedistribution according to the aortic exam by
magnetic resonance imaging

Karyotype Normal Dilation Dilation/CoAo  Tota
Monosomy 5 1 1 7
Mosaicism 3 2 _ 5
Deletions 2 1 3

CoAo: coarctation of the aorta.

Table V — Comparison of ascending and descending aortic
diameters (mean=SD) ver susreference values of chronologic and

statural ages
Aorta Diameter Reference values
(om) Chronologic age Statural age
Ascending 2.1+0.3 2.4+0.3 2.0+0.1
Descending 1.5+0.3 2.0+0.2 1.5+0.1

* P<0.05 vs. chronologic age.
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havethisalteration (tab. I11). Thiswas because the measu-
rement wastaken at thelevel of the coarctationin theproxi-
mal portion of the descending aorta. However, below this
area of narrowing, the descending aortawas dilated as
compared with themeasurementsof theother patientsdueto
the phenomenon of poststenctic dilation (fig. 1).

The measures of the cardiac structures obtained on
echocardiography areshownintablell.

Inregardtothemeasurementsperformed withtheaid of
echocardiography and magnetic resonance imaging, we
observedthefollowing: no difference betweenthemeasures
of the ascending aorta; no difference between the patients
with 45,X karyotype and those with other karyotypes
(mosaicisms and del etions); and no difference between the
patientsbeing treated or not with GH or estrogen, or both.

Discussion

Cardiovascular malformations are more frequently
foundin patientswith Ullrich-Turner’ ssyndromethaninthe
general population °. Factorslinked to the X chromosome
were considered involved in the pathogenesi s of these mal-
formations®. Patientswith monosomy of theX chromosome
usudly havemoreseverecardiovascular dterationsand more
significant signsof dysmorphism®°. However, accordingto
other author’sand our observations(tab. V), theassociation
of the severity of the chromosomal elimination and the pre-
sence of significant dysmorphisms, such asthe presence of
cardiovascular malformations, doesnot occur inall patients
with Ullrich-Turner’ ssyndrome®. Thisdiscrepancy between
the observations may partially be due to the presence of
hidden mosai cismsthat are not diagnosed on usua karyoty-
picandysesin somepatientswith 45,X karyotype®.

Of the phenotypic characteristics, the webbed neck
was more frequently associated with the presence of
cardiovascular malformations, mainly coarctation of the
aortal5!, A pathogenic relation between them was sug-
gested: thewebbed neck resulting from cystic hygromase-
condary to lymphatic obstruction woul d cause hemodyna-
mic disarrangement and cardiovascular morphological
alterations™*2, However, in our case series, thisassociation
was not observed, suggesting that other pathogenic me-
chanisms may beinvolved in the development of cardio-
vascular malformationsin patientswith Ullrich-Turner’s
syndrome. However, the analysis of agreater number of
patientsisrequired for definitive conclusions.

The diagnostic method frequently used for detecting
cardiovascular malformationsisDoppler echocardiography 2.
However, magnetic resonance imaging provides advanta-
gesin assessing the thoracic aorta?*. A prospective study
comparing results of Doppler echocardiography and mag-
netic resonance imaging reveal ed that 3/5 of the patients
with coarctation of the aortaand 4/5 of the patientswith
dilation of the ascending aortawere detected only on mag-
netic resonanceimaging 2. Confirming theseresults, inour
study, the most frequently observed cardiovascular alte-
ration was dilation of the aorta (6/15 patients), isolated or
associated with coarctation of theaorta (1/6 patients), andit
was detected only on magnetic resonanceimaging.
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Littleisknown about thenatural evolution of dilation
of theaortain patientswith Ullrich-Turner’ssyndrome. In
these patients, an association with therisk factorsfor dis-
section of theaorta, such asarterial hypertension, bicuspid
aorticvalve, and coarctation of the aorta, hasbeen frequen-
tly observed, and suggeststheir lethal potential *%. Howe-
ver, their detection depends on the criteriaand diagnostic
methods used.

According to thecriteriaof Rogéet al 4, aortic root
measuresgreater thanthe 90" percentilein relationto body
surface are diagnostic of dilation of that aortic segment.
Usingthiscriterion, theaorticroot measuresobtainedinthis
study arewithintheexpected values(tab. I1).

Thereferencesfor interpreting themeasuresof theaor-
tic segmentsusing magneti c resonanceimaging arethesame
asthoseusedin cardiac computerized tomography, and they
vary accordingto chronologic age? However, inchildrenin
the growth phase, the best variableto correlate with aortic
mesasuresisheight . If only the chronol ogic agewasconsi-
dered for determining the reference values, short-statured
individuas, such asthose with Ullrich-Turner’ s syndrome,
would have overestimated reference measures of the aorta
(tab. V), because the aortic measure al so depends on the
patient’s height 6. However, when we considered the sta-
tural ageinstead of the chronologic age, ie, age correspon-
dingto height, thesevalueswerecorrected and no alteration
intheaorticdiameter wasobserved (tab. V).

In another study 2, using thoracic magnetic resonance
imaging in patientswith Ullrich-Turner’s syndrome, the
authorsconsidered the presenceof aortic dilatationwhenthe
ratio between the aortic root and the ascending aortawas
greater than 1.5. According tothiscriterion, weobservedthat
4(26.7%) patientshad dil atation of theaorta, corroborating
thefrequency reportedintheliterature(6.3t029%).

In aEuropean study, the prevalence of coarctation of
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theaortawas0.32/1000inlivenewborninfants®. Inregard
tothepatientswith Ullrich-Turner’ssyndrome, thefrequen-
cy of coarctation of the aortareported ranged from 5% to
20% 2. Inour case series, we detected only 1 patient (1/15
patient) with coarctation of theaorta. Thevariability of the
frequency of coarctation of theaortafoundintheliterature
depended on the diagnostic methods used and on how the
patientswith Ullrich-Turner’ ssyndromewereselected. Lin
et al Breported a42% frequency inthisaterationinastudy
resulting from information provided by members of the
Turner’s Syndrome Soci ety about cardiac abnormalitiesin
patientswith thissyndrome. The presenceof coarctation of
the aorta was more frequently detected on magnetic
resonanceimaging (12.5%) than on Doppler echocardiogra-
phy (5.5%) 21818 in accordance with our findings, and it
occurred among the patientsreferred due to heart disease,
and not only for screening of cardiovascular malforma-
tions, asin the present study.

In conclusion, considering the great morbidity and
mortality of the cardiovascular alterations, mainly aortic,
associated with Ullrich-Turner’s syndrome, and the su-
periority of magnetic resonance imaging for detecting
these alterations, this method should be used as an adju-
vant to Doppler echocardiography in assessing these pa-
tients. However, criteriafor assessing aortic measuresand
their reference values (site, section plane and thickness,
phase of the cardiac cycle assessed) should be establi-
shed for using theseimaging methods®, to better evaluate
cardiovascular alterationsin patientswith Ullrich-Tur-
ner’ssyndrome.
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