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Summary

Background: Females with Ullrich-Turner syndrome
(UTS) havetypicd dlinical featuressuch asshort stature, ovar-
ianfailure, visibledysmorphic stigmata, and abnormaitiesin
different organssuch askidney or heart.

Hypothesis: Theaim of the present study wasto andyzethe
distribution, prevalence, and relative risk of cardiovascular
anomalies (CVA) in females with Ullrich-Turner syndrome
(UTS) seen at one single center compared with that of there-
gional Bavarian populetion.

Methods; The associations between CVA and karyotype
weredetermined. Inall, 117 girlsand womenwith UTS, aged
between 3 and 43 years (median 17.4 years) were studied ret-
rogpectively. The detailed cardiologic status including echo-
cardiography wasavailablein all patients. The prevaences of
each cardiovascular anomaly weredetermined. Onthebasisof
published epidemiologic data of CVA in Bavarian children,
weassessed therd ative risks of each CVA.

Results: Thirty-five (29.9%) girls with UTS had &t least
one CVA. In al of these CVAS, coarctation of the aortaand
bicuspid aortic val ve occurred most often (18.5% each). The
aortic malformations represented over two-thirds of al CVA
(72.8%), whereas anomalies of the septum (8.6%), mitral
vave(6.2%), pulmonary veins (4.9%), and other locationsto-
gether accounted for the other third. Bicuspid eortic valveand
partial anomal ous pulmonary venousdrai nagewere associ at-
ed with the highest relative risk (RR) (3,603 and 1,293, re-
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spectively) compared with the Bavarian population. The
overal RR of CVA was48.7. Of the 117 girlsand women ex-
amined, 64 (54.7%) had complete monosomy 45 X.
Conclusions: Our data demonstrate that about every third
femaewith UTSisaffectedwith at least one CVA, mainly left
sided and associated with aortic structures. Our resultsunder-
linethenecessity of thorough cardiologic evaluation.

Key words: Ullrich-Turner syndrome, congenital heart dis-
ease, cardiovascular anomalies

Introduction

Femaeswith Ullrich-Turner syndrome (UTS) havetypica
clinical features such asshort stature, ovarianfailure, visible
dysmorphic stigmata, and abnormdlitiesin different organs
suchaskidney or heart. Cardiovascular anomalies, in particu-
lar bicuspid aortic valve and aortic coarctation, werefound to
be very common in these girlsand women, ranging from 17
t047%.13

In recent years, most medical attention has been focused
on the improvement of fina height by recombinant human
growth hormone therapy.*7” Another important therapeutic
god is substitution with estrogens in order to induce and
maintain normal sexua development and to achieve optimal
skeletal maturation. Thus, hedth surveillance in children
withUTSwas primarily conducted by pediatric endocrinolo-
gists. However, because of cardiovascular problemsin in-
fantsand children with UTS, and the knowledgethat reduced
life expectancy in adult women with UTSislargely caused
by cardiovascular disease, it became quite clear that aclose
cooperation withacardiologist isinevitablefor optimal care
of these patients.®

Theaim of the present study wasto andlyzethedistribution
and prevalence of cardiovascular anomaies(CVA) in patients
with UTS seen at asingle center. To estimate the popul ation-
based relative risks (RR) we compared the CVA prevalences
of our UTS cohort with reported epidemiologic data of the
same population. In addition, we correlated our results with
the corresponding karyotypefor eval uation of possibleassoci-
ations between CVA and genotype.
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Methods
Subjects

Inal, 117 girlsand women with UTS, aged between 3 and
43years(median 17.4 years), who attended our endocrineand
cardiologic outpatient department between 1980 and 2003,
were studied retrospectively.

Dataof echocardiographic investigation for eval uation of
cardiovascular status were availablein all patients. All car-
diovascular anomalies had been diagnosed during infancy.
All those (n=18) with clinical and sonographic findingssug-
gesting aortic coarctation (blood pressure difference between
upper and lower limbs and/or increased pul sed-wave vel oci-
ty in the descending aortaand/or a distinct narrowing of the
upper descending aortain two-dimensional echocardiogra-
phy) underwent cardiac catheterization for confirmation. A
tubular decreased diameter of theaortadistal to theleft carot-
id artery was additionally defined as hypoplasiaof the aortic
arch. The diagnosis of aortic valve stenosis was made from
typical sonographicfindings, for example, apulsed-waveve-
locity of >2.0n/s.

Thelife status (living or deceased) at thetime of study was
revedled. Chromosomal anaysisin peripheral lymphocytes
had been performedin al subjects. Theexact karyotype, how-
ever, wasavailablein 113 of 117 patients.

DataAnalysis

The prevalence of each cardiovascular anomaly was ca cu-
lated for thewhol e cohort. To assess popul ation-based rel etive
risks(RR), the preval ence of several CVA wascompared with
that in of Bavarian children.® The criteriaof CVA assessment
in this study was similar to ours and aso included bicuspid
aorticvaves.

For dtatigtical anaysi sthechi-squaretest was performed em-
ploying GraphPad Prism™ software, version 4.01 (GraphPad
Software, Inc., San Diego, Cdlif., USA). Exact chi-squareval-

uesfor p<0.0001 (two-sided) and confidence interval s (95%)
areshowninTablel.

Resaults

Of dl 117 subjectsstudied, 35 had at | east one cardiovascu-
lar anomay (CVA); thisisequivalent to aprevalence of 29.9%
inthestudy group. Inthese 35, we observed atotal number of
81 single CVA. One or two single CVA were observed in 15
(42.9%) each; three CVA werefoundin three(8.6%); and four
or more CVA were found in only two (5.7%) patients. Of 18
(55.6%0) patientswith coarctation of theaorta, 10 also had abi-
cuspid aortic valve, and 3 of these 10 also had aortic valvular
stenosis. Of the 15 patientswith bicuspid aortic valves, 6 dso
showed aortic valvular stenosis. Only two presented with an
isolated bicuspid aortic valve.

Withinthe CVA group, coarctation of theaorta, al typical-
ly located juxtaductally, and bicuspid aortic valve occurred
most often (18.5% each). Theaortic malformationsrepresent-
ed over two-thirds of al CVA (72.8%), whereas anomalies
of the septum (8.6%), mitral vave (6.2%), pulmonary veins
(4.9%), and other |ocations together accounted for the other
third. Besidesbicuspid valvesand coarctation, vavular steno-
s5(12.3%), hypoplasiaof theaortic arch (9.9%), regurgitation
(2.5%), and dilatation of the ascending aorta (2.5%) were
mostly found within anomalies of the aortaincluding the aor-
tic valve. Aortic aneurysms occurred in only two patients
(2.5% of adl CVA, prevalence 1.7%). For details see Table 1
andFigurel.

Among theother anomalies, ventricular septal defect (V SD)
(6.2%) and partiad anomalous pulmonary venous drainage
(PAPVD, 4.9%) weremost frequent. A detailed distribution of
al cardiovascular maformationsisshownin Tablell.

Bicuspid eortic valveand PAPV D were associated with the
highest RR, (3,603 and 1,293). Aortic coarctation including
hypoplasia and atresia of the aortic arch and valvular aortic
stenosiswere seen about 400-fold (469 and 400, respectively)

TaBLEl Rdativerisks(RR) of various cardiovascular anomalies (CVA) compared with Bavarian children
PetientswithUTS Population@
N=117 N =983697 Chi-square

Prevadence (%) Prevadence (%) RR Cl (95%) (p<0.0001)
Bicuspid aorticvalve 128 0.0036 3603 2023-6418 35340
PAPVD 34 0.0026 1293 458.5-3649 3427
Aortic coarctation® 154 0.0328 469 302.1-726.6 7520
Vavuler sortic stenosis 85 0.0213 400 218.0-7354 3432
VSD 43 0.2292 186 7.898-44.00 6677
ASDII 17 0.0921 186 4.689-73.47 1796
CVA 29.9 0.6249 487 36.90-64.28 1589

aModified from Ref. No. 9.

bncluding hypoplasiaof theaortic arch.

Abbreviations: Cl = confidenceinterval, PAPVD = partial anomal ous pulmonary venousdrainage, ASD = atrial septal defect, VSD = ventricular
septal defect, UTS=Ullrich-Turner syndrome.
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TasLE |l Digtribution of single cardiovascular anomalies (CVA),
frequencies within al CVA, and calculated prevalences within the
studied cohort

Frequency Prevaence

N ()2 (%)°
Aorta
Coarctationincl. atresa
Juxtaductal (distal LSA) 15 185 128
Arcus(proxima LSA) 2 25 17
Atresa 1 12 09
Vavular genosis 10 123 85
Aorticvalve
Bicuspid 15 185 128
Dysplasia 1 12 0.9
Regurgitation 2 25 17
Aneurysm
Ascending aorta 1 12 0.9
Aortathoracica 1 12 0.9
Hypoplasiaof theaorticarch 8 99 6.8
Others
Proximal LSA stenosi's 1 12 0.9
Dilatation ascending aorta 2 25 17
Septum
ASDII 2 25 17
VSD 5 6.2 43
Mitrd valve
Stenosis 2 25 17
Prolapse 2 25 17
Regurgitation 1 12 0.9
Pulmonary veins
PAPVD 4 49 34
Others
LsvC 1 12 09
A lusoria 1 12 09
Monoogtid originof coronaries 1 12 0.9
Dysplasiaof V. portae 1 12 0.9
Esophaged varices 2 25 17
awithinal CVA.
bwithingirlswithUTS.

Abbreviations: LSA = |eft subclavian artery, LSV C = left superior
venacava. Other abbreviationsasin Tablel.

compared with the normal population. In contrast, the RR of
septal anomaies(V SD, atria septal defect[ASD] 1) wasonly
moderately elevated (18.6 each). Overdl, RR of CVA was
48.7 (seeTablel).

Of the 117 girls and women examined, 64 (54.7%) had
complete monosomy 45 X, whereas X-mosaic monosomies
werefoundin 18 (15.4%) and X-gtructura abnormditiesin 27
(23.1%). Infour subjects (3.4%), anot qudified marker chro-
mosomewasidentified. Unfortunately, the exact karyotype of
the chromosome analysis performed in an outside hospital
wasnot availablein four patients. Thusfar, only two of theini-
tial cohort havedied. Both suffered from aortic aneurysmsand
presented with monosomy 45 X. Thediagnosis of dissection
(or rupture) was confirmed at autopsy.

Pulmonary | Valvular aortic Arcus
veins15 stenosis hypoplasia
Others

Aortic valve

Mitral
valve
(dysplasia,

Bicuspid
Other CVA1 7 | aortic valve regurgitation)

Aneurysm
Septum 'u Coarctation
incl. atresia

Aortaq 73 ‘
T T L] L] T T T
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Fic.1 Synopsis and distribution of cardiovascular anomalies
(CVA) ingirlswith Ullrich-Turner syndrome. The numberswithin
the columnsindicate the exact percentage. Thecirclediagramillus-
tratesthedistribution of aorta-associated malformations.

The distribution within the subgroup with cardiovascular
findings revedled a different digtribution: 27 of 35 patients
(77.1vs. 54.7%) had monosomy 45 X; only 5 (14.3 vs. 38.5%)
had X-mosaic monosomies or X-structurd abnormalities
(Tablelll).

Discussion

Congenital cardiovascular diseasesand their complications
seem to bethe most life-threatening in femaeswith Ullrich-
Turner syndrome (UTS). Prevalence of CVA variesfrom 7to
36% in living patients and 75% in fetuses, respectively. This
probably depends on different selection criteria, ascertain-
ment, and small patient numbers. 19 In sonographically evau-
ated studies, the prevalence ranged from 17 to 26%.1 311, 12
In this study we found at least one cardiovascular anomaly
(CVA) in 29.9%. Sinced| patientswith cytogeneticaly diag-
nosed UT Sattended either our endocrinologic or cardiologic
outpatient department, there may be apotential bias, inherent
in most hospital-based studies. The CVA prevaencein UTS
reveded in the Bavarian study, in which data of amost one
million children had been analyzed, was 33.3%.° Thus, in
comparison with this almost unbiased study, our prevalence
iswithin the same dimension, assuming the bias of our study
isnegligible.

Aortic anomalies were most dominant, representing over
two-thirds of al CVA. In 179 Danish females with UTS
(mean age 23 years, range 6 monthsto 46 years), who under-
went reevaluation by echocardiography, Gotzsche et al. re-
ported bicuspid aortic valves in 14%, aortic coarctation in
10%, and PAPVD in only 0.02%.! The Italian study (mean
age 11.5years, range 1 month to 24 years) determined preva
lences similar to ours (bicuspid aortic valves in 12.5% vs.
12.8%in our study; PAPVD in 2.9 vs. 3.4%), except for aor-
tic coarctation, which was almost twice as prevaent in our
study (6.9vs. 12.8%).
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TasLE Il Digribution of karyotypesin dl femaeswith Ullrich-Turner syndrome (UTS) compared with those with UTS and cardiovascular
anomalies(CVA)
uTs UTS+CVA
n=117 n=35
Karyotype N Prevadence (%) N Prevadence (%)

Monosomy 45, X 64 54.7 27 77.1
X-mosaic monosomies 45, X/46, XX, €c. 18 154 2 5.7
X-structural abnormalities 27 231 3 8.6

|sochromosome 46, X,i(Xp), etc. 8 6.8 1 29

| sodi centric chromosome 46, X, idic(Xp), etc. 9 7.7 1 29

Ring chromosome 46, X, r(X), ec. 2 17 1 29

Deletion 46, X, dd(Xp), etc. 8 6.8 — —
Marker chromosome 45, X, +mar 4 34 — —
Exact karyotype unknown 4 34 3 86

The RR for patientswith UTS of having at |east one CVA
was nearly 50. For determination of RR we compared our
prevaence with that in the Bavarian study. Asour hospital is
asolocated in Bavaria(the southeast state of Germany, about
12 million inhabitants), wefortunately had an adequate basis
for calculating RR in our cohort. In comparison with the CVA
prevaence of the general population (0.62%), Bavarian chil-
dren seem to be at lower risk than the Canadian population
(2%0).% 13 Thus, RR of the Italian study calculated onthe basis
of the Canadian datamay not be comparablewith ours. How-
ever, the incidence of bicuspid aortic valves was very low
among Bavarian children compared with more current stud-
ies.1 Since the data of the Bavarian heart study were ascer-
tained retrospectively in children who had a diagnosed CVA
and attended apediatric cardiol ogic clinic or department, the
red prevalence of asilent CVA such astheisolated bicuspid
aortic valve was probably underestimated. Accordingly, the
RR of bicuspid aortic valvesin UTSmight beoverratedin this
study, even though the eval uation methodswere comparable.

Karyotypeanalysisinall of our subjectsrevealed atypica
distribution, with monosomy 45 X present in 55.7%. In con-
tradt, it wasdetected in> 77% of the CVA group, showing that
its presence indicates a high risk for having CVA; similar
results were reported by other groups. Since X-structural
anomalieswereonly observed intwo subjects, no conclusions
regarding relevant predisposing X-chromosoma regions
could bemadeinthisstudy. However, defining genotype-phe-
notype correlationsis till ongoing and difficult. Genetically
informative patientsarerare, and evenif two patientshavethe
identical partial X-deletion the phenotype can vary.> In addi-
tion, clinically important CVAs such as coarctetion are pre-
dominantly found in complete or X-mosaic monosomies.
Thisfinding and the usually not excludable presence of mo-
saicism make planning of phenotype mapping studies diffi-
cult.1:3.12.16,17 7inn et al. investigated 28 Xp-females (age
range 1.3-41.5 years), mapping deletions by fluorescent in
situ hybridization (FISH) for several phenotypic features;
noneof themhad CVA .Y

The short stature homeobox gene (SHOX) isthefirst and
best gene described to be involved in UTS phenotype fea
tures. Besides short stature, recent reports indicated SHOX
hapl oi nsufficiency may cause most skeletal abnormalitiesin
UTS.18-20 Associated cardiovascul ar defects, however, have
not asyet been reported.

For development of soft tissue malformations including
CVA, severd reportsindicate that lymphatic hypoplasia and
dysplasiamay beapossiblecause. Following thishypothesisin
patientswith UTSaswell asin those with Noonan syndrome,
lymphatic maformationslead to lymphatic stasisand resultant
lymphetic distension and lymphedema. Thisexertsmechanica
force on adjacent tissues and organs, which probably causes
typical soft tissue anomaliesin both syndromes. 224 Recently
Ogataet al. reported aboy with Noonan syndrome and scinti-
graphically proven, typicaly located lymphstasisthet probably
explains most of the adherent soft tissue and cardiovascular
anomdliesinthispatient.2

Itisinferred that alymphogenic gene escaping X-inactiva:
tion on the sex chromosome is present as agenetic link, and
that hapl oinsufficiency causeslymphatic hypoplasiaresulting
in soft tissuestigmata. Furthermore, similar anomaliesarefre-
quently manifested in patientswith Xp and in those with Yp
deletions. Thus, it has been suggested that a putative lym-
phogenic geneisshared by Xp11.4and Y p11.3.19.26.27

Even though the same pathophysiologic mechanismsin
development of CVA are supposed in patients with Noonan
syndrome, no deletions in the Xp or Yp region have been
found so far. This may be consistent with the observation of
different characteristics of cardiovascular anomaliesin both
syndromes. In patients with Noonan syndrome CVA occurs
predominantly ontheright side, with pulmonary valve steno-
sis being most prevalent; in patients with UTS mainly left-
sided defectsarefound.?

Both of our patients (ages 15 and 19) with aortic aneurysm
died from dissection.?? In some but not all patientswith UTS
with aortic aneurysm, cystic medial necrosisof theaortasimi-
lar to Marfan syndrome was found. Generally, multiple risk
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factors for development of aortic aneurysm, such as distinct
CVA—for example, bicuspid aortic valve or coarctation and
systemic hypertensionarepresent in patientswith UTS. While
inadults hypertens on may represent themain risk factor, bio-
chemical defectsof the connectivetissue have been suggested
to bemost important in young patients. Corrective surgery of
coarctation possibly does not substantialy ater the risk of
aneurysm. Prophylactic trestment with betablockers may im-
prove prognosisin these patients.2 30-33

Conclusion

Our data demondtrate that about every third female with
UTSisaffected with at least one CVA, mainly left-sided and
associated with aortic structures. Monosomy 45 X is a har-
binger for cardiovascular disease. With respect to the elevated
relativerisk for CVA ingirlsandwomenwithUTS, whichwas
cal culated on the basis of epidemiol ogic datain thisstudy, our
results underlinethe necessity of thorough cardiologica eval-
uation. Although no negative effects on the cardiac situation
by growth hormonetherapy have been reported sofar inUTS,
we suggest involving acardiologigt in the follow-up of these
patients.34 3
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