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Women with Turner syndrome (TS) have high prevalence of cardiovascular anomalies.
Literature suggests pregnancy is associated with a higher dissection risk, presumably pre-
ceded by aortic dilatation. Whether the aortic diameter truly changes during pregnancy
in TS is not well investigated. This study aims to evaluate ascending aortic diameter
change during pregnancy and reports on cardiac events during and directly after preg-
nancy. This tertiary hospital retrospective study investigated all TS women pregnancies
(2009 to 2018). Outcome parameters included aortic diameter growth and aortic complica-
tions, specifically dissection. Thirty-five pregnancies in 30 TS women, 57% assisted by
oocyte donation. Mean age at delivery 32 % 5 years. In 27 pregnancies of 22 women imag-
ing was available. From over 350 childless TS women a comparison group of 27 was indi-
vidually matched. The median ascending aortic diameter growth between pre- and
postpregnancy imaging was 1.0 mm (IQR —1.0; 2.0), no significant change (p =0.077).
Whether the patient had a bicuspid aortic valve (p = 0.571), monosomy X or mosaic karyo-
type (p=0.071) or spontaneous pregnancy or resulting from oocyte donation (p = 0.686)
had no significant influence on diameter change. Aortic growth between pregnancy and
matched childless group (0.23 vs 0.32 mm/year, p = 0.788) was not significant over 3.3 + 2
versus 4.4 + 1 years. During pregnancy or the first 6 months after delivery no aortic com-
plications were observed. In conclusion, this study suggests pregnancy in TS women does
not induce faster ascending aortic diameter increase. Also not in presence of a bicuspid
aortic valve, monosomy X Kkaryotype, and oocyte donation. No aortic complications

occurred. Based on current study pregnancy in TS women seems safe. © 2020 Elsevier
Inc. All rights reserved. (Am J Cardiol 2021;140:122—127)

Turner syndrome (TS) is a rare disorder, occurring in 1
in 2.500 newborn female infants.’ It is caused by a total or
partial loss of one X chromosome. Turner karyotypes
include monosomy X (45,X) and mosaic karyotype.” Con-
genital cardiovascular anomalies are present in up to 50%
of the TS population, including aortic dilatation (23%) and
bicuspid aortic valve (BAV; 22% to 39%).” They contrib-
ute to a standardized mortality ratio 3 times higher than in
the general female population.® Although rare, aortic dis-
section is the most feared complication in TS women, and
pregnancy entails a period of additional risk. Pregnancy is a
challenge due to premature ovarian failure. Only a small
minority is able to conceive spontaneously. However, preg-
nancy became possible for a growing group since oocyte
donation availability.”'" Current guidelines advise against
pregnancy when the ascending aortic size index (ASI) is 20
to 25 mm/m? with associated risk factors for aortic dissec-
tion or >25 mm/m>."" Up to 90% of aortic dissections occur
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in patients having predisposing risk factors (e.g., aortic
coarctation, BAV and hypertension).'”'” Whether the
ascending aortic diameter truly changes (possible higher
dissection risk) more than expected during pregnancy is not
well-investigated in TS women. Therefore, this study aims
to evaluate the ascending aortic diameter change during
pregnancy and reports on cardiac events during or in the
first 6 months after pregnancy.

Method

A retrospective analysis was performed in a tertiary
hospital (Radboud university medical center, Nijmegen,
the Netherlands), where to date the outpatient clinic com-
prises >300 karyotypically proven TS women. All sponta-
neous pregnancies or pregnancies resulting from oocyte
donation were included of patients with TS who delivered
between January 2009 and December 2018. For the analy-
sis of the ascending aortic diameter change, women were
included if aortic imaging was performed before, during
and after pregnancy.

From over 350 childless TS woman a comparison group
was individually matched to the 27 pregnant TS women
included for analysis of ascending aortic diameter change.
In order of importance, the match was formed on the basis
of age during imaging, BAV, hypertension, karyotype,
height, and weight. The study was part of a larger study for
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which Institutional Ethical Board (CMO Arnhem-Nijme-
gen) gave approval.

In all TS women, measurement of the ascending aortic
diameter was conducted following American Society of
Echocardiography iguidelines of echocardiography and car-
diac-MRI (CMR)."™ Therefore we echocardiographically
measured at end-diastole from the leading edge of the ante-
rior root wall to the leading edge of the posterior aortic root
wall, 3cm above the aortic valve. All echocardiographic
aortic measurements were performed by an experienced
sonographer and experienced cardiologist. The CMR meas-
urements were performed by an experienced radiologist.
Preferably CMR was used to measure aortic diameters pre-
(TO) and postpregnancy (Tpost) and echocardiography was
used during pregnancy (first, second, and third trimester,
T1, T2, T3). Literature suggests that echocardiography and
CMR are comparable when measured correctly following
the guidelines.'” Therefore, when TO or Tpost CMR was
not performed, echocardiography measurement was used in
aortic diameter analysis. When Tpost imaging was not
available, the T3 diameter was used.

Medical records were reviewed for karyotype, height,
weight before pregnancy, presence of Congenital cardiovas-
cular anomalies such as a BAV, aortic coarctation, hyper-
tension and/or aortic dilatation (before pregnancy), mode of
pregnancy (spontaneous or resulting from oocyte donation),
age at delivery, and mode of delivery. Aortic dilatation was
defined as an ASI >20 mm/m’. Ascending aortic diameter
measurements of the prepregnancy period, during the first,
second and third trimester, and postpregnancy period were
recorded. Other outcome parameters scored were aortic
diameter change, aortic height index (AHI), and cardiac
complications during pregnancy or the first 6 months after
delivery, specifically aortic dissection. An aortic growth of
>3 mm was considered significant. Pregnancy induced
hypertension was defined as a blood pressure >140/90 mm
Hg after 20 weeks gestation, pre-eclampsia as blood pres-
sure >140/90 mm Hg and proteinuria after 20 weeks gesta-
tion. We choose to use the AHI instead of the ASI, since
weight can fluctuate during pregnancy and height is reliably
constant. The AHI of the ascending aorta was calculated for
alr}l r%lbjects. AHI (mm/m) was defined as Aortic diameter
Height (m). )

he statistical analyses were performed using the IBM
Statistical Package for Social Sciences version 22.0 (SPSS
22). Continuous data were calculated as mean £SD or, or if
the distribution was skewed or the Shapiro-Wilk test
showed abnormal distribution, as median and range or inter-
quartile range (IQR). For categorical data frequencies and
percentages were reported. The paired rtest was used for
comparison of aortic diameters before, during and after
pregnancy, the unpaired rtest for comparison of numerical
data of the subgroups. Pearson’s Chi-square test was used
for the comparison of categorical data. A p-value of <0.05
was considered statistically significant for all analyses.

Results

In total 35 pregnancies in 30 TS women were registered
(Table 1). Mean age at delivery was 32.3 4 4.6 years. One
patient, not included in the analysis of ascending aortic

diameter change, had an aortic coarctation and no women
had hypertension before pregnancy. Pregnancy was assisted
by oocyte donation in 57% of women. Five women were
pregnant twice. No significant differences were found
whether or not we include the second pregnancy of these 5
women in the aortic diameter change analyzes, therefore
we included all double pregnancies. Eight pregnancies
were lacking imaging data; no imaging (n= 1), only Tpost
echocardiography or CMR (n =6), only T2 echocardiogra-
phy and Tpost CMR (n=1). No significant differences
were found when comparing baseline characteristics
between these 8 pregnancies and the 27 with sufficient
imaging. Therefore those 8 pregnancies were excluded and
the remaining 27 pregnancies in 22 TS women were
included for the analysis of ascending aortic diameter
change. This study includes TS woman with predominantly
a normal aortic diameter. At baseline, dilatation of the
ascending aorta (ASI >20 mm/m?) was present in 3 (11%)
women before their pregnancy. No women had an ASI
above 25 mm/m?>. Table 2 shows the matched 27 childless
TS women on baseline.

The performed pre- and postpregnancy imaging for car-
diovascular evaluation differed per pregnancy, as shown in
the supplement tables. In 4 cases no Tpost imaging was per-
formed, thus T3 imaging was used. The time between latest
preaortic imaging and first aorta imaging during pregnancy
was 1.2 &£ 0.9 years and the time between T3 and first imag-
ing post-partum was 1.1 &£ 0.8 years.

The mean ascending aortic diameter before, during and
after pregnancy and the change are shown in Table 3. The
mean ascending aortic diameter at TO imaging was 27.3 £
3.8 mm with an AHI of 17.2 & 2. 5 mm/m and at first Tpost
imaging was 28.0 £ 4.2 mm with an AHI of 17.7 £
2.7 mm/m. The median ascending aortic diameter growth
between TO and Tpost imaging was 1.0 mm (IQR —1.0;2.0)
over a mean time period of 3.3 years + 2 years, with no sig-
nificant change (p=0.077). No statistically significant dif-
ference was found in change in ascending aortic diameter
in T3 versus postpartum echocardiography (p =0.829), T3
echocardiography versus postpartum CMR (p =0.706), and
postpartum echocardiography versus postpartum CMR
(p=0.706). The measurements during pregnancy between
T1 and T2 (p=0.879), T2 and T3 (p=0.170), and T3 and
Tpost echocardiography (p=0.291) were also not signifi-
cantly different. No significant differences were found in
baseline characteristics (weight (p=0.328), height
(p=0.304), body mass index (p=0.159), and body surface
area (BSA; p=0.584)) between the pregnancies with (>3
mm) and without significant aortic growth. The ascending
aortic diameter change was not significantly different
between patients with or without BAV (p =0.571). Whether
the patient had a monosomy X or mosaic karyotype
(p=0.071), a spontaneous pregnancy or resulting from
oocyte donation (p =0.686) or a vaginal delivery or by cae-
sarean section (p=0.476) also had no significant associa-
tion with ascending aortic diameter growth in this study
population.

From the childless TS group, 27 women were individu-
ally matched with the 27 pregnant women. The total median
aortic growth was 1.0 mm (IQR —1.0; 2.0) in the pregnant
group over a mean time period of 3.3 + 2 years versus
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Table 1.
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Baseline characteristics pregnant Turner syndrome (TS) women

Pregnant women;

Mean (+SD), median

Pregnancies with
significant aortic

Pregnancies without
significant aortic

p Value (significant
vs nonsignificant

(range) or n (%) growth (>3 mm) growth (<2 mm) change)
Pregnancies/deliveries
Total pregnant TS women 30
Total deliveries 35
Pregnancies included for 27 (77%)122 (73%) 5 22
aortic growth analysis/
pregnant woman
Patient demographics
Mean age at delivery (years) 323+46 31.8+£5.4 312+4.6 0.801
Mean height (cm) 1589 +6.2 160.6 £5.8 157.6 £5.7 0.304
Median weight pre pregnancy (kg) 61.0 (45-96) 57.0 (50-64) 60.5 (45-94) 0.328
Median BMI (kg/m?) 23.0 (18-38) 21.9 (21-24) 23.9 (18-37) 0.159
Mean BSA (m?) 1.6 £0.2 1.6 £0.1 1.6+0.2 0.584
Cardiovascular anomalies
Bicuspid aortic valve 7/30 (23%) 1 8 0.484
Aortic coarctation 1/30 (3%) 0 0 -
Hypertension (prepregnancy) 0/30 (0%) 0 0 -
Karyotype 0.071
45x0 3/30 (10%) 1 2
Mosaicism 26/30 (87%) 3 20
Unknown 1/30 (3%) 1 0
Mode of pregnancy 0.686
Spontaneous 14/35 (40%) 2 11
Oocyte donation 20/35 (57%) 3 11
Unknown 1/35 (3%) 0 0
Mode of delivery 0.476
Vaginal 11/35 (31%) 2 14
Caesarean section 21/35 (60%) 3 7
Unknown 3/35 (9%) 0 1

BMI =body mass index; BSA =body size index; cm = centimeters; kg =kilograms; m = meters; mm =millimeters; n = number; SD = standard deviation;

TS = Turner syndrome.

Table 2.

Characteristics pregnant versus childless women

Characteristics Pregnant women; Childless women; p Value

(N =27)Mean (£SD), (N =27)Mean (£SD),
median (range) or n (%) median (range) or n (%)

Patient demographics
Mean age TO or first imaging (years) 30.6 4.7 28.2+4.8 0.068
Mean height (cm) 1582 +£5.7 157.8 £ 54 0912
Median weight TO or first imaging (kg) 60.0 (45-94) 57.0 (42-95) 0.407
Median BMI (kg/m?) 23.0 (18-36) 22.9 (18-45) 0.211
Mean BSA (m?) 1.6 £0.2 1.6 £0.5 0.385

Cardiovascular anomalies
Bicuspid aortic valve 9/27 (33%) 6/27 (22%) 0.362
Hypertension (prepregnancy) 0/27 0/27

Karyotype 0.245
45 %0 3/27 (11%) 7/27 (26%)
Mosaicism 23/27 (85%) 20727 (74%)
Unknown 1727 0/27

BMI =body mass index; BSA =body size index; cm = centimeters; kg = kilograms; m = meters; n = number; SD = standard deviation; TO = prepregnancy.

1.0 mm (IQR 0.0; 2.0) in the childless group over a mean
time period of 4.4 £ 1 years, which was not significantly
different (p=0.435). The median aortic growth per year
(mm/year) also showed no significant difference (p =0.788)
between the pregnant group with a median of 0.23 mm

(IQR —0.17;0.69) and 0.32 mm (IQR 0.00;0.47) in the
childless group (Figure 1).

No life-threatening complications, specifically no aortic
dissections, or death occurred during pregnancy or the first
6 months after delivery. During pregnancy 1 patient
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Table 3.

Aortic diameter change before, during and after pregnancy

Imaging modality TO (CMR n =25, Tl T2 T3 Tpost (CMR n=15 Change pValue
echo n=26) (echo n=20) (echon=23) (echon=24) echon=16)

CMR or echo* 273 +£3.8 274+£37 27.4+3.7 283+£35 28.0+£4.2 07£19 0.077

CMR' 27.0+£3.9 28.1+4.2 1.1+1.8 0.042

Echo 278 £4.5 274 +£3.7 274 £3.7 283 £3.5 28.7+4.0 09+26 0.187

CMR =cardiac magnetic resonance imaging; Echo=echocardiography; TO=prepregnancy; T1, T2, T3 =first, second and third trimester;

Tpost = postpregnancy.

*Latest prepregnancy imaging whether this was MRI or echocardiography. Imaging modality during pregnancy was echocardiography. Postpregnancy
imaging preferably using CMR and when not available postpartum echocardiography or echocardiography on T3.

f Imaging modality compared between 14 cases who underwent pre- and postpregnancy CMR imaging.

iImaging modality compared between 15 cases who underwent pre- and postpregnancy echocardiography imaging.

Change in ascending aortic diameter per year

22

Change per year (mmiyear)
o
. %

14
o16
o

Pregnant women

Childless women

Figure 1. Title: Change in ascending aortic diameter per year. Results: The median aortic change per year (mm/year) showed no significant difference
(p=0.788) between the pregnant group with a median of 0.23 mm (IQR —0.17; 0.69) and 0.32 mm (IQR 0.00; 0.47) in the childless group. Mm = milli-

meters.

developed pregnancy induced hypertension at full-term and
3 patients developed pre-eclampsia. In the patients with
pre-eclampsia labor was induced at 37 weeks of pregnancy.
One of them was pregnant with a dichorionic diamniotic
twin. One case of pre-eclampsia occurred in a woman preg-
nant after oocyte donation, the other 2 in spontaneously
pregnant women. These 4 pregnancy-related complications
did not occur in the 5 women with multiple gestations. The
4 women did not have advanced maternal age compared
with the other women in the study population. One other
patient had a complicated caesarean section due to postpar-
tum hemorrhage.

Discussion

Present study is, to the best of our knowledge, the first
that reports aortic diameter changes during pregnancy of
TS women and compared an individually matched nonpreg-
nant TS group. In this cohort of pregnant TS women, no
significant aortic diameter increase was observed during the
prepregnancy, pregnancy, and postpregnancy period. Fur-
thermore, also compared with a matched group of childless

TS women, no significant differences were observed in aor-
tic diameter change. No aortic cardiac complications were
observed.

The fact we did not observe a significant aortic diameter
change in the course of the pregnancy could be explained
by the small sample size, observer variability or that there
is no significant change in aortic diameter. For this reason,
we compared the pregnant TS group with a matched control
group and this also showed no significant difference
between these groups. We predominantly measured the pre-
and postpregnancy diameters with CMR, but in some
patients we only had an echocardiogram, which in theory
could have caused an intermodality variation. However,
recently a study by Bons et al showed that the difference
between CMR and echocardiography is very small."

In this small cohort of pregnant TS women, we observed
no aortic complications. The low incidence of aortic dissec-
tion or rupture in general and still very low incidence in TS
women, could explain the absence of aortic complications.
A selection bias could cause an absence of aortic complica-
tion, because relative young, healthy TS women got preg-
nant and only 10% of the women had a 45 x 0 karyotype.
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Karyotype 45 x 0 is seen as a predictor of aortic complica-
tions. BAV was present in 23%, which has also been
described as a risk factor.'®!'” In 57% oocyte, donation was
used to become pregnant which has been associated with
aortic complication.'® However, in our study we found no
impact of these “risk factors,” although the prevalence was
low and no hard conclusions can be made.

Studies published to date report variable rates of aortic
dissection and death. Karnis et al suggested that TS women
undergoing assisted reproductive technology (ART), such as
oocyte donation, may have a 2% risk of death from aortic dis-
section. Of 258 donor-egg programs 52% responded, report-
ing 94 live births with no dissections or deaths. The authors
assumed that the TS pregnancy rate was comparable in non-
responding clinics, so they estimated 200 total ART pregnan-
cies. During the same period 4 case reports were published of
death from aortic dissection in Turner ART pregnancies, thus
they estimated a 2% risk of aortic dissection (4/200 =2%).”
Chevalier et al analyzed 93 ART pregnancies of which 2
patients (2%) died due to aortic dissection or rupture.'” Over
the past years several other studies reported a 0%,'**"*'
0.005% (1/202)** or 0.009% (1/106)"" aortic dissection rate
in pregnant TS women and no maternal deaths. The mortality
rate is <1% when combining results from published studies.
Although aortic growth is concerning, aortic dissection can
occur in the setting of a normal aortic growth rate.”* The
American Society for Reproductive Medicine and the Ameri-
can Heart Association previously introduced recommenda-
tions for screening and management of TS women before
and during pregnancy, including treatment of hypertension,
prepregnancy screening, and periodic echocardiography or
CMR during pregnancy, as we have conducted in our study
population.”*® When these advises would be implemented
by other hospitals the risk of aortic dissection may be further
reduced in the future.

The absolute aortic diameter should be corrected for small
body size in small people like TS women.”’ Aortic size index
(ASI, aortic size/BSA) has been Proposed to predict risk for
aortic dissection in TS women.'***" However one of the
pitfalls is that the ASI becomes lower in obese patients and
relatively larger in slim patients. Therefore some women will
be labeled as having a normal diameter. Tanweer et al and
Zafar et al found that the AHI is equal or slightly superior to
the ASI in the estimation of adverse aortic outcomes, such as
dissection, rupture and death.”'~” In the present study we
choose to correct using only the height (AHI), because most
of the time during pregnancy there is a significant weight
gain, which would cause a higher BSA and therefore a
smaller corrected aortic diameter.

This study has limitations inherent to the retrospective
study design. The sample size is small since TS is a rela-
tively uncommon disorder and not every TS women
becomes pregnant. Larger series are needed to assess rare
events. We studied subjects in our tertiary hospital, there-
fore patient selection bias cannot be excluded. A strength is
the fact that we monitored and documented ascending aortic
diameter change during pregnancy and compared them to a
individually matched nonpregnant TS group. Previous stud-
ies mainly described hypertensive disorders and the risk of
aortic dissection, but not the actual change in diameter dur-
ing pregnancy.

Conclusion

This study suggests that pregnancy in TS women does
not induce a faster ascending aortic diameter increase and
therefore possibly have no significant increased risk of aor-
tic dissection. Also in the presence of a bav, monosomy X
karyotype and oocyte donation no faster aortic diameter
increase was observed. No aortic complications occurred.
Based on the present study pregnancy in TS women seems
safe. We propose to use the AHI instead of the ASI, in preg-
nant women since these women have a fast change in
weight during pregnancy and because it has been shown
that it predicts outcome equal to body surface area.

Author Contributions

Silje S Kooijman: Data curation, investigation, formal
analysis, writing — original draft, visualization; Antonie L
Duijnhouwer: Conceptualization, supervision, writing —
review & editing; Roland R J van Kimmenade: writing —
review & editing; Arie P J van Dijk: writing — review &
editing; Esther Hink: writing — review & editing; Menko-
Jan de Boer: writing — review & editing; Janneke Timmer-
mans: writing — review & editing; Jolien W Roos-Hesse-
link: writing — review & editing

Disclosures

The authors have no conflicts of interest to disclose. The
authors declare that they have no known competing finan-
cial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Supplementary materials

Supplementary material associated with this article can
be found in the online version at https://doi.org/10.1016/j.
amjcard.2020.10.047.

1. Reindollar RH. Turner syndrome: contemporary thoughts and repro-
ductive issues. Semin Reprod Med 2011;29:342-352.

2. Bondy C. Pregnancy and cardiovascular risk for women with Turner
syndrome. Women’s Heal 2014;10:469-476.

3. Kim HK, Gottliebson W, Hor K, Backeljauw P, Gutmark-Little I, Sal-
isbury SR, Racadio JM, Helton-Skally K, Fleck R. Cardiovascular
anomalies in turner syndrome: spectrum, prevalence, and cardiac MRI
findings in a pediatric and young adult population. Am J Roentgenol
2011;196:454-460.

4. Ho VB, Bakalov VK, Cooley M, Van PL, Hood MN, Burklow TR,
Bondy CA. Major vascular anomalies in Turner syndrome: prevalence
and magnetic resonance angiographic features. Circulation 2004;110:
1694-1700.

5. Hjerrild B, Mortensen K, Sgrensen K, Pedersen E, Andersen N, Lun-
dorf E, Hansen K, Hgrlyck A, Hager A, Christiansen J, Gravholt C.
Thoracic aortopathy in Turner syndrome and the influence of bicuspid
aortic valves and blood pressure: a CMR study. J Cardiovasc Magn
Reson 2010;12.

6. Sachdev V, Matura LA, Sidenko S, Ho VB, Arai AE, Rosing DR,
Bondy CA. Aortic valve disease in Turner syndrome. J Am Coll Car-
diol 2008;51:1904-1909.

7. Duijnhouwer AL, Bons LR, Timmers HILM, Kimmenade RRL Van,
Snoeren M, Timmermans J, Hoven AT Van Den, Kempers M, Dijk
APJ Van, Fleischer K, Roos-Hesselink JW. Aortic dilatation and out-
come in women with Turner syndrome. Heart 2019;105:693-700.

8. Donato B, Ferreira MJ. Cardiovascular risk in Turner syndrome. Rev
Port Cardiol 2018;37:607-621.


https://doi.org/10.1016/j.amjcard.2020.10.047
https://doi.org/10.1016/j.amjcard.2020.10.047
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0001
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0001
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0002
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0002
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0002
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0003
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0003
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0003
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0003
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0003
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0004
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0004
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0004
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0004
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0005
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0005
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0005
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0005
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0005
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0006
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0006
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0006
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0007
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0007
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0007
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0007
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0008
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0008
www.ajconline.org

Congenital Heart Disease/Turner, Pregnancy and the Aortic Diameter 127

9. Karnis MF, Zimon AE, Lalwani SI, Timmreck LS, Klipstein S, Rein-
dollar RH. Risk of death in pregnancy achieved through oocyte dona-
tion in patients with Turner syndrome: a national survey. Fertil Steril
2003;80:498-501.

10. Andre H, Pimentel C, Veau S, Domin-Bernhard M, Letur-Konirsch H,
Priou G, Eustache F, Vorilhon S, Delepine-Panisset B, Fauque P,
Scheffler F, Benhaim A, Blagosklonov O, Koscinski I, Ravel C. Preg-
nancies and obstetrical prognosis after oocyte donation in Turner syn-
drome: a multicentric study. Eur J Obstet Gynecol Reprod Biol
2019;238:73-77.

11. Gravholt CH, Andersen NH, Conway GS, Dekkers OM, Geffner ME,
Klein KO, Lin AE, Mauras N, Quigley CA, Rubin K, Sandberg DE, Sas
TCIJ, Silberbach M, Soderstrom-Anttila V, Stochholm K, Alfen-Van
DerVelden JA Van, Woelfle J, Backeljauw PF, Bamba V, Bonfig NB,
Braverman AC, Breech LL, Brickman WJ, Brown NM, Bryant N, Cer-
nich J, Chernausek S, Christin-Maitre S, Corathers SD, Crawford A,
Crenshaw ML, Davenport ML, Backer J De, Eagle K, Gawlik A, Gut-
mark-Little I, Hay D, Hiratzka L, Hong DS, Hovatta O, Hultcrantz M,
Johnson WH, Kanaka-Gantenbein C, Karnis MF, Knickmeyer RC, Kris-
trgm B, Lajiness-O’Neill RR, Landin-Wilhelmsen K, Law JR, Lippe B.
Clinical practice guidelines for the care of girls and women with Turner
syndrome: proceedings from the 2016 cincinnati international Turner
syndrome meeting. Eur J Endocrinol 2017;177:G1-G70.

12. Marin A, Weir-McCall JR, Webb DJ, Beek EJR Van, Mirsadraee S.
Imaging of cardiovascular risk in patients with Turner’s syndrome.
Clin Radiol 2015;70:803-814.

13. Elsheikh M, Casadei B, Conway GS, Wass JAH. Hypertension is a
major risk factor for aortic root dilatation in women with Turner’s syn-
drome. Clin Endocrinol (Oxf) 2001;54:69-73.

14. Goldstein SA, Evangelista A, Abbara S, Arai A, Asch FM, Badano LP,
Bolen MA, Connolly HM, Cuéllar-Calabria H, Czerny M, Devereux
RB, Erbel RA, Fattori R, Isselbacher EM, Lindsay JM, McCulloch M,
Michelena HI, Nienaber CA, Oh JK, Pepi M, Taylor AJ, Weinsaft JW,
Zamorano JL, Dietz H, Eagle K, Elefteriades J, Jondeau G, Rousseau
H, Schepens M. Multimodality imaging of diseases of the thoracic
aorta in adults: from the American society of echocardiography and
the european association of cardiovascular imaging: endorsed by the
society of cardiovascular computed tomography and society for cardi-
ova. J Am Soc Echocardiogr 2015;28:119-182.

15. Bons LR, Duijnhouwer AL, Boccalini S, Hoven AT van den, Vlugt MJ
van der, Chelu RG, McGhie JS, Kardys I, Bosch AE van den, Siebelink
HMUJ, Nieman K, Hirsch A, Broberg CS, Budde RPJ, Roos-Hesselink
JW. Intermodality variation of aortic dimensions: how, where and when
to measure the ascending aorta. Int J Cardiol 2019;276:230-235.

16. Coulon C. Thoracic aortic aneurysms and pregnancy. Press Medicale
2015;44:1126-1135.

17. Matura LA, Ho VB, Rosing DR, Bondy CA. Aortic dilatation and dis-
section in Turner syndrome. Circulation 2007;116:1663-1670.

18. Bodri D, Vernaeve V, Figueras F, Vidal R, Guillén JJ CO. Oocyte
donation in patients with Turner’s syndrome: a successful technique
but with an accompanying high risk of hypertensive disorders during
pregnancy. Hum Reprod 2006;21:829-832.

19. Chevalier N, Letur H, Lelannou D, Ohl J, Cornet D, Chalas-Boisson-
nas C, Frydman R, Catteau-Jonard S, Greck-Chassain T, Papaxanthos-
Roche A, Dulucq MC, Couet ML, Cédrin-Durnerin I, Pouly JL,
Fénichel P. Materno-fetal cardiovascular complications in turner syn-
drome after oocyte donation: Insufficient prepregnancy screening and

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

pregnancy follow-up are associated with poor outcome. J Clin Endo-
crinol Metab 2011:96.

Hadnott TN, Gould HN, Gharib AM, Bondy CA. Outcomes of sponta-
neous and assisted pregnancies in Turner syndrome: The U.S. National
Institutes of Health experience. Fertil Steril 2011;95:2251-2256.
Alvaro Mercadal B, Imbert R, Demeestere I, Englert Y DA. Pregnancy
outcome after oocyte donation in patients with Turner’s syndrome and
partial X monosomy. Hum Reprod 2011;26:2061-2068.

Hagman A, Killén K, Barrends ML, Landin-Wilhelmsen K, Hanson
C, Bryman I, Wennerholm UB. Obstetric outcomes in women with
turner karyotype. J Clin Endocrinol Metab 2011;96:3475-3482.
Hagman A, Loft A, Wennerholm UB, Pinborg A, Bergh C, Aittomaki
K, Nygren KG, Bente Romundstad L, Hazekamp J, Soderstrom-Ant-
tila V. Obstetric and neonatal outcome after oocyte donation in 106
women with Turner syndrome: a nordic cohort study. Hum Reprod
2013;28:1598-1609.

Carlson M, Airhart N, Lopez L, Silberbach M. Moderate aortic
enlargement and bicuspid aortic valve are associated with aortic dis-
section in Turner syndrome: report of the international turner syn-
drome aortic dissection registry. Circulation 2012;126:2220-2226.
Practice Committee of American Society for Reproductive Medicine.
Increased maternal cardiovascular mortality associated with pregnancy
in women with Turner syndrome. Fertil Steril 2012;97:282-284.
Silberbach M, Roos-Hesselink JW, Andersen NH, Braverman AC,
Brown N, Collins RT, Backer J De, Eagle KA, Hiratzka LF, Johnson
WH, Kadian-Dodov D, Lopez L, Mortensen KH, Prakash SK, Ratch-
ford EV, Saidi A, Hagen I van, Young LT. Cardiovascular health in
Turner syndrome: a scientific statement from the American Heart
Association. Circ Genomic Precis Med 2018;11:e000048.

Erbel R, Aboyans V, Boileau C, Bossone E, Di Bartolomeo R, Egge-
brecht H, Evangelista A, Falk V, Frank H, Gaemperli O, Grabenwoger
M, Haverich A, Lung B, Manolis AJ, Meijboom F, Nieaber CA, Roffi
M, Rousseau H, Sechtem U, Sirnes PA, von Allmen RS, Vrints C, EC
for PG. 2014 ESC guidelines on the diagnosis and treatment of aortic
diseases: document covering acute and chronic aortic diseases of the
thoracic and abdominal aorta of the adult. The task force for the diag-
nosis and treatment of aortic diseases of the European. Eur Hear J
2015;35:2873-2926.

Mortensen KH, Hjerrild BE, Andersen NH, Sgrensen KE, Horlyck A,
Pedersen EM, Lundorf E, Christiansen JS, Gravholt CH. Abnormali-
ties of the major intrathoracic arteries in Turner syndrome as revealed
by magnetic resonance imaging. Cardiol Young 2010;20:191-200.
Chalard F, Ferey S, Teinturier C, Kalifa G. Aortic dilatation in Turner
syndrome: the role of MRI in early recognition. Pediatr Radiol
2005;35:323-326.

Baguet JP, Douchin S, Pierre H, Rossignol AM, Bost M, Mallion JM.
Structural and functional abnormalities of large arteries in the Turner
syndrome. Heart 2005;91:1442-1446.

Tanweer M, Zafar MA, Saeyeldin A, Gryaznov AA, Puddifant AJ,
Erben Y, Ziganshin BA, Elefteriades JA. “Getting beyond diameter”:
when to replace the aorta? J Vis Surg 2018;4:124.

Zafar MA, Li Y, Rizzo JA, Charilaou P, Saeyeldin A, Velasquez CA,
Mansour AM, Mahmood SU Bin, Ma WG, Brownstein AJ, Tranquilli
M, Dumfarth J, Theodoropoulos P, Thombre K, Tanweer M, Erben Y,
Peterss S, Ziganshin BA, Elefteriades JA. Height alone, rather than
body surface area, suffices for risk estimation in ascending aortic aneu-
rysm. J Thorac Cardiovasc Surg 2018;155:1938-1950.


http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0009
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0009
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0009
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0009
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0010
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0010
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0010
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0010
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0010
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0010
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0011
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0011
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0011
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0011
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0011
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0011
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0011
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0011
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0011
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0011
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0011
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0011
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0011
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0011
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0011
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0011
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0012
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0012
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0012
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0012
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0013
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0013
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0013
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0013
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0014
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0014
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0014
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0014
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0014
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0014
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0014
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0014
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0014
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0014
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0014
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0014
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0015
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0015
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0015
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0015
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0015
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0016
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0016
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0017
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0017
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0018
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0018
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0018
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0018
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0018
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0018
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0019
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0019
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0019
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0019
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0019
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0019
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0019
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0019
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0019
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0020
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0020
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0020
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0021
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0021
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0021
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0021
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0022
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0022
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0022
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0022
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0022
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0022
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0023
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0023
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0023
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0023
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0023
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0023
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0023
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0023
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0024
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0024
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0024
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0024
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0025
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0025
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0025
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0026
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0026
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0026
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0026
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0026
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0026
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0027
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0027
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0027
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0027
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0027
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0027
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0027
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0027
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0027
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0027
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0028
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0028
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0028
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0028
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0029
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0029
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0029
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0030
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0030
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0030
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0031
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0031
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0031
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0031
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0031
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0032
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0032
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0032
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0032
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0032
http://refhub.elsevier.com/S0002-9149(20)31180-2/sbref0032

	Influence of Pregnancy on Aortic Diameter in Women With the Turner Syndrome
	Method
	Results
	Discussion
	Conclusion
	Author Contributions
	Disclosures
	Supplementary materials


