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Abstract
Congenital heart disease (CHD) is present in approximately 50% of patients with trisomy 21
(T21) and Turner syndrome (TS). According to the American Academy of Pediatrics, every
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patient with these genetic disorders should have a postnatal echocardiogram. T21 is usually
associated with atrioventricular (30%–60%), atrial (16%-21%), or ventricular septal defects
(14%–27%). TS is usually associated with left-sided heart disease. However, the spectrum of
CHD in these genetic disorders is wider than those mentioned lesions. More cardiac surgical
procedures are offered to these patients and that has influenced positively their life expectancy for some CHD conditions. Single ventricular anatomy is associated with high mortality in
these genetic disorders (49% in T21 and 83%–91% in TS). The goal of this article is to describe
the spectrum of CHD, screening guidelines, and cardiac surgical outcomes in patients with T21
or TS with CHD.
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2.2 | Screening guidelines

1 | INTRODUCTION
Approximately 50% of the patients with trisomy 21 (T21) and
Turner syndrome (TS) have

congenital

heart disease (CHD).

The objective of this article is to describe the spectrum of CHD
and cardiac surgical outcomes of patients with these genetic
syndromes.

According to the 2011 American Academy of Pediatrics (AAP) health
care for individuals with Down syndrome article,2 every patient with
T21 should undergo a postnatal echocardiogram (ECHO) within the
first month of life independently of having had a prenatal ECHO, and if
it is abnormal, they should be referred to a pediatric cardiologist. It is
important to have this ECHO done in a pediatric cardiology center
where the technicians and cardiologists are trained in CHD. Multiple
studies have suggested performing an initial screening within the first

2 | TRISOMY 21

week of life, including physical exam, chest x-ray, and electrocardiogram (ECG), and if abnormal, to proceed with an ECHO.8 However,

2.1 | Background

without ECHO, the sensitivity of these screening tests for detecting

Down syndrome is a genetic disorder characterized by an extra

major CHD ranges between 71% and 95%.4,5,8

chromosome 21, and it is related to multiple comorbidities and intellectual disability. According to the World Health Organization, the
estimated worldwide incidence of T21 is 1 in 1000–1110 live births.
Life expectancy has significantly evolved from 10 years in the 1900s

2.3 | Neurodevelopmental outcome in patients with
CHD and T21

to 80% reaching 50 years and beyond in the current era. However,

T21 is associated with intellectual disability, from mild to severe, with

there is a four to eightfold increase in mortality in patients with T21

language, expressive and receptive speech deficiencies. When compar-

compared with the normal population.1 CHD is present in 35%–

ing patients with T21 and CHD (T21-CHD) who underwent surgical

60%2–6 of these patients, and it is one of the main causes of death

procedure that required cardiac bypass within the first year of life with

(30%-35%).
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had lower scores in expressive and receptive language9 and gross

821

ventilation times compared with non-T21 patients, (median: T21 vs

using the Bayley-III test. T21-CHD preschoolers had

non-T21, 3 vs 2 days, P 5 .012).14 Patients with T21 had lower in-

lower scores, but not statistically significant, for auditory communica-

hospital mortality15 (T21 vs non-T21, 1.9% vs 3.9%, P 5 .02); however,

tion, expressive communication, visual motor and fine motor compared

Lange et al.14 reported no differences, and both groups had similar 6-

with T21-nonCHD group.9 By school age, children within the T21-

month post procedural mortalities of 4%.13,14

10

motor skills

9

CHD group did not demonstrate any differences in math, reading, language capabilities, executive functioning, internalizing or externalizing

2.8 | Risk of reoperation after AVSD repair

symptoms when compared with T21-nonCHD patients.9
Higher frequency of reoperations was reported in patients with non-

2.4 | Risk factors associated with development of T21
and CHD

T21 (22.7%) compared with patients with T21 (11.1%), mainly left atrioventricular valve procedures (non-T21 vs T21, 5.3% vs 1.5%, P 5
.03),15 despite no significant difference in postoperative left atrioven-

There are discrepancies regarding gender and the risk of CHD in

tricular valve regurgitation degree.6,13 This finding is thought to be sec-

patients with T21, CHD being more frequently reported in

ondary to more frequent anomalies in non-T21 patients, such as

12

double orifice mitral valve and single papillary muscle.1,14 Patients with

Prenatal factors associated with T21-CHD include maternal smoking

non-T21 had higher freedom of reoperation (71%–81.4%) after suc-

(adjusted relative risk 1.57 [1.18–2.09]) and obesity (BMI > 30 kg/m )

cessful biventricular repair or definitive univentricular palliation com-

1,5,6,11

females.

Other studies have suggested male predominance.

2

with a 16%-34% increased risk. Neither maternal hypertension (HTN)

pared with T21-CHD patients (75%–94.6%),15 but this has not always

nor diabetes were associated with increased risk of developing CHD in

been statistically significant.14

6

fetuses with T21.6

2.9 | VSD repair
2.5 | Spectrum of CHD in patients with T21

Patients with T21 and CHD are at risk of developing irreversible pul-

There is a wide spectrum of CHD in patients with T21. Atrioventricular

monary vascular changes by 6 months.7 Proposed reasons include fail-

septal defect (AVSD) is the most frequent CHD in patients with T21

ure of pulmonary artery resistance to regress after birth in patients

and

with left to right shunting, lung hypoplasia, and obstructive airway dis-

tetralogy of Fallot

ease causing hypercarbia, hypoxia, and pulmonary vasoconstriction.16

(2%–11%),5,8,12 patent arterial duct (6%),5 coarctation of aorta (CoA)

According to Fudge et al., when comparing patients with and without

4–6,9,11,12

(30%-60%),

followed

by

atrial

(16%–21%),

4–6,8,9,12

ventricular septal defect (VSD) (14%-27%),
8

4,6,8,12

5,8

(0.3%), and bicuspid aortic valve (BAV) (0.5%–2%).

Some of the

T21, patients with T21 by the time of surgical repair were younger

CHD lesions could be isolated or combined with other types of CHD.

(median: T21 vs non-T21, 4.8 [3.2–7.1] vs 7.4 [3.8–25.2] months,

2.6 | Surgical procedures

cm, P < .0001), and had lower weight (median: T21 vs non-T21, 4.9

Given the frequency of the lesions, it follows that complete AVSD repair

cardiac bypass (median: T21 vs non-T21, 77 vs 72 min, P < .0001) and

is the most frequent cardiac procedure, followed by VSD repair.3,7

cross-clamp times (median: T21 vs non-T21, 46 vs 41 min, P < .0001).3

P < .0001), smaller (median: T21 vs non-T21 60 [56–65] vs 67 [59–87]
[4.3–5.6] vs 5.1 [4.2–6.8] kg, P < .0001).3 Patients with T21 had longer

Patients with T21 did not have differences in in-hospital mortality (T21

2.7 | Primary AVSD repair

vs non-T21, 0.6% vs 0.5%, P 5 .7), but did have longer LOS (median:

Preoperatively, patients without T21 (non-T21) have more moderate

T21 and non-T21, 5 vs 4 days, P < .0001).3

to severe left atrioventricular valve regurgitation (T21 vs non-T21, 17%
vs 38%, P 5 .05).13 Centers vary regarding timing of primary AVSD

2.10 | Single ventricle in patients with T21

repair in patients with T21. According to Lange et al.14 and Atz et al.,13

Patients who had undergone the single ventricle (SV) palliation, mainly

there is no difference regarding timing of AVSD repair between

had unbalanced AVSD.1 The higher risk of elevated pulmonary vascular

3

patients with and without T21; however, Fudge et al., reported pri-

resistance in this population puts them at risk of increased postopera-

mary AVSD repair at a younger age in T21 patients (median: T21 vs

tive mortality.1 When comparing patients with CHD with and without

non-T21, 4.4 [3.2–7.1] vs 4.6 [3.1–8.5] months, P 5 .01). Other charac-

T21 regarding in-hospital mortality after palliative procedures, it is

teristics in patients with T21 compared with non-T21 patients regard-

higher in T21 patients after systemic to pulmonary shunt (T21 vs non-

ing the time of repair included shorter height (median: T21 vs non-T21,

T21, 16.8% vs 10.8%, P < .05), and bidirectional Glenn (T21 vs non-

59 [56–62] vs 61 [56–67] cm, P < .0001),3 and lower weight13 (median:

T21, 15.6% vs 2.1%, P < .05), but lower after Fontan (T21 vs non-T21,

T21 vs non-T21 4.9 [4.3–5.6] vs 5.1 [4.2–6.8] kg, P 5 .0004). There

0% vs 2.3%, P < .05).1 Fudge et al. also published similar

were no differences regarding cardiac bypass or cross-clamp times

findings, reporting higher in-hospital mortality after stage 1 palliation

3,13,14

Hospitalization length of stay

(T21 vs non-T21, 72.9% vs 19.4%, P < .0001), bidirectional Glenn (T21

(LOS) after repair was also similar in both groups13 (median of 7 days,

vs non-T21, 18.8% vs 1.8%, P < .0001), but Fontan was higher (T21 vs

P 5 .9).3 Patients with T21 needed longer postoperative mechanical

non-T21, 23.5% vs 1.6%, P < .0001). The LOS was longer after

between the two groups.
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bidirectional Glenn procedure compared with non-T21 counterparts

counterparts. T21 patients are at increased risk of irreversible pulmo-

(median: T21 vs non-T21, 10 vs 6 days; P 5 .0002), but no differences

nary vascular changes within the first 6 months of life, so if complete

were present after Stage 1 palliation (median: T21 vs non-T21, 27 vs

repair is not possible at that age or still undecided, pulmonary artery

21 days, P 5 .6) and Fontan procedure (median in both groups: 9 days,

band should be considered to protect pulmonary vasculature. Single

P 5 .3).3 Furukawa et al.,17 reported that they performed more extra-

ventricular anatomy in Down syndrome is associated with increased

cardiac fenestrated Fontan procedures in T21 patients (T21 vs non-

mortality. There is limited information about outcomes of heart trans-

T21, 50% vs 15%, P 5 .031); and after Fontan procedure, T21 patients

plant in patients with T21. More research is warranted in this topic.

had more use of postoperative nitric oxide (T21 vs non-T21, 50% vs
7.9%, P < .001), longer mechanical ventilation times (mean: T21 vs

3 | TURNER SYNDROME

non-T21, 7.8 vs 2.6 days, P 5 .039), longer intensive care unit LOS
(mean: T21 vs non-T21, 14 vs 5.2 days, P 5 .009), longer pleural drainage duration (mean: T21 vs non-T21, 17 vs 9.7 days, P 5 .027) and longer hospitalization (mean: T21 vs non-T21, 40.1 vs 27.7 days, P 5
.007). There were no differences between late or in-hospital deaths (P
5 .5). Colquitt et al.18 and Campbell et al.16 reported similar findings;
79% of patients with SV anatomy had pulmonary artery banding as
their first palliation, with only 21% of the patients reaching definitive
palliation (Fontan or 1.5 repair), with an overall SV mortality of 43%.
However, SV patients with T21 had minimal mortality beyond 2 years
if pulmonary vascular resistance was less than 3 WUm2 during the first

3.1 | Background
Turner syndrome (TS), also known as Ullrich–Turner syndrome, is a
genetic disorder characterized by an abnormal or absent second chromosome X.21 It is estimated that TS is present in 3% of all female
fetuses; however, only 10% survive.22,23 Estimated prevalence is 1 of
every 2000–2500 female live births.24 CHD is present in 30%–50% of
all patients with TS, mainly left sided heart disease; however, other
lesions have been described.21,25 The objective of this article is to
describe the spectrum of CHD and outcomes in patients with TS.

year of life.18 Studies recommend offering pulmonary artery banding
within the first 6 months of life to avoid irreversible vascular damage,

3.2 | Screening and follow up

even if the providers are undecided between taking biventricular or

According to the American Academy of Pediatrics (AAP), all patients

univentricular pathways.18

with TS should have an initial cardiology evaluation,26 independently of
history of normal fetal ECHO.23,27 In cases of normal initial evaluation,

2.11 | Postoperative complications in patients with
T21 and CHD
Postoperative complications include pulmonary infections secondary to
subglottic stenosis, laryngo-, tracheal-, and bronchomalacia that put
them at risk of failing extubation1 and were identified as risk factors
for early and late deaths.7 Other complications, more frequent in
patients with T21 compared with non-T21, included surgical site infections,17 pulmonary HTN, development of chylothorax, and pacemaker
placement after VSD repair.3

2.12 | Heart transplant in patients with T21

pediatricians should closely monitor the cardiovascular exam (heart
murmurs, blood pressure) and repeat cardiologic evaluation with cardiac imaging (ECHO or cardiac magnetic resonance imaging [MRI])
every 5–10 years, or sooner if transitioning to an adult clinic or planning pregnancy, to evaluate the presence of aortic dilation.23,25,26 Routine ECG screening should be performed to evaluate prolonged QT
interval.25 Follow up evaluations should be at least yearly in patients
who have BAV, HTN, or history of CoA with physical exam, ECG, and
ECHO. If the aorta is dilated, follow up interval should be biannual to
annual, depending on the size of ascending aorta and rate of its dilation
using MRI or computed tomography angiography (CTA) if ECHO imaging quality is not adequate.23

After some initial controversy, Sandra Jensen was the first patient with
T21 who underwent heart and lung transplant in 1996.19 She died 16
months later after a brain surgery. A 14-year experience from a single
center in the United Kingdom described that they had a total of three
T21 referrals for heart transplant, but none received it for reasons other
than T21. There are not any available publications describing the outcomes of heart transplant in patients with T21. However, because of their
immunological abnormalities, it is expected that they would be at risk of
higher incidence of infection, malignancy, and autoimmune disease.20

3.3 | Etiology of CHD in patients with TS
Multiple theories about the etiology of CHD in patients with TS have
been proposed, but none explains the whole spectrum of CHD in this
population. The prevalence of CHD has been described to be higher in
patients with chromosome X monosomy compared with mosaics or
structural abnormalities in chromosome X.25
One theory regarding CoA development is that fetal lymphatic pressure and jugular lymphatic sac obstruction (apparent in fetuses as early

2.13 | Conclusion

as 10–12 weeks of gestational age) causes distention of the thoracic
duct and external compression of the ascending aorta, reducing the

CHD is present in approximately 50% of patients with T21. AVSD

blood flow through the developing heart and resulting in small left sided

repair is the most frequent cardiac surgery. After AVSD repair, T21

cardiac structures, as well as left superior vena cava due to back pressure

patients have lower frequency of reoperation and have similar

from obstructed flow.23,28 In surviving fetuses, the lymphatics mature

in-hospital and long-term mortalities compared with non-T21

and patients develop webbing of the neck.23,25 It has been reported that
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webbed neck is associated with the most severe CHD phenotype28 and
26,27,29

has a strong association with CoA and BAV;

however, there are

patients with webbed neck who do not have CHD.23 Other proposed
theories include TGF-b2 deficiency resulting in fourth pharyngeal arch
obstruction,30,31 abnormal endothelial release of TGF-b1 influencing
angiogenesis process of differentiation of neural crest cardiac cells,30 or
haplo-insufficiency for Xp (missing the short arm of the X chromosome)
contributing to abnormal aortic valve and arch development.23
According to Bechtold et al.,32 lymphatic flow obstruction and dilation increases the distance and causes incomplete fusion between the
developing pulmonary veins and the left atrium causing partial anomalous pulmonary venous return (PAPVR).32

823

3.6 | Anomalous venous return
Anomalous venous return anomalies include pulmonary and systemic
in patients with TS. Systemic venous return anomalies include left
superior vena cava (7.8%–13%)37,45 and interrupted inferior vena cava
with azygous continuation (2%).36
PAPVR is found in 13%–15.7%23,37,45 of patients with TS when
using MRI as diagnostic imaging tool, but usually can be diagnosed by
ECHO in 1.5%–3.7% of the cases.46 PAPVR has been found to be one
of the most missed cardiac diagnosis in the TS population, and is usually diagnosed later in life. Patients are asymptomatic until teenage
years or adulthood.23 Described PAPVR lesions in TS include left upper
pulmonary vein draining into right atrium through a vertical vein or

Marfan and TS have similar histological vascular changes such as

right upper or middle veins draining to the superior vena cava.37 Kim

cystic medial necrosis that has been found in 42%–72% of TS patients

et al.37 study compared patient with TS with and without PAPVR (non-

with aortic dilation who had dissection.25,30 Other vascular abnormalities found in TS include reduced distensibility of branchial and carotid
arteries,23 decreased vascular endothelial growth factor and biglycan,33
changes in vascular smooth muscle cells, elastin, and collagen fibers,33

PAPVR) by cardiac MRI; however, right ventricular end diastolic and
systolic volumes (RVEDV and RVESV) were reported as grams instead
of ml, that is most likely a typo, so data are reported in ml in this
review. Patients with TS with PAPVR had statistically significant higher

aortic and carotid wall thickening, increased TGF-b1 affecting SMAD

RVEDV (median: PAPVR vs non-PAPVR, 133.4 [IQR 113.3–148.2] vs

signaling pathway and causing proliferation abnormalities of matrix

92.7 [IQR 80.0–112.3] mL, P 5 .0038), RVESV (median: PAPVR vs

proteins.25,30,34 All these findings create concerns for increased vascular friability, risk of bleeding, and aneurysmal formation.23,30

non-PAPVR, 47.8 [IQR 38–57.9] vs 28.5 [IQR22.9–34.7] mL, P 5
.0022), end diastolic right heart mass (median: PAPVR vs non-PAPVR,
10.1 [IQR 7.3–12.9) vs 7.4 [IQR 6.1–9] g, P 5 .0378) and Qp : Qs ratio
(median PAPVR vs non-PAPVR, 1.29 [IQR 1.14–1.54] vs 1.00 [IQR

3.4 | Diagnosis

0.99–1.03, P 5 .0014) than in patients without PAPVR.

Prenatal diagnosis is suspected in cases of increased nuchal translu-

Multiple studies23,37,46 recommend the use of unsedated cardiac

cency, cystic hygroma, anasarca, poly- or oligohydramnios, horseshoe

MRI/MRA as a screening method for patients with TS, not only to eval-

kidney, growth retardation, or brachycephaly.23 CHD findings concern-

uate critical cardiovascular lesions, but also for long term morbidity of

ing for TS include CoA or hypoplastic left heart syndrome (HLHS).25,27

cardiac lesions missed by transthoracic ECHO.

Postnatally, physical findings include lymphedema (secondary to
increased lymphatic pressure causing vascular endothelial growth fac-

3.7 | Aortic arch branching anomalies

tor overexpression and increased vascular permeability),23,32 webbed
neck (tenting of the neck secondary to fetal cystic hygroma),35 pedal
edema with upturned toenails, cubitus valgus and widely spaced nipples. Lymphedema usually resolves by 2 years of age. TS diagnosis
could be missed early in life and be diagnosed during childhood/teenage years during an evaluation of short stature or premature ovarian

Arch anomalies include elongation of transverse aortic arch, also known
as pseudocoarctation (31.4%-50%),23,37,45 aberrant right subclavian
(8%)45 or vertebral artery (4%),45 and bovine arch (8%).37,45 Elongation
of the transverse arch is associated with BAV, CoA, and aortic sinus
dilation.37

failure. All patients with prenatal or postnatal concerns for TS should
have a karyotype, even if prenatal karyotype was performed.27

3.8 | Aortic dilation
Aortic dilation is present in 3%–30%23,27,39 of patients, and it mainly
affects the aortic root and ascending aorta.25 According to Bondy

3.5 | Spectrum of CHD in patients with TS

et al., ascending aorta upper limit of normal in patients with TS should
CHD is present is 20%–50%26,27 of patients with TS. The most frequent
27,33,36–38

be an aortic size index (ASI) of 2 cm/m2, and if meeting or exceeding

25–27,33,36,37,39

2.5 cm/m2, surgical intervention should be considered.23 Other pro-

followed by HLHS, PAPVR, and elongation of transverse aortic

posed definitions for dilated ascending aorta include ascending to

arch.23,40 Atrial and ventricular septal (1%–2%)30 defects are usually

descending aorta ratio greater than 1.5,39 that Bondy et al. do not

small and not frequent in patients with TS, and if present, they do not

agree using this criterion23 with the concern that the descending aorta

CHD are BAV (11%–50%),

23

usually require surgical repair.

CoA (11%–35%)

There are other less commonly
23

most of them

described types of CHD lesions in this population,

41

Fallot,

44

AVSD,

aortic dissection, most reported during adulthood with mean age of

tetralogy of

30–35 years,38 some cases in patients younger than 21 years had been

patent arterial duct, and aortic or pulmonary artery

reported.26 When comparing aortic tricuspid (TAV) with bicuspid valve

in case reports, such as hypertrophic cardiomyopathy,
42,43

is also abnormal in this population.38 Aortic dilation is associated with

30

valve stenosis, among others.

in patients with TS in adults (mean: TAV vs BAV: 26.6 vs 28.8 years,
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P 5 .22), BAV patients had higher aortic peak flow velocity (mean: TAV

months old.51 It is the most frequent cardiac surgical procedure in

vs BAV: 1.3 vs 1.6 m/s, P < .0001), annulus (mean: TAV vs BAV: 1.88

patients with TS and has an 11% operative morbidity.50 Cramer et al.

vs 2.07 cm, P < .001), sinuses (mean: TAV vs BAV: 2.61 vs 2.80 cm,

compared characteristics and outcomes of CoA repair in patients less

P < .003), sinotubular junction (mean: TAV vs BAV: 2.11 vs 2.31 cm,

than 16-year-old with and without TS. TS patients were younger

P < .001), and ascending aortic diameters (mean: TAV vs BAV: 2.34 vs

(median: TS vs non-TS: 12 vs 70 days, P 5 .001), had lower weight

2.62 cm, P < .0005).38,47

(median: TS vs non-TS: 3.2 vs 5.3 kg, P 5 .001), longer cross-clamp

Hjerrild et al.38 reported that ECHO has lower sensitivity diagnos-

time (median: TS vs non-TS: 22 vs 18 min, P 5 .01), and LOS (median:

ing less than severe aortic dilation, and that cardiac MRI provides a bet-

TS vs non-TS:9 vs 5 days, P < .001). Follow up of 8.8 6 9 years after

ter aortic evaluation. Prophylactic use of beta-blockers in the absence

CoA repair showed that 12.5% of the patients had residual echocardio-

of HTN to prevent aortic dilation has failed to demonstrate any bene-

graphic arch gradients over 19 mm Hg; 5% needed surgical reinterven-

fit.25 It is still unclear whether beta-blockers or angiotensin II receptor

tion. There were no reports of aortic dissection, dilation or aneurysm

blockers have any effect in slowing down aortic dilation progression.23

formation.21 Surgical complications in TS include bleeding secondary to
clamp injury on the friable aorta, sometimes resulting in reoperation

3.9 | Aortic dissection

and not related to age of repair,52 dissection and aneurysm forma-

Aortic dissection prevalence is 1.4%, with an incidence of 36/100 000
in TS patients per year, average of 30.7 (range 4–64) years.23,25,48 This
is younger than in the general population in whom the average age for
dissection is 68 years.34 It is reported to be the cause of 2%-8% deaths
in patients with TS. Reported location of dissection include the ascending aorta (55%–85%), descending aorta (15%–37%), and both

tion.50 Factors that may explain prolonged LOS in TS patients include
feeding intolerance, chest tube drainage and need of respiratory
support.21
Kataoka et al.,51 reported outcomes of balloon angioplasty in three
cases of native CoA in TS (age: 3–17 years old), and after 3–4 years follow up, none had aneurysm formation or lesion recurrence. Balloon

(8%).23,30,34,48,49 Most patients who dissect will have symptoms such

angioplasty risks include rupture, restenosis, dissection and aneurysm

as chest, neck, back or abdominal pain, shortness of breath, nausea,

formation, with 20% reported aortic wall injury and 6.6% mortality

vomiting, dizziness, or sudden death before presentation. Duration of

rate.50 Van den Hoven et al.33 reported outcomes of 19 cases of per-

symptoms does not correlate with chances of survival.48 Carlson

cutaneous angioplasty in patients with TS, median age 16.9 (range: 7–

et al.48 reported 37% survival after dissection. Risk factors found in up

60) years, with stent placement in 68% of the subjects. In his series, TS

to 90% of the cases include HTN with/without left sided heart disease.

patients who had covered stent placement had descending aortic dis-

Sixty-nine percent have a history of CHD such as CoA (47%), BAV

section, two confirmed and one suspected. Morbidity has been

(27%–95%), or both (18%). Ten to twenty percent of patients have no

reported of 19% after balloon angioplasty and 9% after stent place-

25,34,48

identifiable risk factors.

Because of the risk of dissection, these

patients should have aggressive HTN management. Surgical interven-

ment.50 Patients with TS should be advised of the risk of dissection
and death during and after percutaneous angioplasty procedure.

tion (replacement/angioplasty) has been suggested in TS patients with

3.12 | Coronary arterial anomalies

ascending aorta measurements of 4.5 cm or greater.23

Coronary arterial anomalies are more frequent in patients with TS

3.10 | BAV

(20%) compared with the general population (5%).36 Those anomalies

BAV is present in 1%–2% in the general population;47 however, it is

mainly involve the left coronary artery. They include absent left main

present in 11%–50% of patients with TS, usually secondary to fusion

coronary artery, left circumflex arising from the right coronary sinus,36

between right and left coronary cusps.23,47 It is diagnosed by ECHO in

coronary to pulmonary artery fistula or left coronary artery arising from

47

89% of cases.

Cardiac MRI has higher sensitivity, and has manifested

pulmonary artery.21 Anomalies related to right coronary artery include

BAV is an inde-

high origin above the aortic sinus.36 Other reported coronary artery

pendent factor associated with aortic dilation, independent of its func-

abnormalities include origin from descending aorta and coronary

47

an increase in frequency of diagnosis of BAV in TS.

Aortic valve monitoring should be performed to

arteries dilation.30 There is no correlation between coronary arterial

evaluate development of aortic stenosis (4%–16%), insufficiency (6%-

anomalies and having 45 X mosaic or monosomy.36 The etiology of

47

tional status.

25

45%), aortic dilation, and dissection.

coronary arterial anomalies in TS remains unclear.
Patients with TS have higher relative risk of coronary artery dis-

3.11 | Coarctation of aorta

ease (2.1)25 and increased risk of myocardial infarction around the fifth
decade30 due to comorbidities such as dyslipidemia, hypercoagulability,

CoA is the second most frequent CHD in patients with TS. It could be

HTN, diabetes, and premature ovarian failure.23,30

associated with other CHD lesions, most frequently BAV (20%–
58%);50 however, other lesions described include PAPVR, left superior
vena cava, VSD, subaortic membrane, anomalous right subclavian

3.13 | Single ventricular anatomy

artery, and restrictive cardiomyopathy.33 Surgical CoA repair continues

Univentricular palliation in patients with TS is usually performed in

to be the standard treatment for this condition in infants less than 3

patients who have HLHS. Cramer et al.21 published a single center

|
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experience in patients with HLHS who underwent single ventricular
pathway. His study included initially 6 patients (2 who were later
excluded). Four patients underwent Norwood procedure, three survived
stage II procedure but 2 died later; the surviving patient was in palliative
care. Lara et al.53 used the Texas Birth Defect Registry and reported the
outcome of 11 patients with HLHS, with only 1 patient surviving at the
end of the study after stage 2 palliation (mortality: 6 cases before surgery, 3 after stage 1 palliation, 1 after state 2 palliation). Despite poor
outcomes in patients with TS, SV palliation is still offered to this population. The reason of increased mortality in this population remains
unclear.
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3.17 | Growth hormone
There have been concerns of the use of growth hormone (GH) in
patients with TS, as the dose given is higher to what is given to GH
deficient patients. GH excess is associated with elevated heart rate and
cardiac output, cardiac hypertrophy, cardiomyopathies, mitral and aortic insufficiency. GH treatment in GH deficient patients causes ventricular hypertrophy.55 Matura et al. described outcomes of 67 TS patients
who were treated with GH for average of 4–5 years. This study demonstrated that subjects who received GH were taller, and had normal
proportional growth to their body size of ventricular dimensions without evidence of hypertrophy;55 however, it did not describe a timeframe between GH treatment and ECHO. Bondy et al.56 reviewed
changes in aortic dimensions using cardiac MRI, after receiving GH

3.14 | Heart transplant in patients with TS

treatment for 2 years, and reported no differences in ascending or
There are currently no publications regarding heart transplant in

descending aorta dimensions, and better (more normal) aortic to

patients with TS.

descending aorta ratios compared with patients with TS who did not
receive GH. Factors influencing ascending aortic dimensions included
weight, height and history of BAV; factors influencing descending aor-

3.15 | Electrophysiologic abnormalities

tic dimensions included age, height and history of CoA.56 Van den berg

Patients with TS have abnormal vagosympathetic tone causing resting

et al.,57 reported 6 month follow up by cardiac MRI after GH treat-

tachycardia that starts in fetal life and continues through adulthood,

ment, and demonstrated that TS patients did not demonstrate ventric-

54

and

ular hypertrophy or dysfunction, but had smaller ventricular volumes

reduced heart rate variability. Other factors include T wave abnormal-

without difference in cardiac output, as TS patients had higher resting

accelerated conduction between atrial and atrioventricular node
23

and repola-

heart rates when compared with healthy individuals. So far, studies

rization abnormalities causing prolonged QTc interval (33% children

have demonstrated that patients with TS who received GH did not

and 20% adults)54 that was associated with sudden deaths.30 Muta-

have changes in BP,58 ventricular or aortic dimensions, electrical abnor-

tions in the following genes have been found in patients with TS:

malities or increased risk of aortic dissection,25 and that its use may be

SCN5A, KCNH2, KCNE2.54 BAV and medications (hormone replace-

beneficial for aortic biophysical wall properties.39 There is limited

ment therapy, cholesterol, and blood pressure [BP] medications) have

knowledge of long-term effects of GH in the cardiovascular system.

ities, right axis deviation, not always secondary to PAPVR

54

not been found to be the cause of prolonged QTc interval.

TS

patients are at increased risk of atrial arrhythmias.30 Based in these
electrophysiologic abnormalities, the use of beta-blockers may have
more than one benefit on this population.54

3.18 | Pregnancy
Spontaneous pregnancy has been reported in 2%–5% of patients with
TS, usually in cases of mosaicism. Pregnancy is uncommon (<0.5%) in
45 X monosomy.59 Most of the TS patients who achieved pregnancy
had assisted reproductive therapy. According to the Practice Commit-

3.16 | Hypertension

tee of the American Society for Reproductive Medicine,60 “Turner syn38

Twenty-five to forty percent of adolescents and up to 60%

of adults

drome is a relative contraindication for pregnancy, and patients should

with TS have HTN (elevated systolic BP), usually essential; however,

be encouraged to consider alternatives” and “cardiac MRI revealing any

20% of the cases could be secondary to renal or cardiovascular abnor-

significant abnormality and/or aortic size index (ASI) greater than

malities. These patients also have blunted decreases in BP during

2 cm/m2 represents an absolute contraindication for attempting preg-

30

In patients with premature ovarian failure with TS, estrogen

nancy in a women with Turner syndrome.” However, according to

deficiency has been associated with elevated BP. This improved after

Bondy et al.,23 relative contraindication conditions for pregnancy

sleep.

30

Proposed causes

include a history of repaired cardiovascular defect, systemic HTN, aor-

of HTN in these patients include elevated plasma renin levels and

tic dissection or dilation and BAV. A single-embryo is preferred in cases

abnormal vagosympathetic tone.25 Treatment options include beta-

who elect assisted reproductive therapy.60 TS patients who get preg-

blockers, angiotensin converting enzyme inhibitor, or angiotensin

nant are at increased risk of diabetes and preeclampsia.23 Risk of death

treatment with transdermal low doses of estrogen.

30

and may benefit

during pregnancy is 100 times higher in TS patients compared with

TS aortopathy; however, more research is warranted in this topic. Cal-

female patients with normal karyotypes.25 It is estimated that aortic

cium channel blockers have been associated with worsening lymphe-

dissection may complicate 2% of pregnancies in patients with TS, 53%

dema, and should not be given to infants because of the risk of sudden

happening during the third trimester.25,48,49 Carlson et al.34 reported

death associated with this class of drugs.

outcomes of seven cases of aortic dissection related to assisted

receptor blockers (ARB). ARB antagonizes TGF-b1
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reproductive technology without HTN or CHD (mean age: 26 [20–53]
years), with 86% mortality, one death was reported one year later.
Patients should have an ECG, ECHO, and/or cardiac MRI before considering pregnancy to evaluate the aortic root and arch. Once pregnant,
patients should be followed in a tertiary center with close BP control,
have regular ECHOs during each trimester and monthly during last trimester. Patients should be followed 15 days after delivery.25 According
to the Practice Committee of the American Society for Reproductive
Medicine,60 “women in stable condition who have ascending aortic size
index (ASI) of less than 2 cm/m2 may attempt vaginal delivery under
epidural anesthesia” and “women exhibiting baseline or progressive
aortic root dilation should have an elective cesarean delivery under epidural anesthesia before the onset of labor.”

4 | CONCLUSIONS
Approximately 50% of patients with TS have CHD, mainly CoA and BAV.
Every patient diagnosed with TS should have an initial ECHO, independent
of normal fetal study. Throughout their lives, patients with TS should have
close BP monitoring and management. In cases of normal cardiovascular
exam, TS patients should have regular imaging studies (ECHO or cardiac
MRI) to assess the aortic valve and arch. CoA surgical repair is the most frequent cardiac intervention. TS aortopathy has been associated with
increased risk of bleeding and dissection during or after cardiac surgeries/
balloon angioplasties. GH use in TS patients has not been associated with
elevated BP, ventricular hypertrophy, aortic dilation or dissection. Single
ventricular anatomy is associated with very poor outcomes in TS. Pregnancy has increased risk of HTN, diabetes and aortic dissection, so patients
should be followed closely in a tertiary center with serial aortic imaging.
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