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Abstract
We report the successful surgical treatment of aortic regurgitation in a 27-year-old woman with Turner syndrome (TS) who 
was admitted with exacerbation of dyspnea on exertion. Echocardiography showed a bicuspid aortic valve with severe aortic 
regurgitation and computed tomography showed dilatation of the ascending aorta and aortic root. Due to the patient’s low 
body surface area (due to TS), standard determination of aortic size was not possible; therefore, we used the reference curves 
of aortic diameters in children. Because of the possibility of fatal ascending aortic dissection and rupture, we performed 
concomitant aortic root remodeling and aortic valve repair.
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Introduction

Patients with Turner syndrome (TS) frequently have a bicus-
pid aortic valve and TS is considered to be a risk for aortic 
dilation or dissection, similar to Marfan syndrome. Nearly 
all individuals with TS have a short stature, similar to chil-
dren [1]. Because there is no aortic diameter-based surgical 
criterion for aortic replacement in patients with TS, the sur-
gical timing and procedures must be carefully considered. 
We report a case of successful ascending aortic replacement 
and aortic root remodeling with repair of a bicuspid aortic 
valve in a patient with TS, performed using the reference 
curves of aortic diameters in children [2].

Case report

A 27-year-old woman with TS, who has been followed up 
as an outpatient, since she was 16 years old, admitted to 
our hospital with dyspnea on exertion. Her body surface 
area (BSA) was 1.15 m2. Transthoracic echocardiogram 

revealed severe aortic regurgitation with a bicuspid aortic 
valve; diastolic and systolic dimensions of 49 and 36 mm, 
respectively; and a left ventricular ejection fraction of 55%. 
The right coronary and non-coronary cusps were fused. Aor-
tic regurgitation was caused by prolapse of the left coronary 
cusp. The maximum diameters of the aortic root and the 
ascending aorta were 33.5 and 28.5 mm, respectively, and 
they were normal sized for an adult. However, the aortic root 
seemed relatively dilated compared with the ascending aorta 
(Fig. 1a, b). According to the index of aortic diameters by 
BSA for children, both her aortic root and ascending aorta 
were 1.5 times larger than normal [2].

Because the patient, due to TS, has the possibility of 
complications from Type A dissection in the near future, 
we decided to perform an ascending aortic replacement and 
aortic root remodeling with aortic valve (AV) repair.

A median sternotomy was performed. Cardiopulmonary 
bypass was established via cannulation of the ascending 
aorta with bicaval venous return. Transection of the ascend-
ing aorta revealed a bicuspid aortic valve consisting of fused, 
noncalcified, right coronary, and non-coronary cusps. The 
geometric height of the non-fused, left coronary cusp was 
21 mm and that of the basal ring was 24 mm. We felt that 
it would be possible to perform aortic root remodeling and 
AV repair using the anatomical measurements of her aor-
tic root and valve [3]. The aortic root was exfoliated to the 
level of the basal ring, so that external annuloplasty with a 
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prosthetic graft ring could be performed. After replacing the 
ascending aorta with a 22-mm prosthetic graft, five threads 
with pledgeted are placed from the inside out circumferen-
tially in the subvalvular plane. Three sutures are positioned 
2 mm below the nadir of each cusp and two are placed at 
the base of the interleaflet triangles between the non- and 
left coronary sinuses and between the left and right coro-
nary sinuses. A sixth suture is passed from externally at the 
level of the interleaflet triangle between the right and non-
coronary sinus to limit the risk of membranous septum. The 
six anchoring stitches are passed through the inner aspect of 
the 5-mm prosthetic graft ring. The ring is then descended 
around the remodeled aortic root. The stitches are tied to 
secure the ring in subvalvular position. We tailored a 24-mm 
Vascutek® Gelweave Valsalva™ Graft (Terumo Medical 

Corp., Somerset, NJ, USA) into two symmetrical neosinuses 
to adjust for the asymmetrical native commissures. The pro-
lapsed fused cusp (Fig. 1c) was repaired with central plica-
tion (Fig. 1d) to adjust the effective height (9 mm) using a 
Schäfers calliper (Fehling Instruments, Karlstein, Germany). 
Finally, the bilateral coronary buttons were anastomosed to 
the Valsalva graft using the Carrel patch technique. The 
patient’s postoperative course was uneventful.

Histopathological examination of the resected aortic wall 
demonstrated limited myxoid degeneration with no evidence 
of either fragmentation or separation of the elastic fibers. 
Alcian blue/periodic acid–Schiff (PAS) stains were positive 
in the areas of myxoid change (Fig. 1e). Cystic medial necro-
sis, which is often seen in the patient with Marfan syndrome, 
is called myxoid medial degeneration too.

Fig. 1   Preoperative computed 
tomography showing a dilated 
aortic root in the coronal 
plane and b in the axial plane. 
Intraoperative pictures show-
ing c fused right coronary 
and non-coronary cusps, with 
slight thickening and d central 
plication. Histopathological 
examination showing e limited 
myxoid degeneration (alcian 
blue/periodic acid–Schiff stains 
×100)
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Discussion

Although a few authors have described the risks of aortic 
dilation and dissection in patients with TS, there is no sur-
gical criterion with respect to aortic dimension and rate of 
dilatation for these patients [1]. Patients with TS have two 
problems in the aorta that have to be taken in consideration. 
The first is the likelihood of aortic dissection. In a Danish 
study, the estimated incidence of aortic dissection in patients 
with TS is 36/100,000 patients per year, and is six times 
more complicated than in a healthy female population [4]. 
The majority of dissections in patients with TS occur at the 
ascending aorta, and young adults aged from 20 to 40 years 
have a high risk for aortic dissection Type A [4]. The sec-
ond problem is aortic dilatation. Abnormal dilatation of the 
aorta, especially at the aortic root into the ascending aorta, 
is frequently seen in patients with TS [1].

The problem was how to determine the surgical crite-
rion using aortic dimensions. As one of the features of TS 
is short stature, the surgical criteria for adult aortic diame-
ters would not apply. We diagnosed our patient with aortic 
root dilatation using the reference curves of aortic diam-
eters in children based on BSA [2]. Matura et al. reported 
an aortic size index based on the ratio of ascending aortic 
size to BSA. A dilated ascending aorta, i.e., aortic size 
index > 2.0 cm/m2, requires close cardiovascular surveil-
lance, and ≥ 2.5 cm/m2 indicates the greatest risk for aortic 
dissection [5]. In our patient, the aortic root and ascending 
aorta indices were 2.91 and 2.48 cm/m2, respectively, and 
had been gradually increasing (Fig. 2). Histopathological 
examination demonstrated myxoid degeneration, which 

indicated the risk of aortic dissection or aneurysm rupture 
in the near future, as demonstrated in Marfan syndrome 
[6]. Therefore, we considered it to be an appropriate time 
for the replacement procedures.

Several authors have reported ascending aortic and aor-
tic root replacement in patients with TS. Kin et al. reported 
using a modified Bentall procedure and total arch replace-
ment for a Stanford type A chronic aortic dissection in 
a patient with a bicuspid aortic valve [7]. Although the 
Bentall procedure is standard in aortic root surgery, valve 
sparing root surgery has become more popular and has 
achieved good results in recent years [8]. To date, the long-
term durability of bicuspid aortic valve repair in patients 
with TS has not been well established. Since there are a 
few reports as to whether good hemodynamic function and 
durability of the bicuspid valve repair is achieved [9], we 
selected a root remodeling procedure with bicuspid valve 
repair for our patient.

Conclusion

We successfully performed ascending aortic replacement 
and aortic root remodeling with bicuspid aortic valve 
repair in a patient with TS. At present, no evidence-based 
guidelines exist for a cardiovascular approach in this 
patient population. Using the reference curves of aortic 
diameters in children based on BSA might be a useful 
method for determination of the appropriate time for 
surgery.

Fig. 2   Annual change in aortic 
size indices for the aortic root 
and ascending aorta
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