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Abstract

Patients with Turner syndrome are prompt to develop spontaneous acute aortic dissection following insidious aortic dilatation, with ab-
normal cardiovascular anatomy and consequently require specific guidelines for regular surveillance since they represent a subset of
high-risk young patients. We report a rare and uncommon case of spontaneous acute aortic dissection in a 48-year old female patient
with Turner syndrome who was not apparently eligible for a prophylactic surgery. A CT scan showed a Stanford type A aortic dissection
and was urgently referred for surgical management. We operated on the patient under deep hypothermia (18°C) and circulatory arrest
with a retrograde cerebroplegia as the primary entry tear was located in the arch. The postoperative course was uneventful and the
patient was discharged at the eighth postoperative day. Following description of this case, special attention was paid to determine pre-
disposing risk factors for aortic dissection to be specifically adjusted to TS patients.
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INTRODUCTION

Patients with underlying connective tissue diseases are predis-
posed to life-threatening aortic complications such as aneur-
ysms, dissections and spontaneous ruptures. The treatment of
genetically triggered aortic lesions is demanding and may be
associated with significant rates of morbidity, mortality and itera-
tive surgical procedures.

Classification of disorders of the connective tissue is
complex and includes those well known to be caused by
fibrillin mutations (Marfan syndrome), collagen mutations
(Ehlers–Danlos syndrome) and transforming growth factor-β
receptor mutations (Loeys–Dietz syndrome), but also those in
which a connective tissue disorder is hypothesized but not
proved, such as bicuspid aortic valve syndrome and Turner
syndrome.

We report a case of spontaneous acute aortic dissection in a
Turner syndrome (TS) patient who was not apparently consid-
ered at risk for aortic dissection or rupture.

In addition, we propose a comprehensive review of the litera-
ture to validate specific criteria adjusted to TS patients for moni-
toring aortic dimensions and indications for a prophylactic
surgery.

MATERIALS AND METHODS

Case

A 48-year old woman with TS presented with a spontaneous
acute aortic dissection.
The height and the weight of the patient were, respectively,

155 cm and 67 kg with a body surface of 1.66 m2.
She was regularly followed up for a ‘moderate’ and stable

aortic dilatation (diameter 40–42 mm) with no aortic valve re-
gurgitation. Therefore, she was not identified for a prophylactic
intervention.
In addition, she had a medical history of moderate hyperten-

sion treated by beta-blockers.
After waking up, the patient called the emergency department

for a moderate but persistent chest pain that started 3 days earlier.
After admission in hospital, she underwent a CT scan that dis-
closed a Stanford type A aortic dissection without any pericardial
effusion. The primary entry tear was located in the arch (Fig. 1).
Cardiac echography showed a moderate central aortic insuffi-

ciency (grade 2) with a tricuspid aortic valve.
She was then referred to our institution for surgical

management.

†In memory of Pr Jean-Pierre Carteaux.
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Surgical technique

Because of the primary entry tear located in the arch, and in
order to explore and repair the arch according to an ‘open-
suture’ technique, deep hypothermia with circulatory arrest was
decided.

The strategy to protect the brain was a crucial step because of
potentiality of both arterial and venous major anomalies as
described in Turner syndrome. Then, after discarding aortic co-
arctation, persistent left superior vena cava (LSVC) and partial
anomalous pulmonary venous return (PAPVR) to the left bra-
chiocephalic vein, we opted for a retrograde cerebroplegia
under deep hypothermia (18°C) and circulatory arrest.

After cannulation of the femoral artery, surgical access was
gained through a full sternotomy. No haemorragic pericardial ef-
fusion was noted. Ascending aorta was dissected and measured
at 44 mm. Hypothermic CPB was established after cannulation of
the right atrium. Myocardial protection was achieved by retro-
grade cardioplegia.

After cross-clamping, the ascending aorta was resected imme-
diately above the coronary ostia and the aortic root was repaired
with GRF glue. Measurements of the annulus, Valsalva sinuses
and sinotubular junction were, respectively, 21, 24 and 23 mm.

Aortic valve was carefully inspected and each cusp was resus-
pended. The non-coronary leaflet was moderately elongated
and was corrected by a subcommissural plication to reduce the
length of its free margin. Finally, a valve-sparing root replace-
ment was not required and a 28-mm Intergard® prosthesis was
proximally sutured and aortic valve competence was checked.

After reaching 18°C, retrograde cerebroplegia and circulatory
arrest were set up and the aortic clamp removed. Careful inspec-
tion of the arch showed a primary entry tear located in the prox-
imal segment of the concavity of the arch.

The posterior wall of the arch was extremely thin and friable
and required reinforcement with a complete inner and outer felt
Teflon fixed with separate U-stitches.

Then, distal anastomosis of the prosthesis was completed with
running sutures of 5–0 Prolene. The arch and the upper portion
of the prosthesis were de-aired by slowly restarting the arterial
femoral line. The prosthesis was clamped and the retrograde
perfusion stopped. A cannula was inserted in the prosthesis
above the clamp and CPB was antegradely restarted to re-warm
the patient. Before removing aortic cross-clamp, and after
de-airing the heart, a warm myocardial reperfusion was
achieved.
Weaning from CPB was uneventful. Cross-clamping and circu-

latory arrest times were, respectively, 112 and 57 min. Recovery
was uneventful and the patient was discharged on the eighth
postoperative day.
Postoperative echocardiography showed a perfect competent

valve without any residual leakage.
Histology showed cystic medial necrosis (Fig. 2a) with intense

mucoid degeneration (Fig. 2b), without any fragmentation or
separation of elastic fibres.

DISCUSSION

Turner syndrome (TS) is a chromosomal disorder affecting ± 1/
2500 live-born females [1, 2]. Initially described in 1938 by Henri
Turner [3], it is characterized by a complete or partial loss of the

Figure 1: CT scan shows aortic dissection with a primary entry tear located in
the concavity of the arch.

Figure 2: (a) Cystic medial necrosis (black arrows) without any fragmentation
or separation of elastic fibres. (haematoxylin and eosin staining; original mag-
nification ×200). (b) Intense mucoid degeneration (blue areas) located in the
medial layer (Alcian blue staining; original magnification ×100).
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second sex chromosome resulting in a complete or partial
monosomy for the X chromosome with or without cell line
mosaicism.

Multiple clinical features have been described and usually as-
sociate short stature with gonadal dysgenesis, renal malformation
(solitary kidney), facial anomalies and pterygium colli [4].

However, the most serious clinical presentation of the syn-
drome is due to congenital cardiovascular lesions whose inci-
dence varied from 17% [5, 6] to as high as 45% [7]. Price and
Wilson [8] clearly demonstrated that cardiovascular abnormalities
in TS are directly responsible for a higher mortality rate (×3) with
a significantly reduced life expectancy (13 years) compared with
the standard population. Additionally, risk of developing specific
cancers such as gonadoblastoma, meningioma, brain tumours
and neoplasm of uterus is significantly increased.

Independently of anatomic cardiovascular anomalies, TS
patients have smaller and hypertrophic left ventricular cavities,
with an increased left ventricular mass, mainly due to hyperten-
sion that occurs in 50% of TS [9].

The cardiovascular phenotype in TS mainly captured valve ab-
normalities (20%) like bicuspidy (17.5%) [7], aortic coarctation (5–
12.5%) and other forms of left-sided obstructions.

In a cohort of 85 adults with TS, Ho et al. [10] reported elong-
ation of the transverse arch (49%), aortic coarctation (12%) and
abberant right subclavian artery (8%).

Finally 1–2% have septal defects or mitral valve prolpase [6].
Additionally, Ho et al. [10] disclosed major thoracic venous

anomalies including persistent LSVC (13%) and PAPVR (13%).
The most common feature of PAPVR arose from the upper lobe
to the left brachiocephalic vein.

LSVC was significantly associated with elongation of the trans-
verse arch and with an aberrant right subclavian artery.

Ho et al. [10] showed that neck webbing and increased thor-
acic anterior-to-posterior dimension diameters were strong pre-
dictors for arterial and venous anomalies.

Because of their specific short stature, usual thresholds to
define aortic dilatation in Marfan syndrome cannot be applied
to TS.

In Marfan syndrome, guidelines for monitoring of aortic root
dimension and indications for surgery to prevent dissection and
treat aortic valve disease are well known.

Aortic dissection was traditionally considered as a rare compli-
cation in TS with only 85 cases reported between 1961 and
2006 [11].

However, recent publications [12, 13] reported in TS a high
rate of aortic dissections, including patients without predisposing
factors such as bicuspid aortic valve emphasizing the direct role
of the vascular wall to set up conditions for spontaneous acute
aortic dissection.

Therefore, incidence both of aortic dilatation and dissection
has probably been underestimated.

Multiple factors may explain this bias of analysis:

(i) Marfan syndrome were prominent and focused interest to
validate guidelines for treatment, whereas treatment guide-
lines for other disorders of connective tissues were lacking.

(ii) Knowledge of the natural history and clinical findings of
Marfan syndrome have been used as guidelines regarding
proper monitoring and treatment of TS individuals with
aortic dilatation.

(iii) In TS, it remains unclear whether aortic dissection is pre-
ceded by progressive dilatation of the aortic root as it is in
Marfan syndrome.

(iv) The literature on aortic dissection of women with TS was
sparse and often consisted in sporadic cases reporting acute
aortic dissection.

(v) Until recently, there was no published comprehensive
review of aortic dissection in TS, making it difficult to valid-
ate accurate guidelines regarding monitoring and treatment.

Consequently, in TS, the medical community has been slow to
validate evidence for a significant risk of acute aortic dissection
and dismal prognosis.
Thresholds of 50 mm for the general population and 45 mm

for those with Marfan syndrome are usually used for guiding
prophylactic surgery to treat the aneurysmal segment [14].
However, it has been strongly suggested that surgery at a 45-mm
diameter would save more lives [15, 16].
Nevertheless, no specific data were recorded to know

whether these thresholds could be safely considered for TS.
Because of their small stature (ascending aortic diameters

<50 mm) patients with TS are rarely considered candidates for a
prophylactic intervention.
Matura et al. [17] studied a cohort of 166 TS patients (average

age: 36.2 years) and clearly showed that the 50-mm threshold is
used and adapted for a normal-sized adult. On the other hand,
the 50-mm threshold is likely too high for TS patients as they are
typically <147 cm in height.
Then, in order to improve inclusion of TS patients for prophy-

lactic aortic surgery and risk for aortic dissection, Matura et al.
[17] proposed to adjust the aortic diameter to the body surface
area and defined an aortic size index (ASI).
In the cohort of 166 patients, 25% of TS women with absolute

ascending aortic diameter >35 mm and 33% of those with ASI
>25 mm/m2 experienced aortic dissection over the 3-year of
follow-up.
Matura et al. [17] proposed that individuals with a dilated

ascending aorta defined as ASI >20 mm/m2 require close cardio-
vascular surveillance, while TS patients with an ASI >25 mm/m2

are significantly at the highest risk for aortic dissection.
In TS patients, ASI is a reliable criterion to the predicted risk

for aortic dissection, and therefore to consider prophylactic
surgery.
Usually aortic dimensions before the dissection or rupture are

rarely available. In our case, the patient underwent regular close
cardiologic surveillance and retrospectively we could obtain data
about aortic dimensions.
During regular follow-up, diameters of the ascending aorta

were found stable at 42 mm (transversal diameter) and 44 mm
(anterior-to-posterior diameter). Therefore, resulting from usual
criteria used for both Marfan syndrome and patients with bicus-
pid aortic valve, our patient was not apparently eligible for a
prophylactic surgery.
A similar apparent ineligibility was reported by Jagannath

et al. [18] with a TS patient successfully operated for an acute
aortic dissection and in whom the aortic diameter was 35 mm.
Nevertheless, if we had considered the ASI as a predictor of

risk for acute aortic dissection, the patient would have been
eligible for a prophylactic surgery, with the ASI calculated at
25.3 mm/m2 (transversal) and 25.1 (anterior-to-posterior).
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Histological evidence of cystic medial necrosis in the aortic
wall sampled from our patient is similar to that found in Marfan
syndrome or in patients with bicuspid aortic valve and suggests
a common tissular expression despite a genetically diverse back-
ground [19, 20].

Nevertheless, in Marfan syndrome, aortic histology shows sep-
aration and fragmentation of elastic fibres associated with cystic
medial necrosis, whereas, in our patient, the aortic histology
showed cystic medial necrosis, however, with no evidence of
either fragmentation separation or atrophy of elastic fibres.

In TS, an intense mucoid degeneration is observed in the
medial layer.

In addition, our patient had neither atheromatous histological
evidence nor wall thickening, resulting in apparent and extreme
friability of the aortic wall mainly located in the posterior concave
segment of the arch, where the primary entry tear was found.

Therefore, we had to achieve a specific and cautious re-
inforcement of the posterior wall of the arch.

Unlike Ostberg et al. [21], who recently documented intimal-
medial thickening and vessel dilatation diffusely in the vascula-
ture, we did not observe any similar anomalies.

Finally, overall knowledge of Turner syndrome remains
unclear and incomplete, and this review reinforced the fact that,
still, very little is known about this physiopathological entity and
mechanisms of both aortic dilatation and dissection.

To optimize surveillance of TS patients and improve life ex-
pectancy, the Turner syndrome NIH Consensus Study Group
published focused guidelines [22] and promoted education of
both physicians and patients [23].

This education is highly necessary because clinical presenta-
tion of acute aortic dissection in TS is often uncommon with an
intermittent and prolonged chest pain that may last several days
before rupture. The pain is frequently reported as moderate. Our
patient had such a clinical insidious presentation as also similarly
reported by Carlson and Silberbach [11].

Our patient clearly demonstrated a serious failure in the pre-
dictive analysis of risks for lethal complications, only because
both the medical community and the patient had an obvious
lack of knowledge and information.

To gain a better understanding of aortic dissection in females
with TS and anticipate risks of severe complications, an
International Turner Syndrome Aortic Dissection Registry (ITSADR,
http://www.tissus.org/readweb.asp?wid=3092) has been created.

This database collects information to profile specific risk
factors for aortic dissection and gain a better understanding of
the natural history of aortic dilatation that leads to spontaneous
acute dissection or rupture.

In conclusion, anatomic criteria resulting from Marfan syn-
drome are not reliable for TS, since spontaneous aortic dissec-
tion occurs even when the ascending aorta is less than 45 mm
and even, in several cases, when the aorta is less than 40 mm.

Therefore, specific thresholds for a prophylactic aortic surgery
must be specifically adjusted to TS and probably to patients with
a short stature and free from of connective tissue disorders.

Regarding Turner syndrome, there is a fundamental interest to
index the aortic diameter to the body surface (ASI), as nearly all
individuals have a short stature and common manifestations of
the TS phenotype.

ASI is particularly important for physicians who follow up
women with TS or patients with short stature, since TS patients

have to be aware of a high risk for spontaneous aortic dissection
that is significantly increased particularly during pregnancy and
while undergoing assisted reproductive techniques. This latter
point is crucial as many Turner patients are candidates for such
techniques.
If criteria to include TS patients for prophylactic aortic

surgery are not clearly established, then TS patients with ASI
>25 mm/m2 or diameter >35 mm are at highest risk for aortic
dissection and should be referred for prophylactic surgery to
avoid life-threatening complications.
Specific education of both TS women and physicians is man-

datory, and should focus on risks during pregnancy and signs
that may herald both an aortic dissection and dilatation, as in
many of the reported cases, the symptoms developed insidiously
over the course of hours to days.

Conflict of interest: none declared.

REFERENCES

[1] Nielsen J, Wohlert M. Sex chromosome abnormalities found among
34,910 newborn children: results from a 13-year incidence study in
Arthus, Denmark. Birth Defects Orig Artic Ser 1990;26:209–23.

[2] Morgan T. Turner syndrome: diagnosis and management. Am Fam
Physician 2007;76:405–10.

[3] Turner HHA. Syndrome of infantilism, congenital webbed neck and
cubitus valgus. Endocrinology 1938;23:566–74.

[4] Prandstaller D, Mazzanti L, Picchio FM, Magnami C, Bergamaschi R,
Perri A et al. Turner’s syndrome: cardiologic profile according to the dif-
ferent chromosomal patterns and long-term clinical follow-up of 136
non-preselected patients. Pediatr Cardiol 1999;20:108–12.

[5] Landin-Wilhelmsen K, Bryman I, Wilhelmsen L. Cardiac malformations
and hypertension, but not metabolic factors, are common in Turner syn-
drome. J Clin Endocrinol Metab 2001;86:4166–70.

[6] Mazzanti L, Cacciari E. Congenital heart disease in patients with Turner’s
syndrome: Italian Study Group for Turner Syndrome (ISGTS). J Pediatr
1998;133:688–92.

[7] Dawson-Falk KL, Wright AM, Bakker B, Pitlick PT, Wilson DM, Rosenfeld
RG. Cardiovascular evaluation in Turner syndrome: utility of MR imaging.
Australas Radiol 1992;36:204–9.

[8] Price WH, Wilson J. Dissection of the aorta in Turner’s syndrome. J Med
Genet 1983;2:61–3.

[9] Elsheick M, Casadei B, Conway GS, Wass JA. Hypertension is a major risk
factor for aortic root dilatation in women with Turner’s syndrome. Clin
Endocrinol (Oxf ) 2001;54:69–73.

[10] Ho VB, Bakalov VK, Cooley M, Van PL, Hood MN, Burklow TR et al.
Major vascular anomalies in Turner syndrome: prevalence and
magnetic resonance angiographic features. Circulation 2004;110:
1694–700.

[11] Carlson M, Silberbach M. Dissection of the aorta in Turner syndrome:
two cases and review of 85 cases in the literature. J Med Genet 2007;44:
745–9.

[12] Gravholt CH, Landin-Wilhelmsen K, Stockholm K, Hjerrild BE, Ledet T,
Djurhuus CB et al. Clinical and epidemiological description of aortic dis-
section in Turner’s syndrome. Cardiol Young 2006;16:430–6.

[13] Karnis MF, Zimon AE, Lalwani SI, Timmreck LS, Klipstein S, Reindollar
RH. Risk of death in pregnancy achieved trough oocyte donation in
patients with Turner syndrome: a national survey. Fertil Steril 2003;80:
498–501.

[14] Davies RR, Goldstein LJ, Coady MA, Tittle SL, Rizzo JA, Kopf GS et al.
Yearly rupture or dissection rates for thoracic aneurysms: simple predici-
tion based on size. Ann Thorac Surg 2002;73:17–27.

[15] Davies RR, Gallo A, Coady MA, Tellides G, Botta DM, Burke B et al.
Novel measurement of relative aortic size predicts rupture of thoracic
aortic aneurysms. Ann Thorac Surg 2006;81:169–77.

[16] Borger MA, Preston M, Ivanov J, Fedak PWM, Davierwala P, Armstrong S
et al. Should the ascending aorta be replaced more frequently in

C
A
R
D
IA
C
G
EN

ER
A
L

J.-P. Maureira et al. / Interactive CardioVascular and Thoracic Surgery 613

http://www.tissus.org/readweb.asp?wid=3092
http://www.tissus.org/readweb.asp?wid=3092
http://www.tissus.org/readweb.asp?wid=3092


patients with bicuspid aortic valve disease ? J Thorac Cardiovasc Surg
2004;128:677–83.

[17] Matura LA, Ho VB, Rosing DR, Bondy CA. Aortic dilatation and dissection
in Turner syndrome. Circulation 2007;116:1663–70.

[18] Jagannath AD, Rastogi U, Spooner AE, Lin AE, Agnihotri AK. Aortic dis-
section and moyamoya in Turner syndrome. Am J Med Genet A 2010;
152A:2085–9.

[19] Lin AE, Lippe BM, Geffner ME, Gomes A, Lois JF, Barton CW et al. Aortic
dilatation, dissection, and rupture in patients with Turner syndrome. J
Pediatr 1986;109:820–6.

[20] Bordeleau L, Cwinn A, Turek M, Barron-Klauninger K, Victor G. Aortic
dissection and Turner’s:case report and review of the literature. J Emerg
Med 1998;16:593–6.

[21] Ostberg JE, Donald AE, Halcox JPJ, Storry C, Mc Carthy C, Conway GS.
Vasculopathy in Turner syndrome: arterial dilatation and intimal thickening
without endothelial dysfunction. J Clin Endocrinol Metab 2005;90:5161–6.

[22] Bondy CA. Care of girls and women with Turner syndrome: a guideline of
the Turner syndrome study group. J Clin Endocrinol Metab 2007;92:10–25.

[23] Frias JL, Davenport ML. Health supervision for children with Turner syn-
drome. Pediatrics 2003;111:692–702.

J.-P. Maureira et al. / Interactive CardioVascular and Thoracic Surgery614


