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Dissection of the aorta in Turner syndrome: two cases and

review of 85 cases in the literature
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Girls and women with Turner syndrome are at risk for
catastrophic cortic dissection and rupture, but the clinical profile
for those at risk is not well described. In addition to reporting
two new cases, we performed an electronic search to identify all
reported cases of aortic dissection associated with Turner
syndrome. Particular attention was paid to the reporting of
systemic hypertension (HTN) and congenital heart disease
(CHD) which are known risk factors for aortic disease in the
general population. In total, 85 cases of cortic dissection in TS
were reported between 1961 and 2006. Dissection occurred at
a young age, 30.7 (range 4-64) years, which is significantly
earlier than its occurrence in the general female population
(68 years). Of the cases for which HTN and CHD were explicitly
assessed, 15% had HTN alone, 30% had CHD alone and 34%
had both. Importantly, in 11% of the cases, neither HTN nor
CHD were identified, suggesting that TS alone is an
independent risk factor for aortic dissection; however, the cases
where no risk factors were identified were very poorly
documented. Dissection in women with TS undergoing assisted
reproductive techniques (ART) frequently resulted in death. The
literature on aortic dissection in TS is sparse and most cases are
poorly documented, making it difficult to establish firm
guidelines regarding monitoring and treatment. A TS aortic
dissection registry has been established to better determine the
natural history and risk factors (http://www.tssus.org/
readweb.asp?wid=3092).

ortic dissection occurs in individuals with
Adisorders of connective tissue, including
those caused by fibrillin mutations
(Marfan syndrome), collagen mutations (Ehlers—

Danlos syndrome), transforming growth factor
(TGF)-B receptor mutations (Loeys—Dietz syn-
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drome), and in those in which a connective tissue
disorder is postulated but not proven, such as
bicuspid aortic valve syndrome and Turner syn-
drome (TS). In Marfan syndrome, guidelines for
monitoring of aortic root dimension and indica-
tions for surgical intervention to prevent dissection
are established, but for those with less common
causes, treatment guidelines are lacking. In TS in
particular, the medical community has been slow
to recognise the evidence for the significant risk of
catastrophic aortic dissection. This is partly
because aortic dissection is relatively rare in TS

(1.4%)." Perhaps more importantly, the little
information available is diffuse and disorganised,
consisting of clinic-based studies,” unverified data
obtained from questionnaires,” and sporadic cases
reports that describe only one or two cases of aortic
dissection. A comprehensive review describing all
of the reported cases of aortic dissection in TS has
not been published. We describe two previously
unreported cases of dissection occurring in young
women with TS, review all of the published cases
of aortic dissection occurring in TS, and announce
the establishment of the International Turner
Syndrome Aortic Dissection Registry. In this
review, particular attention was paid to cases in
which only the diagnosis of TS was present and
other predisposing risk factors, such as congenital
heart disecase (CHD) or systemic hypertension
(HTN), were expressly absent.

CASE REPORTS

Patient 1

An 18-year-old woman with TS (45,X) presented
to an emergency department with full cardiac
arrest. She had a 4-day history of chest pain. The
patient died soon after presentation, and an
autopsy revealed type A aortic dissection.

The patient had been treated with a tumour
necrosis factor blocker (infliximab) for Crohn
disease for 8 years. TS was diagnosed at the age
of 14 years after an evaluation for short stature
and delay of pubertal development. An echocar-
diogram performed at the time of the initial TS
evaluation found a non-obstructive, functionally
bicuspid aortic valve and trace aortic valve
insufficiency. The patient had a mildly dilated
ascending aorta of 28.5 mm (Z-score = 3.1). There
was no evidence of coarctation. At 17 years of age,
another echocardiogram reported ascending aorta
diameters of 28 and 32 mm (Z-score = 2.2 to 3.8).
Blood pressure was normal (102/60). Two days
before death, the patient reported chest and upper
back pain. Blood pressure was 108/84. The patient
had abdominal pain with palpation and an audible
abdominal bruit. Her paediatric cardiologist did
not think there was a cardiac basis for her pain.
She was told she had gastritis and started on
antacid treatment.

Case 2

A 29-year-old woman with TS (45, X) presented to
the emergency department with a 2-day history of
shortness of breath and intermittent chest pain.

Abbreviations: ART, assisted reproductive techniques;
BAV, bicuspid aortic valve; CHD, congenital heart disease,
HTN, hypertension; TGF, transforming growth factor
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Shortly after presentation, she became unresponsive, apnoeic
and pulseless. Cardiopulmonary resuscitation was started, but
the patient died. Before the arrest, pallor and rales had been
noted and thrombolytic treatment started for presumed
pulmonary embolus. Type A aortic dissection was found at
autopsy. In addition to TS, the patient had a bicuspid aortic
valve, hypertension (treated with atenolol), hypothyroidism,
and a history of bipolar disorder that was treated with lithium
and an antidepressant.

The patient’s most recent echocardiogram 15 months prior to
the dissection showed a mildly thickened aortic valve without
stenosis or insufficiency, mild mitral valve thickening and
normal systolic function. The aortic root diameter measured
22 mm (z= —0.5). Despite beta-blocker treatment, the most
recent blood pressure measurements showed systemic hyper-
tension (142/82).

LITERATURE REVIEW

We performed an electronic search from 1961 to 2006 designed
to capture all reported cases of aortic dissection in girls and
women with TS (key words: Turner syndrome, aortic dissection,
aortic dilatation). Cases were excluded if aortic dissection in
Turner syndrome was not explicit. However, cases were still
included in the review even if the method of diagnosing heart
disease or measuring blood pressure were not precisely stated.
In total, 23 articles, 5 short commentaries, 4 letters to the editor
and 8 abstracts were ultimately included in this report. Cases
were cross-referenced in order to avoid duplication of cases.
Age at dissection, location of dissection, mention of known risk
factors (ie CHD and/or HTN), treatment and outcome were
recorded.

RESULTS

In total, 88 cases were reported between 1961-2006. Of these,
85 cases were included in this review; 3 cases were excluded
because they lacked identifying information. The mean age at
time of dissection was 30.7 (range 4-64) years. Over half the
patients were aged <30 years. A karyotype was reported in 58%
(49/85). A 45X karyotype was present in 80% (39/49) of the
cases where karyotype was reported. In 10 cases, various forms
of mosaicism were described: 45X/46XX (1 patient), 45X/46XY
(3), 45X/46X,1(X) (4), 45X/46X+mar4 (1) and not specified (1).
The location of the aortic dissection was provided in 71 of the
85 cases. Over half (55%; 47/85) of the dissections occurred in
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Figure 1 Venn diagram of 65 people with TS who had aortic dissection
where signs of congenital heart disease (CHD) or systemic hypertension
(HTN) were explicitly considered.
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the proximal aorta and 23% (20/85) in the distal aorta. In three
cases, both the ascending and descending aortas were involved.
CHD was reported in 69% (51/74) cases that were evaluated for
CHD. Of these 51 cases, 47% (24/51) had reported coarctation of
the aorta, 27% (14/51) bicuspid aortic valve (BAV) and 18% (9/
51) both BAV and a coarctation. Of the 65 cases in which blood
pressure and CHD were both explicitly assessed (fig 1), 54%
(35/65) had hypertension, although in most of the cases the
blood pressure values were not reported. In addition, in this
group, for which both risk factors were assessed, 75% (49/65)
had associated CHD. The online supplementary tables (avail-
able at http://jmg.bmj.com/supplemental) report the cases in
which CHD occurred in isolation (Table S1, references 4-20), in
which hypertension was the only risk factor described (Table
S2, references 21-24), and in which both CHD and hyperten-
sion were present (Table S3, references 25-39).

Assisted reproductive technology (ART) resulted in preg-
nancy complicated by aortic dissection in six instances.*** In a
seventh case death occurred 1 year after ART.* Maternal death
was reported in 86% (6/7) of these cases.

No risk factors were reported in 21% (18/85) overall (table 1).
Importantly, most case reports that listed no risk factors did not
explicitly exclude them. However, in 11% (7/65), the presence
(or absence) of CHD and HTN was specifically investigated and
not identified (table 1, fig 1). The age range of these seven
women was between 20 and 53 (mean 36) years. In one case,
aortic dissection occurred during the third trimester in a
pregnant women who had ART.* Four of six cases reported a
proximal aortic dissection and in one case the dissection was
both proximal and distal. Although all seven cases excluded
HTN and CHD, only two cases reported the actual blood
pressure values, and the method used to exclude CHD was
described in only three cases.

The symptoms most commonly reported before dissection
were chest pain, diaphoresis and tachycardia. In the majority of
cases, surgical and/or medical treatments were tried. In all 22
instances in which the pathology of the aorta was reported, it
was found to be cystic medial necrosis. In 83 of the cases an
outcome was reported, with death occurring in 48/83 cases
(58%).

DISCUSSION

In this review, 85 cases of dissection of the aorta were identified
in women with TS. These data demonstrate that in most cases a
known risk factor for dissection is present, either systemic
hypertension, a predisposing cardiac malformation or both. Of
significant concern are the reports of aortic dissection occurring
in seven women during ART. In one study of pregnancy in
women with coarctation, the only death was due to aortic
dissection in a woman with TS.*> Although there are no data
regarding how commonly ART is undertaken by TS women, the
fact that most women (86%) in our review died suggests that
pregnancy is a major risk factor in TS. Dissection of the aorta
occurs in TS at a remarkably young age (mean 31 years). In
contrast, the International Registry of Acute Aortic Dissection
found that the mean age of dissection in non-TS women is
68 years.” Furthermore, aortic dissection is predominantly a
male disease (male:female ratio 3.2:1, age-adjusted mortality
rate).* The reasons that aortic dissection occurs in this unique
group of young women deserves further attention.

Bicuspid aortic valve, aortic coarctation and systemic
hypertension are established risk factors for aortic dissection
in the general population” and they often occur in TS.
Approximately 25-30% of women with TS have a cardiovas-
cular malformation and of those affected, most have aortic
disease.*® * Systemic hypertension has been reported to occur
in 50% of women with TS.* Thus, in TS there appears to be
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Table 1 Patients with no hypertension or congenital heart disease
Location CHD
Patient Age,  Heart Hyper- of Other exclusion
no years disease  tension Karyotype Outcome  Pathology dissection  information criteria Reference
1 20 No No 45X Deceased CMN Proximal NR Rubin®
2 27 No No NR Alive NR Very distal  Abdominal  Echo, Bartlema®™
aorta angiography, MRI
3 30 No No 45X/ 46X + ring Deceased CMN Proximal Autopsy Price™
4 39 No No 45X Deceased NR Proximal and Autopsy Price”
distal
5 5 No No 45X/46 X, r(X) Alive NR Proximal NR Gravholt'
6 53 No No 45X Deceased  NR Proximal NR Gravholt'
7 NR No No NR Deceased NR NR Dissection ~ NR Nagel*
during third
trimester of
pregnancy
8 95 NR No 45X Alive NR Site of NR Sybert’
surgical
repair?
9 10 No NR NR Deceased NR Proximal NR Hata™
10 18 NR NR 45 X/46XY Deceased CMN Proximal NR Gravholt'
11 28 NR No 45X Deceased  NR Distal NR Gravholt'
12 29 No NR 45, X/46X,r(X) Deceased NR NR Price®
13 30 NR NR NR Alive NR Proximal Surgical NR Hirose®
repair
14 34 NR NR NR NR NR NR Dissection of NR Chlumsky*'
aortic
aneurysm
15 38 NR NR 45X Alive NR Proximall Surgical NR Meunier®
repair
16 NR NR NR Alive NR Distal NR Clement*®
17 39 No NR 45X Deceased  NR NR NR Price®
18 49 No NR NR Deceased  NR NR NR Hata™
19 61 NR No 45X Deceased NR NR NR Gravholt'
Al, cortic insufficiency; AS, aortic stenosis; BAV, bicuspid aortic valve; BE, subacute bacterial endocarditis; CMN, cystic medial necrosis; LCA, left coronary artery; NR,
not reported; SCHD, coronary heart disease.

a confluence of established risk factors leading to aortic
dissection. In support of this theory, we found that 89% of
cases of aortic dissection had at least one established risk factor.

On the other hand, we and others® have found no identifiable
risk factor in approximately 11% of cases. This could be because
the known associations were not adequately assessed. Indeed,
the cases we reviewed that carried the claim of no risk factors
were, for the most part, very poorly documented. However,
others have suggested that TS involves a primary disorder of the
composition of the aortic wall that creates vulnerability by
lowering the threshold for dilation, dissection and rupture. The
data in table 1 showing that some patients had neither of the
established risk factors suggest that TS alone may be predis-
posing to aortic dissection. Histological evidence of cystic
medial necrosis in aortic tissue taken from patients with
bicuspid aortic valve, Marfan syndrome and TS suggests a
common aetiology despite genetically diverse backgrounds. In
this regard, Ostberg ef al*® recently documented intimal-medial
thickening and vessel dilation diffusely in the vasculature,
including the aorta in women with TS, even in the absence of
CHD. Interestingly, similar pathological findings are typically
present in other aortopathies, including Marfan syndrome. The
presence of vessel wall thickening in these diseases is evidence
against the conventional view that increased wall stress
produced by high blood pressure, jets from stenotic aortic
valves, or abnormal proteins of the aortic tissue produce
thinning of the vessel wall, which leads to dilation and
eventual aortic rupture. Other observations® suggest that a
disorder of growth-factor signal transduction ultimately weak-
ens the aortic wall. These studies report a variety of aortic
diseases in which there is a constellation of findings, including
vessel wall thickening, upregulation of TGF-f signalling and
proliferation of matrix proteins. In TS the observation of aortic

wall thickening suggests that it may also be a disorder
associated with upregulation of TGF-f signalling.

Knowledge of the natural history and clinical findings of
Marfan syndrome has been used to make judgments regarding
proper monitoring and treatment of TS individuals with aortic
enlargement. However, it is clear from this review that very
little is known about the prodrome of aortic dissection in this
population. For example, it is completely unknown whether
aortic dissection is preceded by progressive dilation of the aortic
root as it is in Marfan syndrome. Indeed, in both of the new
cases presented in this report, the most recent aortic Z-score
determined by echocardiography was <4, a value that most
cardiologists would not consider to be at risk for imminent
dissection. We conclude from our review that there is a
profound lack of a reliable medical profile for those with TS
who have dissected. Accordingly, it is appropriate that the
position of the American Academy of Pediatrics on the
monitoring and management of aortic disease in TS is open-
ended, recommending that medical monitoring should be
determined by the primary cardiologist or care provider.” The
Turner Syndrome NIH Consensus Study Group recently
published more focused guidelines,” but also with little
evidence to support their recommendations. These guidelines
recommend a baseline echocardiogram to assess for congenital
heart disease and frequent blood pressure screening. For those
who have no cardiovascular disease or hypertension, the
recommendations include reassessment of the cardiovascular
system with a cardiac MRI when sedation is not necessary and
repeating either an echocardiogram or MRI every 5-10 years.
However, it is unclear if surveillance studies would be able to
detect progressive aortic dilatation or imminent dissection. To
gain a better understanding of the natural history of aortic
dissection in women with TS, we have established an
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International Turner Syndrome Aortic Dissection Registry
(ITSADR, http://www.tssus.org/readweb.asp?wid =3092).>* Its
goal is to identify all girls and women with TS and aortic
dissection, to profile their risk factors and to more precisely
define the appearance and progression of aortic disease leading
to dissection.

All doctors who care for women with TS should be aware of
their risk for aortic dissection. The apparent risk during
pregnancy for those receiving ART must be recognised and
early education of TS women contemplating pregnancy is
mandatory. We found that in many of the reported cases and in
the two cases presented here, the symptoms developed
insidiously over the course of hours to days. A preliminary
review of the data of the ITSADR suggests that the signs and
symptoms that may herald an aortic dissection include
apparently minor complaints such as abdominal pain, “heart-
burn”, back or shoulder pain, or a change in phonation (due to
traction on the recurrent laryngeal nerve). Symptoms that
persist should always be taken seriously and warrant complete

investigation including transesophageal echocardiography,
chest CT or cardiac MR.
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Turner Syndrome Dissection Carlson and Silberbach 11/26/07
TABLE S1. Patients with congenital heart disease only.
Patient Heart Location of Other
# Age Disease Hypertension  Karyotype Qutcome Pathology dissection information Reference
Proximal and

20 8 BAV, AS No * Alive CMN distal Asch [28]

21 15.5 CoA, AS No * Deceased * * Buheitel [29]

22 16 CoA, AS No Deceased * Proximal Buheitel [29]

AS, pseudo
23 17 CoA No * Alive * Proximal Guerin [30]
BAV, AS/Al, Surgical

24 19 CoA No 45X Alive * Proximal repair Imamura [31]

25 19 BAV No 45X Alive CMN Proximal Gravholt [1]

26 23 CoA No * Alive * Distal Kusaba [32]

27 23 BAV, Al, MR No * Alive * Proximal Vesin [33]

28 25 CoA No 45X Deceased CMN Proximal Alleman [34]

29 27 CoA, Al No * * * * Ohuchi [35]

30 27 BAV No * Deceased CMN Proximal Edwards [36]

Died during

31 27 BAV No 45,X Deceased * Distal surgery Gravholt [1]

32 28 BAV, AS/Al No 45X Deceased CMN Proximal Lin [3]
Repaired

33 28 AS/Al No 45X Alive * Proximal surgically Goldberg [37]

Pregnancy,

34 30 CoA No * Deceased CMN Proximal trimester 3 Beauchesne [5]
Surgical

35 30 AlI/PAPVR No * Alive * Proximal repair Shiroma [38]

45 X/ 46

36 35 CoA No XY Alive Fibrosis Distal * Gravholt [1]

37 35 BAV, AlI/AS No 45,X Deceased CMN Proximal Kostich [39]

38 36 BAV, AS No 45 X Alive * Proximal Apostolopoulos[40]

* = not reported, CMN = cystic medial necrosis, BAV = bicuspid aortic valve, AS = aortic stenosis, Al = aortic insufficiency, SBE = subacute bacterial
endocarditis, LCA = left coronary artery
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TABLE S1 (cont’d). Patients with congenital heart disease only
Patient Heart Location of Other
# Age Disease Hypertension  Karyotype Qutcome Pathology dissection information Reference
Aortic root Pregnancy
39 38 dilation No 45X Deceased CMN Distal 1 yr prior Gravholt [1]
40 40 BAV, AS No * Deceased CMN Proximal Slater [41]
41 45 CoA, AS No * Alive * Site of CoA Martin [42]
Dissection
after
42 8 CoA * 45,X Alive * Site of CoA repair surgery Ravelo [43]
Dissection
after
43 9 CoA * 45X Alive * Site of CoA repair surgery Ravelo [43]
Dissection
after
44 12 CoA * 45,X Deceased * Site of CoA repair surgery Ravelo [43]
45 18 CoA * 45,X Deceased CMN * Price [23]
BAV, Al,
single Surgical
46 25 coronary * * Alive * Proximal repair Oohara [44]
1 yr after
47 29 CoA * 45,X Deceased * Proximal CoA repair Gravholt [1]
Al, dilation of
48 38 aortic arch * 45,X Deceased * Distal Price [23]

* = not reported, CMN = cystic medial necrosis, BAV = bicuspid aortic valve, AS = aortic stenosis, Al = aortic insufficiency, SBE = subacute bacterial
endocarditis, LCA = left coronary artery
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Table S2. Patients with hypertension and no congenital heart disease
Patient Heart Location of Other
# Age Disease  Hypertension Karyotype Outcome Pathology dissection information Reference
49 20 No Yes * Deceased CMN Proximal Lippe [45]
50 34 No Yes (mild) 45X Deceased * Proximal Lippe [45]
51 36 No Yes Mosaic  Deceased * Proximal Kido [46]
2 Weeks
45 X/ postpartum;  Weytjens
52 38 No Yes 46,XX Alive * Distal med mgmt [7]
53 38.9 No Yes 45,X Deceased * * Sybert [2]
Common
carotid to ? Traumatic
54 39.6 No Yes 45X Deceased * diaphragm dissection Sybert [2]
Akimoto
55 42 No Yes 45X Alive CMN Distal Surgical repair [47]
56 45 No Yes * Deceased * Proximal Salgado[48]
45 X/ Proximal and Medical Salgado
57 64 No Yes 46XY Alive * distal treatment [48]
During 3rd
trimester of
58 * No Yes * Deceased * * pregnancy Nagel [8]
45,X/
59 45 * Yes 46X,+rX  Deceased * * Sybert [2]

* = not reported, CMN = cystic medial necrosis, BAV = bicuspid aortic valve, AS = aortic stenosis, Al = aortic insufficiency, SBE =

subacute bacterial endocarditis, LCA = left coronary artery
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Table S3. Patients with hypertension and congenital heart disease
Patient Location of
# Age  Heart Disease  Hypertension Karyotype Outcome Pathology dissection Other information Reference
60 4 CoA Yes * Deceased CMN Proximal Lippe [45]
61 10 CoA, BAV Yes * Deceased CMN Proximal Died at age 14 Ota [49]
During
62 33 Mild CoA Yes * Deceased * Proximal pregnancy Garvey [6]
63 15 BAV, CoA Yes * Deceased CMN Proximal Strader [50]
Site of CoA
64 18  CoA (repair x 2) Yes * Deceased * repair Ota [49]
BAV, AS/Al, Repaired
65 19 CoA Yes 45 X Alive * Proximal surgically Lin [3]
Proximal and
66 19 AS Yes * Deceased CMN distal Buheitel [29]
CoA stent;
Family history of
67 19 CoA Yes (mild) * Deceased * Distal dissection Fejzic [51]
BAV, AS/Al,
68 19 CoA Yes * Alive CMN Proximal Surgical repair Youker [52]
Mucinous
and fibrous
69 20 CoA, BAV, AS Yes 45,X Alive degeneration Proximal Gravholt [1]

* = not reported, CMN = cystic medial necrosis, BAV = bicuspid aortic valve, AS = aortic stenosis, Al = aortic insufficiency, SBE = subacute bacterial
endocarditis, LCA = left coronary artery
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Table S3 (cont’d). Patients with Hypertension and CHD.

Patient Location of
# Age  Heart Disease  Hypertension Karyotype QOutcome Pathology dissection Other information Reference
70 27 Al Yes * Alive CMN Proximal Cecchi [53]
71 28 Mild Al Yes 45,X Deceased * Proximal Gravholt [1]
CoA
72 30 (unrepaired) Yes * Deceased * Distal Bordeleau [54]
73 30 BAV Yes 45,X Alive * Proximal Subramaniam[55]
74 34 BAV, CoA CoA Yes * Deceased * Distal Anabtawi [56]
Pseudoaneurysm
after CoA repair,
CoA, died during
75 34  hypoplastic arch Yes 45,X Deceased * Proximal surgery Gravholt [1]
76 36 BAV Yes 45,X Alive * Proximal Gravholt [1]
45 X/ During 3rd
[46]/46X trimester of Landin-Wilhelmsen
77 37 CoA Yes + mar4 Alive * * pregnancy [4]
Proximal and
78 37 BAV, AS/AI Yes 45,X Deceased CMN distal SBE Lie [57]
79 38 Al Yes 45X Deceased * * Price [21]
BAV, Al, Single Proximal and
80 43 LCA Yes * Alive * distal Pollak [58]
81 45 CoA Yes * Alive * Distal Medical mgmt Badmanaban[59]

* = not reported, CMN = cystic medial necrosis, BAV = bicuspid aortic valve, AS = aortic stenosis, Al = aortic insufficiency, SBE = subacute bacterial
endocarditis, LCA = left coronary artery
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Table S3 (cont’d). Patients with hypertension and congenital heart disease.

11/26/07

Patient Location of
# Age  Heart Disease  Hypertension Karyotype OQutcome Pathology dissection Other information Reference
BAV w/ AS/Al

82 48 CoA Yes 45,X Alive * Proximal Surgical repair Gopal [60]
Proximal and

83 48 BAV Yes 45 X Deceased CMN distal Hochberg [61]
Proximal and Medically

84 54 Pseudo CoA? Yes 45,X Alive distal to CoA managed Jeresaty [62]

85 64 CoA Yes 45 X Alive * Distal Miller [63]

* = not reported, CMN = cystic medial necrosis, BAV = bicuspid aortic valve, AS = aortic stenosis, Al = aortic insufficiency, SBE = subacute bacterial

endocarditis, LCA = left coronary artery
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