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14  •  Pathophysiology of Aortic Dissection and 
Connective Tissue Disorders
Mark HaMilton

Discipline of Surgery, the University of adelaide,  
the Queen Elizabeth Hospital,  
Woodville South, South australia, australia

introDUction

thoracic aortic dissection (taD) is the 
most common aortic catastrophe, occurring 
in approximately 5 to 30 cases per 1 million 
persons per year.1 it carries a significant 
morbidity and mortality risk, with 21% of 
patients dying prior to hospital admission.2 
recent improvements in the understanding 
of both the molecular biology and genetics 
of vascular disease has led to greater clarity 
of the pathogenesis of acute taD and 
a number of associated diseases of the 
thoracic aorta. Since the initiation of the 
international registry of aortic Dissection 
(iraD)3 in 1996 there has been an evolution 
of terminology in relation to taD, and 
the more encompassing term acute aortic 
syndrome (aaS) is now utilised to include 
taD and a number of other pathologies 
including intramural haematoma (iMH) 
and penetrating aortic ulcer (PaU). 

in broad terms this classification reflects 
recent advances in understanding in rela-
tion to the pathology and natural history of 
taD, and the recognition that taD is part 
of a spectrum of thoracic aortic pathology. 
these individual processes will be discussed 
separately along with some of the underlying  

pathologic phenomena that lead to aaS/
taD. 

Embryology of thoracic aorta and 
arch vessels 

the formation of blood vessels occurs 
between the third and eighth week of 
embryological development. the ventral 
aortas fuse into the endocardial tube and 
circulate blood by the end of the third week. 
During this process a series of mesenchymal 
clefts lined by what will become endothelium 
fuse and form two pairs of longitudinal 
channels – one medial and one lateral. the 
medial channels form the primitive aortas 
which with elongation and folding of the 
embryo become paired into ventral and 
dorsal arrangements, joining the cephalad 
end of the primitive heart tubes (formed by 
the ventral components). Five further pairs 
of arterial arches pass around the developing 
pharynx connecting the cephalad end of the 
heart to the remaining unfused dorsal aortas. 
these branchial arch arteries in pairs form 
a number of components of the definitive 
circulation as outlined below. the paired 
aortas fuse over much of their length around 
the end of the fourth week and give a number 
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of intersegmental branches in dorsal, lateral 
and ventral patterns. During weeks 5–7 
there is a significant evolution in pattern or, 
in particular the cephalad arches regressing 
and new caudad arches forming.

the aortic arches are part of this cepha-
lad to caudal progression, with six initial 
sets of arches regressing in a step-wise fash-
ion starting around weeks four to five. the 
first, second, and fifth arches regress and are 
largely gone by the start of week five hav-
ing contributed to the formation of parts of 
the maxillary and external carotid circulation 
(1st), the stapedial arteries (2nd) and a pair 
of early regressing rudimentary vessels from 
the 5th. above the level of the 3rd arch the 
dorsal aortas remain fused and commun-
icate with the 3rd arch to form the definitive 
internal carotid artery. the common carotid 
artery is formed by the proximal parts of the  
3rd arch (hence it is also referred to as  
the carotid arch). the remaining proximal 
external carotid artery arises as new growths 
of artery from the aortic sac and are not part 
of the arches per se, but migrate up the third 
arch to their final position.

of particular relevance to the thoracic 
aorta, the 4th arches both persist, the left as 
the aortic arch and the right as the root of 
the right subclavian artery. the subclavian 
arteries initially arise as outgrowths of the 
terminal paired aortas just proximal to their 
union and subsequently the resorption of the 
right aorta between the origin of the sub-
clavian and the fused trunk causes the right 
subclavian to be isolated. 

the sixth arches fuse with the devel-
oping pulmonary arteries, the right partly 
regressing and partly forming the pulmon-
ary artery with the left becoming the ductus 
arteriosus.

there is also a concurrent change in 
cardiac anatomy at this time with the heart 
separating into its left and right sides (aortic 
and pulmonary).

there is an excellent demonstration of 
these embryological changes in Valentine 
and Wind4 and a discussion of the most 
prevalent anomalies in a paper by kau  
et al.5 conceptually this may give some 
understanding of why different segments of 
the aorta behave in different ways, and what 
the influences of the embryological deriva-
tion may be on the likelihood of differing 
pathologies in each segment. the embry-
onic origin of the vascular smooth muscle 
cells (VSMc) at differing levels of the aorta 
varies, with the predominant origin being 
neurectoderm in the thoracic aorta, versus 
mesoderm in the abdominal aorta.6 

this difference in origin influences the 
response of VSMc’s to a number of media-
tors such as transforming Growth Factor 
Beta 1 (tGFβ1), an important modulator 
of the extracellular matrix (EcM) in the 
thoracic aorta. neurectodermal VSMc 
growth is potentiated by tGFβ1, as is col-
lagen i production. this is in comparison to 
mesodermal VSMc’s where tGFβ1 inhibits 
growth and has no influence on collagen 
deposition. Given that VSMc’s are influen-
tial in aortic strength, it would be expected 
that varying concentration of VSMc’s and 
differential response to tGFβ1 and haemo-
dynamic strain in the aorta would influence 
the sites of EcM degradation and hence  
likelihood of aortic pathology such as dis-
section and/or aneurysm.7 there is some  
evidence that VSMc’s in the abdominal  
aorta under cyclical haemodynamic stress 
secrete tGFβ1, leading to an increase in 
aortic wall mass (however not in the thoracic 
aorta).6

there is also a differential pattern of elas-
tic lamellar units (the functional elastic unit 
in the aorta – combining elastin lamellae 
and VSMc’s) through the aorta, with higher 
levels of elastic lamella and VSMc’s in the  
thoracic aorta than in the abdominal.  
Similarly there is a decrease in the elastin to 
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collagen ratio in the abdominal aorta com-
pared to the thoracic aorta.6 it is interesting 
to note that acardiac foetesus do not develop 
differential structure throughout the length 
of the aorta, suggesting that there is a sig-
nificant influence of haemodynamic cyclical 
strain on the secretion of mediators such as 
tGFβ1 and hence architecture. 

Haemodynamics of Thoracic 
Compared to Abdominal Aorta

there is convincing evidence to suggest 
that dissection flaps occur at the points in 
the aorta subject to the greatest fluctuations 
in pressure over time. Due to the torsional 
manner in which the heart contracts, and 
the physical effects of cardiac motion on 
the arch of the aorta, the areas subject 
to the greatest changes in pressure are 
the ascending aorta and the proximal 
descending aorta. this was demonstrated 
elegantly in a model created by Qiao et al 
based on a thoracic aortic aneurysm.8 this 
model demonstrated differential shear and 
flow at varying points in the thoracic aorta, 
particularly the outer curves of the ascending 
and proximal descending aorta. there were 
also areas of increased transit/contact time 
on the concavity of the arch and proximal 
descending aorta (along with branch vessel 
origins in the arch) which as an aside may 
be the reason for the preponderance of 
atherosclerotic change at these points. 

the alterations in elastic recoil ability and 
collagen concentrations and function in the 
aorta that are present in a number of aortic 
pathologies, combined with the magnitude 
of the force involved in blood flow (related 
to absolute blood pressure, pulse pressure 
and dP/dt) results in the most likely sites 
of dissection being where the physical forces 
on the aorta are greatest and the diminu-
tion in aortic strength is maximal. there is  
reasonable evidence that suggests that VSMc 

apoptosis (which is influenced by tGFβ1) 
is greatest at the convexities of the ascend-
ing and descending aorta – particularly in 
patients with bicuspid aortic valves, and that 
this may alter aortic strength at these sites,7 
predisposing to dissection or aneurysm at 
these sites.

Sizes of Normal Aorta

there is an excellent outline of both the 
normal sizes of the thoracic aorta at differing 
ages, allowing a basis for sizing in different 
pathologies, in the European Society of 
cardiology task Force document.9 

claSSiFication oF aortic 
SynDroMES

the acute aortic syndromes can be classified 
in a number of ways, included chronicity, and 
anatomy and on the basis of the underlying 
pathology and complications.

Acute/Chronic

acute dissections are those present for less 
than 14 days and chronic are those present 
for longer.10 

DeBakey Classification of Class 1 
Dissection – Type 1, 2 and 3

the DeBakey classification system separates 
taD into three types, with subtypes of 
type 3. initially described by De Bakey  
and colleagues in 1965,11 this classification 
is based on both the anatomy of the entry 
tear and the extent of the dissection. it 
is an anatomical classification and has 
been simplified on the basis of outcome 
measures and prognosis into the Stanford 
classification.
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Stanford Classification

the Stanford classification arose from 
the recognition that prognosis was largely 
dependant on the involvement or not of the 
ascending aorta in the dissection process and 
was published by Dailey and colleagues in 
1970.12 the De Bakey classification was thus 
simplified into two subclasses, type a and B 
depending on involvement of the ascending 
aorta. although the Stanford classification has 
allowed stratification into surgical treatment 
or conservative management groups, it 
fails to take into account the variations 
of thoracic aortic pathology that are now 
recognised to make up what is referred to 
as the acute aortic Syndrome. a review of 
recent literature proposed a more complex 
but inclusive classification which has been 
adopted by the European task Force on 
aortic Dissection.9

European Task Force

in 1999 Svensson et al13 published a 
classification of thoracic aortic pathology 
that included not only classical taD but 
also a number of newly recognised subtype 
pathologies that were felt to make up part 
of the continuum of aortic dissection. 
this system should be considered a 
subclassification to the Stanford and/or 
Debakey classifications. this classification is 
outlined in Figure 14.2.

PatHoGEnESiS oF tHoracic 
aortic DiSSEction

Hypertension is recognised as one of the 
most significant risk factors for thoracic 
aortic dissection, and the treatment regimes 
for acute dissection syndromes utilise anti-
hypertensive therapy as their mainstay. 

Table 14.1: DeBakey Classification of Class I Dissection

Type Tear extent

I Ascending Aorta Propagating up ascending aorta, across arch and 
through descending aorta

II Ascending Aorta Confined to ascending aorta/intrapericardial aorta

III Distal to the Left Subclavian 
Artery

Descending aorta +/- retrograde across arch

Subtype IIIa Confined to descending aorta above diaphragm

Subtype IIIb Extends through diaphragm into visceral or 
abdominal aorta

Table 14.2: Relationship between Stanford and DeBakey classification of class I 
dissection

Stanford Type De bakey equivalent Site of Involvement

A Type I and II Ascending aorta +/- Arch

B Type III Descending thoracic aorta distal to left subclavian 
artery

Subtype a and b Above or below diaphragm, similar to DeBakey
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FIgure 14.1: Diagramatic representation of aortic dissection class 1 divided into De Bakey and Stanford 
Classifications. Based on figure 4 from Erbel et al. 2001.

FIgure 14.2: Classes of aortic dissection. Class 1- Classical Aortic Dissection (Intimal flap between true and 
false lumen); Class 2 – Intramural haematoma (Medial disruption with formation of IMH); Class 3 – Discrete/
Subtle dissection without haematoma. Eccentric bulge at tear site; Class 4 – Penetrating Aortic Ulcer (Plaque 
rupture leading to aortic ulceration, or a classical penetrating aortic ulcer with surrounding haematoma. Usually 
sub-adventitial); Class 5 – Iatrogenic and Traumatic Dissection. Based on figure 5 from Erbel et al. 20019 and 
Svensson et al. 1999.13
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there is good evidence that suggests that 
aggressive blood pressure management 
reduces mortality, particularly the use of beta 
blockers. there is also evolving evidence that 
a number of the newer antihypertensives 
such as losartan, which exerts some effect on 
mediators such as tGFβ1, may have extra 
effects on the turnover of thoracic aortic 
EcM, and may reduce the risk of both 
dissection and aneurysmal degeneration in 
some of the connective tissue disorders. 

Smoking and hypercholesterolaemia 
have deleterious effects on the thoracic aorta 
and the catecholamine drive that is present 
in chronic tobacco use may exacerbate dis-
sections and increase the risk of aneurysm 
disease.

cocaine use is recognised as a risk factor 
for the development of the aaS, in particular 
in young african american males. ampheta-
mines similarly have a linkage with develop-
ment of taD, presumably for similar reasons 
to cocaine, with surges in catecholamines 
and concomitant acute rises in dP/dt and 
blood pressure in the aorta.15,16

Classical Thoracic Aortic Dissection 
(Class 1 Dissection)

the pathognomonic lesion in aortic 
dissection is a tear in the intima which allows 
pulsatile surging of blood into the intimo-
medial plane of the aorta. typically the entry 
site is transverse but not involving the whole 

Table 14.3: Summary of aortic dissection classification systems

Stanford Classification

Type A Dissection of the ascending and descending aorta

Type B Dissection of the descending aorta

De Bakey Classification

Type 1 Dissection of the entire aorta

Type 2 Dissection of the ascending aorta

Type 3 Dissection of the descending aorta

New Classification

Class 1 Classical aortic dissection with an intimal flap between true and false lumen

Class 2 Medial disruption with formation of intramural haematoma/haemorrhage

Class 3 Discrete/subtle dissection without haematoma, eccentric bulge at tear site

Class 4 Plaque rupture leading to aortic ulceration, penetrating aortic atherosclerotic ulcer 
with surrounding haematoma, usually subadventitial

Class 5 Iatrogenic and traumatic dissection

Class 1–5 Represent a subdivision to the Stanford or De Bakey classification
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circumference of the aorta. it usually extends 
down the left posterolateral plane of the 
aorta, in a spiral fashion.10 these dissections 
may have communication between the false 
and true lumen, with intimal flap tears being 
present in >70% of cases at autopsy.9 in a 
series of sudden deaths however, fenestrations 
were absent in 67% of cases.

Flow in the false lumen is usually ante-
grade but occurs retrograde in a small number 
of cases. Differences in the elasticity of the 
dissection flap and the aortic adventitia, and 
the increase in pressure in the false lumen 
predispose to collapse of the true lumen, with 
higher frequency of true lumen compression 
in non-fenestrated aortic dissection.

in 65% of cases of dissection, intimal 
tears occur in the ascending aorta, 20% in the 
descending and 10% in the arch, with 5% in 
the abdominal aorta.10 there is a male:female 
ratio of 5:1 with a peak incidence of  
50–60 years for proximal dissections, and 
60–70yrs for distal dissection.10

there has been no particular success in 
defining the anatomical features of particular 
aortas that make them prone to dissection 
and long-term sequelae, despite analysis of 
multiple factors including tear depth and 
angle, local wall stress and the status of the 
vasa vasorum.17

Intramural Haematoma (Class 2 
Aortic Dissection)

intramural haematoma (iMH) otherwise 
known as class 2 aortic dissection is a less  
common precursor or variant form of taD.  
it comprises approximately 6–10% of all 
acute aortic syndromes. approximately 
10–30% of patients presenting with 
symptoms consistent with taD may have 
iMH on imaging.9 occurring in greater 
prevalence in asian populations, it makes up 
30–40% of aaS in asian series. Defined as 
a bleed into the outer layers of aortic media 

that lacks a discrete or detectable entry 
tear, it is usually seen on ct as a crescent 
shaped or concentric thickening of aortic 
wall. it may involve a longer segment of 
aorta than classical dissection. it appears as 
a ‘dissection without intimal tear’, and was 
previously described as such – however it 
is now recognised that there may be small 
atherosclerotic plaque ruptures in the wall 
of the vessel that are related to the proximal 
extent of the iMH.18 there has been some 
suggestion that there may be focal rupture of 
vasa vasorum in the aortic wall which causes 
iMH, however with the advent of newer 
multidetector ct arrays, previously invisible 
intimal defects are now being recognised. 
this has lead to the proposition that a 
ruptured vasa vasorum leads to increased 
focal transmural pressure and consequent 
‘retrograde’ rupture of a pre-existing aortic 
plaque and intimal disruption.19

two subtypes of iMH/class 2 dis-
section are recognized.9 the features of the 
two subtypes of iMH are summarized in 
table 14.4. 

 iMH seems to be associated with a lower 
risk of malperfusion syndromes than classical 
taD, although complications are common. 
Between 28–47% of cases of iMH progress 
to overt false luminal dissection. Early 
aneurysm formation or contained rupture 
develops in 20–45% of patients.14 there is 
considerable crossover between these groups 
Spontaneous regression is seen in approxi-
mately 10% of patients.9 

Predictors of progression to taD include 
recurrent/persisting pain, and presence of 
PaU. Some iMH may improve spontan-
eously with medical management only 
(particularly in asian series). younger ages, 
smaller aortic diameter (<4-4.5cm) and 
thinner haematoma (<1cm) confer better 
prognosis9,20 and may allow conservative/
non operative treatment with close obser-
vation. in one series, a 30-fold increase in  
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progression to rupture was demonstrated if 
the aortic diameter was greater than 40mm. 
Wall thickness >1cm was associated with a 
nine-fold risk of progression.21

location of iMH is also prognostic – 
ascending aorta has a high risk of progression 
to frank dissection and usually mandates 
repair. Exceptions to this seem to be Japan-
ese and korean series where there is a more 
benign course with type a iMH treated with 
BP control, bed rest and serial imaging.18 

Given recent advances in understanding 
of the contribution of genetic influences to 
MMP concentrations, elastin and collagen 
turnover and risk of syndromal aaS, it may 
be that the genotypic differences between 
asian and European groups explains the  
differences in prognosis, progression and 
prevalence in iMH. 

Penetrating Aortic Ulcer  
(Class 4 Aortic Dissection)

Pentrating aortic ulcer (PaU) was first de-
scribed in 1934 by Shennan and then sub-
sequently further characterized by Stanson 
et al in 1986. this condition can be defined 
as ulceration of an aortic atherosclerotic 

plaque penetrating through the internal 
elastic lamina into the aortic media. it is also 
classified as class 4 aortic Dissection.9

PaU comprises around 2.3–7.6% of 
acute aortic syndromes but in a series of  
15 patients, 40% (n = 6) suffered aortic rup-
ture, compared to a rate of 7.3% for type a 
dissection and <4% for type B, hence it is 
a morbid pathology when present.22 it also 
appears that for a given aortic diameter the 
presence of PaU confers a worse prognosis 
than for classical or class 1 taD.22 

PaU tends to occur in patients with 
extensive aortic atherosclerotic disease and 
in an older population than those affected 
by class 1 dissection (a mean age of 77 years  
versus 54 for type a dissection and 67 
for type B).22 it appears that the patho-
logical lesion (haemorrhage into/through an 
atherosclerotic plaque) is limited in its extent 
around the aorta by the transmural inflam-
mation of extensive surrounding atheroscle-
rosis. Penetration through, and dissection 
towards the adventitia can occur in the set-
ting of medial penetration of the localised 
plaque haemorrhage. 

Both iMH and PaU are recognised to be 
endpoints of a degenerative aortic pathology, 

Table 14.4: Subtypes of IMH

IMH Type 1 IMH Type II

Wall thickness ≤0.5cm 0.6 – 4.0cm (median >1.3cm)

Vessel diameter <3.5cm >3.5cm

Mean length in IMH <11cm >11cm

Presence of flow in IMH on 
echocardiography

Less common Common

Association with calcified 
plaque

Not usually associated Commonly associated

Intimal appearance Smooth Rough / Atherosclerotic

Echocardiographic  
appearances

Echo free zones present <30% Echo free zones present >70%
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and largely occur in the descending thoracic 
aorta. in one series,23 90% of iMH and PaU 
were confined to the descending aorta.

although such focal pathology as iMH 
and PaU seems ideally suited to treatment 
by endovascular means, it is probable that 
most patients in these groups with pathol-
ogy in the descending aorta do not require 
intervention, unless they fulfil criteria that 
would categorise them in a treatment group 
for classical taD (rupture/aneurysm etc). 
the presence of aneurysmal dilatation is a 
strong predictor of the requirement for inter-
vention in the future.

coMPlicationS oF acUtE 
aortic SynDroME

Visceral ischaemia/malperfusion 
syndromes

Visceral ischaemia is one of the most 
significant and catastrophic consequences 
of taD. in broad terms two main 
pathophysiological mechanisms of ischaemia 
have been described. 

the first is a classical proximal entry tear 
in the absence of a distal fenestration. this 
leads to rapid and significant increases in 
mean false luminal pressure, leading to com-
pression of the true lumen leading to distal 
ischaemia. in the context of considering 
treatment options, this pressure differential 
explains why the use of a bare stent alone 
in treating the entry tear is unlikely to suc-
ceed. it is unlikely that a bare stent would 
be able to compress the highly pressurised 
false lumen enough to divert flow without 
surpassing aortic rupture pressure.

a second pattern is where there is a distal 
fenestration present with relatively equiva-
lent luminal pressures. this situation has a 
reduced risk of distal ischaemia as flow is not 
compromised, however an extension into a 
visceral vessel can cause branch ischaemia 

in one of two ways. these are described as 
either fixed or dynamic branch ischaemia. 
Fixed occlusion is caused by false luminal 
thrombus or pressurisation leading to a 
fixed impingement of the ostia. Dynamic 
occlusion occurs in the presence of a flap 
which acts as a floating valve across the 
ostia, particularly where there is differential 
pressurisation. 

it is worthwhile remembering that  
aortic branch occlusion and malperfusion 
syndrome are not totally synonymous, given 
that partial or dynamic branch occlusion 
may not lead to significant end-organ ischae-
mia. there is some evidence that in recent 
times survival outcomes of branch occlusion 
and malperfusion syndromes have signifi-
cantly improved in comparison to previous 
data from 1965–1985.10 there is also good 
evidence to support mesenteric revascularisa-
tion prior to ascending aortic repair in par-
ticular, with improvements in mortality from 
87% to 37% over time. 

ischaemic complications are present in 
up to 30% of cases of type B dissection.10 
rupture is less common but occurs in >20% 
of cases over the patient’s lifespan. recent  
literature still suggests 16–25% mortality in 
the patient group suffering ischaemic com-
plications.17 iraD has demonstrated an 
overall mortality of 27.4% for all types of 
dissection, with mortality in distal dissections 
in the uncomplicated medical therapy cohort 
being 10.7%, rising to 31% in the complic-
ated cohort. Malperfusion syndromes occur 
in 30–42% of dissection patients.10 Spinal 
cord ischaemia is relatively rare as a complic-
ation of taD but is still present in 2–3% of 
type B dissections at presentation.10 

Fate of the False Lumen

False lumen thrombosis occurs in 2–3% 
of medically managed patients, however 
even with surgical treatment distal false 
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lumen thrombosis only occurs in 15–30% 
of treated patients. this has implications 
for recurrent dissection and aneurysmal 
degeneration, with progression to aneurysm 
formation occurring in 30–50% of patients 
within 4 years of diagnosis of the initial 
dissection.10 long-term data show that aortic 
death is the ultimate outcome in 30–40% 
of patients with medically treated dissection, 
despite reasonable rates of early mortality 
with aggressive medical therapy.17

Aneurysmal Degeneration and 
Rupture

as outlined above, aneurysmal degeneration 
and rupture is one of the potential 
consequences of aaS. in medically managed 
patients who survive their intitial dissection 
event, 25–40% will continue onwards to 
develop aneurysmal dilatation. out of this 
group 10–20% will rupture.10 Degenerative 
disease rates in iMH are as high as 45%, 
with either contained rupture or aneurysm 
formation.18 Similarly PaU rupture or 
aneurysm rates are in the region of 40% – 
with variable reports of severity/mortality 
risk. as discussed earlier, predictors of 
worse outcomes in iMH patients are initial 
aortic diameter above 4cm, and aortic wall 
thickness >1cm. these features conferred a 
30-fold and 9-fold increase in progression 
to aneurysm and rupture respectively.10 
the prognostic features for development 
of aneurysmal degeneration include aortic 
size >4cm, persistent hypertension despite 
medical therapy, and persistent patency 
of the false lumen. interestingly the recent 
data from iraD also suggests a significant 
increase in 3 year mortality in the group 
with partial thrombosis of the false lumen – 
a relative risk of 2.69, with a 3 year mortality 
rate of 31.6%.14

connEctiVE tiSSUE 
DiSorDErS anD acUtE aortic 
SynDroMES

Heritable disorders such as Marfan’s 
Syndrome (MFS), Ehlers-Danlos Syndrome 
(EDS) and loeys-Dietz Syndrome (lDS) 
are well-recognised predisposing causes for 
taD, however in large series only contribute 
14–22% of dissections.1 their presence 
predisposes patients to early dissection 
and aneurysm formation compared to the 
atherosclerotic cohort, and identification of 
these patients early in life allows targeted 
medical therapy, surveillance and early 
intervention as appropriate to prevent 
rupture and its associated mortality.

Marfan Syndrome 

initially described by antoine-Bernard 
Marfan in 1896 as a constellation of skeletal 
manifestations, Marfan Syndrome (MFS) has 
subsequently been more clearly codified into 
a recognised set of cardiovascular, skeletal 
and ocular findings. Marfan syndrome is 
responsible for approximately 5% of all 
aortic dissections and is the most common 
cause of dissection in patients under 40 years 
of age.

the classification of the syndrome was 
initially described in the Berlin nosology 
(1986) but due to advances in molecular 
biology and further understanding of the 
disease and its sub-types, there was a new 
nosology developed in 1996 – the Ghent 
nosology. this has recently been revised and 
was published in 2010.24 this allows some 
differentiation from previously overlapping 
syndromes such as the Mitral Valve Prolapse 
Syndrome (MVPS) and the MaSS (Myopia,  
Mitral Valve Prolapse, non-progressive  
aortic root Dilatation, skeletal findings and 
striae), and also further differentiation from 
some of the more recently described overlap 
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syndromes such as loeys-Deitz Syndrome. 
these other syndromes do not all carry the 
same vascular implications as MFS. Unfor-
tunately in the past the laxity of diagnostic 
criteria meant that many people had the 
diagnosis of MFS applied, when in actuality 
their vascular mortality was lower than that 
of MFS. 

the previously identified genetic basis 
of MFS is a mutation in the gene coding 
for fibrillin 1– a cysteine-rich glycoprotein 
important in the manufacture of connective 
tissues. in the aorta, fibrillin 1 is prevalent in 
the aortic adventitia, and to a lesser degree 
in the media where fibrillin 2, a similar but 
functionally different protein, is more preva-
lent.25 the anatomic abnormalities in the 
MFS aorta are those of ‘cystic medial degen-
eration’ – loss of VSMc numbers, increased 
collagen content and elastic fiber disarray.7 

the current diagnostic criteria include 
a series of major and minor criteria. Major 
criteria include aortic root dilatation/ 
dissection, Ectopia lentis, >= 4 particular 
skeletal manifestations and dural ectasia as 
defining characteristics, and the presence  
of the fibrillin 1 mutation as a component of 
diagnosis when these are not clear. in index 
patients the diagnosis must involve major 
involvement in at least two organ systems and 
minor involvement in one more. in the pres-
ence of a fibrillin 1 mutation that is known to 
cause the MFS, or when there has previously 
been a first degree relative with MFS based 
on the Ghent nosology – there need be only 
one major and one minor manifestation in 
different organ systems. the presence of the 
fibrillin1 mutation is now given more weight 
in light of the increased ease of detection. 

the 2010 Ghent nosology has been 
developed based on a more evidence-based 
approach, and in a more patient centric  
fashion with an alteration in the weighting  
of different criteria and development of more 
meaningful diagnostic thresholds. 

cardinal features such as aortic root  
dilatation and ectopia lentis are now given 
more weight, and in combination can be 
diagnostic. other systemic manifestations (in 
other organ systems) contribute to an overall 
systemic risk score that assists in diagnosis. 

MFS has variable time of onset, tissue  
distribution and severity of clinical manifesta-
tion, even in patients with identical fibrillin 
gene mutation.

of interest in MFS, levels of proteases 
such as MMP-9 are actually quite low, par-
ticularly in comparison to aaa phenotypes, 
and there is some suggestion that MFS-
related dissection and aneurysm are not as 
strongly influenced by proteases as had pre-
viously been thought.6 

Fibrillin and Marfan Syndrome
Fibrillin1 is a fundamental component of 
the vascular EcM. Fibrillin-rich microfibrils 
play a significant role in linking vascular 
SMc to adjacent elastin fibrils. they are 
thought to regulate tissue development and 
turnover of elastin, and are a template for the 
construction of elastin microfibrils.6 

the FBn-1 gene is a large gene on the 
q arm of chromosome 15 at position 21.1. 
the description of this location is 15q21.1. 
it is closely associated with the gene for 
tGFβ1. there are more than 600 described 
mutations in the FBn-1 gene that can cause 
MFS with varying degrees of penetrance. the 
majority (around 2/3) of fibrillin 1 muta-
tions are missense mutations that alter one 
amino acid out of the 2871 that make up the 
protein. approximately 20% are frameshift 
mutations, and 12% are side splice muta-
tions. around 25% of the presentations of 
MFS have a new and previously unidentified 
mutation in the fibrillin 1 gene.25

it was previously felt that the abnormality 
of the fibrillin1 gene led to structural abnor-
malities in EcM and elastin through fibril-
lin 1 weakness which were the cause of the 
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aneurysmal degeneration seen in MFS. this 
rather simplistic concept has been partly 
refuted, particularly in light of syndromes 
such as Williams-Beuren syndrome where a 
microdeletion of the elastin gene is actually 
characterised by aortic stenosis rather than 
aneurysm and dissection.6 it is now pos-
tulated that there is both a structural and a 
signalling component to the pathophysiol-
ogy. this has led to a change in the defini-
tion of Marfan’s from a purely connective 
tissue disorder to a developmental abnor-
mality with effects on the development and 
morphogenesis of multiple organ systems.

there is some evidence from mouse 
knockout models that underexpression of 
the fibrillin 1 gene results in increased MMP 
expression and elastin fragmentation, leading 
to reduced structural integrity of the aorta.26 
there is also upregulation of MMPs when 
mutated fibrillin 1 (which is more prone to 
proteolysis) undergoes degradation. there is 
similarly an increase in macrophage numbers 
in the setting of elevated concentrations of 
fibrillin 1 fragments.6 there is some evidence 
of a degree of a threshold phenomenon for 
the deterioration in vessel structure in rela-
tion to proportional amounts of normal and 
abnormal fibrillin 1 microfibrils. 

one of the proposed mechanisms by 
which fibrillin 1 mutation causes loss of  
tissue integrity is the documented impact  
of abnormal fibrillin 1 on the action of  
normal fibrillin-1 in the formation of micro-
fibrils. this is a case of a heterozygote dis-
order where there is a dominant-negative 
pattern of activity caused by the mutated 
gene product.6,27 

Fibrillin 1 gene mutations on their own 
(ie in absence of Marfan’s) that result in 
decreased fibrillin1 gene expression have 
also been linked to thoracic aortic aneurysm 
(taa) and taD. a reduction in fibrillin 1 
abundance, but with normal protein struc-
ture may lead to similar but less severe 

 phenotype to Marfan’s that is restricted to 
the vascular system.26 Similarly there appears 
to be a relationship between fibrillin 1 muta-
tion and upregulation of tGFβ1 signalling 
pathways. this may be because of structural 
and functional similarities between latent 
tGFβ1 binding protein (ltBP) and fibril-
lin 1 and the possibility that abnormalities 
in the fibrillin 1 gene cause decreased affinity 
for tGFβ1 in ltBP – hence releasing greater 
amounts of tGFβ1 to increase signalling  
of tGFβ1 and therefore increase VSMc 
apoptosis.6 

Given the large number of unique muta-
tions, genotypic/phenotypic correlations are  
difficult. there are also additions to the 
fibrillin 1 gene which can cause the related 
phenotypic abnormality that is MaSS. the 
recently described interplay between fibril-
lin 1 and tGFβ has similarly provided new 
insight into potential mechanisms for and  
explanations of the variable penetrance  
and phenotypic appearance of MFS and 
related disorders.

SMaDs are intracellular proteins that 
transduce extracellular signals from tGFβ 
ligands to the nucleus where they activate 
tGFβ gene transcription. Some recent 
evidence suggests that the majority of the  
vascular end points in MFS are related to  
the influence of fibrillin 1 mutation on 
tGFβ1 levels and the subsequent tGFβ1/
SMaD2 signalling interaction. the down-
stream effect of this on elastin manufac-
ture and disorganisation via upregulation of 
tGFβ responsive gene expression leads to 
elastolysis and EcM degradation.

The Role of Transforming Growth Factor 
Beta (TGFβ) in the Development of 
Vascular System in Health and Disease
the tGFβ signalling pathway is important 
in both embryologic development – particu-
larly in relation to body morphology and 
patterning, tissue differentiation and body 
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axis; as well as having a potent role in the 
differentiation and proliferation of a number 
of cell lines, and the stimulation of apopto-
sis – particularly in VSMcs. tGFβ muta-
tions therefore have the potential to cause a 
number of congenitally acquired disorders 
of development and function of the skeletal, 
muscular and cardiovascular systems. this 
applies to both tGFβ and tGFβ receptors 
(tGFβr) or components of the signaling 
pathway. this includes a number of ligands 
that are currently of particular interest to 
researchers in taa/aaa/taD.

the tGFβ superfamily is large, and sig-
nals via two main pathways – tGFβ/activin/
nodal receptor to downstream intracellular 
transduction proteins SMaD2 and 3, or 
alternatively bone morphogenetic proteins 
(BMPs) to SMaD1 and 5.7,28

tGFβ has three ligand subtypes -1, -2 
and -3. these are secreted as what is termed 
a large latent complex (llc) comprising 
3 polypeptide chains. these chains are the 
small dimeric tGFβ ligand, a latency asso-
ciated peptide (laP) to which tGFβ is 
non-covalently bonded and a latent tGFβ 
binding protein (ltGFBP) of which there 
are three subtypes which are covalently 
bound to the laP.28 

after secretion, the llc is sequestered in 
the EcM in association with fibrillin 1. this 
provides a pool of stable, largely inactive 
tGFβ which can be released under stimulus 
from a reservoir. the tGFβ receptors and 
EcM with a reservoir are widespread and the 
effects of tGFβ occur both locally and sys-
temically. this explains why the regulation 
of tGFβ secretion at local level by variation 
in levels of EcM components such as fibril-
lin 1 can have significant effects.

the mechanism of tGFβ ligand signal-
ling is reasonably well understood and appears 
to occur via two families of tGFβ receptor, 
type 1 and type 2 (of which there are further 
subtypes within each family). tGFβ binding 

to the type 2 receptor causes recruitment and 
subsequent phosphorylation of the type 1  
receptor, leading to the formation of an  
activated receptor complex. tGFβ affinity 
for the receptor is variable, and there are a 
number of transmembrane co-receptors such 
as betaglycan (tGFBr3), which is high affin-
ity but non-signalling, that enhance tGFβ 
binding to the type 2 receptor complex.28

the formation of the activated receptor 
complex leads to further cascading phos-
phorylation of receptor-associated SMaDs 
(r-smads or smad 2/3). the type of SMaD 
activated depends on which tGFβ1 recep-
tor subtype is activated. once the r-smad is 
activated it binds with a co-smad (SMaD4) 
to shuttle it to the nucleus to allow transcrip-
tion of the target tGFβ gene.

clearly this is a complex pathway, and 
furthermore there are a number of other 
intracellular kinases which can influence the  
phosphorylation and hence activity of  
the SMaD family, all of which can have  
outside influences.7,28,29

Ehlers-Danlos Syndrome 

Ehlers-Danlos Syndrome (EDS) is a heredi-
tary disorder of connective tissue related to 
abnormalities in the gene for collagen, with six 
different types described.30,31 it has an overall 
prevalence of approximately 1 in 25,000 
live births.31 original descriptions were by 
Edward Ehlers in 1899 and Henri alexandre 
Danlos in 1908. the most important subtype 
from the vascular perspective, and the most 
catastrophic in terms of presentation remains 
type iV or what is now known as the vascular 
type, described by andras Barbaras in 1967, 
in which he noted increased vascular fragility. 
the prevalence of the vascular type is <4% of 
all EDS cases. Presentations are heterogenous, 
and are not always entirely clear, and the 
distribution of clinical presentation reflects 
that of type iii collagen. 
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children with EDS are often misdiag-
nosed as having coagulation disorders due 
to easy bruising.30 Skeletal manifestations 
are consistent with abnormality in manufac-
ture of type iii collagen with a defect in the  
pro-α-1 type iii collagen chain, coded for 
by the col3a1 gene. abnormalities in 
these collagens lead to ligamentous laxity. 

the biochemical basis for EDS was 
described by Pope in 1975. it is a hetero-
zygous mutation of the gene for type iii  
collagen, which is located on the long arm of 
chromosome 2, and is inherited in an auto-
somal dominant fashion.31 Vascular EDS is 
best described as a monogenic orphan dis-
ease transmitted as an autosomal dominant 
trait. there is therefore a 50% chance of 
affected individuals passing on EDS to each 
child. Sporadic cases do however, account for 
up to half of all reported cases.

Diagnosis of Ehlers-Danlos Syndrome
clinical diagnostic features of vascular EDS 
include typical facial features (although 
these may be absent in some cases), skin 
abnormalities with a thin translucent 
appearance and more visible veins, rupture of 
hollow viscera and vessels and easy bruising 
or ecchymoses. the classical facies of EDS 
are described as acrogeria, an appearance of 
slim face, thin long nose, sunken cheeks and 
often bulging or protruberant eyes. there 
may be periorbital pigmentation and/or 
telangiectasis. the upper lip is often fine and 
lacks puckering.30 this is present in around 
30% of patients.31

Skin manifestations vary from the other 
types of EDS, in particular the hypermobil-
ity and classical types, in that skin hyperex-
tensibility is a less prominent feature. the 
skin does feel softer and is more translucent, 
and the subcutaneous vessels are often very 
prominent and visible – particularly on the 
trunk. Skin on the hands and feet is often 
more aged appearing than expected. With 

previous scarring, the appearance is quite 
stretched and there may be deposits of 
haemosiderin and enlargement of scars over 
mobile areas.

Easy bruising is a common finding, par-
ticularly in the younger group – in fact it is 
the most consistent clinical feature, being 
present is 66% of reported cases in one 
series.32 these bruises and subcutaneous 
haematomas are often huge – much larger 
than the inciting injury would account for. 
the presence of these bruises often prompts 
investigation of platelet function and coagu-
lation, however the underlying pathology is 
vascular fragility rather than any haemato-
logical abnormality.

Vascular complications in EDS are rela-
tively rare in infancy but prevalent in teens 
and in the third and fourth decades of life. 
More than 80% of people have had a vascu-
lar complication by the age of 40.31 Median 
survival of vascular type EDS patients is only 
48 years. Vessel complications are the leading 
cause of mortality in patients with vascular 
EDS; with aortic tears, dissection, and arterio-
venous fistulas being seen along with classi-
cal arterial rupture. these events are often 
spontaneous with no apparent cause and can 
occur in otherwise normal appearing blood 
vessels. the thoracic aorta and abdominal 
aorta are the main sites of involvement with 
more than 50% of these events occurring  
in the distal thoracic aorta.31 Middle-sized 
arteries appear to be the main vessels in 
which these events otherwise occur. Extrem-
ity vessel events contribute approximately 
25% of the complications that are seen in 
vascular EDS.31 Spontaneous arterial rupture 
into closed spaces can lead to compartment 
syndrome and limb loss. Sudden onset of 
flank or abdominal pain should mandate 
non-invasive imaging as it is a common 
presentation of intestinal, uterine or arterial 
rupture.

the most commonly seen intra-cerebral 
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catastrophe related to vascular Ehlers-Danlos 
Syndrome is carotid-cavernous fistula.30,32 
this is an exceedingly uncommon presenta-
tion in the normal population, and is seen 
almost exclusively in patients with traumatic 
injury. the occurrence of this in an atraum-
atic setting should lead to a high clinical  
suspicion of the presence of a collagen- 
vascular disorder. the mean age of occur-
rence of carotid-cavernous fistula in this  
population is 31 years compared with 58 years  
in the general population. less common 
presentations include intracranial haemor-
rhage in approximately 4% of cases.7 Most 
of these cases have a previously identified 
intracranial aneurysm. Extracranial dissec-
tion of both the vertebral and carotid arteries 
is also seen. as with carotid-cavernous fistula 
the presence of this pathology in the absence 
of trauma should suggest the presence of a 
collagen vascular disorder. other vascular 
anomalies include prominent varicose veins 
and these are widely seen in EDS patients. 
Surgical treatment of varicose veins is  
contraindicated.

Gastrointestinal and obstetric complica-
tions are also common-both of these tissue 
types being rich in type iii collagen. From 
the gastrointestinal point of view, the sig-
moid colon is the most regularly involved 
site of perforation. in contrast to the hyper-
mobility of classical types of EDS, joint 
hyper mobility is not a prominent feature 
in vascular EDS. in some studies there is 
an increased risk of congenital hip dysplasia 
and congenital clubfoot in comparison to 
the general population.30 Differential diag-
nosis of EDS includes a number of paediat-
ric coagulation disturbances and Silverman 
Syndrome, which can also have easy bruising 
and haematoma. in adults, Marfan’s disease 
should also be considered.30,33

the diagnostic criteria for EDS were 
outlined most recently in the Villefranche 
nosology34 that breaks the more classical  

description of EDS into six main types 
based on clinical presentation and the patho-
gnomonic manifestations of each type. the 
presence of two or more major criteria is 
highly indicative of the disease and labora-
tory testing is recommended.34

laboratory diagnosis involves the demon-
stration of structurally abnormal type iii  
collagen produced by fibroblasts, and  
demonstration of an abnormal col3a1 
gene. the most reliable study is assesse-
ment of procollagen iii deficiency using gel 
electro phoresis. this requires skin biopsy 
and has a risk of wound complications, thus 
site selection should be careful. Qualitative 
abnormalities in type iii collagen can be seen 
by measuring secretion of type iii collagen in 
cultured skin fibroblasts.30

Unfortunately although col3a1 gene 
analysis is intuitively more accurate and 
would seem easier, it suffers the problem 
of lack of concordance between the muta-
tion type and severity. there are numerous 
mutations possible in the gene given its large 
size, and there may be a greater prevalence of 
mutations than is currently recognised. Some 
mutations may have a degree of phenotypic 
correlation. Unfortunately the site of the 
mutation within the collagen gene has not 
been useful in predicting tissue integrity-one 
series of 135 EDS vascular type patients had 
no correlation between location of mutation 
and degree or presence of tissue fragility.35

From a biochemical perspective the most 
common point mutation that has been dem-
onstrated is the replacement of a glycine in 
the collagen triple helix chain with another 
amino acid. Unfortunately the amino acid 
substitution does not correlate with pheno-
typic expression or clinical outcome. a  
proposed hypothesis in the aetiology of the 
clinical syndrome is that the abnormal pro-
collagen components are either degraded in 
a form of ‘protein suicide’ 35 or are retained 
but their presence causes disruption of the 
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normal organisation and deposition of other 
types of collagens. this may explain the spec-
trum of differences in tissue fragility that are 
present with the same mutation. this is an 
evolving area of knowledge.31

although controversial, some experts 
recommend ongoing surveillance to deter-
mine whether there is an incidental vascular 
lesion.31 the controversy in this area arises 
from the fact that the majority of lesions 
will be treated conservatively and diagnosing 
them may increase patient anxiety unneces-
sarily. arteriography is relatively contraindi-
cated as an investigative modality in these  
patients as it is associated with a 67% com-
plication rate and mortality rate of 17%,32 
however there is evolving discussion about its 
use as a treatment modality with the utilisa-
tion of endovascular coils or stents to minimise 
the use of arterial sutures. Similarly much of  
the previous evidence in relation to interven-
tion in these patients was with larger sheaths 

and the advent of lower profile devices may 
minimise these risks.

the prognosis of Vascular EDS is dis-
mal, with 92% of late deaths in a cohort 
of 220 index patients being due to vascu-
lar catastrophes, with median survival being 
48–54 years, and patient survival to 60 years 
being as low as 55–68%.31 the average age 
of first vascular or visceral complication is 
24yrs with a 12% mortality. Pregnancy has a 
25% risk of death with each pregnancy and 
an associated 50% chance of passing on the 
mutated col3a1 gene.32

Loeys-Deitz Syndrome 

although MFS and EDS are by far the  
most commonly recognised connective tissue  
disorders (ctD) associated with aaS/taD, 
recent understanding in the molecular biol-
ogy of dissection has allowed recognition of 
a new disorder described by Bart loeys and 

Table 14.5: The diagnostic criteria for the vascular subtype of EDS.

Inheritance Pattern Autosomal dominant

Major Diagnostic Criteria Thin, translucent skin

Arterial/Intestinal/uterine fragility or rupture

Extensive bruising

Characteristic facial appearance

Minor Diagnostic Criteria Acrogeria

Hypermobility of small joints

Tendon and muscle rupture

Talipes equinovarus

Early onset varicose veins

Arteriovenous / carotid-cavernous sinus fistula

Pneumothorax/haemopneumothorax

Gingival recession

Positive family history, sudden death in (a) close relative(s)
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Harry Deitz in 2005. this autosomal domin-
ant ctD is recognised to be caused by muta-
tion in the transforming growth factor beta 
(tGFβ) receptor 1 or 2 gene. lDS preva-
lence is currently not well-described. lDS 
does appear to be intimately related to MFS, 
and this becomes clear when it is under-
stood that the genetic anomaly in lDS is a  
loss-of-function mutation in the tGFβr2 
receptor – hence this mimics some of the 
effects of alteration in the levels of available 
tGFβ seen in fibrillin 1 deficiency syn-
dromes such as MFS. 

Phenotypic features of lDS include 
hypertelorism (90%), bifid uvula, cleft  
palate, generalised arterial tortuosity, cranio-
synostosis (50%), PDa and aSD. Mental 
retardation is often present. these features 
contrast with some of the features of MFS  
such as narrow high arched palate in  
MFS versus cleft, but there are a significant 
number of shared features such as ascending 
aortic aneurysm and dissection.

lDS falls into two types, lDS type 1 
and lDS type 2. lDS1 has a number of 
similarities and overlap with MFS, including 
aortic root dilation, arachnodactyly (long 
thin fingers), dolichostenomelia (thin body 
and long extremities), pectus deformity and 
joint laxity. these patients are now discrimi-
nated from MFS patients in the new revised 
Ghent nosology by the absence of ectopia 
lentis (present in 40–56% of MFS patients) 
and other more stringent diagnostic criteria. 
lDS type 2 shares a number of similar fea-
tures to vascular EDS, including soft, velvety 
skin and the presence of aortic aneurysm or 
dissection, however EDS lacks a significant 
number of features present in lDS including 
excessive vascular tortuosity, and bifid uvula. 
the table below outlines the major differ-
ences between the syndromes.

the vascular degenerative changes asso-
ciated with lDS are significantly more 
malignant than those in MFS and occur 

at a younger age, hence early recognition 
is vital. aortic root aneurysm is reported 
in patients as young as 6 years of age. the 
underlying genetic abnormality of lDS leads 
to altered signaling in the tGF-β cytokine 
family. tGF-β plays an important role in 
EcM formation and turnover, as well as cell 
proliferation and differentiation, along with 
apoptosis. this influence on proliferation 
and differentiation is particularly apparent 
in cardiovascular embryogenesis, including 
ventricular myocardial genesis.

tGF-β signal alterations lead to dis-
arrayed elastin fibres, with loss of elastin 
content, and dilation and dissection as a 
consequence. in comparison to MFS, aortic  
and vascular aneurysms and dissections  
happen throughout the vascular tree, not 
just in the aortic root. rupture has also been 
demonstrated in vessels <4.5 cm in diameter, 
in comparison to MFS where this would 
usually be considered a ‘safe’ size to manage 
conservatively.

Histological evaluation of vessels in lDS 
has shown excessive aortic wall collagen, 
along with increased levels of phosphorylated 
nuclear smad2. this indicates increased 
tGFβ signalling despite some degree of defi-
ciency in the receptor.29 in contrast to other 
ctD’s, in particular EDS Vascular type, the 
surgical prognosis for lDS is quite good 
with reasonable surgical outcomes achiev-
able as these patients lack the inherent tissue 
fragility of vascular EDS patients.35

Familial Thoracic Aortic Aneurysm 
Disease

recent research shows that there are a 
significant number of patients who do not 
have typical named syndromes such as MFS 
but who have familial clustering of thoracic 
aortic aneurysm disease (taaD). these 
patients display features of aortic pathology 
including ascending aortic or root dilation 
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and aneurysms or dissection of the ascending 
or descending aorta. they appear to have an 
autosomal dominant pattern of inheritance 
but with variable penetrance and expression. 
that is, some carriers do not demonstrate 
the pathology, and those that develop the 

pathology within a family do so at different 
severities. there is no gender bias. this is 
largely a diagnosis of exclusion, with a focus 
being on ruling out other named congenital 
or genetic anomalies that predispose to aaS/
taaD. the age of presentation provides some 

Table 14.6: Major clinical features of Loeys-Dietz Syndrome (LDS) type 1 and 2, 
Marfan syndrome and the vascular type of Ehlers Danlos Syndrome (EDS type IV). 
Modified from Aalberts et al., 2008.

Marfan lDS 1 lDS 2 eDS 4

Vascular

Aortic aneurysm/dissection ++ +++ +++ +++

Aortic Tortuosity - +++ +++ -

ASD - + + -

Skeletal

Arachnodactylya +++ ++ ++ -

Dolichostenomeliab ++ + -

Pectus abnormalities ++ ++ ++ -

Joint laxity ++ ++ +++ + (small joints)

Pes equinovarusc - + +

Facial

Craniosynostosisd - +/++ - -

Hypertelorisme - +++ _ -

Cleft palate/bifid uvula - +++ + -

Skin

Excessive striae + - - -

Easy bruising - +++ ++

Soft, velvety, translucent - + ++/+++ +++

eyes

Ectopia lentisf ++ - - -

Other

Rupture large organs - - +/++ ++

the presence or absence of the features in italics might help to differentiate from Marfan syndrome, – infrequently, + 
around 25–50%, ++ around 50–75%, +++ >75%, along slender fingers, bthin body habitus and long extremeties,  
cclubfeet, dpremature closure of cranial sutures, eincreased distance between pupils, f  lens subluxation
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hint as to the likely underlying pathology, 
with familial thoracic aortic aneurysm disease 
(FtaaD) patients presenting on average at 
older age than MFS patients, but younger 
age than sporadic taaD patients.

Familial taaD has been linked to a 
number of chromosomal abnormalities, 
some of which appear to be allelic with the 
mutations seen in well-characterised diseases 
such as MFS.

FtaaD type 1 is related to a gene defect 
on chromosome 11q23.3-4. this is an auto-
somal dominant inheritance pattern gene, 
but in comparison to a number of other 
syndromes, is a vascular-only syndrome  
with multiple segmental involvement of the 
thoracic and abdominal aorta commonly 
seen. this disease is highly penetrant in  
comparison to such diseases as MFS.

FtaaD type 2 has been linked to a  
5q13-q14 mutation which is inherited in 
autosomal dominant fashion. in comparison 
to type 1 FtaaD, there is variable pene-
trance of this disorder, particularly in women.  
in comparison to type 1 FtaaD this pro-
cess also carries with it a number of cardio-
vascular abnormalities which are similar to 
those seen in MFS. the postulation is that 
the 5q locus codes for a connective tissue 
protein of some kind.

FtaaD type 3 has a locus of mutation  
that maps to the 3p25-p24 site. this seems 
to be the site of the tGFBr2 gene, and the 
mutations that cause vascular anomalies 
appear to occur in the functionally important 
kinase domain leading to loss of function. 
this also overlaps a locus for a Marfan-like 
syndrome (the MFS2 locus). this muta-
tion is found in approximately 5% of taD 
patients. the phenotype is predominantly 
ascending aortic disease, however other site 
disease is also seen. rupture and dissection 
at smaller sizes than usual is also recognised 
in the FtaaD type 3 patients. 

Bicuspid Aortic Valve

Bicuspid aortic valve (BaV) is the most 
common congenital cardiac anomaly 
(1–2% of the population) and predisposes 
patients to increased risk of dissection, 
dilatation and aneurysm, independant of 
valvular function.26 it displays an autosomal 
dominant inheritance pattern and has been 
shown to have a strong link with taa in a 
cohort of 13 families.25

Similar medial degeneration is seen in 
BaV as that seen in fibrillin1 knockout 
mice. there is a measurable deficiency of 
fibrillin 1 and elevated levels of MMP-2 in 
bicuspid aortic valves compared to the con-
trol population.26 there is similarly evidence 
of decreased amounts of fibrillin 1 in aortic 
media in BaV patients, but normal elastin 
and collagen levels. this is in comparison 
to atherosclerotic dilation where fibrillin 1 
levels are increased. this suggests that the 
underlying pathology in BaV is similar to 
that in fibrillin 1 knockout mice – increases 
in tGFβ1 concentration and activity. 

Turners Syndrome

Monosomy X, or turners syndrome (tS) 
is a moderately common chromosomal 
disorder, (1 in 2500 live births), that carries 
with it an increased risk of aortic coarctation 
and dissection. the most commonly seen 
cardiovascular anomaly in tS is bicuspid 
aortic valve, and as discussed earlier, this 
independently increases the risk of taD. 
BaV is seen in 13–34% of tS patients 
compared with 1–2% of the general 
population. the risk of aortic dissection in 
young turners patients is significantly higher 
than the general population and dissection 
occurs at sizes below that at which dissection 
would normally be considered a risk (<5cm). 
Dissection is usually type a, although there 
is a correlation between aortic coarctation 
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(present in 4–14% of tS patients) and  
type B dissection. Given the short stature  
of tS patients, the aortic size index rather 
than the raw aortic size is preferred for 
calculating aortic dissection risk in these 
patients.

SUMMary

although previously considered a simple 
haemodynamic consequence of chronic 
hypertension, thoracic aortic dissection in 
the classical sense is now recognised as being 
part of a continuum of aortic pathologies that 
include intramural haematoma, penetrating 
aortic ulcer and a number of congenital 
connective tissue disorders. the recent 
advances in the molecular understanding 
of aspects of EcM turnover – particularly 
relating to fibrillin 1 and transforming growth 
factor – beta have allowed us to expand our 
diagnostic and treatment options into new 
areas.
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