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Preamble

Provisional guidelines were prepared by the ESC Task
Force on Aortic Dissection, as suggested by the com-
mittee for Scientific Clinical Initiatives and approved by
the ESC Board at its meeting on 17 June 1997.

This Task Force consists of 11 members, including
representatives of the European Association of Radiol-
ogy, and the European Society of Pediatric Cardiology,
as well as one member appointed by the American
College of Cardiology in order to gain ACC endorse-
ment. The members were all appointed by the Board of
the ESC upon suggestions made by the committee for
Scientific Clinical Initiatives. In addition, controversial
issues were discussed between the members on an e-mail
platform as well as via telephone conferences.

Review of the literature and position papers were
prepared. At the request of the committee of Scientific
Clinical Initiatives, the Task Force delineations were
presented at the congress of the ESC in August 1999 by
U. Sechtem in the conference on emerging guidelines.
� 2001 The European Society of Cardiology
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Introduction

Cardiovascular diseases are the major cause of death in
the majority of the developed countries and in many
developing countries, as reported by the Task Force
of the European Society of Cardiology and proven by
European cardiovascular mortality and morbidity
statistics[1].

Aortic diseases contribute to the high overall cardio-
vascular mortality. New imaging modalities —
transoesophageal echocardiography, magnetic reso-
nance imaging, helical computed tomography, electron
beam computed tomography — were introduced during
the last decade. These new imaging techniques allow
better and earlier diagnosis of aortic diseases even in
emergency situations. These new imaging techniques
have changed patient management during recent years,
allowing more rapid diagnosis and decision making[2–6].
Despite this rapid progress, overall agreement about
the strategy for patient management has not yet been
achieved. For this reason, this Task Force obtained
opinions from a wide variety of experts with the goal of
formulating recommendations for the best diagnostic
strategies to be followed. The diagnostic process was to
be based on clinical assessment and the use of the
different imaging techniques available in order to estab-
lish a rapid and correct diagnosis while avoiding diag-
nostic overkill. Finally, the Task Force will comment
on therapeutic strategies in patients with acute aortic
syndromes.
Aortic wall disease

All mechanisms (Fig. 1) that weaken the aortic wall, the
aortic lamina media in particular, lead to higher wall
stress, which can induce aortic dilatation and aneurysm
formation, eventually resulting in aortic dissection or
rupture.
Inherited disease

Three major inherited disorders are found in this group:
Marfan’s syndrome, Ehler-Danlos syndrome and other
familial forms of thoracic aortic aneurysm and dissection.
– inherited
– degenerative
– atherosclerotic
– inflammatory
– traumatic
– toxic
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Figure 1 Schematic illustration of different aortic disease aetiologies which can
result in aortic dissection including progression or regression of the disease.
Marfan’s syndrome
Marfan’s syndrome[7,8] is an autosomal dominant con-
nective tissue disorder with an estimated incidence of
1/5000; although more than 25% of cases are probably
sporadic. The syndrome involves many systems: skeletal,
ocular, cardiovascular, pulmonary, skin and integu-
ment, and dura. In 1986, an international group of
Finally, the document was distributed for correction
and endorsement to all members and intermittently
reviewed for consistency by internal reviewers. An effort
was made to include all relevant evidence relating to the
diagnosis and treatment of aortic dissection. The mem-
bers were aware of the fact, that for diagnostic tests and
surgical as well as interventional procedures related to
aortic dissection, no evidence-based medical data for
group A and B were available, so that a grading
concerning consensus between the members was chosen.
Grading CI meant consensus of all members, grade CII

consensus of the majority of the members, but with data
not supporting this decision, grade CIII no consensus, no
or little data available supporting this view.
Eur Heart J, Vol. 22, issue 18, September 2001
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experts agreed upon diagnostic criteria to distinguish
Marfan’s syndrome from related disorders. This criteria
set is currently referred to as the ‘Berlin nosology’[7].
This nosology did not fit in many individual cases and
revised criteria were recently proposed, known as the
new ‘Gent nosology’[8]. These new criteria include more
stringent requirements for diagnosing Marfan’s syn-
drome in relatives of an unequivocally affected individ-
ual. Particular attention is paid to skeletal involvement
as a major criterion if at least four of eight typical
manifestations are present, also to the potential con-
tribution of molecular analysis to the diagnosis of
Marfan’s syndrome and the delineation of criteria for
diagnosing other inherited conditions that overlap
with Marfan’s syndrome. Since collagen and elastin
abnormalities are a prominent feature of this disorder,
Marfan’s syndrome was long considered a defect of
either one of these. However, protein and gene studies
demonstrated conclusively that neither one was in-
volved. Sakai and co-workers identified a new extra-
cellular matrix protein which they named ‘fibrillin’[9].
This protein is the major constituent of microfibrils
found in the extracellular matrix, as either isolated
aggregates or closely associated with elastin fibres. To
date more than 100 different mutations have been ident-
ified in the fibrillin-1 gene in patients with Marfan’s
syndrome[10]. The mutations are found in complete and
incomplete forms of Marfan’s syndrome but also in a
spectrum of overlapping diseases, some of which are also
associated with aortic dissection: the Shprintzen-
Goldberg syndrome[11], familial or isolated forms of
aortic aneurysms[12] and the ‘MASS’ phenotype[13].
These results define the new molecular group of ‘type 1
fibrillinopathies’[14].

The clinical variability seen in Marfan’s syndrome is
only partly explained by the great number of mutations
identified in the fibrillin-1 gene. Genetic heterogeneity
and the involvement of a second gene (MFS2 for
Marfan syndrome type 2)[15] was demonstrated in a
French family.

The percentage of cases of Marfan’s syndrome associ-
ated with mutations in MFS2 is unknown. However,
through protein studies, several teams have established
that between 7% and 16% of patients with Marfan’s
syndrome have normal fibrillin metabolism[16,17].
Summary
Marfan’s syndrome displays a wide clinical vari-
ability. A number of mutations have been identified,
particularly for the fibrillin-1 (FBN-1) gene. Genetic
criteria are helpful for identifying incomplete forms
of the Marfan syndrome.
Ehler-Danlos syndrome
Ehler-Danlos syndrome (EDS) is a heterogeneous group
of hereditable connective tissue disorders characterized
by articular hypermobility, skin hyperextensibility and
tissue fragility. Eleven types of EDS have been charac-
Eur Heart J, Vol. 22, issue 18, September 2001
terized. There are no well-founded figures on the preva-
lence of EDS. An estimated incidence of 1/5000 births is
often stated; this is an aggregate frequency for the
disease. There is no racial or ethnic predisposition[18].
Aortic involvement is seen primarily in EDS type IV[19],
which is transmitted in an autosomal dominant fashion.
However, approximately 50% of cases are new mu-
tations[19]. In the recently revised nosology, EDS type IV
is the only member of the ‘EDS vascular type’[20]. The
disease is caused by structural defects in the pro�1(III)
chain of collagen type III encoded by the COL3A1 gene
located on chromosome 2q31[21,22].
Summary
Aortic involvement is typical for Ehler-Danlos syn-
drome, a connective tissue disorder characterized by
articular hypermobility, skin hyperextensibility and
tissue fragility. The disease is caused by structural
defects in the pro �-1 (III) chain of collagen type III.
Annuloaortic ectasia and familial aortic dissection
The term annuloaortic ectasia was first used in 1961 by
Ellis et al. to describe a clinical feature, now recognized
as a condition affecting 5% to 10% of patients who
undergo aortic valve replacement for pure aortic regur-
gitation[23]. Two recent studies have analysed familial
aggregation of thoracic aortic dilatation and dissection.
The relative risk of a patient’s father, brothers and
sisters developing aortic aneurysms was 1·8, 10·9 and
1·8, respectively[10]. This report also supports evidence of
a sex-linked disease process. In 38·5% of the families
there was evidence of autosomal dominant transmission,
in 23·1% of autosomal dominant or X-linked and in
26·9% of either an autosomal or X-linked recessive
mode[24]. These reports not only underscore the impor-
tance of familial aggregation but also the very probable
existence of genetic heterogeneity.

Five mutations in the FBN1 gene have now been
identified in patients presenting with either sporadic or
familial forms of thoracic aortic aneurysms and dissec-
tion[13,25]. Other genes may also be involved. Histologi-
cal examination of the aortic wall reveals loss of elastic
fibres, deposits of mucopolysaccharide-like material and
cystic medial anomalies, as is also found in patients with
Marfan’s syndrome[26]. No abnormalities of types I and
III collagen or of fibrillin were found in fibroblast
cultures. Furthermore, indirect immunofluorescence
studies of the microfibrillar fibre array did not reveal
findings typically associated with Ehlers-Danlos or
Marfan’s syndrome.
Summary
Annuloaortic ectasia is diagnosed in 5%–10% of
patients undergoing aortic valve replacement for
aortic regurgitation. Familial aggregation of tho-
racic aortic dilatation and dissection is present. No
abnormal type I and III collagen or fibrillin is found.
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Abdominal aortic aneurysms and dissection
Abdominal aortic aneurysm formation or dissection is
uncommon before the sixth decade. A high proportion
of cases are symptomatic, and the process is very often
associated with more proximal aortic involvement[27].
Many studies reported familial aggregation of abdomi-
nal aortic aneurysms[28]. The risk among people with an
affected first-degree relative was estimated to be 11·6-
fold. More patients are women; affected men tend to be
younger than affected women. The risk of rupture seems
to be strongly correlated with familial disease and 63%
are female and 37% male[29]. Segregation analyses of
data from 91 families revealed that the disease was very
likely determined by a major autosomal diallelic locus
and a recessive disease-causing allele[30]. An autosomal
dominant pattern with a frequency of 1/250 for the
morbid allele and an age-related penetrance no higher
than 0·4 was described in 313 pedigrees[31].

The disease is probably very heterogeneous at the
genetic level. Furthermore, careful examination of
the pedigrees often reveals involvement not only of the
abdominal aorta but also disease in its more proximal
segments, as well as other clinical features suggestive of
Marfan’s or Ehlers-Danlos syndrome. Today it is there-
fore difficult to differentiate pure familial forms of
abdominal aortic aneurysm/dissection from thoracic
aortic aneurysms/dissection with an abdominal compo-
nent. This is underscored by the fact that the only
molecular defect reported to date is that of a mutation
within the COL3A1 gene[32]. In fact, many candidate
genes have been investigated that encode various colla-
gens, fibrillins, fibrullins, microfibril-associated glyco-
proteins, matrix metalloproteinases and their inhibitors,
but no mutation has been identified.
Aortic disease in infancy and childhood
The aortic diameter increases steadily throughout life.
Standard measurement locations for the aortic root are
described for children (Fig. 2). Nomograms relating
aortic size to body surface area have been published
(Fig. 3)[33].

Aortic dissection is rare in infants and children
younger than 16 years, and is not always associated with
Marfan’s syndrome or other connective tissue disorders.
Only two cases occurring in the Marfan population were
described during the last 10 years[33,34]. Dissection has,
however, been reported in normal infants following
infection[35], and as a consequence of surgical trauma[36].
Primary balloon dilatation of aortic coarctation as well
as dilatation of re-coarctation may produce damage to
the aorta with subsequent development of an aneurysm.
A degree of intimal tearing and dissection can always
occur[37]. Dissection originating from the site of aortic
cannulation, particularly if the aortic wall is thin, is a
recognized complication of cardiopulmonary bypass[38].

Even in Marfan’s syndrome aortic dissection is not
always associated with aneurysmal dilatation of the
aortic root[39], and dissection may originate from an area
of non-dilated aorta, irrespective of the aortic root
dimensions. This was reported in a large series of cardiac
operations in children with Marfan’s syndrome[40]. A
close association seems to be present between bicuspid
aortic valves and aortic dilatation resulting in aortic
regurgitation, aneurysm formation and aortic dissection.

Dissection has been reported in association with
coarctation of the aorta, both above and below the
coarctation site. This complication is not seen in child-
hood, but as a complication of untreated coarctation —
usually in the third decade or later and in association
with hypertension. Dissection involving the descending
aorta below the coarctation site is reported as a compli-
cation of pregnancy[41]. Dissection also occurs in young
adults, but not in children with a bicuspid aortic valve
and ascending aortic dilatation[42].

Although homocystinuria is associated with a pheno-
type similar to Marfan’s syndrome, the vascular lesions
tend to be of thrombotic or occlusive nature[43]. There
are no reports of abdominal aortic dissection in child-
hood, but abdominal aortic aneurysms are recorded[44].
Summary
Standard measurements and normograms are
helpful for assessing aortic root size related to body
surface area. Aortic dissection is rare in infants
and children. Dissection has been reported with
dilatation of aortic coarctation and recoarctation.
LA

LV

AO 3
4

2

1

Figure 2 Schematic presentation of the longitudinal par-
asternal view with four regions where aortic diameters are
measured for follow-up analysis in Marfan’s syndrome.
LV=left ventricle; LA=left atrium; 1=valve annulus;
2=aortic sinuses; 3=sinotubular junction; 4=proximal
ascending artery. (Reprinted from Am J Cardiol, Volume
64, Roman MJ, Devereux RB, Kramer, Fox R,
O’Loughlin J. Two-dimensional echocardiographic aortic
dimensions in children and adults, pp. 507–512 with
permission from Excerpta Medica Inc.)
Ageing of the aorta

Normal aortic values have been reported for adults
(Table 1). The expansion rate over 10 years is about
Eur Heart J, Vol. 22, issue 18, September 2001
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Figure 3 Aortic diameter changes related to body surface area (BSA) for the four different regions illustrated
in Fig. 2. Useful for follow-up studies and detection of abnormal enlargement of the aorta in Marfan’s
syndrome. (Reprinted from Am J Cardiol, Volume 64, Roman MJ, Devereux RB, Kramer, Fox R,
O’Loughlin J. Two-dimensional echocardiographic aortic dimensions in children and adults, pp. 507–512 with
permission from Excerpta Medica Inc.)
1-2 mm[49,50]. Factors that weaken the aortic wall can
lead to aneurysm formation. According to the law of La
Place (�=p�r/2h), wall stress (�) in a thin wall model is
directly proportional to pressure (p) and radius (r) and
inversely proportional to vessel wall thickness (h). This
makes hypertension as well as cystic media necrosis
factors related to the development of aortic disease[51–53].
The expansion rate of aneurysm in the ascending aorta
is about 1·3�1·2 mm . year�1 and in the abdominal
Eur Heart J, Vol. 22, issue 18, September 2001
aneurysm 3·1�3·2 mm . year�1[54]. Interestingly, aortic
diameters in cases with and without dissection were
found to be the identical (6 cm vs 6·4 cm)[55]. The same
holds true for Marfan’s syndrome: this means that
ascending aortic diameters are 7·4 cm (5·6–10·0 cm) in
dissection cases and 6·9 cm (5·3–9·0 cm) in cases without
dissection[39,56,57]. A ratio of the diameter of the aneu-
rysm to the normal aorta of less than 2·2 indicates a
lower risk for rupture of the abdominal aorta[58]. The
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ratio was 2·7 in symptomatic patients and 3·4 in a group
with evidence of rupture[59]. Thus, the risk of aortic
aneurysmal rupture seems to be related to the aortic
diameter (Table 2). An increase in the aortic diameter of
pre-existing aneurysms is lower in the thoracic than in
the abdominal aorta[52], a fact possibly related to the
vasa vasorum being absent in the abdominal aorta[64]. If
aortic dissection is present, an expansion rate of
5–20 mm within 3 years can be expected. The rate
is 1 mm . year�1 for non-communicating and
2–3 mm . year�1 for communicating dissection[65].
Table 1 Normal aortic dimensions in adults

Diameter
Aortic annulus

Male 2·6�0·3 cm TTE[33]

Female 2·3�0·2 cm TTE[33]

Sinus of Valsalva
Male 3·4�0·3 cm TTE[33]

Female 3·0�0·3 cm TTE[33]

Aortic root <3·7 cm TTE[33]

Proximal ascending aorta
Male 2·9�0·3 cm TTE[33]

Female 2·6�0·3 cm TTE[33]

Ascending aorta 1·4–2·1 cm . m�2 TEE[45]

<3·8 cm (2·5–3·8) CT[2]

<3·7 cm TTE[46]

Descending aorta 1·0–1·6 cm . m�2 TEE[45]

<2·8 cm (1·7–2·8) CT[2]

Wall thickness
Aortic wall <4 mm CT[47]

<3 mm Angio[48]

<4 mm TEE[49]
Table 2 Aortic diameters in aneurysms with or without dissection: indications for surgery in different patient groups

Authors Results Patient population and method

Lemon[60] No difference in diameter With and without dissection (angiography)
McDonald et al.[61] >5·5 cm Marfan’s syndrome — surgery
Roberts[51] >5·3 cm Marfan’s syndrome — dissection
White et al.[62] >6·0 cm Computed tomography (CT)
Tijon-A-Meeuw[63] 0·2–0·4 cm/year

>5 cm surgery, as 30% rupture in <2 years
Aortic diameter increase

Sütsch[55] Surgery before 6 cm is reached Transoesophageal echocardiography
Aetiology of aortic aneurysm and dissection
Atherosclerosis is the main cause of aortic aneu-
rysms[66,67]. Atherosclerosis leads to gross thickening of
the intima. The intima shows massive fibrosis and calci-
fication, and increased amounts of extracellular fatty
acids. The integrity of this layer can be compromised by
the extracellular matrix being degraded by histiocytic
cells. Additional degenerative changes can develop
within the fibrous tissue. These changes are character-
ized by reduced cellularity and collagen fibre hyaliniz-
ation. Both mechanisms may lead to intimal rupture,
most often at the edges of plaques.
Intimal thickening increases the distance between the
endothelial layer and the media, compromising the
nutrient and oxygen supply. Adventitial fibrosis may
obstruct vessels feeding small intramural vasa vasorum.
Reduced nutritional supply of the media results in
medial thinning secondary to necrosis — primarily due
to necrosis of the smooth muscle cells. Another conse-
quence is a fibrotic change in the elastic structures of the
medial layer[64]. All these changes contribute to in-
creased vessel stiffness and to higher vulnerability to
shear stress, eventually leading to the formation of
aneurysms and dissections, especially in the infrarenal
aorta[66].

In cases of aortic aneurysms severe aortic athero-
sclerosis involves more than 70% of the surface in over
90% of the patients[68]. Ruptures are more common in
the ascending aorta (65%) and less frequent in the
abdominal aorta (32%). Fusiform thoracic aortic aneu-
rysms have a higher rupture risk (61%) compared to
abdominal aortic aneurysms[67]. Aortic rupture is found
in 0·9% of cases of sudden death. Aortic dissections are
present in 62% of these patients, atherosclerotic aneu-
rysms in 37% and false aneurysms in 1·6%[67].

The main risk factor for aneurysm formation in
atherosclerosis is hypertension, which is found in 85% of
those with ruptured or 52% of those with non-ruptured
aneurysms[67]. The risk factors, e.g. smoking and hyper-
cholesterolaemia, are also associated with an increased
incidence of aortic aneurysms[68]. However, 60% of
patients have a cholesterol level of less than
240 mg . dl�1 (6·2 mmol . l�1)[68].

Secondary to high-speed accidents, 15%–20% of
deaths are related to aortic trauma. About 95% of the
injuries occur at the site of greatest stress, the aortic
isthmus, only 5% at the ascending aorta[69]. Aortic
disruption can be limited to the intima or include the
entire wall. Chronic aneurysms tend to become sympto-
matic or rupture within 5 years. Aortic rupture will
ultimately occur in most patients mainly after forming
pseudoaneurysms, which can enlarge and compress sur-
rounding structures like the pulmonary artery[70]. Aortic
rupture after blunt chest trauma is frequently associated
with myocardial contusion which can lead to cardiac
failure, myocardial infarction, and tamponade.

Aneurysm formation and aortic rupture can also
occur after aortic surgery and even after cardio-
pulmonary resuscitation[71–73]. Extracorporal shock
Eur Heart J, Vol. 22, issue 18, September 2001
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waves can produce aortic injury as well[74]. Another
possible cause of trauma is cardiac catheterization as a
diagnostic or interventional procedure[75]. Aortic dis-
section may be observed in patients who underwent
prior aortic valve replacement. The interval between
valve replacement and dissection varies greatly[76,77].
The mechanism which revealed an area of condensed
resistance within the aortic wall may have been the jet
lesion which produced the post stenotic ascending
aortic dilatation similar to aortic wall disease in aortic
stenosis and regurgitation. However, distal aortic
dissection has also been observed after aortic valve
replacement, suggesting additional risk factors for this
occurrence[76,77].

Inflammatory diseases can destroy the medial layers
of the aortic wall and lead to weakening of the aortic
wall, hastening expansion and causing higher wall
stress. Suppurative bacterial or fungal aortitis is rare.
It can cause focal destruction of the vessel wall
with subsequent aneurysm formation and/or rupture.
Autoimmune diseases of the aorta (Table 3) can sev-
erely affect the vasa vasorum, and decrease the blood
supply of the media[78]. Furthermore, inflammatory
lesions — as seen in Takayasu arteritis — may develop
inside the aortic wall. Such inflammatory lesions con-
sist of an inflammatory infiltrate, smooth muscle and
fibroblast necrosis, and fibrosis of the vessel wall (for a
review see:[79]). Inflammation related to infectious dis-
eases, such as luetic aortitis, can lead to similar
changes. Aortitis is the principal cardiovascular mani-
festation of syphilis, found mainly in the ascending
aorta, but distal segments can be involved[80].

Rheumatoid arthritis can also lead to aortitis. Second-
ary typical aortic dissections are unusual. The diseased
aorta may rupture. Toxic aortic disease is seen in animals
after the administration of beta-aminopropionitrile
fumarate which leads to changes in the media morpho-
logically similar to mucoid degeneration of the aortic
wall[81]. Other chemicals have been shown to cause cellu-
lar necrosis in the media (for a review see:[82]). The
administration of high doses of zinc can also lead
to aortic dissections in animal models[83]. In humans,
different drugs such as cocaine and amphetamine
are associated with aneurysm formation and aortic
dissection[84,85].
Eur Heart J, Vol. 22, issue 18, September 2001
Summary
Hypertension is a main risk factor of aortic sclerosis
and subsequent aortic aneurysm formation and
aortic dissection.
Smoking and hypercholesterolaemia are additional
risk factors.
15%–20% of death secondary to high speed
accidents are related to aortic trauma, frequently
associated with myocardial contusion.
Iatrogenic aortic dissection is often related to
cardiac catheterization, angioplasty, or surgery.
Inflammatory diseases can affect the aorta as
in Takayasu arteritis and syphilis as well as in
Behcet’s or Ormond’s disease.
Cocaine and amphetamine associated with aortic
aneurysm formation and dissection are newly
detected aetiologies.
Table 3 Types of vasculitis predominately involving large and medium-sized
vessels[78]

(1) Takayasu’s aorto-arteritis
(2) Giant cell arteritis

(a) Temporal arteritis
(b) Disseminated giant cell arteritis
(c) Primary angitis of the central nervous system (considered by many as a viral infection)

(3) Behcet’s disease
(4) Aortitis associated with rheumatoid disease
(5) Inflammatory abdominal aortic aneurysm (aetiology unknown — probably an immune

response to lipids infiltrating the aortic wall)
(6) Aortitis in relation with retroperitoneal fibrosis (Ormond’s disease)
Aortic dissection staging

The Stanford classification of aortic dissection distin-
guishes between type A and type B (Fig. 4)[86,87]. Type A
means the dissection includes the ascending aorta, a type
B dissection does not involve the ascending aorta. The
De Bakey classification subdivides the dissection process
further: a type I dissection involves the entire aorta, a
type II dissection involves the ascending aorta, and
a type III dissection the descending aorta[87]. The first
attempt to further subdivide the De Bakey classification
was made by Reul and Cooley (Fig. 4), differentiating
from thoracic abdominal type III dissection[88]. Sub-
dividing into proximal and distal or ascending and
descending aortic dissections is also common.

New studies demonstrated that intramural haemor-
rhage, intramural haematoma and aortic ulcers may be
signs of evolving dissections or dissection subtypes.
Consequently, a new differentiation (Fig. 5) has been
proposed[89].

class 1: classical aortic dissection with an intimal flap
between true and false lumen

class 2: medial disruption with formation of intra-
mural haematoma/haemorrhage



Task Force Report 1649
class 3: discrete/subtle dissection without haematoma,
eccentric bulge at tear site

class 4: plaque rupture leading to aortic ulceration, pen-
etrating aortic atherosclerotic ulcer with sur-
rounding haematoma, usually subadventitial

class 5: iatrogenic and traumatic dissection
All classes of dissection can be seen in their acute and

chronic stages; chronic dissections are considered to be
present if >14 days have elapsed since the acute event or
if they are found occasionally.
A BA
I IIIII

Stanford
De Bakey

a

b

Figure 4 Schematic drawing of aortic dissection class 1, subdivided into DeBakey types I, II and III.
Also depicted are Stanford classes A and B with subtypes a and b (subtype depends on the thoracic or
abdominal involvement according to Reul and Cooley[88]).
Intramural haematoma/haemorrhage (class 2)
An intramural haematoma is probably the initial lesion
in the majority of cases of cystic medial degeneration.
This leads to aortic dissection in which the intimal tear
seems to be secondary to preceding intramural
dissection[95–104]. Intramural haematoma/haemorrhage
may be the result of ruptured normal-appearing vasa
vasorum which are not supported by the surrounding
aortic media or the result of rupture of diseased vasa
vasorum[64,96]. As a dissection the haematoma can ex-
tend along the aorta. The weakened inner wall is sub-
jected to the elongating force of the diastolic recoil,
which can result in intimal tears only visible at surgery
or autopsy. Differences in elasticity between the aortic
fibrous adventitia and the inner more elastic media may
play an additional role[97]. From class 2 aortic dissection,
the class 1 non-communicating classical dissection,
which shows all signs of dissection, — an intimal flap, a
true and false lumen but no flow within the false lumen
due to the absence of an intimal tear, — has to be
separated. The class 2 dissection may have an intramural
haematoma, but also can present as diffuse —
haemorrhagic — intramural bleeding, giving the impres-
sion of wall thickening. If intramural haematoma is
present, only a discrete and very localized separation of
wall layers occurs, which may be very superficial or
deeply located within the aortic wall: multiple layerings
may be observed.
Classic aortic dissection (class 1)

Acute aortic dissection is characterized by the rapid
development of an intimal flap separating the true and
false lumen[51]. Due to the pressure difference the true
lumen is usually smaller than the false lumen. Intimal
flap tears characterize communicating dissections[6].
However, tears are not always found and non-
communicating dissections are not uncommon[6,91–99]. In
an autopsy study, dissecting aneurysms without tears
were found in up to 12% of 311 autopsies[95]. Others
have reported an incidence of 4% in 505 cases[97]. In a
series of sudden deaths, 67% of patients with dissections
did not have tears[99]. The dissection can spread from
diseased segments of the aortic wall in an antegrade or
retrograde fashion, involving side branches and causing
other complications[6,93,94].
Eur Heart J, Vol. 22, issue 18, September 2001
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The prevalence of intramural haemorrhage and hae-
matoma in patients with suspected aortic dissection, as
observed by various new imaging techniques, seems to
be in the range of 10–30%[90,92,101,104].

There are two distinct types of intramural haematoma
and haemorrhage:

Type I shows a smooth inner aortic lumen, the
diameter is usually less than 3·5 cm, and the wall thick-
ness greater than 0·5 cm. Echo-free spaces (seen echo-
cardiographically) as a sign of intramural haematoma
are found in only one third of the patients. The mean
longitudinal extent of the haematoma is 11 cm and the
echo free spaces show no signs of flow[91].

Type II occurs in aortic atherosclerosis. A rough inner
aortic surface with severe aortic sclerosis is characteristic;
the aorta is dilated to more than 3·5 cm and calcium
deposits are frequently found. Mean wall thickness is
1·3 cm with a range of 0·6–4 cm, and echo free spaces are
found in 70% of the patients studied. The longitudinal
extension has a range similar to type I haematoma, usually
about 11 cm[91]. Intramural haemorrhages are found more
often in the descending than in the ascending aorta[91].

The fact that intramural haemorrhage and hae-
matoma can lead to aortic dissection has been demon-
strated in follow-up studies[90–92,101,104]. Acute aortic
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dissection as a consequence of intramural haemor-
rhage and haematoma develops in 28–47% of the
patients[90–92,101,104]. It is associated with aortic rupture
in 21–47%; and regression is seen in about 10% of
patients[90–92,101,104].
Subtle-discrete aortic dissection (class 3)

The structural weakness can lead either to clinically
inapparent disease or minor forms of aortic dissection.
Subtle dissection has been described[89] as a partial
stellate or linear tear of the vessel wall, covered by
thrombus. When the partial tear forms a scar, this
constellation is called an abortive, discrete dissection.
Partial ruptures of the inner layer of the aorta allow
blood to enter the already damaged media and thus
cause dissection of the aortic wall, eventually leading to
a second lumen within the wall, to a rupture or healing
during follow-up[89].
Class 5Class 3

Class 1 Class 2

Class 4

Figure 5 Differentiation of classes 1–5 of aortic dissection. Class 1: classic aortic
dissection with true and false lumen without communication of the two lumina; class 2:
intramural haemorrhage or haematoma; class 3: ulceration of aortic plaque following
plaque rupture; class 4: subtle or discrete aortic dissection with bulging of the aortic
wall; class 5: iatrogenic or traumatic aortic dissection, illustrated by a catheter induced
separation of the intima. (From Svensson LG, Labib SB, Eisenhauser AC, Butterfly
JR. Intimal tear without haematoma. Circulation 99: 1331–6, 1999; American Heart
Association; reproduced with permission.)
Plaque rupture/ulceration (class 4)

Ulceration of atherosclerotic aortic plaques can lead to
aortic dissection or aortic perforation[105–110]. This was
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first observed by computed tomography[105,106]. The
new imaging techniques — intravascular ultrasound,
spiral computed tomography and magnetic resonance
imaging — provide new insights. The ability to diagnose
aortic ulceration has thereby been improved and further
insight into the pathophysiology of this condition has
been gained[107]. The ulcers seem to affect the descending
thoracic aorta, as well as the abdominal aorta, and are
not usually associated with extensive longitudinal propa-
gation or branch vessel compromise[103]. Valvular, peri-
cardial or other vascular complications appear rare. The
ulcer may penetrate beyond the intimal border, often
with a nipple-like projection with subjacent type II
intramural haematoma formation[91,108]. The continuous
erosion of the atherosclerotic plaque may eventually
violate the internal elastic membrane[106]. False aneu-
rysms, aortic rupture or dissections may occur[109,110].
Traumatic/iatrogenic aortic dissection
(class 5)

Blunt chest trauma usually causes dissection of the
ascending aorta and/or the region of the ligamentum
Botalli at the aortic isthmus. Iatrogenic dissection of the
aorta rarely occurs during heart catheterization. It is
regularly seen following angioplasty of an aortic co-
arctation (in adults), but can also be observed after
cross-clamping of the aorta and after intra-aortic bal-
loon pumping[71,75,111,112]. Most catheter-induced dis-
sections are retrograde dissections. They will usually
decrease in size as the false lumen thromboses[112].
Proximal progression of the coronary dissection into the
aortic root may be observed[112].
Summary
Stanford classification
Type A — dissection of the ascending and descend-

ing 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 intra-

mural haematoma/haemorrhage
class 3: discrete/subtle dissection without hae-

matoma, eccentric bulge at tear site
class 4: plaque rupture leading to aortic ulcer-

ation, 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
Clinical management
Clinical features
Table 4 Aortic dissection — common presenting
symptoms

Pain
Pain alone
Pain with syncope
Pain with signs of congestive heart failure

Pain with cerebrovascular accident (stroke)
Congestive heart failure without pain
Cerebrovascular accident without pain
Abnormal chest roentgenogram without pain
Pulse loss without pain
Table 5 Aortic dissection — differential diagnosis

Acute coronary syndrome with and without ST-elevation
Aortic regurgitation without dissection
Aortic aneurysms without dissection
Musculoskeletal pain
Pericarditis
Mediastinal tumours
Pleuritis
Pulmonary embolism
Cholecystitis
Atherosclerotic or cholesterol embolism
Symptoms
The main challenge in managing acute aortic dissection
is to suspect and thus diagnose the disease as early as
possible.

The typical patient with aortic dissection presenting to
an emergency department today is a male in his 60s with
a history of hypertension who suffers with abrupt onset
of chest pain[113–115]. The following clinical manifes-
tations (Table 4) of acute aortic dissection are present
in up to 90% of patients presenting in the emergency
room:
v Pain of abrupt onset with its maximum at the time of

onset (Table 4). With further extension of the dissec-
tion process, the pain may change its location accord-
ingly. The pain is described as sharp more often than
tearing, ripping, or stabbing[113–115]. In contrast, the
pain associated with acute myocardial infarction starts
slowly and gains in intensity with time. It is usually
more oppressive and dull.

v In proximal dissections, the pain is usually located
retrosternally, whereas distal dissections are character-
ized by interscapular as well as back pain.

v Hypertension is typically associated with distal aortic
dissection.

Differential diagnoses need to be taken into account
(Table 5). One also needs to be aware of less common
presentations. Chest pain may be absent, but this is
usually indicative of chronic aortic dissection. Up to
20% of patients with acute aortic dissection may
present with syncope without a history of typical pain or
Eur Heart J, Vol. 22, issue 18, September 2001
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neurological findings[113–115]. Following a period of pain,
cardiac failure may become the main symptom and is
usually related to severe aortic regurgitation. Cardiac
tamponade may result in hypotension and syncope.
Syncope may also result from severe pain, obstruction of
cerebral vessels or activation of aortic baroreceptors.
Cerebrovascular manifestations and limb ischaemia with
pulse deficits are caused by obliteration of the peripheral
vessel by involvement of the vessel origin into the
dissection or obliteration of the true lumen by an
expanding false lumen. Paraplegia may suddenly de-
velop as intercostal arteries are separated from the aortic
lumen by the dissection. Involvement of the renal ar-
teries may result in oliguria or anuria. Further propaga-
tion of the dissection at a later point in time will usually
result in another (2nd) attack of the same acute pain as
at the initial event, and is often associated with a
deteriorating clinical picture[115]. When the dissection
results from some form of trauma, albeit iatrogenic, it is
the circumstance rather than symptoms that should alert
one to that possibility. High fever is not common but
can occur due to the release of pyrogenic substances
from the aortic wall. It can persist for a longer period of
time and may be misinterpreted as a sign of another
inflammatory disease[73,116].

Persistent abdominal pain, elevation of acute phase
proteins, and increase of lactate dehydrogenese are
indicators of involvement of the coeliac artery. This is
observed in about 8% and involvement of the mesenteric
artery in 8–13%[116,117].
Physical examination
Physical examination can provide important clues as to
the presence and origin of the aortic dissection. Whereas
pulse deficits were found in 50% of patients with proxi-
mal aortic dissection in their 70s[114], a large current
registry of patients with acute aortic dissection reported
this finding in less than 20% of patients[115]. These pulse
phenomena may be transient due to the intimal flap’s
changing position. Neurological deficits (loss of con-
sciousness, ischaemic paresis) occur in up to 40% of
patients with proximal aortic dissection[114,117]. On rare
occasions, symptoms such as vocal chord paralysis
(caused by compression of the left recurrent laryngeal
nerve), haemoptysis or haematemesis (due to haemor-
rhage into the tracheobronchial tree or perforation into
the oesophagus)[118], superior vena cava syndrome[119],
upper airway obstruction due to compression, Horner’s
syndrome (due to compression of the superior cervical
sympathetic ganglion), signs suggestive of pulmonary
embolism (if there is extravasation of blood from the
false channel into the common adventitia of the ascend-
ing aorta and pulmonary artery leads to severe compres-
sion of the pulmonary artery[120]) or signs of mesenteric
or renal ischaemia may be encountered[115,121,122]. If the
iliac bifurcation is completely obstructed, Leriche’s
syndrome with pulse loss in both legs will occur, which is
typically painless.

A diastolic murmur indicative of aortic regurgi-
tation is present in about half of the patients with
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proximal aortic dissection[113,115,122]. Occasionally, the
murmur can be very faint and the typical wide pulse
pressure as well as other peripheral signs of severe aortic
regurgitation may be absent. Signs of pericardial in-
volvement such as the presence of a pericardial friction
rub, jugular venous distension or a paradoxical pulse
should alert the physician to call for rapid surgical
intervention.

Pleural effusions may be caused by rupture of the
aorta into the pleural space, the left side is usually
involved. Pleurocentesis reveals the presence of blood
indicating the need for emergency surgery. However, an
effusion may simply be the expression of an exudative
inflammatory reaction from the dissected aorta and no
further action is required.

Up to 30% of patients later found to have aortic
dissection are initially suspected to have other con-
ditions, such as acute coronary syndromes, non-
dissecting aneurysms, pulmonary embolism, or aortic
stenosis[112,114,122]. Consequently, the differential diag-
nosis of acute aortic dissection should always be consid-
ered in patients presenting with unexplained syncope,
stroke, acute onset of congestive heart failure, and acute
ischaemia of extremities or viscera, even when the typi-
cal chest pain of aortic dissection is not the leading
symptom (Table 6). In these patients, an imaging pro-
cedure needs to be carried out as soon as possible to rule
out or to confirm the presence of dissection.
Initial diagnostic steps in the emergency
room

Although speed is of utmost importance, an ECG (Table
6) must be acquired in all patients. This test helps
distinguish acute myocardial infarction, for which
thrombolytic therapy may be life saving, from aortic
dissection, in which thrombolytic therapy may be detri-
mental[123]. Both conditions may coexist as the dissecting
membrane may extend into a coronary ostium (usually
that of the right coronary artery) causing acute myocar-
dial ischaemia. Such coronary involvement will induce
in the ECG signs of acute myocardial infarction and this
in turn could result in potentially detrimental admin-
istration of thrombolytic therapy. However, a normal
ECG is present in one third of patients with coronary
involvement and most of these patients have non-specific
ST-T segment changes[123]. About 20% of patients with
type A dissection have ECG evidence of acute ischaemia
or acute myocardial infarction[123]. These patients with
suspected aortic disease and ECG evidence of ischaemia
must undergo diagnostic imaging before thrombolytic
therapy is administered. The chest X-ray is not sufficient
to rule out aortic dissection[124]. However, diagnostic
imaging cannot be performed in all patients presenting
with myocardial ischaemia, and erroneous admin-
istration of thrombolytic therapy may be unavoidable in
the occasional patient who is subsequently found to
have aortic dissection, but an enlarged mediastinum may
indicate an unsuspected aortic dissection.
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The role of the chest X-ray is currently unclear (Table
6)[124]. A routine chest X-ray will be abnormal in be-
tween 60%[115] to 90% of cases[113] with suspected aortic
dissection and will thus make the diagnosis of aortic
dissection more likely. However, in unstable patients, a
chest X-ray will result in further delay before instituting
treatment and should thus be omitted.

The often large wound surface and haematoma may
be reflected in laboratory findings such as elevated
C-reactive protein, mild-to-moderate leukocytosis and
slight elevations of bilirubin and lactic acid dehydrogen-
ase[125]. More recently, the biochemical diagnosis of
aortic dissection has become possible by identifying
raised concentrations of smooth muscle myosin heavy
chain[125].
Table 6 Initial management of patients with suspected aortic dissection

Recommendation Class I II III Level of evidence

1. Detailed medical history and complete physical examination (whenever possible) + C
2. Intravenous line, blood sample (CK, TnT(I), myoglobin, WBC, D-dimer, haematocrit, LDH) + C
3. ECG: documentation of ischaemia + C
4. HR and blood pressure monitoring + C
5. Pain relief (morphine sulphate) + C
6. Reduction of systolic blood pressure using beta-blockers (i.v. propranolol, metoprolol, esmolol

or labetalol)
+ C

7. Transfer to intensive care unit + C
8. In patients with severe hypertension additional vasodilator (i.v. sodium nitroprusside to titrate

BP to 100–120 mmHg)
+ C

9. In patients with obstructive pulmonary disease, blood pressure lowering with calcium channel
blockers

+ C

10. Imaging in patients with ECG signs of ischaemia before thrombolysis if aortic pathology is
suspected

+ C

11. Chest X-ray + C
Initial therapeutic decisions

Every patient with suspected aortic dissection should
undergo diagnostic imaging by one of the techniques
discussed below to rule out the disease. The benefits of
this strategy outweigh the risks of being harmful to
patients ultimately found to have another condition[126].
Whilst arranging for appropriate testing, the patient
needs to be moved to an intensive care unit for appro-
priate monitoring (Table 6). As fluid replacement may
become of utmost importance in cases of haemodynamic
deterioration, drugs should be infused through a separ-
ate intravenous line. In the unstable patient, invasive
blood pressure monitoring should be provided by
placing an arterial line to the right radial artery. If
involvement of the brachiocephalic trunk is suspected
(rarely seen), this line should be placed on the left side. It
is important to rule out the presence of pseudo-
hypotension due to obstruction of an aortic arch branch.
Therefore pressure measurement on both arms is
important.

While waiting for diagnostic imaging, it is necessary
to control pain and reduce systolic blood pressure to
values between 100 and 120 mmHg (Table 6). The most
appropriate drug to provide pain relief is morphine
sulphate. Beta-blockers as a group of drugs have the
most desirable effect of reducing the force of left ven-
tricular ejection (dP/dt) which continues to weaken the
arterial wall. Intravenous beta-blockers such as pro-
pranolol (0·05–0·15 mg per kg of body weight every 4 to
6 h[127]) or esmolol (administrated at a loading dose of
0·5 mg . kg�1 over 2–5 min followed by an infusion of
0·10–0·20 mg . kg�1 min�1) can be given. It needs to be
remembered that the maximum concentration of es-
molol is only 10 mg . ml�1. The infusion of this agent at
a maximal dose of 0·3 mg . kg�1 min�1 constitutes a
substantial volume load. Metoprolol and atenolol are
also available for intravenous application, but have a
longer half-time. Labetolol, a drug which blocks both
alpha- and beta-adrenergic receptors, can also be used in
patients with aortic dissection. In patients with potential
intolerance to beta-blockers (those with bronchial
asthma, bradycardia, signs of heart failure) esmolol (with
its short half life) seems be a reasonable choice to test the
patient’s reaction to beta-blockers. There are no data
supporting the use of calcium antagonists in these
patients, but drugs such as verapamil, diltiazem, or
nifedipine may be necessary in order to reduce blood
pressure, particularly in patients with bronchial asthma.

If beta-blockade alone does not control hypertension,
vasodilators are ideal additional agents to control blood
pressure. However, as vasodilators can increase the force
of left ventricular ejection, they should always be com-
bined with beta-blockers (Table 6). While beta-blocking
agents are usually adequate in patients with slightly
elevated blood pressure, combination with intravenous
sodium nitroprusside may be required for more severe
hypertension. The initial dose is 0·25 �g . kg�1 min�1.
Systolic blood pressure should be titrated to values
between 100 and 120 mmHg. Lowering of systolic blood
pressure must be modified if oliguria or neurological
symptoms develop.

In patients with normal or even reduced systolic blood
pressure at presentation, possible volume depletion —
Eur Heart J, Vol. 22, issue 18, September 2001
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which may be the result of blood sequestration in the
false lumen or the pleural and pericardial space — has to
be ruled out. Patients with profound haemodynamic
instability (Table 7) need to be intubated and ventilated
without delay. Transoesophageal echocardiography can
be performed as the sole diagnostic procedure in the
intensive care unit or later in the operating theatre[3,128].
If speed is vital, transthoracic echocardiography should
be carried out immediately, but the resulting image
quality is rarely adequate for decision making. The
echocardiographic finding of cardiac tamponade may
lead to sternotomy and exploratory surgery without
further imaging. Pericardiocentesis (Table 7) as an initial
therapeutic step before surgery may be harmful as this
reduces intrapericardial pressure and may therefore
cause recurrent bleeding[129].
Summary

Aortic dissection has a wide range of clinical presen-
tations. Clinical suspicion is required for quick risk
stratification and management.
Monitoring of heart rate and blood pressure is
indicated. Beta-blocking therapy and blood press-
ure lowering medications are started, as well as
sedation and analgesic therapy.
Monitoring in the intensive care unit should be
initiated. Fluid replacement may be important.
Use a separate line for blood pressure lowering.
Start with beta-blocking agents and add sodium
nitroprussid, if necessary.
In case of haemodynamic instability, the patient
should be intubated and transferred to the operat-
ing theatre. TEE may be performed prior to transfer
or in the operating theatre.
Diagnostic requirements (Table 8)
Evolving — acute aortic dissection
Table 7 Management of haemodynamically unstable patients with suspected aortic dissection

Recommendation Class I II III Level of evidence

1. Profound haemodynamic instability: intubation and ventilation + C
2. Transoesophageal echocardiography as the sole diagnostic procedure — call surgeon + C
3. Surgery-based on findings of cardiac tamponade by transthoracic echocardiography + C
4. Pericardiocentesis (lowers intrapericardial pressure (recurrent bleeding!)) + C
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Table 8 Imaging: diagnostic goals

+ Confirm diagnosis
+ Classify the dissection/delineate the extent
+ Differentiate true and false lumen
+ Localize intimal tears
+ Distinguish between communicating and non-communicating

dissection
+ Assess side branch involvement (including coronary arteries)
+ Detect and grade aortic regurgitation
+ Detect extravasation (periaortic or mediastinal haematoma,

pleural or pericardial effusion)
Essential information: confirming the diagnosis
The demonstration of an intimal flap separating two
lumina is the basis for diagnosing aortic dissection class.
If the false lumen is completely thrombosed, central
displacement of the intimal flap, calcification or separ-
ation of intimal layers (Table 9) can be regarded as
definitive signs of aortic dissection[3].
The following methods can confirm the diagnosis with
high accuracy. In the large international registry of
aortic dissection (IRAD), the first diagnostic step
was transthoracic echocardiography (TTE) and trans-
oesophageal echocardiography (TEE) in 33%, computed
tomography (CT) in 61%, magnetic resonance imaging
(MRI) in 2% and angiography in 4%[130]. In 56% TTE/
TEE, in 18% CT, in 9% MRI and in 17% angiography
were used as secondary techniques. Therefore an average
of 1·8 methods were utilized to diagnose aortic dissec-
tion. CT was used in 40%, MR in 30% and angiography
in 21% of those cases where three methods were
chosen[130].

The decision for a specific technique depends on two
major factors:
+ Availability in emergency situations
+ Experience of the emergency room and imaging staff

Patients with acute aortic dissections are usually ad-
mitted to the emergency wards of regional hospitals,
where not all methods described in the previous section
are available. If aortic dissection is suspected, patients
should be transferred to a centre with interventional and
surgical back up. Each institution should establish their
guidelines for the most rapid and accurate diagnostic
steps to confirm the diagnosis. The use of two or even
three imaging techniques to diagnose aortic dissection is
excessive and often can lead to unnecessary time loss. As
far as decision making is concerned, only experienced,
well trained physicians are able to reduce the number of
false diagnoses, which are more likely when the dissec-
tion is not the classical class 1 dissection, but a dissection
of class 2–4[131–135]. Data relating the sensitivity and
specificity of the different techniques for various scen-
arios are quite limited[136–138]. In class 3 dissection, only
aortography — and not TEE, CT, or MRI — may make
the physician aware of the presence of a discrete and
subtle aortic dissection[89].
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Tear localization and disease extent
Any therapeutic intervention aims to occlude the entry
tear (e.g. by stent implantation or grafting), which
makes tear detection and localization very important. It
is common to see not just one entry and one reentry, but
multiple tears[94]. The pressure difference between the
true and false lumen forces the blood from the true to
the false lumen and back, but multidirectional flow jets
can be observed[94]. Intimal tears can be visualized
directly by TTE, TEE, CT and MRI, but also by
angiography[136]. Pulsed Doppler and continuous wave
Doppler can give an estimate of the pressure difference
between the false and true lumen.

The full extent of aortic dissection can be analysed
by ultrasonic techniques alone, if echocardiography
is combined with duplex sonography, abdominal
sonography — or even better — intravascular ultra-
sound. Due to its low image quality, duplex abdominal
sonography cannot be used for unequivocal decision
making. Of all ultrasonic techniques, intravascular
ultrasound has gained the highest accuracy[100,101,121],
eliminating the blind spot in the ascending aorta or in
the abdomen which used to limit examinations in the
past. The full extent of the dissection can be visual-
ized non-invasively by CT, MRI or invasively by
angiography.
Table 9 Differentiate between atherosclerotic aortic aneurysm and aortic dissection

Atherosclerotic aortic
aneurysm Aortic dissection

Aortic diameter �� �
Wall thickness � (�) normal, except for:

intramural haematoma;
intramural haemorrhage

Luminal surface rough smooth
Thrombus formation lumen false lumen
Floating thrombi + + false lumen
Displacement of intimal calcifications (+) + +
Signs of slow flow often inside the lumen false lumen
Table 10 Differentiation between communicating and non-communicating aortic dissection

Communicating dissection (c) Non-communicating dissection (nc)

+ Intimal tear + Intima intact
+ Flow within false lumen + No flow in false lumen
+ Phasic motion of the intimal flap + No/or reduced motion of the intimal flap
+ High flow signals in the false lumen + Signs of reduced flow, spontaneous echocardiographic contrast
+ No or incomplete thrombus formation in the false lumen + Thrombus formation in the false lumen — incomplete or complete
Table 11 Aortic dissection: differentiation between true and false lumen

True lumen False lumen

Size true<false most often false>true
Pulsation systolic expansion systolic compression
Flow direction systolic antegrade flow systolic antegrade flow reduced or absent or retrograde flow
Localization within the aortic arch inner contour outer contour
Signs of slow flow rare frequent; depending on degree of communication
Thrombus rare frequent; depending on degree of communication
Classification of aortic dissection
The extent (beginning and end point) of a dissection can
be described by taking wall thickness and the intimal
flap into account. Depending on flow in the false lumen
or tears in the intimal flap, communicating and non-
communicating aortic dissections (Tables 10, 11) can be
distinguished. Communication is present when forward,
reversed or delayed flow is detected in the false lumen. In
acute communicating dissections, the intimal flap may
display strong excursions during the cardiac cycle. Such
movement as well as flow are reduced or absent when
no communication is present. Depending on the degree
of communication, thrombus formation may be ob-
served[6,94]. Spontaneous contrast is an echocardio-
graphic indicator (Table 10, 11) of reduced or absent
flow in the false lumen[6,94]. Similar signs of reduced flow
can be detected by MRI[136–138].
Eur Heart J, Vol. 22, issue 18, September 2001
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Non-communicating aortic dissections should be dif-
ferentiated from intramural haematomas. Intramural
haematomas (class 2 aortic dissection) are more local-
ized and restricted to one or two aortic segments; they
are frequently characterized by multiple wall layers with
shearing of the different components during pulsation. A
class 2 dissection can progress to a class 1 dissection.
Non-communicating aortic dissection in a wider sense is
a class 1 dissection but without an entry tear and flow
into the false lumen and should be differentiated, be-
cause these lesions have a better prognosis than class 2
dissections.

If communication is present, the entry points need to
be located and described with reference to the entire
dissected segment of the aorta. Antegrade dissection
is present when the tear is proximal to the distal end of
the dissection. When the tear is located distally to the
proximal end of the dissection, retrograde progression
is present. The new imaging techniques allow differen-
tiation of these different types of dissection with high
accuracy. Retrograde dissection with involvement of the
ascending aorta and presence of a tear at the aortic
isthmus is found in up to 20% of type A (type I)
patients[6]. That means, a retrograde dissection type B
(type III) can extend to the ascending aorta and evolve
to a type I or type A dissection.

When class 1 or 2 dissections (Fig. 5) are excluded and
typical symptoms are present, other forms of dissection,
such as class 3 and 4 should be considered. Plaque
ulceration following plaque rupture is typically visual-
ized by TEE, CT or MRI[105–110,135,139–141]. It has to be
taken into account that multiple lesions are often
present. Each one has to be carefully checked for signs
of penetration or rupture[139].

While the patient’s history may already point toward
the presence of class 5 dissection, class 4 dissection may
be best visualized by aortography, where it can be seen
as an eccentric, discrete wall bulging[141]. Class 5 dissec-
tion resulting from iatrogenic injury will usually be
evident when a false transit of the catheter is demon-
strated on the aortic contrast injection. Class 5 trau-
matic aortic dissections are best visualized by immediate
TEE in the emergency room. Nowadays newer emer-
gency rooms may be equipped with mobile CT scanners
in order to facilitate the use of CT without having to
transport the patient.
Indicators of emergency
Clinically aortic dissection will often present as a two-
step process. After a first event which is associated with
severe pain and pulse loss, the bleeding stops. The
second event sets in when the pressure exceeds a critical
limit and rupture occurs, either into the pericardium
with cardiac tamponade or into the pleural space or
mediastinum.

Fluid extravasation into the pericardium, pleural
space and/or mediastinum are indicators of urgency.
These findings are frequently described in cases of
sudden death in aortic dissection[6,142]. Separation of
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epi- and pericardium are indicative of pericardial
effusion. An effusion as little as 30 ml can be detected
by echocardiography, but CT and MRI are sensitive
methods as well. Fluid around the aorta is a sign of
ongoing penetration or perforation, not uncommonly
combined with intramural haemorrhage[6]. Fluid within
the pleural space can be detected by echocardiography,
CT and MRI. It is usually left sided.

Mediastinal haematomas increase the distance be-
tween aorta and oesophagus as well as left atrium. A
distance of more than 1 cm is a clear indicator of
mediastinal haematoma, which might even compress the
left atrium. This can be detected by TEE, CT and MRI.
Fluid around the aorta may be a sign of ongoing
penetration, eventually resulting in rupture. It is import-
ant to identify these signs of emergency as they are
associated with a mortality of greater than 50%[6]. Some
deaths may even occur during additional diagnostic
procedures which delay surgical intervention[6].
Assessing flow in the false and true lumen
It is important to differentiate between true and false
lumen (Table 11). The true lumen is usually compressed
by the false lumen, and demonstrates systolic expansion
and systolic forward flow. It is close to the inner
curvature of the aortic arch. Spontaneous echocardio-
graphic contrast as a sign of slow flow and thrombus
formation is rare. The false lumen exhibits systolic
compression. It is located next to the outer portion of
the aorta and signs of slow flow are regularly described;
at least in some part of the false lumen, if not in its
entirety. Thrombus may be present[3,6,94].

The true lumen expands during systole and collapses
during diastole because the pressure changes. The col-
lapse can be complete, giving rise to ischaemia of
tissues/organs supplied by side branches. Flow and
pulsation can be attenuated in the true lumen when there
is no abdominal reentry.

If the false lumen is completely thrombosed it can be
helpful to analyse the aortic structure in different scan
fields, and to look for central displacement of calcifi-
cation[2,3,90,121,137]. Further differentiation can be accom-
plished with colour flow and pulsed Doppler[6,94]. Flow
in the false lumen is delayed, absent or even reversed[94].
In addition, communicating dissection intimal flaps
show stronger pulsation than non-communicating dis-
section. The extent of flow visualization in the false
lumen depends on the degree of communication. In
patients with no or reduced communication between the
true and false lumen, imaging shows absent or only
reduced flow in the false lumen. If by TEE no flow is
present, communication can be ruled out. Retrograde
dissection can still be present, with communication
occurring at a site much more distal, because no flow
reaches the imaged part of the aorta[94].
Severity and aetiology of aortic regurgitation
An elevated pressure amplitude as well as a diastolic
murmur are often the presenting clinical signs of aortic
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dissection. Increased left ventricular contraction with or
without dilatation can be regarded as an indirect sign
of aortic insufficiency. Colour flow Doppler has a
high sensitivity and specificity for detecting aortic
regurgitation. In addition, aortic regurgitation can be
recognized and graded by cine MRI but not by CT.
Aortic regurgitation can be graded angiographically.
The aetiology of the regurgitation and the diameter of
the aortic ring are important to the surgeon, as a
decision for aortic value replacement or resuspension
has to be made. TEE is currently the best technique to
assess the morphology and function of the valve and
surrounding structures[77].
Signs of myocardial ischaemia
When chest pain is present, it will not be possible to
differentiate between myocardial ischaemia and/or aor-
tic dissection. The ECG will show ST segment elev-
ation and typical signs of acute transmural myocardial
infarction when an ostium of the coronary arteries is
blocked. These ECG signs may be so typical that
thrombolytic therapy is started[123]. Signs of previous
myocardial infarction have to be taken into account in
order to be aware of coronary artery disease. Wall
motion abnormalities detected by echocardiography or
MRI are indicative of reduced myocardial perfusion.
Another sign of ischaemia may be ST-segment depres-
sion indicating non-transmural infarction or coronary
insufficiency secondary to deteriorating haemo-
dynamics in coronary artery disease, flaps blocking the
coronary ostium or collapse of the true lumen during
diastole[143].

Transoesophageal echocardiography can visualize the
ostium of both arteries and image the first 2–3 cm of the
left and 1–2 cm of the right coronary artery. Multislice
CT and MRI may visualize the proximal coronary
arteries in emergency situations even better.

Currently only coronary angiography can reliably
determine whether additional coronary artery disease is
present in patients with aortic dissection. In stable
patients, particularly those with aortic type B (type III)
dissection, coronary angiography can be performed
safely and represents a part of the staging in the chronic
phase of the disease[144,145].
Summary

Essential information in involving acute aortic
dissection.
+ Confirmation of diagnosis
+ Tear localization
+ Extent of aortic dissection
+ Classification of aortic dissection
+ Indicators of emergency
Additional information not immediately necessary
+ Arch vessel and side branch involvement
+ No laboratory tests except for routine parameter

assessment
Additional information
Supra aortic — arch involvement
To plan acute operative interventions, knowledge of the
involvement of aortic side branches is not essential as
the ascending aorta will be replaced with or without
valve replacement, irrespective of the extension of the
dissection into side branches[87].

Side branches of the aortic arch — the carotid arteries
in particular — are best depicted angiographically, but
can also be shown on duplex sonography, helical-CT
and MRI. Using TEE, the innominate artery can be
visualized in 70% and the left carotid artery in 30% of
cases. Intravascular ultrasound with a 10 MHz trans-
ducer reliably visualizes all aortic side branches[100,121].
Involvement of abdominal aortic side branches
Multiorgan failure is a major cause of death after
medical or surgical therapy[6,86–88,114]. Flow in abdomi-
nal arteries is very often impaired. Sonography is of
limited value because the imaging quality is often not
good enough for decision making.

Aortography and intravascular ultrasound reveal two
pathophysiological mechanism of branch vessel compro-
mise associated with aortic dissection:
(a) static narrowing of a branch artery and
(b) dynamic narrowing of a branch artery.
Static narrowing occurs when the line of dissection
intersects the vessel origin and the aortic haematoma has
propagated into the vessel wall stenosing the side branch
lumen. In dynamic obstruction the line of dissection
spares the vessel but the dissection flap is positioned
across the vessel origin like a curtain, or in other words,
the flap spares the branch vessel wall but collapses
across the branch vessel origin covering it like a curtain.
Both mechanisms may be present in a given patient at
the same time at different levels. Angiography may be
necessary to identify these mechanisms, as interpretation
of MRI or CT images may be difficult. Involvement of
side branches of the aorta such as the coeliac artery,
mesenteric or renal arteries can be detected with intra-
vascular ultrasound[100,121].
Iliac and femoral artery involvement
In aortic dissection without a distal tear (reentry) the
aorta may become totally obstructed as the true lumen is
compressed by the false lumen. The extent of the dis-
section can be visualized by CT or MRI. The true lumen
is usually located anteriorly and the false lumen pos-
teriorly. Angiography is necessary in order to visualize
the full anatomical situation including collateral flow. In
the future, MRI angiography may replace conventional
angiography.
Laboratory testing
Laboratory testing plays a minor role when assessing
acute aortic dissection, but it is useful to exclude other
diseases. Often signs of inflammation with elevation of
C-reactive protein are found.
Eur Heart J, Vol. 22, issue 18, September 2001



1658 Task Force Report
Beyond the acute situation, genetic testing of patients
and relatives may be indicated. The identification of the
FBN-1 gene leads to the development of two types of
diagnostic tests: genetic family studies and mutation
identification.
(1) Family studies can be performed with specific

FBN-1 polymorphic markers to identify the
mutation-bearing haplotype[146,147]. These studies
are only reliable in families with several affected
individuals (at least four) as the involvement of a
FBN-1 mutation (and not that of another gene)
must be clearly demonstrated. Most families do not
meet this requirement. Furthermore, the method is
inappropriate in sporadic cases. In practice, these
instances represent over 40% of the cases referred for
biological diagnosis.

(2) The second molecular test is mutation identification.
This test should only be performed after the protein
analysis or the previously mentioned family study
has conclusively shown the presence of a FBN-1
gene defect. Mutation identification is very costly
and time consuming. In fact, there is no quick and
100% reliable method to investigate a large gene,
knowing that almost each family has its own specific
defect and that the mutations are essentially point
mutations. Finally, this very costly analysis may
fail to identify a mutation since only the coding
sequence and closely surrounding regions are
investigated.

(3) In all other instances and until better molecular tools
are available, mutation identification cannot be per-
formed on a systematic basis. However, in a few
cases where the family mutation had been identified,
it is possible to perform pre-natal diagnosis on
chronic villus samples or offer diagnostic evaluation
in children of affected subjects before symptoms set
in[148,149]. There are also recent reports of preimplan-
tation genetic diagnosis of Marfan’s syndrome[150].

In Ehlers-Danlos syndrome laboratory diagnosis is
based on:
(1) demonstration of structurally abnormal collagen

type III by fibroblasts,
Eur Heart J, Vol. 22, issue 18, September 2001
(2) the identification of a mutation in the COL3A1
gene, or

(3) linkage analysis with intragenic polymorphic
markers[32]. The latter is difficult since mutations are
private and widely distributed throughout this large
and fragmented gene[32]. Furthermore, it must be
noted that mutations within this gene are not specific
since they are also found in patients with EDS types
II (classical type mitis) and III (hypermobility type
also associated with mutations in the COL5A1 or
COL5A2 genes) which also display an autosomal
dominant mode of inheritance. No phenotype–
genotype correlations have been identified yet.
The mutation therefore does not predict the disease
type, course and severity. Finally, genetic hetero-
geneity has been reported[15]: a few patients with
very similar recessively inherited clinical presen-
tation, have apparently normal collagen III
metabolism[19].

In annuloaortic ectasia genetic heterogeneity and
current technical shortcomings make genetic analysis
difficult. Only two of the genes involved have been
identified. Both are very large and there is no evidence to
suggest a clustering of mutations within specific regions
of these genes associated with dissecting aortic aneu-
rysms. It is therefore unreasonable to screen these genes
systematically. However, since antibodies are available
against collagen III and fibrillin-1, structurally or
metabolically abnormal proteins can be demonstrated
in fibroblast cell cultures. These tests cannot be
recommended as routine measures.
Table 12 Diagnostic imaging in acute aortic dissection

Recommendation Class I IIa IIb III Level of evidence

1. Transthoracic echocardiography followed by transoesophageal echocardiography + C
2. Computed tomography + C

+ if detection of tears is crucial + C
3. Contrast angiography

+ to define anatomy in visceral malperfusion and to guide percutaneous interventions + C
+ in stable patients + C
+ routine preoperative coronary angiography + C
+ in haemodynamically unstable patients + C

4. Magnetic resonance imaging + C
+ in haemodynamically unstable patients + C

5. Intravascular ultrasound + C
+ to guide percutaneous interventions + C
Imaging modalities

Different direct and indirect methods as well as in-
vasive and non-invasive techniques can be employed to
diagnose aortic dissection (Tables 12, 13). The different
imaging modalities are briefly described, taking into
account technical considerations, specific diagnostic
criteria, and the accuracy of the methods (Table 14).
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Transthoracic/transoesophageal
echocardiography (TTE/TEE)
Technical considerations
The aorta and the major aortic side branches can be
studied using different scanning fields. It is important to
use all scanning planes in order to provide complete
information about the type and extension of aortic
dissection. M-mode and two-dimensional echocardiog-
raphy are taken in standard cross-sectional planes: par-
asternal, apical, subcostal scan fields. The ascending
aorta is visualized in left parasternal projections. In
aortic ectasia the right parasternal view and the apical
view are useful. The aortic arch is best visualized via the
suprasternal approach. Orthogonal and longitudinal
scan planes can provide information concerning exten-
sion of dissection into the innominate artery, left com-
mon carotid or left subclavian artery. The descending
aorta can occasionally be vizualized in the left para-
sternal cross-sectional image and via specialized para-
spinal scan fields obtained by imaging the patient
through the back in the right decubitus position or by
using abdominal scan planes[151–152].

Transoesophageal echocardiography is performed
with 3·5 and 7·0 MHz transducers which consist of 32,
64 or more elements mounted on the distal end of
conventional 9 to 15 mm gastroscopes (echoscope).
Single plane, biplane and multiplane transoesophageal
echocardiographic probes are available. These new
modalities allow visualization of the aorta in any given
angle and therefore better special orientation[153]. On the
basis of multiple tomographic cross-sectional images,
3-D reconstruction of the aorta can be performed[154].
Echocardiographic criteria of aortic dissection
The diagnosis of aortic dissection is confirmed when two
lumina separated by an intimal flap can be visualized
within the aorta. Positive criteria are complete obstruc-
tion of a false lumen, central displacement of intimal
calcification, separation of intimal layers from the
thrombus, and shearing of different wall layers during
aortic pulsation[6]. A tear is defined as a disruption of the
flap continuity with fluttering of the ruptured intimal
borders[3,6,94]. Smaller intimal tears can be detected
by colour Doppler, registering jets transversing the
dissection membrane[94]. The number of tears is re-
corded and the location as wall as the distance from the
teeth to the tip of the probe is documented.

The differentiation in the true from the false lumen is
based on M-mode, two-dimensional, and Doppler
echocardiographic signs[155]. Criteria for identifying the
true lumen are systolic expansion and diastolic collapse,
the absence or low intensity of spontaneous echocardio-
graphic contrast, systolic jets directed away from the
lumen, and systolic forward flow, whereas criteria for
the false lumen are diastolic diameter increase, spon-
taneous echocardiographic contrast, reversed, delayed,
or absent flow and thrombus formation[6,155]. Flow
signals within the false lumen represent signs of com-
munication, whereas the absence of flow signals in
multiple cross-sections means no communication. If the
only communication is found distal to the beginning of
the dissection, retrograde dissection can be assumed,
which can be further differentiated into retrograde
dissection with or without involvement of the ascending
aorta[6].

A thrombus is diagnosed when a mass separate
from the intimal flap and the aortic wall is imaged in
the free space of the false or rarely the true lumen[6].
Because thrombus formation depends on flow velocity,
it may be graded to provide an estimate of the degree of
communication[6].

Echo-free spaces resulting from the presence of free
fluid around the aorta are judged to be signs of pen-
etration due to periaortic haematoma[6]. Additional
mediastinal haematoma is assumed when the distance
from the oesophagus to the left atrium or the aorta
is increased (>1 cm) and pleural effusion is found.
Pericardial effusion is considered to exist when an echo-
free space between the epicardium and pericardium is
present[6].

Aortic regurgitation is diagnosed when disturbed
diastolic flow signals are detected in the left ventricular
outflow tract. Grading is performed by taking Doppler
and colour Doppler echocardiographic criteria into
account[156].
Table 13 Imaging in chronic aortic dissection

Recommendation Class I IIa IIb III Level of evidence

1. Magnetic resonance imaging + C
2. Transthoracic echocardiography followed by transoesophageal echocardiography + C
3. Computed tomography + C
4. Conventional angiography

+ to guide percutaneous interventions + C
+ pre-operative diagnosis in selected patients + C
+ for complete staging of the disease + C

5. Intravascular ultrasound
+ to guide percutaneous interventions + C
Accuracy of TTE/TEE
The diagnosis of aortic dissection by standard transtho-
racic M-mode and two-dimensional echocardiography
Eur Heart J, Vol. 22, issue 18, September 2001
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is based on detecting intimal flaps in the aorta. Sensitiv-
ity and specificity of transthoracic echocardiography
range from 77% to 80% and 93% to 96%, respectively,
for the involvement of the ascending aorta[151,152,157].
However, in previous series, transthoracic echocardiog-
raphy was successful in detecting a distal dissection of
the thoracic aorta in only 70% of the patients[157].

The value of transthoracic echocardiography is limited
in patients with abnormal chest wall configuration,
narrow intercostal spaces, obesity, pulmonary emphy-
sema, and in patients on mechanical ventilation. These
limitations prevent adequate decision-making, but
have been overcome by transoesophageal echo-
cardiography[6].

Only experienced examiners should interpret echo-
cardiographic studies. The European cooperative study
group[3] showed that sensitivity of TTE and single plane,
occasionally biplane, but not multiplane TEE reaches
99%, specificity 89% and positive predictive accuracy
and negative predictive accuracy 89% and 99%, respect-
ively. This was confirmed by others[158]. When the
analysis was limited to patients who underwent surgery
or autopsy, the sensitivity of TEE was only 89%, the
specificity 88%, the positive predictive accuracy 97% and
the negative predictive accuracy 93%[3].

A problem exists in visualizing small circumscript
dissected segments within the distal part of the ascend-
ing aorta and the anterior portion of the aortic arch,
which is known as the ‘blind spot’[3]. This problem
is caused by interposition of the trachea and the left
main stem bronchus between the oesophagus and the
aorta.

Artifacts due to reverberation within the lumen of the
ascending aorta can be observed. These artifacts may
present a problem to non-experienced observers[3] and
may be the cause of the low sensitivity in one of the
previous reports[159].

By two-dimensional transoesophageal echocardiogra-
phy, the intimal tear can be identified in 61% of patients.
Doppler flow analysis has shown that not only uni-
directional but also bi-directional flow occurs between
the two lumina. Bi-directional flow is present in 75% of
patients. By continuous wave Doppler a pressure gradi-
ent between the true and false lumen can be measured; it
tends to be within the range of 10 to 25 mmHg[94].
Summary

Transoesophageal echocardiography in addition
to transthoracic echocardiography can be used for
decision making in the emergency room or even
operating theatre in acute aortic dissection with
high accuracy. Pitfalls have to be taken into ac-
count. The high resolution enables the diagnosis
also of intramural haematoma, plaque ulcer-
ation, as well as traumatic aortic injury. When more
spatial resolution is necessary, CT or MRI are used
in addition.
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Computed tomography

Since its introduction, helical CT has dramatically im-
proved CT diagnostics because it minimizes motion
artifacts and eliminates respiratory misregistration.
With conventional CT, each cycle of the X-ray tube
generates data which are used to reconstruct transaxial
images. With helical CT, patient translation and X-ray
exposure are simultaneous. This technique provides a
data set acquired during a single breathhold. These data
can be used to reconstruct 2-D and 3-D images in any
plane. In fact, CT is currently the most commonly
used imaging modality in patients with suspected aortic
dissection[130].
Technique of computed tomography
Imaging results depend on many factors, including
X-ray beam collimation and table feed. The choice of
the reconstruction interval is critically important to the
success of the imaging procedure, and its settings are
important in terms of spatial resolution. Reconstruction
algorithms are highly critical to achieve optimal aortic
imaging. Once transaxial images have been recon-
structed, high quality 2-D reformations may be gener-
ated in desired planes (Multiplanar Reformation (MPR)
Images). Maximum intensity projection images (MIPs)
are generated by projecting imaginary X-rays through
the 3-D matrix of interpolated images and mapping the
maximum attenuation values along each ray to a gray
scale image. This technique provides ‘angiogram-like
images’. Shaded surface display (SSD) images are
generated after applying an arbitrary user-selected
threshold. Voxels in the matrix of interpolated images
are displayed as 3-D images, with depth perception
added by shading from a virtual light source.

The basic setting comprises 3 mm collimation and
6 mm . s�1 table feed[137,138,160]. The start delay is
determined by specific software which detects the con-
trast medium in a region of interest. 120 ml of low
osmolar contrast medium is injected at a rate of
1–3 ml . s�1 with a power injector. Images are recon-
structed at 2 mm intervals with overlap[137,138]. MPRs
are generated in sagittal, coronal, oblique sagittal pro-
jections. MIP and SSD images are produced as an
option. The first acquisition covers the thoracic aorta, a
second acquisition with the same injection technique is
necessary to examine the abdominal aorta and iliac
arteries.
Diagnostic CT criteria for aortic dissection
The diagnosis is based on the demonstration of an
intimal flap which separates the true from the false
channel. The flap is identified as a low attenuation linear
structure in the aortic lumen[137,160]. Secondary findings
include internal displacement of intimal calcifications,
delayed enhancement of the false lumen and aortic
widening. MIP and MPR are useful both for making the
initial diagnosis and for assessing the extent of the
dissection. The technique can depict involvement of
visceral as well as the iliac arteries.
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Reported limitations to the interpretation of CT aor-
tography are due to two artifacts: venous streaks and
aortic motion artifacts. Venous streaks are easily ident-
ified because their orientation varies from slice to slice
and extends beyond the limits of the aortic wall. Aortic
motion artifacts are related to motion of the aortic wall,
and particularly the intimal flap in the interval between
the end of the diastole and the end of the systole. The
use of a 180� linear-interpolation algorithm will clearly
reduce or remove these artifacts. Mural thrombi in a
fusiform aneurysm can be mistaken for aortic dissection.
Structures or masses around the aorta may also make a
diagnosis difficult.
Accuracy of CT
Sensitivities of 83%–94% and specificities of 87%–100%
have been reported in the early 1990s in large prospec-
tive studies on the evaluation of aortic dissections with
conventional incremental CT[3,137]. The benefits of heli-
cal CT compared to incremental CT are well established
and include shorter examination times and the potential
for better evaluation of the aorta, as all images are
obtained during optimal contrast enhancement[137].
Artifacts are significantly reduced. The average
sensitivity is better than 95%[137,138]. Sensitivity and
specificity for diagnosing arch vessel involvement are
93% and 98% respectively, with an overall accuracy of
96%[137,138,160,161].
Summary

CT is the technique used most often in patients with
suspected aortic dissection.
The sensitivity is greater than 90%, specificity
greater than 85%. The extent, localization and side
branch involvement of aortic dissection can be
assessed, signs of emergency detected. Limitations
are related to diagnosis of aortic regurgitation, tear
localization as well as detection of intimal tears and
subtle /discrete aortic dissection (class 3).
Magnetic resonance imaging

Although MRI is both highly sensitive and specific in
diagnosing aortic dissection[137,138,161], the technique is
often not available on an emergency basis and exami-
nation of haemodynamically unstable patients may be
difficult. However, in centres with experience in moni-
toring cardiac patients and even haemodynamically un-
stable patients on mechanical ventilation, MRI can be
performed without complications[5].
Technique of MRI
Whereas conventional spin-echo MRI and cine MRI
require substantial imaging time to cover the entire
aorta from the arch vessels down to the aortic bifurca-
tion, new rapid scanning techniques permit image acqui-
sition at multiple levels within a single breathhold. Thus,
imaging time is comparable to that required for per-
forming a transoesophageal echocardiographic study.
Even if sensitivity and specificity values are based on
the experience gained with conventional MR-imaging
sequences[160,161], image quality is usually even better
with breathhold imaging, and at least the same diagnos-
tic accuracy can be expected. New real-time MR imag-
ing sequences, which are available on the most advanced
scanners, should further facilitate the diagnosis of aortic
dissection in unstable patients[162].

Another new MRI tool to image aortic dissection is
three-dimensional contrast enhanced MR aortography.
Images are similar to invasive aortography but the
field of view is larger. Initial experience suggests that
the diagnosis of aortic dissection can be made
reliably[163,164]. Thus, a combination of MR aortography
with cross-sectional MR images may be ideally suited
to get both an overview of aortic anatomy (important
for surgical planning) and details of the dissecting
membrane and the aortic walls.
Diagnostic MR criteria for aortic dissection
MRI clearly demonstrates the extent of the disease and
depicts the distal ascending aorta and the aortic arch in
more detail than even transoesophageal echocardiogra-
phy[165]. The localization of entry and reentry is nearly
as accurate as with transoesophageal echocardiography,
the sensitivity approaches 90%[165]. Accordingly, classi-
fication of the disease into proximal and distal aortic
dissection which is crucial for selecting the appropriate
management, can be easily accomplished with MRI.
Adverse signs such as the presence of pericardial effusion
or aortic regurgitation can be assessed accurately[160,166].
Flow in the false and true lumen can be quantified using
phase contrast cine magnetic resonance imaging or by
tagging techniques[167,168]. With state-of-the-art MRI,
the proximal coronary arteries and their involvement in
the dissecting process can be clearly delineated[169].
However, no direct comparison between imaging tech-
niques regarding depiction of coronary involvement has
been published yet.
Accuracy of MRI
Despite the accuracy of MRI, certain pitfalls and
artifacts on MRI images need to be recognized and
experience in reading MRI images of aortic dissection
is essential[170]. Some kind of artifact may occur in up
to 64% of patients but most of these artifacts are only
seen in one section but not in the neighbouring ones.
This observation facilitates the recognition of an arti-
fact and distinguishes it from a pathological finding.
Use of another imaging technique to make this distinc-
tion was required in only 2% of MR examinations.
Awareness of the existence of artifacts, knowledge of
normal anatomy, the use of axial images in all cases
plus the addition of images in other planes as needed,
rotation of phase and frequency gradients as needed,
and clinical correlation may avoid misinterpretation in
nearly all cases.
Eur Heart J, Vol. 22, issue 18, September 2001
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Magnetic resonance imaging permits detection of
acute and subacute aortic intramural haemor-
rhages[90,171]. Typical features of intramural haemor-
rhage include a thickened wall (>7 mm) with a smooth
surface which may contain areas of high signal intensity.
The high signal intensity is the result of methemoglobin
formation which occurs after several days and persists
for several months, although it may be absent in the
acute phase[171]. Because intramural haemorrhage of the
thoracic aorta may be associated with true dissection of
the abdominal aorta, the latter should also be evaluated.
Magnetic resonance imaging could not detect subtle
degrees of dissection — in a small series of cases neither
did CT or TOE[89]. But plaque rupture can be visualized
with high accuracy, as well as traumatic iatrogenic
dissection.
Summary

MRI has the highest accuracy and sensitivity as well
as specificity (nearly 100%) for detection of all
forms of dissection (class 1, 2 and 4, 5) except
subtle/discrete forms (class 3). Distribution and
availability is limited particularly in emergency situ-
ations. Most often MRI is used in stable haemo-
dynamic conditions and chronic aortic dissection
for follow-up. MRI provides excellent visualization
of tear localization, aortic regurgitation, side branch
involvement and complications.
Aortography

Retrograde aortography was the first accurate diagnos-
tic tool to assess patients with suspected aortic dissec-
tion. The diagnosis of aortic dissection was first reported
by Robb and Steinberg in 1939 and it became routine in
the 1960s[172,173]. Thereafter, aortography was consid-
ered for several decades as the diagnostic standard for
the evaluation of aortic dissection[174]. However, because
other accurate methods for the antemortem diag-
nosis of aortic dissection were not yet available, the low
sensitivity of angiography was accepted.
Technique of aortography
To visualize the signs of aortic dissection, injections of
adequate amounts of contrast media (40–50 ml at 20–
25 ml . s�1) at different levels and using different projec-
tions are usually required, to best define the thoracic
aortic anatomy in each individual patient[175,176]. The
transit of the contrast material along the aorta can be
followed. Special care is to be taken to fully opacify the
proximal aspect of the brachiocephalic trunk and to use
appropriate projections[176]. For abdominal aortogra-
phy, a single injection of 40 ml of contrast agent at a rate
of 20 ml . s�1 is generally adequate for posteroanterior
projections, but biplane angiography is required particu-
larly for the visualization of entry/reentry tears and in
order to meet the demands of interventional radiol-
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ogists. Rarely, angulated views are required to depict the
ostia of some abdominal side-branches. Alternatively,
intravenous aortography with digital subtraction may
be performed by injecting contrast material into the
antecubital vein or directly into the right atrium or
superior vena cava[175]. This technique is less invasive
and requires smaller amounts of contrast media but
it usually provides lower resolution images than
conventional angiography.
Diagnostic aortography: criteria for aortic dissection
The angiographic diagnosis of aortic dissection is based
upon ‘direct’ (diagnostic) angiographic signs, such as the
visualization of the intimal flap (negative, often mobile,
linear image) or the recognition of two separate lumens,
or ‘indirect’ (suggestive) signs, including aortic lumen
contour irregularities, rigidity or compression, branch
vessels abnormalities, thickening of the aortic walls and
aortic regurgitation[157]. Aortography is able to localize
the site of origin of the dissection[175]. The true lumen is
typically compressed and tends to adopt a spiral shape.
Injections in the false lumen are characterized by the
absence of branch vessels or the characteristic sinus of
Valsalva configuration and late filling or staining with
contrast[176]. Contrast aortography accurately identifies
branch vessel involvement[176]. It is mandatory to rule
out this complication in patients with neurological
symptoms, acute renal failure, hypertensive crisis or
mesenteric/limb ischaemia. Peripheral pulse deficits can
provide important diagnostic clues. In particular, angi-
ography is an excellent technique to define renal or
mesenteric compromise[177]. The occurrence of associ-
ated aortic regurgitation and its severity may be readily
recognized during aortography. However, this technique
has recently been replaced by other new imaging modali-
ties with respect to its ability to evaluate the precise
mechanism of aortic regurgitation. In some patients,
however, angiography may reveal widening of the aortic
root, displacement of a valve cusps or even prolapse of
an intimal flap into the left ventricle as the underlying
mechanism[178,179]. Aortography may also demonstrate
aortic wall rupture into the pericardial cavity, right
atrium, left atrium, right ventricle and pulmonary
artery[179].
Accuracy of aortography
The specificity of aortography for diagnosing aortic
dissection is better than 95% but its sensitivity may be
lower than that of other techniques, especially in atypi-
cal forms of aortic dissection[178]. In the European
cooperative study, the sensitivity and specificity of aor-
tography for the diagnosis of aortic dissection was
88%[3]. False-negative aortograms are mainly the result
of the inability of the technique to differentiate the two
classic lumens within the aorta[3,6,153,180,181]. Aortograms
yielded false-negative results in 15 of 65 consecutive
patients with proven aortic dissection (sensitivity
77%)[182]. The missed diagnosis was due to a completely
thrombosed false lumen or intramural haematoma in 13
patients, and to a large ascending aortic aneurysm with
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nearly equal and simultaneous opacification of the false
and true lumen[182]. Aortography may be somewhat
more useful in the diagnosis of aortic dissection with
thrombosis of the false lumen than in typical intramural
haematoma, because in the former some degree of lumen
compromise is the rule, whereas the aortic lumen usually
remains unaffected in the latter[153]. Nevertheless, despite
some limitations, angiography remains a widely avail-
able technique in most centres, and many cardiac sur-
geons feel comfortable with the information it provides.
This is mostly the consequence of the vast experience
with this technique.

Aortic intramural haematoma (class 2 dissection) has
been considered the principal reason for false-negative
findings on aortography. A faint shadow corresponding
to the vascular silhouette may appear well separated from
the aortic lumen and this pattern may be indicative of an
intramural haematoma. Straightening of the lumen, mild
luminal narrowing, or irregularities may give some diag-
nostic clues for a subtle class 3 aortic dissection. Multiple
views of the ascending aorta on aortography may provide
further diagnostic information[89,104,182]. In patients with
suspected aortic dissection based on the clinical history,
aortography should be performed when non-invasive
techniques are negative.

In class 4 aortic dissection, penetrating atherosclerotic
ulcers of the distal descending aorta can be diagnosed
with angiography, but biplane angiography has to be
used[105,106]. Penetration surpassing the intima may lead
to medial haematoma, penetration to the media may
cause pseudoaneurysm and penetration disrupting the
adventitia results in aortic rupture; all these signs may be
detected by angiography[106].
Limitations of aortography
Some limitations of this technique should be recognized.
It is invasive and therefore has an inherent risk. The
advancement of catheters should be performed with care
and only by experienced angiographers. Forceful push-
ing of the catheter or the guidewire should be strongly
discouraged to avoid injury, particularly if the catheter
is located within the false lumen. Pressure measurements
and manual injections of contrast media may be helpful
to differentiate between the true and false lumen. Once
the correct position of the catheter is demonstrated
catheter exchanges should be performed using long
exchange wires. In addition, this technique requires the
administration of potentially nephrotoxic radiopaque
contrast media and ionizing radiation. Furthermore, the
intimal flap as well as the distal end of the dissection are
not clearly defined when slow flow is present. It is
important to emphasize that aortic wall thickness can-
not be accurately visualized. Aortography may under-
estimate the luminal size in the presence of non-opacified
thrombus formation[182]. In critically ill patients the time
required for assembling the angiographic team, bringing
the patient to the angiographic suite and the duration of
the procedure itself may be too long to be justified. This
should always be taken into account as diagnostic delays
are associated with an increased mortality[183].
Coronary angiography
In some patients delineation of coronary anatomy is
desirable prior to surgical repair. Although new imaging
techniques are gaining an emerging role in the assess-
ment of coronary ostial involvement by the dissecting
flap, coronary angiography remains the gold standard in
the evaluation of the whole coronary tree[144,145]. This is
important because chronic coronary atherosclerotic dis-
ease (present in 25% of patients) — although not related
to the process of aortic dissection — may worsen the
surgical outcome. This is a strong argument used by
some authors to recommend coronary angiography for
all stable patients. However, whether or not selective
coronary angiograms should be performed in patients
being considered for surgical repair remains indeter-
mined[145]. Mortality after surgery for aortic dissection
does not seem to be related to myocardial ischaemia
and, therefore, it is unlikely that systematic coronary
angiography prior to surgical repair can influence out-
come. It should be left up to the clinical judgment of the
physician and surgeon whether coronary angiography is
to be performed.
Summary

Aortography is highly valuable to diagnose classical
aortic dissection, but limitations are obvious in
dissection subtypes such as non-communicating
aortic dissection and intramural haematoma and
haemorrhage formation (class 2) as well as plaque
rupture (class 4). Aortography is the standard tech-
nique for guiding interventions in aortic dissection.
Intravascular ultrasound
Technique of intravascular ultrasound
To perform an intravascular ultrasound (IVUS) exami-
nation, disposable catheters are advanced under fluor-
oscopy over conventional guidewires with/without
guiding catheters. The procedure can be performed
safely in less than 10 min[100,101]. Because of the well-
known trade-off between frequency and penetration,
transducers with <20 MHz are preferred, but such
transducers cannot be advanced via guiding catheters
(6–8F). The size of 10 MHz transducers reaches 8·2F
(3·3 mm). These transducers are advanced over 0·35 inch
wires. In regions with aneurysmal dilation the whole
aorta cannot be displayed from a single position, when
20 or 30 MHz transducers are used. This has been
overcome by 10 MHz transducers. It is difficult to align
the catheter coaxially within the lumen of the aortic
arch. Prototype flexible catheters which can maintain a
pre-selected curvature (steerable) are currently under
investigation[184]. Catheters have been developed which
allow Doppler, tissue Doppler and 2nd harmonic
imaging[185].
Eur Heart J, Vol. 22, issue 18, September 2001
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Diagnostic IVUS criteria for aortic dissection
The use of intravascular ultrasound (IVUS) has been
advocated to complement angiographic information in
the diagnosis of patients with aortic dissection[100,121].
During a cardiac catheterization procedure, this tech-
nique can overcome most of the potential limitations
and pitfalls of conventional angiography. IVUS directly
visualizes the vessel wall architecture from inside the
aortic lumen. It therefore allows the accurate recog-
nition of aortic wall characteristics and pathology, and
completes the indirect information of ‘the lumen
shadowgram’ depicted by contrast angiographic
techniques.
Accuracy of IVUS
In patients with classic forms of aortic dissection this
catheter-based imaging tool provides crisp visualization
of the intimal-medial flap, its movement (pulsatility), its
circumferential and longitudinal extent and the degree of
luminal compromise. This technique appears particu-
larly well suited to delineate the most distal extent of
abdominal aortic dissections[100,121]. Sensitivities and
specificities of close to 100% have been reported[121]. The
shape of the true and false lumen is readily displayed,
whereas false lumen thrombosis is detected with a higher
sensitivity and specificity than with transoesophageal
echocardiography[121]. IVUS may also help to distin-
guish the true from the false lumen when it is difficult to
make this distinction. It has been suggested that the
three-layered appearance of the intact normal aortic wall
may be differentiated from the single-layered appearance
of the outer wall of the false lumen. In addition,
cobwebs may be identified in the false lumen in some
patients. Branch involvement appears to be better de-
fined with IVUS than with transoesophageal echo-
cardiography (blind spot in the ascending aorta and the
anterior portion of the arch, abdominal vessels) or with
computed tomography[121]. In addition, the precise
mechanism of vessel compromise (dissection intersecting
Eur Heart J, Vol. 22, issue 18, September 2001
and narrowing the vessel origin versus ostium spared by
the dissection but covered by a prolapsing flap) may be
clarified by IVUS[100,101,121]. Precise delineation of the
entry tears is difficult, however, this may be seen more
frequently in the abdominal aorta than in the thoracic
aorta[100]. The lack of Doppler capabilities is still a
drawback of the technique. Thrombus formation within
the false lumen may be predicted by of the appearance of
spontaneous echo-contrast.

Changes in the aortic wall due to haemorrhage into
the media are visible by IVUS because of the accompa-
nying increase in wall thickness[100,101]. IVUS is very
accurate in displaying the circumferential and longitudi-
nal extent of the haematoma. Aortic haematomas ap-
pear as crescent-shaped or circumferential thickening of
the aortic wall[121]. In some segments, an echo-free space
is visualized, yielding atypical image of a layered aortic
wall[100,101,121]. In other areas, speckled granular reflec-
tions are recognized within the aortic wall. The shape of
this intramural haemorrhage may be concentric and
affect the complete aortic circumference, but it is typi-
cally limited to a segment of the aorta. IVUS appears
particularly useful to rule out the presence of pulsatile
intimal flaps and deeply penetrating atherosclerotic
ulcers, when others techniques give inadequate results.
In addition, it appears particularly attractive for
patients with suspected aortic dissection and a normal
aortography[121].
Surgical and interventional therapy
Surgical therapy
Table 14 Comparing the diagnostic value of imaging techniques in aortic dissection

TTE/TEE CT MRI Angiography IVUS

Sensitivity + + + + + + + + + + + +
Specificity + + + + + + + + + + + + +
Classification + + + + + + + + + +
Tear localization + + + � + + + +
Aortic regurgitation + + + � + + + + �
Pericardial effusion + + + + + + + � �
Mediastinal haematoma + + + + + + + + � +
Side branch involvement + + + + + + + + + + +
Coronary artery involvement + + � + + + + + +
X-ray exposure � + + � + + + �
Patient comfort + + + + + +
Follow-up studies + + + + + + + � �
Intra-operative availability + + + � � (+) (+)

TTE/TEE=transthoracic/transoesophageal echocardiography.
CT=computed tomography.
MRI=magnetic resonance imaging.
IVUS=intravascular ultrasound.
Introduction
The aim of any surgical intervention in type A (type I,
II) aortic dissection is the prevention of aortic rupture or
of the development of pericardial effusion which may
lead to cardiac tamponade. It is also imperative to
eliminate aortic regurgitation and to avoid myocardial
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ischaemia. In type B (type III) dissection it is the main
goal to prevent aortic rupture. One should always aim to
resect the intimal tear in class 1 dissection. Whereas in
aortic dissection limited to the ascending aorta with or
without involvement of the aortic arch, the resection of
the entire intimal flap may be possible, a full repair of
the aortic dissection is rarely reached in type A and type
B (type I–III) dissection (Tables 15, 16). Various ap-
proaches to the repair of the acutely dissected aorta have
been suggested. This fact sheds light on the remarkable
methodologic variability[186–190].
Table 15 Surgical therapy of acute type A (type I and II) aortic dissection

Recommendation Class I IIa IIb III Level of evidence

1. Emergency surgery to avoid tamponade/aortic rupture + C
2. Valve-preserving surgery — tubular graft if normal sized aortic root and no

pathological changes of valve cusps
+ C

3. Replacement of aorta and aortic valve (composite graft) if ectatic proximal
aorta and/or pathological changes of valve/aortic wall

+ C

4. Valve-sparing operations with aortic root remodelling for abnormal valves + C
5. Valve preservation and aortic root remodelling in Marfan patients + C
Table 16 Surgical therapy of acute type B (type III) aortic dissection

Recommendation Class I IIa IIb III Level of evidence

1. Medical therapy + C
2. Surgical aortic replacement if signs of persistent or recurrent pain, early

expansion, peripheral ischaemic complications, rupture
+ C

3. Surgical or endovascular fenestration and stenting if persisting mesenteric,
renal or limb ischaemia or neurologic deficits

+ C
The proximal aorta in acute type A (type I and II)
aortic dissection
Two key questions need to be answered prior to deciding
on the most appropriate technique for repairing an acute
type A (type I, II) dissection: what is the size of the
aortic root and what is the condition of the aortic valve?
If the ascending aortic and aortic root diameters are
normal without downstream displacement of the cor-
onary ostia, and with no commissural detachment of the
aortic valve leaflets or other acute or chronic pathologi-
cal changes of the leaflets, a tubular graft is usually
anastomosed to the sinotubular ridge (Table 15). When-
ever one or more commissures are detached, the valve
needs to be resuspended prior to graft insertion. If valve
reconstruction appears unsafe, or if obvious congenital
or acquired abnormalities are present, it is generally
better to replace the valve before a supracommissural
graft is inserted. However, the repair of bicuspid valves
has been reported[191].

The standard approach to the ascending aorta and
transverse aortic arch in aortic dissection type A (type I,
II) is through median sternotomy. The pericardial inci-
sion is started in the midline inferiorly in order to avoid
the dissected and therefore friable ascending aorta. Once
the patient is on extracorporal circulation, which is
usually established after cannulation of one femoral
artery and the right atrium, the aorta is mobilized for
visualization of the origin of the innominate artery and
the aortic root. If the aortic arch is to be replaced,
surgical dissection proceeds along its anterior aspect and
the origins of the arch branches are prepared.

An acute type A (type I, II) dissection in a previously
ectatic proximal aorta requires a different approach.
In such instances — this includes most patients with
Marfan’s syndrome — implantation of a composite
graft (aortic valve plus ascending aortic tube graft) is
recommended[192,193]. In the original method described
by Bentall and De Bono, the coronary ostia remain in
continuity with the ‘old’ aorta and are anastomosed
directly to the ascending portion of the graft after valve
implantation[194]. If the coronary ostia are close to the
aortic annulus and if a stiffened aortic wall creates
tension on the ostia when they are relocated to the graft,
they may be excised in button form before being anas-
tomosed[195]. Implantation of allografts and xenografts
should be restricted to elderly patients or special other
indications since late postoperative degeneration may
require reoperation on the aortic root. More recently,
valve sparing operations and/or aortic root remodelling
have been suggested even in the emergency situation of
an acute type A (type I, II) dissection[196,197]. As these
procedures are more complicated and time consuming
than composite grafting, they should only be performed
by surgeons who have broad experience with such
procedures in elective cases.

The distal connection of the tube graft is made to the
uninvolved ascending aorta in those relatively rare cases
of limited type A (type II) dissection. In all other
patients, replacement is carried to the junction of the
ascending aorta and arch or beyond that level.
Eur Heart J, Vol. 22, issue 18, September 2001
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Technical considerations for the management of the
dissected non-ectatic aortic root first address the con-
dition of the aortic valve commissures (Table 15, 16) as
well as the presence and extent of the dissection in
relation to the coronary ostia. If the dissection has
reached either ostium without disrupting the coronary
vessel, the ostium can usually be preserved. An ostium
completely surrounded by dissected aortic wall may be
excised in button form. The dissected layers around the
ostium are conjoined using tissue adhesive and over-
and-over suturing before the anastomosis to a tube graft
is accomplished. Bypass grafting of coronary arteries
using saphenous vein segments is limited to those in-
stances where a small torn ostium with irreparable
damage precludes secure reconstruction.

The creation of a firm and leak proof seat of the
ascending aortic graft on the acutely dissected proxi-
mal aorta is accomplished by use of teflon felt, tissue
adhesive such as gelatin resorcinol formaldehyde glue
(GRF-glue) or both[198,199]. Regardless of which
method is applied, the dissected portion of the aorta is
first completely divided at the level of the sinotubular
junction. Traditionally, the layers of the aorta are then
conjoined by sandwiching them between strips of teflon
felt placed inside and outside the dissected perimeter of
the vessel. This technique is now gradually replaced by
glue reconstruction of the dissected layers, a technique
which has turned out to be technically easier and time
saving[198]. Application of GRF glue not only produces
a firm union of the dissected layers but also converts
them to a leather like texture. This facilitates secure
reconstitution of the aortic root greatly, while it
obliterates any dead spaces below the anastomosis
between graft and aorta at the same time. With either
technique employed, detachment of valve commissures
may require resuspension by the use of pledgetted
transmural mattress sutures in addition to reconstruc-
tion of the dissected wall layers.
The proximal aorta in chronic type A (type I and II)
aortic dissection
As in acute dissection, the choice for the type of proxi-
mal repair in chronic dissection depends on the consti-
tution of both the aortic root and the valve. In cases
where the root is of normal configuration and the valve
is intact, a supracommisural graft may be implanted.
Once the commissures are found to be detached, re-
suspension of one or more leaflets is necessary. This
represents an adequate valve repair in about 50% of
patients with chronic type A dissection[199]. In every
other case the valve should be replaced before the
vascular graft is implanted.

If the entire root is aneurysmatic, a more radical
approach is advisable to prevent late dilatation and
recurrent dissection of the remaining aorta. In such
instances a composite graft should be implanted since it
eliminates the entire diseased proximal aortic portion.
As an alternative, xenografts, allografts or autografts
may be implanted in selected cases. The valve sparing
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operations mentioned above are another option. They
may be indicated in root ectasia. A basic consideration
to be applied to these procedures is that aortic incom-
petence commonly results from dilatation of the sinu-
tubular ridge rather than the annulus[200]. The aorta is
fully divided 5 mm above the valve commissures and the
leaflets are examined for symmetry and absence of
organic disease[196]. In David’s techniques the coronary
sinuses and the coronary ostia are excised leaving the
valve cusps and their insertion lines intact. As the
next step a mattress suture is passed through the apex
of each commissure before transmural mattress sutures
are placed through the aortic annulus. The annular
sutures are then passed through the cardiac end of a
prosthetic graft and the aortic valve remnants are drawn
into the graft before they are sewn to it from the
inside[196].

Another valve remodelling procedure is less radical:
only the Valsalva sinuses are replaced, and the ventricu-
lar outflow diameter is left at its given size[197]. The
aortic sinuses are removed leaving a 3 mm rim along
either side of the line of insertion of the cusp intact. The
cardiac end of an ascending aortic graft is then scalloped
in such a manner as to accept the triangles of the excised
valve attachments. Next, the strips of aortic wall from
where the cusps arise are sutured to the edges of these
triangles before the previously excised coronary buttons
are connected to appropriate windows in the graft[197].
Whenever the valve may not be preserved and the aortic
root is ectatic, composite grafting as described above
has remained the standard method for total root
replacement in chronic aortic type A dissection.
The aortic arch in acute type A (type I and II)
dissection
Treatment of the acutely dissected aortic arch remains a
much debated subject. The discussion is centred around
the question of when and to what extent the arch should
be replaced. At present there is broad consensus that any
dissected arch should be explored during a short period
of hypothermic circulatory arrest. In the absence of an
arch tear an open distal anastomosis of the graft and the
conjoined aortic wall layers at the junction of the
ascending and arch portions is made[201,202]. Arch tears
occur in up to 30% of patients with acute dissec-
tion[203,204]. If an entry tear traverses the aortic arch, the
distal graft to aortic anastomosis is usually made in such
a manner as to replace the arch beyond the entry bearing
portion. Whenever extensive tears are found, which
continue beyond the junction of the transverse and
descending aortic segments, or when there is acute
dissection of a previously aneurysmatic arch, subtotal or
total arch replacement may be required. This may have
to include reconnection of some or all supraaortic
vessels to the graft during hypothermic circulatory
arrest. The techniques for reconstituting and fortifying
the dissected layers of the aortic arch are similar to the
ones described for the aortic root; either GRF adhesive
or strips of teflon felt are used.



Task Force Report 1667
The aortic arch in chronic type A (type I and II) aortic
dissection
The procedure on the aortic arch is often less demanding
in chronic dissection than in acute dissection because the
extent of the aneurysmal dilatation generally dictates the
extent of aortic replacement. Beyond that collagen in-
growth will improve the wall quality of the false lumen
over time, making it possible to suture it to the graft if
required. As in acute arch dissection, the graft is better
connected to the true channel of the aorta either at the
distal end of its wall delamination or beyond any entry
tears present in the arch, and thereby reconstituting the
wall layers at this level. If this is not feasible under
certain conditions, the anastomosis is made to the firm
wall of the false channel. Late aneurysm formation is
always a possibility in such cases. However, in replace-
ment procedures extending to the proximal descending
aorta, the graft is usually anastomosed to the outer
aortic wall because redirecting distal blood flow to the
true aortic channel does not serve any purpose in view of
the presence of multiple downstream reentries. In arch
aneurysms extending to the downstream aorta an
elephant trunk extension of the arch graft is inserted as
first described by Borst et al.[205,206]. Total aortic arch
replacement using this technique includes the division of
the dissected circumference of the distal aorta and the
removal of the downstream dissecting membrane. This
technique greatly facilitates later procedures on the
downstream aorta. Instead of performing a conven-
tional anastomosis between the end of the graft and the
descending aorta, the graft is allowed to float freely in
the aortic lumen. During the subsequent procedure the
elephant trunk section of the graft may either be con-
nected to the distal descending portion directly or it is
extended with another tubular prosthesis, which may
then be anastomosed at any desired downstream level of
the aorta.
Summary

Surgery in acute type A (type I and II) dissection.
The aim of surgery is to prevent aortic rupture,
pericardial tamponade, and to relieve aortic regur-
gitation. Implantation of a composite graft in the
ascending aorta with or without reimplantation of
coronary arteries is performed. A large variability
of surgical procedures exist.
Surgery in type B (type III) aortic dissection
There is still a broad consensus that the indications for
operative treatment in patients with acute type B (type
III) are limited to the prevention or relief of life threat-
ening complications such as intractable pain, a rapidly
expanding aortic diameter, periaortic or mediastinal
haematoma as signs of aortic rupture. Dissection occur-
ring in a previously aneurysmatic aorta may also be
considered a surgical emergency. The onset of other
complications such as ischaemia of limbs, kidneys or gut
may warrant timely interventional therapy by catheter
guided fenestration of the dissection membrane thereby
decompressing the true lumen of the abdominal aortic
segment. In case this procedure does not lead to prompt
relief of symptoms, surgical intervention is required. All
other, uncomplicated type B (type III) aortic dissections
are usually treated conservatively, since till today there is
no proven superiority of one particular treatment above
another, be it surgical, interventional by stent grafting or
medical.

Operative intervention for chronic type B (type III)
aortic dissection is primarily directed to alleviate the
expansion process and to the threatening or manifest
rupture of the dissected segment. Indications for opera-
tive intervention for post-dissection aneurysms are
similar to those of other thoracoabdominal aneurysms.

The surgical management of both acute and chronic
dissections of the descending aorta comprises the re-
placement of affected portions with a tubular graft of
appropriate length and size. The standard approach to
the dissected descending aorta is the conventional fifth
rib posterolateral chest incision which allows access to
replace the descending aorta down to the level of the
eighth intercostal space. According to the extension of
the vessel disease, this incision gives appropriate expo-
sure of the aorta either through a single or double
thoracotomy. Most surgeons perform the operation
using extracorporal circulation by means of a left heart
bypass. In cases where the replacement has to be
extended toward the thoracoabdominal segment,
femorofemoral bypass may be preferred.

Usually moderate hypothermia is induced with care
being taken to equalize perfusion pressures during the
implantation of the graft proximal and distal to the
aortic crossclamp.
Summary

Surgery in acute type B (type III) dissection.
The indication for surgery in type B (type III) aortic
dissection is limited to the following criteria
+ persistent, recurrent chest pain
+ aortic expansion
+ periaortic haematoma
+ mediastinal haematoma
Management in infancy and childhood
The same principles used for adults apply to the man-
agement of dissection and aneurysm in infancy and
childhood. There are no measures specific for this age
group. It is thought that dissection will inevitably occur
whenever a part of the arterial tree reaches critical
dimensions, just as it holds true for those who have
reached skeletal maturity. The major area of controversy
remains when to intervene prophylactically in order to
prevent dissection when there is underlying dilatation. Is
the absolute dimension of the aneurysmal segment the
most useful measure, or should a size ratio be used as
Eur Heart J, Vol. 22, issue 18, September 2001
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has been proposed for the root[41,207,208]. What are
appropriate upper limits to be used in a growing child to
define these parameters? These factors have yet to be
agreed.
Interventional therapy by percutaneous
stenting and/or percutaneous fenestration
Table 17 Interventional therapy in aortic dissection

Recommendation Class I IIa IIb III Level of evidence

1. Stenting of obstructed branch origin for static obstruction of branch artery + C
2. Balloon fenestration of dissecting membrane plus stenting of aortic true lumen

for dynamic obstruction
+ C

3. Stenting to keep fenestration open + C
4. Fenestration to provide re-entry tear for dead-end false lumen + C
5. Stenting of true lumen

+ to seal entry (covered stent) + C
+ enlarge compressed true lumen + C
Introduction
Conventional treatment of type A (type I, II) dissection
consists of surgical reconstruction of the ascending aorta
with restoration of flow, preferentially into the true
lumen. In type B (type III) dissection with ischaemic
complications, treatment includes reconstruction of the
thoracic aortic segment containing the entry tear[209],
bypass of the compromised organ or limb[210] or surgical
fenestration[211–213]. Four major patterns of ischaemic
complications can be distinguished, depending on the
characteristics and course of the true and false lumen as
well the major aortic branches involved:
+ Compression of the true lumen in the region of the

main abdominal branches.
+ Compression of the true aortic lumen proximal to the

main abdominal branches.
+ Involvement of aortic main branches in the dis-

section.
+ Enlarging false aneurysm due to patent proximal

entry tear.
+ Treatment includes reconstruction of the thoracic

aortic segment containing the entry tear[209], bypass
of the compromised organ or limb[210] or surgical
fenestration[211–213].

Approximately 90% of peripheral pulse deficits associated
with aortic dissection can be reversed by repairing the
thoracic aorta[214]. However, patients with mesenteric or
renal ischaemia do not fare that well. Mortality of patients
with renal ischaemia is 50 to 70%[210,212] and mortality
figures in mesenteric ischaemia can be as high as 87%[210].
The surgical mortality rates in patients with peripheral
vascular ischaemic complications, however, also amounts
to up to 87% of those with mesenteric ischae-
mia[209,210,213,215], with an 89% hospital mortality
rate[212,213]. The operative mortality of surgical fenestra-
tion is only 21% to 67%, and percutaneous management
of obstructed branch arteries has therefore recently been
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proposed[212,213]. The first successful endovascular balloon
fenestration of a dissecting descending aortic membrane
to treat mesenteric ischaemia was described in 1990[216].
Various reports have been published since[217–224].

Aortic stent grafts were first used to exclude abdomi-
nal and later thoracic true and false aneurysms[225–228].
The treatment of aortic dissection evolved slowly, how-
ever, because the risk of paraplegia was feared. This
complication occurs in up to 18% after surgery[229–231].
However, with further technical improvement a large
series of aortic dissection cases has now been success-
fully treated by stent grafts which cover the entry tear in
the descending aorta and even in the aortic arch[232].
Moreover the authors demonstrated that the closure of
the entry tear is essential to reduce aortic size. Entry
tear closure promotes both thrombus formation and
healing[232]. Combined surgical and interventional
procedures have been proposed already[233].
Indications for stent placement and
fenestration

The exact role of percutaneous fenestration and stent
placement in the treatment of aortic dissection has yet to
be determined (Table 17). However, there appears to be
a clear-cut indication for fenestration and stent place-
ment in the treatment of static or dynamic obstruction
of aortic branch arteries.
+ Vessels compromised by static obstruction of a

branch artery are treated by placing endovascular
stents across the vessel origin.

+ Vessels compromised by dynamic obstruction are
treated by percutaneous balloon fenestration with or
without stents in the aortic true lumen.
In classic aortic dissections, successful fenestration

raises true luminal pressure but leaves false luminal
pressure unchanged. Sometimes stents have to be de-
ployed in the true lumen in order to buttress the flap in
a stable position remote from branch artery origins[223].
In chronic dissection where fenestration of a fibrosed
dissecting membrane may result in collapse of the con-
nection between true and false lumen, a stent may be
necessary to keep the fenestration open[234]. A second
indication for fenestration is to provide a reentry tear for
the dead-end false lumen back into the true lumen. The
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aim of this is to prevent thrombosis of the false lumen
which might compromise branches which derive their
supply exclusively from the false or jointly from the false
and true lumen. There are autopsy studies that noted
improved survival in acute classical dissection in patients
with reentry tears versus those without[235]. On the other
hand, this treatment may increase the risk of aortic
rupture in the long-term because a large reentry tear
promotes flow in the false lumen, a fact which provides
the basis for aneurysmal degeneration of the false lu-
men[211,223]. There is also a certain risk of peripheral
embolism from a patent but partly thrombosed false
lumen[211,223,234].

The most effective and optimal method to exclude
the aneurysmally dilated false lumen would be the
exclusion of the proximal entry tear with an accept-
able stent graft. In such cases the absence of a distal
reentry tear is desirable[236], and local treatment by
fenestration and stents serves only to establish flow to
compromised aortic branches which originate from the
false lumen.

Compression of the true aortic lumen cranial to the
main abdominal branches with secondary distal ischae-
mic changes because a narrowed true lumen is another
indication for stent placement. The stent will enlarge the
compressed true lumen and improve blood flow[224,234].
Fenestration and pressure reduction within the false
lumen still seems to be the optimal choice, however[218].
Interventional techniques
Technique of percutaneous balloon fenestration
The technical goal in percutaneous balloon fenestration
is to create a tear in the dissection flap that separates the
true from the false lumen. It is preferable to perform
fenestration from the smaller (usually the true lumen)
into the larger or false lumen. Most commonly a
Roesch-Uchida needle, Brockenborough needle or
Colopinto needle is used to perform fenestra-
tion[219,224,234,236]. The fenestration site is chosen close to
the arteries to be salvaged. After the needle is advanced
from the true into the false lumen at the desired
level — this is very much facilitated by IVUS
monitoring — and following safe placement of a super
stiff guidewire into the false lumen, angiography is
performed in both lumina. A balloon catheter of 12 to
15 mm diameter and 20–40 mm length is used to create a
transverse tear. If IVUS is not available, a balloon
catheter or a Dormia basket placed in the false lumen
can be used as a targeting object for piercing the
dissecting membrane with the needle[220]. It may be
necessary to implant large stents in the range of 10–
14 mm diameter in order to keep the aorta or side
branches open, particularly when the false lumen
has already been thrombosed.
Technique of aortic stenting
Aortic stents are primarily used to supplement fenestra-
tion as well as to reduce the dissection flap. In case of
high grade compression of the supplying true lumen
cranial to major aortic branches, the compressed lumen
may be enlarged by a stent to increase distal flow.

The so called ‘Harrington road’ approach implies the
placement of telescoping stents into the true lumen from
the entry tear near the left subclavian artery all the way
down past the visceral arteries, and across the bifurca-
tion, if necessary. This approach is expensive, however,
and if multiple branch origins are covered by stents, the
patient is exposed to a long-term risk of branch artery
stenosis or distal embolization. Multiple aortic stents
separated by a certain distance are used unless there is
a large pressure gradient between the true and false
lumen[223]. Sometimes stents have to be placed across the
origin of the celiac, superior mesenteric and renal ar-
teries to keep the supplying true lumen patent[236].
Long-term follow-up following these complex interven-
tions is not yet available.

A more sensible method seems to be the creation of a
large reentry tear where it is needed, followed by stent
placement between the tear and the compromised
branch. In order not to compromise flow to the distal
branches, stent placement across the superior mesenteric
and renal arteries should be avoided[223]. Balloon ex-
pandable Palmaz stents are recommended for precise
deployment just cephaled to a critical branch artery
(superior mesenteric artery or renal artery)[223]; 14 mm
diameter Wallstents[223,234,236] are an alternative.

Based on the measurements obtained during angiog-
raphy, IVUS, TEE, CT or MRI, the individual graft
stents are produced with a diameter of 2–4 cm covering
3–5 cm proximal and distal to the tear. Average stent
grafts are 3·5 cm (2·4–4·5 cm) in diameter and 10·5 cm
(4·5–22·5 cm) long. The right femoral artery is the
common site for surgical insertion of the 22–27F
systems, leaving the left side for percutaneous access to
the aorta for angiography and IVUS. A stiff wire is
placed after a pigtail catheter has been introduced over a
soft wire.

The procedure is performed with the patient under
general anaesthesia. Blood pressure is lowered to 50–
60 mmHg by sodium nitroprusside during stent expan-
sion. Upon stent expansion the aortic pressure would
increase instantaneously because antegrade flow is
blocked and will become free after complete stent graft
delivery. After deployment of a stent, a balloon, incor-
porated in the system, allows further apposition of the
stent struts to the wall of the true lumen. It is not the aim
to perform wall wrapping of the intimal flap to the wall
of the false lumen, but to occlude intimal tears.
Branch vessel stenting
A dissection that propagates into a branch artery and
causes static obstruction is treated by direct branch
vessel stents. A stent is indicated when a significant
gradient between the branch artery and the supplying
aortic lumen exists. It is important that the aortic true
luminal cross section and true lumen pressures are
reassessed after flow restoration in large arteries,
as stenting of arterial branch stenoses can result in
Eur Heart J, Vol. 22, issue 18, September 2001
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significant reorientation of the dissection flap with the
changed pressures in the supplying aortic lumen. Precise
stent placement is crucial for these branch vessel ob-
structions. Stents with no or only minimal shortening
(or balloon expandable stents, respectively) seem advan-
tageous for branch vessel stenting. Consequently the
Palmaz balloon expandable stent was used in all three
major series published[224,234,236].
Results of interventional therapy

In 57 patients, flow could be restored in more than 90%
(range 92 to 100%) of vessels obstructed from aortic
dissection[223,224,234,235]. The average 30 day mortality
rate was 10% (range 0 to 25%). No additional surgical
revascularization was needed in any of the patients
treated. Most of the patients remained asymptomatic
over a mean follow-up time of about one year. All
mortalities were unrelated to the percutaneous pro-
cedure and were usually the result of non-reversible
ischaemic changes, progression of the dissection or
complications of additional reconstructive surgical pro-
cedures on the thoracic aorta. Two patients died after 3
and 17 months, respectively, from rupture of the chroni-
cally enlarging false lumen[223]. Potential problems arise
from unpredictable haemodynamic alterations in the
true and false lumen after fenestration and stenting.
These alterations may result in loss of previously well
perfused arteries, as well as in loss of the desired salvage
of compromised arteries. Affected arteries can also be
managed by endovascular techniques such as additional
stent procedures[223,224,234,236].

First preliminary results of aortic graft stent im-
plantation are currently becoming available[227,228]. It
is already evident that percutaneous application is
safer and produces better results than surgical graft
stent implantation[228]. Paraplegia seems to occur,
too, related to extensive graft stenting but not with
short (<15 cm) stents and in consecutive instead of
single approaches if longer segments have to be
stented. Results on short-term follow-up were good,
the tears became well occluded and aortic diameters
decreased after complete thrombosis of the false
lumen. This proves that stent placement may facilitate
healing of the dissection. Whether or not additional
tears in the abdominal part of the aorta have to be
occluded when entry tears in the thoracic aorta are
closed has to be demonstrated in the future. Endo-
vascular leakages were found, occasionally with
spontaneous occlusion of some portion of the leak
and reopening of another during follow-up. In some
patients follow-up showed that tears had initially
been overlooked, and additional stents were
implanted.

Patients can developed an inflammatory reaction
after implantation. This may present as an elevated
C-reactive protein in combination with fever. Both
signs may disappear spontaneously as the healing
progresses[236,237].
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Complications of interventional therapy

In view of the fact that the post-procedural mortality
rate seems largely dependent on the severity and
duration of ischaemia before the interventional
procedures — half of the 30 day mortalities (13%) were
due to irreversible damage sustained before the endo-
vascular treatment — timely percutaneous treatment
seems mandatory[223]. It is therefore advocated that
patients with acute type A dissection and malperfusion
of peripheral branches should undergo percutaneous
revascularization first, and surgical repair should be
delayed until the ischaemic injury resolves[239].
Summary

Interventional therapy in aortic dissection provides
new approaches to handle complications.
Aortic fenestration with or without stent place-
ment allows immediate relief of organ malperfusion
for
+ visceral
+ renal
+ limb ischaemia either before or after surgical

treatment
Graft stent implantation is an evolving technique
which opens new avenues to treat type B (type III)
dissection. Occlusion of entry tears induces throm-
bus formation and vessel wall healing.
Follow-up in aortic dissection
Natural history of aortic dissection and
prognosis

Aortic dissection has a prevalence of 0·5 to 2·95/100 000/
yr[240–242] with the highest rate in Italy (4·04/100 000/
yr)[235]. Mortality is between 3·25–3·6/100 000/yr[244].

Due to the high mortality of aortic dissection in the
acute stage, the survival rate in both type A and B (type
I–III) dissection is very low. Forty years ago, the 24 h
mortality was 21%. After 30 days 8% of patients re-
mained alive and only 2% after 1 year[97]. Ten years later
the 48 h mortality was still reported to be 50% or
1%/h[240]. Up to 20% of the patients died before reaching
the hospital. Even recently a mortality of 68% within
48 h and 1·4%/h was reported in a survey spanning 27
years[245]. In this population-based longitudinal study
with an incidence of 2·95/100 000/yr the important ob-
servation was that the diagnosis was established in only
15% before autopsy. The most important causes of
death were aortic rupture in 80% of the patients[245].

A dramatic improvement can be observed, due to
medical and surgical therapy over the last 30 years. The
European Cooperative study group reported a 1 year
survival rate of 52%, 69% and 70% in type A (type I,
type II) and type B (type III) dissection, respectively.
This decreased to 48%, 50% and 60% after 2 years[6].
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Similar results were reported by others, also showing a
better prognosis for type B dissection. The 1 year
survival was 34% and 85%, respectively[246,247]. The
survival seems to be dependent on the degree of com-
munication, that means the wall stress in the false lumen.
The best prognosis was found in non-communicating
and retrograde type B (type III) dissection limited to the
descending aorta (80 and 86%, 2 year survival rate
respectively)[6].

Further improvement has not been reported during
the last 20 years. The IRAD study reported a mortality
of 27% and 29% for type A and B (type I–III) dissection
in 464 patients after surgical therapy and 53% and 9%
after medical therapy, respectively[248].

Spontaneous healing of aortic dissection can occur
during medical therapy, but it is rare. The false lumen
disappears and circumscript wall thickening devel-
ops[6,94,111,112,249]. In the European Cooperative study
wall thickening was observed as a sign of healing in only
4% of patients, mainly in type A (type II) and type B
(type III) dissection[6]. In MRI studies this was observed
in 7%[250], by CT in 31% of type B (type III) dissec-
tions[251]. Continuous flow through large entry tears
seems to prevent spontaneous healing[6].

Another form of healing process is complete throm-
bosis of the false lumen which is sometimes observed
and appears to be a prerequisite for complete heal-
ing[6,94,252]. The extent of thrombus formation is also
important. This may be related to the fact that patients
are already in a more chronic stage and the lack of
communication and an increased wall thickness decrease
wall stress. In 2% of patients a type B (type III)
dissection with communication can continue to dissect
into the ascending aorta in a retrograde fashion[94]. If the
aortic arch is involved, the mortality is higher than with
a type B (type III) dissection limited to the descending
aorta[6].

Present surgical techniques do not result in progres-
sion of thrombus formation in patients with aortic
dissection: replacement of the ascending aorta alone
cannot eliminate flow in the false lumen and thrombus
formation is therefore not likely. Less than 10% of
operated patients with type I dissection show an
obliteration of the false lumen[6,250–255].

Currently information about the natural history of
intramural haematoma (class 2) is limited. The mortality
is high: 20–80%[12,94,101,256]. The development of aortic
dissection class 1 is found in 15–41%[92,94,256–263], rupture
in 5–26%[12,259,263]. Complete healing on the other
hand is found in 11–75% with resolution of the wall
thickening[94,257,259,261,263,264].

During follow-up, ulcerated plaques (class 4) seem to
be more malignant with class 1 dissection of the de-
scending aorta: there are more aortic ruptures. Others
reported a more benign course and did not consider
immediate surgery[106,108]. However, subintimal hae-
matoma and complicated ulcers represent signs of
emergency with pending rupture. Ulcerated plaques can
form large pseudoaneurysms[265–267]. Development of
class 1 dissection is found in 10–20%. Traumatic aortic
dissection (class 5) has also a poor prognosis, but limited
data are available[268–272].
Table 18 Prevention of aortic dissection in inherited diseases (Marfan’s Syndrome, Ehlers-Danlos Syndrome,
annuloaortic ectasia)

Recommendation Class I IIa IIb Level of evidence

1. Life-long beta-adrenergic blockade + C
2. Periodic routine imaging of the aorta + C
3. Prophylactic replacement of the aortic root before diameter exceeds 5·0 cm in

patients with family history of dissection
+ C

4. Prophylactic replacement of the aortic root before diameter exceeds 5·5 cm + C
5. Moderate restriction of physical activity + C
Follow-up in Marfan patients

The accepted critical aortic root dimension of 5·0–
5·5 cm may be seen at any age, even in infancy, and
suggests that intervention is advisable in anticipation of
subsequent dissection, as for the fully grown population
(Table 18). The general agreement is, that prophylactic
replacement of the aortic root should be performed at a
diameter of 5·5 cm in Marfan patients[273–278]. A smaller
threshold may apply in the very young but the difficulty
in defining an absolute upper dimension in childhood is
that growth must be accounted for. The particular
growth upper dimension in childhood is that growth
must be taken into account. The particular growth
pattern of the Marfan phenotype needs to be considered
as well. Aortic root dimensions (Fig. 2) should be
plotted serially (not against age, but against body sur-
face area) at least annually, possibly more frequently in
very young children, and certainly during the rapid
adolescent growth spurt. The dimensions assessed by
echocardiography may well lie outside the upper confi-
dence interval (Fig. 3) for the normal population, but
may follow a centile above but parallel to it. Should the
dimensions deviate (upward) from the pursued centile,
then it is the time to consider intervention[279,280].

It is imperative that further longitudinal studies are
undertaken to define the normal aortic root growth
pattern in Marfan’s syndrome from very early child-
hood. Guidelines for clinical decision should be derived
from such data to decide the minimal deviation from the
Eur Heart J, Vol. 22, issue 18, September 2001
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norm, with respect to the risk of dissection; but can be
accepted.

Consideration should also be given to include replace-
ment of an ectatic aortic root (Table 16), even if it has
not reached the accepted dimension for replacement, if
another cardiac operative procedure is to be undertaken.

There are no guidelines governing intervention in
cases of aneurysmal dilatation of other segments of the
aorta as a prophylactic measure against dissection. It
might be prudent to take action if a sudden or rapid
expansion is recognized[279,280].

There is little evidence that exercise in childhood, or
any particular type of activity influences the rate of
progression of aortic root dilatation, though there is a
report of a teenager in whom dissection was precipitated
by (recreational) weight lifting[281]. Advice (Table 19)
concerning exercise is considered important. Blood
pressure should not exceed 130 mmHg systolic; this
holds true for children and adults[281].
Imaging for follow-up studies

Patients with aortic dissection need close follow-up. The
main task is to control blood pressure in order to reduce
wall stress. A level below 135/80 mmHg is advised. This
is the same level as for patients without aortic dissection
but arterial hypertension. Beta-blocking agents are pre-
ferred. Combination therapy with other drugs is usually
needed to control the pressure. The recommendation
concerning blood pressure control should be followed.
Specialized physicians with a deep insight into the
patients’ history and knowledge of aortic dissection
including different treatment options should follow the
patients in order to detect signs of progression of the
disease or aneurysm formation.

To follow patients after medically or surgically treated
acute aortic dissection, MRI appears to be the technique
of choice (Table 13). MRI avoids exposure to ionizing
radiation or nephrotoxic contrast agents used for CT
and is less invasive than transoesophageal echocardiog-
raphy. An important consideration in serial studies is the
ease with which serial findings can be compared[282,283].
Documentation of MR-studies on a series of prints
rather than video tape facilitates the diagnosis of pro-
gressive enlargement of the false lumen or the entire
aorta. Moreover, the large field of view permits visual-
ization of neighbouring anatomical landmarks in order
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to make measurements at identical levels of the aorta. In
patients after surgical repair of the dissection, knowl-
edge of the surgical technique performed is essential for
correct interpretation of all imaging techniques includ-
ing MRI. The second choice represents TEE, but care-
ful documentation of the scan fields is necessary when
the question concerning aortic expansion has to be
answered. CT can also be used and it is the technique
which is most frequently performed. In the age after 60
years the negative effect of ionizing X-ray exposure can
be neglected compared to the severity of the disease.

Regular assessment of the aorta should be performed
1, 3, 6 and 12 months after the acute event, followed by
yearly examinations. Most important are the aortic
diameter, signs of aneurysm formation; haemorrhages at
surgical anastomoses or graft stent sites have to be
detected.
Summary

Close follow-up for aortic dissection by a special-
ized team includes the assessment of
+ signs of aortic expansion
+ aneurysm formation
+ signs of leakages at anastomoses/stent sites
+ malperfusion
The single most important factor is excellent blood
pressure control <135/80 mmHg. After hospital dis-
charge regular outpatient visits at 1, 3, 6 and 12
month and thereafter every year are recommended.
First choice is MRI, 2nd choice CT and 3nd TEE.
Table 19 Reoperation following repair of aortic dissection

Recommendation Class I IIa IIb Level of evidence

1. Surgical intervention for
+ secondary aneurysm in dissected aorta remote from initial repair + C
+ recurrent dissection or aneurysm formation at previous intervention site + C

2. Graft replacement for gross dehiscence or infection + C
3. Use of homografts to replace infected protheses + C
4. Endovascular stenting if surgical indication and suitable anatomy + C
Reoperation

The majority of late deaths following primary surgery of
acute aortic dissection has been due to rupture of the
aorta[88]. Therefore, timely reoperation (Table 19) is
required whenever necessary. There are two principal
reasons for reoperation. First, the dissected aorta may
become aneurysmatic (5 to 6 cm in diameter) remote
from the initial repair (Table 20). The second reason
derives from instances where the dissection had been
improperly repaired. The rate of reoperation for type I
and type II dissection is about 10% at 5 years and up to
40% at 10 years after primary surgery[6,246]. This risk is
even higher in patients with Marfan’s syndrome[277,278].
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Table 20 Therapy of chronic aortic dissection

Recommendation Class I IIa IIb Level of evidence

Type A (type I, II):
1. Indications for surgery as in non-dissecting aneurysm if symptoms or aortic

regurgitation or aortic diameter >(5–) 6 cm
+ C

Type B (type III):
1. Indications for surgery as in non-dissecting aneurysms if symptoms or progressive

aortic enlargement to �6·0 cm
+ C

2. Endovascular stenting if surgical indication and suitable anatomy + C
The proximal aorta, particularly the aortic root and
ascending portion is the most common site requiring
reoperation. The underlying causes are generally iatro-
genic: the dissection may either have persisted after the
primary procedure or may have recurred later. The
incidence of new dissection including the ascending
aorta varies from 0·03 to 0·1%[284–286]. After aortic valve
replacement, it occurs in 0·5%–1%[76,287–288]. Some con-
ditions that predispose to subsequent dissection include
previous aortic valve replacement, congenitally de-
formed valves or overlooked annuloaortic ectasia[289,290].
Others cases include root aneurysms, redissection after
glue repair or composite replacement[291,292].

The key to a successful reoperation on the dissected
proximal aorta is safe entry into the chest, while all
subsequent manoeuvres tend to follow the principles of
standard surgery in this region. Great care must be
exercised when performing repeat sternotomy because
the aorta is usually unprotected by the pericardium. This
is particularly true in cases where an ascending aortic
tube graft or an aneurysm is closely adherent to the
posterior table of the sternum in association with severe
aortic valve incompetence. The approach to these com-
bined lesions may require deviation from the routine
longitudinal sternotomy in order to avoid both fatal
bleeding and left ventricular overdistension. In such
instances, a fifth-rib bilateral or unilateral thoracotomy
with transverse sternotomy and prior institution of
right atrial-femoral or femoro-femoral bypass are
recommended[293].

A modification of this approach has been reported
for ascending aortic reoperations in the presence of
aortic valve incompetence: instead of completing
the re-sternotomy at moderate hypothermia a limited,
inferior re-sternotomy is performed first[294]. Then, dis-
section of the diaphragmatic aspect of both the left and
right ventricle allows the introduction of an apical vent.
With the vent in place, core cooling is continued until
the onset of ventricular fibrillation. If inadequate per-
fusion pressure prevents sufficient lowering of the tem-
perature, the aorta may be occluded by apical insertion
and inflation of a balloon catheter in the ascending aorta
when clamping of the aorta is impossible because of
tissue stiffness tissue or difficult exposure[295]. At a
rectal temperature of 25 �C, circulatory arrest is induced.
Under this condition, the heart and the ascending aorta
tend to collapse which makes dissection of retrosternal
adhesions and completion of re-sternotomy much easier
and safer. Cardiopulmonary bypass is reinstituted once
the ascending aorta is dissected free and clamped. Then,
the core temperature may either be lowered to 20 �C
before re-induction of circulatory arrest whenever the
correction of aortic arch pathology is necessary or
hypothermia may be maintained during the repair of the
ascending aorta.

The choice of procedure depends on the state of the
root. In the absence of root ectasia, the dissected wall
layers may simply be conjoined and anastomosed to an
ascending aortic tube graft. Depending on the coronary
ostia vis-a-vis the valve’s suturing ring they may be
anastomosed directly to the graft or after mobilizing
ostial buttons.

When performing surgery for complications of a
previously implanted composite graft, several alterna-
tives may be used. Minor leaks (communications with
the perigraft space) at the ostial anastomoses or at the
valve’s insertion line can sometimes be closed directly. In
gross dehiscence of the aortic or coronary ostial anasto-
moses, particularly if associated with infection, the con-
duit is replaced, in the latter case an allograft conduit is
preferred.

Coronary bypass grafts require particular attention
when performed in conjunction with surgery on the
proximal aorta. If a left internal mammary artery graft
had been placed its pedicle is carefully dissected away
from the distal anastomosis and its bulk is clamped.
Right internal mammary artery grafts will often interfere
with the aortic procedure and may have to be divided
proximally; ultimately they are anastomosed to the
ascending aortic prosthesis.

Late complications following primary operations on
the aortic arch are encountered less frequently than
those following root and the ascending aortic pro-
cedures[267]. Aneurysmal dilatation of the false channel
of the arch can usually be traced to the arch entries not
being resected or to creation of new tears when the distal
graft to aortic anastomosis was constructed during the
primary procedure[296,297]. In these instances reoperative
replacement of that structure may be required. The
proximal repair is often left intact. The procedure fol-
lows the principles of primary arch replacement: a
separate graft is used which is ultimately anastomosed to
Eur Heart J, Vol. 22, issue 18, September 2001
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the proximal prosthesis following resection of the true
aortic channel.
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Appendix 4: Evidence-based decision
in tabular form

In comparison to medical therapy, limited data are
available for diagnostic techniques which are required
in evidence-based medicine for categories A and B.
Therefore category C had to be chosen and subclassifi-
cation in relation to the degree of consensus accord-
ing to the ACC/AHA Guideline Classification for
Recommendation.

Class I Conditions for which there is evidence or
general agreement that a given procedure or
treatment is useful and effective

Class II Conditions for which there is conflicting
evidence or a divergence of opinion about
the usefulness/efficacy of a procedure or
treatment

Class IIa weight of evidence /opinion is in favour of
usefulness/efficacy

Class IIb usefulness/efficacy is less well established by
evidence/opinion

Class III Conditions for which there is evidence and/
or general agreement that the procedure/
treatment is not useful/effective and in some
cases may be harmful
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