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The occurrence of an aortic valve dis-
ease associated with a dilation of the as-
cending aorta is frequent. In some cases the
primary lesion may be identified and the
associated disease may be considered as
secondary; in some other cases a single
pathogenesis underlies both lesions; in oth-
ers the interpretation of the association is
controversial. Similarly, the definition of
the therapeutic indications with regard to
the timing and technique of surgical treat-
ment of the valve disease, aortic disease or
both is debatable.

For several years a group of researchers
from the Second University of Naples,
Italy, has been focusing on this topic and
the aim of the present review is to summa-
rize the knowledge acquired so far.

Epidemiology

The normal dimensions of the aortic
root and ascending aorta show a remark-
able degree of variability and transthoracic
and/or transesophageal echocardiography
is still the main screening method. In both
male and female normal subjects the diam-
eters of the ascending aorta, of the sinuses
of Valsalva and of the aortic annulus are re-

lated to age and body surface area: the
body surface area is the main determinant
of the aortic annulus and root dimensions,
while the diameters of the sino-tubular
junction and of the ascending aorta depend
more strictly on age1. The expected aortic
root diameter can be calculated from the
subject’s age and body surface area by
means of the regression formula proposed
by Roman et al.1. When the observed aor-
tic diameter at echocardiography exceeds
the expected measure the aorta is consid-
ered dilated: an aneurysm is defined as a
measured diameter exceeding the expected
one by 50%2.

In 1991 Carrel et al.3 reported an as-
cending aorta dilation to be found in about
15% of patients with an indication to aor-
tic valve replacement. In a report by
Prenger et al.4 among 419 surgical patients
undergoing aortic valve replacement 37
(8.8%) had an aortic size > 50 mm. It could
be debatable whether those aortas should
have been considered as being all really
aneurysmatic or not, since one should
think more in terms of ratios rather than
absolute sizes; however, all cases of acute
aortic dissection in the follow-up (0.6% of
all aortic valve replacement procedures)
were found in that subgroup of patients. It
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Several pathogenetic mechanisms account for the association of the ascending aorta dilation with
aortic valve dysfunction. Functional aortic insufficiency can derive from medial degeneration of the
aortic wall and annuloaortic ectasia; leaflet structural disease can determine root dilation by increas-
ing aortic wall stress in case of both regurgitation and stenosis; aortic valve disease and aortic
aneurysm can however coexist due to two different intrinsic etiologies. In the attempt to best tailor the
surgical correction of such conditions to the underlying causative mechanism, several technical op-
tions have already been developed including composite or separate aortic valve and root replacement,
valve-sparing operations, and aortoplasty techniques. The criteria for surgical indication cannot leave
the underlying pathogenesis out of consideration as well. The newly acquired knowledge in the basic
research on this topic is expected to affect the approach to the individual patient in the future.
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is more difficult to define the average prevalence of as-
cending dilation in subgroups of patients with a defi-
nite valve dysfunction (stenosis versus regurgitation)
or pathology (degenerative versus rheumatic), owing
to the lack of up-to-date specific studies in the medical
literature. The condition of a congenitally bicuspid
aortic valve has been more closely investigated5 and it
is nowadays considered a predisposing factor to aortic
dilation, dissection and other diseases both when the
normal function is preserved as well as in the presence
of valve dysfunction6.

Pathophysiology: annuloaortic ectasia and medial
degeneration

Several pathogenetic mechanisms may account for
the association of a dilated ascending aorta and aortic
valve dysfunction. Aortic insufficiency may either de-
rive from the loss of central leaflet coaptation, due to a
dilation involving the sino-tubular ridge (annuloaortic
ectasia)7,8 or, on the contrary, it may be a cause of back-
flow-related turbulences and of a wide pulse pressure
associated with a hyperdynamic left ventricle and
therefore of an increased aortic wall stress determining
an aortic root dilation9,10. On the other hand, aortic
stenosis may occasionally cause a post-stenotic dilation
that, being related to the hemodynamic burden of the jet
stream on the vessel wall, usually involves the tubular
portion10,11.

The term “annuloaortic ectasia” was first intro-
duced in 1978 by Lemon and White12 to define a pri-
mary dilation of the aortic annulus and of the ascending
aorta. Today surgeons use the term “aortic annulus” to
indicate the aorto-ventricular junction (surgical annu-
lus) and consequently the term “annuloaortic ectasia”
refers to dilation involving the fibrous portion of the
aorto-ventricular junction, the aortic sinuses and the
sino-tubular ridge with consequent aortic valve regur-
gitation13. The morphological substrate of this condi-
tion consists of varying degrees of medial (cystic) de-
generation (MD) involving the medial layer of the ves-
sel wall. MD lesions observed at morphology include:
a) cystic spaces in which Alcian-positive and Pas-posi-
tive mucopolysaccharides are pooled; b) fragmentation
and disarray of the lamellae formed by the elastic
fibers; c) fibrosis (increase in collagen); and d) necrosis
(a reduction in the number of smooth muscle cell nu-
clei). Since the anatomo-functional condition of an aor-
tic dilation at the sino-tubular level with aortic valve in-
competence may occur as a consequence of other dis-
eases, among which atherosclerosis of the ascending
aorta, syphilitic aortitis and extensive infective endo-
carditis, the term “non-inflammatory aortic root dis-
ease” (NIARD) has been introduced to indicate the pri-
mary form, in which MD is the culprit lesion. In
NIARD a direct correlation has been found between the
severity of MD (quantified according to the Schlat-

mann and Becker classification in three degrees14) and
the aortic diameter at the site of dilation15.

Initially this disease was observed in patients with
Marfan’s syndrome, Ehlers-Danlos syndrome or Os-
teogenesis imperfecta, in which a genetically inherited
defect of the connective tissues is present. However, the
incidence of idiopathic forms of NIARD, without the
typical stigmata and comorbidities of those syndromes
is constantly increasing16. Marfan’s syndrome is caused
by defects in the gene encoding fibrillin I, located on
the short arm of chromosome 15: the consequent ab-
normal gathering of fibrillin molecules causes the loss
of the microfibrillar coating on the elastin core as well
as structural abnormalities in collagen fibers. The con-
sequence of these abnormalities is the presence of typ-
ical MD lesions in the vessel wall, with consequent
aneurysmal disease. No qualitative difference can be
found between the media lesions in Marfan and non-
Marfan patients with NIARD and annuloaortic ectasia;
obviously clinical differences do exist (e.g. in the mean
age at which surgery is indicated). Frequently a
NIARD is associated with degenerative valve disease
such as floppy mitral valve and floppy aortic valve15,17.
In the latter condition a degeneration of the lamina fi-
brosa of the aortic leaflets with proteoglycan pooling is
observed at morphologic examination. The association
of an aortic valve dysfunction with a dilated intraperi-
cardial aorta, apart from cases of annuloaortic ectasia
with or without an associated floppy aortic valve, may
be quite frequently observed. Indeed MD is found as
the underlying lesion even in those cases not satisfying
the anatomo-functional criteria for the definition of an-
nuloaortic ectasia, such as post-stenotic dilations, aor-
tic root or ascending aorta dilations associated with fi-
brocalcific or rheumatic aortic valve insufficiency,
stenosis or mixed dysfunction. Schlatmann and Beck-
er14,18, who first graded MD lesions and investigated
their occurrence even in elderly normal subjects,
claimed the stress-origin of MD changes, interpreting
them as the result of processes of hemodynamic injury
to the aortic wall and of the related metabolic repair.

While the pathogenetic mechanisms underlying
aortic dilations are still subject of active debate19, in-
sights on the nature and characteristics of MD lesions
in the aorta of patients with aortic valve disease have
been recently forwarded. After the recognition of the
structural and functional complexity of the normal aor-
tic root, which has been demonstrated to be an asym-
metric structure20,21, our group has shown that in case of
aortic valve disease MD lesions vary in severity along
the circumference of the ascending aorta. In particular,
MD lesions have been found to be significantly more
severe at the convex aspect (antero-lateral wall) of the
ascending aorta than at the concavity22,23. This is likely
to be due to the characteristics of the post-valvular flow
in aortic valve disease. Furthermore, although not yet
sufficiently supported by scientific data, the warning
has been issued24 that the clinical manifestation of MD
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in patients with a bicuspid aortic valve may differ from
that observed in those with a tricuspid valve. It has al-
ready been found25,26 that significant differences among
the pathologic pictures of these two forms of aortic dis-
ease may emerge mainly at morphometry rather than at
standard histology examination (i.e. thinner elastic
lamellae and greater distances between these structures
in the aortas of bicuspid valve patients).

Surgical management

When and how? The ascending aorta is considered di-
lated if its diameters at any level exceed the values con-
sidered normal for a given age and body surface area of
the patient. The expected root dimensions can be cal-
culated using the formulas proposed by Roman et al.1.
In view of the variability in the normal values of the
aortic diameter, it is correct to refer to the aortic ratio
(measured diameter/expected diameter) rather than to
absolute values in centimeters, when deciding on the
indication to surgical treatment.

The elective treatment of the dilations of the in-
trapericardial aorta is meant to be prophylactic, aiming
primarily at the prevention of lethal complications
(spontaneous rupture and dissection) and of emergency
operation. An aortic ratio of 1.5 (measured diameter ex-
ceeding the predicted one by 50%) is today considered
the threshold value for the diagnosis of an aortic
aneurysm2. Such a dilation may be cause of aortic re-
gurgitation even in the presence of normal aortic
leaflets8,13 and exposes the patient to a higher risk of
spontaneous rupture or dissection. This risk has been
found to be strictly related to the aortic diameters and
to the underlying wall pathology. The lack of accurate
natural history studies makes a direct correlation of the
dimensions with the incidence of major complications
difficult and the current guidelines are to be considered
improvable. It has been shown that an increased aortic
diameter can carry a greater risk of postoperative dis-
section in patients undergoing aortic valve replace-
ment4. With regard to the factor of wall disease, ex-
cluding cases of Marfan’s syndrome and of chronic dis-
section, morphology studies aiming to characterize the
heterogeneous group of morphostructural alterations
that may underlie ascending aortic aneurysms are still
being performed. This characterization is fundamental
both for the determination of the correct surgical timing
and for the choice of the adequate operative technique. 

Nowadays, several surgical options are available in
the management of these conditions. The choice of the
appropriate strategy for the particular patient requires
careful consideration of several factors including2: 1)
the patient’s age and expected survival; 2) the underly-
ing pathology and structural state of the aortic wall; 3)
the anatomic conditions of the aortic valve, sinuses and
sino-tubular ridge; 4) the conditions of the distal aorta;
5) the risks related to postoperative anticoagulation; 6)

the presence of active annular infection; and 7) the sur-
geon’s experience. Regardless of the technique em-
ployed, elective root procedures should be performed if
the associated operative risks, valve-related morbidity
and late cardiac mortality are similar to those of routine
aortic valve replacement2. 

Table I reports the current guidelines for establish-
ing the indication to surgical repair of an aortic root/as-
cending aorta aneurysm, basing it on the aortic ratio
and underlying disease, as recommended in 1999 by
Ergin et al.2.

Different approaches. Separate replacement. The first
attempts to surgically correct ascending aortic
aneurysms, before 1968, consisted of partial resections
or external wrapping methods, characterized by poor
long-term outcomes. Separate valve and supracoronary
graft replacement was proposed by Wheat et al.27 for
aortic aneurysms involving the tubular portion of the
ascending aorta, without sinus dilation, associated with
aortic valve disease. This technique has been employed
in both Marfan and non-Marfan patients as well as in
dissections without aortic root involvement2,3,10. How-
ever, although considered a low-risk procedure by
many authors28, unsatisfactory results related to the
high incidence of aneurysm or dissection/rupture at the
level of the sinus have been reported in the long-term
follow-up29. Using computer models simulating pros-
thetic separate aortic replacement, other authors have
postulated that increased distension and wall stress in
the aortic root occur in this condition, because of the
loss of the normal ventriculo-arterial coupling: this
could enhance the development of root complica-
tions30. It has been suggested that the indications to sep-
arate replacement be restricted, avoiding this technique
in patients with a relatively long life expectancy31.

The Bentall and modified Bentall operations. In 1968
the Bentall-De Bono technique introduced the concept
of radical treatment by total prosthetic replacement of
the aortic valve, root and ascending tract, with reim-
plantation of the coronary ostia on the composite pros-
thetic conduit32. The original technique included the
longitudinal opening of the aneurysm, the prosthetic re-
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Table I. Dimensional criteria for current surgical indications in
ascending aortic aneurysms (adult, age < 40 years, body surface
area 2 m2).

Diameter (cm) Ratio

Marfan (or family history) < 4.3 1.3
Chronic dissections > 4.3 1.3
Degenerative without AI > 4.8 1.5
Degenerative with AI > 4.8 1.5
Bicuspid valve with dysfunction > 4.5 1.4
Other cardiac surgery > 4.8 1.5
Surgeon’s experience ± 0.5 ± 0.15

AI = aortic insufficiency.



placement of the valve and aorta and coronary ostia
reimplantation without removing these structures from
the aortic wall, followed by the reclosure of the native
aortic wall around the prosthesis (“inclusion tech-
nique”). The technique was associated with better long-
term results, due to the total removal of the diseased tis-
sue. Nevertheless, complications involving the coronary
anastomoses, such as bleeding due to the tension devel-
oping on the sutures for coronary attachment when an
ample isolation and mobilization of the proximal coro-
nary vessel was not performed, were frequent33. Perios-
tial pseudoaneurysms or periprosthetic hematomas
could result from this type of complication, even deter-
mining coarctations of the ascending aorta. With the aim
of avoiding these complications, Cabrol et al.34 pro-
posed an end-to-end anastomosis of the coronary ostia
to a Dacron vascular prosthesis which in turn was to be
side-to-side anastomosed to the aortic prosthesis. More-
over, they proposed the connection, either through a di-
rect anastomosis or by means of an interposed tubular
prosthesis, of the ascending aorta wrapped around the
aortic prosthesis with the right atrium, in order to allow
for the drainage of the blood possibly oozing from the
tissues or sutures. This variant allowed the achievement
of a lower rate of pseudoaneurysm development, but in-
creased the risk of coronary prosthesis kinking and/or
thrombosis, resulting in massive acute myocardial in-
farction. Moreover, in some instances hemodynamical-
ly significant left-right shunts could develop. 

Side by side with the improvements in surgical
methods, advancements in anesthetic techniques, in ex-
tracorporeal circulation, in methods of coagulation
control and above all in vascular prosthetic tissue pro-
duction have taken place. 

The availability of very low porosity prosthetic tis-
sue allowed for the introduction of the “open tech-
nique”35. This consists of the detachment of the coro-
nary ostia from the aorta together with a “button” of
aortic wall about 0.5 cm in radius, generously mobiliz-
ing the proximal tract of the coronary main stems. The
aortic root and the diseased tract of the ascending aorta
are resected and the valved conduit is implanted on the
aortic annulus. Then, two circular openings in the
Dacron graft opposite the coronary orifices are made
and the coronary buttons are sutured onto them. Before
performing the distal anastomosis of the graft to the
distal ascending aorta or aortic arch, the hemostasis of
the coronary sutures is checked by inspecting them ac-
curately even from the inside of the prosthesis. The
open technique has the advantage of reducing the ten-
sion on the coronary anastomoses and hence the devel-
opment of pseudoaneurysms36. Last generation pros-
theses have strongly decreased the risks of bleeding and
the sutures employed to implant the prosthesis can be
made more accurately without having to resort to the
inclusion technique. 

Despite the improvements of this technique, it still
carries some risks, mostly related to the susceptibility

of the non-included prosthesis to possible mediastinal
infections and to the development of excessive tension
on the coronary arteries with late thrombosis. The inci-
dence of infection is today estimated at about 4-5% in
patients who have been followed for 14-17 years35 and
that of coronary complications at about 3%37. Coronary
stretching could be reduced by providing the proximal
part of the tubular prosthesis with radial extensibility.
This could be achieved by employing a new type of
tubular prosthesis recently introduced in surgical prac-
tice. This prosthesis has been designed with a proximal
longitudinally corrugated and bulging tract (named
“skirt”), resembling the sinuses of Valsalva38. This type
of prosthesis could be even more useful in valve-spar-
ing operations, described below, in view of the impor-
tance of preserving the structure of the sinus in order to
avoid valve leaflet structural deterioration39.

The valve-sparing operations. Aortic valve incompe-
tence may occur even in the presence of normal valve
leaflets, when the correct coaptation of the free margins
is prevented by the dilation of the sino-tubular junction
with a subsequent increase in the distance between the
commissures7,8,10,13. This condition is more commonly
observed in elderly (sixth or seventh decade of life) pa-
tients, often with hypertension and degenerative
aneurysms of the ascending aorta. In such patients as-
cending aortic replacement with a tubular prosthesis,
restoring the normal sino-tubular diameter, can itself
correct the valvular competence.

In annuloaortic ectasia, either isolated (aortic wall
degeneration in elderly patients) or in the context of
Marfan’s syndrome, the sino-tubular junction and the
fibrous portion of the aortic annulus (accounting for
55% of its diameter) are dilated, causing aortic regurgi-
tation. In such cases both the aortic annulus and sino-
tubular junction have to be included in the surgical re-
pair. Besides the above reported techniques for the rad-
ical replacement of the aortic valve, root and ascending
aorta, surgical options also include the so called “valve-
sparing operations”, that have been introduced with the
purpose of avoiding postoperative anticoagulation and
all valve-related complications.

Valve-sparing operations consist of the replace-
ment of the aortic root with reimplantation of the coro-
nary ostia; either the commissures of the aortic valve
leaflets are suspended inside the graft (reimplantation
technique, proposed by David et al.40) or the prosthesis
is scalloped at its proximal end to produce three neo-
sinuses of Valsalva to be sutured to the remnants of the
native sinuses surrounding the attachments of the aor-
tic valve leaflets (remodeling technique, proposed by
Yacoub et al.41). The David operation implies the prox-
imal implantation of the tubular prosthesis at the level
of the aortic annulus, the diameter of which is there-
fore reduced to that of the prosthesis, while the Yacoub
procedure can be associated with an aortic annuloplas-
ty with a Dacron felt strip if it is retained necessary that
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a dilated aortic annulus be reduced. The remodeling
technique exposes the patient to a higher risk of bleed-
ing. It necessitates associated annuloplasty in most
cases, but seems to achieve a more physiologic condi-
tion due to the presence of the sinus-like structures.
This should prevent the hemodynamic stress-related
damage to the aortic leaflets occurring when the valve
opens into a cylindrical structure such as the Dacron
prosthesis, impacting during systole against the pros-
thetic wall39. David et al.42 have recently reported an 8-
year freedom from significant aortic insufficiency of
90 ± 3% after the technique of reimplantation and of
55 ± 6% after the technique of remodeling. The new
model of tubular prosthesis introduced by De Paulis et
al.38, showing a proximal radially expansible tract,
could restore a condition similar to the presence of
normal sinuses of Valsalva when employed in a David
procedure, and it has been claimed that this variant
could carry better long-term results in terms of valve
competence.

In the presence of annuloaortic ectasia without as-
sociated structural disease of the aortic valve, or in pa-
tients with ascending aneurysms and secondary aortic
valve incompetence, valve-sparing operations are to be
considered among the available surgical options. The
widespread use of these techniques has been limited by
some concerns regarding the long-term aortic valve
function and above all regarding the increased techni-
cal complexity and the related longer learning curve re-
quired when compared with the more standardized
Bentall procedure.

Techniques of aortoplasty. Several authors proposed
aortoplasty techniques in order to avoid such an exten-
sive procedure as the Bentall operation, and to restore a
normal diameter through a conservative approach. The
first attempt to reduce the aortic diameter conservative-
ly dates back, according to Carrel’s report3, to 1966,
with the studies by Senning, whose procedure was re-
sumed in 1979 by McCready and Pluth43.

The technical variants proposed so far substantially
amount to four: simple aortoplasty, aortoplasty with ex-
ternal wrapping, shawl lapel aortoplasty, and “S”-aor-
toplasty.

Simple aortoplasty has been described in the litera-
ture as consisting of the excision of an oval portion of
aortic wall from the supracoronary ascending aorta fol-
lowed by aortotomy closure with a simple running su-
ture, in some cases reinforced with Teflon felt strips.
The most important weakness of this tailoring aorto-
plasty procedure was the use of a single suture line: the
hemodynamic stresses in the ascending aorta are pre-
dominantly borne by the anterior aortic wall, where the
suture line lies9,44. The high rates of recurrent
aneurysms after simple aortoplasty could be related to
this technical limitation43. In 1982 Robicsek45 proposed
a technique of aortoplasty, referred to as the “external
wrapping” procedure, consisting of a reduction aorto-

plasty associated with aortic valve replacement, similar
to the simple aortoplasty described by McCready and
Pluth43: a segment of Dacron conduit was longitudinal-
ly incised, accurately tailored to fit the ascending aortic
geometry, and placed around the reconstructed aortic
wall in order to reinforce it. The “wrapping” method
still exposed the patient to the risks associated with the
presence of a foreign body in the mediastinum; further-
more, the proximal tailoring and anchoring of the ex-
ternal Dacron graft could be difficult, with the risk of
displacement and impinging on the coronary arteries at
their origin9,46. In order to avoid the implantation of
prosthetic material as suggested by Robicsek45 to sup-
port the reconstructed aortic wall, Harrison and Heck47

in 1996 and Baumgartner et al.48 in 1998 developed
modified aortoplasty procedures, namely the “shawl
lapel aortoplasty” and the “S”-aortoplasty respectively.
Very few data have been provided to validate the use of
these techniques in clinical practice. Several authors49-51

have reported controversial results with aortoplasty
procedures; their series, although with heterogeneous
techniques and indications, all share the policy of a
conservative approach, confirming that significantly
shorter cardiopulmonary bypass and aortic clamp
times, as well as lower rates of bleeding can be
achieved, with particular benefit for aged patients re-
quiring associated cardiac procedures. Nevertheless,
the old aortoplasty techniques incompletely addressed
the hemodynamic pathogenetic aspects of aortic dila-
tions associated with aortic valve disease and neglected
the underlying aortic wall pathology characteristics. In-
deed, they have been applied in series including post-
stenotic dilations, in which the hemodynamic stress is
the most important among the causative factors in the
development of the aneurysm, as well as annuloaortic
ectasia in Marfan’s syndrome, aortic dissections and
ascending aneurysms associated with a bicuspid aortic
valve11,51 in which the main pathogenetic factor is rep-
resented by idiopathic wall disease. 

On the basis of our above-mentioned findings on the
asymmetrical distribution of MD lesions along the as-
cending aortic circumference with more severe in-
volvement of the convex wall23,24, we have developed a
specific procedure of aortoplasty for asymmetrical di-
lations of the ascending aorta associated with aortic
valve disease, named “waistcoat aortoplasty”. The si-
nus dilation is repaired by folding up the subcoronary
redundant aortic wall using the anchoring sutures of the
valve prosthesis (plication of the sinuses of Valsalva).
Through a triangular resection the most involved por-
tion of the aortic wall (convexity) is removed and the
aorta is reconstructed with a double layer technique,
thus achieving an autologous reinforcement of the con-
vex wall and stress reduction on the aortotomy suture
line. The short-term good clinical and echocardio-
graphic results have already been published52; further
studies will ascertain the validity of this technique in
the long term.
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Conclusions

The clinical condition of a dilated ascending aorta
associated with aortic valve dysfunction includes sev-
eral diseases which differ from one another for their
pathophysiologic mechanisms, underlying structural
morphology and, therefore, surgical approach. The sur-
geon’s mindset should be in compliance with such a va-
riety of disease forms, in order to achieve a patient-tai-
lored management. As several questions remain unan-
swered, surgical guidelines and protocols of treatment
are expected to undergo further modifications and up-
dating in the future, side by side with the advances in
basic medical research.

References

1. Roman MJ, Devereux RB, Kramer-Fox R, O’Laughlin J.
Two-dimensional echocardiographic aortic root dimensions
in normal children and adults. Am J Cardiol 1989; 64: 507-
12.

2. Ergin MA, Spielvogel D, Apaydin A, et al. Surgical treat-
ment of the dilated ascending aorta: when and how? Ann
Thorac Surg 1999; 67: 1834-9.

3. Carrel T, von Segesser L, Jenni R, et al. Dealing with dilat-
ed ascending aorta during aortic valve replacement: advan-
tages of conservative surgical approach. Eur J Cardiothorac
Surg 1991; 5: 137-43.

4. Prenger K, Pieters F, Cheriex E. Aortic dissection after aor-
tic valve replacement: incidence and consequences for strat-
egy. J Card Surg 1994; 9: 495-9.

5. Sabet HY, Edwards WE, Tazelaar HD, Daly RC. Congeni-
tally bicuspid aortic valves: a surgical pathology study of
542 cases (1991 through 1996) and a literature review of
2715 additional cases. Mayo Clin Proc 1999; 74: 14-26.

6. Keane MG, Wiegers SE, Plappert T, Pochettino A, Bavaria
JE, Sutton MG. Bicuspid aortic valves are associated with
aortic dilatation out of proportion to coexistent valvular le-
sions. Circulation 2000; 102 (Suppl 3): III35-III39.

7. Guiney TE, Davies MJ, Parker DJ, Leech GJ, Leatham A.
The aetiology and course of isolated severe aortic regurgi-
tation: a clinical, pathological, and echocardiographic
study. Br Heart J 1987; 58: 358-68.

8. Guiney T, Leech G, Davies MJ, Wilson A, Parker J,
Leatham A. Non-inflammatory aortic root disease: an im-
portant cause of aortic regurgitation. Echocardiographic
and histologic correlations. Am J Cardiol 1981; 47: 425-6.

9. Barnett MG, Fiore AC, Vaca KJ, Milligan TW, Barner HB.
Tailoring aortoplasty for repair of fusiform ascending aortic
aneurysms. Ann Thorac Surg 1995; 59: 497-501.

10. Eisenberg MJ, Rice SA, Paraschos A, Caputo GR, Schiller
NB. The clinical spectrum of patients with aneurysms of the
ascending aorta. Am Heart J 1993; 125: 1380-5.

11. Hahn RT, Roman MJ, Mogtader AH, Devereux RB. Associ-
ation of aortic dilatation with regurgitant, stenotic and func-
tionally normal bicuspid aortic valves. J Am Coll Cardiol
1992; 19: 283-8.

12. Lemon DK, White CW. Annuloaortic ectasia: angiographic,
hemodynamic and clinical comparison with aortic valve in-
sufficiency. Am J Cardiol 1978; 41: 482-6.

13. David TE. Aortic root aneurysms: remodeling or composite
replacement? Ann Thorac Surg 1997; 64: 1564-8.

14. Schlatmann TJ, Becker AE. Pathogenesis of dissecting
aneurysm of the aorta. Comparative histopathologic study

of significance of medial changes. Am J Cardiol 1977; 39:
21-6.

15. Agozzino L, De Vivo F, Falco A, de Luca Tupputi Schinosa
L, Cotrufo M. Non-inflammatory aortic root disease and
floppy aortic valve as cause of isolated regurgitation: a clin-
ico-morphologic study. Int J Cardiol 1994; 45: 129-34.

16. Ueda T, Shimizu H, Aeba R, et al. Prognosis of Marfan and
non-Marfan patients with cystic medial necrosis of the aor-
ta. Jpn J Thorac Cardiovasc Surg 1999; 47: 73-8.

17. Bellitti R, Caruso A, Festa M, et al. Prolapse of the “floppy”
aortic valve as a cause of aortic regurgitation. A clinico-
morphologic study. Int J Cardiol 1985; 9: 399-412.

18. Schlatmann TJ, Becker AE. Histologic changes in the nor-
mal aging aorta: implications for dissecting aortic
aneurysm. Am J Cardiol 1977; 39: 13-20.

19. Robicsek F, Thubrikar M. The role of sinus compliance in
aortic valve function. Am J Cardiol 1999; 84: 944-6.

20. Choo SJ, McRae G, Olomon JP, et al. Aortic root geometry:
pattern of differences between leaflets and sinuses of Val-
salva. J Heart Valve Dis 1999; 8: 407-15.

21. Dagum P, Green GR, Nistal FJ, et al. Deformational dy-
namics of the aortic root. Modes and physiologic determi-
nants. Circulation 1999; 100 (Suppl): II54-II62.

22. Cotrufo M, De Santo LS, Esposito S, et al. Asymmetric me-
dial degeneration of the intrapericardial aorta in aortic valve
disease. Int J Cardiol 2001; 81: 37-41.

23. Agozzino L, Ferraraccio F, Esposito S, et al. Medial degen-
eration does not involve uniformly the whole ascending aor-
ta: morphological, biochemical and clinical correlations.
Eur J Cardiothorac Surg 2002; 21: 675-82.

24. Bechtel JF, Noack F, Sayk F, Erasmi AW, Bartels C, Sievers
H. Histopathological grading of ascending aortic aneurysm:
comparison of patients with bicuspid versus tricuspid aortic
valve. J Heart Valve Dis 2003; 12: 54-61.

25. Bauer M, Pasic M, Meyer R, et al. Morphometric analysis
of aortic media in patients with bicuspid and tricuspid aor-
tic valve. Ann Thorac Surg 2002; 74: 58-62.

26. Veinot JP. Non-uniform aortic medial degenerative changes
associated with aortic valve disease. Eur J Cardiothorac
Surg 2002; 22: 1036-7.

27. Wheat MW Jr, Wilson JR, Bartley TD. Successful replace-
ment of the entire ascending aorta and aortic valve. JAMA
1964; 188: 717.

28. Urbanski PP, Wagner M, Zacher M, Hacker RW. Aortic root
replacement versus aortic valve replacement: a case-match
study. Ann Thorac Surg 2001; 72: 28-32.

29. Houel R, Soustelle C, Kirsch M, Hillion ML, Renaut C,
Loisance DY. Long-term results of the Bentall operation
versus separate replacement of the ascending aorta and aor-
tic valve. J Heart Valve Dis 2002; 11: 485-91.

30. Simon-Kupilik N, Schima H, Huber L, et al. Prosthetic re-
placement of the aorta is a risk factor for aortic root
aneurysm development. Ann Thoac Surg 2002; 73: 455-9.

31. Yun KL, Miller DC, Fann JL, et al. Composite valve graft
versus separate aortic valve and ascending aortic replace-
ment: is there still a role for the separate procedure? Circu-
lation 1997; 96: 368-75.

32. Bentall H, De Bono A. A technique for complete replace-
ment of the ascending aorta. Thorax 1968; 23: 338-9.

33. Carrel T, Pasic M, Jenni R, Tkebuchava T, Turina MI. Re-
operations after operation on the thoracic aorta: etiology,
surgical techniques, and prevention. Ann Thorac Surg 1993;
56: 259-68.

34. Cabrol C, Pavie A, Messenildrey P, et al. Long-term results
with total replacement of the ascending aorta and reimplan-
tation of the coronary arteries. J Thorac Cardiovasc Surg
1986; 91: 17-25.

35. Kouchoukos NT, Wareing TH, Murphy SF, Perrillo JB. Six-

594

Ital Heart J Vol 4 September 2003



teen-year experience with aortic root replacement. Results
of 172 operations. Ann Surg 1991; 214: 308-18.

36. Gott VL, Gillinov AM, Pyeritz RE, et al. Aortic root re-
placement. Risk factor analysis of a seventeen-year experi-
ence with 270 patients. J Thorac Cardiovasc Surg 1995;
109: 536-44.

37. Moreno-Cabral CE, Miller DC, Mitchell RS, et al. Degen-
erative and atherosclerotic aneurysms of the thoracic aorta.
Determinants of early and late surgical outcome. J Thorac
Cardiovasc Surg 1984; 88: 1020-32.

38. De Paulis R, De Matteis GM, Nardi P, Scaffa R, Bassano C,
Chiariello L. Analysis of valve motion after the reimplanta-
tion type valve-sparing procedure (David I) with a new aor-
tic root conduit. Ann Thorac Surg 2002; 74: 53-7.

39. Kunzelman KS, Grande KJ, David TE, Cochran RP, Verrier
ED. Aortic root and valve relationship. Impact on surgical
repair. J Thorac Cardiovasc Surg 1994; 107: 162-70.

40. David TE, Armstrong S, Ivanov J, Feindel CM, Omran A,
Webb G. Results of aortic valve-sparing operations. J Tho-
rac Cardiovasc Surg 2001; 122: 39-46.

41. Yacoub MH, Gehle P, Chandrasekaran V, et al. Late results
of valve-sparing operation in patients with aneurysms of as-
cending aorta and root. J Thorac Cardiovasc Surg 1998;
115: 1080-90.

42. David TE, Ivanov J, Armstrong S, Feindel CM, Webb GD.
Aortic valve-sparing operations in patients with aneurysms
of the aortic root or ascending aorta. Ann Thorac Surg 2002;
74: S1758-S1761.

43. McCready RA, Pluth JR. Surgical treatment of ascending
aortic aneurysms associated with aortic valve insufficiency.
Ann Thorac Surg 1979; 28: 307-16.

44. Grande KJ, Cochran RP, Reinhall PG, Kunzelman KS.
Stress variations in the human aortic root and valve: the role
of anatomic asymmetry. Ann Biomed Eng 1998; 26: 534-
45.

45. Robicsek F. A new method to treat fusiform aneurysms of
the ascending aorta associated with aortic valve disease: an
alternative to radical resection. Ann Thorac Surg 1982; 34:
91-4.

46. Robicsek F, Thubrikar MJ. Conservative operation in the
management of annular dilatation and ascending aortic
aneurysm. Ann Thorac Surg 1994; 57: 1672-4.

47. Harrison LH Jr, Heck HA Jr. Shawl lapel aortoplasty. Ann
Thorac Surg 1996; 62: 1867.

48. Baumgartner F, Omari B, Pak S, Ginzton L, Shapiro S, Mil-
liken J. Reduction aortoplasty for moderately sized ascend-
ing aortic aneurysms. J Card Surg 1998; 13: 129-32.

49. Mueller XM, Tevaearai HT, Genton CY, et al. Drawback of
aortoplasty for aneurysm of the ascending aorta associated
with aortic valve disease. Ann Thorac Surg 1997; 63: 762-
7.

50. Natsuaki M, Itoh T, Rikitake K, Okazaki Y, Naitoh K. Aor-
tic complications after aortic valve replacement in patients
with dilated ascending aorta and aortic regurgitation. J
Heart Valve Dis 1998; 7: 504-9.

51. Bauer M, Pasic M, Schaffarzyk R, et al. Reduction aorto-
plasty for dilatation of the ascending aorta in patients with
bicuspid aortic valve. Ann Thorac Surg 2002; 73: 720-3.

52. Cotrufo M, Della Corte A, De Santo LS, De Feo M, Covino
FE, Dialetto G. Asymmetric medial degeneration of the as-
cending aorta in aortic valve disease: a pilot study of surgi-
cal management. J Heart Valve Dis 2003; 12: 127-33.

M Cotrufo et al - Aortic valve disease and dilated ascending aorta

595


