
A nnuloaortic ectasia is a common
finding in patients with Marfan
syndrome and, more generally, in

diseases due to mutation of the fibrillin
gene, known as fibrillinopathies.1-4 It is well
known that in these patients the aorta is
more vulnerable to dissection, even when
its size is below the critical limit.5,6 The aor-
tic valve leaflets are usually overstretched
at the time the patient is taken for surgery
and the usual therapy is therefore the re-
placement of the aortic valve and the as-
cending aorta (Bentall procedure).7,8 The
disadvantages of this classical treatment
are the chronic anticoagulant medication
(increased risk of aortic dissection) and the
loss of the elastic properties and the com-
pliance of both the annulus and the aorta,
because of the placement of a metallic
valve prosthesis. However, when the valve
leaflets are physiological or marginally dis-
tended, the aortic valve may be preserved.
There are two main surgical techniques
that have been described for the preserva-

tion of the aortic valve using a tubular graft
and reimplantation of the coronary artery
ostia: the David reimplantation procedure
and the Yacoub remodelling procedure.9,10

We present two cases of young pa-
tients with fibrillinopathies and ectasia of
the aortic annulus and root, who were
treated with a modified David procedure
using a Valsalva graft, and we analyse the
postoperative haemodynamic parameters
of the valve and of the aorta.

Case 1

A man aged 32 years with known Marfan
syndrome and aneurysmatic dilatation of
the aortic root was admitted for surgical
treatment of his condition. The patient was
free of symptoms but recent magnetic reso-
nance imaging of the aorta had shown
aneurysmatic dilatation of the ascending
aorta that also included the annulus of the
valve. The size of the aneurysm was 60 x 55
mm (Figures 1, 2). The preoperative tran-
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soesophageal echocardiogram confirmed the dilata-
tion of the annulus and the overstretching of the aortic
valve leaflets (Figure 3). The valvular function was
slightly compromised with a small degree of regurgita-
tion. The patient underwent a modified David proce-
dure using a tubular Valsalva graft 30 mm in diameter.
The postoperative transoesophageal echocardiogram
showed a fully functioning valve. Figure 4 shows the
immediately postoperative state of the valve, in which
all three leaflets have good opening and no regurgita-
tion. The size of the annulus was 36 mm and the dis-
tance of the leaflets from the aortic wall during mid-
systole was 6.7 mm (Figure 5). The dimensions of the
ascending aorta at the mean level of the Valsalva si-
nuses and at the sinotubular junction were 37.7 mm
and 26.1 mm. Figure 6 shows the M-mode echocardio-
gram along the transverse axis at the level of the annu-
lus. The dimensions of the annulus in mid-systole and
diastole were 33.9 mm and 29.3 mm, respectively. The
difference between the measurements corresponds to
a 13.5% increase in size during systole.

The patient exhibited complete atrioventricular
block on the 2nd postoperative day. This persisted
until the 15th postoperative day and so a permanent
dual-chamber pacemaker was implanted.
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Figure 1. Magnetic resonance imaging of the ascending aorta,
showing dilatation of the root and one section.

Figure 2. Magnetic resonance imaging of the aortic root on the
transverse axis, showing the size of the aneurysm (60 x 55 mm).

Figure 3. Transverse section of the aortic valve on the transoe-
sophageal echocardiogram, showing the dilatation of the annulus
with preserved structure of the valve leaflets (tricuspid valve).

Case 2

A man aged 35 years with severe aortic regurgitation
due to an aortic root aneurysm 60 mm in diameter
and a tricuspid aortic valve with physiological leaflets
on preoperative transoesophageal echocardiogram
was treated using a modified David procedure, using



a tubular Valsalva graft 28 mm in diameter. The
postoperative transoesophageal echocardiogram
showed a fully functioning valve. The patient’s post-
operative course was smooth and he was discharged
on the 7th postoperative day. He remains free of
symptoms one year later. The transthoracic echocar-
diogram at one-year follow up showed no aortic re-
gurgitation.

Description of surgical technique

The procedures were carried out under extracorpo-
real circulation and mild hypothermia (35ÆC). Ante-
grade warm blood cardioplegia rich in potassium and
magnesium was used for the protection of the my-
ocardium, according to Calafiore’s protocol.11 After
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Figure 4. Postoperative transoesophageal echocardiographic im-
age during mid-systole, showing the three leaflets of the aortic
valve.

Figure 5. M-mode echocardiogram at the level of the aortic valve,
showing the distance between the valve commissures and the wall
of the graft during mid-systole (6.7 cm).

occlusion of the aorta, the aneurysm was opened and
the aortic valve leaflets were checked and found to
be physiological in both cases. The coronary artery
ostia were prepared, leaving a small margin (2-3 mm)
of aortic tissue around them for their later reimplan-
tation. All the tissue of the aortic root was removed
apart from 3 mm of tissue above the aortic annulus,
which was used for its reimplantation. Twelve hori-
zontal Ethibond 2/0 U stitches were placed below the
aortic annulus in order to fix the graft in the inflow
suture line. The choice of graft diameter was based on
the diameter of the left ventricular outflow tract.

The Valsalva graft (Figure 7) differs from the
classical tubular grafts in that it includes in its first
portion a region that resembles the sinuses of Valsal-
va. The three commissures of the valve are fixed to

Figure 6. M-mode echocardiogram at the level of the aortic valve,
showing the difference in the diameter of the annulus between di-
astole and systole (2.93 cm and 3.39 cm, respectively, difference
13.5%). 

Figure 7. The Valsalva graft in which the annulus and the aortic
valve leaflets can be seen.



the boundary where the graft changes from spherical
to tubular in such a way as to trisect the graft. The
annulus of the aortic valve is sutured to the graft us-
ing continuous polypropylene 4/0 sutures. The coro-
nary arteries are then reimplanted using continuous
polypropylene 5/0 sutures and the graft is anasto-
mosed with the ascending aorta using continuous
polypropylene 4/0 sutures.

Discussion

Marfan syndrome is a hereditary disease of the con-
nective tissue which is due in the majority of cases to
mutations in the fibrillin-1 gene and less commonly to
mutations of the fibrillin-2 gene, which genes are based
on chromosomes 15 and 5, respectively. So far, more
than 85 mutations of the gene have been identified. It
is well known that patients with Marfan syndrome, as
well as those who have the traits of the syndrome but
lack the genotype (Marfanoid), have a higher inci-
dence of aortic root aneurysm compared with the gen-
eral population.3,4 The aortic disease is usually limited
to the media, while the annulus and the valve leaflets
may remain physiological, at least in the initial stages.
As the media degenerates, the aorta widens, leading to
dilatation of the annulus that drags the valve leaflets
apart, the final result being aortic regurgitation and an
increased risk of aortic dissection. Because of these el-
evated risks it has been proposed that surgical treat-
ment should be instigated when the aortic dimensions
exceed 50 mm, as opposed to the 55 mm that is taken
as the critical limit in the general population.5

The classical surgical treatment of the condition
includes replacement of the aortic valve and ascend-
ing aorta. The disadvantages of this form of therapy
are easy to understand.12 In the majority of patients a
metallic valve is implanted, leading to a need for
chronic anticoagulant medication, which is undesir-
able in individuals at high risk for dissection. The
procedure also has significant negative consequences
for the physiological function of the aorta. It is well
known that the elastic properties of the aorta and its
annulus allow its diameter to increase and decrease
during systole and diastole by as much as 10%. It
should be noted that the elastic properties of the aor-
ta in patients with Marfan syndrome are in any case
pathological,3 regardless of the size of the aorta, be-
cause of the intrinsic disturbance of the wall. With
the placement of a prosthetic valve, however, the
elastic properties of the annulus disappear, further
compromising the compliance of the organ.

Since the end of the 1980s, various techniques
have been developed for preserving the valve by
transplanting it to a graft that is sutured to the valve
annulus (Yacoub and David procedures).9,10,13,14 The
main surgical difference between the reimplantation
of the aortic valve in the David procedure and Ya-
coub remodelling is that in the David procedure the
prosthetic graft surrounds the aortic annulus using
double lines of sutures. In the Yacoub procedure the
graft is sutured on to the aortic annulus, which re-
quires only a single line of sutures.15

The David procedure is a laborious and rather
time-consuming operation. To compensate, howev-
er, it involves less haemorrhage during and after
surgery, so that cardiac surgical teams prefer to use
it in cases of dissection of the ascending aortic in
patients with Marfan syndrome. Also, the reopera-
tion rate as a consequence of aortic regurgitation is
smaller than in Marfan patients who undergo the
Yacoub procedure. Our team employs a modified
David I procedure using a Valsalva graft that per-
mits the most physiological replacement possible of
the aortic root, which is characterised by the swirling
currents of Leonardo da Vinci.16 These currents
play an important role in the opening and closing of
the aortic valve leaflets and in consequence their
elimination could affect the life expectancy of the
repair.

The great advantage of the method is the excellent
immediate haemodynamic and echocardiographic pa-
rameters seen for both the valve and the aortic root.
These include the absence of pressure gradient and the
absence of regurgitation. From the M-mode echocar-
diogram it can be seen that the distance of the commis-
sures from the aortic wall during mid-systole is 6.7 mm.
Contact between the crescent-shaped commissures of
the aortic valve and the wall of the graft is known to be
responsible for thickening of the leaflets, which pro-
motes their degeneration.17 From recent publications
by David et al,9 it appears that the careful avoidance of
contact between the commissures and the graft during
systole reduces 5-year reoperation by 99% and 5-year
aortic regurgitation by 90%. Also, the elastic proper-
ties of the aortic annulus were preserved in our pa-
tients, since we saw a difference in diameter between
systole and diastole of 4.6 mm (13.5%).

To conclude, it must be stressed that there is no
need for oral anticoagulants, which is extremely de-
sirable in this category of patients, where the risk of
aortic dissection is higher than in the general popula-
tion.
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