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Aortic valve sparing techniques: pearls and pitfalls
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Abstract: Aortic valve sparing procedures became more popular in the last decades due to the better
understanding of aortic root physiology. Searching for an optimal root reconstruction several modifications
have been proposed to the original reimplantation (David) and to the remodeling (Yacoub) technique.
Currently, the most adopted technique worldwide is the reimplantation because of its peculiar characteristics
of annular stabilization, support of the aortic wall, and better hemostatic efficacy. The remodeling technique
aims for optimal root restoration, but does not prevent annular dilatation and may be associated with a higher
risk of bleeding. The main theoretical issue with the classic reimplantation operation is the elimination of
Valsalva’s sinuses which play a fundamental role in regulating leaflet dynamics. On the other hand, data on
long-term aortic valve performance in classic reimplantation procedures without sinuses appears to hold
well the test of time. However, over the time this technique has been often modified attempting to re-create
sinuses, it is therefore difficult to draw definite conclusions. In the last decade, the use of “anatomic” Dacron
graft designed specifically for root reconstruction or specific modifications to the straight Dacron graft, led
to a standardization of the technique and consequently to a stable improvement of the results and to the
diffusion of the reimplantation. However, long-term durability of the spared valve assessed by the incidence
of residual aortic valve insufficiency and/or the need for reoperation during the follow-up is still to be
clarified. Overall, the results are satisfactory especially in consideration of the relatively “young age” of this
technique. A spared aortic valve with moderate valve regurgitation and/or eccentric aortic jet soon after the
procedure, will invariably lead to a later need for reoperation. Therefore, a good coaptation height inside a
repaired root warrant long-lasting results.
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“Aortic valve sparing” (AVS) operations were developed
with the aim of preserving the native and functionally
intact aortic valve in the aneurysmal disease of the aortic
root. These procedures are known as the “reimplantation”
technique, introduced by T. David (1) and the “remodeling”
technique, described by Sir M. Yacoub (2) in the early
1990s. However, despite 30 years of experience of AVS,
disorientation still exists on the strengths and weaknesses
of the two AVS operations. Over the past decades
fundamental advancements have occurred in the field
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of aortic valve repair, such as the clarification of AVS
techniques, establishment of a classification system for
aortic insufficiency (AI) and specific surgical approaches to
cusp disease with bicuspid or tricuspid anatomy (3).
The basic concept of both procedures is to eliminate
the aortic root aneurysm and recovering the function of
the aortic valve. In the early iterations of these procedures,
the remodeling operation aims to replace the sinuses of
Valsalva with a tubular Dacron graft shaped in a threetongue fashion; the edges of the graft are then sewn to the
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Figure 1 Single horizontal pledgeted mattress sutures passed inside-out from the left ventricular outflow tract below the nadirs of aortic
leaflets at the level of the virtual basal ring.

crown-shaped annulus and the 1-to-2-centimeter remnant
of the aortic sinus. The remodeling operation needs a
careful suturing between the graft and the valve and aortic
remnants. In particular, to limit the risk of bleeding it is
paramount to anchor the graft exactly at the crown-shaped
cusp insertion where the border is composed mostly of
fibrous tissue. It is fundamental to keep in mind that this
anastomosis is directly exposed to the open pericardium
and may lead to small bleedings which are not easy to treat
when the aorta is closed and under pressure. Moreover, this
anastomosis is exposed to great tension and a watertight
suture is of primary importance. The remodeling procedure
was originally conceived to nicely recreate the geometry
of the root; but it did not address the aortic annulus and in
some patients led to “splaying of the graft tongues” over
time with development of AI as a consequence of loss of
central leaflet coaptation.
On the other hand, in the classic reimplantation
procedure a Dacron cylinder is placed around the aortic
root complex to completely enclose it rather than sitting
atop of it. Therefore, with one maneuver it corrects annular
ectasia in addition to dilatation of the sino-tubular junction.
The reimplantation fixes the graft proximally at the virtual
basal ring (VBR) below the leaflets and the commissure
are sewn inside the prosthetic conduit. This explains the
rationale for an accurate root dissection in order to be
really able to “pull” the valve out of the heart and reach
the level of the VBR from the external wall of the root
(Figure 1). The suture of the remnants of the aortic root
into the Dacron allows optimal support for the aortic wall
and reduces the chance of bleeding.
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However, from a theoretical point of view the main
issue with the classic reimplantation is the elimination of
Valsalva’s sinuses that are involved in leaflets motion. The
theoretic standpoints favoring the use of grafts with recreation of pseudo-sinuses encompass, among other reasons,
decreased closing velocities of the aortic leaflets, reduced
diastolic stresses on the cusps, therefore a potentially
enhanced valve durability (4-6). Nevertheless, long-term
results of classic reimplantation technique without sinuses
also demonstrate long-term good results (7,8). However,
over the time the reimplantation technique has been
modified towards the re-creation of sinuses, therefore it is
difficult to draw definite conclusions. With this concept in
mind, a Dacron conduit designed specifically for aortic root
operation was introduced by our group in the early 2000.
This graft, called the “Valsalva” graft (Vascutek, Terumo)
has been our choice for AVS since the beginning of our
experience (9). Since then, for reimplantation procedure
we followed the key steps first described by David, but we
introduced some details necessary to adapt the graft to each
“patient’s aortic valve” (Figure 2).
Besides the key role of the sinuses, the importance of
re-establishing a normal geometry and dimension of the
valve inside the reconstructed root has appeared as the most
important single step for a long-lasting optimal result. In
particular likewise in mitral valve diseases, the annuloplasty
is efficient in re-establishing the dilated aortic annulus
which is often part of the problem. It goes without saying
that a stable annuloplasty become even more important
in cases of evident annular ectasia, such as in patients with
diseases of the connective tissue.
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Video 1. Reimplantation procedure with the
Valsalva graft
▲
Ruggero De Paulis*, Raffaele Scaffa, Andrea
Salica, Luca Weltert, Lorenzo Guerrieri Wolf,
Giulio Folino
Department of Cardiac Surgery, European
Hospital, Rome, Italy

Figure 2 Reimplantation procedure with the Valsalva graft (10).
Available online: http://www.asvide.com/watch/32942

However, it has to be emphasized that, independently
on the preferred procedure, remodeling or reimplantation,
it is paramount to normalize cusp configuration and
cusp geometry. In fact, when suturing the Dacron to
the valve remnant, attention must be paid not to distort
the orientation and distance of the commissures (2 or 3
depending on the valve phenotype). The distortion may
indeed provoke leaflet prolapse that will need to be treated
to avoid any early residual AI with an eccentric jet. In
order to standardize the assessment of leaflet prolapse and
cusp configuration, the use of the caliper is recommended.
Using the effective height of 9–10 mm as a reference for an
expected normal coaptation, helps in identifying and correct
the possible leaflets prolapse (11). The simple shortening of
the leaflets free margin can eliminate the tissue redundancy
and normalize cusp geometry. On this topic, the use
of central plicating sutures at the level of the nodule of
Arantio appears easy to apply and reproducible. Moreover,
the central part of aortic leaflets is exposed to less stress in
comparison to the portion close to the commissure due to
the opening and closing motion which leads to a higher
stress. Employing a fine polytetrafluoroethylene (PTFE)
suture along the length of the free margin to reduce its
length is an alternative method, however it is more difficult,
less reproducible, and slightly less accurate to perform.
The two valve sparing procedures are not competitive to
each other; for aortic root aneurysm with normal annulus
[ventriculo-aortic junction (VAJ) <26 mm] the remodeling
could be preferred because annular diameter remains stable
over time, when the aortic valve is competent.
In young patients and genetic syndromes with dilatated
annulus (VAJ >28–30 mm) the reimplantation has proven
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to be highly effective with excellent long-term outcomes.
The reimplantation procedure is generally preferred for
its intrinsic ability to reduce and stabilize the annulus
diameter, while the addition of some form of annuloplasty
is becoming more frequent for those who prefer the
remodeling technique. Over the past years AVS techniques
have been significantly improved, therefore nowadays it
is feasible to perform a reimplantation procedure with a
vascular graft with pseudo-sinuses (12-14) or a remodeling
technique with annular stabilization (15,16). For the
associated annuloplasty there are mostly two different
options. The one proposed by Schäfers et al. (17) consists of
an external annuloplasty with a CV-0 PTFE suture placed
from outside the aortic wall, under the coronaries, at the
level of the VBR in a circumferential fashion and tighten
around a Hegar dilator of an appropriate size (frequently
23 to 25 mm). This annuloplasty requires limited root
dissection and shorter time to be performed, therefore is
an appealing option. The other option is an external ring
as proposed by Lansac (18), or a strip of Dacron, Teflon or
similar material that are fixed to the annulus with a series of
pledgeted sutures passed below the aortic valve similarly to
the technique used for the reimplantation. Soft fabric such
as Dacron or Teflon for external annuloplasty, if compared
to less flexible rings, adapt better to the heart tissue in
particular at the right coronary sinus where the presence of
right ventricular muscle acts as a barrier to properly reach
the level of the VBR.
AVS procedures are safe in terms of operative mortality
and long-term survival: data from the current literature
indeed, report a mortality rate from 0% to 10% and a 10year survival around 90%, which is comparable to standard
aortic valve surgery. The major issue is therefore the longterm durability of the spared valves in terms of recurrence
of AI and freedom from reintervention. Current data on the
long-term follow-up (>10 years) report a freedom from AI
and from reoperation around 90%. Small discrepancies in
the outcomes may depend on the single center experience
or the chosen technique (8,12,15,16,19).
Overall, the outcomes are satisfactory in particular
considering the relatively “young age” of these procedures.
Suboptimal results may depend on a wrong patient
selection, a failure to correct lesions on the leaflet, or an
incorrect surgical procedure that distorts the geometry
of the valve. AVS procedures resulting in a more than
trivial and central regurgitation early after the operation,
will invariably lead to a later reoperation. As warranty of
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a long-lasting valve function, it is fundamental to achieve
a satisfactory coaptation height inside the reconstructed
aortic root.
The key-points to achieving long-lasting AVS have
become clearer over the last years. The disparity between
the two technique have narrowed and today both comprise
a physiological root reconstruction and prolonged longterm durability. The choice for reimplantation technique
is founded on the impression of a better standardization
of the surgical technique, a lower risk of surgical bleeding
and larger amount of data on favorable long-term results.
Even if it is useful to be acquainted with both remodeling
or reimplantation procedures, it is suggested to perform
routinely 1 of the 2 techniques and get familiar with all
the “tips and tricks” which are fundamental to achieve
good and stable reproducibility of the results. It is not
advisable switching before having mastered one of the two
approaches.
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