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Aortic Valve Sparing Operations: A Review

Tirone E. David, M.D.

Aortic valve sparing operations were developed to preserve the native aortic valve during surgery for aortic root
aneurysm as well as surgery for ascending aortic aneurysms with associated aortic insufficiency. There are basi-
cally two types of aortic valve sparing oprations: remodeling of the aortic root and reimplantation of the aortic
valve. These operations have been performed for over two decades and the clinical outcomes have been excellent
in experienced hands. Although remodeling of the aortic root is physiologically superior to reimplantation of the
aortic valve, long-term follow-up suggests that the latter is associated with lower risk of developing aortic
insufficiency. Failure of remodeling of the aortic root is often due to dilatation of the aortic annulus. Thus, this
type of aortic valve sparing should be reserved for older patients with ascending aortic aneurysm and normal aort-
ic annulus whereas reimplantation of the aortic valve is more appropriate for young patients with inherited disorders
that cause aortic root aneurysms. This article summarizes the published experience with these two operations. They
are no longer experimental procedures and should be part of the surgical armamentarium to treat patients with

http://dx.doi.org/10.5090/kjtcs.2012.45.4.205

aortic root aneurysm and ascending aortic aneurysms with associated aortic insufficiency.
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BACKGROUND

The term “aortic valve sparing operation” was first used in
one of our publications that described a new surgical proce-
dure for reconstruction of the aortic root with preservation of
the native aortic valve in patients with aortic root aneurysm
with or without aortic insufficiency (AI) [1]. That operation
consisted in excising the aortic sinuses along with the coro-
nary arteries and reimplanting the aortic valve and coronary
arteries inside a cylindrical Dacron graft. A prerequisite was
that the aortic cusps should be normal or have minimal ana-
tomic changes. One year later, Sarsam and Yacoub [2] pub-

lished a study titled “remodeling of the aortic valve annulus”

whereby the aortic sinuses were excised and replaced with
tailored tubular Dacron graft with three neo-aortic sinuses. In
1995 we pusblished a study on 45 patients with aortic root
aneurysm and ascending aortic aneurysms with Al and de-
scribed an array of different operative procedures that ranged
from simple adjustment of the sinotubular junction in patients
with ascending aortic aneurysm and Al due to dilation of the
sinotubular junction to replacement of one, two, or three aort-
ic sinuses with a tailored tubular Dacron graft to reimplan-
tation of the aortic valve into a cylindrical Dacron graft [3].
We referred to the latter operation as “reimplantation of the
aortic valve” and to the others as “remodeling of the aortic

root” [4]. Many surgeons have described modifications to the
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original techniques of reimplantation of the aortic valve and
remodeling of the aortic root [5-11]. In this paper we will re-
view only the information of the original techniques because

there are no long-term data on the newer modifications.

PATIENTS’ SELECTION

Aortic valve sparing operations were developed to preserve
the aortic valve in patients with aortic root aneurysm with or
without AI and in patients with ascending aortic aneurysm
and Al secondary to dilation of the sinotubular junction [4].
In both instances the cusps have to be reasonably normal.
Trans-esophageal echocardiography remains the best diag-
nostic tool to select patients for these operations. All the
components of the aortic root must be carefully interrogated,
particularly the aortic cusps since they are the most important
determinant of repairability. Calcified, sclerotic, and stiff
cusps are not suitable for repair. Neither are pliable cusps
with thickened free margins due to longstanding regurgitation
when the cusps heights are reduced. Prolapse of one or more
cusps does not preclude a good repair if the cusp tissue is
found to be of good strength at surgery. The free margins of
the cusps can be shortened by plication or by a triangular re-
section along the nodule of Arantius. Cusps with large fenes-
trations can be reinforced with a double layer of a fine suture
of expanded polytetrafluoroethylene. Cusp repair does not
seem to alter the long-term results in series of cases done by
experienced surgeons [12,13]. In addition to the aortic cusps,
anatomic, and geometric information regarding the aortic an-
nulus, aortic sinuses and sinotubular junction must be ob-
tained by trans-esophagel echocardiography to aid the surgeon
to plan the procedure. The diameter of the aortic annulus is
surprisingly small in patients with normal aortic valves [14]
and surgeons must have this knowledge to determine when

the aortic annulus is dilated.

OPERATIVE TECHNIQUES

The operative techniques of reimplantation of the aortic
valve and remodeling of the aortic root have been extensively
published [1,3,4,15,16]. We continue to use both techniques
and try to match the procedure to the pathology of the aortic

Fig. 1. Replacement of the ascending aorta with adjustment of
diameter of the sinotubular junction to correct aortic insufficiency.
Dilatation of the sinotubular junction prevents the cups from coapt-
ing centrally. Replacement of the ascending aorta with a graft of
appropriate diameter and sutured to the aortic root at the level of
the sinotubular junction restores valve competence.

root.

Older patients (e.g., age >50 years) with ascending aortic
aneurysm and dilated sinotubular junction with normal cusps
and normal aortic annulus and moderate or severe Al can
have simple replacement of the ascending aorta with reduc-
tion of the diameter of the sinotubular junction to allow the
cusps to coapt centrally [17,18]. This type of remodeling of
the aortic root is illustrated in Fig. 1. It is relatively simple
and the results have been excellent [17,18]. One or more
cusps may need shortening of the free margin if they are pro-
lapsing [18]. The non-coronary aortic sinus may be dilated
and thinned out in some patients and it may be safer to re-
place it by tailoring the end of the Dacron to create a
neo-aortic sinus [4]. This procedure is illustrated in Fig. 2. If
all 3 aortic sinuses are dilated a complete remodeling is
needed [4,15,16], as shown in Fig. 3.

Younger patients with inherited aortic root aneurysms such

as in Marfan syndrome, Loyes-Dietz syndrome, familial
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aneurysm, and others may have associated annuloaortic ecta-
sia or develop dilatation of the aortic annulus years after the
remodeling of the aortic root and have an increased risk of
late AI [19-23]. Thus, these patients should have re-
implantation of the aortic valve to permanently stabilize the
aortic annulus. Reimplantation of the aortic valve into a cy-
lindrical graft has been used extensively and the long-term re-
sults have been excellent [16,24,25]. This operation is illus-

trated in Fig. 4. The diameter of the graft is determined ei-

Fig. 2. Replacement of the ascending aorta with adjustment of
diameter of the sinotubular junction and replacement of the
non-coronary aortic sinus. When the non-coronary sinus is dilated,
the graft selected to correct the dilatation of the sinotubular junc-
tion can be tailored to replace one or more sinues.

Aortic Valve Sparing Operations

ther by estimating the ideal diameter of the sinotubular or by
measuring the height of the cusps [1,15,16]. We often meas-
ure the diameter of the aortic annulus, the height of the cusps
and estimate the ideal diameter of the sinotubular junction
before choosing a graft. The latter can be estimated by pull-
ing on the three commissures upward and approximating
them until the cusps touch each other in the center. The di-
ameter of the circle that includes all three commissures is the
estimated sinotubular junction. De Kerchove et al. [26] de-
termine the diameter of the graft by measuring the height of
the commissure between the non-coronary cusp and the left
coronary cusp. Patients with aortic root aneurysm may have
cusps larger than normal [27] and dilated aortic annulus and
no single measurement is adequate to select the diameter of
the graft in all cases. If the selected graft is too large it may
not reduce the diameter of the aortic annulus to allow for ad-
equate cusp coaptation, and if the graft is too small the cusps
may touch the graft during systole with consequent cusp
abrasion. In our experience most patients with aortic root
aneurysm need grafts of 26 to 34 mm. It has been shown
that the presence of aortic sinuses is important for normal
cusp motion and reduction of cusp stress [28-31]. There is
echocardiographic evidence that opening and closure velocity
of the cusps are increased when the valve is reimplanted into
a cylindrical graft without neo-aortic sinuses and creation of
neo-aortic sinuses reduces the velocity [30,31]. In addition to
the aortic sinuses, compliance of aortic root is also important
to modulate mechanical stresses on the cusps [32]. From this

viewpoint, remodeling of the aortic root is physiologically su-

Fig. 3. Complete remodeling of the
aortic root with replacement of all
three aortic sinuses and reimplan-
tation of the coronary arteries. (A)
The three aortic sinuses are excised
leaving 4 to 5 mm of sinus wall at-
tached to the aortic annulus. (B) A
tubular Dacron graft is tailored to
create 3 neo-aortic sinuses. The cor-
onary arteries are reimplanted.
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Fig. 4. Reimplantation of the aortic valve into a cylindrical Dacron
graft. The aortic sinuses are excised as in Fig. 3A. The aortic
valve is sutured inside a tubular Dacron graft of diameter equal
to the sinotubular junction or equal to two-thirds of the double of
the cusps heights. The graft is secured beneath the aortic annu-
lus and the remnants of the aortic sinuses are sutured to the
Dacron graft. The coronary arteries are reimplanted.

perior to reimplantation of the aortic valve because post-
operatively the aortic annulus movements closely resemble
the normal [28]. However, as stated above remodeling of the
aortic root does not correct or prevent annular dilatation and
development of late Al is a serious drawback in young pa-
tients [19-23]. Thus, reimplantation remains the procedure of
choice to treat patients with inherited aortic root aneurysms.
Whether creation of neo-aortic sinuses is important remains to
be proven because the longest follow-up on this operation is
on patients who had a cylindrical graft and the results have
been excellent up to 15 years [16,24,25]. There are two com-
mercially available grafts with aortic sinuses that can be used
for the reimplanation procedure [6,7]. The initial results with
the Valsalva Graft (Vascutek Ltd., Renfreshsire, Scotland) ap-
pear satisfactory [33,34]. Our reservation regarding that graft
is its shape. The sinuses are spherical and in the normal aort-
ic root the aortic annulus evolves along a cylinder with three
sinuses in between the annulus. The graft described by
Richardt et al. [7] is anatomically correct but it is not yet
widely used. It is also possible to create neo-aortic sinuses

with a tubular Dacron graft by selecting a graft 2 to 4 mm

Fig. 5. Reimplanation of the aortic valve into a cylindrical Dacron
graft with creation of neo-aortic sinuses. A tubular Dacron graft 4
mm larger than needed is used for reimplantation of the aortic
valve and the spaces in between commissure are plicated to cre-
ate neo-aortic sinuses.

larger than what is needed for the reimplantation and then
plicating the areas of the graft that correspond to the nadir of
the aortic annulus and the spaces in between commissures
[15,16]. This technique is illustrated in Fig. 5. That is the
technique we have used during the past decade since we do
not have access to the Richardt’s graft [7] due to regulatory
issues in Canada.

Whether the remodeling of the aortic root or reimplantation
of the aortic valve is used, at the end of the procedure the
cusps must coapt within the reconstructed aortic root and the
cusps must coapt for several millimeters [35,36]. In order to
accomplish that the free margin of the cusps may have to be
shortened by plication along the nodule of Arantius or with
reinforcement of the free margin with fine expanded poly-
tetrafluoroethylene sutures [12,13].

Bicuspid aortic valve may be associated with aortic root
aneurysm and if the cusps are of reasonable quality they can
be preserved and provide satisfactory results. Since dilatation
of the aortic annulus is often present in patients with in-
competent bicuspid aortic valves, the technique of re-
implantation of the aortic valve is probably better than other
techniques [37]. Cusp area enhancement with glutaraldehyde
fixed pericardial patch shortens the durability of repair [38].

In addition, truly bicuspid aortic valves (type O in Sievers
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and Schmidtke’s classification [39]) and those with type 1 or
2 but anatomically similar to type O (cusps arrangement close
to 180°) seem do provide more stable long-term results [38].

An occasional patient with aortic root aneurysm, partic-
ularly those with bicuspid aortic valve, will have a coronary
artery orifice too close to a commissure to be safely detached
and then reimplanted [40]. In this anatomic situation we leave
the coronary artery attached to the aortic root and tailor the
Dacron graft in such way as to support the aortic annulus
from the outside and create an orifice in the graft to accom-

modate the anomalously inserted coronary artery [40].

OPERATIVE OUTCOMES

The operative mortality of aortic valve sparing procedures
is reportedly low. In Yacoub’s series [41] of 158 patients
who had remodeling of the aortic root from 1979 through
1997, the overall mortality was 4.6% but included 49 patients
with acute aortic dissection. In our series [16] of 289 patients
(228 reimplantation and 61 remodeling) operated from 1988
through 2007, the operative mortality was 1.7%. The oper-
ative mortality was 2.8% among 144 patients enrolled in a
multicenter trial on the remodeling procedure and aortic annu-
loplasty reported by Lansac et al. [42]. In a multicenter trial
on the reimplantation technique using the Valsalva Graft re-
ported by De Paulis et al. [33] the operative mortality was
1.8% among 278 patients.

Aortic valve sparing operations are complex operative pro-
cedures and require long cardiopulmonary bypass and aortic
clamping times, which often increase the risk of post-pump
coagulopathy. In addition, there are numerous areas where
bleeding can occur. Thus, postoperative bleeding and the need
for re-exploration of the mediastinum is a common complica-
tion of these operations [16]. Other postoperative problems
are similar to those associated with aortic root surgery: com-
plete heart block, myocardial infarction, infection, dysrhyth-
mias, respiratory failure, renal failure, etc, but they are all

uncommon.

LONG TERM RESULTS

The mean age of patients who has had these operations

Aortic Valve Sparing Operations

varies widely among reported series [33,41-43]. Many series
do not distinguish patients with primary aortic root aneurysm
from those with ascending aortic aneurysm and secondary di-
latation of the aortic sinuses, and since the latter is more
common in older patients, the mean age of their patients will
be higher than in those series that include large numbers of
patients with inherited disorders of the aortic root such as
Marfan syndrome. Regardless of the patients’ mix, the long
term survival following aortic valve sparing operations is ex-
cellent [9,16,33,41-44]. The survival is similar to that of the
general population in patients without aortic dissection
[41,43,44].

Valve-related complications such as thromboembolism and
infective endocarditis are relatively rare and the rates are cer-
tainly much lower than after replacement of the aortic root
with prosthetic devices [34,45-48].

The main problem after aortic valve sparing operations is
the development of aortic insufficiency. It has been estab-
lished that in young patients with inherited connective tissues
disorder reimplantation of the aortic valve provides more sta-
ble aortic valve function than remodeling of the aortic of the
aortic root [20,23,24,47,48]. The main cause of early failure
of aortic valve sparing operations is technical errors [49] and
probably lack of recognition of cusp prolapse. As mentioned
above, regardless of the technique used to repair the dilated
aortic root, the cusps must coapt above the level of the nadir
of the aortic annulus and the coaptation length must be of at
least 4 mm in the central part. The main cause of late failure
is probably degeneration of the aortic cusps but more in-
formation is needed to confirm this observation. It has been
postulated that a rigid aortic root may accelerate degenerative
changes in the aortic cusps [32]. Interestingly, we have found
that age had a protective effect against the development of
late aortic insufficiency after reimplantation of the aortic
valve [16], suggesting that elastic aortic cusps probably have
greater adaptability to a rigid root than the more sclerotic
ones often seen in older patients.

Some surgeons found that preoperative aortic insufficiency
and the need for cusp repair at the time of surgery are pre-
dictive of postoperative aortic insufficiency [9,23], whereas
others do not believe that incompetent aortic valves before

surgery or cusp repair has deleterious effects on long term
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Table 1. Freedom from reoperation and freedom from moderate
and severe aortic insufficiency after aortic valve sparing operations

Freedom from
moderate/severe Al

Freedom from
reoperation

10 yr 15 yr 10 yr 15 yr

Remodeling (%)
Yacoub et al. [41] 89 - 64 -

Aicher et al. [52] 97 (BAV) - 96 (BAV) -
95 (TAV) - 87 (TAV) -

Reimplantation (%)
David et al. [25] 98 98 93 89
De Paulis et al. [33] 91 - 88 -
Shrestha et al. [24] 87 - -
Kvitting et al. [53] 92 - 95 -

Al, aortic insufficiency; BAV, bicuspid aortic valve; TAV, tri-
cuspid aortic valve.

outcomes [12,16,50,51]. This difference is probably due to
patients’ selection or incorrect matching of the procedure to
the pathology [13].

We believe the long term results of remodeling of the aort-
ic root are equally good to reimplantation of the aortic valve
when performed in the correct patient. Older patients with
normal aortic annulus and dilated sinuses are not likely to de-
velop annulo-aortic ectasia and the remodeling procedure pro-
vides excellent long term valve function [16]. Younger pa-
tients, particularly those with Marfan syndrome, Loyes-Dietz
syndrome and familial aneurysms do better with re-
implantation of the aortic valve. In a recent review of our ex-
perience with reimplantation of the aortic valve in 296 pa-
tients whose mean age was 47 years (range, 11 to 79 years),
and followed up to 22 years, mean of 6.4 years, only 3 pa-
tients required reoperation on the aortic valve and 11 devel-
oped moderate or severe aortic insufficiency [25]. In that ser-
ies, the freedom from reoperation at 15 years was 98% and
the freedom from moderate or severe aortic insufficiency was
89%. These results are excellent and certainly better than
those obtained after mitral valve repair, the gold standard ap-
proach to treat mitral regurgitation due to degenerative dis-
eases of the mitral valve.

Patients with Marfan syndrome and other inherited aortic
root aneurysm seem to benefit for reimplantation of the aortic

root. In recent review of our experience we found that

Marfan syndrome was protective against the development of
late aortic insufficiency [25].

Several centers have accumulated sizeable experience with
aortic valve sparing operations [23,33,34,37,53-55]. Table 1
summarizes freedom from reoperation on the aortic valve and
freedom from moderate or severe aortic insufficiency in large

series with follow-up of at least a decade.

SUMMARY

Aortic valve sparing operations to treat patients with aortic
root aneurysm with or without aortic insufficiency and pa-
tients with ascending aortic aneurysm and aortic insufficiency
are no longer “experimental” procedures and the principles
are well established. Thus, patients with bicuspid or tricuspid
aortic valves and an aneurysm can be successfully treated
with these procedures. Reimplantation of the aortic valve
should be employed in patients with inherited connective tis-
sue disorders. The role of neo-aortic sinuses in the durability
of this operation remains to be determined with further clin-
ical follow-up. Remodeling of the aortic root is ideal for old-
er patients with normal aortic annulus and primarily ascend-
ing aortic aneurysms. The long term results of these oper-
ations very been excellent and justify their inclusion in the
surgical armamentarium to treat patients with aortic root and

ascending aortic aneurysms.
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