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Introduction

Aortic root aneurysm may be associat-
ed with aortic insufficiency depending on
the involvement of the whole aortic clo-
sure complex. The standard operation is
composite replacement of the aortic valve
and ascending aorta1, but despite a low
mortality, the mechanical prosthesis in the
aortic position is associated with throm-
boembolic events, bleeding and the pres-
ence of a gradient across the valve2.

Recently, two reconstructive proce-
dures have been developed3,4 with the aim
of sparing the valve and replacing the dis-
eased aorta. The early and mid-term re-
sults are really encouraging and the sur-
geon has to apply as much basic science
principles as possible to achieve a good
outcome.

In this paper we present the results of
a series of 28 consecutive patients treated
at our institution with reimplantation of
the valve as described by David and Fein-
del4.

Methods

Population. From January 2001 to May
2003, aortic valve-sparing surgery was per-
formed in 28 patients (25 males, 3 females,
mean age 60.6 ± 13.97 years).

The selection of patients was based on
the presence of aortic root aneurysm and on
the pathophysiology of the valve. Only pa-
tients with normal cusps were treated with
the reimplantation technique. Neither the
annulus size nor the grade of aortic regur-
gitation (AR) was considered as a con-
traindication.

All patients underwent a complete inva-
sive and noninvasive cardiac evaluation in-
cluding heart catheterization, computed to-
mographic scan or magnetic resonance and
echocardiographic examination, focusing
on the level of the aneurysm and valve
function (leaflet primitive disease, degree
of regurgitation). The surgical indication
was based on the ratio between the ob-
served aortic diameter and the expected
one, as described by others5,6, tailoring the
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Background. Replacement of the aortic valve and ascending aorta with a composite graft is the
most common surgical treatment for aortic root aneurysms with or without aortic regurgitation (AR).
In the early 90’s reconstructive procedures of the aortic root have been described with encouraging
results. This paper presents our experience with this technique.

Methods. Between January 2001 and May 2003, 28 patients (25 males, 3 females, mean age 60
years) with aortic root aneurysm were treated with reimplantation of the aortic valve. Twenty-two pa-
tients had AR > 2+, 5 had Marfan syndrome, 5 had an aortic arch aneurysm, 4 had type A aortic dis-
section, 2 patients had associated coronary artery disease, and one had mitral valve insufficiency. The
only contraindication was primitive disease of the aortic leaflets. 

Results. There was one perioperative death (type A aortic dissection) and 1 patient was discharged
with mild to moderate AR requiring aortic valve replacement. The cardiopulmonary bypass and aor-
tic cross-clamping times were 230 and 184 min respectively. No neurological events were recorded.
During follow-up (mean 16.7 months, range 3-32 months) 1 patient died and one had mild AR. Free-
dom from reoperation and from AR at 24 months was 94 and 89% respectively. At multivariate analy-
ses we did not find any correlation between Marfan syndrome, type A aortic dissection, grade of pre-
operative AR, and recurrence of AR.

Conclusions. In our experience, valve-sparing surgery was feasible with a low mortality and mor-
bidity and with good early results. It should be applied to all patients requiring aortic root surgery
for aortic root aneurysm, a diseased aortic valve being the only contraindication.
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indication on the type of aortic pathology (e.g. type A
aortic dissection, Marfan syndrome). The clinical pro-
file of the patients is summarized in table I and the
anatomical profile in figure 1.

Surgical technique. Cardiopulmonary bypass was es-
tablished by cannulating the right atrium and the aorta
above the aneurysm except in patients with type A aor-
tic dissection and aortic arch aneurysm, who had
femoral artery and right atrial cannulation. The sys-
temic temperature (as measured at the nasopharynx)
was lowered to 28°C or to 22-25°C in patients under-
going aortic arch replacement with antegrade selective
cerebral perfusion7.

Intermittent antegrade isothermic blood cardio-
plegic solution consisting of 16 mEq of KCl and 3.25 g
of MgCl with a total volume of 20 ml diluted in 1 liter
of blood, in accordance with our protocol was used for
myocardial protection.

The left ventricle was vented through a cannula in-
serted in the right superior pulmonary vein. The proxi-
mal aorta was dissected just to the level of the aortic an-
nulus. The three sinuses of Valsalva were excised and
the coronary ostia were prepared with a small button
around them (Fig. 2).

Multiple interrupted sutures of 4-0 polyester were
passed from the inside to the outside the left ventricle at
the level of the aortic annulus.

In patients with a normal annulus diameter, the size
of the tubular graft was taken using a Freestyle
Medtronic sizer to measure the annulus and choosing a
tube two sizes greater than the sizer used. On the other
hand, the rules described by David and Feindel4 were
followed in patients with a dilated annulus. 

The sizes of the Dacron tubular grafts used were 32
mm in 2 patients, 30 mm in 6 patients, 28 mm in 16 pa-
tients, 26 mm in 3 patients, and 24 mm in 1 patient.

The tubular Dacron graft was attached to the annu-
lus by means of the sutures and the commissures of the
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Table I. Preoperative characteristics.

Age (years) 60.6 ± 13.97
Sex (M/F) 25 (89%)/3 (11%)
NYHA functional class

I 9 (32.2%)
II 9 (32.2%)
III 9 (32.2%)
IV 1 (3.4%)

Typa A aortic dissection 4 (14%)
Acute 3
Chronic 1

Aortic valve regurgitation
1+ 1 (3.5%)
2+ 5 (18%)
3+ 4 (14%)
4+ 18 (64.5%)

Marfan syndrome 5 (18%)
Aortic arch aneurysm 5 (18%)
Coronary artery disease 2 (7%)
Mitral valve regurgitation 1 (3.5%)

Figure 1. Anatomical findings in the study population.

Figure 2. Dissection of the aortic root and harvesting of the coronary ar-
teries.



valve were attached with the proper orientation inside
the tubular graft using a polypropylene 5-0 suture.
Then, the remnant of the arterial wall was secured to
the tubular graft with a continuous 5-0 polypropylene
suture (Fig. 3). The coronary arteries were reimplanted
with a continuous 6-0 polypropylene suture.

Patients with aortic arch involvement had hemiarch
replacement in circulatory arrest and cerebral protec-
tion with selective cerebral perfusion and then aortic
root and ascending aorta replacement during rewarm-
ing.

Having released the aortic clamp, the function of the
valve was intraoperatively assessed by transesophageal
echocardiographic examination (Fig. 4).

Statistical analysis. Continuous variables were ex-
pressed as mean ± SD, and categorical variables as per-
centages. All preoperative and intraoperative variables
were first analyzed using univariate analysis (unpaired
two tailed Student’s t-test, �2 test, Fisher’s exact test as
appropriate) to determine whether any single factor in-
fluenced the hospital mortality and neurologic out-
come. A p value < 0.05 was considered as statistically
significant. Variables that achieved a p value < 0.05 at
univariate analysis were examined using multivariate
analysis by forward stepwise logistic regression to
evaluate the independent risk factors for hospital mor-
tality and by Cox multivariate analysis for late mortali-
ty. Event-free data were analyzed with Kaplan-Meyer
actuarial techniques for the estimation of survival prob-
abilities.

Results

Perioperative results. There was one operative death
(3.5%). The patient presented at our institution for an
acute type A aortic dissection involving the coronary
ostia and was in cardiogenic shock. He finally died of

multiorgan failure. One patient had mild AR at the in-
traoperative echocardiographic evaluation and a mild to
moderate AR at discharge.

There were no cases of heart block, and no cases of
neurological events. 

The average aortic cross-clamping time was 184.9 ±
17.91 min (range 152-223 min), the average cardiopul-
monary bypass time 230.4 ± 74.60 min (range 171-483
min), and the average selective cerebral perfusion time
28.4 ± 6.50 min (range 18-35 min).

The postoperative data are summarized in table II.
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Figure 3. Aortic valve reimplantation into the tubular graft.

Figure 4. Comparative echocardiographic view of the aortic root before
(upper panel) and after surgery (lower panel).

Table II. Postoperative results.

Death 1 (3.5%)
Complications

Bleeding 2 (7%)
PND (coma, stroke) 0
TND 0
Need for PM implantation 0
Multiorgan failure 1 (3.5%)
Myocardial ischemia 0

PM = pacemaker; PND = permanent neurologic dysfunction;
TND = transient neurologic dysfunction.



Follow-up and late results. Follow-up was 100%
complete and all patients were submitted to echocar-
diographic study during the last follow-up visit (mean
16.7 ± 9.50 months, range 3-32 months).

There was no late death. One patient had recurrence
of AR (moderate) and is currently followed by our car-
diologists while the patient discharged with mild-mod-
erate AR was reoperated upon for aortic valve replace-
ment. The freedom from reoperation at 24 months was
94% and the freedom from AR 89% (Fig. 5).

At multivariate analysis, no correlation between
mortality or the recurrence of AR and Marfan syn-
drome, type A aortic dissection, preoperative grade of
AR and cardiopulmonary bypass and aortic cross-
clamping times was found.

All patients but one were in NYHA functional class
I with only mild AR. None of the patients presented
with any neurological complication or rhythm distur-
bances after discharge. 

Discussion

The aim of surgery for aortic root aneurysms is to
avoid aortic dissection or rupture and to repair the aor-
tic valve if regurgitation is present. 

Ascending aorta and aortic root aneurysms are a
common finding in the population and may be caused
by inflammatory aortitis (syphilis, ankylosing spondy-
litis, rheumatoid arthritis, psoriasis, Reiter’s syndrome,
Takayasu’s syndrome) or may be due to cystic medial
necrosis characterized by degeneration of the elastic el-
ements of the media and cystic vacuoles containing
mucopolysaccharides. An inheritance pattern that com-
monly appears to be autosomal dominant with incom-
plete penetrance has also been described8.

The growth rate of ascending thoracic aorta
aneurysms is 0.07 cm per year8 but the larger the aorta
the faster the growth. 

Critical to decision making in surgery is the balance
between the surgical risk and complications related to
natural history of the aneurysm (rupture, dissection). If

the current mortality risk for elective and urgent surgery
of the ascending aorta is about 2-3% and 10-25% re-
spectively7-9, the risk of rupture and dissection in pa-
tients with aortic diameters of 6.0 cm is about 31%8.
Moreover, it has been suggested that the yearly risk of
complications in patients with an aortic size > 5 cm is
6.5% and 14.1% if > 6.0 cm8. As suggested by Ergin et
al.5, the inherent weakness of the aortic wall, which may
be present in patients with Marfan syndrome, a bicuspid
aortic valve and chronic dissection, may prompt an ear-
lier indication. Furthermore, the probability of a satis-
factory valve repair declines progressively as the size of
the aortic root increases. So it is reasonable to expect a
better and more durable repair if only moderate dilation
and modest insufficiency are present5. These considera-
tions bring to mind that in the current surgical era, pa-
tients with aortic root aneurysms should undergo elec-
tive surgical repair without delaying definitive treatment
to an aortic size of 6.0 cm. More tailored guidelines for
surgical timing relate the expected diameter to the ob-
served one. The ratio obtained, different for Marfan syn-
drome, bicuspid aorta and chronic dissection, forms the
basis of the surgical indication5.

Aortic root aneurysms are nowadays the most com-
mon cause of isolated aortic valve insufficiency in
North America10. Furukawa et al.11 demonstrated that
dilation of the root causes AR if associated with dila-
tion of the sinotubular junction. In the latter case, the
outward deviation of the commissures causes a lack of
coaptation in the central part of the aortic valve. In case
of aortic aneurysm not involving the sinotubular junc-
tion, the valve may be competent.

The sinotubular junction is an anatomic ridge found
at the level of the commissures and forming the upper
border of the sinuses. The sinotubular junction diame-
ter is 15 to 20% smaller than the annulus diameter3,12,
which is 3% less than that of the sinuses13. In the fresh
aortic root, the diameter of the sinotubular junction is
approximately 30% larger than the average length of
the free margins of the aortic cusps.

The mechanism of aperture and closure of the valve
involves the whole aortic complex consisting of the an-
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Figure 5. Freedom from aortic regurgitation.



nulus, leaflets, interleaflet tissues, commissures, sinus-
es of Valsalva and the ascending aorta. Therefore, de-
spite normal leaflets, AR may still be caused by a com-
plex abnormality.

The most common surgical treatment for aortic root
aneurysms is composite replacement of the diseased
aorta and of the aortic valve as described by Bentall and
DeBono1 and good results in terms of early mortality
and morbidity have been reported. However, the life-
long need of anticoagulation is associated with throm-
boembolic and hemorrhagic complications that are
thought to be responsible for 75% of valve-related
complications with mechanical aortic valve prostheses
with an annual incidence of 2-4% reported in the liter-
ature2.

In the early 90’s David and Feindel4 described a
valve-sparing operation for patients with aortic root
aneurysm and AR. The technique consists of reimplan-
tation of the native valve inside a tubular graft fixed to
the left ventricle. The results were immediately encour-
aging and valve-sparing operations have also been ex-
tended to patients with Marfan syndrome and acute
type A aortic dissection.

In our institution, we started performing valve-spar-
ing surgery in patients with aortic root aneurysms with
or without aortic insufficiency and normal aortic
leaflets in 2001.

In this initial series of 28 patients, we had one hos-
pital death (3.5%). The patient presented at our institu-
tion in cardiogenic shock for acute type A aortic dis-
section involving both the coronary ostia. He died of
multiorgan failure with a competent repaired aortic
valve. Our early results compare favorably with those
reported in the literature14-16.

Following the data of David and others17,18, showing
excellent results in terms of early mortality, freedom
from reoperation, freedom from AR > 2+ and from the
risks of thromboembolism, we have also extended the
indication for valve-sparing surgery to patients with
Marfan syndrome and acute type A aortic dissection
with similar results.

Although valve-sparing surgery requires a pro-
longed period of cardioplegic arrest, as we gained more
experience, we combined the valve-sparing operation
with other surgical procedures such as mitral valve re-
pair, myocardial revascularization, aortic arch replace-
ment and redo operation with an early survival of
96.5%. Indeed, in the approach to these patients, opti-
mal methods of myocardial and brain protection are
crucial. 

Our mid-term results were encouraging too. In fact,
at 16.7 months (range 3-32 months), the late survival
was 100%, and at 24 months the freedom from reoper-
ation and that from AR were 94 and 89% respectively.

In detail, one patient had a suboptimal correction of
the aortic valve. He presented at our institution with
type A aortic dissection and intraoperative echocardio-
graphy showed mild AR due to residual prolapse of a

cusp. At discharge, moderate-severe AR was present
and the patient was reoperated upon for aortic valve re-
placement. A second patient, who was discharged with
no AR, lately developed mild AR. He is currently fol-
lowed by our cardiologists and is being submitted to 6-
monthly echocardiographic examination. Both patients
were operated upon at the beginning of our experience.

The long-term results we have reported in this pre-
liminary experience are similar to those reported by
other authors. David et al.14, at 5 years, reported a sur-
vival rate of 94%, a freedom from reoperation of 99%
and a freedom from AR of 90%. At 8 years, the survival
was 83%, the freedom from reoperation 99%, and the
freedom from AR > 2+ was 90%15.

At multivariate evaluation the risk factor found to be
correlated with early valve failure was the type of coap-
tation. Following repair, cusp coaptation > 2 mm below
the lower rim of the tubular prosthesis constitutes the
strongest risk factor for the development of AR19.

Interestingly, progressive AR after surgery may be
due to structural degeneration of the valve consequent
to a suboptimal geometry of coaptation, but no sub-
groups (e.g. Marfan patients, type A dissection) are at
higher risk for early valve failure19.

Actually17, this technique when applied to Marfan
patients, has been associated with good results (96%
freedom from AR > 2+ at 8 years) underlying that in
this subgroup of patients stabilization of the annulus fa-
vors a long durability of the repair.

The graft size selection still remains difficult and
many technique of sizing have been proposed in the last
years. 

In our institution, in patients with a dilated annulus
(the minority) the choice of the graft was based on the
height of the cusps and on the length of the free margin
of the leaflets being the leaflet a sure marker of a nor-
mal anatomy in these patients as suggested by David
and Feindel4. In patients with a normal annulus, the
problem of the size was solved by using a Freestyle
Medtronic valve sizer to measure the annulus of the
valve and by choosing a Dacron tubular graft two sizes
greater in order to avoid stretching of the commissures
and to simulate the aortic wall thickness.

In order to avoid late annular dilation and the recur-
rence of AR, we never used the remodeling technique
described by Sarsam and Yacoub3 giving precedence to
the stabilization of the annulus. This may explain the
good results we had with this subgroup of patients who
are prone to annular dilation even though they present
at the time of surgery without AR and with a normal an-
nulus diameter. Furthermore, during type A aortic dis-
section repair a lower risk of bleeding than that ob-
served in case of aortic remodeling may be expected
when the reimplantation technique is employed. 

The possibility of leaflet abrasion and of closure ab-
normalities of the valve related to the absence of the si-
nuses of Valsalva has been hypothesized. Bellhouse20,21

noted, on a fluid dynamic model, the formation of flu-
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id flow eddies between the leaflet and the sinuses
which prevent the aortic leaflet from impacting on the
aortic wall and promoting valve closure. Recently, new
aortic grafts with prefabricated sinuses of Valsalva have
been introduced22, but a longer follow-up and prospec-
tive randomized comparative studies are necessary to
determine the superiority of this prosthesis in terms of
freedom from AR and from reoperation. 

The present study refers to a preliminary experience
with valve-sparing surgery and carries the burden of the
limitations inherent to its retrospective nature. Howev-
er some conclusions could be reached.

The early and mid-term results were encouraging,
even when this complex aortic procedure was per-
formed in high-risk patients such as those with acute
type A aortic dissection and/or undergoing associated
procedures. 

With regard to mitral valve surgery, we believe that
the avoidance of mechanical valve prosthesis even in
the aortic position is crucial to reduce valve-related
morbidity such as thromboembolism or excessive
bleeding.

The results reported by other authors and in our in-
stitution should encourage us to try to repeat the same
progress that cardiac surgery had in the last 25 years in
mitral valve repair even in aortic root complex proce-
dures, in an attempt to achieve in the future the same re-
sults in terms of durability and quality of life.
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