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SURGICAL APPROACH OF AORTIC ROOT DISEASES - THE ROLE OF THE DAVID TECH-
NIQUE (Abstract): Aortic valve repair surgery is indicated in cases with ascending aortic dilata-
tion due to aneurysm and aortic dissection associated with aortic regurgitation in the setting of 
normal tricuspid flexible valves. Preservation of the native aortic valve obviates the need of lifetime 
anticoagulation, the risk of prosthetic valve degeneration and ensures normal haemodynamic con-
ditions. Several techniques are currently in use as the procedure is not standardized. The aims of 
the current paper are to review the clinical anatomy of the aortic root, analyse the morphological 
changes induced by aortic diseases, compare the indications, surgical technique, short and long-
term outcome of various valve-sparing procedures emphasizing the role of the reimplantation 
technique introduced by Tirone David. Key-words: AORTIC ROOT DISEASE, ASCENDING 
AORTA DILATATION, VALVE SPARING PROCEDURES, DAVID TECHNIQUE

inTroDUcTion
Aortic valve repair surgery is indicated in 

cases with ascending aortic dilatation due to 
aneurysm and aortic dissection associated with 
aortic regurgitation in the setting of normal 
tricuspid flexible valves.

These diseases generally affect young popu-
lation, whose quality of life and life expec-
tancy should be taken into account in the choice 
of therapeutic modalities. Although ascending 
aorta dilatation can benefit from a repair, it is 
still mostly treated by a mechanical valve re-
placement isolated or combined with replace-
ment of the ascending aorta (Bentall interven-
tion). This attitude is justified by the immediate 
satisfactory results of prosthetic valves, where-
as valve sparing procedures are limited by the 
learning curve. The conservative surgery of the 
aortic valve is as old as mitral valve repair. The 
first commissurotomy was performed by Tuff-
ier in 1913, ten years before the same technique 
was successfully applied to the mitral valve (1).

Before extracorporeal circulation, aortic re-
gurgitation was treated by creating a bicuspid 
valve or by the circumclusion technique. In 
1959, Starzl developed a technique for narrow-
ing the aortic annulus by excluding the non-
coronal cusp and the corresponding Valsalva 
sinus. Bailey was the first to suggest in 1957 
strapping for reducing the diameter of the aor-
tic annulus: a nylon thread was placed as a belt 
around the aortic root below the coronary ostia 
(2). In 1960, Murphy successfully treated a 
case of syphilitic aortic regurgitation with an 
external band placed below the left coronary 
ostium and above the right coronary ostium (3). 
After the invention of the extracorporeal circu-
lation, in 1960, Mulder proposed plication of 
a commissure as a potential treatment for di-
lated aortic annulus (4). A few years later, 
Cabral described satisfactory results at 5 years 
after plication of the three commissures (5).

In 1983, Carpentier described an internal 
circumclusion by a circumferential running su-
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ture at the base of the Valsalva sinuses. In the 
same period, Elkins introduced reduction an-
nuloplasty as a mean to adapt the diameter of 
the aortic annulus to that of pulmonary auto-
graft during Ross’s intervention (6).

The importance of STJ dilatation in the gen-
esis of aortic regurgitation has been recognized 
by Frater who proposed the reduction of STJ 
diameter using a circular band placed at the 
level of commissures in a series of 5 patients 
with ascending aorta dilatation.

This concept is at the origin of valve spare 
procedures later described by David and Yacoub 
and associated with ascending aorta replace-
ment (7).

Nowadays, there is no consensus concerning 
the surgical technique of choice for treating 
ascending aorta diseases and technical difficul-
ties still persist due to the anatomical relations 
of the ascending aorta with the aortic valve, 
coronary arteries, supra-aortic arteries. Ascen-
ding aorta diseases can be accompanied by aor-
tic regurgitation; thus, a concomitant surgical 
approach of both entities is needed. The emer-
gence of prosthetic valves, mechanical or bio-
logical, has transformed the treatment of these 
diseases as valve replacement can be associated 
to ascending aorta replacement. Although ef-
ficient, valve replacement is associated with 
potentially severe complications, in particular 
thromboembolic and haemorrhagic complica-
tions related to anticoagulant therapy. Moreover, 
patients are more informed today, and prioritize 
their quality of life more than life expectancy. 
The emergence of mitral valve repair techniques 
stimulated the development of surgical alterna-
tives to conventional valve replacement. Valve 
sparing aortic root replacement is associated 
with fewer complications and encouraging me-
dium-term results. Several techniques are cur-
rently in use as the procedure is not standard-
ized. These procedures opened new horizons 
both in the preoperative evaluation and surgical 
strategy by requiring a multidisciplinary man-
agement. 

clinicAl AnAToMy of ThE 
AScEnDing AorTA AnD AorTic 
rooT
The ascending aorta is the initial, partially 

intrapericardial, segment of the aorta extending 
from the aortic annulus to the origin of the 
brachiocephalic arterial trunk.

It consists of two segments:
•	 the	aortic	root,	located	between	the	ventric-

ulo-aortic junction and the sinotubular junc-
tion (STJ), its lateral walls being constituted 
by the sub-commissural triangles and the 
sinuses of Valsalva, origin of the coronary 
arteries;

•	 the	supracoronary	aorta,	a	tubular	segment	
extending from the STJ to the base of the 
brachiocephalic arterial trunk.
The aortic root is a dynamic functional unit 

with systolic expansion, allowing passive open-
ing and closing of aortic cusps inserted on the 
aortic root in a semilunar fashion, thus delim-
iting the sigmoid-shaped aortic annulus. The 
aortic annulus can be divided into two parts 
(8), a basal part located at the ventriculo-aortic 
junction (base of the aortic annulus, subaortic 
outflow tract), and a distal part at the STJ, 
where it forms the commissures. The aortic 
annulus is therefore a complex three-dimen-
sional structure, with two functional diameters 
necessary for cusp coaptation: the diameter at 
the ventriculo-arterial junction and at the STJ. 
Increase of these diameters is characteristic for 
aortic root aneurysms and dissections. 

On a normal aortic root, the STJ diameter 
measures 27.4 ± 2.2 mm  compared to 22.6 
± 2.0 mm the aortic annulus (9). The aortic 
annulus and the STJ are considered dilated 
when their diameters exceed 25 and 35 mm 
respectively. 

For a long time, the aortic valve was con-
sidered as a passive structure composed of three 
cusps functioning as a valve. However, the aor-
tic root should be considered as a functional 
unit including the aortic valve, coronary ostia, 
left ventricle and mitral valve.

The three cusps or aortic sigmoid valve have 
a semilunar shape (pigeon nests) with the con-
cavity directed upwards. They are inserted on 
the aortic annulus, which is in fact a three-di-
mensional structure whose three apices corre-
spond to the commissures. The cusps are made 
of fibrous tissue covered with a layer of en-
dothelial (endocardial) cells. At the midpoint 
of the free edge of the valves, there is an ac-
cumulation of fibrous tissue that forms the nod-
ule of Arantius participating in valvular coapta-
tion. On either side of the Arantius nodule, the 
central fibrous lamina is particularly thin and 
forms a translucent zone very frequently fenes-
trated near the commissures, the lunula. The 
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lunulae represent the apposition zone between 
two adjacent sigmoid cusps in valvular coapta-
tion. Above the basal attachment plane of each 
cusp, there are ectasia (bulging) of the arterial 
wall: the sinuses of Valsalva. The terminology 
usually used to designate the sigmoid and the 
adjacent Valsalva sinus takes into account the 
emergence of each of the two coronary arter-
ies: right cusp, left cusp and non-coronary 
cusp.

The upper limit of each Valsalva sinus ex-
tends beyond the level of the free edge of the 
three cusps to form a conspicuous circumfer-
ential structure by the endo-aortic approach: 
the STJ, a transition region above which the 
aorta gains a cylindrical shape (10).

This STJ is composed of two elements: the 
commissures and the ridges. The ridges are 
concave arcs joining one commissure to the 
other. The three commissures are constituted 
by the intersection of the cusp insertion. 

The sinus wall is mainly fibro-elastic. In the 
middle part of the Valsalva sinuses the thickness 
of the aortic wall is about half the thickness of 
the supravalvular aorta and less than a quarter 
of the thickness of the aorta at the STJ. At the 
STJ, there is a reinforcement of the elastic fi-
bres of the aortic wall (10). 

Between the sinuses of Valsalva are the sub-
commissural triangles which are limited at the 
top by the commissures, laterally by the inser-
tion of the aortic cusps and downwards by the 
base of the annulus. These triangles are fragile 
and a potential site of aneurysmal dilation. The 
wall at this level is thin and poorer in collagen 
fibres compared to the sinuses of Valsalva. 

The aortic root is placed at the junction 
between two compartments with different hemo-
dynamic regimes and separated by the aortic 
cusps. The subvalvular compartment below the 
cusps, including the sigmoidal aortic annulus, 
the sub-commissural triangles and the commis-
sures, withstands the left ventricular pressure 
regimen. The supravalvular compartment above 
the cusps, including the Valsalva sinuses, the 
STJ and the supracoronary aorta withstands 
aortic pressure regimen. During isovolumetric 
contraction, the expansion of the aortic root 
begins in the subvalvular compartment via the 
sub-commissural triangles by volume redistri-
bution in the left ventricular outflow tract. The 
expansion of the aortic compartment is delayed, 
occuring at the end of the isovolumetric con-

traction, by volume redistribution above the 
cusps. This bicompartmental dynamics is con-
firmed at the end of the diastole when a re-
expansion of the aortic root occurs related to 
ventricular expansion while filling. Thus, valve 
opening is a dynamic mechanism initiated by 
dilation of the aortic root occurring in the pres-
ence of a negative pressure gradient between 
the left ventricle and the aorta (-8.5 ± 2.6 
mmHg) (9).

Aortic expansion is maximal during the first 
third of ventricular ejection. Conical at the end 
of diastole, the aortic root becomes cylindrical 
in systole, the dilatation gradually erasing the 
trifoliate form of the sinuses of Valsalva.

The shape of the aortic valve orifice is con-
troversial. It was originally described as having 
a star form, then triangular and circular at its 
maximum opening. MRI studies showed that 
the valvular orifice changes from a star-like 
appearance to a triangular then circular shape 
and finally trifoliate at its maximum opening, 
following the shape of the Valsalva sinuses. At 
this point, the valve area (free edge of the 
cusps) exceeds the commissural area by + 16.3 
± 2.0%. Valsalva sinuses bulging prevents 
cusps contact with the aortic walls, optimising 
ejection and promoting subsequent closure. Ad-
ditionally, Valsalva sinuses induce a vortex that 
initiates valve closure thus avoiding any back-
flow of blood to the left ventricle. The func-
tional importance of Valsalva sinuses in vortex 
formation has been suggested by Leonard de 
Vinci but has long been ignored until recent 
researches (9,10). According to Bellhouse, about 
4% of the ejected blood regurgitates through a 
valve with normal Valsalva sinuses compared 
to 23% when the sinuses of Valsalva are absent 
(11). Duran experimentally confirmed these 
findings by demonstrating that the enhanced 
protrusion of the STJ into the aortic lumen was 
accompanied by a shortening of the valve clo-
sure time and that the depth of the sinuses 
influenced the longevity of the cusps (12). 
Therefore, the normal configuration should be 
main tained in conservative surgery. 

The displacement of the base of the annulus 
towards the apex is another important compo-
nent of the left ventricular function. During the 
cardiac cycle, the aorto-mitral angle varies, it 
closes at the end of the systole and opens at the 
end of the diastole. The left ventricular shorten-
ing then becomes maximal between the apex 
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and the posterior part of the mitral annulus, 
thus aligning the anterior mitral valve with the 
septum to create a tunnel to the aortic valve 
orifice. At the same time, the tilting angle be-
tween the base of the annulus and the commis-
sures decreases in systole, aligning the left ven-
tricular outflow tract with the ascending aorta 
in order to optimize the ejection. As soon as 
the valve begins to close and during the dias-
tole, the angle changes direction and reduces 
the pressure on the aortic cusps.

Although the expansion of the aortic root is 
documented in experimental studies, few data 
are available in humans due to the limitations 
of medical imaging methods. The expansion 
would be 6.2% (2.5-9.6%) at the base of the 
aortic annulus, and 5.7% (2.8-9.8%) at the 
level of the STJ (9).

Thus, the durability of the native aortic valve 
is based on a dynamic triad, associating:
•	 the	systolic	expansion	of	the	aortic	root;
•	 the	trifoliate	form	of	the	aortic	valve	orifice,	

following that of the Valsalva sinuses;
•	 the	dynamic	shifting	of	the	aortic	and	mitral	

valves.
Aortic valve surgery should respect these 

principles to provide the most physiological 
approach possible.

Ascending aorta diseases (aneurysm, dissec-
tion) are characterized by an increase of the 
functional diameters of the aortic valve (STJ 
greater than 35 mm and / or aortic annulus 
greater than 25 mm) associated or not with a 
valve lesion (9,10). In many of these cases, 
aortic regurgitation is secondary to geometric 
changes of the aortic root (mainly STJ junction 
dilatation) in the absence of any intrinsic valve 
disease. 

AorTic rEgUrgiTATion AnD ThE 
AScEnDing AorTA
Over the last two decades, there has been a 

marked interest in valve-sparing aortic root re-
construction in aortic regurgitation associated 
with ascending aorta diseases involving root 
dilatation. Generally, valve repair procedures 
follow a precise analysis of the mechanism of 
injury. Several classifications have been pro-
posed for aortic valve diseases similar to Car-
pentier’s lesional classification in mitral repair 
surgery. The classification proposed by El Khoury 
takes into account the aortic annulus, the val-
vular tissue and the STJ (13)(table I).

In aneurysms and dissections involving the 
aortic root, valve regurgitation is related to 
distortion or dilatation of the Valsalva sinuses 
and the aortic annulus with effacement of the 
STJ resulting in stretching of the valvular com-
missures with central leakage reaching a grade 
3 or 4. Repair techniques that maintain the native 
aortic valve should focus on adequately restor-
ing the functional anatomy of the aortic root. 

froM coMPlETE rEPlAcEMEnT 
To ThE conSErvATivE 
TrEATMEnT of ThE AorTic 
rooT
According to the European Society of Car-

diology, surgical treatment of the ascending 
aorta is indicated in case of (14):
•	 Asymptomatic	 ascending	 aortic	 aneurysm	

>5.0 cm in diameter;
•	 Symptomatic	aneurysms	irrespective	of	size;
•	 Asymptomatic	 ascending	 aortic	 aneurysm	

>4.5 cm in patients with Marfan syndrome;
•	 Acute	 dissection	 or	 rupture	 of	 ascending	

aortic aneurysm;

TABLE I
El Khoury’s classification of aortic valve dysfunction

Type i
normal cusp motion with functional aortic annulus (fAA) 

dilatation or cusp perforation 

Ia Distal ascending aorta dilatation (STJ dilatation)

Ib Proximal (Valsalva sinuses) dilatation and STJ dilatation

Ic Isolated FAA dilation

Id Cusp perforation and FAA dilatation

Type ii cusp prolapse: excess of cuspal tissue or commissural disruption

Type iii cusp retraction and thickening
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•	 Pseudoaneurysm or traumatic aneurysm of 
the ascending aorta;

•	 Ascending	aortic	aneurysm	>4.5	cm	in	pa-
tients undergoing aortic valve surgery;

•	 Growth	rate	of	>0.5	cm/year	when	ascend-
ing aorta is <5.0 cm in diameter.
In case of associated aortic regurgitation, 

surgical options are represented by complete 
replacement of both ascending aorta and aortic 
valve and by valve sparing techniques. 

Procedures associated with aortic valve 
replacement

Bentall
Since its introduction in 1968 by Bentall and 

De Bono, valvulated tube (composite graft) 
replacement of both ascending aorta and the 
aortic valve with coronary arteries reimplanta-
tion has been widely used for treating ascending 
aorta aneurysms and dissections with excellent 
results. Joo et al. reported in 2012 estimated 
survival rates at 1, 5, 10, 20, and 25 years of 
90.4%, 82.7%, 77.6%, 65.3%, and 60.3%, 
respectively (15). 

However, in 50 years of usage, the technique 
has suffered several changes. Initially, the com-
posite graft involved a mechanical prosthesis 
requiring anticoagulant treatment for life. More 
recently, grafts with biologic prostheses have 
been developed, allowing this technique to be 
used in elderly patients without the need for 
prolonged anticoagulation.

An alternative to Bentall reimplantation of 
the coronary arteries was offered by Cabrol 
in 1981 who used a “moustache-shaped” inter-
position graft for vascularizing the coronary 
arteries. 

Wheat
If the aortic valve is diseased but the Vals-

alva sinuses and the annulus are normal, a 
Wheat procedure may be used. Compared to 
Bentall, Wheat procedure also involves replac-
ing the ascending aorta and the aortic valve but 
with preservation of the sinuses of Valsalva 
(16). An ascending aortic graft is sutured distal 
to the coronary arteries and a separate valve 
prosthesis (mechanical or biological) is simul-
taneously placed. The main benefit is repre-
sented by the absence of coronary reimplanta-
tion. The technique should be used in patients 
with aortic dissection and atherosclerotic aneu-
rysm and avoided in annuloaortic ectasia be-

cause of a high risk of later root aneurysm and 
root dissection. 

valve sparing procedures
Nowadays, imaging methods allow early di-

agnosis and accurate preoperative evaluation 
thus facilitating earlier surgery before leaflets 
are affected. In case of an aortic regurgitation 
due to STJ dilatation and in the context of a 
normal aortic valve, restorative surgery is rec-
ommended to avoid the drawbacks of valve re-
placement. Preservation of the native aortic 
valve eliminates the need of lifetime anticoagu-
lation, the risk of prosthetic valve degeneration 
and ensures normal haemodynamic conditions.  

Yacoub
The first valve sparing technique was imag-

ined in 1979 by Magdi Yacoub. During the 
intervention, the proximal end of a straight 
prosthetic tube is tailored to obtain 3 tongues 
intended to replace the 3 previously resected 
Valsalva sinuses (remodelling technique). The 
coronary arteries are implanted a manner sim-
ilar to modified Bentall procedure. Remodel-
ling provides a physiological reconstruction of 
the aortic root with valvular movements close 
to normal but does not treat annulus dilatation 
(17). 

This “remodeling” technique has an early 
mortality rate equivalent to that of Bentall’s 
intervention and gives good long-term results 
with a reintervention rate of 10% at 10 years.

The limits of this procedure are represented 
by an immediate risk of significant bleeding 
because the proximal suture is long and the 
residual aortic tissue is sometimes pathological 
and fragile. Also, there is a significant risk of 
residual aortic leakage because of the technical 
difficulties when tailoring the tube and potential 
torsion of the native valve. The aortic annulus 
is kept in place leading to a subsequent risk of 
progressive dilatation with aortic regurgitation 
relapse.  

David
In 1992, David et al. proposed a different 

surgical approach, the inclusion of the native 
aortic valve inside a prosthetic Dacron tube 
used to replace the dilated ascending aorta. 
After resection of the sinuses of Valsalva, the 
native aortic valve is sutured inside a straight 
Dacron prosthetic tube descended in a subval-
vular position. The tube is applied around the 
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aortic annulus at the level of the left ventricular 
outflow tract (LVOT) by U-shaped sutures. The 
native valve is then sutured inside the tube us-
ing a transfixing running suture (18).

This procedure manages the dilation of the 
aortic annulus but fixes the valve in an inexten-
sible tube that can alter the valve dynamics. 
The 2 coronary ostia are reimplanted by the 
button technique similar to modified Bentall. 
The long-term results are very good with 5 and 
10 years’ survival rates close to 90%, surgical 
expertise being a criterion of success.

DAviD rEiMPlAnTATion 
TEchniqUE

indications
David procedure is mainly indicated to pa-

tients with aortic root aneurysmal dilatation and 
central aortic regurgitation determined by STJ 
dilatation but having a normal aortoventricular 
diameter and an aortic valve with 3 normal 
cusps. 

The technique could also be applied after a 
thorough assessment to patients with type A 
aortic dissection, aortic root aneurysmal dilata-
tion with eccentric aortic regurgitation in the 
setting of cusp prolapse, mild thickening or 
retraction, type 0 bicuspid valve or type 1/2 
bicuspid valve but anatomically similar to type 
0 (cusps arrangement close to 180°) (David). 
According to TE David himself, cusp repair 
(reinforcement of fenestrations, free margins 
plication or triangular resection) does not alter 
the long-term results when performed by expe-
rienced surgeons (18).

Prior to the intervention, all the components 
of the aortic root should be carefully assessed 
by transthoracic echocardiography, transoe-
sophageal echocardiography (best diagnostic 
tool) and ECG gated computed tomography. 

The presence of cusp calcification or scle-
rosis is a contraindication to the procedure.

Surgical procedure
The intervention is performed on heart ar-

rested with warm blood cardioplegia and starts 
with total resection of the ascending aorta. Af-
ter performing an aortotomy 1 cm above the 
commissures, the valve is carefully examined. 
Commisural suspension with traction stitches 
(4-0 polypropylene) makes it possible to check 
if there is a correct coaptation of the three 
cusps. Afterwards, the aortic root is completely 

dissected to the aortoventricular junction (as 
low as possible) starting with the non-coronary 
sinus towards the non-coronary-left coronary 
commissure. The sinuses of Valsalva are then 
dissected such as 5 mm of the base of the sinus 
wall is left attached. Together with sinus dis-
section, the coronary buttons are harvested from 
inside the aortic wall and mobilized similar to 
Bentall technique, first the right and then the 
left. The height of the non-coronary/left coro-
nary commissure is measured and a graft with 
a diameter corresponding to the height or next 
larger size is chosen as in a normal aortic valve, 
the height of the commissure is similar to the 
diameter of the STJ. Sizing is priory roughly 
guided by computed tomography measurement. 
Other teams use a Hegar dilator to size the an-
nulus and choose a graft generally 4 mm larg-
er than the annulus (19). 

U-shaped braided polyethylene (2 or 3-0) 
sutures supported by Teflon pledgets are then 
passed from inside to outside through the aortic 
annulus at the aortoventricular junction starting 
with the non-coronary/left coronary commis-
sure. The Dacron graft is trimmed to accom-
modate the native aortic root. The pledged su-
tures are then passed also from inside to outside 
through the graft respecting the space between 
them and the contour of the proximal suture 
line. The Dacron is then lowered and tied down 
so that the aortic valve and aortic wall remnants 
are included in the lumen of the tube. The com-
missures are suspended inside the tube at their 
top by an U-shaped suture (4-0 polypropylene) 
from inside to outside. Then, the preserved 
aortic wall rim above the cusps, is sutured to 
the prosthesis with 4-0 polypropylene running 
sutures. The coronary buttons are reimplanted 
in the prosthetic tube using similar running su-
tures. Distal anastomosis is performed last (18). 

David reimplantation technique prevents hae-
mostatic issues at the aortic root since the entire 
LVOT is included within the Dacron prosthesis. 

In experienced hands, the main disadvantage 
represented by potential distortion of the valve 
when reimplanting inside the prosthesis with 
residual leakage is easily avoided. 

Additional procedures
Additional aortic valve repair procedures 

can be performed after examining the valve:
•	 Annular	reduction	if	size	³1.6	cm/m2;
•	 Subcommissural	annuloplasty;
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•	 Raphe	resection;
•	 Fenestration	reinforcement	with	pericardial	

patches;
•	 Free	border	plication	or	plasty	with	running	

suture;
•	 Triangular	resection.

Short- and long-term results 
Tirone David reviewed the results of his 

technique in 2013 as, together with his team, 
he followed prospectively all 374 patients that 
were operated prior to 2010 and benefited from 
either reimplantation (296 cases) or remodel-
ling (78 cases) techniques. The mean follow-up 
period was 7.2 years with a maximum of 20 
years. Only 5 patients (1.34%) died in the 
early postoperative period (within 90 days), 4 
with reimplantation (1.35%) and 1 with remod-
elling (1.28%). Another 32 patients (8.56%) 
deceased on the long term (18 with reimplanta-
tion – 6.08% and 14 with remodelling – 17.95%). 
Infective endocarditis of the aortic valve oc-
curred in one case that benefited from remodel-

ling. Aortic valve redo surgery was needed in 
7 cases, 3 with reimplantation (1.01%) and 4 
with remodelling (5.13%).The reimplantation 
technique proved durable on the long term in 
most cases as only 13 patients (4.39%) devel-
oped moderate aortic regurgitation (AR) and 6 
severe AR (2.03%). Freedom from AR at 20 
years was higher in the reimplantation group 
(89.4%) compared to the remodelling group 
(63.6%). Their study proved the superiority of 
reimplantation technique in term of survival 
and long-term stability (20). 

conclUSionS
In carefully selected patients with aortic root 

diseases associated with aortic regurgitation, 
valve sparing procedures (the David technique 
in particular) are associated with excellent long-
term results in terms of morbidity, mortality, 
freedom from regurgitation and redo surgery 
compared to procedures associated with aortic 
valve replacement and as the normal anatomy 
of the aortic root is restored. 
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