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Summary: 

Ideal prosthetic aortic valve should maintain 

excellent hemodynamic characteristics that are 

sustainable during varying hemodynamic conditions 

and demands, have minimal trans-aortic pressure 

gradients, should be durable in the long term, resist 

thrombus formation without the need for 

anticoagulation and be straightforward to implant. 

Unfortunately, the ideal prosthetic aortic valve does 

not yet exist. This review critically evaluates 

available-to-the-surgeon options.Critical evaluation 

of relevant literature sources available on PubMed 

with the emphasis on current situation and new 

trend in the aortic valve sparing procedures. Current 

prosthetic devices are associated with complications 

such as valve thrombosis and thromboembolic 

events, bleeding events associated with 

anticoagulation use and structural valve 

deterioration. Therefore native valve disease is 

replaced by prosthetic valve disease. Aortic valve 

sparing operations were developed to preserve the 

native aortic valve during surgery for aortic root 

aneurysm and ascending aortic aneurysm with 

associated aortic insufficiency, circumventing 

complications arising from prosthetic valve 

implantation by preserving the native aortic valve 

apparatus. There are two fundamental types of 

aortic valve sparing procedures: remodelling of the 

aortic root and reimplantation of the aortic valve. 

Evidence based medicine shows that reimplantation 

of the aortic valve is in long term associated with 

lower risk of developing aortic insufficiency. An 

alternative standardized approach that combines an 

external subvalvular aortic prosthetic ring 

annuloplasty with remodelling technique was 

presented. Implantation of an external aortic ring 

provides a reproducible technique for aortic valve 

repair with great preliminary results. 
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             Introduction: 

Aortic valve sparing operations were refined in order to preserve the native aortic valve during 

surgery for the aortic root aneurysm and surgery for the ascending aortic aneurysm with associated aortic 

insufficiency. The aortic root is an ensemble consisting of distinct entities: the aortic valve leaflets, the 

leaflet attachments, the sinuses of Valsava, the interleaflet trigones, the sinotubular junction and the 

annulus. 
1-3

 It is a remarkably complex and sophisticated structure. 
1
 Every single constituent of the aortic 

root has an optimal macroscopic, microscopic structure and anatomical architecture which contributes to 

the function of the aortic root: intermittent, unidirectional channeling of large volumes of fluid while 

maintaining laminar flow, minimal resistance, the least possible tissue stress and damage during varying 

hemodynamic conditions and demands. 
4-7

 This synchronized dynamic behavior of all aortic root 

components has shown to be of a great importance for a specific flow characteristic, left ventricle 

function and coronary perfusion. 
8-10

 When any of the aortic root components fail, it is the recognition of 

the complexity of the structure that has led to the development and advancements in sparing surgical 

procedures that respect the fundamental anatomical existence of the individual parts of the aortic root. 
11-14 

 

              Historical aspects surgical techniques: 

Aortic root aneurysm etiology is primarily related to the dystrophic disease. Aortic valve repair is 

performed in only 1.7% of the cases, versus 69% for mitral valve repair. 
15, 16

 Over the past two decades, 

there has been a significant paradigm shift towards the aortic valve sparing procedures over prosthetic 

valve replacement in suitable candidates. 
17

 Operations that preserve a patient’s native valvular anatomy 

bring numerous benefits for patients. The most prominent one is the avoidance of life- long 

anticoagulation. 
18, 19

 The introduction of the composite graft procedure by Bentall in 1966 has become a 

gold standard for the treatment of aortic root aneurism and aortic valve regurgitation. 
20

   Until recently, 

composite valve and graft replacement was the only standard surgical approach for the aortic root 
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aneurysm. 
21 

From the early 1990s, valve sparing procedures have become a feasible alternative, in hope 

that they will result in improved survival rate and fewer valve related complications. 
18, 22

 Two original 

procedures were initially described as the ‘remodeling’ technique proposed by Yacoub: reduction of the 

sinotubular junction diameter and creation there neo-sinuses of Valsalva with a scalloped Dacron tube 

graft sutured in the supravalvular position. 
23

 The second alternative was proposed by David and Feindel: 

the ‘reimplantation’ of the aortic valve within a straight tube, reducing both the annulus and the 

sinotubular junction diameter while abolishing the sinuses of Valsalva , thus impairing root dynamics. 
24

 

Over the time, modified procedures emerged from the original Yacoub’s and David’s techniques such as 

Van Son, Hopkins, Hetzer procedures and others. 
25-27

 These methods focus on the aortic root 

reconstruction and the reduction of dilated aortic root diameters in order to restore proper valve function. 

28, 29
 Comparative analysis of early and late results of the aortic root reconstruction with aortic valve 

sparing prosedures and the composite mechanical valve conduit replacement introduced by Bentall et al. 

was carried out, showing that the aortic root reconstruction has a low early and late mortality, a high 

survival free of complications and little need for reoperation. During the late follow-up, the aortic root 

reconstruction with preservation of the aortic valve showed a lower incidence of bleeding, 

thromboembolic events and endocarditis. 
30, 31

 Numerous surgical variations have aimed to incorporate 

preservation of the aortic root dynamics with the treatment of dilated native annulus. 
32, 33

 This 

multiplicity of aortic valve repair and sparing procedures resulted in a lack of standardization, limiting 

adoption of such procedures. 
34

 Additionally, most failures with valve sparing techniques are due to 

residual cusp prolapse, either as a primary unrecognized lesion or secondary to an induced prolapse after 

root reconstruction. 
35, 36

  Aortic annuloplasty combined with re-suspension of cusp effective height are 

key steps for a reproducible aortic valve repair. Schäffers et al. proposed to address this issue with a 

dedicated caliper in order to restore cusp effective height up to 8-10 mm. 
34, 37, 38

 Certain controversy 

remains between external or internal annuloplasty rings. 
39, 40

 Even though subvalvular plane in the right 

coronary sinus is easier reached with internal ring, endovascular placement may interfere with cusp 
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mobility and increase the risk for hemolytic or thromboembolic events. Advantage of ring placed 

externally is the avoidance of these complications, as well as limiting placing tension on the device 

fixation stitches that is caused by the expanding aorta. 
42

 

 

             Dynamic anatomy: 

In vitro and in vivo studies have documented that cusp motion and flow patterns across the 

reconstructed aortic root are more physiologic after remodeling of the aortic root rather than the 

reimplantation of the aortic valve, as well as after procedures using a prosthetic conduit fashioned with 

neo- sinuses of Valsalva than without. 
41-43

 Dynamic anatomy reports showed that the three-dimensional a 

sigmoid shape of the aortic annulus could be divided into two tow-dimensional planes: one at the base of 

the aortic annulus also called the ventriculo-aortic junction, and the one at the sinotubular junction. 
44, 45 

Dilatation of both of these diameters is characteristic for lesion of the aortic root aneurysm. These 

advances in dynamic anatomic knowledge led to the development of different valve- sparing procedures 

for the treatment of the aortic root aneurysm.   

 

 

             Current situation: 

 Lansac et al. proposed a standardized approach  for aortic valve repair addressing both the aorta 

and the valve, associating physiological reconstruction of the aortic root according to the remodeling 

technique with the re-suspension of cusp effective height and an expansible subvalvular ring annuloplasty 

using expansible aortic ring in order to achieve a complete and calibrated annuloplasty in diastole, while 

maintaining systolic expansibility of the aortic root (Extra-Aortic 
TM

 ,CORONEO, Inc., Montreal, QC, 
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Canada).  
46, 47

 This solved a problem in the treatment of aortic root aneurism and the lack of a geometric 

annuloplasty ring to facilitate reconstruction of the aortic root that restores physiological annular size and 

geometry during aortic valve repair. Cusp coaptation height was increased, reducing the stress on the 

cusps, thus protecting the repair. 
37

 A multi-centric study analyzed preliminary results of this new 

physiological approach to aortic valve repair with subvalvular aortic ring annuloplasty. In this multi-

centric study, unselected patients with aortic root aneurysms were enrolled consecutively, regardless of 

their aortic insufficiency grade, presence of bicuspid valve or complex valvular lesion. The addition of a 

subvalvular aortic ring was systematically performed in all cases to reduce the diameter of the native 

aortic annular base in diastole. The choice of the aortic ring and the tube graft was standardized, based on 

the criterion of intra- operative measurement of a native aortic annular size with the Heagar dilators. The 

diameter of the prosthetic aortic ring was undersized by one size to restore a normal STJ/annular base 

ratio of 1.2. 
48

 A calibrated expansible aortic ring annuloplasty (Extra-Aortic 
TM

 ,CORONEO, Inc., 

Montreal, QC, Canada) in different sizes was developed in order to facilitate technical standardization. 

From the result of this multi-centric analysis showed that the aortic function remained stable in most 

patients. Among the 126 survivors without reoperation, 115 patients had aortic insufficiency < grade 2 

(91.3%) at the end of the follow up. Freedom of aortic regurgitation of grade II or more was 87.7% at 3 

years (95%, Cl: 80.3-95.1%). 
 49

 

 

             Conclusion: 

 Aortic valve sparing operations that treat patients with aortic root aneurysm with or without aortic 

insufficiency and patients with ascending aortic aneurysm and aortic insufficiency are no longer 

experimental and unproved procedures. A successful aortic valve sparing or repair operation aims not 

only to correct the failing part of the aortic root, but also to restore the intra and inter component 

relationship of the aortic root elements to optimal dimensions and relations. The avoidance of 
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anticoagulation and prosthesis- related complications makes aortic valve repair a tempting procedure. 
18, 19  

Considering the growing rate of cusp repair reported in the literature, conservative aortic valve surgery 

seems to be developing into aortic valve repair surgery.  
50-53

 Expansible aortic ring (Extra-Aortic 
TM

 

,CORONEO, Inc., Montreal, QC, Canada) was being implanted in an unselected population of patients 

with aortic root aneurysms enrolled in prospective multicentrice CAVIAAR trial (CAVIAAR, 

Conservative Aortic Valve surgery for aortic Insufficiency and Aneurysm of the Aortic Root). A 

standardized management of dystrophic aortic roots towards a physiological approach to valve repair 

might improve long term durability of the results. However, the need remains for reliable long term data 

comparing valve replacement and valve repair procedures, thus limiting the widespread adoption of this 

procedure. An international multicentre registry of the aortic valve repair will play a key role to clarify 

and standardize the place of repair in the aortic valve surgery. AVIATOR (Aortic Valve insufficiency and 

ascending aorta aneurysm International Registry) is a prospective multicentre registry that shall provide 

us with the necessary answers in the future. 
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