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Aortic valve sparing surgery—patient selection and techniques
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Abstract: Aortic valve sparing root replacement (VSRR) is an attractive alternative to composite graft
replacement in young patients with root aneurysms. The preservation of a native aortic valve provides more
physiologic hemodynamics, avoids the complications associated with valve replacement and is associated
with excellent long-term survival. However, this has to be weighed against the risk of reintervention due to
valve failure in specific patients. Over the years, studies have shed light on various factors impacting VSRR
durability. Specifically, patients’ characteristics, anatomical considerations and associated cardiac pathologies
all have to be carefully analyzed. Furthermore, several technical aspects are crucial to ensure good long-term
outcomes. Issues such as the presence of a bicuspid aortic valve, patients presenting with aortic disease and
root aneurysms caused by heritable aortic disorders have been the subject of several studies. The outcomes
and conclusions of these research contributions are reviewed and discussed. While the main discussion about
VSRR technique used to be around the question of remodeling versus reimplantation, several recent studies
have demonstrated that both techniques offer excellent outcomes. More importantly, the focus has shifted
towards key technical aspects that may be achieved with both techniques: stabilization of the aortic annulus,
creation of neo-sinuses of Valsalva, reduction and stabilization of the sino-tubular junction (STJ) and
restoration of cusp geometry within the new aortic root. The aim of this article is to review these important

clinical and technical considerations for planning VSRR.
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Introduction

The modified Bentall procedure (composite valve graft)
remains the gold standard surgical approach for patients
with aortic root aneurysms. However, composite valve
grafts (CVG) are associated with the risks of lifelong
anticoagulation or thromboembolism imposed by
mechanical valves and those of structural valve deterioration
and reoperation associated with bioprostheses (1,2). VSRR
techniques, which most commonly refer to remodeling
and reimplantation, were introduced by Magdi Yacoub and

Tirone David respectively, as alternatives to CVGs (3,4).
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Over the years, these techniques have undergone iterative
improvements and demonstrated significant benefits in
terms of clinically relevant outcomes such as survival, valve-
related complications and quality of life when compared
with CVGs (5-11).

Nevertheless, the use of VSRR remains limited in most
centers (12), which is in part due to the higher degree of
technical difficulty of these procedures, and to the risk of
reintervention due to aortic regurgitation (AR). Developing
expertise with VSRR—as is the case with any reconstructive
procedures—is a balance between being highly selective to
ensure good long-term outcomes at the expense of surgical
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Table 1 Comparison of characteristics favoring VSRR or CVG
Favors VSRR  Favors CVG

Characteristics

Young age J

No preoperative Al J

Poor ventricular function J
Bicuspid valve J J
Multiple concomitant interventions J
Cusp calcifications, large J
fenestrations, cusp retraction

Emergency procedure J
Heritable aortic disorders J

Patient contemplating pregnancy J

Lifestyle considerations J

VSRR, valve sparing root replacement; CVG, composite valve grafts.

volumes, versus wider inclusion criteria which result in
larger surgical volumes, but may be accompanied by less
optimal long-term outcomes. Unlike prosthetic valve
replacement where reintervention is due to “structural valve
degeneration”, in reconstructive root surgery, this is due to
repair “failure”. In an era of increased scrutiny of surgical
outcomes, this poses a significant limitation to wider
adoption of these techniques. Furthermore, as shown in the
Society for Thoracic Surgeons (STS) Database, there is a
concerning lack of concentration of aortic root procedures
in North America (>95% of centers perform less that 16
aortic root procedures per year), making it difficult to build
significant expertise (12).

While these challenges are inherent to any complex
surgical procedures, there is little doubt that, in the last
decade, significant strides have been made in improving
outcomes after VSRR. This owes to several factors such as
better multi-modality imaging techniques, standardization
of surgical techniques, increased understanding of the
technical success factors for aortic valve repair and VSRR
and growing knowledge about patient-specific outcomes
leading to more careful patient selection. In this article, we
aim to discuss important features of patient selection and
techniques relevant to VSRR.

Patient selection

Three main elements should be considered to determine
the suitability for a VSRR: (I) patient characteristics (age,
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elective versus urgent surgery, comorbidities, etc.), (II)
feasibility of valve preservation (valve morphology, cusp
characteristics) and (III) expected durability. While the first
two criteria can be rather objective, the latter is partially a
matter of surgical judgement which is inherently subjective.
Nevertheless, recent long-term studies of VSRR cohorts
are key to inform some of these decisions. Typically, non-
elderly patients (<65 years old) with aortic root aneurysms
(usually associated with annulo-aortic ectasia) and pliable
cusps are considered good candidates for a VSRR. In
addition to a thorough patient history, detailed imaging
of the aortic valve and root are fundamental for adequate
planning of a VSRR procedure. The followings are some
important considerations with regarding to patient selection
and Table 1 provides a summary of the characteristics

favoring VSRR as opposed to CVGs.

Anatomical considerations

A detailed analysis of the different component parts of
the aortic root is primordial: aortic annulus, sinuses of
Valsalva, sino-tubular junction (STJ) and aortic valve cusps.
The presence or absence of aortic insufficiency (Al) is
equally important. In the absence of Al, a VSRR procedure
should be the approach of choice and all efforts should be
made to preserve the aortic valve. Alternatively, a central
jet of Al suggests dilatation of the aortic annulus or ST7,
whereas an eccentric jet is indicative of concomitant aortic
cusp prolapse or retraction. Important considerations on
preoperative imaging and intraoperative direct examination
are the absolute diameters of the various levels of the aortic
root. Particular consideration should be given to aortic
annular dimensions. Excessive dilatation of the aortic
annulus (>35 mm) can make valve preservation challenging
(especially in the presence of severe Al). Reduction of
aortic annulus diameter through an annuloplasty or using
a reimplantation technique is an effective way of reducing
annular diameter, but can be more difficult in a very large
annulus such as is sometimes observed in young adults
with heritable aortic disorders (HAD) or unicuspid aortic
valves (13). STJ dilatation can always be corrected but
it is important to understand that the larger the original
STJ diameter, the more extensive the reduction in inter-
commissural distance is when performing a VSRR. This is
inevitably associated with a certain degree of induced cusp
prolapse which should be assessed and corrected to ensure
good durability of the repair (14).

If an eccentric jet of Al is present, suitability and durability
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of the VSRR procedure should be carefully assessed. In
the presence of cusp calcification, cusp retraction or major
fenestrations, long-terms results after VSRR are less favorable
(15-17). In this context, individualized decisions should
be made while taking other elements into consideration
such as patient age, lifestyle, desire for future pregnancy,
etc. Considerable understanding of the impact of primary
cusp anomalies on long-term outcomes has been accrued
in recent years. Similarly, the role of different cusp repair
techniques is also better appreciated. Whereas correction of
cusp prolapse using central plication sutures is a durable and
reliable technique, subcommissural annuloplasty to improve
cusp coaptation or use of pericardial patch material have both
been associated with suboptimal results (18,19).

Patient characteristics

In addition to aortic root anatomy, individual patient
characteristics should be considered, namely patient
age and comorbidities. It is now well established that
prosthetic aortic valve replacement in non-elderly adults
is associated with excess long-term mortality versus the
general population (20,21). Therefore, the younger the
patient at the time of surgery, the more efforts should
be made to perform a VSRR procedure. Of course, this
should be weighed against the risk of reintervention for
recurrent Al. At the other end of the spectrum, in elderly
patients, although the benefits of performing a VSRR may
be more marginal, there is little reason to systematically
replace a functional aortic valve unless surgical expertise
is limited or the patient requires a number of concomitant
procedures such as mitral valve intervention or coronary
revascularization. It is important to know that in older
patients (>65-70 years of age), aortic root aneurysms are
seldom associated with aortic annular dilatation. In these
patients, a simple remodeling procedure is often enough to
address the root disease and ensure adequate valve function,
which makes it a shorter operation than a reimplantation
procedure or remodeling with extra-aortic annuloplasty.

Because VSRR requires longer cross-clamp and
cardiopulmonary bypass times than CVGs, it is important
to factor patient comorbidities into the choice of surgical
procedure. In the presence of significant left ventricular
dysfunction, diffuse coronary disease, chronic renal
dysfunction or other systemic conditions that may
independently impact the patient’s mid- to long-term vital
prognosis, it may be more judicious to proceed with a CVG
in order to minimize immediate operative risk.
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Finally, in patients with connective tissue disorders,
significant chest deformities (especially pectus excavatum)
can hinder access to the aortic root and render a VSRR
procedure more difficult, especially in the presence of
significant Al. In those instances, unless a perfect result
can be obtained, it could be wiser to perform a CVG
replacement, considering the added difficulty of an eventual
redo intervention following VSRR.

Bicuspid valves

While the techniques of VSRR were originally designed
to address root aneurysms in patients with tricuspid aortic
valves, they can be adapted to suit patients with bicuspid
morphology. Important considerations in this subset of
patients are commissural height and orientation, cusp
geometric height, aortic annulus dilatation and the presence
of cusp prolapse (22,23). Careful valve assessment and
patient selection is crucial in order to achieve mid- to long-
term durability of the operation (24). When a raphe is
present, raphe mobilization allows improved cusp mobility
by increasing the geometric height of the fused cusp.
Central plication sutures on the free edge of the fused cusp
is an effective means of correcting cusp prolapse. However,
this inevitably reduces leaflet excursion, which is mitigated
by placing the commissures closer to a 180-180 degrees
orientation within the neo-root, all the while ensuring that
the non-fused cusp remains freely mobile. Any restriction
of cusp mobility results in higher postoperative gradients
and will lead to cusp calcification in the mid- to long-
term. Extensive repair, especially with the use of pericardial
patches has been associated with higher rates of valve failure
and reintervention (19,25), and in those cases a CVG or
Ross procedure may be a preferable approach. To date,
there are only limited cohort studies of bicuspid valve-
sparing procedures with mean follow-ups >10 years. It is
therefore difficult to state firm data on long-term outcomes.
Nevertheless, the principles of bicuspid aortic valve repair
are now clearly understood and standardized (24), and there
is little doubt about the feasibility and mid-term durability of
the operation (26-28). Indeed, in high volume centers with
appropriate surgical expertise, results in bicuspid patients are
comparable to those of patients with tricuspid valves (26-29).

Aortic dissection

In patients with acute type A aortic dissections, VSRR
can be performed safely in experienced centers (30,31),
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Video 1 Root motion in a normal aortic root.

Video 2 Root motion after a remodeling with extra-aortic ring

annuloplasty.

including in patients requiring extensive arch surgery
and in patients presenting with malperfusion (32-34).
A recent meta-analysis comparing composite grafts and
VSRR has shown that the latter is associated with excellent
early and long-term survival (35). However, VSRR is
obviously a longer operation than a CVG and this needs
to be considered, especially in older patients, or those with
hemodynamic instability or end-organ malperfusion. In
this context, short-term outcomes supersede the long-term
benefits of the intervention.

Close postoperative follow-up is mandated in
patients undergoing VSRR in the context of acute aortic
dissection. A number of studies have found higher rates of
reintervention when compared with the Bentall procedure
(32,33,35). Since AR appears to be the most common
cause of reintervention, careful valve analysis, correction of
cusp prolapse, and annulus stabilisation appear essential to
ensure good long-term outcomes. Because it stabilizes the

© Journal of Visualized Surgery. All rights reserved.

Journal of Visualized Surgery, 2021

annulus and especially because it provides more predictable
hemostasis, reimplantation represents a reliable method of
VSRR in the context of acute aortic dissection, although
some groups have also reported excellent outcomes with the
remodeling procedure (36).

Surgical technique

For a long time, the main discussion about VSRR
technique was around the question of remodeling versus
reimplantation. Overall, long-term results following both
procedures are excellent (27,37,38). Nevertheless, early
results suggested higher rates of reintervention in patients
who underwent a remodeling procedure (6,39,40). This
has led to a better understanding of the factors associated
with long-term durability of VSRR procedures, including
the importance of annular stabilization at the time of
surgery. Though the remodeling procedure acts as an
annular reduction by pulling the commissures upward
and correcting the splayed sub-commissural triangles,
in a subset of patients this may prove insufficient in the
long-term, leading to recurrent Al. As a result, several
techniques of extra-aortic annuloplasty have been suggested
to mitigate this issue (41-43) and preserve near-normal
root distensibility (Videos 1,2). On the other hand, studies
have found that the reimplantation using a straight Dacron
graft fails to reproduce the normal hemodynamics usually
found in the sinuses of Valsalva, leading to concerns about
accelerated leaflet deterioration (44). These observations
have led to the development of various approaches to
recreate neo-sinuses with the reimplantation procedure (45).

Today, the issue of remodeling versus reimplantation
belongs more to the past. Importantly, the principles of
surgical repair associated with VSRR using either technique
are clearly defined: stabilization of the aortic annulus (basal
ring), creation of neo-sinuses of Valsalva, reduction and
stabilization of the STJ and restoration of cusp geometry
within the new aortic root (46,47). All these basic principles
can be achieved with equal effectiveness using either a
reimplantation procedure or a remodeling procedure with
aortic annuloplasty (11,27,37,41). One of the critical elements
to obtaining good results however is the issue of surgeon
and center expertise. Indeed, as in any complex procedures,
outcomes are intimately correlated with surgical volumes. It
is therefore extremely important to work towards establishing
reference centers for reconstructive aortic root surgery. An
example of our preferred approach, the remodeling with
extra-aortic annuloplasty, is provided in Video 3.
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Video 3 Aortic root remodeling with extra-aortic annuloplasty.

HAD

Patients with HAD present a specific patient population in
whom surgical technique is all the more important. They
usually present for surgery at a young age and are therefore
likely to benefit the most from a VSRR procedure in the
long-term. Growing knowledge about the various forms
of syndromic and familial forms of aortopathies dictates a
thorough examination and exploration of family history,
considering more malignant natural history which might
trigger earlier surgical intervention. Importantly, in all these
patients, special attention should be aimed at stabilizing
the aortic annulus (basal ring). Indeed, long-term studies
in patients with Marfan syndrome undergoing VSRR
demonstrated higher risk of reintervention associated
with the original remodeling technique when compared
with the reimplantation procedure (6,48). This was mostly
attributable to continued dilatation of the aortic annulus.
In light of this finding, it appears imperative to stabilize the
annulus in these patients, whether through a reimplantation
procedure or an aortic annuloplasty (using a ring or suture)
(38,49,50), although the stability of the latter approach
remains to be determined in the long-term. Nevertheless,
a recent multicentric study from centers of expertise
examining outcomes of the reimplantation procedure
in patients with Marfan syndrome reports a cumulative
incidence of recurrent Al of ~7% at only 1 year after
surgery (51), highlighting the importance of careful patient
selection and surgical technique.

Conclusions

Valve sparing root replacement (VSRR) procedures, using a
reimplantation or remodeling with annuloplasty technique,
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represent safe and reproducible procedures. Improved
understanding of long-term determinants of patient
outcomes following these operations has led to refinements
in surgical techniques as well as better determination of
favorable patient characteristics. Continued follow-up of
these patients, including multicentric registry data, will
result in further advances in the field of reconstructive
aortic root surgery.
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