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Abstract Nowadays, despite the rapid advancements in interventional cardiology, open surgery
still deals with aortic root diseases, to assure the best “ad hoc” treatment. In case of
middle-aged adult patients, the optimal operation still represents a matter of debate. A
review of the last 10-year literature was conducted, focusing on patients below 65 to
70 years of age. Because of the small sample and the heterogeneity of the papers, no
metanalysis was possible. Bentall-de Bono procedure, valve sparing, and Ross oper-
ations are the surgical options currently available. The main issues in the Bentall - de
Bono operation are lifelong anticoagulation therapy and cavitation in case of mechani-
cal prosthesis implantation and structural valve degeneration in case of biological
Bentall. As transcatheter procedures are currently performed as valve in valve,
biological prosthesis may be preferable, if the diameter may prevent postoperative
high gradients. Conservative techniques, such as remodeling and reimplantation,
preferred in the young, guarantee physiologic aortic root dynamics and impose
surgical analysis of the aortic root structures to get a durable result. The Ross
operation, which shows excellent performance, involves autologous pulmonary valve
implantation and is performed only in experienced and high-volume centers. Due to its
technical difficulty, it requires a steep learning curve and presents some limitations in
specific aortic valve diseases. All three have advantages and downsides, and no ideal
solution has still been reported.

Keywords

= aortic root

= aortic root surgery

= Bentall’s procedure

= valve-sparing
operations

> Ross’ operation

known drawbacks: limited durability for bioprostheses and
anticoagulation-related morbidity for mechanical valves. A

Introduction

Cardiac surgery has broadened its horizons, to assure the best
“ad hoc” treatment. On the one hand, aortic root surgery
remains in the surgical domain, but on the other hand, trans-
catheter techniques have dramatically altered the approach to
aortic valve diseases. In case of young-adult patients (below
the age of 65-70 years), the optimal choice of aortic root
procedures still represents a matter of debate. Established
treatment options include aortic valve replacement (AVR)
using a mechanical or biological prosthesis. In young patients,
however, both valve prostheses are associated with well-
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reconstructive technique using autologous pericardium (Oza-
ki's procedure) showed excellent follow-up results but is still
not worldwide performed.? Aortic root surgery has been
evolving, from the traditional replacement by a mechanical
conduit to the use of biological grafts. Valve sparing operations
are routinely performed in some centers, but they are not
applicable in case of aortic valve stenosis and calcification. The
Ross operation assures an excellent hemodynamic profile and
avoids lifelong anticoagulation therapy but is still performed
almost exclusively in selected, high-volume centers.
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Table 1 Selection of the papers

Author Year Number of patients Patient
1 Pantaleo et al° 2017 1,112 BB vs. MB
2 Di Marco et al'® 2016 1,045 BB vs. MB
3 Desai et al® 2011 986 BB
4 Lansac et al?? 2017 177 Remodeling +annuloplasty
5 Badiu et al%® 2014 370 BB vs. MB vs. reimplantation
6 Lee et al?* 2018 216 BB vs. reimplantation
7 Ouzounian et al?® 2016 616 BB vs. MB vs. reimplantation/remodeling
8 Gaudino et al?’ 2015 890 BB vs. MB vs. reimplantation/remodeling
9 Dinato et al?® 2020 448 BB vs. MB vs. reimplantation/remodeling
10 Patel et al*' 2021 1,241 Reimplantation/remodeling
11 Romeo et al*? 2021 1,431 Ross
12 Pergola et al** 2020 600 Ross
13 Aboud et al*? 2021 2,444 Ross

Abbreviations: BB, biological Bentall; MB, mechanical Bentall.

Background

A literature review was conducted regarding outcomes of
aortic root surgery in patients below 70 years of age. In March
and April 2021, PubMed, Web of Science, Scopus, and Google
Scholar were searched using key terms “aortic root surgery,”
“biological Bentall “, “mechanical Bentall,” “Ross operation,”
“valve sparing,” “remodeling,” reimplantation,” and “young
patients.” The research was limited to the past 10 years. The
full texts of the articles were then screened for study type,
age of population, type of intervention, and outcome (early
and late mortality rates, reoperations, and complications).
Pediatric series were excluded and connective tissue dis-
eases were not considered, as well. To avoid potential biases,
Type A aortic dissections were not included in our analysis.
We aimed to focus on the young adults (age < 70 years), but
most of the papers reported mean age of the patients and no
age range, so the sample size was small and the papers were
extremely heterogeneous. Hence, formal metanalysis was
not possible and we conducted a traditional literature review
on the largest series (=Table 1). Our review focused on
patients < 70 years old, and we aimed to evaluate the suit-
ability of the Bentall-de Bono procedure, valve-sparing
operations, and Ross operation (~Table 1).

Bentall-de Bono Operation: Mechanical or Biological
Bentall, That Is the Question

The Bentall-de Bono operation represents the gold standard
for aortic aneurysms associated with aortic valve disease,
when valve-sparing operations cannot be performed
(=Fig. 1). The Bentall-de Bono procedure is usually per-
formed using a mechanical valved conduit, to guarantee the
most radical treatment of the aortic disease and to avoid
eventual redo procedures. The implantation of a biological
prosthesis in young patients has always been argued, be-
cause of the limited durability of biological valves.
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Overall, whether to implant a biological or a mechanical
valve prosthesis to replace the diseased native aortic valve
depends, among other factors, on the patient’s age at the
time of surgery. The European Society of Cardiology (ESC)

/

Fig. 1 Bentall-de Bono operation: valved straight graft replacing the
aortic root. Both biological and mechanical prosthesis can be used,
even if our drawings does not show the valve.



guidelines® indicate acceptability of both prostheses in
patients aged 60 to 65 years. Both options have disadvan-
tages: for mechanical valves, this is lifetime anticoagulation,
with increased risk of spontaneous bleeding especially in the
elderly* and cavitation issues with microembolic cerebral
lesions>; also, the downside of a biological prosthesis is the
risk of structural valve degeneration (SVD).® Technology has
developed new designs for better hemodynamic perfor-
mance in biological prosthesis, newer anticalcification treat-
ments to reduce early SVD, and new frames designed to
facilitate the implantation of valve-in-valve transcatheter
aortic valve implantation and increase the overall durability.
However, new generation mechanical valves require lower
anticoagulation levels.

Accounting for all these factors makes the choice of
prosthesis difficult.” Young patients with an active lifestyle
may not be ideal candidates for long-term anticoagulant
therapy, because of the potential thromboembolic and hem-
orrhagic complications. Desai et al® compared mid- and long-
term results of porcine bioroots and mechanical conduits,
including young adult patients. No statistically significant
differences were found in terms of follow-up mortality,
aortic root reoperation, thromboembolic events, endocardi-
tis, or major bleeding events. The overall bleeding rate was
higher in the mechanical group, but these were minor
bleeding episodes. A propensity score analysis of 1,112
patients by Pantaleo et al® reported 6.5% as early mortality:
7.2% for the mechanical Bentall and 5.8% for the biological,
with no significant statistical difference and no differences in
terms of major postoperative complications being found
between the two groups. The early mortality rate was similar
to the 5% reported by Di Marco,'? but was higher than the
data reported in other large series'"'?: the rate of associated
procedures was 39 and 36%, respectively, in mechanical and
biological Bentall and it may impact the early mortality.

The mid- and long-term results for patients <65 years old
who underwent biological AVR are of major interest. Ongo-
ing development of new composite grafts has allowed the
implantation of biological conduits with excellent results at
10-year follow-up. Galifianes et al'? report excellent long-
term clinical results after the implantation of the No-React
Bioconduit, even in patients <65 years old. This study
includes combined procedures, as well, so data are difficult
to sort out. The overall 10-year survival following Biobentall
using the No-React Bioconduit was 51%, and 88% of the
patients were free from valve-conduit-related complications
leading to death. Postoperative echocardiography did not
show stenosis, calcification, or structural change of the
conduit itself. Certainly, SVD represents a relevant issue
especially in young patients, creating a need for eventual
redo-Bentall, which will be challenging and complex.

The reapproach to the aortic root requires its mobiliza-
tion, with the risk of distortion of the structures and high
operative risk. In fact, early mortality reported in the litera-
ture for re-Bentall is approximately 8.6 to 7.1%.*1> We have
previously described the “double sewing ring technique,”'®
which also allows upsizing of the prosthesis, which may
represent an advantage, especially in a small aortic annulus.
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In case of aredo procedure, the double sewing ring technique
simplifies surgery. The valve, fixed with a running suture, can
be easily removed, leaving in place the vascular graft;
furthermore, the rim of the graft which was everted during
the initial surgery is available for suturing a new prosthesis.

As well, nowadays, nonsurgical options such as valve-in-
valve transcatheter procedures are .zlppe.zlling.”‘19 To guar-
antee acceptable results in terms of patient-prosthesis mis-
match after valve in valve, bioprosthesis diameter should be
assessed.?®2! To make simpler the choice of prosthesis, a
preoperative accurate analysis of the aortic ring diameter,
through CT-scan imaging or echo may be helpful: if the
measurement of the annulus is at least 23 mm, a biological
valve may be suitable, in the perspective of an eventual
transcatheter procedure; if it is a smaller one, the mechanical
Bentall is probably the most definitive solution.

Valve Sparing Operations: Pathophysiology and
Durability

A current goal of the surgical management of aortic root
pathology and aortic valve insufficiency is aortic valve
preservation, with or without repair. The two most widely
used techniques are the remodeling (Yacoub’s model) and
the reimplantation (David’s model) techniques. In the Yacoub
procedure, neo-sinuses of Valsalva are designed and created
with synthetic tube graft, thereby producing a nearly physi-
ologic reconstruction of the aortic root (=Fig. 2). This
technique allows independence of every interleaflet triangle,
creating the most physiologic solution to aortic root replace-
ment. This procedure should be accompanied by external

Fig. 2 Remodeling operation: three “petals” of a bulged vascular
graft sutured to the native aortic valve and ring annuloplasty.
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annuloplasty, to guarantee the most freedom from late aortic
insufﬁciency.22

The reimplantation procedure is the most widely used
technique; this involves reimplantation of the aortic valve
within a straight or bulged graft, whereby the sinotubular
junction (ST]) and the annulus are reduced and the inter-
leaflet triangles are included, thus impairing root expansi-
bility and possibly valve dynamics®® (~Fig. 3). The rate of
aortic valve-sparing operations has been increasing since
2000, as reported by Lee et al**: a more and more standard-
ized approach has been developed and prevailed over the
initial uncertainty about the durability of this surgery.
Ouzounian et al®® compared from 1999 to 2010 patients
under 70 years of age who underwent David, mechanical, and
biological Bentall and found similar hospital mortality and
postoperative complications. At follow-up, all-cause mortal-
ity, major aortic valve-related events, and cardiac-related
mortality were lower in aortic valve-sparing patients. Long-
term rates of endocarditis and thromboembolic events were
comparable among the three groups. The reoperation rate
was higher in biological Bentall, and hemorrhagic events
were more common in mechanical Bentall. Badiu et al?®
found similar results, but the three groups compared differed
in age range, as the biological Bentall were older than the
others and 27.5% of patients had emergency operation. One
hundred and seventy eight patients of this series had valve-
sparing operation, either Yacoub or David, and eight of them
were early reoperated because of severe aortic valve insuffi-

Fig. 3 Reimplantation operation: native aortic valve sutured inside a
straight vascular graft.
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ciency; despite the higher rate of reintervention, valve-
sparing operations allow the longest survival curve and
freedom from major bleeding events.

Gaudino et al?’ showed excellent results, with 0% in early
mortality, in postoperative stroke and myocardial infarction,
in comparison with the Bentall technique. Dinato et al®®
showed better cardiac output when the aortic valve was
spared, as well.

In valve-sparing surgery, the point is that the continuous
research and update, to understand the mechanisms and the
pathophysiology of aortic root disease allowed the extension
of this surgery to a younger and potentially healthier cate-
gory of patients. On the one hand, a more prophylactic
surgery was performed; on the other hand, “expanded
indications”?® were described. In some marginal operative
indications, such as age >65 years, aortitis, Type A aortic
dissection, and redo valve-sparing surgery showed satisfac-
tory results; cusp prolapse and diameter of the aortic ring
larger than 28 mm were considered predictors of more than
mild aortic regurgitation at follow-up.

Feasibility of valve-sparing procedures for bicuspid valves
in patients under 65 years was confirmed by Kari et al*° and
by Patel et al*! as well: early mortality of 2.5%, 10-year
survival of 94%, and freedom from redo at 10 years of 96%
were observed. Bicuspid repair involves cusp repair and, in
most of the cases, remodeling®? or reimplantation®? that
allow freedom from eventual reoperation at 10 year from 83
to 89%.

The opportunity to spare a patient’s own aortic valve is
interesting and surely underestimated, as an excess of mor-
tality is documented in several studies, both involving bio-
logical or mechanical prosthesis>*~3®: AVR at 40 years old
reduces life expectancy by 20 years. In case of aortic valve
insufficiency and aortic root aneurysm, remodeling with
annuloplasty and/or reimplantation is feasible and safe.

One key factor needs to be discussed: the challenging
aspect in case of valve-sparing operations is the evaluation of
the native aortic valve, whose mobility and dynamics need to
be efficiently restored. This is not always possible, in case of
diffuse fibrosis or calcification, as the shaving of the free edge
and of the cusps themselves is not sufficient to restore
mobility. Except in such cases, conservative aortic valve
surgery is nowadays preferred and often realized. Another
point is the durability of aortic valve repair: according to the
most recent guidelines,’ aortic valve repair is legitimated in
experienced centers and when durable results are expected.
It should be reserved for young patients, but homogeneous
data reporting the clinical results are scarce. Multiple tech-
niques are used, often in association with root replacement,
so mixed groups of patients with short follow-up are
included.?’

The Ross Operation: Two-Valve Disease?

In case of aortic valve degeneration in a young adult, AVR is
mandatory, but surgery remains challenging. Despite the
development of longer-lasting bioprostheses, which fit ac-
tive lifestyles as well, no optimal solutions are currently
available. The durability of bioprostheses is getting longer



but remains uncertain, as long-term follow-up data are
still not available for the newer valves. In the presence of
mechanical prostheses, anticoagulant therapy is needed
lifelong, with subsequent thromboembolic risk. In addition
to the already mentioned disadvantages, prostheses lack
physiologic biology and hemodynamics.>® These features
may be not so relevant in case of limited life expectancy,
but to guarantee the best solution for young patients, the
Ross operation needs to be considered. ESC Guidelines
consider Ross operation for patients <50 years old to
whom anticoagulation would not be possible, in specialized
centers.’

The Ross concept was developed in 1962, when Donald
Ross proposed the most physiologic replacement of degen-
erated aortic valves with a pulmonary autograft. The first
operations were performed in 1967, with the concomitant
implantation of a pulmonary homograft (~Fig. 4). The
technique gained popularity and enthusiasm, especially in
the United States, where the first specialized centers devel-
oped. The studies supporting the Ross technique consider the
aortic valve as belonging to a vital structure, the aortic root,
which plays a bridge role between the left ventricle, and the
vascular system. Physiologic interactions and cross talk are
advisable and are indeed realized by autografts. So minimi-
zation of the transaortic gradients is accomplished, especial-
ly in young patients.

Moreover, different modifications of the Ross technique
have been introduced, to improve operative results and long-

—~ /
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Fig.4 The Rossoperation: pulmonary autograftin aortic position and
pulmonary homograft.
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term performance. Three different main pulmonary auto-
graft implantation techniques have been described: the
original subcoronary implantation, the entire root replace-
ment, and the inclusion technique.3**' Of these, the root
replacement technique has received the greatest acceptance
because of its easier implantation, wider indication field
(including root aneurysms), and better early and midterm
results.3!

However, longer follow-up showed a progressive dilation
of the pulmonary autograft, so the inclusion technique was
developed. The full autograft root is included as a cylinder
inside the native aortic root, which seems efficient in pre-
venting autograft dilatation.

However, controversies about the safety of Ross opera-
tions have persisted. The Ross procedure is thought to be
technically complex. It converts a single-valve disease into a
double-valve disease. Another limitation to this technique
has to do with the availability of pulmonary allografts, as in
many countries homograft banks are not present or the use
of cadaver tissue is forbidden for ethical or religious reasons.
So, the benefits of replacing the aortic valve with an auto-
graft, despite mimicking the normal physiology, have not
been widely praised. A recent paper by Aboud et al*? con-
ducted on 2,444 patients who underwent the Ross procedure
showed patient survival equivalent to an age and sex-
matched population at 15 years after surgery. This aspect
was confirmed even by Romeo et al® Early mortality ranges
between 0.4 and 2.3% in experienced centers, and it is
comparable with many routinary surgeries. After propensity
score matching, freedom from both death and reintervention
was in favor of the Ross procedure, in comparison with
mechanical AVR. Freedom from redo for the homograft is
reported at 97.2 and 92% for the autograft: transcatheter
techniques may anyway be helpful and reduce the pulmo-
nary redo rate. Moreover, freedom from reintervention after
mechanical prosthesis implantation at 10 years is not negli-
gible, approximately 82%, because of valve thrombosis, leak-
age, pannus, or endocarditis.*> The rates of bleeding,
endocarditis, and thromboembolic events were very low
(maximum 0.15% per patient year). The rate of reoperation
was approximately 1% and reoperation was more common if
aortic regurgitation was severe accompanied by annular/ST]
dilation.*>43

As suitable to young patients, Ross is performed even in
case of bicuspid aortic valve diseases: as reported by Pergola
et al,** the congenital etiology did not impact mortality and
rate of reoperations. As the bicuspid aortic valve is associated
with aortic disease, whether to use an autograft is still
arguable and a matter of debate.

Some points need discussion: the Ross procedure requires
an adequate learning curve. It needs to be performed in a
specialized high-volume center, to achieve safety and dura-
bility. In the Ross operation, the surgeon faces potential
failure of two instead of one valve, with a chance of redo
surgery of 15% at 15-year follow-up. Redo surgery after a
Ross procedure, because of its complexity and challenging
features, needs to be realized in specialized high-volume
centers, with a Ross program, as well.

AORTA  Vol. 11 No. 1/2023 © 2023. The Author(s).
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Conclusion

Despite the heterogeneity of the papers focusing on adults, in
patients below the age of 65 to 70 years, Bentall and valve-
sparing surgery are viable options. BioBentall does not
impose lifelong anticoagulation therapy and should provide
optimal aortic orifice area. Different bioconduits for biologi-
cal Bentall have been tested, with partial focus on the young
and middle-aged adults. SVD and eventual re-Bentall remain
the most argued issue. If the bioprosthesis diameter is ade-
quate, a valve-in-valve procedure can be performed. When
possible, restoring-reconstructive surgery is preferable to
replacement techniques: accurate examination of the root
structures is mandatory to guarantee the durability of surgery.
Accurate study and examination of the native aortic valve
geometry and performance allow even complex aortic valve
repair, in concomitance with aortic root replacement. The
main advantage of the Ross operation is the opportunity to
gain the best hemodynamic condition, which is the ultimate
ambitious aim of AVR. Complexity makes the Ross procedure a
niche operation, performable only after accurate specialized
training to assure procedural safety and long-term survival.
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