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RECONSTRUCTIVE OPERATIONS
IN AORTIC ROOF ANEURYMS
WITH AORTAL INSUFFICIENCY

Abstract. Reconstructive surgery of the aortic root is of great interest in the field of cardiac surgery. Over the
past three decades, a number of techniques, differing in technical performance and the anatomical area of the
correction, have been proposed for the correction of aortic root ancurysm with aortic valve insufficiency. The pur-
pose of these procedures is to maintain the functioning of the cusps and stabilize other components of the aortic root.
Reliable and long-lasting effect of such interventions is particularly important due to the lack of necessity of taking
anticoagulants. The choice of the method of surgical correction still remains controversial and in each case the
surgeon is the one to make the decision. This review describes the methods of the aorta root reconstruction with a
systematic approach of choosing a surgical correction method, accompanied by illustrations of the operations. The
description of the procedures, followed by illustrations, facilitates the selection of the surgical method in each
individual case.
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Introduction. Most of the authors believed that the aortic aneurism is the local or widespread growth
of it’s diameter for 1.5 times (Svensson L.G., 1997, Tlokposckuii A.B. 1979, benos F0.B. 2011). In most
cases aortic root aneurism accompanies aortic valve’s inefficiency. The most frequent mechanisms of
aortic regurgitation with aortic aneurism are annule aortal ectasia, expantion of sinotubular junction and
sinus of Valsalva’s aneurism [84].

Over the past two decades, a number of methods were suggested for correction of aortic insuf-
ficiency, differing technical implementation and the anatomical area of aortic root. The purpose of these
technics is saving functional leaflets by valve repair, replacement or stabilization of aortic root’s other
components [1]. Reliable and long-lasting effect of these interventions particularly beneficial, in the
absence of the necessity of receiving anticoagulants.

The purpose of this article is to review development of operation methods, definition of indication to
the use of different methods, based on the restoration of the functional anatomy of the complex — "aortic
root".
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Functional anatomy of the complex — "aortic root'" and aortic valve. In 1994, Kunzelman and co-
authors published an important work describing the anatomy of aortic root and equilibration with aortic
valve [2].

Finding of article was that the diameter of aortic root at the level of the middle Sinus was considered
as 100%, and the diameter of theat level of the sinus pecten made up 81% of diameter and size of normal
aortic root bases left 97% of the first indicator

In other words, diameter of cinotubular ridge is approximately 85% of the aortic ring’s diameter at
the base of the root.

This quantified analysis of the aortic root’s anatomy certifies da Vinci’s theory about on Vortex
flows created by cinotubular ridge (figure 1). Fluid’s vortex flows arising between the edges of the folds
of the valve leaflets and aortic wall create two effects:

1. In opening phase these flows avert contact valve leaflets with the wall of the aorta.

2. In closing phase flows initiate closing of leaflets

Cosing of aortic valve and flow division
AA=15-20%>STJ

Figure 1 — Statistic and functional anatomy of aortic root.Sinotubular Junction’s diameter (STJ)
is less than aortic root’s bottom (aortic rings — AA) for approximately 15%

The second effect described by authors, probably even more complicated than suggested,- the flow of
the fluid causes the closing of valve on the sistoly’s last moment and vortex fows protect leaflets from
flexure and encourage their smooth and synchronized closure.

Dynamic anatomy of the aortic root. Dynamic Anatomy of the aortic root has been described for an
understanding the mechanism of reducing stress on the leaf and thus avoiding aging and possible struc-
tural valve dysfunction [3-10]. A group of scientists from Stanford used radioactive marker on a model of
sheep’s aortic root, noting a number of complicated asymmetric deformations during the cardial cycle,
involving junctional zones (alleged aortic rings) and sinotubular junction as well as protraction, com-
pression, expansion and aortic root scretching [3]. Lansac and co-authors” Four-dimensional study of
aortic root confirm’s that aortic root expansion begins at its base in isovolemic reduction phase and hence
extends to the comissure valve and ultimately-sinotubular junction [4]. Maximum expansion of the aortic
root get at the first third of systole, approaching the cylindrical form, then to mid-diastolic pressure goes
reduction in volume, and the root became conoid. Aortic root enlargement for 39% and 63% in the ko-
missural area, gives improvement of the blood outflow to systole, as well as makes the work of sinistral
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stomach more effective. Lansac and Dagum’s research explains the importance of interpetaloid triangles
described in the works of Anderson and co-authors , which clearly define aortic ring as a valid subaortic
structure consisting of 3 basic interpetaloid triangles, similar to the rack attachment line cusps of the aortic
valve [3, 4, 9, 10]. Aortic root base tends to grow in accordance with kinetics ventricle.

Aortic root expands upward through disruption of m interpetaloid triangles, however, sinuses and
sinotubular ridge maximum expandes at the end of miocardia.

In addition, this aortic root’s exact dynamic enlargement cycle, should be a specific chronology, also
affecting to the position and degree of disjunction of the bottom on which attached leaflets of valves, as
was first described Thubricar [10] (figure 1). All valve-preserving techniques, to varying degrees, change
this dynamic geometry of the aortic root.

Diseases at which valve-sparing surgery are possible. Basically, all these reconstructive surgery
are only applicable in cases where the aortic insufficiency is caused by the following lesions (table):

Aortic root enlargement repeated to the ascending aorta ancurism:

1. Mechanism of aortic insufficiency connected with the expansion of the sinotubular zone and
disjunction commisure and incomplete Central koaptation leafets of the aortic valve. Annulo-aortic ectasia
and connective tissue disease as Marfan syndrome, Jellersa-Danlos syndrome and Lois-Dic: Sinus
Valsalva’s extension, sinotubular zones and the fibrous ring mechanism connected with cystic medial
necrosis. Interesting that the valve leaflets are not affected.

2. The reason of aortic insufficiency in these syndromes connected with the progressive expansion of
all components except the aortic root valve leaflets, which often leads to the dissection of the aortic wall.
Acute or chronic aortic dissection : when aortic root aneurism dissections there is an aortic insufficiency
or sinotubular valve extension (a), or detachment commisure with prolapse of leaflets (b). In the absence
of damage to the leaflets, the aortic wall and pathology of aortic root, often possible the replacement and
reconstruction of the aortic valve [11-27].

Reconstruction-oriented functional classification of aortic insufficiency
(de Kerchove and El Khoury. Anatomy and pathophysiology of the VAJ DOI: 10.3978/j.1ssn.2225-319X.2012.12.05) ()

Type I — fibrous ring’s dilation or Type Il Type 11T
Category cusp’s fenestration in normal excursion Leaflets Limit of cusp’s
la Ib Ie 1d prolapse excursion
|
Mechanism | L
Repairing Remodelling valve-sparing subcommuta- | replacement — free fimbria’s | — parietal
technique of CTC surgery : tional with xeno- plication exsection
ascending reimplantation or | annuplasty pericardial — free fimbria’s | — decalcination
aorta by remodeling with patch resuspensuion —using of patch
prosthesis subcommutational — triangural
annuplasty exsection
Postprimary | subcommuta- annuplasty of | subcommutati | subcommutatio- | subcommuta-
tional synotubular onal nal annuplasty tional
annuplasty junction annuplasty annuplasty

In accordance with this approach, it is proposed:
1. In the case of ascending aorta, extending to CTC use replacement of ascending aorta and
resuspension of CTC.
2. In the case of aneurism extending to sinus use remodeling procedure and subvalvular annuplasty or
reimplantation valve to prosthesis of ascending aorta

3. In the case of ring dilation implement different types of annuplasty.

4 In the case of cusp perforation — reconstruction leaflets’ autopericardium patch.
5. In the case of leaflets” prolapse:
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a) reefing of free fimbria, it’s resuspension, rehabilitate length prolapsing cusp by the use of
pericardium;

b) sectoral exsection of excessive leaved tela.

6. In the case of leaflets” excursion limit:

a) use the method of triangular and parietal exsection shaving of free fimbria, fibrous incrassated
fimbria for rehabilitate excursion , abolition commissural adherence;

b) rehabilitate length and integration shortened leaflets by use of autopericardium patch in order to
assure leaflets’ cooptation and regurgitation’s liquidation

Aortic valve conservation’s efficiency. The main idea of aortic valve conservation operations is the
rehabilitation of functional anatomy of aortic root,because we often face the aortic root deformation
without any structural and morphological changes on the part of valve leaflets [19, 20]. Aortic root recon-
sruction is more preferred than replacement , because there is no potential risk for complication as embo-
lization of thrombus, prosthesis disfunction and endocarditis. The risk of early technical failures can be
reduced through the regular usage intraoperative transoesophageal echocardiography and necessarily
immediate interference until the moment of relocation to intensive cure unit.

The history of development valve conservational surgery and plastic surgery to aortic root.
Corrigan first described aortic insuffiecency caused by the sinotubular junction’s dilatation, without
changes in valve leaflets. In 1913, Tuffier reported about the first aortic valve commissurotomy about his
stenosis [23]. In 1956, Lewis published own plastic aortic valve technique and in 1985 Hapken reported
about aortic stenosis’s decalcification and plastic;at the first results of these plastic operations™ were
unsatisfactory, the effect was evanescent [22, 23].

In 1958, Taylor described the technique reducing the aortic insufficiency, which consisted circular
saturation , coarctating and retracting the size of aortic ring and aortic aneurism [24]. In 1959 roxy, Starzl
reported about the new technique of reducing aortic insufficiency through valve bicuspidization [25]. In
1960, Murphy described the technique of fibrous ring placation in the case of syphilitic aotic root damage
and aortic insufficiency, which implements without artificial blood circulation. It is similar to the Hur-
wit’s technique. (1960). In 1958, Garamella published his aortic insufficiency therapy theory through
commissure resuspension. This successful method became the important period in treatment development
and understanding of core’s semilunar valve fuctions [29].

In 1968, Bentall and De Bono, in a two-page message, described one patient who had replaced the
aortic root and the ascending aorta with a composite prosthesis consisting of a suction tube and a valve
prosthesis, the coronary artery mouth was implanted into the wall of the conduit. Subsequently, this
technique became the gold standard in surgery of an aneurysm of the ascending aorta and bundle [30]. In
1980 and 1983, Wolfe reported on a series of reconstructive surgeries - aortic valve resuspension - per-
formed in acute aortic dissection. In his work from 1983, 48 patients were reported, resuspension was
successfully performed in 35 of them [29,30]. Only in one case, 17 years after the operation, the patient
needed a reoperation - prosthetic repair of the aortic valve. In 1986, Frater described and emphasized the
anatomical and mechanical function of the sinotubular junction, noting that correction of the extended
sinotubular junction is often sufficient to eliminate aortic valve failure, provided that the valve flaps and
its fibrous ring are not dilated [31].

Development of modern methods of restoring the aortic valve in aneurysm and aortic
dissection. The technique was first described by M. De Bakey in 1956. It is one of the main valve-
preserving surgeries for an aneurysm of the ascending aorta with associated aortic insufficiency caused by
dilated STS [32, 33]. The technique consists in resection of the ascending aorta at the level of the STS,
followed by the imposition of proximal anastomosis at the level of CTC with a synthetic aortic prosthesis
(figure 2). Restoring the normal diameter of the CTC leads to the closeness of the valves and the resto-
ration of coaptation, which eliminates aortic insufficiency. Back in 1986, Frater described and emphasized
the anatomical and mechanical function of the sinotubular junction, indicating that only the reduction of
the expanded sino-tubular junction can be performed to correct aortic insufficiency, provided that the
valve flaps and its fibrous ring are not dilated. This technique is still widely used, showing good results in
the long-term, especially in patients with aortic aneurysms without delamination.

The aortic valve resuspension technique is used today to correct all types of stratification, involving the
ascending aorta above the synthubular crest or involving the non-coronary valve and its prolapse (figure 3).

— § ——
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Figure 2 — Supracoronary prosthesis Figure 3 -
of the ascending aorta by Debakey Operation Wolfe

Surgery Wolfe, the non-coronary sinus (most often involved in the bundle) is excised and prosthe-
tized by the tongue of the dacron prosthesis. The commissure posts of the valve are suspended in the
Dacron tube, the biological glue is used to restore the exfoliated layers of the aorta, and also to seal the
anastomoses of this reconstruction.

Aortic valve reimplantation, David and Feindel technique: TD 1. In 1992, David and Feindel re-
ported a series of patients (n = 10) who underwent valve-conserving surgery for an aortic ancurysm with
aortic insufficiency (34).

This technique is the purpose of this review and will be referred to as Tirone David 1 (TD1), consis-
ting of a classic reimplantation of the aortic valve inside the dacronoptic prosthesis. To do this, aortic root
resection was performed with the coronary arteries left on the sites and valve flaps on commissures with a
4-5 mm sinus wall site (figure 3, A, B). Dacron prosthesis was sutured to the base of the root of the aorta
by stitches on the gaskets, the scams were placed below the valves of the AK so that they would pass
through the fibrous skeleton of the base of the outlet part of the left ventricle (pseudo-ring). The valve
commissures are sewn inside the Dacron tube in such a way, to achieve coaptation of the valves.

The operation is completed by sewing the coronary "pushes” to the neosinos and deposing the distal
anastomosis (figure 4). Features of the reimplantation operation TD1 is a cylindrical reconstruction, reim-
plantation of the coronary arteries and maximum stabilization of the base of the root of the aorta (ring). In

a b c

Figure 4 — Technique Tirone David 1, sequentially shows the stages of the operation, first described in 1992
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the original technique, there is no description of the specificity of the sinotubular compound. Hvass
reports a change in this technique in such a way that the dacron prosthesis is stitched inside the root of the
aorta to the base of the valve flaps (in the David method — vice versa); Such a method of reimplantation
has disadvantages — the AK leaflet contacts with the dacron tissue, and a stable fixation of the fibrous
valve ring is not created [35].

Resection of the aneurysm of the ascending aorta, the valves and columns of the commissure of the
valve are cut out, leaving the sinus wall at the edge of 3-5 mm, for suturing. The mouths of the coronary
arteries are cut out on the "buttons". The vascular (dacron) prosthesis is sewn to the distal part of the
ascending aorta. These sutures are sewn the end of the selected dacron prosthesis. The prosthesis was
fixed to the base of the root of the aorta. The posts of the commissure are suspended inside the prosthesis
with a continuous suturing seam, like the implantation technique of the subcoronary homograft.
Anastomoses are applied with coronary arteries and a distal interstitial anastomosis.

Figure 5 — The technique of remodeling the root of the aorta Yacoub, 1993

In 1993, Sarsam and Yacoub give a series of observations (10 patients) of surgical treatment of aortic
insufficiency by a method called "remodeling of the aortic ring" [36].

The first version of the Yakub operation consisted of prosthetics of all three sinuses of Valsalva with
reimplantation of the coronary arteries with the use of a dacron prosthesis truncated as a three-petal
crown. The method involves reimplantation of the coronary arteries, but does not provide for the stabili-
zation of the base of the aortic root and the determination of the size of the sinotubular junction (figure 5).
In their technique, the authors emphasize the need to excise the sinuses of the aorta and the selection of a
dacron tube of diameter equal to the diameter of the base of the root of the aorta. The incisions on the
prosthesis are performed to increase the fixation height of the commissures of the valve. According to the
name, a cylindrical reconstruction of the root of the aorta is performed, there is no specific narrowing at
the site of the sinotubular junction, and there is no stabilization of the base of the aorta. Advantages of this
method is technical simplicity, than with reimplantation, and allows more accurate resurrection of com-
missural racks. Subsequent modifications of the Yakub operation include a narrowing in the area of the
sinotubular crest and the creation of swelling sinuses. Fig.5 Technique of remodeling Sarsam and Yacoub,
1993.

Reimplantation or remodeling. In 1995, David, Feindel and Boss reported the next step in the
evolution of Tirone David's methodology. In the article "Reconstruction of the aortic valve with its insuf-
ficiency and aneurysm of the root of the aorta" [37], there are two fundamentally different recovery me-
thods. The first was the reimplantation technique - TD1, which was used in patients with the expansion of
sinotubular junctions, the destroyed or dilated sinus of Valsalva and with annuloaortal ectasia. An alter-
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native technique, given immediately, was called "Tirone Davide-2" and described by the authors as a
technique of "remodeling", was used in patients without annuloaortal ectasia, in most cases with Valsalva
sinus deformity and the need for correction of the sinotubular junction. In this series, 45 patients were
described, death was observed only in two cases. Nineteen patients were operated on by the reim-
plantation technique TD-1 and 26 by the TD-2 remodeling technique, the aortic valve was restored by
reconstruction and prosthetics of all sinuses of the Valsalva coronary artery mouth was reimplanted into
the prosthesis using the "push" technique. There was no strengthening or reduction of the "aortic ring",
there was also no remodeling of the sinotubular junction (i.e., a decrease in diameter by 15% of the
diameter of the outlet LV).

Reimplantation of aortic root with reconstruction of pseudo-sinuses: Seattle technique methodology.
In 1995, Cochran and colleagues described a version of the operation of Tirone David, in which a Dacron
tube with formed convex pseudo-sinuses was used, with the same valve retention technique [38]. In
Seattle technique, the aortic valve is preserved and prosthetics of all sinuses of Valsalva is performed with
reconstruction of neosinos using special techniques. The swelling of these neo-sinus prevents the contact
of the leaf with the dacron tissue. In the normal aorta, the valves are protected by dynamic geometry (dila-
tation of the sinuses, lengthening of the valves and root of the aorta). This technique also stabilizes the
"aortic ring" with the proximal suture of the valve flaps below, similar to the TD-1 technique, as well as a
distal scam, above the flaps, designed to maximize fixation of the commissure racks. Cutting out the
petals at the proximal end of the prosthesis is necessary for the formation of neo-sinuses.

The hybrid technique was suggested by van Son and co-authors, in which the enlarged aortic root is
reduced and reconstructed (coronary arteries are cut out on the buttons) by wedge-shaped excision of the
Valsalva sinus walls, and then the reimplantation of the restored aortic root into the dacron tube, with
careful restoration of the height of the commissural racks; The distal suture between the prosthesis and the
root of the aorta is superimposed, and then the coronary arteries are filed [39]. This mixed technique
allows the reconstruction of sinuses, taking into account the control of the diameters of the sinotubular
junction and the fibrous ring, which avoids the contact of the valve with the dacron prosthesis, but does
not stabilize the base of the root of the aorta. Some authors leave the "cushions" of the aortic wall,
theoretically to protect the valves from damage [40, 41].

In 1996, T. David described another version of his remodeling method (TD-2), which is used for
annuloaortal ectasia (TD-3 technique). In this case, the aortic valve is reconstructed by prosthetics of all
those Valsalva sinuses, the coronary arteries are reimplanted into the prosthesis (figures 6, 7).
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Figure 6 — Remodeling the root of the aorta Figure 7 — Remodeling the root of the aorta
with stabilization of the fibrous valve ring (TD-3) with stabilization of the fibrous valve ring (TD-3)
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The main difference of this technique is the strengthening of the root of the aorta and the fibrous ring
with a teflon strip. This technique also provides an easier resuspension of the commissure columns,
similar to the Yakub technique, and the remodeling of the sino-tubular junction does not depend on the
size of the chosen prosthesis (figure 7 F-H). El Khoury and colleagues reported on this technique, but they
limited themselves only to strengthening the aortic ring with significant dilatation; they also recommend
the preservation of the intact sines of Valsalva [42].

Figures 6, 7. Remodeling Tirone David-3, 1996. Removal of the affected root of the aorta and the
ascending aorta. The aorta intersects immediately above the sinotubular crest. The root of the aorta is
mobilized to the very base, the coronary arteries are cut out on the sites. The aorta intersects immediately
above the sinotubular crest. The root of the aorta is mobilized to the very base, the coronary arteries are
cut out on the sites. The strip of Teflon is strengthened by the fibrosis of the exit region of the left ven-
tricle, which gives stabilization of the base of the root of the aorta, especially necessary for annuloaortal
ectasia. The diameter of the aortic ring (AA) was measured from it, the thickness of the aortic wall was
subtracted, in order to determine the diameter of the necessary dacronoptic prosthesis. Aortic root remo-
deling method according to TD-3: Replacement of aortic root with a cut prosthesis. Adequate resuspen-
sion of the commissure. Reimplantation of coronary arteries into the corresponding sinuses.

Recovery of the sinotubular crest. This method consists of simple prosthetics of the ascending aorta
with concomitant reconstruction (ie, constriction or reduction aortoplasty) of the sinotubular crest to
restore normal co-aortic valves in the root of the aorta. As a separate method it can be used only with
normal valves and sinuses of the Valsalva, and when the fibrous ring does not need reconstruction. Do not
perform prosthetics of sinuses, and reimplantation of the coronary arteries. This operation does not carry
in itself the strengthening and stabilization of the base of the root of the aorta, in essence this is the
method of restoring the sinotubular junction, which Frater proposed [31]. Dr. David included this ap-
proach in his updated version of reimplantation (called Dr. Miller, as TD-4), in which he chooses a 4 mm
dacron prosthesis larger than necessary and creates a sinotubular crest by its circular plication [43]. In the
technique of reimplantation TD-35 or Miller-1, the dacron prosthesis is applied even 8 mm more than
necessary, due to which synthetic pseudo-sinuses are formed [43, 44]. The "Jena" technique is hybrid, in
which the reconstruction of the aortic root ancurysm is performed by plication and excision of a portion of
the Valsalva sinus (U-shaped in the coronary and V-shaped in the non-coronary sinuses), and the sino-
tubular junction is reduced by the dacron prosthesis (26-28 mm). The advantage of this method is the
preservation of native tissue that contacts the valve flaps, as well as the dynamic properties of the root of
the aorta, but there is a risk of further dilatation of the reconstruction zone [45].

Remodeling of the root of the aorta with maximum stabilization, preservation of the valves and
reconstruction of the sinotubular junction. Hopkins proposed his method of reconstructing the aortic
valve, but in essence, this is one of the varietics of remodeling. In this technique, all sinuses are replaced
with reimplantation of the coronary arteries (similar to the Yacoub or TD-2 methods). The base of the root
of the aorta is strengthened by a circular seam applied below the valves (figure 8), this protects the aortic

Figure 8
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root enlargement in the following, and therefore is applicable to patients with congenital connective tissue
defect, such as Marfan syndrome. As in Yacoub or TD-3 techniques, an uncomplicated procedure for
resuspension of commissural racks is performed.

In this technique, the sinotubular junction is remodeled to ideal dimensions, i.e. 15% smaller than the
diameter of the aortic ring, by selecting a dacron prosthesis smaller in diameter than the aortic ring, the si-
nuses slightly bulge outward, which is achieved by higher notches on the prosthesis, which are suspended
by the commissure of the valve. The cuts on the prosthesis must be narrow to emphasize the place of the
synthobular transition, then the narrowing of this place is made by the Teflon strip. By narrowing the
sinotubular junction, the functional flows described by Da Vinci that prevent the valves from contacting
the dacronoptic prosthesis are retained. This reconstruction covers all components of the root of the aorta,
while preserving the natural valves of the aortic valve.

Method of Hopkins-1. Narrowing strips of Teflon are applied circularly after excision of the patho-
logically altered aorta, and after the mobilization of its root. The proximal band is fixed by a series of
mattress sutures, below the flaps. Commissures are kept with a site of surrounding tissue 3-5 mm. The
notches in the proximal end of the prosthesis are made a bit longer, which will allow the commissure to be
sutured even higher, and due to this, the neosinus will be convex. A proximal suture is applied at the base
of the root of the aorta, the sinuses are replaced by the dacron prosthesis. Reimplantation of coronary
mouths, the formation of constriction in the place where the commissure of the valve is sewn.

Reimplantation of the root of the aorta into the prosthesis. Method of Florida Sleeve, described
by R. Hess in 2005. The ascending aorta crosses 1 cm above the sinotubular junction, the root of the aorta
is allocated along the circumference to the level of the aortocastular contact. The diameter of the fibrous
ring of the aortic valve is determined by using standard-sized meters. The distance from the base of the
root of the aorta to the coronary arteries and the sinotubular crest for each commissure is also measured,
which is necessary for the preparation of the prosthesis. The choice of prosthesis is performed at a rate of
4-5 mm larger than the measured diameter of the fibrous ring. The height of the skirt of the prosthesis
should correspond to the measured height for each of the commissures, all commissures must be at the
level of the sino-tubular crest of the prosthesis. Then, the coronary arteries are located on the prosthesis,
after which vertical slots are made in the indicated positions in the form of a "keyhole". The length of the
slits corresponds to the measured distance from the root of the aortic root to the lower part of the coronary
artery. At the location of the coronary artery mouths, round holes are made. The next step is to place suban-
nular U-shaped seams with a 3/0 woven with Teflon liners, placing them horizontally in a circle 1-2 mm
below the aortic valve flaps from the inside out, so that the gaskets do not touch the cusps (figures 9, 10).
In the area between the non-coronary and right coronary sinuses, seams must be placed along the contour
of the valves to avoid complications from the side of the conductive system and the membrane part of the
interventricular septum [46-48].

Figure 9 — Method of Florida Sleeve Figure 10 — Method of Florida Sleeve
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Cases of failure of reimplantation and remodeling of the aortic valve. Unsuccessful valve-preserving
surgeries included procedures in which there is no adequate stabilization of the aortic base, and which in
the long-term period lead to dilatation of the aortic ring [49]. Part of the output aortic tract forms a
functional ring - in fact the bases of the interlobic triangles are below the fixation of the valves and is part
of the ventricular hemodynamics [9, 10]. Proponents of reimplantation technology suggest that the stabi-
lization of the aortic ring, especially in connective tissue diseases, is an important point. Remodeling
methods leave these triangles intact, which should positively influence the surgery of the preserved flaps
and the duration of reconstruction, since some elements of the dynamic expansion of the aortic root are
preserved. Implantation methods support or fix these interlobular triangles.

The theoretical reason for the accelerated degeneration of the valves is systolic contact with the
prosthetic wall, due to the lack of sinus expansion. Attempts to unsuccessfully reconstruct the root of the
aorta with a ring size of 25-27 mm were attributed to the injury of the valves due to restraint in the pros-
thesis [11, 50-52]. Such complications can be during reimplantation in a cylindrical prosthesis or during
remodeling, when a smaller prosthesis size is used. To avoid such problems, aortic prostheses with
artificial sinuses of Valsalva are being developed [53].

Pethig and colleagues, using an echocardiographic study, determined that the level at which the leaf-
let coaptation occurs is an important factor in the long-term reconstruction. They divided all patients into
three groups, depending on the level of coaptation: A — coaptation of the valves 2 mm above the plane of
the aortic ring; B — at the level of the plane of the base of the ring; C — below the level of the base of the
aortic ring. There was no regurgitation in group A (n = 56); in group B, severe AS occurred in 2 patients
(n = 11); all patients from group C had AK deficiency (54).

Early methods of remodeling the root of the aorta (Yacoub, David-2) were aimed at prosthetics of
pathologically altered sinuses of the Valsalva and preservation of the dynamic properties of the aorto-
ventricular zone. However, in patients with connective tissue diseases, long-term complications associated
with dilatation of unfortified aortic root components may develop, so this method developed further in the
direction of greater stabilization of the base of the aorta and sinotubular zone.

Dr. David compared his reimplantation technique with developing remodeling methods in patients
with an aortic root aneurysm and found some disparity in the long-term nature of these techniques. While
the 8-10 year survival was excellent, his study showed the best results (ie freedom from developing mo-
derate and severe AK insufficiency) for reimplantation technique [49]. He correctly noted that without
strengthening, the root of the aorta can expand after many of the remodeling techniques. While, the
technique of reimplantation theoretically has disadvantages - the contact of the cusps with synthetic
"sinuses", in reality this is not a serious problem [49, 53, 55]. In addition, dacron prostheses with convex
sinuses became available today [53, 56-58].

The extended service life of the reconstructed cusps can be achieved surgically by either Seattle
technique or the use of prostheses proposed by Zehr [59] or the described David technique [49] or by
using a Valsalva sinus prosthesis in combination with a smaller diameter tube, as in the Mayo Clinic [50].
However, the mechanism of the development of aortic insufficiency in the late period after the remodeling
surgery is not entirely clear, most likely because of insufficient strengthening of the residual fibromus-
cular components of the complex - the root of the aorta, which is characteristic for this procedure.

In addition, problems can arise due to brittleness and postoperative degeneration and subsequent
thinning of the cusps.

Choosing the size of the prosthesis for reimplantation or remodeling. A great attention was paid to
the choice of the size of the prosthesis for various methods of reconstruction of the root of the aorta. The
technique of reimplantation has the advantage of complete fixation of the whole complex of the root of
the aorta and placement of the valve in the dacron prosthesis, however, its choice differs from the process
of remodeling. Reimplantation requires the choice of a sufficiently large prosthesis, that would not
increase the arca of coaptation of the cusps. David stressed that the sinotubular junction can be formed
either by narrowing the prosthesis or by sewing a smaller diameter prosthesis at the level of this junction
if necessary; the procedure of reimplantation in general requires a fairly wide prosthesis (30-34 mm),
which ideally corresponds to the size of the non-enlarged aortic ring. To select the size of the prosthesis in
remodeling surgeries, several methods are described [3].

— |4 ——
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According to the method of M.Yacoub, in order to determine the required value commissures are
stretched vertically, the position of the cusps is determined and their ability to coapt without prolapse; the
necessary diameter is equal to the distance between the vertices of the commissure or one third of the
aortic circle at the level of the sinotubular junction. David suggested first to normalize the aortic ring, and
then choose a prosthesis, given that the diameter of the sinotubular transition is less than 15% of the aortic
ring. This corresponds to the Kunzelman morphometry [2]. The Yakub group suggests that you also mea-
sure the distances between commissures, with the maximum coaptation of the wings, and then calculate
the diameter of the prosthesis. K.Morishita et al. Have suggested to use the following formula:

d=2/\3 % id,
where d is the required diameter of the prosthesis, id is the distance between the commissure vertices.

David T. David's opinion is that the approximate diameter of the prosthesis is equal to the length of
the free edge of the aortic valve leaf, minus 10% of the figure, but there is absolutely no exact formula for
calculating the size of the prosthesis and the solution depends on the surgeon's experience. In valve-pre-
serving surgeries with the reconstruction of the sinotubular ridge, the required diameter of the prosthesis
is twice the height of the aortic valve leaflet. Dr. David noted that determining the size of the root of the
aorta and the sinotubular junction is more an art than an exact science [60]. In his hands, the choice of
prosthesis for reimplantation differs from that for remodeling [49]. The concept of choosing a prosthesis
for reimplantation is based on the external diameter of the root of the aorta (intermal diameter + wall
thickness), while in remodeling - on the inner diameter. When remodeling, David is based on the size of
the valves and does not recommend the use of prostheses less than 30 mm to avoid restriction of the sines
and subsequent damage to the valves [49, 60, 66]. For remodeling, we described the following procedure.
After excision of the sinuses, the true diameter of the aortoventricular connection is made with the help of
the Gegar dilator. Horizontal horizontal mattresses are applied to the top of each commissural column,
which are then stretched up to the appropriate diameter of the sinotubular junction, while a hydrodynamic
coaptation test is performed. This diameter of the sinotubular zone usually corresponds to the internal
diameter of the exit aortic tract, which was measured by Gegar. If the coaptation arca of the semilunar
valves seems insufficient, then a smaller diameter prosthesis should be selected. This is a very simple
method (similar to David's artistic approach), where the narrowing of the prosthesis is combined with a
strip of Teflon in the area of the sinotubular junction and an accurate selection of the commissure fixation
height, which gives a reliable result of the reconstruction of the sinotubular junction zone without defor-
mation of the sinuses.

The height of the commissure between the non-coronary-left coronary is measured to determine the
size of the graft from the line connecting the nadir of two adjacent flaps (the base of the triangle between
the rows) to the top of the commissure. This measurement corresponds to the size of the selected trans-
plant; B. In the Gelweave Valsalva ™ transplant (Vascutek Ltd, Terumo, Renfrewshire, Scotland), the
height of the sinus part is equal to its diameter, which corresponds to the labeled size.

Results of reconstruction of the root of the aorta with preservation or restoration of the aortic valve.
The level of surgery mortality varies from 0% to 6% [70,71] with a survival rate in 7 years 72-78% 8%
[71, 72]. Patients with an ancurysm of the ascending aorta have a survival rate lower than those with an
aortic root aneurysm, about 36% survive in the 8-year period [49]. This is a low survival rate, probably
associated with the elderly age of patients with an ancurysm of VA, as well as concomitant vascular pa-
thology. Resurgeries after aortic valve replacement for 7-8 years have a low frequency and according to
many authors the freedom from this kind of rsurgeries is 90-97% [68, 71, 73]. Moderate aortic insuffi-
ciency is a rarity, especially during the first 2 years after surgery. However, the expressed AS is often
close to 6%, although in some reports it reaches a level of up to 37% [34, 55, 73-78]. In addition to good
survival rates in patients who underwent reconstruction of the root of the aorta, two-thirds of those
observed are free from the risk of developing a moderate and severe degree of aortic valve failure within 8
years after surgery (49). David notes the superiority of reimplantation techniques (over remodeling) with a
low risk of aortic insufficiency in the future; the average and severe AS was found in 10% for the 8-year
period, while, when remodeling, this index was 45% [78]. The Hanover group achieved the same success
in reimplantation of the aortic root, hospital mortality was 3.8%, and 4% were reopera- ted for aortic in-
sufficiency |73]. Intraoperative transesophageal echocardiographic evaluation is important in determining
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the long-term duration of the surgery [55]. Later complications (aortic insufficiency) in patients with
connective tissue diseases are revealed more often, in methods where there is no maximum stabilization
of the root of the aorta root ("ring") [60, 66-69,78-80].

Patients with an aneurysm of the root of the aorta and an intact root complex diseases, in which the
reconstruction consisted of normalizing the diameter of the sinotubular zone, immediate and intermediate
functional results are very good, and more than two-thirds of patients are free from development of the
AS in the period of 8-10 years after surgery; however, the overall survival of these patients is relatively
low, and only a third remains alive by the year 8, and possibly concomitant vascular disease and the age
of the patients [49].

To compare the reconstruction technique, Dr. Gott and colleagues, examined the results of
prosthetics in 235 patients with Marfan syndrome, 232 of whom underwent Bental's surgery and pros-
thetic aortic root replacement. In this group, there were no deaths in 30 days, 85% of these patients were
alive at the time of publication of this article, and freedom from re-surgery for 20 years was 74% [81]. In
the Japanese study, corrugated conduit was used, the operative mortality was 8.3%, and the actuary sur-
vival rate by the year 5 was 82.7% 4.8% [82].

Edwards and colleagues, using the National STS Cardiac Surgery database, determined the rates of
operative mortality for isolated aortic valve replacement-4%; for patients with planned prosthetics AK-
3,3% [83]. These data suggest that in selective patients, planned valve-saving surgeries are currently per-
formed in most centers with a death rate approaching or better than for isolated aortic valve replacement.

Conclusion. The progress of these methods occurred after understanding the functional anatomy of
the aortic root complex. Preliminary results of such surgeries support interest in their use, but an ideal and
safe reconstruction technique, especially for connective tissue diseases, for example Marfan syndrome,
should be determined after a longer period of postoperative follow-up (43). Today, there are many me-
thods of reconstructing the root of the aorta, some of the original techniques have been replaced or modi-
fied by the same authors. The surgeon should consider the root of the aorta as a complex of elements, and
strive to optimize its functional anatomy in each patient individually. The development of new types of
prostheses also facilitates this task. Knowledge of the specific anatomy and history of the disease of each
patient should help in the successful reconstruction of the aortic root complex with lasting effect and low
lethality.
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KOJKA KAKHAKINACBIHBIH KETICIIEYIILUIII'IMEH KOCAPJIAHTAH
KOJKA TYBIPIHIH AHEBPU3MACBHI KE3IHJAETT PEKOHCTPYKTHUBTI OITIEPAIIUAJIAP

Annoramms. Kazipri Tanma koaka TyOipiHIH aHCBPH3MACH KC3IHACTI PEKOHCTPYKTHBTI OTCpalHATIAPFa Kap-
JUOXHPYPIHS CaNaChIHAA KbI3Y TalKbLIaHyna. COHFBI OTHI3 )KBULABIKTA KOJIKA TYOIPiHIH aHEBPHU3MACHI KE3iHIC JKa-
CaJIaThIH OTICPAIMAIAP/IBIH OipHEIIE 9mic-Tocinnaepi yehHbUFaH. Onap Oip-OipiHEH jKacany TEXHHKACHI )KOHE TY3ETY
SKYPTi3LIETIH aHATOMISUTBIK aiiMarbiHA OAaWNIAHBICTHI €pPEKIICICHel. byl omic-TaciepaiH MAaKCaThl KbI3METI Cak-
TAJIFaH >KapMaJapAbl CaKTam, KOJIKA TYOipiHiH 0acka OeIKTCPiHIH TYAKTAHABIPY OOmbm TadbpLIaael. byn mapa-
JapAbIH OCPIKTIri MCH HOTIDKCCIHIH Y3aK CAKTATXyBIHBIH MAHBI3ABLIBIFBI AHTHKOATYJISHTAPABl KOJITAHYIA KAKCT-
TLTIKTIH OOJMMAYBIHAA KATHIP. XUPYPTUSUIBIK TY3ETYAIH 9MIC-TICIIICPIH TaHJAyAa OCBhI YaKbITKA JCHIH MiKipranac
0ap, HKoHE op KAFAaHaa TaHAAY XHPYPrKa Kajaaasl by monyaa Koika TYOipiHiH PSKOHCTPYKIHBTI OTICPALHAIAPEIH
TaHAAyObl JKYHCI TYPAC KApalFaH >KOHC ONCPANMSIAPABIH TPaQHKAIBIK WLTFOCTPALHSIAPMCH OCPINTCH.
OnepanusuiapJsIH HLTFOCTPALHAIAPMCH CYPETTCIIY1 XHPYPITHIH OMIC-TOCIIICP Al TAHAAY BIH JKCHUTACTC L.

Tyiiin ce3mep: aopra TyOipiHIH aHEBPH3MACHI, KOJKA KAKMAKIIACBHIHBIH MKCTKLUTIKCI3AITI, aopra TYOIpiHIH pe-
KOHCTPYKIHSCHL.

P. M. Tyzeyraes’, 1. O. Ypasoexos', K. O. Onrap6aes’, K. b. A6zams"?,
b. A. Pakmmes’, T. FO. Hoparumos', V. E. Amamveip3aes’, A. A. OmakGaen’

'AO «Hammonanssrit Hayumstit nentp xupyprum mv. A. H. Coisranosa», Amvatsr, Kasaxcran,
*AO «Kasaxckuii MeTHIMHCKUH YHHBEPCHTET HEPEPHIBHOTO 00pa3oBanmsm», AmMarsl, Kazaxcran

PEKOHCTPYKTHUBHBIE ONEPAITHH
P AHEBPU3MAX KOPHA AOPTHI C AOPTAJIBHOU HEJOCTATOUYHOCTBIO

AmnHOTAIHS. PEKOHCTPYKTHBHAS XHPYPTHS KOPHS A0PTHI MPEACTABILIET OOIBIION HHTEPEC B 00IACTH KapAHO-
XHPYPrUd. 32 MOCICTHAE TPH ACCATHICTHS OBII MMPEIOMKEH P METOAUK AJISI KOPPEKIHI AaHEBPHU3MBI KOPHS A0PThI
C aopTajbHOH HEJOCTATOUYHOCTHIO, PA3IMYAIOIUECA TEXHHYCCKHUM BBIMOTHEHHEM M AHATOMHYECKOH 00IacTHIO
Koppeknun. L{enpr0 TaHHBIX MPOIIEAY P SABIIETCA COXPAHCHHE ()Y HKIHOHUPYOLIHX CTBOPOK M CTAOMIIH3AIMS IPYTHX
KOMITOHEHTOB KOPHS aopThl. HameXHbIH M AMUTEIBHBIH 3P(EeKT TakuX BMEIIATEIBCTB OCOOCHHO BAXKCH BBHIY OT-
CYTCTBHSI HEOOXOJMMOCTH TPHEMA AHTHKOATYLIHTOB. BBIOOp METOmA XHPYPTHYECKOH KOPPEKIHH A0 CHX IOp
0CTaeTCsA JUCKYTaOEIbHBIM, H B KAXKIOM CIIydac BHIOOp OCTacTCs 3a ONCPHPYIOIIHM XHPyproM. B manHOM 0030pe
OTIMCAHBI METOABI PEKOHCTPYKIIHMH KOPHS A0PTHI C CHCTEMATHICCKUM ITOIX0I0M B BHIOOpPE XHPYPraYecKOT0 METOAa
KOPPEKLHUH C rpa)MueCKUMH HIUTOCTPALMAMHE omepanuy. ONHCaHHE ONEPalMy ¢ WIIOCTPALMAMH CIIOCOOCTBYIOT
VIPOIICHUIO BEIOOPA XUPYPIUUECCKOTO METOIA B KAKIOM HHAMBHIY ATbHOM CIIyUae I XHPYpra.

Kmouessle ci10Ba: aHeBpH3Ma KOPHA a0PThI, A0PTAIbHAL HEAOCTATOUHOCTD, PEKOHCTPY KIMA KOPHS aOpPThL
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