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Highlights
e Clinical first experience application of a new biological closed semi-rigid ring for mitral valve annuloplasty
"NEORING" (Closed Joint-Stock Company "NeoCor", Kemerovo) was evaluated.
* Intracardiac hemodynamics after the mitral valve annuloplasty with a biological semi-rigid ring "NEORING" was analyzed.

To make the first clinical experience evaluation of the new biological closed support ring

26 patients (16 men, 10 women, mean age 55 [49; 62] years) with dysplastic mitral
insufficiency were implanted “NEORING” biological ring for the first time from March
2020 to June 2021. The etiological factor of the defect formation in all cases was the

connective tissue dysplasia. The mean functional class of heart failure before surgery was

2 [2; 3] according to NYHA, the effective regurgitant orifice (ERO) was 0.4 [0.3; 0.5],
vena contracta was 0.7 [0.6; 0.8]. Ten patients received rings of 28 mm diameter, ten

No significant adverse events such as death from any causes, strokes, myocardial infarction,
cardiac complications, bleeding, and return of regurgitation or failure of plastic surgery

requiring reoperation, infective endocarditis after the intervention were observed. In two

cases a permanent pacemaker was implanted due to sinus node dysfunction. At discharge all
patients had no regurgitation (ERO 0), medium transvalvular gradient was 4.0 [3.0; 5.3] mm
Hg. All the patients were assigned to NYHA functional class | heart failure after the surgery.

New biological support ring “NEORING” (“NeoCor”, Kemerovo) use in the middle age
group of patients showed high hemodynamic efficiency, the absence of specific

complications in the early stages after the surgery. It is planned to expand the clinical

material on the use of the biological ring, as well as to evaluate the long-term results in the
format of a prospective, randomized trial and compare the new device with the existing

el for mitral valve.
Methods
patients — 30 mm, six patients — 32 mm.
Results
Conclusion
Ones.
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Introduction

Mitral [valve] (MV) regurgitation is the most commonly
occurring acquired heart valvular disease second to aortic
stenosis [1]. Surgical treatment greatly improves chances of
a favorable outcome for such patients, with the degenerative
and secondary forms of regurgitation the probability of
preserving the valve standing at 90-100%. The support ring
based valve preservation technique was pioneered by A.
Carpenter in 1969. [2]; since then, this procedure has seen

continuous improvement. The essential component of
annuloplasty is the remodeling of the fibrous valve ring
using dedicated devices, i.e. support rings.

Today, cardiac surgeons has a vast array of support rings for
a valvuloplasty (MV plasty) procedure offering rigidity,
form and superior manufacturing materials as their key
features,
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Most models share the use of artificial materials in the cuff
[3, 4]. However, the abundant choice of support ring designs
using artificial materials makes it clear that there is no
perfect option; also, a series of studies into infective
endocarditis show that the use of these designs is not advised

material reinforced with ethylene glycol diglycidyl ether
and covered with anti-thrombotic surface coatings (fig. 1).

Project Objective: to make the first clinical experience
evaluation of the innovative biological closed support ring
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Pucynok 1. buonormyeckoe 3aMKHYTO€ OIIOpHOE ceuToBHAHOE KoJbIo « HEOPUHI
Ilpumeuanue: u300padicenusi GUOIOCUYECKO2O ONOPHOLO KOIbYA OISl AHHYIONIACTIUKU
MUMPATLHO20 KIANAHA ONYOIUK08anbl ¢ nucbmenno2o paspeutenusi 340 «HeoKopy.
Figure 1. Biological closed support saddle ring “NEORING”

Note: the images of the biological support ring for mitral valve annuloplasty are
published with the written permission of “NeoCor”.

Ta6amua 1. O6mmas xapakrepucruka namuentos, Me [Q1; Q3]
Table 1. General characteristics of patients, Me [Q1; Q3]

IMoxa3saren / Index 3nauenue / Value

Bo3pacr, et / Age, years 55 [49; 62]
Mysxuunbl/ Kenumasr, n / Male/Female, n 16/10
ITormaae noBepxuoctu Teia, m?/ Body surface area, m? 1,95[1,81; 2,16]
®K CH mo NYHA / FC NYHA of heart failure 2[2; 3]
Perypruraims MK / MV Regurgitation 413; 4]
ConyrcrByronue 3adonesanus / Concomitant disease, n:
uieMuueckas 6osesnb cepaia / ischemic heart disease 8
MyJIbTHdOKaIBHBIN atepockiepos3 / multifocal atherosclerosis 4
XpOHHUECKas 060prI<T_I/IBHa$[ 6one3nsb Jerkux / chronic 3
obstructive pulmonary disease
caxapubiii auaber / diabetes mellitus 2
¢bubpmmsims npexcepauii / atrial fibrillation 5
CK® MDRD, ma/mun/m? / GFR MDRD, ml/min/m? 91 [83; 111]
Ipumeuanue: MK — mumpaneuwiti knanan; CK® — cxkopocmb  Kiy6oukoeou
purempayuu; CH — cepoeunasi nedocmamounocmv;, DK — ynkyuonanouwlil

xknace;, NYHA — Hewio-Hopxcekas accoyuayusi cepoya. Me — meouana; QL1 — nusicnuil
keapmunv, Q3 — sepxHul Keapmuv.

Note: FC —functional class; GFR — glomerular fi rate; MDRD — Modifi

of diet in renal disease; MV — mitral valve; NYHA — New York Heart Association.
Me — median; Q1 — lower quartile; Q3 — upper quartile.

due to a high probability of disease recurrence as opposed

for mitral (MV) plasty.

Materials and Methods:

A prospective analysis of surgical outcomes was
made by continuous sampling on 26 patients
suffering from dysplastic mitral regurgitation,
who were subsequently implanted with the
NEORING Biological Ring between March 2020
and June 2021. 1.

The average age of the patients is 55 [49; 62]
years. In 8 patients, mitral (MV) regurgitation was
aggravated by ischemic heart disease although
unrelated to it; coronary angiogram revealed the
hemodynamically insignificant stenosis of the
coronary arteries in all the examined patients. In
all cases, the etiological factor of the defect
formation was the connective tissue dysplasia The
mean pre-op functional class (FC) of heart failure
was 2 [2; 3] according to NYHA, the effective
regurgitant orifice (ERO) — 0.4 [0.3; 0.5] cm2, and
vena contracta — 0.7 [0.6; 0.8].

All surgeries were performed under artificial blood
circulation with CO2 insufflation being carried out
as per standard practice to prevent embolic
complications in the wound and myocardial
protection was provided by a Custodiol® solution
(Kohler Chemie, Germany). Once the leaflets and
MV subvalvular apparatus were examined, the
following  reconstructive  techniques  were
employed: prosthetic chords were inserted in 2
cases; the second-order chords were trans-located
in 14 cases; resection techniques were applied in

to xenopericardial cuffs that are not known to increase such
odds [5]. The research personnel at the FSBSI RICICD
(Federal State Budgetary Scientific Institution ‘Research
Institute for Complex Issues of Cardiovascular Diseases’) in
collaboration with (Kemerovo-based) CJSC NeoCor’s team
have come up with a ‘NEORING’ innovative biological
support ring for mitral annuloplasty being one of its kind
solution in the world that helps retain the form and
physiological capabilities of the MV fibrous ring along with
its inherent bio-mechanical functions. The frame is made of
super-elastic Nitinol with a shape memory effect and high
radiopacity. The product has a natural saddle-shaped form
of the MV fibrous ring and is made of a xenopericardial

16 cases; and a combination of reconstruction techniques
were employed in 6 patients. In all cases, the MV plasty
procedure culminated in the insertion of a biological support
ring using U-shaped stitches across liners.
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Initially, the MV fibrous ring was sewn over in the hinge
zone using U-shaped stitches on Teflon liners followed by
the attachment of the biological support reference ring by
puncturing with the first needle through the xenopericardial
cuff further running over the Nitinol frame from the inside
and by the second needle — through the xenopericardial cuffs
from the outer side of the Nitinol frame; the threads were
run along parallel to each other, which made for a closer fit
of the frame to the MV fibrous ring and a mitigated risk of
stitches coming out through the xenopericardial cuff of the
biological support ring (Fig. 2).

Ten patients were implanted with 28 mm @ rings, another
ten patients — 30 mm @, and six patients — 32 mm @. The
ring sizes were correlated with the patients’ body surface.
The individual support ring sizing technigue

bed days in intensive care from surgery to discharge was 10
[9; 13] days. By the time of discharge, all patients had
insufficient blood circulation diminished and exercise

PucyHok 2. Bun GHOIOrHYeCcKOro OMOPHOTO KOJIbIA MOCIIe M-
IJIaHTaIluH
Figure 2. The view of the biological support ring after implantation

Ta6auua 2. XapakTepucTHKA TOCIUTaIbLHOTO eproaa, Me [Q1; Q3]

was not any different from the customary one.
The viability of the reconstruction procedure

was controlled using intraoperative
transesophageal echocardiography. In five
cases, MAZE IV radio-frequency biatrial

ablation was performed for MV atrial
fibrillation in parallel with the surgery; in two

Tahle 2 Characteristics of the hosnital nerinod. Me I01: 031

IMoxa3zarens / Index 3nauenue / Value

Bpewmst UK, mun / Time AC, min 114 [98; 128]

cases, the secondary tricuspid regurgitation was
corrected by means of a biological tricuspid
support ring.

The study was approved by the local ethics
committee at the FSBSI RICICD. All patients
signed an informed voluntary consent to take
part in the study.

Bpemst okkiro3uu aoptsl, Myt / Aortic occlusion time, min 75 [68; 93]
Pa3mep MMIUTAHTHPOBAHHOTO OTIOPHOTO Kouiblia / Ring size, n
(%):
28 MM / mm 10 (38)
30 MM/ mm 10 (38)
32 MM / mm 6 (23)
Jmmrensrocts UBJL, 4 / Duration AVL, h 71[7;8]
IMotpe6GHOCTH B MHOTpOMHOM moepskke / Inotropic support,
n (%):
MOHO / mono 8 (61,5)
nBoitnast / double 2 (15,4)
JIMTENBHOCTh HHOTPOIHO# Mo ep KKy, 4 / Inotropic support .

. 12 [7; 18]
duration, h
KonmuecTBo KONKO-IHEN HaxoieHus B peanumaruu / Bed- 1[L:1]

Statistical Analysis
The distribution type was checked against the

Kolmogorov-Smirnov criterion.
distribution type is abnormal. Non-parametric

statistics methods were used. An analysis of related
variables was made using Wilcoxon’s test. Data were
presented in the median (Me) form and in the interquartile
range [Q1; Q3). The probability of an error of the first kind
was set at 5% (0.05).

Outcomes

No cases of death, stroke, myocardial infarction, cardiac
complications, bleeding, and return of regurgitation or
failure of plastic surgery requiring reoperation, post-surgery
infective endocarditis were observed. In two cases, a
permanent pacemaker was implanted due to sinus node
dysfunction. The timings of artificial blood circulation (114
[98; 128] min) and heart anoxia (75 [68; 93] min.) were
different depending on the scale of intervention (table 2).
The average duration of artificial lung ventilation was 7 [7;
8] h. All patients were transferred from the intensive care
unit on the following day after the operation. The number of

days in intensive care

umeuanue: UBJI — uckyccmeennas eenmunsyus jgeckyx, UK — uckyccmeennoe
OSSR oo PABHCIB S MENEPTS 5D el FASi7
The 60N @ MOrReNH; OfeHBaRSAOIB6BAERys; AC — artifi circulation; Mé — median;

lavninv AniAaviilas MO

ays3 6epTRUD KEPMUTD.

intolerance enhanced; after the surgery, all patients were
classified into NYHA functional class | heart failure
(according to a six-minute walking test).

At the time of discharge, all patients had no regurgitation
(ERO 0). The medium transvalvular gradient was 4.0 [3.0;
5.3] mm Hg.

A positive trend in the remodeling of the cardiac chambers
and pressure reduction were observed in the pulmonary
circuit (table 3).

Discussions
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Mitral regurgitation is the most commonly diagnosed heart
valve disease second only to the aortic valve stenosis and
most frequently occurs in the overall population [6]. In
developed countries, mitral regurgitation is most commonly
blamed on degenerative changes in the MV. Two leading
types of connective tissue degeneration, Barlow’s disease
and fibroelastic deficiency are associated with types | and Il
of mitral insufficiency according to A. Carpentier’s
classification [1, 7].

Severe dysplastic mitral regurgitation carries an unfavorable

Ta6auua 3. [okasarenn DxoKT', Me [Q1; Q3]
Table 3. Indicators of EchoCG, Me [Q1; Q3]

fixation of the compromised native fibrous ring of the mitral
valve with a bespoke anatomically compatible design
dubbed as an annuloplasty support ring. The usage of
support rings should follow two primary objectives, i.e.
(the) resizing (of the fibrous ring) and reshaping (getting the
deformed fibrous ring back its original shape), however not
all rings are capable to restore the peculiar 3D-configuration
of the mitral valve fibrous ring.

R. Masaaki and alt. [3] have demonstrated the efficiency of
repairing the 3-D saddle-shaped form of the mitral valve
following the annuloplasty procedure by semi-
rigid (Carpentier-Edwards Physio Il ring) and

Jlo onepauum /

Ioxazarenas / Index
Before surgery

IIpu BbINUCKE
At discharge

/ rigid (St. Jude Medical Rigid Saddle Ring)
closed support rings, albeit with some lost

KJIP, om /EDD, cm 62[58651 56150601 0003 =y namics of valve morphometrics in various
KCP, cm / ESD, cm 401[35;4.6] 39[34:43] 0086  cardiac cycle phases. Memo 3D semi-rigid
K0, w1 / EDV, cm 194[167;216]  142[116;177] 0,003  gynnort rings have been proven to be highly
KCO, mxr/ ESV, cm 70 [51;97] 58[47;83] 0086  efficient in retaining the physiological
®B JDK/ LV EF, % 64 [61; 69] 53[52;61] 0,050  dynamics of the MV fibrous ring and leaflet
JIII, em/ LA, cm 5,0 [4,8; 6,0] 46[4,2;5] 0,004 apparatus, albeit without the capability to make
I, cM / RA, cm 5,0 [4,5; 5,3] 4,6[4,1;4,8] 0,086 an anatomical saddle shaped form.
CJUTA, mu pr. cr. / SPPA, mm Hg 40 [33: 50] 2723:36] 0116  INA.V.Afanasiev's study [12], the comparison
MIKIL eu / IVS, cm 1,0 [1,0: 1,0] 10[10:10] 0655 of the D ring semi-rigid closed support ring
3CIIK, em / PWLV, cm 10[10;10]  1,0[10;10] 0,655 E{man_ufactl:jrelc: by 1EI:JS(f:I NFbF; I\r/l]elciln_zh, P;nsg,
ERO, cwfom 04 [0.3: 05] B B ussia) and the C flex flexible half-ring (band)
(manufactured by CJSC NPP MedInzh, Pensa,
Vena contracta, cm / Vena cotracta, cm 0,7 [0,6; 0,8] — - . . .
— Russia) employed in the task of correcting
Peryprurais MK / Regurgitation MV 43; 4] He BoisiBIicHa - dysplastic mitral regurgitation has
Vep., cwfc / Vmean, cm/s - 97[71;105] - demonstrated that the use of a certain type of a
Pcp., mm pr. cr. / Pmean, mm Hg - 4,0[3,0; 53] - support ring has nothing to do with the survival

Ipumeuanue: 3CJDK — 3a0mss cmenxa nesoco acenyoouxa;, K/JO — koneumwiil
ouacmonuyeckuii obvem; KJ/[P — koneunwiti Ouacmonuueckuil pasmep, KCO —
KoHeunwlll cucmonuyeckuti oovem;, KCP — xoneunwiti cucmonuveckuil pasmep, JIII —
nesoe npeocepoue; MIKII — medicorcenyoourkosas nepecopooka; MK — mumpansbHbiil
xknanaw, Il — npasoe npedcepoue; CIJIA — cucmonuueckoe OaeieHue 1e20UHOU
apmepuu; @B JDK — ¢paxyua evibpoca nesozo scenyoouxa;, ERO — aghpexmusnasn
nuowaos pecypeumayuonnozo omsepcmusi. Me — meouana; QL — nuorcnuil keapmuin;

Q3 — gepxHuil Keapmuy.

Note: PWLV — posterior wall of the left ventricle; EDV — end-diastolic volume; EDD
— end-diastolic dimension; ESV — end-systolic volume; ESD — end-systolic dimension;
LA — left atrium; IVS — interventricular septum; MV — mitral valve; RA — right atrium;
SPPA — systolic pressure of the pulmonary artery; LV EF — left ventricular ejection
fraction; ERO — effective area of the regurgitant orifice; Me — median; Q1 — lower

quartile; Q3 — upper quartile.

prognosis. Following an extended asymptomatic period,
severe dysplastic mitral regurgitation develops into the
symptomatic stage accompanied by left ventricle dilatation
followed by left ventricular failure, left atrium dilatation,
and high pulmonary hypertension. Timely correction of
mitral regurgitation helps get longevity back on track with
that of the healthy population [8]. A number of highly
effective MV reconstruction techniques have been
engineered: French correction (A. Carpentier, 1983 [9]),
Respect Rather Than Resect (P. Perier, 2008 [10]) and
American correction (M. Lawrie, 2009 [11]). One of the
critical and mandatory steps in these techniques is the

rate of patients or the heart failure functional
class in a long-term observation period.

Even what with a myriad of completed clinical
studies on the use of different types of support
rings to correct dysplastic mitral regurgitation,
no recommendations for the choice of a support
ring at various etiologies of mitral regurgitation
have yet been presented due to the lack of solid
evidence.

Two basic trends are identifiable from the
evolution of support ring design: the reshaping of the
original spatial structure of the MV fibrous ring and the
restoration of its physiological mobility in the course of the
cardiac cycle. These trends consistently manifest
themselves in the design of both rigid saddle-shaped rings
illustrated by Rigid Saddle Ring (St. Jude Medical) in
constructing the MV anatomical configuration and MEMO
3D semi-rigid support rings (LivaNova and Sorin Group) in
providing the dynamic adaptation of a mitral and papillary
continuum under various cardiac cycle phases. Therefore,
the problem of creating a product combining all the detailed
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features has remained unsolved.

This study presents the immediate clinical evidence of the
use of ‘NeoRing’ innovative support ring bringing together
such features as a closed support portion enabling accurately
securing the fibrous ring within a specified diameter
entailing no risk of further dilatation; a frame made of high
radiopacity nuclide titanium having a shape memory effect;
an anatomically saddle shaped support ring adapting to
various cardiac cycles allowing for physiological three-
dimensional deformation, thereby mitigating the impact on
transmittal flows by eliminating an excessively narrowed
mitral-aortic angle and diminishing the post-loading of the
left atrium; xenopericardial casing preserved with anti-
thrombotic diglycidyl ether coating inducing faster
endothelization in the recipient’s body and mitigating the
risk of thromboembolic events in the early post-operative
period. The study results bring to light a positive trend in
remodeling the cardiac chambers in the early postoperative
period and the absence of specific complications inherent in
reconstructive surgeries (neo-plasties), including the MV
annuloplasty. The study published by L. Eric and alt. [13]
shows the cyclic deformation of the MV put through
annuloplasty with a securing support ring according to the
classic technique with separate stitches using no gaskets; the
telltale cyclic changes in the form of the fibrous ring on the
front leaflet, the saddle-shaped valve, the filling aorta and
the offset of the fibrous triangle, i.e. the factors leading to
increasingly intense pressure on the stitches in the mitral-

aortic contact area, which, in turn, rather than to severing the
thread itself due to its high strength smoothens the path for
the stitching to come through the fabric of the MV hinge
zone. Giving due consideration to these things, we have
opted for using U-shaped stitches on teflon liners to prevent
the support ring separation from coming off; moreover, the
adaptive ring structure evenly distributes the load over on
the stitches.

Conclusion

The employment of the ‘NEORING’ new biological support
ring (CJSC NeoCor, Kemerovo) in patients suffering from
dysplastic mitral regurgitation has showed high
hemodynamic efficiency and no specific complications in
the early post-surgery stages. Going forward, we have plans
to expand the clinical evidence on the use of the biological
ring, evaluate emerging long-term data through a
prospective, randomized study and compare the new
product with the existing models.
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T0JIHAS] OTBETCTBEHHOCTD 33 COJICPKAHUE

bJIC — wuHTepmperanusl JaHHBIX HCCIEIOBAaHUI, KOPPEKTHPOBKA
CTaThH, YTBEPKJICHHE OKOHYATENBbHOW BEPCHM JUIS IMyONHMKAIluy,
I0JIHAs] OTBETCTBEHHOCTD 34 COJIEP KaHHE
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