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HeAO0CTaTOMHOCTM MUTpPaNbHOro KaanaHa
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CeBepo-3anafHblil rocyaapCcTBEHHbIA MeAUUMHCKUA yHuBepcuTeT uM. W.A. MeunukoBa, CankT-leTepbypr, Poccus

06ocHosaHue. HecMoTps Ha LUMPOKOE MPUMEHEHWE OMOPHBIX KOMEL, NpU XMPYPrUYECKOM NEYeHUM NaLMeHTOB C Helo-
CTaTOYHOCTbI0 MUTPaNbHOIO KianaHa u aunaraumen ero ¢Gubpo3Horo Konbla HayyHble UCCnefoBaHUA B 3Toi obnacTu npo-
LONMKAKTCS.

Llen uccnedosaHus — w3yunThb brKKalLKMe M OTAANEHHbIE Pe3yNbTaTbl PEAYKUMOHHOW aHHYNOMIACTUKW MUTPANIbHOM
KnanaHa nofocKom 13 ayTonepuKapaa pacyeTHOW A/IWHbI.

Mamepuanel u Memodel. B vccnefoBaHumn ocHoBHy0 rpynny coctaBun 21 naumeHT (cpepHumin Bospact 60,9 + 4,3 roaa,
MeHWMH — 23,8 %) ¢ HepsoCTaTOYHOCTLI0 MUTPAJIbHOTO KianaHa pasfiMyHoro reHesa ¢ aunatauven ¢pubposHoro Kosbua.
CyxkeHne GubPO3HOro KonbLia B X0[e PEKOHCTPYKLMW KIlanaHa BbIMOIHWIM NYTEM UMMIAHTaLMK MOOCKM U3 ayTonepuKapaa
PacyeTHOM ASMHbI M0 33[HUM [BYM TPETAM €r0 OKPYXHOCTW Y3/10BbIMIA FOPU3OHTANBHBIMY LWBaMU. [LIMHA NOIOCKU paccym-
TaHa Mo OpUrMHaNbHOW METOAMKE, COMMAacHO JaHHbIM, NONYYEHHBIM B X04e [00MNEPaLMOHHON YpeCnMLLEBOAHON 3XOKapAo-
rpacdum, no gopmyne 2/3m - D (Mm), roe D — cywecTBytowas AnnHa nepeaHeii CTBOPKM MUTPabHOMO KianaHa B CpeAvHHOMN
yacTU OT MecTa NpUKpenseHus CTBOPKU K ¢nbpo3HoMy Konbly Ao cBobogHoro Kpas B 30He cerMeHTa A2. KoHTponbHyto
rpynny coctasunm 38 naumMeHToB C HeLOCTATOUYHOCTbIO MUTPANbHOMO KilanaHa HepeBMaTUYecKoro reHesa (CpefHW Bospact
591 + 3,5 ropa, eHwmH — 23,7 %), y KOTOpbIX YKPEerieHne U CyeHne Gubpo3HOro KonbLa BbIMOSHWIM NONOCKOM U3 Miie-
TEHOrO COCYAMCTOro MpoTe3a PUKCMPOBAHHOW MIMHBI 55 MM. B 06eux rpynnax nomumo cyxenus ¢mbposHoro KonbLa Tak-
K€ NpOoBeNM Apyrve BUAbI NNACTUKM KanaHa (LUOBHYI0 NNACcTUKY CTBOPOK, YaCTUYHYI0 PE3EKLIMI0 CTBOPOK, UX KOMBUHaLMIO)
W COYeTaHHbIE NpoLenypbl (KOPOHapHOE LUYHTUPOBaHWE, NNACTUKY NOCTUHAAPKTHLIX aHEBPU3M JIEBOTO JKENYA0UKa).

Pesynemamel. MNoateepxaeHa 6€30MacHOCTb M HALEKHOCTb PELYKLMOHHOW aHHYNONNACTUKM MMTPabHOMO KJlanaHa
MpW aHHYN03KTa3uu. B cpokm Habniopenns fo 8 net (cpepsHui cpok 3,5 + 0,7 roaa) peumamBbl 3HaUMMON MUTPAsIbHOW pe-
rypryTaumm C NoKasaHusMU K NMOBTOPHOM omepaummn B 0benx rpynnax He 3aduxcupoBaHbl. B ocHoBHOM rpynne nauueHTam
BbINONIHEHa bonee TOYHas aHaTOMUYECKas KOPPEKLMA KlanaHa, YeM B KOHTPOJIbHOM rpynne.

Bbigodel. B cTaTbe OCBeLLEHbI CyLIECTBYIOLIME METOAbI YKPEnaeHnss GpubposHOro Kombla, X [OCTOMHCTBA W HefoCTaT-
Ku. Mpepnaraemblit cnocob peayKUMOHHON aHHYMOMAACTMKM MUTPaNbHOMO KianaHa MofoCKoM M3 ayTonepuKapaa pacyeTHoM
OJIMHBI NO3BONISIET BbINOSHUTD HAJEXHYI0 M BE30MacHyl0 KOpPEKLMIO pacLLMpeHHoro ¢pmbpo3Horo KonbLa npu MUTPasbHOM
He[oCTaTouYHOCTH.

KnioueBble cioBa: MUTpasibHas peryprutaums; NnacTuka MUTPanbHOMo KiarnaHa; onepaums Ha OTKPLITOM CepALE; aHHYNO3K-
Taswsi; ayTonepuKapa.
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Reductive annuloplasty with autopericardium
in surgical treatment of mitral insufficiency

Artem V. Sotnikov, Michail V. Melnikov, Anna M. Bitieva, Eduard A. Kolmakov

North-Western State Medical University named after I.I. Mechnikov, Saint Petershurg, Russia

BACKGROUND: Despite the widespread usage of all-type rings in the surgical treatment of patients with mitral valve
insufficiency (MV) and dilatation of its fibrous annulus, the researches on this topic are in progress.

AIM: To study the short- and long-term results of narrowing annuloplasty of the MV utilizing an autopericardium strip of
calculated length.

MATERIALS AND METHODS: The study group consisted of 21 patients (average age 60.9 + 4.3 years, women 23.8 %) with
MV insufficiency of non-rheumatic ethiology. The narrowing of the fibrous annulus during valve reconstruction has been per-
formed along with the posterior 2/3 of their circle using interrupted horizontal sutures. With those sutures, an autopericardial
strip of the calculated length has been secured to the annulus. The length of the strip has been calculated according to the
original method, according to the data obtained during preoperative transesophageal echocardiography. The length of the strip
was 2/3m - D (mm), where D — the existing length of the anterior leaflet of the MV in the middle portion from the fibrous
annulus to the free edge in the zone of the A2 segment. The control group consisted of 38 patients with non-rheumatic MV in-
sufficiency (average age 59.1 + 3.5 years, women 23.7 %); the strengthening and narrowing of the fibrous annulus have been
performed using a strip made from a wicker vascular prosthesis. The length was 55 mm, equal for all the patients. In both
groups, in addition to the narrowing of the fibrous annulus, other types of mitral valve-sparing surgery (partial resection of
MV leaflets, suture leaflets techniques, their combination) and combined procedures (coronary bypass surgery, left ventricle
reconstructions for postinfarction aneurysms) have been also performed.

RESULTS: In the studied groups, the safety and reliability of the performed restrictive MV annuloplasty procedures have
been demonstrated. During the follow-up period up to 8 years (average 3.5 + 0.7 years), there was no recurrence of sig-
nificant mitral regurgitation, which would require repeated surgery in both groups. Narrowing annuloplasty of the fibrous
annulus of MV with a strip from the autopericardium of an individual calculated length allows to perform a more accurate
anatomical correction of the valve compared with the control group. The existing methods of mitral annuloplasty, their advan-
tages and disadvantages are discussed.

CONCLUSIONS: The proposed method of restrictive annuloplasty of the MV with an autopericardial strip of the calculated
length allows to perform a reliable and safe correction of the dilated fibrous annulus in patients with mitral insufficiency
during valve-preserving operations.

Keywords: mitral regurgitation; mitral valve repair; open-heart surgery; annuloectasia; autopericardium.
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OPUTVHATTBHOE VICCTTELOBAHVE

BACKGROUND

Mitral valve (MV) insufficiency is a common pathology that
causes chronic heart failure (CHF) and impairs considerably
quality of life. Hemodynamical MV insufficiency is one of
the most common pathologies of the valvular apparatus of
the heart among patients of the middle and older age groups,
and affects 3.5% of people with ages over 65 years [11].
Dilatation of the annulus fibrosus (annulus ectasia) is
associated with age-related changes in the MV and leads to
impairment of cusp coaptation, loss of the obturator function,
and the development of hemodynamical regurgitation.
Dilatation of the MV annulus fibrosus often accompanies
congenital subclinical pathology in the form of myxomatous
changes in the valves, but as a rule, it clinically starts to
manifest itself in middle and old ages.

Valve-preserving surgeries on the MV have undeniable
advantages compared with prosthetics [17]. The choice
of method for strengthening and narrowing the dilated
annulus fibrosus in the complex surgical treatment of
MV insufficiency is subject to further studies [6, 8, 10, 13,
14, 20].

Table 1. Clinical characteristics of the studied patients groups
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This study aimed to analyze the immediate and long-
term results of reductive annuloplasty of the annulus fibrosus
using an autopericardial strip of the estimated length in
the surgical treatment of MV insufficiency.

MATERIALS AND METHODS

Patients and Ethical Considerations

The study included 59 patients who underwent various
types of plastic and reconstructive surgeries on the MV in
combination with the correction of other structural patholo-
gies of the heart in the Department of Cardiac Surgery and
Surgical Treatment of Complex Arrhythmias and Cardiac
Pacing of the I.I. Mechnikov North Western State Medical
University from 2013 to 2021.

Surgical Procedures

Reductive annuloplasty of the MV fibrous annulus with
an autopericardial strip was performed during combined in-
terventions on the MV in 21 patients (main group). The con-
trol group consisted of 38 patients. In these patients, a fixed
length strip of 55 mm from a braided synthetic vascular

Ta6nuua 1. KnuHnueckas xapakTepucTuka u3yyaeMblx rpynn nauueHTos

Clinical characteristics

Patient groups Level

of significance p

main (n = 21) control (n = 38)
Average age, years 60.9+4.3 991+35 >0.05
Female gender, n (%) 5(23.8) 9 (23.7) >0.05
Grade lI-IIl hypertension, n (%) 13 (61.9) 25 (65.8) >0.05
Ischemic heart disease, n (%) 8(38.1) 16 (42.1) >0.05
Diabetes mellitus, n (%) 6 (28.6) 10 (26.3) >0.05
Chronic obstructive pulmonary disease, n (%) 2 (95) 379 >0.05
Atrial fibrillation, n (%) 1 (52.4) 14 (36.8) >0.05
Grade | CHF, n (%) 0 0 >0.05
Grade Il CHF, n (%) 4(19.0) 11 (28.9) >0.05
Grade Ill CHF, n (%) 15 (71.4) 24 (63.2) >0.05
Grade IV CHF, n (%) 2 (9.6) 379 >0.05
Mean value of CHF grade 29+02 28+02 >0.05
Echocardiography data

Hemodynamically MV insufficiency, n (%) 21 (100.0) 38 (100.0) >0.05
Left ventricular ejection fraction, % 597 +4.6 55.5+5.3 >0.05
Diastolic dimension of the left ventricle, mm 56.1+3.6 5.9 +1.9 >0.05
Left atrium size, mm 48.4+33 438+23 0.03
Diameter of MV annulus fibrosus 39131 376 +2.4 >0.05
(normal up to 30-35 mm [1]), mm

Pulmonary artery pressure, mm Hg 53.9+74 414 + 4.4 >0.05

Note: MV — mitral valve, CHF — chronic heart failure.

DOl https://doi.org/10.17816/mechnikov83711

55



ORIGINAL RESEARCH

Fig. 1. Schematic illustration of a two-chamber plane of the heart
when performing transesophageal echocardiography, necessary to
determine the length of the median part of the anterior mitral valve
leaflet: the measurement is carried out from the fibrous annulus to
the free edge of the leaflet in the A2 segment. LV — left ventricle,
LA — left atrium, ALMV — the anterior leaflet of the mitral valve
Puc. 1. CxeMa fByxKkaMepHON NpoeKLMM cepaLa npy BbINOAHEHNM
UpeCnuLLEBOAHON 3XOKapauorpadumm, Heobxoaumoid ons onpene-
NeHUs LIMHBI CPEAMHHON YacTW NepefHei CTBOPKU MUTPanbHO-
ro Knanaia: usMepeHue ot GubposHoro Kombua [0 cBoboLHOMO
Kpas cTBopKM B cerMeHTe A2. JIX — nonocTb NEBOro XenyaoyKa,
JIN — nonoctb nesoro npeacepaus, NNCMK — nepeaHss cTeopka
MWTPaNbHOrO KanaHa

prosthesis 5 mm wide was used for reductive annuloplasty
of the MV. Some of the clinical characteristics of the patients
are listed in Table 1. The main cause of the development of
mitral regurgitation in patients in both studied groups was
myxomatous degeneration of the MV cusps or a combina-
tion of this pathology with coronary heart disease. Patients
with mitralization of aortic valve defects and MV lesions of
rheumatic origin were excluded from the analysis. Despite
the mitral insufficiency, the patients had a common symptom,
namely dilatation of the MV annulus fibrosus. All surgeries
were performed by a single surgeon, and included median

Seams / LLiBbI
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Fig. 2. Mitral valve. Viewed from the operator’s side. There is a dila-
tion of the fibrous annulus; the cusps do not close; lengthening of the
P2 segment of the posterior cusp. Diagram of the anterior mitral valve
leaflet: D — target fibrous annulus diameter after implantation of an
autopericardial strip; ALMV — the anterior leaflet of the mitral valve;
P1, P2, P3 — segments of the posterior leaflet of the mitral valve
Puc. 2. MutpanbHblit KnanaH. Bup, co ctopoHel onepatopa. [luna-
Taums GUBPO3HOro KonblLia, CTBOPKM He CMBIKAKTCS, YAMHEHWE
cermeHTa P2 3agHen ctBopku. CxeMa yyacTKa nepegHen CTBOPKY
MWUTpanbHOro KnanaHa: 0 — ueneson auametp ¢G1bpo3HOro Komb-
La nocne MMNaHTaLuMW Nosocku u3 aytonepukappa; MNCMK —
nepeaHsas CTBOpKa MUTpanbHoro Knanaa; P1, P2, P3 — cerMeHThl
3a/iHel CTBOPKM MUTPaNbHOMO KnanaHa

sternotomies and cardiopulmonary bypass, cardioplegia, and
moderate hypothermia.

The two groups of patients were comparable in terms
of the main clinical and echocardiographic characteristics.
At their ages (approximately 60 years), MV bioprosthetics
was not recommended. The prevalence of comorbidities in
the groups did not differ considerably. Various forms of atrial
fibrillation, from paroxysmal to permanent, were verified
in almost half of the main group patients and in a third of
patients in the control group. According to echocardiography,
hemodynamical MV insufficiency (confirmed by the presence

Fig. 3. Sutured mitral annulus and sutured autopericardial strip.
The width of the strip is 5 mm; the length of the strip is calculated
according to the formula. On the fibrous ring of the mitral valve,
single horizontal sutures from a braided synthetic thread 2/0 are
imposed, which are then sutured through a strip of autopericardium.
Valvuloplasty in the form of resection of the lengthened P2 segment
of the posterior leaflet of the MV is presented as an example of
simultaneous intervention on the valves. ALMV — the anterior
leaflet of the mitral valve; P1, P2, P3 — segments of the posterior
leaflet of the mitral valve; AP — a strip from the autopericardium
Puc. 3. lpowwntoe ¢ubposHoe KONbLO MUTPaNbHOTO KhanaHa
W NpoLLMTas Nosiocka U3 ayTonepukapaa. LLnpuHa nonocku 5 MM,
LAMHA MOMOCKW paccumTtaHa no dopmyne. Ha ¢ubposHoe KombLio
MUTPaNIbHOIO KiamnaHa HanoXeHbl OAMHOYHbIE FOPU30HTaNbHbIE
LUBbI U3 NNIETEHON CUHTETUYECKOI HUTU 2/0, KoTopble 3aTeM Mpo-
WKTbI Yepe3 MOMOCKY W3 ayTonepukapaa. B Kadyectse npuMepa
OZHOBPEMEHHOr0 BMELLATENbCTBA Ha CTBOPKax MpuvBeAeHa Balb-
BYNIONNACTMKA B BUAE Pe3eKUMM YANMHEHHOro cerMeHTa P2 3ap-
Heil CTBOPKM MUTpanbHoro KnanaHa. ICMK — nepeHss cTBopKa
MUTpanbHoro knanaua; P1, P2, P3 — cerMeHTbl 3apHeit CTBOpKU
MUTpanbHoro Knanaxa; All — nonocka u3 aytonepukapaa

DOl https://doi.org/10.17816/mechnikov83711
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of pulmonary hypertension) with a slightly reduced left
ventricular ejection fraction, in conjunction with initial
dilatation, expansion of the MV annulus, and atriomegaly, were
diagnosed in both groups. We associated a more pronounced
development of atriomegaly in patients of the main group
with prolonged records of mitral regurgitation.

Reductive annuloplasty with an autopericardial strip has
been performed in our clinic since November 2018. This
strip is formed from the anterior pericardium accessed af-
ter opening the thoracic cavity. The individual calculation of
the autopericardial strip length for each patient (application
for invention 2021123942 dated August 12, 2021) was charac-
terized by the correction of the expanded MV annulus fibrosus
in the main group. The target fibrotic annulus circumference
was calculated from the size of the anterior MV cusp as de-
termined by transesophageal echocardiography. Immediately
before the onset of surgery, the MV was visualized in a two-
chamber projection to observe the anterior cusp movement
in cross section (Fig. 1). Subsequently, the length of the me-
dian part of the anterior MV cusp was measured in systole
from its base near the annulus fibrosus to the free edge in
the A2 segment (Fig. 2). This initial length of the anterior cusp
was used as the target diameter of the MV annulus fibrosus
(Figs. 3 and 4).

The autopericardial strip length was calculated by the for-
mula [ = 2.1 x D, where [ is the target length of the formed
strip, 2.1 is a constant coefficient equal to 2/3m (where
m=3.14), and D is the initial length of the median part of
the anterior MV cusp from the annulus fibrosus to the free
margin in the area of the A2 segment. That is, the strip length
for correction should be 53 mm with an anterior cusp length

Table 2. Full range of performed open heart surgeries
Tabnuua 2. MonHbIM 06beM BMeLLaTeNbCTB Ha CepaLe
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Fig. 4. An autopericardial strip is implanted; the interrupted su-
tures are tied. The final view of the mitral valve after correction
of the concomitant pathology of the posterior leaflet (in this case,
resection of the segment P2 of the posterior leaflet) and narrowing
of the dilated fibrous annulus by implantation of a strip from the
autopericardium of the estimated length. ALMV — the anterior
leaflet of the mitral valve; P1, P2, P3 — segments of the posterior
leaflet of the mitral valve; AP — a strip from the autopericardium
Puc. 4. Tonocka 13 aytonepukapaa MMNIAHTMPOBaHa, Y3/0BbIe
LBbI 3aBA3aHbl. OKOHYaTEeNbHbINA BUA, MUTPANBHOTO KianaHa noce
KOppEeKLMW COMyTCTBYIOLLEI NaToNOrMM 3aaHel CTBOPKY (B AaHHOM
CIyyae peseKLnmM cerMeHTa 3afHei CTBOPKM P2) u cyxeHus pacium-
peHHoro GpuUbpo3HOro KonbLia UMMNaHTaLMeN MOIOCKY U3 ayTonepu-
Kapaa pacyeTtHoi finHbl. [ICMK — nepenHss cTBopKa MUTpanbHO-
ro kKnanasa; P1, P2, P3 — cerMeHTbI 3aiHeli CTBOPKY MUTPabHOM
KnanaHa; All — nonocka u3 aytonepukapaa

of 25 mm, 63 mm with a cusp length of 30 mm, 74 mm with
a cusp length of 35 mm, 84 mm with a cusp length of 40 mm,
and 95 mm with a cusp length of 45 mm, respectively.
The strips were implanted with interrupted n-shaped sutures
with a 2/0 synthetic braided suture, applied on the MV fibrous
annulus along the posterior two thirds of its circumference

Clinical characteristics

Patient groups Level

of significance p

main (n = 21) control (n = 38)
Isolated reductive annuloplasty of MV, n (%) 3(14.3) 17(44.7) 0.02
Combination of reductive annuloplasty with valvuloplasty

Resection of a segment of the posterior MV cusp 12 (57.1) 14 (36.8) >0.05
with annuloplasty, n (%)

MV suture grafting with annuloplasty, n (%) 5(23.8) 2(5.3) 0.03
Cusp segment resection with MV suture grafting 1(4.8) 5(13.1) >0.05
and annuloplasty, n (%)

Concomitant correction of other cardiac pathology

Resection of the left atrial appendage in patients with atrial 11 (52.4) 14 (36.8) >0.05
fibrillation, n (%)

Coronary bypass surgery, n (%) 8 (38.1) 16 (42.1) >0.05
Tricuspid valve correction, n (%) 3(14.3) 4(10.5) >0.05
Grafting of postinfarction aneurysm of the left ventricle, n (%) 1(4.8) 379 >0.05

Note: MV — mitral valve.

DOl https://doi.org/ 10
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with a transition to the areas of both commissures. Typically,
7-9 sutures were applied after correction of the pathology of
the cusps or subvalvular apparatus (resection of a posterior
cusp segment, various types of suture repairs, and combina-
tions thereof) (Table 2).

Table 2 demonstrates the full scope of interventions on
the heart. In reconstructive valve-sparing surgeries on the MV
with dilatation of the annulus fibrosus, the procedures were
rarely limited to isolated annuloplasty (14.7% in the main
group versus 44.7% in the control group (p < 0.05)). Most
patients underwent additional correction of both MV cusps
(resection of segments, suture plasty, or their combination),
as well as for other cardiac pathologies (coronary, valvular,
or combined).

After completing the main stage of the surgery and
the subsequent (mandatory) procedures to restore effective
cardiac activity, control transesophageal echocardiography
was performed. After annuloplasty in the control group,
emergency mitral valve replacement due to anterior systolic
MV cusp movement (SAM syndrome) was required in two
patients. There were no such patients in the main group.

To prevent wound complications, we have been using an
effective method of combined (systemic and local) preven-
tion of postoperative sternomediastinitis with cefazolin [5]
since 2014. Our efficiency associated with the successful
completion of this method has been proven in practice. From
the first day of the postoperative period, warfarin was pre-
scribed to the patients according to existing standards up to
the target values of the international normalized ratio with
values in the range of 2.0-3.0. Six months after the surgery,
warfarin was discontinued. In the presence of atrial fibril-
lation, treatment with direct anticoagulants (rivaroxaban,
apixaban, or dabigatran etexilate) was continued throughout
their lives.

RESULTS

The efficiency of the proposed method of MV annulo-
plasty was evaluated comparatively according to the main
characteristics of the course of the early postoperative period
(Table 3).

By the time of discharge from the hospital, positive trends
were recorded in both groups according to echocardiography
compared with preoperative values. Specifically, significant
decreases in the sizes of the left chambers of the heart
were noted (in the main group, decreases in the size of
the left atrium from 48.4 + 3.3 (mean + standard deviation)
to 43.1 + 2.7 mm, and diastolic size of the left ventricle from
56.1 + 3.6 to 53.3 + 2.6 mm were documented; in the control
group, the respective changes were from 43.8 +2.3 to
40.9 + 1.8 mm and from 56.9 + 1.9 to 49.9 + 3.4 mm), while
pressure indicators approached the norm values (from
53.9 £ 7.4 to 36.2 + 3.6 mm Hg in the main group, and from
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414 + 4.4 t0 36.5 + 2.7 mm Hg in the control group). These
data indicate the efficiency of the MV correction and other
structural cardiac pathologies (coronary and/or valvular)
in both groups. Patients of the main group had a shorter
duration of postoperative mechanical ventilation of the lungs
and stay in the intensive care unit. We attribute this fact to
changes in the approaches used to treat cardiac patients in
the intensive care unit of our clinic in recent years.

In the main group, there was a significantly lower
incidence of MV insufficiency above grade II, according to
echocardiography data (9.5% versus 31.6%), and a significantly
lower mean pressure gradient (2.5 versus 3.6 mm Hg) than
that in the control group. For patients with moderate MV
insufficiency, we provided yearly follow-ups with check-
ups based on echocardiography and heart failure grade
assessments using the 6-min walk test. During the optimal
drug therapy in these patients, there was no indication
for the need of repeated surgery. In our opinion, the main
reason for the higher incidence of moderate MV insufficiency
in the control group is the use of a fixed length strip for
annuloplasty.

Despite the hemodynamically insignificant indicators of
the average pressure gradient, a significant difference in
the groups indicates that individual selection of the strip
length for narrowing the annulus fibrosis of the MV allows
more accurate anatomical correction in patients with
annulodilatation.

Manifestations of systemic inflammation in the early
postoperative period in the main group were also less
pronounced than those in the control group according to
the control clinical blood test. Specifically, significantly low-
er levels of leukocytes (8.0 + 1.3 versus 9.4 + 1.0 x 10°/L),
platelets (246.8 +39.9 vs. 307.7 + 31.7 x 10%/L), C-reac-
tive protein (29.6 + 7.4 vs. 63.4 + 18.8 mg/L), eosinophils
(0.3+0.0 vs. 0.4 +0.1 x 10°/L), thrombocrit (0.2 + 0.0 vs.
0.3+ 0.0 x 10%/L), percentage distribution of platelets by
volume (17.0 £ 0.3 vs. 16.4 + 0.1%), and absolute neutrophil
count (5.2 + 1.1 vs. 6.3 + 0.8 x 107/L).

In the early postoperative period, one control group pa-
tient, who was in a serious condition at the beginning of
the study, died. The cause of death was the progression of
heart failure after surgery, which included left ventricular
thrombectomy, resection of postinfarction aneurysm, left
ventricular repair, coronary bypass grafting, and combined
MV repair. The rest of the patients were discharged on days
10-12 after their surgeries if they exhibited satisfactory con-
ditions following outpatient management by a cardiologist at
the primary healthcare facility.

The long-term results of the study were analyzed in
33 control group patients and in 19 main group patients.
The maximum follow-up period was 8 years, and the average
follow-up period was 3.5 £ 0.7 years. The methods of
examination included telephone surveys with a modified
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Table 3. Brief characteristics of the early postoperative period according to the clinical, laboratory tests, and instrumental control
Tabnuua 3. KpaTkas xapaKTepucTiKa paHHero nocieonepaLmoHHoro nepuoza, no AaHHbIM KIMHUYecKoro, NabopatopHoro

U UHCTPYMEHTaIbHOro KOHTPOIA

. o Patient groups Level
Clinical characteristics Lo
main (n = 21) control (n = 38) of significance p
Average amount of drainage discharge in the postoperative 410 £ 140 480 + 180 >0.05
period, mL
Number of patients requiring donor blood transfusion, n (%) 4(19.0) 8 (21.0) >0.05
Duration of postoperative artificial lung ventilation, h 31+£13 53+13 0.045
Duration of stay in the intensive care unit, days 17+£0.2 23+04 0.02
Acute renal failure in the postoperative period, n (%) 2(95) 4(10.5) >0.05
Acute cerebrovascular accident in the early postoperative 1(4.7) 1(2.6) >0.05
period, n (%)
Hospital mortality, n (%) 0(0) 1(2.6) >0.05
Echocardiography data 7-10 days after surgery
Left ventricular ejection fraction, % 576 +5.3 53.3+6.0 >0.05
Left atrium size, mm 43.1+27 409+ 18 >0.05
Diastolic dimension of the left ventricle, mm 533+2.6 499 + 3.4 >0.05
Pulmonary artery pressure, mm Hg 36.2+3.6 36527 >0.05
Moderate MV insufficiency, n (%) 2 (95) 12 (31.6) 0.05
Average pressure gradient on the MV, mm Hg 2505 3.6+07 0.04
Indicators of a clinical blood test on days 7-10 after surgery

Leukocyte count, x10°/L 8.0+13 94+1.0 0.045
Platelet count, x10°/L 246.8 + 39.9 307.7 + 31.7 0.009
Mean platelet volume, fL 85+05 8.6 +0.4 >0.05
Plateletcrit, x10%/L 0.2+0.0 0.3+0.0 0.009
Platelet distribution volume, % 170 £ 0.3 16.4 + 0.1 0.0007
Neutrophils, total, % 62.8+3.7 658+29 >0.05
Lymphocytes, % 22.6 3.6 20.1+£23 >0.05
Monocytes, % 10.4 £ 1.0 9609 >0.05
Eosinophils, % 3.6+£0.7 41+08 >0.05
Basophils, % 0.6 +0.2 0.4+0.2 >0.05
Neutrophils, absolute count, x10/L 5.2+ 1.1 6.3+0.8 0.03
Lymphocytes, absolute count, x10%/L 1.7+0.2 1.9+02 >0.05
Monocytes, absolute count, x107/L 08+0.2 0.9+0.1 >0.05
Eosinophils, absolute count, x10%/L 0.3+0.0 0.4+0.1 0.03
C-reactive protein (normal 0-5 mg/L), mg/L 29.6 + 14 63.4+18.8 0.002

Note: MV — mitral valve.

CROQ questionnaire [22], case outpatient follow-ups of
the patients, and control echocardiography for patients with
moderate MV insufficiency in six months, one year, and in
every subsequent year following surgeries.

In the long-term period, the majority of patients in both
groups evaluated positively the surgical treatment and noted
high tolerance to physical activity. In total, 84.2% of patients

in the main group and 63.6% in the control group lead an
active lifestyle. Several patients were employed and were
engaged in fitness programs.

The severity of CHF in patients of both groups in the long-
term period is presented in Table 4. Patients with grade Il CHF
experienced minor limitations in physical activity during heavy
physical exertion, and noted swelling of the lower extremities.
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Table 4. Severity of chronic heart failure in the long-term period after surgery
Ta6nuua 4. BbipaxeHHOCTb XpOHUYECKO CepAEYHOI He0CTaTOYHOCTH B OTAANIEHHOM NepPUoje Nocsie onepaLmmn

Clinical characteristics

Patient groups

Level of significance p

main (n =19) control (n = 33)
Average time after surgery, years 1.3+0.6 4,6+0.7 0.015
Grade | CHF, n (%) 16 (84.2) 21 (63.6) >0.05
Grade Il CHF, n (%) 3(15.8) 10 (30.3) >0.05
Grade Ill CHF, n (%) 2(6.1) >0.05
Grade IV CHF, n (%) 0 >0.05
Average value of CHF grade 1.1+0.2 14+0.2 0.03

Note: CHF — chronic heart failure.

A slight increase in diuretic therapy on an outpatient basis
enabled us to arrest the edematous syndrome and improve
the general conditions of these patients.

In the main group, two patients were diagnosed with
grade Ill CHF. In case 1, severe CHF was caused by an initially
disabled left ventricle associated with a postinfarction heart
aneurysm. She was admitted to our clinic in an orthopnea po-
sition and with dyspnea symptoms at rest. After stabilization
of her condition, she underwent resection of the postinfarc-
tion aneurysm and combined left ventricular grafting supple-
mented by reductive MV annuloplasty. The patient was dis-
charged after surgery in 2015 with physical exertion tolerance
classified as grade Il CHFE. However, over the past few years,
she has noted an exacerbation of dyspnea. Echocardiography
showed no remarkable MV insufficiency, however reduced
myocardial contractility and a left ventricular ejection frac-
tion less than 30% were revealed. Patient 2 was suspected
to have recurrent mitral regurgitation. According to fibrogas-
troscopy, a giant hiatus hernia squeezed the cavity of the left
atrium from the outside and deformed the MV annulus fi-
brosus. The patient still refuses the proposed diaphragmatic
hernia repair that is necessary to allow the re-evaluation of
the MV function.

There were no recurrences of remarkable MV insufficiency
with the development of grade IV CHF and indications for re-
intervention in both groups.

The average follow-up period in the main group was
significantly less than that of the control group. This was
due to the design of our study, which was a prospective,
non-randomized study with a continuous sample of patients.
Despite this difference, we believe that the comparison
of these groups of patients is acceptable given that our
experience and the data from other authors have proven that
one year after surgery, the results remain stable for a few
years [21, 27].

The follow-up revealed that in some cases, severe CHF
may develop owing to the appearance of atrial flutter in
the long term, when patients can hardly tolerate heart rates
higher than 150 beats per minute. Three patients admitted to

the clinic at different times after MV grafting with suspected
recurrence of severe MV insufficiency noted pronounced
manifestations of grade IV CHF. During the examination,
these patients were diagnosed with a permanent form of
atrial flutter with a high-heart rate manifested 0.5-1.5 years
after the surgery. Sinus rhythm was restored by defibrillation
in one case, and by endovascular radiofrequency ablation of
the arrhythmogenic zones of the right atrium in two other
patients. Further intensification of CHF therapy according to
existing standards enabled us to discharge these patients with
grade Il CHF. According to transesophageal echocardiography,
they had moderate MV insufficiency without any indications
for repeated surgery.

The results of the follow-ups of patients after surgery
indicated the reliability of the MV annuloplasty technique with
strips from synthetic braided material and the autopericar-
dium. However, in the main group, a trend toward a more
favorable course of the postoperative period was revealed
with a greater number of patients with grade | CHF, and a sig-
nificantly lower (p < 0.05) average value of the CHF grade in
the main group compared with the control group.

DISCUSSION

The choice of method for strengthening and narrowing
the annulus fibrosus of the MV during valve-sparing
surgeries in patients with mitral regurgitation is subject to
further study [6, 8, 10, 13, 14, 20]. Implantation of supporting
synthetic rings is used most commonly. This method was
proposed by Carpentier in the 1970s, and has been used all
over the world for more than 40 years. The choice of the ring
size and the method of its implantation were repeatedly
described in the literature, and the immediate and long-term
results were studied in detail. One of the main disadvantages
of this method is the rigid fixation of the MV annulus fibrosus,
which excludes its participation in the function of the heart
[19, 24]. The diameter and shape of the MV annulus fibrosus
are known to be constantly changing at different phases of
the cardiac cycle [15, 24]. Therefore its fixation with a rigid
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support ring can reduce the MV functionality and increase
the incidence of SAM syndromes [25].

An alternative to this method is the strengthening and
narrowing of the MV annulus fibrosus using flexible half
rings [13], synthetic strips [6], and implant-free suture tech-
niques [8]. Despite their proven efficiency, these methods also
have disadvantages. In particular, suture techniques can be
unreliable in the long-term period and often lead to relapses
of significant hemodynamical MV insufficiency (up to 22.9%
of cases at a mean follow-up of 2.4 + 0.8 years) [3]. The use
of flexible half rings or synthetic strips involves the implan-
tation of foreign material into the cardiac cavity, which can
activate the immune system with the development of local
and systemic inflammation and local thrombogenesis [18].

Most of these shortcomings can be avoided by using
the patient’s own tissues as a reinforcing material for MV
reductive annuloplasty, such as the autopericardial strip pro-
posed for grafting in 1991 [20]. This method allows the preser-
vation of the functionality of the MV annulus fibrosus without
its rigid fixation [16, 23]. This is important for physically active
patients [26], but also avoids immune system activation and
the development of an inflammatory reaction. Long-term re-
sults provide evidence to the reliability of mitral annuloplasty
with the use of the autopericardium, whereby the incidence
of significant hemodynamical recurrences of MV insufficiency
in the follow-up period up to 5 years is 2.9% [27], but it does
not exceed 14% after 15 years [21].

The issue pertaining to the optimal length of the strip for
the necessary narrowing of the dilated MV annulus fibrosus
has not yet been resolved. Most research authors use a fixed-
strip length [4, 9, 12, 14, 20]. At the same time, it is obvious
that it does not correspond to the individual characteristics of
the valvular apparatus of each patient. Most often, the strip
length is determined by the operating surgeon based on his
experience and patient case specifics, which can result in
errors. Insufficient narrowing of the annulus fibrosus does
not ensure complete restoration of the obturating function of
the MV, and excessive narrowing can lead to the development
of relative MV stenosis or SAM syndrome [7]. To our
knowledge, this is the first time a method is proposed for
calculation of the autopericardial strip length on a per-patient
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