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Abstract

The aim. To study the possibilities of various techniques of the left atrial (LA) plasty in the correction of combined
mitral-aortic-tricuspid valve diseases (cMATVD) in the presence of left atrial dilation (LAD).

Materials and methods. The analysis included the results of surgical treatment of 360 patients with cMATVD
combined with LAD, who were operated on at the National Amosov Institute of Cardiovascular Surgery from
January 1, 2006 to January 1, 2023. The main group consisted of 73 patients who underwent cMATVD correction
combined with original triangular plasty of LA. The comparison group included 287 patients who underwent only
cMATVD correction in the presence of concomitant LAD.

Results. Of the 73 operated patients in the main group, 3 died at the hospital stage (mortality rate 4.1%). The
dynamics of echocardiographic parameters at the stages of treatment were as follows: left ventricular (LV) end-
systolic index (ml/m?): 69.1 + 12.1 (before surgery), 59.3 + 8.5 (after surgery), and 48.4 + 9.5 (long-term period);
LV ejection fraction (%): 51.0 + 5.0 (before surgery), 54.0 + 5.0 (after surgery), and 56.0 * 4.0 (long-term period);
LA diameter (mm): 64.8 + 4.1 (before surgery), 50.3 + 2.1 (after surgery), and 51.2 + 2.2 (long-term period). Of the
287 operated patients in the comparison group, 9 died (mortality rate 3.1%). The dynamics of echocardiographic
parameters at the stages of treatment were as follows: LV end-systolic index (ml/m?): 68.3 + 11.3 (before surgery),
60.4 + 9.3 (after surgery), and 52.7 + 7.2 (remote period); LV ejection fraction (%): 52.0 + 5.0 (before surgery),
53.0 5.0 (after surgery), and 50.0 + 4.0 (remote period); LA diameter (mm): 65.5 + 3.7 (before surgery), 64.1 + 3.3
(after surgery), and 72.5 * 2.8 (remote period).

In the remote period, thromboembolic complications occurred in 5 (7.7%) patients of the main group (1 severe, 1 mild,
and 3 fatal) and 25 (9.3%) patients of the comparison group (10 severe, 6 mild, and 9 fatal). The thromboembolic
complications rates indicate the advisability of LA plasty simultaneously with resection of its appendage.

Conclusions. In the correction of LAD, all plastic reconstructions of the dilated LA are low-traumatic and effective
procedures that lead to a significant improvement in the morphometry of the LA both at the hospital stage and
in the remote period. The methods are associated with low risk of hospital mortality, as well as a low level of
thromboembolic complications in the remote period. In all methods of LA plasty, its appendage was resected,
which also excluded conditions for thrombus formation.

Keywords: triangular left atrial plasty, mitral and aortic valve replacement, tricuspid valve plasty, mitral valve
plasty, cardiopulmonary bypass.

Introduction. Left atrial dilation (LAD) is a clinically sig-
nificant risk factor for surgical treatment of patients with
combined mitral-aortic-tricuspid valve diseases (cMATVD),
occurring in 15-23% of cases [1,2,3,4]. In patients with LAD,
in particular those with atriomegaly, there is compression of
the posterobasal segment of the left ventricle (LV), the lower
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and middle lobes of the right lung and the main bronchus on
the left. The abovementioned malformations lead to signifi-
cant respiratory disorders and heart failure [5,6,7,8,9]. In the
postoperative period, uncorrected LAD leads to an increase in
the manifestations of cardiorespiratory failure, and increased
risk of thromboembolic complications [1,2,3,7,10]. Dilated
left atrium (LA) is a factor that prevents the restoration of
sinus rhythm, causing thromboembolic complications both
at the hospital stage and in the long term [2,10,11,12,13,14].
Considering that in the presence of cMATVD and concomi-
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tant LAD, there is no regression of its diameter; it is advisable
to reduce it surgically in order to reduce the risk of thrombo-
embolic complications, create optimal conditions for restor-
ing the correct rhythm [13,14,15,16]. There are various ways
to reduce the LA diameter [17]. However, despite the various
proposed options for LA reduction, interest in studying this
category of patients does not wane [6,10,15,16]. We pro-
posed correction of cMATVD combined with original meth-
ods of LA plastic surgery. These developments have proven
themselves to be a low-traumatic and effective intervention.
At the same time, they allowed to significantly improve the
morphometry of the LA in the postoperative period. In addi-
tion, they are accompanied by a low risk of hospital mortality
and specific complications, and are desirable procedures for
the correction of LAD.

The aim. To study the possibilities of various tech-
niques of the LA plasty in the correction of cMATVD in the
presence of LAD.

Materials and methods. The analysis included data
from 360 patients with cMATVD and LAD, operated on at
the National Amosov Institute of Cardiovascular Surgery
of the National Academy of Medical Sciences of Ukraine
from January 1, 2006 to January 1, 2023. All the patients
were diagnosed with mitral-aortic valve disease requiring
surgical correction, in combination with LAD. The leading
etiologic cause of valve damage was rheumatism combined
with lipoidosis. The mean age of the operated patients
was 54.8 + 9.3 years. There were 203 women (56.5%),
157 men (43.5%). The distribution of patients depending
on the initial New York Heart Association functional class
was as follows: 125 (34.8%) in class IlI, 235 (65.2%) in
class IV. Atrial fibrillation (AF) was present in 87% of pa-
tients. Patients with concomitant aorto-coronary bypass
grafting were excluded from the study.
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Fig. 1. Computer diagnostics of left atrial dilation

The patients were divided into 2 groups: the main
group, where the correction of LA was performed during
the correction of cMATVD (n = 73), and the comparison
group (n = 287), where reconstructive intervention on the
LA was not performed. Preoperative echocardiographic
parameters in the main group were: LV end-systolic index
69.1 +12.1 ml/m?, LV ejection fraction 51.0 + 5.0%, LA diam-
eter 65.8 + 4.1 mm. In the comparison group : LV end-systol-
icindex 68.3 + 11.3 ml/m?, LV ejection fraction 52.0 + 5.0%,
LA diameter 66.5 + 3.7 mm (p > 0.05). LAD diagnostics were
also performed using computed tomography (Fig. 1).

Gross changes in the LA wall (calcification) were noted
in 9 (2.5%) patients (Fig. 2).

The operations were performed under artificial cir-
culation and moderate hypothermia (28-32 °C). Myocar-
dial protection was provided under retrograde, ante-retro-
grade pharmaco-cold cardioplegia (custodiol) combined
with external cooling. Mechanical bicuspid prostheses
used were St. Jude Medical, ATS, On-X, Carbomedics, Ed-
wards-Mira (n = 318), bioprostheses (n = 9) were implant-
ed in the mitral and aortic positions, and support rings for
mitral valve plastic surgery (n = 33) were also used.

Fixation of prostheses was carried out with separate
U-shaped seams with 13-18 Teflon pads. Tricuspid valve
plastic surgery was performed with the help of support
ring in 75 patients, and Amosov-De Vega suture plastic
surgery was performed in 285 patients. LA fragmenta-
tion operation (“labyrinth”) to restore sinus rhythm was
performed in 57 (15.8%) patients. In 17 (4.7%) patients,
there was a massive thrombosis of the LA (the level of dep-
osition of thrombotic masses was not less than 1/3 of the
volume of the LA, not counting the appendages). LA plastic
surgeries are presented in Table 1. LA appendage resec-
tion was performed in all the plasties.

Fig. 2. Calcified wall of the LA
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Table 1
Structure of interventions and various LA plasty techniques
MV plasty +
MAVR + AVR + MV plasty + MAVR + AV plasty + MVR + AV plasty +
TV plasty, TV plasty, TV plasty + Maze, TV plasty, TV plasty, Total,
LA plasty n (%) n (%) n (%) n (%) n (%) n (%)
Main group
Paraannular 0(0.0) 0(0.0) 5 (100.0) 0(0.0) 0 (0.0) 5 (100.0)
Arch 18 (53.3) 7 (46.7) (0.0) 0 (0.0) 0 (0.0) 15 (100.0)
Triangular 29 (56.9) 20 (39.2) (0.0) 2(3.9) 0 (0.0) 51 (100.0)
W-shaped 0 (0.0) 2 (100.0) (0.0) 0 (0.0) 0 (0.0) 2 (100.0)
Total 8 (52.1) 27 (37.0) (7.0) 2(2.8) 1(1.4) 73 (100.0)
Comparison group 163 (56.8) 118 (41.1) (5.3) 3(3.1) 3(1.0) 287 (100.0)

MAVR, double mitral-aortic valve replacement; TV, tricuspid valve; AVR, aortic valve replacement; MV, mitral valve; AV, aortic valve; MVR, mitral

valve replacement.

The LA reduction began with external ligation and sub-
sequent LA appendage resection (Fig. 3).

In case of moderate dilation of LA within 5.5-6.0 cm,
the paraannular or arched techniques are optimal (Fig. 4
and 5). The disadvantage of the paraannular technique is
the lack of constriction between the pulmonary veins.

For LAD within 6.0-8.0 cm, triangular plasty is optimal
(Fig. 6). Triangular LA plasty was performed as follows:
the first stage was paraannular plication of the posterior
wall of the LA, which was the base of the triangle. Then,
along converging lines from the site of paraannular plasty,
2 sections of the LA between the right and left pulmonary
veins were plicated, connecting at the apex with each oth-
er, completing the formation of the triangle. Prolene 3-0
thread was used for plasty.

The disadvantage of the technique is the risk of cutting
through the fixing sutures and possible bleeding. In this
regard, we proposed an option to eliminate this compli-
cation by strengthening the fixing suture by using an au-

Fig. 3. Resection of the LA appendage

topericardial leaflet approximately 13 mm wide (Fig. 7).
This made it possible to eliminate the bleeding factor, es-
pecially in case of extreme atriomegaly.

Fig. 6. Triangular LA plastic surgery performed
by professor V.V. Popov [17]
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Fig. 7. The use of autopericardial patch through the method
by professor V.V. Popov [17]

In case of LA marginal atriomegaly within more than
8.0 cm, the optimal method is to use the W-shaped LA
plasty (Fig. 8). Another disadvantage of this technique is
the risk of cutting through the fixing sutures and possible
bleeding. Here, the implantation of an autopericardial flap
is also routinely used.

There were no technical problems during the cor-
rection. With left atriomegaly, a longer time is re-
quired for aortic clamping, which requires more atten-
tion to protect the myocardium. The aortic clamping
time was: 138.9 # 25.5 minutes in the main group and
103.6 = 13.3 minutes in the comparison group (p < 0.05).
At the hospital stage, complications associated with the
technique of performing the operation in the main group
were not noted.

Results and discussion. In the main group, 3 out of
73 patients died at the hospital stage (hospital mortality
2.8%). The causes of death were pneumonia (n = 2) and
multiple organ failure (n = 1). Inotropic support (dobu-
tamine) was within 3-4 mcg/kg/min during the first
72 hours. The patients were discharged 11.4 + 2.1 days
after surgery without clinically significant complications.
Blood loss during the hospital stage was within 350.0 ml,
therefore, 15 (20.3%) patients did not use donor blood
components throughout the hospital period.

The dynamics of echocardiographic parameters in pa-
tients of the main group were as follows: LV end-systolic
index (ml/m?): 69.1 + 12.1 (before surgery), 59.3 + 8.5 (af-
ter surgery), and 48.4 + 9.5 (long-term period); LV ejection
fraction (%): 51.0 £ 5.0 (before surgery), 54.0 + 5.0 (after
surgery), and 56.5 + 4.0 (long-term period); LA diameter
(mm): 65.8 = 4.1 (before surgery), 52.3 + 2.1 (after sur-
gery), and 53.5 + 2.2 (remote period).

In the main group, the results of 65 patients (92.8%,
n = 65/70 of those discharged) were monitored in the re-
mote period (on average 6.7 + 0.9 years, from six months
to 10 years).

Fig. 8. W-shaped LA plastic surgery performed
by professor V.V. Popov [17]

Good and satisfactory results were observed in 48 pa-
tients (73.8%), and unsatisfactory results were observed
in 10 patients (15.4%). Unsatisfactory results were due
to tachiform of AF (n = 4), hypertension (n = 2), coronary
heart disease (n = 2), and residual effects after acute cere-
brovascular accident (n = 2). In the late period, 7 patients
(11.2%) died. The causes of death were: cerebral throm-
boembolism (n = 2), hypertensive crisis, atherosclerosis
(n = 2), progressive coronary heart disease (n = 1), pros-
thesis thrombosis (n = 1), unknown cause (n = 3). Sinus
rhythm was maintained in 27 patients (41.5%). In total,
thromboembolic complications occurred in 5 patients
(7.7%): severe (n = 1), mild (n = 1), fatal (n = 3).

Of the 287 operated patients in the comparison group,
9 died at the hospital stage (hospital mortality 3.2%). The
causes were: heart failure (n = 4) and multiple organ fail-
ure (n = 3), cerebrovascular accident (stroke) (n = 2). Ino-
tropic support (dobutamine) was within 3-4 mcg/kg/min
during the first 72 hours. The patients were discharged
10.2 + 2.1 days after the operation without clinically sig-
nificant complications, but moderate decompensation and
respiratory failure persisted. Blood loss at the hospital stage
was within 350.0 ml, due to which 25 (8.7%) patients did
not receive donor blood products throughout the hospital
stage. The dynamics of echocardiographic parameters were
as follows: LV end-systolic index (ml/m?): 68.3 + 11.3 (be-
fore surgery), 60.4 = 9.3 (after surgery), and 52.7 = 7.2 (re-
mote period); LV ejection fraction (%): 52,0 + 5.0 (before
surgery), 53.0 + 5.0 (after surgery), and 50.0 + 4.0 (remote
period); LA diameter (mm): 66.5 + 3.7 (before surgery),
64.5 * 3.3 (after surgery), and 73.5 * 2.8 (remote period).

In the comparison group, the patients were followed
up in the remote period for an average of 10.1 * 1.4 years
(from six months to 15 years).

Results were obtained in 269 patients (96.7% of
the number of discharged patients). Good and satisfac-
tory results were noted in 163 (60.6%), unsatisfactory
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in 36 (13.6%) patients. Unsatisfactory results were due
to: residual effects after stroke (n = 16), tachiform of AF
(n = 4), cardiorespiratory failure (n = 6), crisis course of
hypertension (n = 4), ischemic heart disease (n = 6). Dur-
ing 15 years of observation, the leading causes of death in
72 (25.2%) deceased patients were: progressive cardio-
respiratory failure (n = 28), cerebral thromboembolism
(n =9), prosthesis thrombosis (n = 2), hypertensive crisis,
atherosclerosis (n = 6), progressive coronary heart disease
(n = 12), arrhythmia (n = 4), pneumonia (n = 4), cancer
(n = 4), and unknown cause (n=3). Sinus rhythm was not
registered in any of the patients. Overall, thromboembol-
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ic complications occurred in 25 (9.3%) patients: severe
(n =10), mild (n = 6), and fatal (n = 9).

Actuarial curves of freedom from thromboembolic
complications in both groups are presented in Fig. 9.

According to the data presented in Fig. 9, by the 7th year
of observation, low level of thromboembolic complications
in main group were observed, indicating the advisability of
performing LA plasty.

Actuarial curves of survival in the both groups are pre-
sented in Fig. 10.

According to the data presented in Fig. 10, by the 7th
year of observation, high level of survival in the main group

81.6
78.1
75.9
73.5
4 5 6 7
Comparison group years

Fig. 9. Actuarial analysis of freedom from thromboembolic complications in both groups
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Fig. 10. Actuarial analysis of survival in the remote period in both groups
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was observed, indicating the advisability of performing LA
plasty.

With cMATVD correction, the LAD factor is clinically
significant at the hospital stage, but to a greater extent in
the remote period. The level of thromboembolic compli-
cations, as well as the level of cardiopulmonary failure, in
the group without LAD correction in the remote period
reaches a critical risk value, especially in combination with
poorly corrected long-standing AF. The damping chamber
of the dilated LA in the presence of tachiform of AF, which
is an indispensable companion of subsequent thrombo-
embolism, despite anticoagulant therapy, contributes to
the formation of thrombi in the dilated cavity of the LA.
The unligated appendage of the LA is also an important
cause of thromboembolic complications in the comparison
group. In the comparison group, compression of the bron-
chi, trachea, posterior wall of the LV by the dilated LA leads
to progressive cardiorespiratory failure, reducing surviv-
al and stability of good results. This predetermined the
worst results of the remote period in patients of the com-
parison group. If the treatment results in the two groups at
the hospital stage do not differ significantly, then the dif-
ferences at the stage of 7 years or more after the surgery
become statistically significant. Of course, the presence of
left atriomegaly combined with AF is an indication for LA
plastic surgery and restoration of the correct rhythm, and
the plastic surgery option in the treatment of cMATVD is
one of them, which has proven its feasibility over 7 years.

Conclusions. Surgical treatment of cMATVD compli-
cated by LAD, combined with the proposed techniques
of LA reduction plastic surgery, is a desirable procedure
in patients with LAD. The introduced technique is a low-
traumatic and effective procedure leading to a significant
improvement in LA morphometry, accompanied by a posi-
tive clinical effect both at the hospital stage and in the late
periods after surgery.
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MnacTuka nisoro nepeacepas Npu XipyprivHii KOpekuii NOEAHAHUX MITPa/IbHO-a0pTaibHO-
TPUCTYNIKOBUX Baj, cepus, YCKIAQAHEHUX AUNIATALLIEIO NiBOro nepeacepas

Monoe B. B., o-p Men. Hayk, npodecop, 3aBigyBay Biadiny XipypriyHoro nikyBaHHa HabyTux Bag cepus

Bbonbwak 0. 0., KaHA. Mef. HayK, CTapLUXI HAYKOBMI CNiBPOBITHUK BiAAiNy XipypriYHOro NikyBaHHS
HabyTux Bag, cepus
[Y «HauioHanbHWI IHCTUTYT CepLEeBO-CYAMHHOI Xipyprii iMeHi M. M. AMocoBa HAMH Ykpainu», M. Kuig, YkpaiHa

Pesiome

MeTa - BUBUYEHHS MOXJIMBOCTeH Oy/b-IKUX BapiaHTIiB MeTOAUK ILJIaCTUKHU JIIBOTO Nepejcep/s B Kopekuii moeHa-
HUX MiTpa/IbHO-a0PTaJIbHO-TPUCTYIKOBUX BaJ, (IMATB) 3a HasgsBHOCTI usiaTaliii JiBOTo nepejcep/s.

Marepianu Ta Metoau. /lo aHai3y BKJIOUYEHO pe3y/bTaTd XipypriuHoro JiikyBaHHs 360 mauieHTiB i3 nMATB y
MOEAHAHHI 3 AuaTauiero jgiBoro nepegcepasa (JIII), ski 6ynu npoonepoBani y HICCX im. M. M. AMocoBa 3a nepiof 3
01.01.2006 mo 01.01.2023 p. OcHOBHY Tpyly CTAaHOBUJH 73 MalLli€EHTH, SKUM Oy/s0 BUKOHaHO Kopekiilo nMATB y mo-
€/JHAaHH] 3 OpUTiHa/ILHOI MeTOAMKOI TPUKYTHOI IacTuky JIII. o rpyny nopiBHAHHA yBilIy 287 nauieHTiB, AKUM
BUKOHAHO Jii1le KopekLito 1MATB 3a HasgBHOCTI cynyTHbOI AusaTauii JIII.

Pe3ynbraTu. [3 73 onepoBaHUX NMaLliEHTIB OCHOBHOI TPYNH HA rOCHiTaJIbHOMY eTami noMmepJid 3 (JieTanbHicThb 4,1 %).
JuHamika exokapziorpadiyHuX MOKa3HUKIB Ha eTanax JiiKyBaHHS CTAHOBHWJIA: KiHI€BO-CUCTOJIIYHUHN iHJIEKC JIIBOTO
nwiyHouka (JIII) (ma/m?) - 69,1 £ 12,1 (mo onepariii), 59,3 + 8,5 (micais onepauii), 48,4 + 9,5 (Bigganenuit nepion); dpax-
uis Bukugy JII (%): 51,0 + 5,0 (zo onepauii), 54,0 + 5,0 (micais onepauii) Ta 56,0 * 4,0 (Biggasenuit nepion). [liametp
JIIT (MM) craHOBUB: 64,8 + 4,1 (0 onepauii), 50,3 * 2,1 (nmicis onepauii) Ta 51,2 = 2,2 (Biggasenuit nepiox). 3 287 omne-
pOBaHUX NalieHTIB rpynu nopiBHAHHA MoMepJiu 9 (eTaabHicTb 3,1 %). [JuHaMika exokapAiorpadiyHUX MOKa3HUKIB Ha
eTarnax JlikyBaHHsI CTaHOBMJIa: KiHIleBO-cucToIiuHuE ingexc JIII (ma/m?) - 68,3 + 11,3 (g0 onepariii), 60,4 + 9,3 (micas
onepauil), 52,7 + 7,2 (Bigganenust nepion); dbpakuis Buxkuny JI (%): 52,0 £ 5,0 (zo onepanii), 53,0 + 5,0 (nicsia onepa-
iii) Ta 50,0 + 4,0 (Bigmanenuii nepion). liamerp JII1 (MM) ctaHoBuB: 65,5 + 3,7 (A0 onepauii), 64,1 + 3,3 (micss onepanii)
Ta 72,5 + 2,8 (Bigmanenuit nepion).

Y BigjaseHoMy nepioAi B OCHOBHIHM rpyni y 5 xBopux (7,7 %) BUHUK/IM TPOMO0eMOOJIUHI yCKJIaJHEHHS: TAXKKI
(n =1), nerki (n = 1), netaneHi (n = 3). Y rpyni nopiBuaHHA y 25 (9,3 %) xBopUX Yy BigAaneH] TepMiHU BUHUKJ/IN TPOM-
60eM60sti4HI yckaagHeHHs: TSKKI (n = 10), serki (n = 6), etanbHi (n = 9). YacToTa TpoM60eM6OTIYHUX YCKIaJHEHD
CBIIYUTD PO JOLIJIbHICTD MJIACTUKU JIIBOTO NepeJcepAs 0AHOYACHO 3 pe3eKILi€l Moro ByIlIKa.

BucHoBkM. [Ipu kopekuii guaartanii JIII yci niactuyni pekoHcTpykuii gunatosaHoro JIII € MasoTpaBMaTUYHUMU
Ta epeKTUBHUMHU IIpolLlelypaMy, 110 NPU3BOAATb [0 3HAYHOTO MokpalieHHs MopdomeTpil JIII ik Ha rocniTaJbHOMY
eTani, Tak i y BifgaseHuH nepios. MeToAMKH CYNPOBO/KYIOTHCS HU3BKHUM PU3UKOM I'OCHIiTa/lbHOI JIeTaJbHOCTI, @ TAKOXK
HU3BKUM piBHEM TPoM60eMGOIIUHUX YCKJIaAHEHb y BijjaneHuit nepiof. 3a Bcix MeToauk miactuk JII foro Bymiko pe-
3eKTyBaJIY, 1110 TAK0XX BUKJIIOYAJI0 YMOBHU [JIsI TPOMGOYTBOPEHHS.

Katouoei cnoea: dunamayis nigozo nepedcepdsi, mpukymHa niacmuka Aigo2o nepedcepdsi, npome3y8aHHs Mimpae-
HO20 ma aopma/abHO20 KAANaHis, n1acmuka mpucmy/nKk08020 KAanaHa, NAacmuka Mimpa/abHo20 KAanaHa, wmy4yHutl Kpo-
8000iz.
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