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ABSTRACT

Background. The maze procedure aims to eliminate atrial fibrillation (AF), restore sinus rhythm
(SR) and atrial contractility. However, conflicting evidence exists regarding the extent of atrial
remodelling in various techniques, which directed the focus of our study.

Objectives. An atrial remodelling comparison after a cut-and-sew maze-3 surgery and its bi-
atrial cryo-maze modification using 2D echocardiography.

Methods. The study is a retrospective uncontrolled interrupted two-cohort time-series ftrial,
with patients selected by pseudorandomisation according to a normal sinus rhythm-maintain-
ing AF surgery method. A total of 217 maze-3 and 113 cryo-maze combined cardiac interven-
tions have been performed within 2012—2021. The interventions included valve repair, coronary
artery bypass grafting and their combination. Due to differences in long-term follow-up, the
cohorts were pseudorandomised to select by 50 restored vs. maintained sinus rhythm patients
using a nearest-neighbour classifier coupled with logistic regression. Mean follow-up period
was 6 (1-17) months. The patients had paroxysmal, persistent and longstanding persistent AF.
Echocardiography values prior to and long-term post-surgery were further analysed to deter-
mine the atrial remodelling dynamics.

Results. A statistically significant atrial volume reduction is evident in a long-term within-co-
hort comparison. Meanwhile, a statistically more pronounced remodelling is observed between
cohorts after maze-3 procedure. The cohort 1 vs. 2 estimates are: mean left atrial volume
120/125 mL® (p = 0.011), left atrial size in apical view 52/53 mm (p = 0.023), right atrial size in
apical view 58/62 mm (p = 0.004), right atrial size in parasternal short axis view 43/45 mm (p =
0.004), right atrial area in apical 4-chamber view 25/28 cm? (p = 0.007). Maintained atrial pac-
ing patients had positive systolic atrial function recovery rates (E/A ratio increased to average
1.5) in the long-term in both comparison cohorts.

Conclusion. Remodelling is biatrial after all the maze procedures compared. A more
pronounced atrial volume reduction occurs after maze-3 surgery. The presence of sinus
rhythm is facilitated by cardiac conduction leading to mechanical and electrical remodel-
ling of the atria.
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CPABHEHIE PEMOIENMPOBAHWA MPEICEPMIN
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AHHOTALUMUA

BeeaeHue. [Npouenypa «nabvpuHT» HanpaBneHa Ha ycTpaHeHue ubpunnaumum npeacep-
avn (Pr1), BocctaHoBneHne cuHycosoro putma (CP) n BOCCTaHOBNEHWE COKpaTUTENbHON
byHKUMM npefcepauii. MNMpu 3TOM MMETCS NPOTUBOPEYUMBLIE [aHHbIE OTHOCUTENBHO CTe-
NeHn pemMoZienupoBaHus Nnpeacepavii B 3aBUCMMOCTU OT UCTONb30BaHHOW MeToAMKM. Micxo-
[s1 U3 3TOro onpefenunach Lenb Hallero NccnefoBaHusl.

Lienb nccnenoBaHusi — cpaBHEHME PEMOAENMPOBAHNS NPeAcepamnin nocne onepauun «na-
OnpuHT-3» (“cut-and-sew”) n ee BapuaHTa — ABYXMNPEACEPAHOro KpuonabupuHta ¢ NoMo-
Wb ABYXMEPHOM axoKapauorpaduu.

MeToabl. [lu3aiH nccnefoBaHuss — peTpPOCNEKTUBHOE HEKOHTPONMpPYEMOe UccrnegoBaHue
C npepBaHHbIM BPEMEHHbIM PSA0M ABYX rpynn nayMeHToB, 0TO6paHHbIX C NOMOLLbIO MeToAa
ncesgopaHAoOMM3aLnm B 3aBUCMMOCTM OT BapmaHTa xupyprudeckoro nedenus Ol c yoepxm-
BaeMbIM perynsapHbeiM putMmom cepgua. B nepuopg ¢ 2012 no 2021 rog BbinonHeHo 217 cove-
TaHHbIX BMeLLATENbCTB Ha cepaLe No MeTogmke «nabnpuHT-3» 1 113 no meToguke «kpuona-
OupunHTY». CoveTaHHble BMeLLaTEeNbCTBA BKAOYANM KianaHHY KOPPEKLMIo, LIYHTUPOBaHNE
KOPOHapHbLIX apTepuin n nx kKomouHauuio. BBrnay pasnuumii no cpokam oTaaneHHoro Habno-
OEeHWs Tpynnbl NOABEPrnuck ncesgopaHgommsauumn ¢ otbopom no 50 nauneHToB ¢ BOcCTa-
HOBJMEHHBLIM U YAEPXMBAEMbIM CUHYCOBbLIM PUTMOM B KaXJOW MO MPUHLMNY «Onvkanwmmn
coce» C MCNoNb3oBaHMEM MeToAa normctuyeckon perpeccun. CpegHuii nepuog Habnoae-
Hua coctaBun 6 (1-17) mecsaues. MNaymeHTbl UMeNn NapokCcu3ManbHy, NePCUCTUPYIOLLYIO
W ANUTENbHO nepcucTupyolyto dopmbl ®I1. [lanee Gbin BbINOMHEH aHaNM3 axokapauorpa-
uyecknx nokasartesnen 4o M Nocrne onepauun B oTaaneHHble CPOKU HAbMAEHMS C Lenbio
onpeaeneHvs AMHaMUKM peMoaenupoBaHng npeacepaun.

PesynbTraTtbl. B oTaaneHHble cpokn HabnogeHWs NpouMcxoguT CTaTUCTUYECKUM 3Hadnmoe
yMeHbLUeHNe OOBbEMOB Mpefcepaun npu BHYTPUTPYNnoBOM cpaBHeHuu. [pu aToMm npu
MEXIPYMNMOBOM CpPaBHEHWUW CTAaTUCTUYECKM BOree BbipaXXeHHOE pemMogenvpoBaHne npouc-
X04WUT nocne npoueaypbl «1abupuHT-3». MNony4eHHble 3Ha4YeHWs rpynnbl 1 NPOTUB rpynnbl 2:
cpeaHun obbem nesoro npeacepana 120 n 125 mnd (p = 0,011), paamep nesoro npeacepauns
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B anukanbHom no3unumm 52 n 53 mm (p = 0,023), paamep npaBoro npeacepausi B annkanbHON
nosuumn 58 n 62 mm (p = 0,004), pasmep NpaBoro Npeacepauns B napactepHanbHON NO3nLMm
no kopoTkon ocu 43 n 45 mm (p = 0,004), nnowagb NpaBoro Npeacepavst U3 anukanbHOM
4-kamepHon nosmumm 25 n 28 cm? (p = 0,007). NMauyuneHTbl C yaepXMBaHUEM PErynsipHOro
npencepaoHoOro puTMa, no AaHHbIM JONTOBPEMEHHbIX HAbMAEeHUN, UMENU NO3UTUBHbIE MO-
KasaTenu BOCCTAHOBIEHMS CMCTONMYeckon pyHKkuMn npegcepani (otHoweHve E/A yBenu-
ymBanochb B cpegHem A0 1,5) B 06eunx rpynnax cpaBHEHUS.

3aknouveHue. Nocrne nccnegoBaHHbIX HaMU BapuaHToB onepaunii «abupuHT» NpoLecesl
peMoaenupoBaHnsi NMPoucxoasT B obomx npeacepansix. bonee BbipaXxeHHOE YMeHbLUeHWe
06beMoB Npeacepanin NPoONCcXoanT nocre npoueaypbl «nabupnHT-3». Hanmume cuHycoBoro
puTMa XxapakTepuayeTcss (U3MONorM4eckum npoBeaeHem Mo NpoBoAsLIEN CUCTEME Cep-
AUa, YTO NPUBOAMNT K MEXaHUYECKOMY U SNEKTPUYECKOMY PeMOAENMPOBAHUIO NMPeACcepanil.

KnroueBble cnoBa: pubpunnsumsa npegcepaun, onepauus nabupuHT, pemoaennpoBaHme
npeacepaumn

KoHchnUKT nHTepecoB: aBTOpbI 3asBMSAT 00 OTCYTCTBUM KOH(PIMKTA MHTEPECOB.

Ona umtupoBanusa: AHTunoB H., Mocton A.C., KotoB C.H., Makaposa M.O., LLHengep HO.A.
CpaBHeHne peMoaennpoBaHus Npeacepani nocrne npoueayp «1abupuHT-3» n «kpronabwm-
PUHT» MpK COMeTaHHbIX BMeLlATENbCTBAxX Ha CepaLe: peTpocnekTUBHoe nccnegosanme. Ky-
b6aHckul Hay4YHbIU meduyuHekult secmHuk. 2022; 29(2): 14-27. https://doi.org/10.25207/1608-
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INTRODUCTION

The maze procedure was developed in order to
eliminate atrial fibrillation (AF) and restore normal
sinus rhythm and atrial contractility [1, 2, 3]. Many
authors point to the recovery of atrial contractility in
most patients following surgical AF treatment, espe-
cially in maintaining regular sinus rhythm [3, 4, 5, 6,
7, 8]. However, there is contradictory evidence con-
cerning the efficacy of various techniques to accom-
plish atrial remodelling and repair [9, 10]. According
to some views, fibrous changes in the atria following
the “cut-and-sew” procedure prohibit a restoration of
their contractility due to the lack of remodeling, which
leads to a decrease in the contribution of the atria
during their systole (normally up to 20%) [11, 12, 13].

In order to assess the extent of atrial remodelling
via estimating the pre — and post-operative ultra-
sound parameters at variant follow-up terms, Dop-
pler echocardiography is employed' [14, 15, 16].
Here, the major parameters comprise: left atrium
(LA) size in apical view; LA volume; right atrium
(RA) size in parasternal short axis view; RA size in
apical view; RA area in apical 4-chamber view; atrial
emptying fractions. Atrial contractility is measured
by the presence and ratio of E/A waves. Although
single peak flow is defined by a sole E peak, atrial
contraction is effective when an A peak of interval-

vular flow is detected. The A wave is not detected in
non-restored atrial transport; moreover, the advan-
tages of surgical AF treatment may diminish since,
on the one hand, the risk of thrombosis remains at
persisting atrial blood stasis and, on the other hand,
cardiac haemodynamics continues to deteriorate
due to a lack of atrial contribution to cardiac output.

Atrial contractility can be most accurately meas-
ured with speckle-tracking echocardiography, com-
prising a quantitative ultrasound imaging technique
for accurately analysing the myocardial function by
interpreting the speckle motion pattern in conven-
tional 2D sonograms [11, 17, 18]. Although this novel
technique was developed exclusively for controlling
the left ventricular function, several studies have
recently extended it onto other heart chambers, in-
cluding the left atrium [19]. Since conservative AF
treatment is generally ineffective or has an unsta-
ble short-lived impact, surgical treatment of this pa-
thology has gained the most research attention. We
set out to study postoperative atrial remodelling in
a retrospective uncontrolled interrupted two-cohort
time-series trial, in which the patients were selected
by pseudorandomisation according to a normal si-
nus rhythm-maintaining AF surgery method.

Objectives. The study aimed to investigate atri-
al remodelling comparison following cut-and-sew

' Balakhonova T.V., Gorokhova S.G., Saidova M.V., Smolyaninova N.G., Aleksandrova-Tebenkova E.S., Arakelyants A.A., Popova
E.Yu., Rodionova L.V. Ultrasonography of heart and vessels: a practical manual. 2nd edition, revised and extended. Moscow:

Eksmo, 2015. 456 pp. ISBN 978-5-699-55204-7.
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maze-3 surgery vs. its biatrial cryo-maze modifica-
tion using 2D echocardiography.

METHODS

Experimental design

A retrospective uncontrolled interrupted two-co-
hort time-series trial, in which patients were select-
ed by pseudorandomisation according to a normal
sinus rhythm-maintaining AF surgery method.

Eligibility criteria
Inclusion criteria

Since atrial remodelling and contractility restora-
tion are analysed by interpreting data on patients
with restored and maintained sinus rhythm, these
comprised the main inclusion criterion for retrospec-
tive cohort construction.

Non-inclusion criteria
All patients not selected by pseudorandomisation.

Exclusion criteria

The follow-up terms differed because the first in-
tervention was performed in 2012-2016 and the
second from 2020 onwards. In the interim, from
2017 to 2019, only left atrial maze-3 was performed;
accordingly, this cohort was excluded from the trial
as featuring no right atrial (RA) intervention.

Facilities

The work was carried out at the Federal Centre for
High Medicine Technologies, Ministry of Health of
the Russian Federation (Kaliningrad). The average
follow-up period was 6 (1-17) months.

Trial duration

The patients were enrolled from 2012 to 2021.
The follow-up period was 6 (1-17) months.

Intervention description

Surgical aspects of interventions

Standard normothermic bicaval cannulation was
followed by aortic clamping and cold del Nido cardi-
oplegia. Both atria were opened to perform either a
classic cut-and-sew maze-3 (2012—-2016) or biatrial
cryo-maze as described by McCarthy (2020-2021).
In maze-3, ablations were performed with a cryo-
probe on the mitral valve (MV) fibrous ring with
transverse application onto the coronary sinus from
the outside and inside of the LA and tricuspid valve
(TV). After applying cryolines using a Cryolce Cryo-
ablation Probe (Isolator Synergy, AtriCure Inc., Ma-
son OH, USA), a combined cardiac intervention was
carried out. In most cases, MV reduction plasty was
performed to correct mitral defect. De Vega tricuspid
valve annuloplasty was conducted using 2—0 Ethi-
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bond sutures and spacers. MV and TV plasty was
considered satisfactory at grade | regurgitation in
control transoesophageal echocardiography (TEE).
In most patients, bilateral internal thoracic artery
grafting with a bypass ratio of 2.1 was attempted.
The operation was completed with the standard car-
diac surgery completion technique.

Postoperative period

All patients received saturation and Cordarone
maintenance therapy at 1200 mg/24 h intravenously
on postoperative day 1, followed by 200 mg orally
every 8 h until hospital discharge and then 200 mg
daily for 3—6 months.

In patients with sinus or ectopic atrial rhythm
<70 beats/min, temporary 80 beats/min pacemaking
was implemented to prevent supraventricular ectop-
ic contractions, AF and promoted atrial conduction
restore. Electro-pulse therapy was employed in
cases where recurrent postoperative atrial tachyar-
rhythmias were unresponsive to medication treat-
ment.

Trial outcomes

Main trial outcome

A comparison of atrial remodelling after maze-
3 and cryo-maze procedures in combined cardiac
interventions.

Complementary trial outcome
No complementary outcomes were envisaged.

Methods of outcome registration

All patients had paroxysmal, persistent and long-
standing persistent AF before surgery. Mean pre-
operative AF period was 27.4 (1-200) months in
cohort 1 and 32 (1-540) months in cohort 2. The in-
dications for maze-3 surgery were ineffective antiar-
rhythmic therapy and the need for combined cardiac
procedures, in accordance with the latest AF treat-
ment guidelines (ACC/AHA Guidelines 2019) [20].

Early postoperative cardiac rhythm was moni-
tored with standard 12-channel electrocardiography
(ECG). ECG was supplemented at variant follow-up
terms with 24-hr Holter monitoring by indication. All
patients had standard 2D transthoracic echocardi-
ography with a Philips EpiQ 7 ultrasound system
(Cambridge MA, USA). Structural atrial change,
contractility and remodelling dynamics were evalu-
ated at variant long-term follow-up terms. The trans-
mitral flow velocity was measured at MV in apical
4-chamber view by determining the early — (E) and
atrial (A) filling wave peak velocities. The obtained
E/A ratio reflects the atrial contribution to ventricular
diastolic filling. Each measurement was obtained at
average 6 to 8 consecutive beats, with a 210 cm/s
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Fig. 1. Sample determination in cohorts.

A wave peak indicating effective atrial contraction in
echocardiography.

Cohort construction

Due to variations in long-term follow-up, pseu-
dorandomisation (propensity score matching) was
performed using the nearest-neighbour classifier
coupled with logistic regression. The trial enrolled
patients who had an open cardiac surgery (for valve
correction and/or CHD) combined with AF surgery of
a classic cut-and-sew biatrial maze-3 (217 patients)
or McCarthy cryo-maze modification (113 patients)
from 2012-2021. The GPower v.3.1 software was
used to determine the sample sizes of both compar-
ison cohorts, allowing for x?-based corrections for a
non-normal distribution of all ultrasound measure-
ments (Fig. 1). Each cohort was thus assigned with
50 individuals.

Statistical data processing

Sample size determination

The sample size was calculated based on pseu-
dorandomisation using the GPower v. 3.1 statistical
package.

Methods of statistical analysis

Statistical analysis was performed using IBM
SPSS Statistics 21.0 (Chicago IL, USA). The
samples were tested for normality using exploratory
analysis, including the Shapiro-Wilk, Kolmogorov-
Smirnov criteria, histograms and Q-Q plots.
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Normally distributed parameters are presented as
sample mean with standard deviation (X + sd), while
non-normally distributed parameters are given as
median with min—max range (Me, (min—max)).

Student's paired t-criterion for dependent
and independent samples was used for null
hypothesis (HO) testing with normally distributed
variables. With non-normally distributed samples,
the x2 (chi square) test was used to estimate
statistical significance; the Mann-Whitney U-test
was used for independent samples, while the
Wilcoxon W-test was used for dependent samples.
Pearson’s correlation coefficient (r) was used to
infer correlation dependencies (significance was
assumed at p <0.05) with parametric distributions,
while Spearman’s correlation coefficient was used
with nonparametric data (or if two variables were
ranked).

Inter-cohort differences were assumed statistically
significant at p <0.05.

RESULTS

Patient data

The patients’ clinical metrics and functional status
are detailed in Table 1. The cohorts were compara-
ble by age, gender, comorbidity and other parame-
ters. At baseline, most patients had NYHA functional
class Il cardiac failure (in the New York Heart Asso-
ciation Functional Classification), with male patients
predominating and no class | patients.
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Key findings

The majority (about 60%) comprised patients
with isolated valve defects, 26-28% cases involved
isolated coronary heart disease (CHD), while the
remaining 14% of patients experienced CHD-co-
morbid valve pathology. The range of combined in-
terventions and intraoperative data are detailed in
Table 2.

Intra — and postoperative findings evinced the
following statistically significant differences: longer
myocardial ischaemia time in cohort 1 (p = 0.015),
more frequent use of inotropic support in cohort 1
(p =0.046) and higher blood loss on follow-up day 1,
also in cohort 1 (p = 0.005) (Table 3).

Since all operations were combined surgeries, AF
was treated surgically when antiarrhythmic therapy
was ineffective and combined cardiac procedures
had been recommended in accordance with the
ACC/AHA Guidelines 2019. Table 4 presents a pre-
operative echo findings comparison in two cohorts.

Table 1. Preoperative patient values
Tabnuya 1. lNpedonepayuoHHblie OaHHbIe NayueHmos

The intra-cohort comparison yielded statistical-
ly significant echocardiographic variances before
vs. after surgery in both cohorts, which suggests
that remodelling occurs in both atria after maze-3,
as well as following a cryo-maze procedure. At the
same time, our inter-cohort echo data comparison
revealed a more significant long-term atrial remod-
elling after maze-3 (Table 5).

The inter-cohort comparison suggests a statisti-
cally more pronounced remodelling after the maze-
3 procedure. The cohort 1 vs. 2 estimates are: mean
left atrial volume — 120/125 mL3(p = 0.011); left atri-
al size in apical view — 52/53 mm (p = 0.023); right
atrial size in apical view — 58/62 mm (p = 0.004);
right atrial size in parasternal short axis view —
43/45 mm (p = 0.004); right atrial area in apical
4-chamber view — 25/28 cm? (p = 0.007). Main-
tained atrial pacing patients had long-term positive
systolic atrial function recovery rates (E/A ratio in-
creased to average 1.5) in both comparison cohorts.

Age, Me, years 64 (35-79) 65 (27-81) 0.700
Males, n, % 30 (60.0) 31 (62.0) 0.759
Height, X + sd, m 1.68 £ 0.1 1.69+0.1 0.578
Weight, X + sd, kg 80.8 +12.5 82.1+15.5 0.345
BMI, Me 28.3 (19.6-40.7) 28.4 (18.4—44.4) 0.583
AF period, Me, months 27.4 (1-200) 32 (1-540) 0.309
AH, n 36 (72%) 37 (74%) 0.623
Diabetes mellitus, n 4 (8%) 5 (10%) 0.788
Thromboembolism, n 1 (2%) 1(2%) 1.000
NYHA functional class, n 41 (82%) 39 (78%) 0.618

Note: AI' — arterial hypertension, UMT — body mass index, ®II — atrial fibrillation.
IMpumeuanue: AI — apmepuaavHas eunepmensus, UMT — undexc maccot meaa, @I — pubpurasuus npedcepoutl.

Table 2. Combined interventions
Tabnuuya 2. Cnekmp coyemaHHbIX 8Meuwlamesibcme

Acquired heart disease corrections, n 30 (60%) 29 (58%)
CABG, n 13 (26%) 14 (28%)
CABG + AHD, n 7 (14%) 7 (14%)
- MV interventions, n (total) 28 27

- AV replacement, n 4 5

- TV interventions, n 17 19

- LV plasty, n 2 1

- Ascending aorta interventions, n 2 2

Note: AK — aortic valve, AKIII — aorto-coronary bypass, AJK — left ventricle, MK — mitral valve, I1IIC — acquired

heart disease, TK — tricuspid valve.

IIpumeuanue: AK — aopmanvhbslil karanaH, AKII — aopmo — KopoHapHoe wyHmupoganue, AJK — sesvtil dtcenydouex,
MK — mumpaavHutil kaanan, [IIC — npuobpemenHule nopoku cepoua, TK — mpukycnudaabHulil KAANAaH.

Ky6aHckun Hay4HbIi MeauumHcknin BecTHuK / Kuban Scientific Medical Bulletin T
2022 | Tom 29 | Ne 2 | 14-27




OPUT'MHAABHBIE CTATBH / ORIGINAL ARTICLES

Table 3. Intra — and postoperative patient values
Tabnuya 3. Uumpa — u nocneornepayuoHHble 0aHHblIe MayUueHmMos

Extracorporeal circulation time, Me, min 106 (56-292) 98 (55-364) 0.679
Myocardial ischaemia time, Me, min 82 (35-156) 74 (12-250) 0.015
Inotropic support, n 31 (62%) 21 (42%) 0.046
gar;'qf"?ﬂzf’ﬁ';arge on post-surgery 650 (230-2000) 552 (230-1770) 0.005
Bleeding, n 4 (8%) 1(2%) 0.169
Temporary pacemaker, n 35 (70%) 30 (60%) 0.295

Note: BOKC — temporary pacemaker, OHMK — acute cerebrovascular accident, OCCH — acute cardiovascular failure,
CIIOH — multiple organ failure syndrome.

Ipumeuanue: BOKC — 8pemeHHblll saekmpokapouocmumyasmop, OHMK — ocmpble HapyueHUs: M03208020 KPOBOO-
6pawenus, OCCH — ocmpas cepdeuto — cocyoucmas Hedocmamounocms, CITOH — cuHOpoM NOAUOP2AHHOTL Hedo-
cmamovHocmu.

Table 4. Preoperative echocardiography comparison between cohorts.

Tabrnuya 4. CpasHeHue 0aHHbIX 3xoKkapOuoepaguu y nayueHmos obeux epynn 00 ornepayuu.

LA EDV, Me, mL3 131 (50-450) 143 (55-560) 0.231
LA size in apical view, mm 60 (34-113) 61 (34-120) 0.407
RA size in apical view, Me, mm 60 (34-97) 63 (37-93) 0.117
rl?ﬁnsze in parasternal short axis view, Me, 45 (29-73) 47 (35-72) 0.099
RA area in apical 4-chamber view, Me, cm? 27 (9.86-70.8) 29 (13-69.8) 0.199
LV EF, Me, % 45 (29-73) 48 (35-72) 0.762

Ipumeuanue: AIT — sesoe npedcepdue, ITII — npasoe npedcepdue, PB AJK — ¢ppakuus 8bibpoca 2e8020 dHenaydouka.

Note: LA — left atrium; RA — right atrium; LF EF — left ventricular ejection fraction

Table 5. Long-term postoperative echocardiography comparison between cohorts
Tabnuua 5. CpasHeHue 0aHHbIX 3xOKapouoepaghuu y nayueHmos obeux epynn nocre onepayuu 8 omoasneH-
Hble cpoKuU HabnooeHus

LA volume, Me, mL® 120 (50-230) 125 (60-380) 0.011
LA size in apical view, mm 52 (34-96) 53 (34-113) 0.023
RA size in apical view, Me, mm 58 (35-77) 62 (42-95) 0.004
51,218'26 in parasternal short axis view, Me, 43 (29-65) 45 (31-72) 0.004
RA area in apical 4-chamber view, Me, cm? 25 (10-54.8) 28 (13-68.4) 0.007
LV EF, Me, % 43 (29-65) 45 (31-72) 0.527

Note: LA — left atrium; RA — right atrium; LF EF — left ventricular ejection fraction

IIpumeuanue: AIl — negoe npedcepdue, I1IT — npagoe npedcepdue, ®B N)K — ppakuus svibpoca 2e8020 xHceay0ouka.

Complementary findings

The complementary findings include the statisti-
cally significant variations in myocardial ischaemia
time (p = 0.015), the need for early postoperative
inotropic support (p = 0.046) and greater drainage
losses in the first 24 h post-surgery (p = 0.005) in
the maze-3 cohort.

Adverse events
Not registered

DISCUSSION

Key findings summary

Our study reveals the remodelling processes de-
veloping in both atria after maze-3 as well as cryo-
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maze procedure. However, changes are more pro-
nounced following maze-3 surgery due to the atrial
incisions specifically enabling surgical remodelling
(atrioplasty for large and giant LA sizes, including
auto-transplantation) [27]. Nevertheless, the main-
tained atrial pacing patients had positive systolic
atrial function recovery rates (E/A ratio increased to
average 1.5) in the long term in both comparison
cohorts at no statistical difference.

Inter-cohort comparison uncovered certain nega-
tive aspects of the maze-3 procedure, including sta-
tistically significant variations in myocardial ischae-
mia time (p = 0.015), the need for early postoperative
inotropic support (p = 0.046) and greater drainage
losses in the first 24 h post-surgery (p = 0.005).
Novel less invasive maze application techniques
are emerging to compensate for the disadvantages
of classic maze-3. Furthermore, in an earlier study
we showed the importance of opting for the biatrial
maze surgery due to the significant difference ob-
served in the time to permanent pacemaker implan-
tation compared to the isolated left-atrial technique
[28]. These findings supported the conclusion that
a right-atrial intervention facilitates preserved spon-
taneous heart rhythm regulation before permanent
pacemaker is needed [28]. In our opinion, this con-
stitutes a decisive factor to warrant an intervention
of some type on both atria.

In our study, we investigated the remodelling of
both atria following two variants of biatrial interven-
tions. Since atrial contractility recovery requires
regular atrial rhythm improvements to be pre-
served over a long period of time, it is necessary
to carry out long-term monitoring of the patient’s
atrial rhythm and clinical status. Importantly, the
regular atrial rhythm control determines the terms
of withdrawal in anticoagulant and antiarrhythmic
therapies.

Since LA contractility probably has a secondary
nature and generally follows SR restoration, it can
be seen as contributing to SR preservation, where-
as earlier SR may constitute a temporary event that
does not necessarily imply rhythm stability. In this
case, the extent of structural atrial remodelling in the
form of fibrotic stranding in the atrial myocardium
appears a major factor. The stranding reduces the
likelihood of atrial transport recovery.

Limitations of the study

A significant limitation is the limited sample size,
which precludes definitive conclusions. Therefore,
we believe that our preliminary results require
confirmation from broader studies in order to bet-
ter describe the negative impact of longstanding
arrhythmias on the efficacy of surgical AF treat-
ment.

Discussion of key findings

The surgical AF treatment has gone through a
series of modifications over the past decades, and
the maze-3 procedure hac become its current gold
standard, despite the longer myocardial ischaemia
time and significant risks of bleeding [7, 21, 22].
This situation warrants research into alternative
ablation techniques (like cryoablation and
radiofrequency ablation) towards simplifying the
whole procedure [23-25]. All maze modifications
pursue the common major goal of eliminating
arrhythmias in order to restore atrial contractility
and improve the atrial transport function. Positive
atrial remodelling at preserved sinus rhythm
increases stroke volume and affects thrombus
formation, thus minimising the occurrence
thromboembolic events [6, 24, 26,].

The left atrium contributes to the left ventricle
filling via three phases: reservoir during systole,
conduit in early diastasis and active contraction in
late diastole [7]. The booster function of enlarged
LA is among the mechanisms that compensate for
the earlier reduced filling, while the loss of atrial
contribution reduces cardiac output by 15-20%
[2, 3, 7].

Conclusion

Based on the notion that SR recovery and LA
contractility comprise integral parts of one process,
we have attempted an in-depth study of plausible
predictors of the atrial transport function recovery
and long-term maintenance. We believe that fur-
ther research into the predictors of sinus rhythm
maintenance and atrial transport function recovery
will help to personalise patient screening. Future
endeavours will focus on interpreting the atrial mal-
formation and spatial contractility using the prom-
ising approach of speckle-tracking ultrasound im-
aging of cardiac cavities, possibly combined with
genetic and neurohumoral approaches, in order to
obtain preoperative indications for a particular sur-
gical AF treatment corresponding to excellence in
terms of outcomes [3].
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AHTUNos INH.

PaspaboTka koHuenumm — popmMmpoBaHue naeu; goop-
MYIMPOBKa M pa3BUTUE KMHOYEBBIX LiEnei 1 3agaq.

npOBe,EI,EHMe ncecnenoBaHna — aHanums U nHTepnpeta-
Uma nonyvYeHHbIX AaHHbIX.

[MogroTtoBka u pegakTMpoBaHue TeKCTa — KPUTUYECKUI
NepecMoTp YepHOBMKA PYKOMUCU C BHECEHWEM LIeHHOro
3aMeyvaHns MHTENMNeKTyanbHOro cogepXaHus; ydactue
B Hay4YHOM OM3aliHe; Co3laHne OKOH4YaTerlbHOro BapuaH-
Ta pyKonucu.

YTBEpXXOEHNE OKOHYaTeNnbHOro BapuaHta cTaTtb —
NMPUHATME OTBETCTBEHHOCTW 3a BCE acnekTbl paboThl,
LeNOCTHOCTb BCEX YacTell cTaTbl U ee OKOH4YaTEmNbHbIN
OV3aiH.
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MpoBeOeHWe CTaTUCTMYECKOro aHanMaa — npumeHe-
HWe CTaTUCTUYECKUX, MaTeMaTU4YecKUX, BbI4UCIUTEMb-
HbIX WNKU OpYrMx dpopMmaribHbIX METOAOB A4S aHanusa
M CUHTE3a [JaHHbIX UCCreaoBaHus.

Mocton A.C.

Paspabotka koHuenuun — opMynmMpoBKa 1 pa3suTne
KMoYeBbIX Lienen 1 3agad.

MpoBeneHve nccrnenoBaHNa — aHanms u uHTepnpeTa-
LMsl NONMYyYeHHbIX AaHHbIX.

MoaroToBKka v pegakTMpoBaHUe TEKCTa — COCTaBrieHue
YepHOBUKA PYKOMUCU; y4acTue B HayYHOM Au3aiiHe.

YTBepmp.eHme OKOH4YaTesNnbHOro BapuaHTa CcTaTtbn —
NpUHATNE OTBETCTBEHHOCTW 3a BCE acCneKTbl paﬁOTbl,
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