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NMpeankTopbl BOSBHUKHOBEHUSA
nocsieonepauvoHHon pudpunngumm npepcepovmn
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Llenb 0630pa: M3yynTb MPEAVKTOPbl BO3HWKHOBEHWUS MOC/EOMNePaLoHHON Gubpunnaunumn npeacepauia
(MOdM), adpdekTrBHBLIE CNOCOOLI MPOrHO3MPOBAHUS U IEHEHUS MO AAHHLIM aHaNM3a MUPOBLIX IMTEPATYPHbIX
OaHHbIX.

B HacTtosiee Bpemsi MO®PI cumTaeTcsa OgHUM U3 HaMbONee YacTbiX CPEAM BCEX CEPAEHHO-COCYAUCTbIX
0OCNOXHeHW 1 passrBaeTcs B 30-65% cnyyaeB y NauMeHTOB Nnocsie onepauuin Ha cepaue. B nocnegnHve pecsatu-
netust yactota MNMO®I NOCTOSHHO YBENUYMBANacb, HECMOTPS Ha AOCTUXEHUS XMPYPrMu U aHecTe3uosoruu.
MO®I siBnsieTCS 3HAYMMbIM OCNIOXHEHMEM, BAUSIIOLLMM Ha TEYEHME MOCEONEPALIMOHHOMO nepuoga n Tpebdyto-
LWMM 0Cc0B0Oro BHUMaHuS, Tak Kak NpuvBOAUT K 6onee AMTenbHOMY NpebbiBaHMIO B CTaLMOHape, YBENMYMBAET
3aTpaTbl, HEOOXOAMMbIE [NS JIeYEHUs MALMEHTOB OAHHOW KATeropuu, a Takke MOXET NMPUBECTU K CMEepTU.
YuntbiBas nocneacteus MODI, 6bin0 NPOBEOAEHO MHOIO UCCNEAO0BaHNN ONs BbiBNEHNS ¢GaKTOpPOB, CBA3aHHbIX
¢ natoduanonorven Gubpunnaummn Npescepanin U No3BoJAOLWLMX paspabdaTtbiBaTb NPOMUNAKTUHECKE MEPHI,
HanpaBfieHHbIE HA NeYeHNe MaLMEHTOB C MOBLILEHHLIM PUCKOM, MUHUMN3NPOBATL NOBOYHbIE 3PPEKTbI aHTU-
apuTMUYeckmx npenapatoB. MNpeactaBneH 0630p M aHanUM3 MUPOBOI IMTEPATYPbl, MOCBALLEHHbIA MPUYMHAM,
npodunakTrke n nevenHuio MOPII.
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Predictors of postoperative atrial fibrillation
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Egor S. Malyshenko, Shirokov V.S., Vadim A. Popov, Amiran Sh. Revishvili
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Review purpose: to study the occurrence predictors of postoperative atrial fibrillation (PAF), effective predicting
and treating methods according to global literature.

Currently, PAF is considered one of the most frequent events among all cardiovascular complications as
it develops in 30-65% of cases in patients after heart surgery. In recent decades, the PAF incidence has steadily
increased despite advances in surgery and anesthesiology. PAF is a significant complication that affects the course
of the postoperative period and requires special attention, since it leads to a longer hospital stay, increased treat-
ment costs and can also lead to lethal outcomes in patients in this category. Considering PAF consequences, many
studies have been performed to identify factors associated with the atrial fibrillation pathophysiology, to develop
preventive measures aimed at treating high risk patients and minimize the side effects of antiarrhythmic drugs.
The review and analysis of the global literature on the PAF causes, prevention and treatment are presented.

Keywords: cardiac surgery, postoperative atrial fibrillation, pathophysiology, predictors, left atrial volume, prevention,
treatment
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Every year, postoperative atrial fibrillation (PAF)
after cardiac surgery is becoming an increasingly ur-
gent issue. The PAF frequency back in the 1970s was
about 10%, and by 2019 this figure reached 65% of
the operated patients [1-4].

PAF rate varies in different types of surgery, indi-
cating surgical interventions as triggers of the forma-
tion of increased predisposition of the atrial myocar-
dium to develop atrial fibrillation (AF) [5].

The literature demonstrates that in cardiac surgery,
PAF rate is 30% after coronary artery bypass graft sur-
gery (CABG) and 40% after correction of heart valves,
while the risk of PAF increases to 50% with combined
interventions (CABG, valve repair and replacement),
[6, 7]. To compare, in thoracic surgery, at lung opera-
tions, PAF rate is 12.5 to 33% [8], and in patients un-
dergoing noncardiothoracic surgery, it varies from
0.4 10 12% [9].

In some cases, atrial fibrillation is accompanied
by life-threatening disorders of central and systemic
hemodynamics, increases the risk of cerebrovascular
accidents and thromboembolic complications, thus
worsening the surgery outcomes [10]. The rate of atrial
fibrillation in the early postoperative period has a sig-
nificant share in higher mortality rate of cardiac surgery
patients. Thus, the risk of mortality increases by 9.7%
[11]. The problems associated with the onset of atrial
fibrillation in the first few days after cardiac surgery
prompt many researchers to seek predictors of its de-
velopment and ways of timely and effective prevention
of this complication [10]. The issue of determining
prognostic parameters that would allow a high probabil-
ity prediction of defining the patients with high PAF de-
velopment risk becomes especially urgent [12, 13].

Early and late postoperative atrial fibrillations are
classified. Early PAF occurs within the first 5 days after
cardiac surgery, mostly on day 2 after the operation,
and 70% of cases occur within days 1-4 [10, 14].
Late PAF occurs between days 6 to 30 after the opera-
tion [15].

Various publications show that the following fac-
tors make a large contribution to PAF development:
age, race (higher risk in Caucasians, compared to
African Americans), atria dilatation, underlying struc-
tural heart damage, hypertension and other morbid
conditions [16, 17]. Among cases with AF developed
after surgery, elderly patients and those with major
surgeries predominate [3].
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The causes contributing to PAF development may
also include electrolytes imbalance, excessive secre-
tion of the own or external catecholamines, changes
in sympathetic and parasympathetic tone, higher or
lower circulating blood volume, neurohumoral activa-
tion and systemic inflammation, adding to the direct
triggering of arrhythmias, increase in C-reactive pro-
tein [18, 19]. The inflammatory response after coro-
nary artery bypass grafting is one of the important
mechanisms of PAF development [18].

AF promotes such local and systemic disorders
as myocardial ischemia, impaired cardiopulmonary
hemodynamics, and thromboembolic complications
[10, 14]. PAF patients have a higher risk of cardiovas-
cular mortality, stroke, and other arrhythmias com-
pared with patients without PAF [5].

PAF is a serious clinical problem due to the sig-
nificant increase in costs of the postoperative treat-
ment of this complication. PAF can worsen the
condition due to readmission, as well as thromboem-
bolism and death. Despite a large number of studies,
there is still no clear understanding of PAF patho-
physiology after cardiac surgery; nevertheless,
it is no doubt its inner mechanics is multifactorial
in nature [4, 14, 20, 21].

In H. Jawad et al., 13% of PAF patients developed
thromboembolic syndrome. The overall AF readmis-
sion rate was 48.2% [20].

In M. Lin et al., 160 stroke cases were found in
8,588 PAF patients (1.9%), while 240 stroke cases —
in 24,731 patients without PAF (1.0%). Moreover,
1,269 deaths were seen in 30,361 PAF patients
(4.2%), while 7,942 deaths were seen in 428,823 pa-
tients without PAF (1.9%). Pooled random effects
showed PAF was associated with an increased risk of
early stroke and early mortality. At the same time, with
PAF prevention performed early, the stroke rate de-
creased [22].

In addition, 5 studies were reported where PAF led
to deaths: the total of 1,437 deaths were recorded,
8,693 of which in PAF patients (16.5%), while of
26,438 deaths 2,672 were seen in patients without
PAF (10.1%). Pooled data also showed high PAF risk
for long-term mortality (OR, 1.43; 95% Cl, 1.21-1.70;
P <0.0001) [22-27].

Also, 5,912 deaths were registered in 18,080 PAF
patients (32.7%), while 15,720 deaths were seen in
70,217 patients without PAF (22.4%). Pooled
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Fig. 1. Areas of the heart arrhythmogenic activity (red).

Puc. 1. 30Hbl apUTMOreHHOM akTMBHOCTU cepaua (Bblgene-
Hbl KPACHbIM).

random effects showed that PAF was associated
with an increased risk of long-term stroke and long-
term mortality [22].

Nonvalvular atrial fibrillation increases the risk of
ischemic stroke by 4-5 times. Patients with estab-
lished chronic atrial fibrillation are at high stroke risk

and as a consequence, have increased hospital stay,
higher risk of mortality and lower functional levels
compared to peers without atrial fibrillation [22, 28].

PAF development areas

The arrhythmogenic activity most often develops
in the areas of the so-called “sheaths” of left atrias
(LAs) located in the pulmonary vein ostia (Fig. 1). Due
to some histological, anatomical and electrophysio-
logical properties of the pulmonary veins, the ar-
rhythmogenic activity is much higher here compared
to other parts of the myocardium.

Other “nonpulmonary” foci are known accountable
for AF triggering. They include coronary sinus, fold of
left vena cava, LA posterior wall, atrial septum, supe-
rior vena cava, and LA appendage [8].

Main PAF risk factors

It should be noted that the basis for PAF develop-
ment is a combination of several predisposing factors.
It is generally accepted that in each individual case,
PAF can caused by various factors leading to struc-
tural and electrophysiological changes, thus creating
conditions favorable for the initiation and preservation
of atrial fibrillation (Table 1).

Table 1. Risk factors for new postoperative atrial fibrillation [4, 12, 13, 19, 29-35]
TaGnuua 1. DakTopsl pricka BnepBble BO3HMKLLEN NOCeonepaumnoHHoin erubpunnsumm npeacepauii [4, 12, 13, 19, 29-35]

Risk factors / ®akTopbl pucka

Preoperative
MpeponepauyoHHbIe

Intraoperative
WuTpaonepaunoHHbie

Postoperative
MocneonepaunoHHble

- elderly age / noxwnon Bospact

* history of atrial fibrillation /
drbpunnauma Npeacepamnin B aHamMHese

+ essential hypertension /
rMnepToHnYeckas 6oneaHb

*increased LA / ysenunyeHue J1M
+COPD / XOBJ

« LV reduced EF /
CHWxXeHHas ¢pakums Bbibpoca JHK

« cardiac impairment /
cepaeyHast He4oCTaTOYHOCTb

+IHD / nwemnyeckas 6one3Hb cepaua
« cardiomyopathy / kapanomuonatum

«valvular pathology /
KnanaHHaa natonorng

- diabetes mellitus / caxapHblli onabet
* obesity / oxupeHne
*smoking / kypeHue
+ alcohol addiction / ankoronuam
+ hyperthyroidism / runeptnpeongnam
+ genetic disposition /
reHeTnyeckas NpeapacnonoXeHHOCTb

* heart valve surgery /
onepaumu Ha knanaHax cepaua

« use of artificial circulation /
MCMNOJSIb30BAHNE UCKYCCTBEHHOMO
KpoBOOOpAaLLEHNs

+venous cannulation /
BEHO3Has KaHNaUMS

« pericardium and atria damage /
NOBPEeXAeHNE neprkapaa
1 npeacepanmn

* hypervolemia / runepsonemus

 hypovolemia / runosonemus

* high afterload /
YBENMYEHHAs NOCTHArpy3ka

+ hypotonia / runotoHus

* p-blockers withdrawal /
O0TMeHa p-6510kaTopoB

+ ACE inhibitors withdrawal /
oTMeHa uHrnéutopos ANd

+low Ca and Mg in serum /
CHWXEHWE YPOBHS Kanuns 1 MarHus
B CbIBOPOTKE KPOBY

+ high C-reactive protein /
noBbilweHve C-peakTmBHOro 6enka
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PAF development mechanisms

The mechanism of PAF development is believed to
have much in common with that of other AF forms.
Until recently, the pathogenesis of atrial fibrillation
has been explained by multifocal excitation waves
and focal activity. It is assumed that here, as with other
ectopic tachycardias, two main mechanisms are im-
portant:

1) local changes in conductivity due to the pres-
ence of cells with different refractory periods in the
cardiac conducting system, which makes it possible to
re-conduct excitation (micro- and macro-reentries).

2) high automatism of the cells of the cardiac con-
ducting system, which causes the formation of one or
more ectopic foci that generate high frequency excita-
tion waves.

The mechanism of macro-re-entry explains the
occurrence of circular motion of the excitation wave,
and increased automatism or the mechanism of mi-
cro-re-entry leads to the emergence of one or many
high-frequency impulse foci. These mechanisms are
present in both classical theories of the pathogenesis
of atrial fibrillation [36].

Recently, PAF development has been strongly as-
sociated with the activation of proinflammatory medi-
ators and oxidative stress (Fig. 2). The severity of in-
flammation and oxidative stress in the postoperative
period is believed to be the result of both preoperative
status and surgery-associated factors [3, 37].

In CAD patients undergoing HB, cardiopulmonary
bypass surgery was credibly associated with higher
PAF rate [38].

In S.Yu. Ivanov et al., the study of 134 patients
of different sex and age, all patients had CAD in his-
tory, 60% — myocardial infarction, 47% — concomitant
arterial hypertension, 33% — atrial fibrillation in history.
All 134 patients were operated for CABG; a 6-day
postoperative electrocardiographic (ECG) follow-up,
AF paroxysms were recorded in 60 patients (45% of
cases). Of these, 31 patients had AF for the first time
(in 23% of cases). On average, the onset of the first
paroxysm after surgery was on day 2 (30.2 hours)
after operation [39].

0O.A. Rubanenko et al. found that among 469 pa-
tients of different sex and age operated for CABG,
in the early postoperative period AF occurred in
17.7% of patients with the standard approach sur-
gery: median sternotomy with cardia bypass (CB)
and in 7.5% of patients operated off-pump without
CB. In the former case, AF prevalence was higher
than in the latter [26]. The univariate analysis
(S. Davoodil et al.) also proved that in the CB group,
a higher PAF incidence was noted compared to the
group without CB [40].

Early PAF is an independent predictor of late PAF.
M. Rowlens et al. proved that of 60% of patients
with early PAF after cardiac surgery also developed
late PAF with the mean time of onset 8.3 = 4.2 years.
The highest risk of late PAF was observed during
the first year after cardiac surgery — 18%, gradually
decreasing to about 7.2% per year for five years
and to 5.5% per year for ten years [41].

G. Filardo et al. conducted their large volume study
in three academic centers in the United States and

Cellular and molecular causes of PAF after CB surgeries
KneTo4Hble 1 MonekynsipHble NPUYnHbI BO3HMKHOBEHMS MOMI nocne onepauuii ¢ ucnosibaosaHnem MK

!

!

Inflammation
BocnanutenbHbI NpoLecc

Oxidative stress and reactive oxygen
intermediate (ROI) production
OKMCANTENBHBIN CTPECC 1 NPOAYKLMS
aKkTUBHbIX Gopm kncnopoaa (ADK)

{

{

Inflammatory mediators generated in response to CB
promote suppression of cardiac function and increase
apoptosis of cardiomyocytes. The following cytokines
that can affect the cardiovascular system are isolated:
IL-6, IL-8, IL-19, IL-10.
Mepunartopsl BocnaneHus, reHeprpyemsble B 0TBET Ha VK,
CrnocoOCTBYIOT YTHETEHUIO CEPAEYHON PYHKLMN 1 yCUIn-
BalOT anonTo3 KapAMoOMUOLMTOB. BelaensaioT cneayowme
LIMTOKWNHBI, CMOCOOHbIE BNIVATHL HA CEPAEYHO-COCYANCTYIO
cuctemy: IL-6, IL-8, IL-19, IL-10.

Oxidative stress and reactive oxygen intermediate (ROI)
production associated with CB and cardioplegia can
trigger cellular changes in the atrial tissues, leading

to electrical activity disruption

OKMCANTENbHbIN CTPECC N NPOAYKLUMS aKTUBHBLIX GOPM

Kncnopoaa, ceasaHHbele ¢ IK n kapguonnernen moryt

ABNATLCS TPUITEPOM KJIETOYHbIX NBMEHEHWNIN B TKAHSAX

npencepanin, BeayLmx K HapyLLEHWIO 91IEKTPUYECKOM
DEesATENIbHOCTU.

Fig. 2. PAF pathogenesis
Puc. 2. MaToreHes Bo3HukHOBeHMSA [TOdI
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one large specialized cardiological hospital; such fac-
tor as the patient's gender was proved to play an im-
portant role in PAF incidence. PAF rate after predispo-
sition-adjusted coronary bypass surgery was 32.8% in
men and 27.4% in women. During the 9-year study
period, women had a significantly lower risk of devel-
oping PAF after coronary artery bypass grafting and
shorter PAF episodes when compared with men [42].

The release of tumor necrosis factor — «, inter-
leukins and C-reactive protein after cardiopulmo-
nary bypass plays an important role in PAF occur-
rence by changing electrical activity. An increase
in C-reactive protein values leads to impaired re-
lease of nitric oxide [43-45]. In the Ucar HI clinical
study, an increase in preoperative interleukin-6
and C-reactive protein parameters were predictors
of PAF occurrence after surgery [46]. This indicates
that surgical intervention in some patients will inevi-
tably lead to PAF [46-48].

Oxidative stress increase in open heart surgery
is mediated by ischemia / reperfusion, at which reac-
tive oxygen intermediate (ROI) production occurs,
leading to tissue damage [4]. An increased level
of ROl'in myocytes may contribute to the development
of arrhythmias along the main pathways: altered
sodium channels, abnormal Ca2+ processing, mito-
chondrial dysfunction, and remodeling of intercellular
connections [49].

Besides, atrial nicotinamide adenine dinucleotide
phosphate (NADP) oxidase activity is increased in AF
patients compared to those without AF. Y.M. Kim
et al. found that NADP-stimulated ROI release sig-
nificantly increases PAF incidence in patients, sug-
gesting a role for oxidative stress in AF pathogenesis
[50]. NADP acts as the main source of oxidation
in AF development. Perioperative blood transfusion
increases oxidative stress. In addition, diabetes mel-
litus and atherosclerosis in history are also tied
to increase in oxidative stress [51].

F. Mikael et al. revealed the conformity between
the time after surgery and the survival rate of patients
with and without PAF. Of the patients without PAF,
96.3% were alive one year after surgery, compared
with 90.1% of patients with PAF. 10-year difference in
survival after surgery was 70.2% of patients without
PAF in history vs. 55.2% of patients with PAF in history.
Thus, it can be concluded that the difference in sur-
vival obviously increased over time (6% after 1 year
and 15%after 10 years) [52].

E.M. Mahoney et al. developed a predictive model
for atrial fibrillation after valve surgery, including age,
ejection fraction, time of aortic clamping and is-
chemia [53].

M. Osranek et al. proposed a different prognostic
model that included age and LA volume over 32 ml/m?.

2021, rom 25, Nel

LA volume was significantly greater in patients
who developed AF. Patients with an LA volume of
>32 ml/m?2 had an almost five-fold increased risk
of PAF, regardless of age and clinical risk factors
[54].

Finally, G. Mariscalco et al. analyzed data of over
17,000 patients who underwent coronary artery by-
pass grafting and / or valve replacement and devel-
oped a risk prognosis score that included age, COPD,
glomerular filtration rate, preoperative use of an intra-
aortic balloon pump, left ventricular (LV) ejection frac-
tion <80% and any valve operation as independent
predictors of postoperative atrial fibrillation [32].

Thus, it can be concluded that significant indica-
tors determining the occurrence of arrhythmia were
the patient's age and sex, LA volume, LV ejection frac-
tion, time of aortic clamping and ischemia [38, 42].

PAF diagnosis

The patients should be identified at high PAF risk,
given the relatively high rate of the complication
(Tabl. 2). Data on the timing of PAF occurrence are
presented in Table 3. The main issue is to understand
the cause of early AF relapses, since a relapse can be
paroxysmal and/or asymptomatic.

The following PAF diagnostic methods are distin-
guished:

1) collection of complaints and anamnesis;

2) instrumental examination [15, 33, 55-57];

— ECG registration to verify AF diagnosis;

— Holter ECG monitoring;

—to assess the state of the heart and determine
the treatment tactics, transthoracic echocar-
diography is recommended (for patients with
AF paroxysm for more than 48 hours, it is rec-
ommended to perform a transesophageal
EchoCG to verify LA and LA thrombosis before
the planned cardioversion);

- MRI.

3) laboratory diagnostics (to evaluate K, glucose,
thyroid hormones, Ca and Mg) [15, 33,58].

Various studies noted that of all the methods for
PAF diagnosing, such echocardiographic parameters
as the degree of impairment of LV diastolic function
and LA volume are the most important criteria in the
study in the postoperative period [54, 59].

L.M. Burgos et al. conducted a single-center co-
hort study by performing a retrospective analysis of
prospectively collected data. The study included con-
secutive patients from January 2010 to December
2016, who underwent cardiac surgery. No history of
atrial fibrillation. A total of 3113 patients underwent
heart surgery during the study: CABG surgery (45%),
valve replacement (24%), combined procedure (re-
vascularization, valve surgery) (15%) and other pro-
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Table 2. PAF incidence rate after cardiac surgery according to the literature
Ta6nuua 2. YactoTta Bo3HUKHOBEHMs [TODI nocne Kapanoxmpypruyeckix onepaumin Ha cepaue no AaHHbIM IUTepaTypbl

Source Surgery PAF incidence, %
UcTouyHUK Onepauus % BO3HMKHOBEeHUs NMODI
Bockeria L.A. et al. [3] HB (with and without CB) 18.5-45
Ivanov S.Yu. et al. [39] KL (c n 6e3 VK)
Lee S.H. et al. [52]
Steinberg B.A. et al. [84]
Ismail M.F. et al. [85]
Maimari M. et al. [86]
Bockeria L.A. et al. [3] Concurrent procedures 36.6-50
Blessberger H. et al. [31] (HB, valve repair and replacement)
Mariscalco G. et al. [32] CoyeTaHHble onepauim
Maimari M. et al. [86] (KLU, nnacTuka n npoTeanpoBaHme KinanaHoB)
Rubenko O.A. et al. [38] HB (off-pump) 7.5
KLU (Ha paboTatoliem cepaue)
Mariscalco G. et al. [32] HB (with CB) 17.7-23
Rubenko O.A. et al. [38] KLU (c VIK)
Bockeria L.A. et al. [3] Valve correction 31-40
Mariscalco G. et al. [32] Koppekuya knanaHos
Maimari M. et al. [86]
Carter-Storch R. et al. [19] Aortic valve replacement 53

MpoTeanpoBaHne aopTabHOro KnanaHa

Table 3. PAF timing after cardiac surgery according to the literature

Ta6nuua 3. Cpoku Bo3HMKHOBeHMS NMOMI nocne kapanoxmpypruyeckrx onepawuuin Ha cepae no JaHHbIM uTepaTypbl
Reference PAF incidence rate, % Days
UcTouHuk YactoTta Bo3HukHoBeHusa NOPM B % CyTtku
Bockeria L.A. et al. [3] 0o 60 1to4
¢ 110 4-e cytku
Lomivorotov V. V. et al. [8] 30-50 1to5
¢ 110 5-e cyTku
Chelazzi C. et al. [9] 16-46 2to5
0T 2 0o 5-e cyToK
Centurion O.A. et al. [15] no 45 from 5
C 5-X CyTOK
Lancaster T.S. et al. [33] 17,8 1t03
¢ 1 no 3-ncytkn
Dobrev D. et al. [37] 20-40 2t04
€O 2 o 4-e cyTkn
Ivanov S.Yu. et al. [39] 45 first 5
nepsbie 5-e CyToK
Kato M. et al. [81] 22 2to4
€O 210 4-e CyTKM
Chaudhary R. et al. [82] 25-40 from 2
CO 2-X CYTOK
Kron J. et al. [83] 50 1to7

¢ 1no7-ecytku
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Table 4. Sampling characteristics and univariate analysis [21]
TaGnuua 4. XapakTepucTuku BoIGOPKM U OAHOMEPHbIA aHanm3 [21]

METHITHCKAS BUBYATNBALIA

Variable All patients PAF Without PAF
Mepemennas Bce nauuneHTbl noon Bes MO®MN RR 95% CI p
P (n=1054) (n=272) | (n=782)
Age >70
Boapact > 70 ner 281 (26.8%) 141 (41.9%) | 167 (21.2%) 2.67 | 1.99-3.59 | <0.0001
Mean age £
CpenHuii Bo3pacT * 60.1+12.1
Male
MyxauHa 690 (65.2%) 182 (66.9%) | 508 (64.6%) 1.1 0.82-1.48 0.507
S | Revascularization
§ PeBaCKy ApU3ALMS 675 (63.8%) 141 (51.8%) | 534 (67.9%) 1
=
o | Valve surgery
§ KnaraHHas Xupypris 306 (28.9%) 105 (38.6%) | 201 (25.6%) 1.98 | 1.45-2.70 | <0.001
2 | Combined surgery
EE KOMBUHMDOBAHHAS! XMpYpUAS 77 (7.3%) 26 (9.6%) 51 (6.5%) 193 | 1.11-3.28 0.14
%”é Mitral valve diseases
0 g | 3abonesaHust 109 (10.3%) 46 (16.9%) 63 (8%) 2.33 | 1.55-3.51 | <0.001
Z | MUTPanbHOro KnanaHa
s No beta blocker
é_’ OTeyTcTaue Geta-Grokatopa 454 (42.9%) 197 (72.4%) | 257 (32.7%) 540 | 3.98-7.33 | <0.001
x
c | Water balance >1,500 ml
= | Bogrbiit Gananc > 1,500 mn 685 (64.7%) 203 (74.6%) | 482 (61.3%) 1.85 | 1.36-2.52 | <0.001

*p-values: exact chi-squared test; POAF - postoperative atrial fibrillation; Cl - confidence interval.
*p-3HadeHust: To4HbI TecT uwepa; POAF - nocneonepauyorHas dubpunnaumns npeacepomii; Cl — 4oBEPUTENbHBIA UHTEPBAI.

cedures (16%). Postoperative atrial fibrillation had
21% of patients. The median scores in patients
with postoperative atrial fibrillation were significantly
higher (P < 0.001). CHAD2DS2-VASc score showed
greater discriminatory ability to predict an event
(0.77; 95% confidence interval [CI], 0.75-0.79) com-
pared to POAF score and HATCH score (0.71; 95% Cl,
0,69-0.73 and 0.70; 95% CI, 0.67-0.72, respective-
ly). All 3 assessments presented good calibration ac-
cording to H. Lemeshow test, univariate and multivari-
ate analysis showed that the independent predictors
of postoperative atrial fibrillation were: CHA2DS2-
VASc odds ratio 1.87 (95% ClI, 1.64-2.13), POAF odds
the ratio is 1.18 (95% CI, 1.01-1.36), and the HATCH
odds ratio is 1.62 (95% ClI, 1.37-1.92) [60, 61].
According to R.M. Ronsoni et al., of the total sam-
ple (n = 1.054), 272 patients had PAF (25.7%). When
considering operations for myocardial revasculariza-
tion (63.8%), the PAF rate was 20.3%. With valve inter-
ventions (23.9%), the incidence of PAF was 34.3%,
and with combined interventions (7.3%), the highest
prevalence was observed — 36.6%. The average age
of patients was 60.1 £ 12.1 years, and 26.6% of pa-
tients were over 70 years old. Most of the patients
(65.2%) were men (Table 4). PAF is associated with
longer hospital stays compared to patients with this
complication (median 10 days vs. 7 days, respectively,
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P < 0.05) and increased in-hospital mortality (5.5% vs.
1.0%, respectively; P < 0.001). In addition, with
a median follow-up of five years, there was a higher
late mortality rate for patients with PAF compared with
patients without PAF (6.5% vs. 1.4%, respectively,
P = 0.002). Multivariate analysis of predictors in the
derivational cohort (n = 448) is described in Table 5.
Based on their statistical significance, the predictors
selected for the assessmentincluded age (>70 years),
mitral valve disease, non-use or discontinuation of
beta-blocker therapy, and positive water balance over
1500 ml [21].

LA volume can be taken as a direct predictor of
PAF occurrence. It also serves as an indicator of the
process duration and reflects not only the severity
of diastolic dysfunction, but also the degree of chang-
es in the atrium, which is a substrate that predisposes
to electrophysiological disturbances and arrhythmia
development [62-66]. The LA volume is assessed us-
ing the apical 4- and 2-chamber position, measured at
the end of systole before mitral valve opening.
Reconstruction of 2D and 3D images is required for
reliable estimation of LA volume. Although 3D echo-
cardiography is now becoming more widely available,
2D echocardiographic techniques are still easier to
implement and more commonly used. However,
LA may increase asymmetrically due to surrounding
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Table 5. Logit regression and multivariate risk estimate [21]

TaGnuua 5. Jlornctnyeckas perpeccus 1 MHOroMmepHas oueHka pucka [21]

Variable B p RR 95% CI Points
NMepemeHHas Touku
Age>70 0.96 <0.001 2.67 1.59-4.48 2
Bospact > 70 net
Mitral valve diseases 0.77 0.03 2.18 1.08-4.35 1
3aboneBaHnst MUTPaNbHOMO knanaHa
No beta blocker 0.91 <0.001 2.49 1.53-4.03 1.5
OtcytcTBMe Geta-6nokatopa
Water balance >1,500 ml 0.5 0.06 1.65 0.96-2.83 0.5
BopgHbii 6anandc> 1,500 mn
Constant —2.471 <0.001 0.08
MoCTOSAHHBIN
Table 6. Multivariate logit regression model for PAF prediction [67]
TaGnuua 6. MHOromepHas IorucTMyeckas perpeccroHHas Moaesb A NporHo3vposaHus MOPI [67]
0dd ratio (95% confidence interval)
Parameter /Moka3satenn HeuyeTHOe COOTHOLLUEHUE p
(95% nHTEepBan [OCTOBEPHOCTH)

LA volume index (increase by 1 ml / m?) / 1.046 (1.007-1.087) 0.0198
NHpekc obbema JIM (yBenmyeHne Ha 1 mn/m?)
Age / Bospact 1.032 (0.985-1.081) 0.1866
Male / My>X4uHbI 1.254 (0.482-3.258) 0.6426
Diastolic dysfunction / OuacTtonmyeckas ouchyHkums 1.14 (0.367-3.542) 0.8213
Cerebrovascular disease (accident) / 1.219(0.308-4.828) 0.7778
LiepebpoBackynspHbie 3a601eBaHUA (HeCHYaCTHbI Cryyaii)
CCF / 3acToiiHast cepaeyHas HegoCTaTOYHOCTb 3.612 (0.589-22.152) 0.1652
AMI / UHdapkT Mr1okapaa 1.372 (0.331-5.686) 0.6629
Arterial hypertension / ApTepranbHas rMnepToHus 0.591 (0.237-1.473) 0.2588
Obesity / OxupeHune 1.821 (0.737-4.501) 0.194
Nonvalvular cardiac surgery / HeknanaHHas kapamoxmpyprus 5.995 (1.164-30.875) 0.0371
Valvular cardiac surgery / KnanaHHasi Kapauoxmpyprms 10.145 (1.709-60.231) -
Diabetes mellitus / CaxapHsblit agnabet 1.381 (0.507-3.76) 0.5272

structures such as the aorta, chest wall, and eccentri-
cally directed stream of mitral regurgitation, which
leads to incorrect size estimation [19, 54].

E. Mahmood et al. conducted a prospective co-
hort study identifying PAF-significant predictors: age
increase, increase in LA volume indexed by body
surface area, and diastolic dysfunction (p = 0.02,
0.0001, and 0.001, respectively). Multivariate spline
regressions demonstrated a non-linear correlation
between the increase in LA volume and the risk of
PAF. Before surgery, you can efficiently estimate the
LA volume and predict the PAF. The study also dem-
onstrated that LA volume provides a simple measure
for identifying patients in need of targeted PAF
prophylaxis (Table 6) [67].

Speckle tracking echocardiography is a promis-
ing current technique for assessing structural and

functional changes in the myocardium. It allows to
assess the global longitudinal deformation of the
myocardium. To assess LA deformity, the endocar-
dial contour is traced in the apical 4-chamber posi-
tion after contraction, when LA has a minimum vol-
ume. Then the epicardial contour is isolated, the dif-
ference in bending indicates dysfunction of the sub-
epicardial fibers. Early dysfunction of subepicardial
fibers is associated with a higher risk of PAF due to
increased electrical atrial vulnerability and neurohu-
moral activation. Disruption of LV systolic function
causes electrical remodeling and also results in PAF.
LA systolic deformity and LV deformity were significant
predictors of PAF according to various authors. Such
echocardiographic parameters will help identify pa-
tients at increased risk of developing PAF [59, 64-66,
68-75].
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In addition, preoperative LA function can be as-
sessed with speckle tracking echocardiography based
on velocity vector imaging (VVI). Positive systolic
peak, early and late diastolic strain rates are meas-
ured with VI [63].

D.P. Leong et al. performed the study to assess
the relationship between new two-dimensional tran-
sthoracic measures of LA mechanical function
(speckle tracking and tissue Doppler parameters),
conventional measures (peak A-wave velocity) and
transesophageal echocardiographic parameters (LA
appendage ejection rate and spontaneous echo con-
trast) and to assess the clinical feasibility of measur-
ing speckle tracking indicators. Assessment of LA
mechanical function with speckle tracking echo-
cardiography is a valid approach compared to
transesophageal echocardiography (TEE). The main
results of this study showed that in a population of
patients with a wide range of indications and LA func-
tion, both speckle tracking and tissue Doppler de-
formity of the reservoir, and the rate of contraction of
the contractile atrium showed a moderately strong
correlation with the rate of LA appendage ejection;
however, the parameters obtained from the tracking
were more predictable for moderate to severe sponta-
neous echo contrast, measured technically faster
and easier. Determination of LA mechanical function
with speckle-tracking echocardiography is a valid
approach compared to TEE and potentially promising
for clinical use [76].

G. Pessoa-Amorim et al. give evidence that struc-
tural and functional LA remodeling may increase
atrial arrhythmias risk, both before and after surgery.
With speckle tracking echocardiography (STE) to
analyze LA from the apical position, two-dimensional,
gray scale 4-camera views were obtained at a frame
rate of 50-100 frames / sec. The LA endocardial bor-
der was manually traced, analysis was performed us-
ing velocity vector imaging software (Syngo VVI 2.0,
Siemens Medical Solutions USA Inc), the software di-
vides the LA into 6 segments, and image quality was
visually checked in all segments. The maximum LA
volume, the minimum LA volume, and the pre-A wave
were measured. The LA reserve function is measured
using the emptying fraction LP ([maximum LA vol-
ume — minimum LA volume] / maximum LA volume x
100), and the expansion index LA ([maximum LA vol-
ume — minimum LA volume] / minimum LA volume
x100). The LA conduit function was also determined
using the passive evacuation volume LA (maximum LA
volume - pre-A volume LA), passive emptying fraction
LA ([maximum volume LA - pre-A volume LA] / maxi-
mum volume LA), and also the volume LA (stroke vol-
ume LV - [maximum volume LA — minimum volume])
(Table 7) [74, 77].
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LA deformity consists of a positive wave with the
peaks at the end of ventricular systole, followed by
a decrease after mitral valve opening. From the mean
of the strain curves from all segments, the peak LA
load at the end of the ventricular systole (PALS) was
estimated, which is a measure of LA reservoir func-
tion, peaks of atrial contraction stress (PACS) which
can be considered a marker of LA pumping function.
LA was then calculated using the passive ejection ten-
sion (PALS-PACS), which is a measure of the LA con-
ductance function and active LA emptying tension
(PACS-minimum voltage) as a measure of LA tension
in a patient with severe aortic stenosis [74].

Main conclusions:

1) impaired reservoir and pumping function were
associated with LV hypertrophy, high LV pressure and
LA dilatation;

2) AF after aortic valve replacement can be inde-
pendently predicted using LA stretch and volumes
assessed by speckle tracking echocardiography;

3) LA distension can predict AF onset;

4) LA deformity disorder predicts the risk of devel-
oping AF in patients without LA dilatation [65, 75].

In aortic stenosis, increased afterload causes
a number of changes in LV structure and diastolic
function leading to an increase in LV filling pressure
and, therefore, to an increase in LA pressure and dila-
tation. This study showed that impairment of LA reser-
voir and pumping function, represented by decreased
PALS and PACS, respectively, and correlated with in-
creased LA volume index and LV size. This correlation
was observed regardless of age, aortic valve area in-
dex, comorbidities (such as diabetes mellitus or arte-
rial hypertension), and the use of beta-blockers or
statins [74, 78-80]. The predictors of AF recurrence
are shown in Figure 3.

Also, a useful diagnostic criterion is P wave dura-
tion and variance (PWD), which is considered a non-
invasive ECG marker for atrial remodeling and a pre-
dictor for AF. PWD reflects abnormalities of intra-atrial
and interatrial conduction and is defined as the differ-
ence between the length of the longitudinal dental
wave, which is wider and narrower, recorded from 12
ECG leads at a paper speed of 50 mm/s. It has been
shown that an increase in the duration of the P wave
and PWD reflects an increase in the time of intra-atrial
and interatrial conduction and non-uniform propaga-
tion of sinus impulses in the atrium. An extensive
clinical assessment of P wave dispersion was carried
out in assessing the risk of atrial fibrillation in patients
without organic heart disease, in patients with arterial
hypertension, in patients with coronary artery disease,
in patients undergoing coronary artery bypass graft-
ing, in patients with congenital heart defects. as well
as in other groups of patients suffering from various
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Table 7. Regression analysis of LA dimension and function with AF incidence after aortic valve replacement [74]

TaGnuua 7. PerpeccuoHHbIi aHanma pasmepos 1 dyHkLmm JIT ¢ yacToTo BO3HUKHOBeHMS Pl nocne 3ameHbl aopTasbHOMo
knanawna [74]

1D / OpHOMeEpHbI Model 1 / Mogenb 1
Under Over Under Over
95%CI 95%ClI 95%Cl | 95%ClI
Parameters / MokasaTtenn HR Hike Buiwe P HR Huke | Boiwe P
95%CI 95%ClI 95%Cl | 95%ClI
LA structure / CtpykTypa JIM
LA dia 1.055 1.004 1.111 | 0.0385 | 1.075 | 1.021 1.132 | 0.006
Ounametp JIM
LA volume index (BP) 1.014 0.993 1.035 | 0.203 | 1.021 | 0.996 1.046 | 0.099
NHpoekc o6bema JIM (BP)
Max LA volume* 1.008 1.001 1.016 | 0.031 1.010 | 1.002 1.019 | 0.017
MakcrmanbHbIi 06bem JIM*
Min LA volume* 1.010 1.001 1.020 | 0.036 | 1.016 | 1.004 1.027 | 0.009
MuHUManbHbI 06bem JTM*
Pre-A LA volume 1.008 1.001 1.017 | 0.048 | 1.012 | 1.001 1.022 | 0.025
Mpe-A obbem JIN
LA reservoir function / ®yHkumsa peaepsyapa JIIM
PALS 0.968 0.938 0.998 | 0.042 | 0.946 | 0.910 0.983 | 0.005
LA ejection fraction 0.976 0.953 0.999 | 0.045 | 0.015 | 0.001 0.275 | 0.005
®dpakumns onopoxHeHns JIMN
LA dilatation index 0.493 0.252 0.967 0.04 0.341 | 0.151 0.767 | 0.009
WHpekc pacwmpenns JM
LA conductance function / KoHgyutHas ¢yHkums JTN
Passive ejection volume 1.019 0.991 1.048 | 0.174 | 1.019 | 0.989 1.050 | 0.206
MaccuBHbIN 06bEM OMOPOXHEHNS
Passive ejection fraction 0.984 0.953 1.015 | 0.315 | 0.116 | 0.004 3.101 0.2
MaccrBHas GpakLms ONopPOXHEHUS
Conductance volume 0.948 0.984 1.013 | 0.802 | 1.000 | 0.984 1.016 | 0.965
KOHAYWTHbI 06bem
PALS-PACS 0.963 0.913 1.014 | 0.154 | 0.953 | 0.900 1.008 | 0.096
LA pump function / HacocHas ¢yHkums JIT

PACS 0.962 0.919 1.007 | 0.098 | 0.932 | 0.883 0.984 | 0.011
LA passive ejection fraction 0.973 0.948 0.998 | 0.037 | 0.010 | 0.004 0.222 | 0.003
AkTnBHas dopakums onopoxHeHus JM
LA active ejection fraction 1.006 0.971 1.041 | 0.749 | 0.995 | 0.958 1.033 | 0.816
AKTVBHBbI 06beM onopoxHeHus JIT
PACS min.def. 0.949 0.904 0.998 | 0.041 | 0.934 | 0.991 0.978 | 0.004
PACS muHumanbHas gedopmaums

95% Cl, 95% confidence interval; BP - biplanar; HR - hazard ratio; LA - left atrial; PACS - peak atrial contraction stress;
PALS - peak atrial lateral stress; STE — speckle tracking echocardiography. Model 1 includes preoperative treatment
with beta-blockers or statins, type of procedure (only CABG or CABG combined with coronary artery bypass grafting).

* By Speckle tracking echocardiography

95% Cl, 95% poBeputenbHbIn nHTEpBaN; BP — GunnaHapHbil; HR — oTHoweHue puckos; JIM — nesoe npencepave;
PACS - nukoBoe HanmpsbkeHue cokpalleHust npefacepauwin; PALS — nvkoBoe NpofofibHOE HanpskeHve npencepaui;
STE - cnekn-TpekuHr axokapauorpadus. Mogens 1 BkaoyaeT B cebs npefonepaunoHHoe neveHve bGeTa-afpeHo-
6nokaTopamm unu ctatuHamu, Tun npoueaypsl (Tonbko AKLL nnm AKLL B coveTaHnM ¢ 20PTOKOPOHAPHBIM LUYHTUPOBAHNUEM).

* OueHMBaETCS NO CNeKN-TPEKUHT 3XoKapamorpapuu.
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— Early relapse / PaHHuin peunane

+ Diameter of the LP / OuameTp JII1

+ C-reactive protein / C-peakTuBHbli1 6eoK

« Structural heart disease / CTpykTypHas 6051e3Hb cepaua

+ Alarge amount of LP / BonbLioii o6bem J1M1

— Late relapse / Mo3pgHuii peunaue

+ Duration of the AF / OnutensHocTs @1
+ Diameter of the PL / OuameTp J1I1

+ Restoration of the pulmonary veins / BoccTtaHOBAEHME NEMOYHbIX BEH
+ The presence of an early relapse / Hannuve paHHero peumgnsa

+ Metabolic syndrome / MeTabonuyeckunin CUHAPOM

+ Low-amplitude F-waves / HuakoamnnntygHble F-BOSHbI

- Based on Apple / OugeHrka no Apple
+ Obesity / OxunpeHne

— Very late relapse / O4ueHb N03pHMI peuvavBe

* Based on MB-LATER / Ouenka no MB-LATER

« Triggers unrelated to the pulmonary veins / Tpurrepbl HECBA3aHHbIE C IEFO4YHBIMY BEHAMM
« Structural heart disease / CTpykTypHas 6051e3Hb cepaua

Fig. 3. AF relapse predictors (APPLE evaluation — one point per age > 65, constant AF, constant rate of glomerular filtration
("60 m / min / 1.73 m), LA diameter over 43 mm, ejection fraction <50%; MB-LATER evaluation — male, His bundle branch
block, LA, AF type (paroxysmal, persistent or long-term) and early recurrent AF).

Puc. 3. Mpeguktopsl peunameoB dI (APPLE oueHka - no ogHomMy Ganny 3a Bo3pacT> 65 neT, Hannyne noctostHHom PI,
NMOCTOSIHHAS CKOPOCTb KiyboukoBoi dunstpaumn ("60 M / MuH / 1,73 M), OuameTp JIM 6onee 43 MM, ppakums Beibpoca
<50%; MB-LATER ougHka — MyX4uHbl, 6510kaga Hoxek nydka Micca, JIM, Tun @M (napokcramanbHas, NoCTOsiHHAA U on-

TeSIbHO CTOVKas) U paHHas peumamsupytolas ert).

heart or non-cardiac diseases. Hence, PWD may be
useful in identifying patients who are prone to devel-
oping paroxysmal PAF [15].

Prevention and treatment

The clinical relevance of PAF depends on the dura-
tion of paroxysmal events, ventricular rate, response
to treatment, and comorbidities. In most cases, post-
operative atrial fibrillation is self-limited. It is statisti-
cally shown that the cessation of arrhythmia can occur
within 2 hours in 30% of patients, within 24 hours
with the use of antiarrhythmic drugs or without drug
therapy - in 70%. Modern prevention of atrial fibrilla-
tion after surgery includes medication (Tabl. 8) and
non-medication approaches, as well as their various
combinations [3, 871].

1. Beta-blockers. This group of drugs is most
effective when used both before and after cardiac
surgery, compared to using only before or only after
surgery. At least 1 week before the intervention, treat-
ment with a beta1-blocker, which does not have intrin-
sic sympathomimetic activity, should be started [3,
6, 8, 82, 85].
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2. Amiodarone. The drug is the most widely stud-
ied antiarrhythmic drug used for the relief of supra-
ventricular and ventricular arrhythmias. Prophylactic
use of Amiodarone reduced the incidence of postop-
erative AF (OR 0.50; 95% CI 0.42-0.59), significantly
reduced the length of hospital stay, decreased the in-
cidence of strokes and postoperative ventricular tach-
yarrhythmias, but did not affect postoperative mortal-
ity. The frequency of AF in the amiodarone group was
lower than in the placebo group (OR 0.52; 95% CI
0.34-0.69), including in patients <65 years of age
and >65 years of age, patients undergoing coronary
artery bypass grafting or heart valve surgery with or
without coronary artery bypass grafting, as well as
in patients who received and did not receive beta-
blockers before surgery [3, 4, 6, 8, 82, 85].

3. Sotalol. With this drug, the incidence of postop-
erative AF was reduced by 64% compared with pla-
cebo, but it did not affect length of hospital stay, risk
of stroke or mortality [3, 8, 82].

4. Magnesium. Due to its low cost and relative
safety of use, magnesium is often used in the pre- and
postoperative period. In a meta-analysis of 20 rand-
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Table 8. Drugs and dosage for PAF treatment and prevention
TaGnuua 8. Mpenapartsl 1 X 003bl Ans neveHns n npodunaktmkm NOPIM [8]

Drugs Indications Dosage Side effects
Mpenapartbl Moka3aHusa [o3bl Mo6ouHble 3pPeKTbI
[B-blockers Prevention of AF, Metoprolol 150 mg / day per os for Bradycardia, hypotension,

B-6n0kaTopbl

myocardial ischemia

Mpodunaktrka Or,
Uiiemus MMokpaaa

14 days after admission to ICU.
Carvedilol 40-50 mg / day per 0s
10 days before surgery

MeTtonponon 150 mr/cyT per os

B TeyeHune 14 gHer nocne NocTyniaeHuns
nauunenta 8 OPUT. Kapsegunon

40-50 mr/cyT per os 3a 10 gHen oo
onepaumm

bronchospasm, heart failure

Bpaaukapana,rMnoToHus,
B6poHxocna3m, cepagyHas
HeJ0CTaTOYHOCTb

Sotalol AF prevention 160-240 mg per os daily up to 6 days Bradycardia, prolongation of the
after surgery, starting in the morning QT interval, fatigue, dizziness,
of the first DAS headache, heart palpitations

Coranon Mpodunaktunka I 160-240 mMr per 0s B CyTku 10 6 AHei Bpagvkapous, yoamHeHue
nocne onepaummn Ha4mHas ¢ yTpa nHTepsana QT, ycTanocTs,
nepsoro MO/, rONOBOKPYXEHWNE, FONOBHAS

60”b, y4allleHHOe
cepauebueHne

Amiodarone AF prevention 5-15mg / kg per day per os 1-6 days Bradycardia, prolongation of the
before surgery oriv (1 g / day for QT interval, gastrointestinal dis-
2 days) immediately after surgery orders, constipation

AmMnogapoH Mpodunaktunka I 5-15 mr/kr B cyTku per os 3a 1-6 aHein | Bpagukapaus, yoJIMHeEHNe

nepeg onepauuen unv B/
(1 r/cyT B Te4eHue 2 gHein) cpasy
nocne onepauu

nHTepsana QT, XKT
paccTpoincTBa, 3anop

Omega-30-PFA

Owmera-30 MKK

AF prevention

Mpodunaktrka PI

2 g/ day per os, 5-7 days before
surgery until discharge

2 r/cyT per 0s 3a 5-7 oHew nepeq,
onepauyeit 10 BbINUCKM

Increased risk of bleeding

MoBbILLEHHDBIN PUCK
KPOBOTEYEHUS

Statins Stabilization of ath- Atorvastatin 40 mg / day per os, Rhabdomyolysis, increased liver
erosclerotic plaques, | 7 days before surgery enzymes, diabetes risk
prevention of AF

CaTvHbI Crabunuzaumst AtopsacTtatuH 40 mMr/cyT per 0s Pabmomnonna, noBbileHne
aTepocknepoTn- 3a 7 oHew Jo onepaumm YPOBHSI MEYEHOUHbBIX
Yyeckmx bnsLex, (hEepPMEHTOB, PUCK pa3BUTUS
npodunakTmka Ol nnabeta

Corticosteroids Decrease of inflam- Dexamethasone 0.6-1 mg/kg iv after Hyperglycemia, osteoporosis,
matory response anesthesia induction or 100 mg hydro- ulceration, hypertension, retino-

cortisone: first dose the evening before | pathy
surgery, then every 8 hours for 3 days

KopTtuko- CHuxeHwne [HekcametasoH, 0,6-1 mr/kr B/B nocne | luvnepravkemusi, 0CTEONOPO3,

cTepovapl BOCMANUTENBHOMO nHAyKunm aHecteaun nam 100 mr A3B000pa30BaHve, rMnepToHNs,
oTBeTa rMaopoKOPTM30HA: NepBas Aosa peTuHonaTus

BEYEPOM HakaHyHe ornepaumm, 3aTeM
Kaxable 8 4 B TeyeHue 3 gHen

Mg AF prevention 10 mmol of magnesium sulfate iv for Hypotension, bradycardia,

3 days after surgery or 6 mmol nausea, vomiting, diarrhea
preoperative and postoperative

MarHwii Mpodunaktuka eI 10 mmonb cynbdarta marHus B/ MMnoToHwus, 6paankapamns,

B TeyeHune 3 OHel nocne onepauum
1 6 MMonb NpeaonepauyioHHo

TOLIHOTA, PBOTA, Anapes
1 MOCIE0NepaLIMOHHO
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Drugs Indications Dosage Side effects
Mpenapartbl Moka3aHusa Jo3bl Mo6ouHble 3 deKTbl

Colchicine Prevention of post- 1.0 mg twice a day per os from the 3rd GIT disorders, neuropathy,
pericardiotomy syn- DAS with a maintenance dose of anemia, hair loss
drome and AF 0.5 mg twice a day for 1 month

KonxuumH Mpodunaktmka 1,0 Mr oBaxkabl B A€Hb Per 0S HauMHas XKKT paccTpoiicTsa,
noctnepukapamno- ¢ 3-ro MO/, ¢c nogaepxmBatoLLei HelponaTtus, aHemus,
TOMHOr0 cuHApoma no3oli 0,5 Mr aBaxapl B fAeHb BbiNafeHne Bosoc
n O B TeyeHne 1 mec.

NSAIDs Decrease of inflam- Ketolorac 30 mg iv every 6 hours before | Renal dysfunction, dyspepsia,
matory response per os possible, then ibuprofen 600 mg | ulceration, diarrhea

orally 3 times a day (up to 7 days)

HMBC CHuxeHue KeTtonopak 30 mr B/B kaxaple 6 4 MoyeyHas AMCHYHKLMS,
BOCMANUTENBHOMO [10 BO3MOXHOCTW Npuema per os, avcnencus, S$380006pa3oBaHme,
oTBeTa 3atem noynpodeH 600 mr per 0s nvapest

3 pa3a B CyTku (80 7 OHEN)

MEMLIHCKAS BUBYATHBALA

Abbreviations: AF - atrial fibrillation, ICU - resuscitation and intensive care unit, iv — intravenously, DAS - day after surgery,
GIT - gastrointestinal tract, omega-3-PFA — omega-3- polyunsaturated fatty acids, NSAIDs — non-steroidal anti-inflammato-

ry drugs.

Cokpatuerus: ®N — dubpunnauma npeacepanii, OPUT - oTneneHne MHTEHCUMBHOWN Tepanuu, B/B — BHYTPUBEHHbIV MyTb
BeegeHus, MO - nocneonepaunoHHbii geHb, XKT - XxenygoyHo-kuweyHbld TpakT, omera-3-MXK - omera-3-
MOSIMHEHACHILLEHHBIE XMPHbIE KncnoTel, HIBC — HecTepouaHble NpOTMBOBOCMANUTESIbHbIE MPenaparhl.

omized trials, including 2490 patients in total, it was
shown that prophylactic intravenous magnesium ad-
ministration reduces the likelihood of postoperative
AF (OR 0.54; 95% CI1 0.38-0.75) (by A.Sh. Revishvili.
[58] and Ho K.M. [88]).

However, the large randomized double-blind study
by R.Y. Klinger et al. showed that large doses of mag-
nesium did not reduce the risk of PAF after cardiac
surgery [89].

5. Statins. Given the important role of the inflam-
matory process in the formation of a substrate for ar-
rhythmia, statins have been shown to be effective in
the prevention of PAF. Taking statins reduces the risk
of PAF by 22-34% [3, 58].

6. Corticosteroids. According to a meta-analy-
sis, treatment with corticosteroids was associated
with a 26-45% decrease in the incidence of postop-
erative AF and a decrease in the length of hospital
stay [58].

7. Vitamins are widely used for the prevention
of PAF after cardiac surgery [38]. A meta-analysis by
H. Hemila and T. Suonsyrja showed that periopera-
tive vitamin C intake was associated with a significant
decrease in POAF and a decrease in the length
of hospital stay [90]. In addition, the use of vitamin C,
vitamin E and N-3 polyunsaturated fatty acids was
associated with a significant decrease in PAF (9.7%
PAF in the vitamin C group, 32% in the placebo
group) [91].

8. Atria stimulation. In a meta-analysis of 8 studies,
prophylactic atrial pacing was shown to reduce the

2021, rom 25, Nel

incidence of postoperative AF regardless of the loca-
tion or algorithm of pacing (OR 0.57; 95% CI 0.38-
0.84), but other studies have not confirmed the effec-
tiveness of this method ( cited after Ucar HI [46],
Steinberg BA [85], Burgess DC [92].

Current guidelines for cardiothoracic surgery rec-
ommend anticoagulant therapy for 12-48 hours after
the onset of postoperative AF, balancing the risk of
bleeding after cardiac surgery. Most cardiac surgeons
usually discontinue anticoagulant therapy as soon
as sinus rhythm is restored to avoid late bleeding
complications [93].

Preventive measures including such pharmaco-
logical strategies as early resumption of beta-block-
ers and early correction of electrolyte imbalances, in
particular those targeted at high-risk patients, can
reduce cost and, more importantly, postoperative
morbidity and mortality [65, 89].

Concomitant AF ablation in patients after CABG
and heart valve surgery in combination with other car-
diac surgery is currently a Class | recommendation.
Numerous studies have shown that concomitant AF
ablation can be performed safely and effectively dur-
ing CABG and valve replacement, which leads to a
return to sinus rhythm after surgery and improved
long-term results. However, it is performed less fre-
quently than it should be [67].

Also, it is worth noting that existing preventive and
therapeutic strategies may be useful only in a certain
category of patients after heart surgery. Currently,
none of the proposed preventive therapy regimens
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guarantees 100% protection of the patient from the
development of PAF and associated complications [8].

Thus, postoperative atrial fibrillation is a common
complication after cardiac surgery, which directly
lengthens the period of early rehabilitation in patients
undergoing cardiac surgery. The increased LA vol-
ume, as a marker of chronically increased LA pres-
sure, is closely associated with the occurrence of PAF.
The atrium dilatation can be an indicator of the pro-
cess duration and directly reflect remodeling, being
a quantitatively replaceable arrhythmogenic sub-
strate [54, 81, 94].

In patients with coronary artery disease undergo-
ing HB, cardiopulmonary bypass surgery was reliably
associated with a more frequent occurrence of PAF
[38, 40].

A systematic review and meta-analysis were per-
formed to assess the risk of stroke after PAF in non-
cardiac surgery. Articles published prior to April 2020
were searched through MEDLINE, Cochrane, and
EMBASE for studies of patients undergoing cardiac
surgery who reported the incidence of new PAF cases.
We have not contacted the authors for additional in-
formation. More details have been obtained through
a manual link search from recent reviews and corre-
sponding published original studies.

The results of numerous clinical and experimental
studies have demonstrated the prognostic signifi-
cance of neurohumoral markers, markers of inflam-
mation, fibrosis, and myocardial damage in relation
to the development of arrhythmia and its complica-
tions [95].

Significant indicators determining the occurrence
of arrhythmia in patients after cardiac surgery are the
patient's age and sex, LA volume, LV ejection fraction,
time of aortic clamping and ischemia [38, 42].

STE is an important technique in predicting the
development of postoperative AF after cardiac sur-
gery. LA dysfunction is an important prognostic pre-
dictor for assessing the risk of developing PAF. Studies
have shown that LA deformity was one of the most
important predictors of PAF development and is also
a significant indicator in predicting cardiovascular
events such as stroke, AF and myocardial infarction
[34, 63, 75].

POAF, CHA2DS2-VASc and HATCH screening sys-
tems have shown good discrimination and calibration
for predicting postoperative atrial fibrillation in pa-
tients undergoing cardiac surgery. Among these, the
CHA2DS2-Vasc score presented the best discriminat-
ing ability of postoperative atrial fibrillation and has the
advantage of simplicity of calculation [60].

It is necessary to focus on identifying patients at
risk of developing PAF, since this complication leads to
hemodynamic instability, thromboembolic events,

longer hospital stay and increases treatment costs
[68, 69].

Acute atrial fibrillation increases the risk of throm-
bus formation in the LA appendage, which leads to an
increased risk of systemic embolization and stroke.
PAF after heart surgery significantly increases the risk
of early stroke and mortality. Most PAF occurred
within 2-4 days after surgery, with a peak incidence
on day 2 after surgery [22].

Conclusion

Currently, PAF is an extremely urgent problem.
According to the world literature data, the incidence of
PAF in the period from 1970 to 2019. increased from
10 to 65% of the total number of operated patients.
The main causes of postoperative atrial fibrillation are
not fully understood. This complication is a significant
problem requiring an even more detailed analysis of
the molecular and pathogenetic mechanisms of its
occurrence and progression. A complete understand-
ing of the pathogenetic mechanisms of the develop-
ment of arrhythmias will help reduce the cost of hospi-
talization of patients, reduce postoperative complica-
tions caused by this arrhythmia, and also increase the
life expectancy of this category of patients. Evaluation
of echocardiographic parameters is required to iden-
tify patients requiring PAF prophylaxis. The main task
of the researcher at present is to draw up a unified
algorithm for predicting and preventing episodes of
postoperative atrial fibrillation.
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YyacTue aBTOpPOB

KagbipoBa MagmHa - npoBedeHuMe WCcCcnegoBaHus,
NOAroTOBKA W peaakTMpOBaHMNe TEKCTA.

CrenaHoBa lOnus AnekcanHgpoBHa — cTaTUCTMYeckas
06paboTka AaHHbIX, OTBETCTBEHHOCTb 3a LIeJIOCTHOCTb BCEX
YyacTen cTaTbu.

puHbepr Mapusi CepreeBHa — cbop n obpaboTtka
OaHHbIX, aHaNn3 U UHTepnpeTaunst Noay4eHHbIX AaHHbIX.

ParysuHa Bnaga lOpbeBHa — cOop 1 06paboTka AaHHbIX,
HanvcaHue TekcTa.
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ManbiweHko

Erop CepreeBnd - npoBeneHue

nccnenoBaHns, yyactie B HayYHOM An3aliHe.

lMonos Bagum AHaTONbEBUY — y4acTME B HAy4yHOM

an3aliHe,yTBepPXaeHNe OKOHYaTeIbHOro BapyaHTa CTaTby.

Pesuwsunn Amupan LLloTaeBny — KOHUENUMS U An3anH

nccnenosaHm4.
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