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Research Article

Recurrence of Arrhythmias after Thoracoscopic
MAZE procedure

Vitaliy V. Lyashenko', Andrei V. lvanchenko', Anzhelika S. Postol’, Sardor N. Azizov?,
Alexander B. Vigovsky', Yuri A. Schneider’

! High Medical Technologies Center, Kaliningrad, Russia

2.5.6. Sukhanov Federal Centre for Cardiovascular Surgery, Perm, Russia

BACKGROUND: Thoracoscopic version of the MAZE operation alone or in combination with catheter ablation (hybrid ap-
proach) has become widespread in the treatment of atrial fibrillation (AFib). However, recurrences of arrhythmias after such
operations, in particular recurrence of AFib, remain unresolved problem.

AIM: The aim of this study was to establish the structure of arrhythmia recurrence in patients with long-standing per-
sistent AFib after primary epicardial ablation using the Dallas lesion set technique, as well as determining the optimal RFA
strategy for recurrence.

METHODS: 138 catheter ablation procedures for 100 patients, who applied with recurrence of various atrial arrhythmias
after thoracoscopic MAZE. 34 patients had 2 or more RFA (31 pts — 2, 2 pts — 3, 1 pts — 4).

RESULTS: After Dallas lesion set thoracoscopic ablation in the structure of recurrences dominated: 1 — AFib recurence;
2 — incisional left atrial flutter. After the operation, a potential arrhythmogenic substrate remains, which must be fully elimi-
nated by RFA (in addition to ablation the main cause of recurrence). This minimally necessary intervention implies: control
and reisolation of the pulmonary veins; control and reisolation of the posterior wall; septal line from the mitral valve to the
right superior pulmonary vein with Y-shaped branch to the left superior pulmonary vein; cava-tricuspid isthmus-blockade.
This will eliminate and prevent in the future potentially possible incisional arrhythmias in fragmentary scars after thoraco-
scopic MAZE procedure. The return of AFib represents the most difficult group of patients. Restoration of sinus rhythm in re-
current AFib after epicardial ablation is possible, but may require extensive ablations in both atriums, as a result of repeated
procedures, until all potential arrhythmia mechanisms, present in a particular patient, are eliminated.

CONCLUSIONS: Catheter ablation remains the only method of effective treatment of recurrences after thoracoscopic
MAZE procedure. The complexity and multicomponent nature of long-standing AFib causes the frequent need for repeated
procedures, especially in cases of recurrence of atrial fibrillation.

Keywords: radiofrequency catheter ablation; atrial fibrillation; thoracoscopic MAZE; Dallas lesion set; hybrid approach;
recurrence of atrial fibrillation; treatment of long-standing persistent atrial fibrillation.

To cite this article:
Lyashenko VV, Ivanchenko AV, Postol AS, Azizov SN, Vigovsky AB, Schneider YuA. Recurrence of arrhythmias after thoracoscopic MAZE procedure.
Cardiac Arrhythmias. 2023;3(2):5-16. DOI: https://doi.org/10.17816/cardar492331
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HayuHas cTaTbst

Peuuausbl apuTMuiA nocne TopaKoCKONMYECKOM
npoueaypsl MAZE

B.B. Nawenko', A.B. MBanuenko', A.C. Mocton', C.H. Asnsos?, A.b. Buirosckuit', 10.A. Wneipep!

! lDe,uepaanbM LLeHTP BbICOKUX MeAULMHCKUX TEXHOJIOMH, KaJ'IVIHVIHI'pa,D,, Poccus

2 (DepepanbHbIil LIEHTP cepaeqHo-cocyancToit xupyprivm um. C.I. CyxaHosa, MepMb, Poccus

AxmyaneHocme. TopaKoCKONMYECKUM BapuaHT onepauyn MAZE nsonmpoBaHHO unu B coveTaHUM € KaTeTepHoM abnsumei
(rbpuAHBIA NOAXOA) NOAYYUN LUMPOKOE PacrpocTpaHeHWe B JieueHuu ubpunnaumv npepcepami. OgHaKko peumamebl
apuTMUiA Nocne Takux onepawyi, B 0C0BEHHOCTH, peLmamBbl Gubpunnauumu npeacepani, 0CTaloTCA HepeLLeHHoN npobneMon.

Llene — u3ydeHWe CTPYKTYpbl PELMOMBOB apUTMWUA Y NaUMEHTOB C AJMTENIbHO-MEpCUCTUpYloLLen Gubpunnaumeit
npeacepamni (O) nocne nepeuYHoi anNMKapauanbHoii abnsaumm no metoamke Dallas lesion set, a TakKe onpegenexne ontu-
ManbHOW CTpaTerum paamuoyacToTHoi abnaumm (PHA) npu peumamBax.

Mamepuaner u Memodel. BeinonHeHbl 138 npoueayp kateTepHoii abnsuum 100 naumeHTaM, 06paTMBLUMMCS C peLmanBaMi
PasnMYHbIX NPeACcepAHbIX apUTMMIA NOCEe TOPAKOCKONMYeCKoi MoanduKkaumum onepaumu MAZE (34 naumeHtam — 2 1 bonee;
31 yenoseky — 2, 2 naumeHtam — 3, 1 yenoBeky — 4). ¥ naumeHToB ¢ 3 1 bonee npoLeaypaMu nocne TOPaKOCKOMMYECKOM
onepaumn peumamBmpyloLLei apuTMmeii bbina pubpunnaums npencepavii.

Pesynsmamei. Mocne TopakocKonMyeckoro BapuaHTa onepauun MAZE (no metoamke Dallas lesion set) B cTpykType peum-
AvBOB npeobnapatot: 1 — Bo3Bpat @I, 2 — MHUM3WOHHbIE NeBONPeACePAHble TPENETaHNS, a TaKKe 0CTAaeTCs NOTEHLMANbHO
apUTMOreHHbIN cyOCTpaT, KOTOPbI He0DX0AMMO MONMHOCTLIO YCTPaHATbL NpU KaTeTepHon PYA (noMuMo paboTbl C OCHOBHOIA
NpuuyMHOl peunamsa). Takoe MMHMManbHO HeobXoayMMoe BMELLATeNbCTBO MOAPA3yMEBAET: KOHTPOTb M PEU30NALMI0
NIErOYHBIX BEH; KOHTPO/Ib W PEN30MALMIO 3a[Hel CTEHKM NeBOr0 NPeAcepays; CenTabHYI0 IMHUI0 OT MUTPANbHOMO KianaHa
[0 NPaBoii BePXHEN JIEr04HOM BeHbI € Y-00pa3HbIM OTBETBNEHWEM K JIEBON BEPXHEH JIEr04HO BEHE; KaBOTPUKYCNMAAMbHBIN
UcTMyc-6/10K. 3T0 MO3BOSUT YCTPaHUTL U NPefOTBPaTUTL B ByayLieM NOTEHUMANBHO BO3MOXHbIE MHLM3WUOHHbIE HAPYLLEHNS
puTMa Nno (parMeHTapHbIM pybLaM nocie TopakocKonmyeckoro MAZE. TMaumenTsl ¢ BosepatoM O npeactaBnaoT Haubonee
CNoXHyto rpynny. BocctaHoBneHue cuHycoBoro putMa npu peumamsax Ol nocne TopakoCKONMYECKOro BapuaHTa onepaum
MAZE B03MOHO C NOMOLLbI0 NMOBTOPHbIX BMELLIATENLCTB, HO MOXKET TpeboBaTb 061umpHbIX PHA B 060MX Npescepausx B pe-
3y/bTaTe HEOHOKPATHBIX NPOLLEAYP 40 YCTPaHEHUs BCEX MOTEHLMaNbHbIX MexaHn3MoB O, NpUcyTCTBYIOLMX Y KOHKPETHOTO
naumeHTa.

Beigoder. KaTetepHas abnsiums ocraetcs eauHCTBEHHbIM MeTOAOM 3P (EKTUBHOMO JIeYEHUs peLuauBOB NOCNe TOPaKo-
cKonuyeckon npoueaypbl MAZE, a COXHOCTb M MHOTOKOMMAHEHTHOCTb [IUTeNbHO-NepcucTupytoweit O obycnoenmeaet
yacTylo HeobxoaMMOCTb NOBTOPHBLIX NpoLeayp, ocobeHHo npu peumaveax @I,

KnioueBble cnoBa: pagmoyactotHas abnaums; dbubpunnsaums npeacepami; TopaKockonuyeckas abnaums; rubpuaHbIA noaxops;
peunans Gubpunnaumm npeacepanii; NedeHne LIUTeNbHO-NePCUCTUPYIOLLEN Grbpunnauuu npeacepaui.
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JNawenko B.B., MeanyeHko AB., Mocton A.C., Asnsos CH., Boirosckun Ab., LHenaep H0.A. Peunamesl aputMUiA nocie TOPaKOCKOMMYECKOW npoLieaypbl
MAZE // Cardiac Arrhythmias. 2023.T. 3, N2 2. C. 5-16. DOI: https://doi.org/10.17816/cardar492331
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BACKGROUND

The development of hybrid surgery for atrial fibrillation
(AF) has opened up new prospects for its treatment. Despite
the experience gained and increased efficiency, some patients
still have refractory and recurrent forms of arrhythmia.
Among the modern methods of primary surgery for long-
existing AF, MAZE surgeries under cardiopulmonary bypass
can be highlighted, including their thoracoscopic variants,
and various non-standardized catheter ablation schemes.
In recent years, the thoracoscopic MAZE procedure (TM)
surgery has gained great popularity in Russia, and the most
common method for this approach is the isolation of
the pulmonary veins (PVs) with bipolar clamps in combination
with the linear effects that isolate the posterior wall of the left
atrium — “Dallas lesion set”, DLS, and modifications [1, 2].
This study presents the results of reinterventions in patients
who initially had exceptionally long-term persistent AF (LPAF)
and initially underwent surgery according to the DLS scheme.
However, regardless of how AF surgery was started, repeated
procedures due to relapse after the primary surgery remain
the exclusive prerogatives of catheter techniques. Moreover,
only a few studies have focused on specific mechanisms
of recurrence after TM surgery [3, 4] and described a few
cases. No multicenter studies, long-term follow-ups, and
a standard scheme for repeated catheter ablations after DLS
surgery have been conducted.

The aim of this study was to establish the structure
of arrhythmia recurrence in patients with long-standing
persistent AFib after primary epicardial ablation using the
Dallas lesion set technique, as well as determining the
optimal RFA strategy for recurrence.

MATERIALS AND METHODS

The study included 100 patients with recurrence of
various atrial arrhythmias after thoracoscopic ablation (DLS)
who underwent surgery in our clinic between 2020 and 2022.

PVs were isolated initially with bipolar clamps, and
a monopolar electrode (AtriCure) was used for the lines
that isolate the left atrial posterior wall (LAPW). The line
along the roof was made after preliminary skeletonization
of the atrial wall from fat and fibrous structures, as wide
as possible, with special attention to the area closer to
the left PV, left atrium (LA) appendage and the exit site of
the ligament of Marshall; in addition, the line was expanded
along the roof to the aorta. Exit block testing by pacing was
not routinely performed. The LA appendage was ligated
by the tourniquet technique in all patients [5]. If atrial
arrhythmias persisted, cardioversion through the short axis
of the heart was performed at the end of the procedure with
restoration of sinus rhythm (SR).

Men predominated in this group (68/100). All patients
initially had LPAF, and its duration ranged from 1 to 10 years
(35.8 = 10.5 months) before treatment initiation. The LA
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volume was increased and was 180 + 48 mL according
to computed tomography (CT) findings before epicardial
ablation. The left ventricular ejection fraction according
to the initial echocardiography (echoCG) was moderately
reduced (48 + 10%).

Catheter ablation was performed depending on
the timing of arrhythmia recurrence, ranging from the early
postoperative period to 5 years after the primary surgery, with
most reinterventions in terms of up to 6 months. In addition
to mapping and eliminating the main cause of recurrence,
the protocol for endocardial radiofrequency ablation (RFA)
included monitoring the isolation of PVs and LAPW.

All patients were informed about the approach of
treatment and research and provided informed consent.
Not later than 48 h before surgery, all patients underwent
transesophageal echoCG or LA CT to rule out thrombosis
of the LA appendage and coronary angiography to rule out
pathology of the coronary vessels.

Antiarrhythmic and anticoagulant therapy

Postoperative antiarrhythmic therapy (AAT, mainly with
amiodarone) after repeated catheter procedures during
the first month was performed in all patients. Subsequently,
while maintaining SR, AAT was canceled. Before planning
endocardial RFA, AAT was canceled, considering the timing
of excretion of the drug used. Patients admitted for catheter
ablation received anticoagulants continuously without
discontinuation in the perioperative period; in the case of
warfarin, the international normalized ratio was monitored.
During the endocardial procedure, a standard anticoagulation
protocol was used (bolus of heparin 100 IU/kg + infusion
through transseptal sheath introducers 1,000 1U/h and control
of the activated clotting time of >300 s).

Endocardial electrophysiological heart test
and radiofrequency ablation

The scenarios for RFA to eliminate the recurrence of
arrhythmia were as follows:

1) If atrial arrhythmia (excluding AF) was in progress,
mapping and elimination of the mechanism of this arrhythmia
were applied;

2) If the procedure was performed in SR (except for
paroxysm), an attempt was made to induce arrhythmia;

3) All patients underwent verification (if necessary,
additional RFA) of previously performed lines, control of PV
and LA posterior wall isolation;

4) If the patient was admitted in AF rhythm (as well as
in cases of SR), PV isolation, LAPW isolation, and RFA of
the posteroinferior parts of the left atrium were monitored
(from the lower line of the LAPW “box” to the coronary sinus
(CS) and along the CS, a wide septal line from the mitral valve
(MV) to the right superior PV with a branch line to the left
superior PV). While AF was maintained, cardioversion was
performed. In the case of AF relief in atrial tachycardia or
atrial flutter, appropriate ablations were performed until SR
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was restored (in some cases, active zones in the right atrium
were excluded);

5) In addition, all patients underwent cavotricuspid
isthmus (CTI) block.

Of the 138 repeated procedures, 106 were performed on
the EnSite Precision navigation system (Abbot Inc.), whereas
the remaining 32 procedures were performed on Carto 3
(Biosense-Webster Inc., CA, USA). All patients underwent
double transseptal access using unguided introducers.
The electrode used for high-density automatic mapping was
a multi-pole HD-Greed electrode (Abbot Inc.) and a Lasso
electrode (Abbot Inc., Biosense-Webster Inc.), and mapping
and ablation were also performed with FlexAbility D,
CoolFlex M, and TactiCath (Abbot Inc.) electrodes when using
EnSite and a ThermoCool SmartTouch electrode (Biosense-
Webster Inc.) for Carto procedures.

Control monitoring in the postoperative period

Patients’ condition was monitored during visits to
the clinic and through remote monitoring [6]. Cardiac rhythm
was assessed 1, 3, 6, 9, and 12 months after RFA according
to daily ECG monitoring data or according to the data of
implanted devices. Antiarrhythmic therapy was canceled
at the first visit 1 month after the endocardial procedure in
the absence of sustained atrial arrhythmias.

Tom 3,Ne 2, 2023
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RESULTS

Between 2020 and 2022, 138 catheter ablation
procedures were performed in 100 patients who presented
with recurrences of various atrial arrhythmias after T™M
surgery in the clinic. At the time of writing this article,
34 patients required =2 RFAs (2 RFA for 31 patients,
3 RFA for 2 patients, and 4 RFA for 1 patient). In patients
with > 3 RFAs after TM, AF was the recurrent arrhythmia
(Fig. 1). The history of the patient with 4 RFAs after TM is
described below. The recovery of SR during ablation without
defibrillation was associated with a longer arrhythmia-free
period in the multiple reintervention group.

Initially, all 100 patients had LPAF. RFA for relapses was
performed in terms from early ablations after TM without
discharge from the hospital to up to 5 years. More than half
of the relapses and repeated RFAs (54/100) occurred in
the first 6 months, and in 37 of 54 patients a stable SR was
not restored after primary TM before RFA, despite repeated
attempts at defibrillation and antiarrhythmic therapy (Fig. 2).

Complications of catheter ablations after TM

Complications of the vascular approach because of
unintentional punctures of the arteries such as arteriovenous
fistulas were the most common, including two requiring

Relapses after thoracoscopic surgeries (2020-2022)

100 patients 31 patients

138 RFA procedures

each after TA

* Patient 1. LPAF 5 years, TM,
relapse after 7 months — persistent AF,

2 RFA procedures 3 RFA procedures

* +

2 patients 1 patients

4 RFA procedures

each after TA each after TA

RFA (AF rhythm, PV isolated initially, isolation of the LAPW was performed, septal line, roof, RFA at the LAA, along the CS, cardioversion!).
Recurrence after 4 months — persistent AF, constantly recurrent atrial tachycardia,

RFA (rhythm AF control fo the PV, LAPW, consistent septal line, RFA in the RA-isolation of the SVC, intercaval line, at the orifice of the CS,
laterally along the fragmented adhesions, after which the relief of AF and the transition to typical AFl: CTl-sinus rhythm restored to RFA).

Relapse after 2 years — persistent AF,

RFA (AF rhythm, residual adhesions in the LA, in the RA laterally, and in the IAS, cardioversion!)

+ Patient 2. LPAF of unknown age, TM,
Recurrence after 1 year: persistent AF

RFA (AF rhythm, PV reisolation, LAPW isolation, and cardioversion!), pacemaker implantation for the SSS

Relapse after 2 years: persistent AF,

Plastic surgery mitral valve, tricuspid valve, cryo-maze, mammary coronary bypass of the anterior interventricular artery,

Recurrence after 9 months: persistent AF,

RFA (low-amplitude AF rhythm, septal line, and cardioversion!)

Recurrence after 4 months: persistent AFl,

RFA (rhythm of septal TP, septal line from the LA and from the RA, and SR recovery on RFA!)

Fig. 1. Patients with recurrent arrhythmias after thoracoscopic surgery: 34 patients had > 2 RFA after thoracoscopic MAZE surgery (TM)
and 2 patients had 3 consecutive radiofrequency ablations (RFA) (described in detail under links). Both patients had atrial fibrillation as
the main recurrent arrhythmia. One patient had four RFAs after TM. The restoration of sinus rhythm on RFA was associated with a longer
arrhythmia-free period. AFl — atrial flutter; CS — coronary sinus; CTI — cavotricuspid isthmus; IAS — interatrial septum; LAA — left
atrial appendage; LAPW — left atrium posterior wall; LPAF — long-term persistent atrial fibrillation; PV — pulmonary veins; RA — right
atrium; SR — sinus rhythm; SSS — sick sinus syndrome; SVC — superior vena cava; TA — thoracoscopic ablation
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Timing of recurrence after thoracoscopic surgery

100 patients

No sustained SR
retention after TM
(cardioversions are
ineffective)

Fig. 2. Timing of the recurrence of arrhythmias after TM. A total of 100 patients (for several cases radiofrequency ablations after T™,
the time of the first recurrence is presented in the scheme). During the first 6 months, 54/100 recurrences had occurred, 37 of them had
not maintained a stable sinus rhythm after TM, despite repeated attempts at defibrillation. SR — sinus rhythm; TM — thoracoscopic

MAZE surgery

Structure of relapses after thoracoscopic surgeries

First arrhythmia after TM (excluding
RFA transformations)

100 patients

First RFA
after TM

Sinus rhythm
12%
Atrial tachycardia
6%

Right atrial AFL
9%

Left atrial AFl
29%

AF 46%

Fig. 3. Structure of relapses during the first radiofrequency ablations after TM. Data on the first rhythm disturbance are presented without
taking into account transformations during ablation. “Sinus rhythm” in the diagram means that the patient had sinus rhythm at the start
of the radiofrequency ablations procedure and underwent induction, or the standard anatomical ablation scheme after TM (described
in the “Materials and Methods”). AF — atrial fibrillation; AFl — atrial flutter; SR — sinus rhythm; TM — thoracoscopic MAZE surgery

surgical treatment. In three patients, control radiography
in the early postoperative period revealed paresis of
the right phrenic nerve (after ablations in the right atrium
and isolation of the superior vena cava — SVC); it was
asymptomatic and resolved conservatively. In these patients,
no hemopericardium or tamponade occurred. However, one
case of hilateral hemothorax developed intraoperatively
(perforation of the LA roof with an ablation electrode during
RFA of continuous recurrent atrial tachycardia in the early
period after TM) [7].

Electrophysiological results

At the start of the initial RFA after TM, 44 patients
had AF rhythm, 29 had a LA flutter rhythm with a stable
cycle, 12 were admitted with SR (documented paroxysmal
arrhythmias), 9 had a typical right atrial flutter rhythm, and
6 had focal continuously recurrent atrial tachycardia (Fig. 3).

DOl https://doiorg/10.17816/cardar492331

Patients without recovery of SR after TM were of
particular interest (n = 37). The structure of rhythm disorders
in this group is presented in Fig. 4. Non-isolated PVs were
registered in these patients atypically frequently for RFA
after TM (6/37), particularly in cases of left PV collectors,
and LAPW isolation was consistent in only one case (1/37).
The total number of arrhythmias significantly exceeded
the number of patients (46 types of atrial arrhythmias per
37 patients) due to transformations during ablation or re-
induction of different atrial arrhythmias in one procedure.
Persistent AF and LA flutter were the most frequent among
rhythm disorders, and 8 out of 37 patients had continuously
recurrent atrial tachycardias (localizations are detailed in
Fig. 4). All 37 patients restored intraoperatively a stable SR
as a result of RFA, which was not obtained as a result of TM.

The analysis of amplitude maps after TM, plotted by
high-density mapping before RFA, confirms in numerous
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Early relapses after thoracoscopic surgery

No sustained SR retention after TM
(cardioversions are ineffective)

14 persistent AF (first arrest on RFA)

3 paroxysmal AF (on SR, atrial tachycardia)

14 left atrial AFl (septal, roof)

7 right atrial CTl-dependent AFl

8 focal atrial tachycardia (septal, from LAPW, from the right atrium at the appendage)

6 patients with adhesions in the PV, localization of conduction recovery zones: patient 1 LPV (ridge), patient 2 LPV
collector (ridge), patient 3 LLV collector (ridge) + RPV (lower segment), patient 4 LPV (posterior-superior segment),
patient 5 LPV (ridge in the intervenous fistula, upper segment), RPV (posterior fistula, lower segment), patient 6 LPV
(ridge, upper segment), RPV (anterior fistula)

Only in one patient had initial isolation of the LAPW

Fig. 4. Results of radiofrequency ablation (RFA) of patients whose TM did not lead to the restoration of a stable sinus rhythm. In this group,
non-isolated pulmonary veins were more common, which is generally not typical for patients after TM. AF — atrial fibrillation; AFl — atrial
flutter; CS — coronary sinus; CTI — cavotricuspid isthmus; LAPW — left atrium posterior wall; LatRA — lateral segments of the right
atrium; LPV — left pulmonary veins; RPV — right pulmonary veins; SR — sinus rhythm; TM — thoracoscopic variant of MAZE surgery

RFA No. 3

Long way to sinus rhythm, multicomponent AF

Long-term persistent AF.
TM + thoracotomy (2009, Vilnius)

Recurrence of persistent AF after 8 years.
RFA 1 in LA + RFA CTI + cardioversion

Recurrent persistent AF after 1 year.
RFA 2 of the LA septum, LAA sites + cardioversion

Recurrence of persistent AF after 3 years.
RFA 3 in the LA: isolation of the LA appendage area + expansion of the ILAPW down to the CS + CS + IAS on the left, RFA in the RA:
1AS on the right + isolation of the SVC + CS orifice + cardioversion

Early recurrence of continuously recurrent AF (focal form) without effect on cardioversion after 2 days
RFA 4 in the right atrium with restoration of stable SR on ablation

AF rhythm. The PV and LAPW are isolated, dissociate. Pronounced bursting activity on the septum, on the site of the LAA rudiment.
Numerous RFAs on adhesions on the septum, around the LAA site without affecting AF. Cardioversion with SR recovery.

AF rhythm. PV and LAPW are isolated, dissociate. Traces of the septal line. The area with the resected LAA was isolated (anterior
mitral line + septal RFA, the point of achieving isolation on the MC) parameters 40 W 30-40 sec. RFA 50 W 15 s in the activity zones
below the bottom line of the box to the level and along the CS. RFA 30 W IAS on the right in front of the RPV and up to the level of
the OF. Isolation of SVC, RFA at the CS orifice. Cardioversion with SR recovery.

Fig. 5. Multiple radiofrequency ablation (RFA) after TM in the treatment of long-term persistent AF. AF — atrial fibrillation; AFl — atrial
flutter; CS — coronary sinus; CTI — cavotricuspid isthmus; IAS— interatrial septum; ILAPW — isolation of the left atrium posterior wall;
LA — left atrium; LAA — left atrial appendage; OF — oval fossa; RA — right atrium; RPV — right pulmonary veins; SR — sinus rhythm;
SVC — superior vena cava; TM — thoracoscopic MAZE surgery
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LA appendage area isolation

RFA 3

Fig. 6. Multiple radiofrequency ablations (RFA) after thoracoscopic MAZE surgery in the treatment of long-term persistent atrial fibrillation.
History of patient A. RFA 3. Stimulation from an ablation electrode with dissociated local capture of the site of the rudiment of the left atrial
appendage and spontaneous activity within the blocked zone. Ablation points of the mitral line and on the septum on the right are hidden.

LA — left atrium

RFA in the right atrium with the restoration of stable SR on ablation

Fig. 7. Multiple radiofrequency ablations (RFA) after thoracoscopic MAZE surgery in the treatment of long-term persistent atrial fibrillation.
History of patient A. RFA 4. Left atrial control. Persistent isolation of the left atrial appendage rudiment site with spontaneous dissociated
activity. Purple areas on the posterior wall of the left atrium indicate dissociated activity of the block of pulmonary veins — posterior wall of

the left atrium

patients the weak points of TM that we have previously
described [7, 8]. A typical zone of residual conduction
of signals on the LAPW after TM was the bottom line at
the right inferior PV and LA roof. A typical cycle of LA flutter
is perimitral and septal re-entries caused by the formation
of an inhomogeneous cicatricial field not reaching the MV
annulus following TM.

DOl https://doiorg/10.17816/cardar492331

The experience of repeated RFAs at intervals of several
years until an arrhythmia-free condition was achieved
indicated understanding of the mechanisms of maintenance
and recurrence of LPAF. In this group, a patient underwent
four RFAs after TM (Fig. 5-8). His story sheds light on
the causes of the lack of efficiency of existing methods of
LPAF surgery and should be described in detail.
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RFA in the right atrium with the restoration of stable SR on

ablation

RFA 4

Fig. 8. Multiple radiofrequency ablations (RFA) after thoracoscopic MAZE surgery in the treatment of long-term persistent atrial fibrillation.
History of patient A. RFA 4. Amplitude map of the right atrium is presented at the end of the surgery. On the yellow dot at the base of
the right atrial appendage, there is cycle switching of atrial tachycardia, and the restoration of sinus rhythm is on the blue dot

The treatment of long-term AF of unknown duration
in patient A started with TM in 2009. After 8 years with
a recurrence of persistent AF, he visited our center.
In 2018, RFA 1 was performed, namely, in the left atrium, and
a consistent LAPW isolation with PVs was confirmed (activity
dissociates). An additional CTI block and electrical impulse
therapy with SR recovery were performed. Persistent AF
recurred after 1 year; therefore, RFA 2 was performed, where
pronounced burst activity was detected on the interatrial
septum and area of the rudiment of the LA appendage.
RFA in these areas did not lead to AF relief; again, SR was
restored by electrical impulse therapy (EIT), and CTI block
was confirmed in SR. The normal rhythm lasted for 3 years
after these interventions. RFA 3 for a recurrence of persistent
AF was performed in the scope of mitral block in the left
atrium + septal line with the achievement of isolation of
the LA appendage rudiment (dissociating activity), expansion
of RFA from the LAPW down to the level of the CS, along
the CS. In RFA 3, work was started in the right atrium with
ablation of the interatrial septum to the right of the level of
projection of the right PVs up to the oval fossa + isolation of
the SVC + ablation of the CS orifice. Despite the large amount of
RFA, EIT was again required to stop AF. On day 2 after RFA 3,
arrhythmias recurred early, but in the form of continuously
recurrent focal tachycardia, turning into AF. After 3 months,
the patient was admitted for RFA 4, where at the start of
the surgery in the left atrium, complete isolation of the block
PV - LAPW + LA appendage site was confirmed (activity
dissociates), and RFA was then performed in the right atrium.

DOl https://doiorg/10.17816/cardard92331

At RFA 4, the patient no longer had AF, and regular tachycardia
was recorded with a cycle of 250 ms. After RFA at the base
of the right atrial appendage, the rhythm transformed into
atrial tachycardia with a cycle of 270 ms, which was stopped
by RFA in the lower lateral parts of the right atrium. Areas
with activity much faster than the tachycardia cycle were found
in the right atrium, and the activity in them gradually slowed
down and stopped during RFA (Fig. 9). After the restoration of
a stable SR, these zones demonstrated dissociating isolated
bursts (Fig. 10), similar to those recorded on the LAPW and LA
appendage area. This finding indicates the existence of areas
of burst activity that can act as potential triggers for AF not
only in the LA but also, as in the patient presented, in the right
atrium. Until all such areas are isolated, arrhythmia recurs.
After recovery of SR in RFA 4, the patient is under close follow-
up. Data on arrhythmias were not received during the year.

DISCUSSION OF THE RESULTS

In recent years, the development of hybrid surgery has
led to the accumulation of experience in repeated catheter
interventions. However, only a few studies were conducted,
and the number of cases described is not large. When RFA
was performed regardless of arrhythmia recurrence, it is
often referred to as a planned-implemented hybrid approach.
Patients in nearly all studies are heterogeneous and include
both paroxysmal and LPAF [9-11]. All these factors lead
to scattered data on the causes of relapse of arrhythmias.
In this study, only patients with a recurrence of arrhythmias
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RFA in the right atrium with the restoration of stable SR on ablation

Fig. 9. Multiple radiofrequency ablations (RFA) after thoracoscopic MAZE surgery in the treatment of long-term persistent atrial fibrillation.
History of patient A. RFA 4. Active area in the right atrium (a series of images in chronological order, reflecting the change in the activity
of the arrhythmogenic zone under the influence of ablation: @ — frequent bursting activity before the start of RFA; b—d — slowing of
the cycle and arrest of spontaneous activity during RFA; e — rhythm of this area after RFA)

after TM surgery using the DLS method were included. They
initially had a LPAF. In our earlier study [7], the main aspects
and “weak points” of epicardial ablation were already
described, namely, the application of lines with a monopolar

DO https://doi.org/10.17816/cardar492331

electrode does not guarantee the transmurality of damage;
as a result, a potentially arrhythmogenic inhomogeneous
scar is formed. When the line expands to the aorta, an area
of intact myocardium is preserved between the cicatricial
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RFA in the right atrium with the restoration of stable SR on ablation

RFA 4

a

b

Fig. 10. Multiple radiofrequency ablations (RFA) after thoracoscopic MAZE surgery in the treatment of long-term persistent atrial fibrillation.
History of patient A. RFA 4. @ — spontaneous activity of a non-isolated area in the right atrium after the restoration of sinus rhythm;
b — dissociating spontaneous bursting activity of an isolated area in the right atrium in the presence of sinus rhythm

field and the annulus fibrosis of the MV, which creates
a substrate for perimitral flutter. The technique advantage is
bipolar ablation of the PVs, which allows almost guaranteed
isolation of all PVs. In addition to the restoration of LAPW
conduction, focal atrial tachycardias of various localizations
can cause the relapse. Further study of these patients in this
trial confirms the aspects already described in numerous
cases. These are data of long-term monitoring and multiple
repeated procedures for the recurrence of arrhythmias, which
demonstrates clearly the multicomponent nature of LPAF. All
mechanisms of recurrence after TM surgery can be divided
into two groups, namely (1) an arrhythmogenic substrate
formed as a result of the primary surgery and (2) individual
mechanisms of AF, which remained beyond previous ablations.
If the first reason is stereotyped and determined, initially, by
the peculiarities of the epicardial ablation technique, then
the need arises for a stereotypical set of catheter RF effects
that eliminate all potentially arrhythmogenic consequences
of TM during the repeated procedures. Such intervention
should include control and reisolation of the PVs, control and
reisolation of the LA posterior wall, septal line from the MV
to the right superior PV with a Y-shaped branch to the left
superior PV, and CTI block. This RFA set will eliminate and
prevent future potential incisional arrhythmias in fragmentary
scars after TM. Performing it immediately at the initial RFA
in the case of relapse will serve as electrophysiologically
substantiated prevention of relapses. The second reason
for repeated procedures, individual mechanisms of AF, not

DOl https://doiorg/10.17816/cardard92331

affected by the previous surgery, is less standardized and
includes atrial tachycardias of unpredictable localizations
(often several mechanisms in one patient), which requires
in each case a different set of extensive ablations in both
the left and right atrium to eliminate all active zones that
support and trigger AF.

CONCLUSIONS

The study revealed that after TM surgery (according
to the DLS method), relapses, return of AF, and incisional
arrhythmias are predominant. In addition to the correction
of the underlying cause of arrhythmia recurrence, epicardial
ablation creates a potentially arrhythmogenic substrate
that must be eliminated by catheter RFA. AF recurrence
represents the most difficult cases. The restoration of SR in
recurrent AF after TM is possible but may require extensive
RFA in both atria as a result of repeated procedures until
all potential AF mechanisms present in a patient have been
eliminated.
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Research Article

New-onset atrial fibrillation in patients
with SARS-CoV-2 pneumonia as a manifestation
of acute myocardial injury

Tatiana |. Makeeva, Elizaveta V. Zbyshevskaya, Mark V. Mayer, Faiz A. Talibov, Sergey A. Saiganov

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

BACKGROUND: Qver the past 3 years, the prevalence of atrial fibrillation (AF) has increased significantly worldwide, which
was associated with the pandemic caused by SARS-CoV-2. It is accompanied by an increase in the cases of ischemic stroke,
myocardial infarction, and development of heart failure due to acute myocardial injury. Given the high lethality of SARS-CoV-2
infection (COVID-19), studying the characteristics of new-onset AF is essential.

AIM: The study aims at determining the predictors of new-onset AF in patients with COVID-19 pneumonia and at analyzing
the clinical and pathophysiological characteristics of acute myocardial injury.

MATERIALS AND METHODS: In 36 patients aged 44—82 years (average 68.0) with COVID-19 pneumonia, AF paroxysms
were recorded for the first time. All of them underwent computed tomography of the chest, electrocardiography, and echocar-
diography. The left ventricular ejection fraction was calculated using the Simpson method. Oxygen saturation was determined
as blood oxygen saturation. Clinical blood tests were performed, C-reactive protein (CRP), ferritin, D-dimer, fibrinogen, and
troponin | levels were measured.

RESULTS: Along with the well-known predictors of AF development (arterial hypertension, coronary heart disease, left
ventricular myocardial hypertrophy, and left atrial dilatation), with COVID-19 pneumonia, new-onset AF paroxysms were re-
corded in patients of the middle, elderly, and late-life age. In 44.4% of patients with AF, cardiomegaly occurred with dilatation of
both atria and ventricles. With decreased left ventricular ejection fraction, the incidence of AF paroxysms reached 61.5%. With
preserved ejection fraction, AF paroxysms occurred much less frequently (27%). In patients with AF, the extent of lung dam-
age is on average 62.5% (20—80%) with oxygen support saturation of 93% (76—97%). Serum troponin | levels of > 2000 ng/L
indicated acute myocardial injury. CRP and blood ferritin values confirmed the presence of a pronounced inflammatory compo-
nent in myocardial injury. High concentrations of blood fibrinogen and D-dimer, reaching 16,301 ng/mL, were associated with
a tendency to hypercoagulation in patients with AF and COVID-19 pneumonia.

CONCLUSIONS: COVID-19 has a direct damaging effect on the myocardium and probably persists for a long time, which
may induce AF in patients with acute pneumonia.

Keywords: atrial fibrillation; SARS-CoV-2; predictors.
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HayuHas cTaTbst

Bnepsbie Bo3HuKWanA ¢ubpunnsums npeacepaum
y nauuentoB ¢ SARS-CoV-2-nHeBMOHMEN
Kak MaHudecTauus ocTporo noBpeXxaeHna MUOKapAaa

T.N. Makeesa, E.B. 36biweBckas, M.B. Maitep, ®.A. Tanubos, C.A. CaiiraHos

CeBepo-3anafHbii rocyaapcTBeHHbI MeAMUMHCKUIA YHuBepcuTeT UM. W.W. MeunukoBa, CaHkT-[leTepbypr, Poccus

AxkmyansHocme. 3a nocnefHue Tpy rofa B MMpe CYLLECTBEHHO BbIPOCNA pacnpocTpaHeHHoCTb dubpunnaumm npeacep-
avi (OI), yto cBA3LIBAKOT C NaHAEMUeEN, Bbi3BaHHOM BUPYcoM SARS-CoV-2. 3To conpoBoXKaaeTcs YBeNUYEHUEM KONMYECTBA
ULIEMUYECKUX MHCYNbTOB, MH(APKTOB MWUOKAapAa, Pa3BUTUEM CepAeYHON HeLOCTaTOMHOCTU BCEACTBME OCTPOro MOBPEXK-
LEHUA MUOKapaa. B cBA3M ¢ BbICOKOM NeTanbHOCTLIO NaUMeHTOB, MHPUUMPOBaHHBIX SARS-CoV-2, usydeHne ocobeHHocTel
BriepBble Bo3HWKWeN Of1 sBnsetcs KpailHe He0bX0AMMBIM.

Llene — onpepenutb NpeaukTopbl Briepsble Bo3HUKWeN Pl y nauueHToB ¢ SARS-CoV-2-nHeBMOHWEN, U3YUUTb KITUHN-
YecKve W natoguanonornyeckne 0cobeHHOCT 0CTPOro NOBPEXAEHNS MUOKApLA.

Mamepuane! u Memodel. Y 36 nauneHToB B Bo3pacTe 44-82 net (B cpeaHeM 68,0 roaa) ¢ SARS-CoV-2-accounmpoBaHHoiA
NHEeBMOHWeEN BrepBble OblM 3aduKcMpoBaHbl NapoKcusMbl @I, BceM BbINONHANACh KOMMblOTEPHAs ToMorpadus rpynHoi
KJIeTKY, aNeKTpoKapAmnorpaduyeckoe, axokapauorpaduyeckoe obcnegoBaHue; pacyeT Gpakumm BbIbpoca NeBOro Xenynoyka
(®B JIX) npooaunn no metoay CumncoHa. Onpepensnu catypaumio (Sp0,) — HacbilLeHre KPOBU KUCIOPOAOM, KIMHNYe-
CKuiA aHanm3 kposw, C-peakTuHbIn benok (CPB), gepputuH, [1-anumep, GUdpUHOreH, TPOMOHMH I.

Pesynbmamel. Boino nokasaHo, 4to Hapsgy C obLlensBecTHbIMW NpeaukTopamm passutus Of (apTepuanbHas runep-
TEH3KA, UweMuyecKas bonesHb cepaua, runepTpodus Muokapaa JIH, paclmpenve nesoro npeacepams) npu SARS-CoV-2-
NHEBMOHUW BrEpBbIE BO3HUKLLME MapoKcuaMbl OI1 perncTpupoBanuch Y MaLMEHTOB CPEAHEro, MOMMIOT0 M CTapyecKoro
Bo3pacta. ¥ 44,4 % naumentos ¢ Of1 Mena MecTo KapA1oMeranua ¢ aunaraumeid 060Mx Npeacepani U KenyA04YKOB U CHU-
¥eHueM (paKkuuv Bblbpoca NeBoro XenyfoyKka, npy 3ToM yactota napokcusmoB Of gocturana 61,5 %; npu coxpaHeHHoM
¢pakuum Bblbpoca napokcusmel I passuBanuch 3HauuTenbHO pexxe — B 27 % cnyyaeB. YCTaHOBMEHO, YTO Y MaLMEHTOB
¢ O obbeM nopaxeHus nerkux coctaeniseT B cpepHeM 62,5 % (20-80 %) npu caTypaumm Ha KUCNOPOLHON NOLAEPHKE
93 % (7697 %). 06 ocTpOoM NOBPEXLEHUM MUOKApLA CBULETENLCTBOBAM YPOBHU TPOMOHMHA | B CLIBOPOTKE KPOBM, NpPeBbI-
watowme otMeTKy B 2000 Hr/n. Mokasatenu CPB v depputHa KpoBM NoATBEPMAANM HANMYME BbIPAXKEHHOrO BOCManUTeSb-
HOro KOMMOHEHTa Mpu1 NOBPEeKAEeHUM MUOKapAa. Bbicokne KoHueHTpauum dubpuHoreHa kposm u [l-aumepa, gocturaiolyme
16301 Hr/mMn, accouMMpoBanuChb C HAKIOHHOCTBIO K rUnepkoarynsaummn y naumeHtos ¢ O Ha goHe SARS-CoV-2-nHeBMoHUM.

3axnwyerue. KopoHasupyc SARS-CoV-2 okasbiBaeT npsAMoe NOBpexaaloLiee BO3AENCTBUE HA MUOKApA WM, BEPOSATHO,
LNUTENBHO NePCUCTUPYET, YTO MOKET ObITb NpuumMHoi passutia Oy bofbHBLIX 0CTPOI GOPMON MHEBMOHUM.

KnioueBble cnoBa: ¢pubpunnauma npeacepanit; SARS-CoV-2; npeaukTopsl.
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Mareea T, 36blwesckas E.B., Maitep M.B. Tanubos ®.A, CaiiraHoB C.A.  Bnepsble Bo3HMKLIAg GMOPUANALMA Mpeacepauii y nalMeHToB
¢ SARS-CoV-2-nHeBMOHMEN KaK MaHudecTaums ocTporo mnoBpexaeHust Muokappa // Cardiac Arrhythmias. 2023. T. 3, N° 2. C. 17-27.
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BACKGROUND

At the turn of the 20" — 21° centuries, an emergence
of a pandemic of any infection could not be supposed. All
pandemics seemed to become history. It was speculated that
vaccinating the general population, using high-tech diagnostic
methods, and prescribing new anti-infective drugs could
reliably protect everyone. The Spanish influenza epidemic
was probably the last largest one in Europe. In 1918-1919,
over 18 months, more than 550 million people, or 29.5%
of the global population, fell ill. Moreover, 50-100 million
people died from it, which was 2.7-5.3% of the number of
cases. In the Russian Soviet Federative Socialist Republic,
approximately 3 million people died from the Spanish
influenza, and this amounted to 3.4% of the country’s total
population [1].

In December 2019, an outbreak of pneumonia of
unknown etiology was registered among residents of Wuhan
City, China. The study of bronchoalveolar secretions and
blood samples of patients identified the pathogen as an
RNA-containing coronavirus (SARS-CoV-2). The disease
was named Coronavirus disease-19 (COVID-19). In March
2020, the World Health Organization declared COVID-19 a
pandemic. As of May 2023, more than 765 million people
had COVID-19, and nearly 7 million died, globally.

Having quickly recovered from the first shock caused by
high mortality rates, the entire global medical community
started to investigate the new disease. Thus, in a comprehensive
analysis of 700 autopsies of patients who died from this new
coronavirus infection, Rybakova et al. (2020) established that
in 43% of cases, COVID-19 was the only underlying cause of
death. The major thanatogenetic mechanisms in COVID-19
were acute respiratory, pulmonary heart failure (HF) and
multiple organ dysfunction. The most common comorbid
pathology in patients with COVID-19 included cardiovascular
diseases, diabetes mellitus, and obesity [2].

Katsoularis et al. (2021) analyzed 86,742 COVID cases in
Sweden. They compared the obtained results with the incidence
of myocardial infarction (MI) and ischemic strokes in 348.481
patients in the control group. They concluded that Ml and
ischemic stroke were part of the clinical presentation of
COVID-19, and their risk remained significantly increased
during the first 2 weeks after recovery [3].

Cardiac arrhythmias occur in 19-21% of patients with
severe COVID-19 [4, 5], whereas the incidence of new-
onset AF in patients with COVID-19 varies from 3.6% to
6.7% [6, 7]. Thus, in the study by Bhatia et al. (2021), who
analyzed 644 patients with severe COVID-19, AF episodes on
electrocardiography (ECG) were recorded for the first time
in 3.6% of cases [8]. In a meta-analysis, Romiti et al. (2021)
examined 187.716 patients with COVID-19 and revealed that
the prevalence of AF with COVID-19 was approximately two
times higher than in the general population [9].

According to Rosenblatt et al. (2022), 27.851 of 30.999
patients hospitalized with COVID-19 had no AF history.
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In 1517 (5.4%) patients atrial fibrillation developed for the first
time during their COVID-19 course. The presence of AF was
associated with higher rates of overall mortality (45.2%
versus 11.9%) and mortality due to MI, stroke, cardiogenic
shock, and HF (23.8% versus 6.5%) [10].

Wollborn et al. (2022) compared the incidence of
AF in 5005 patients from the pre-pandemic cohort and
2283 patients with COVID-19. They found that the incidence
of AF was 1.57 times higher in the COVID-19 group than in
the pre-pandemic group [11].

The aim of the study was to identifying predictors of
new-onset AF in patients with COVID-19 pneumonia as
well as at determining the clinical and pathophysiological
characteristics of acute myocardial injury (AMI).

MATERIALS AND METHODS

This controlled nonrandomized cohort study enrolled
216 patients aged 23-82 years with PCR-diagnosed
COVID-19 pneumonia. All patients were hospitalized in
the acute period of the disease, i.e., on days 2-7 (average
5.2). Of these, 32 patients aged 52-86 (mean 78.6) years
died from severe bilateral viral pneumonia on days 6—10
of the hospital stay. 30 patients with paroxysmal AF that
occurred before COVID-19 diagnoses were excluded from
the sample.

In 36 patients (group ) aged 44-82 years (average,
68 years, Table 1) with COVID-19 pneumonia, AF paroxysms
were recorded for the first time during the hospital stay.
The duration of the attacks ranged from 35 s to 3 min. In
these patients, 2 paroxysms were recorded in 2 patients with
CT1, 30 in 22 patients with CT2, 16 in 10 patients with CT3,
and 6 in 2 patients with CT4, which totaled 54 paroxysms.

All patients had arterial hypertension (AH), and 23 of
36 patients (63.9%) had a history of coronary heart disease
(CHD), including 8 patients with MI. Out of 36 patients,
7 (19.4%) had diabetes mellitus type Il (DM2), and the body
mass index (BMI) was 33.1 (22-43) kg/mZ.

Moreover, 64 patients with COVID-19 pneumonia without
AF paroxysms constituted the control group (group II).
The age of the patients ranged from 23 to 64 years, with
a mean of 41 years. Group | patients were older than
group Il patients (p = 0.0036), and they significantly more
often experienced CHD, AH, and DM2. In group I, AH was
determined in 20 of 64 patients (31.2%), CHD was registered
in 3 patients (4.7%), and DM2 was noted in 3 patients (4.7%).
BMI was 26,9 (18-36) kg/m?, which was significantly lower
than in group | (p = 0.0458).

Echocardiography (echoCG) was performed on Philips
EnVisor (Philips Electronics N.V.) and Toshiba Artida
(Toshiba Medical Systems) devices on day 1 of the hospital
stay. The study was performed according to the standard
method using B and M scanning modes, as well as pulsed-
wave, and continuous-wave modes. Left ventricular ejection
fraction (LVEF) was calculated using the Simpson method.

19



20

OPUMVHANBHBIE VICCITEAOBAHAA

Tom 3,Ne 2, 2023

HF with preserved EF (> 50%), HF with moderately reduced
EF (40-49%), and HF with low EF (< 40%) were identified.
In all patients, cardiospecific enzyme troponin |,
C-reactive protein (CRP), ferritin, D-dimer, fibrinogen, and
creatinine levels were determined, and clinical blood test

Table 1. Clinical characteristics of the patients

Cardiac Arrhythmias

was performed in the clinical laboratory of St. Petersburg
City Hospital Pokrovskaya.

Statistical analysis was performed using the non-
parametric Mann-Whitney test. A p-value <0.05 was
considered significant. Spearman’s coefficient was applied

Atrial fibrillation patients, Patients without atrial fibrillation,

Parameters Group 1, Me (IQR) n=36 Group II, Me (IQR) n =6k p
Age, years 68 (44-82) - 57 (23-64) - 0.0036
< b bt 1 38 (35-43) 29 -
45-59 57 (46-59) 10 47 (45-54) 17 0.043
60-74 70 (65-74) 17 61 (60-68) 18 0.038
75-89 82 (75-82) 8 - - -
Sex, M/F, n 20/16 - 40/24 - -
Body mass index, kg/m? 33.1(22-43) 36 26.9 (18-36) 64 0.0458
Coronary heart disease 63.9% 23 4.7% 3 0.0001
History of MI 22.2% 8 3.1% 2 0.0002
Arterial hypertension 100% 36 31.2% 20 0.0001
Diabetes mellitus 19.6% 7 4.7% 3 0.0283
CT %) 41 (20-80) 36 33 (10-79) 64 0.0361
CT1 (%) 23 (20-25) 6 16 (10-24) 37 0.0035
CT2 (%) 40 (30-49) 15 29 (27-45) 17 0.0471
CT3 (%) 59 (52-74) 1 51 (50-61) 7 0.0346
CT4 (%) 79 (75-80) 4 77 (75-79) 3 0.0381
Saturation (Sp0,) (%) 91 (76-97) - 96 (84-98) - 0.0001

Note. n, number of patients; grade | respiratory failure (RF), Sp0, of 90-94%; grade Il RF, Sp0, of 75-89%; grade Il RF, Sp0, < 75%; normal saturation
index, = 95%; CT, volume of lung tissue damage; CT1, < 25% of damage; CT2, 25-49% of damage; CT3, 50-75% of damage; CT4, > 75% of damage.

Table 2. Biochemical parameters of the blood in patients examined

Atrial fibrillation patients,

Patients without atrial fibrillation,

Parameters Group | (n = 36), Me (IQR) Group Il (n = 64), Me (IR) P

CRP, mg/L 11.4 447

norm 0-5 (30.5-189) (9.1-167) 0.0027
Ferritin, pg/L 7235 577.4

norm 20-250 (85-3500) (56-1104) 0.0349
Troponin I, ng/L 289.6 29.4

norm 0-34.2 (5.9-2041) (2.8-165) 0.0027
D-dimer, ng/mL 2040 494.6

norm 0-230 (321-16301) (125-3831) 0.0001
Fibrinogen, g/L, 5.8 5.2

norm 2-4 (3.6-8.3) (3.4-1.9) 0.048
Creatinine, pmol/L, 116.4 96.1

norm 44-110 (63-234) (55-197) 0.062
Leukocytes, 10%/L 7.5 (4.0-13.3) 7.9 (3.5-20.1) 0.065
Lymphacytes, n 1.15 (0.8-3.0) 1.3(0.9-2.8) 0.073
Platelets, 107/L 269.4 (50-453) 244.4 (83-411) 0.093
Erythrocytes, 10'2/L 4.3 (3.2-5.8) 4.7 (3.6-5.8) 0.084

D0l https://doiorg/10.17816/cardar321501




ORIGINAL RESEARCH

for the correlation analysis of relationships between
the analyzed parameters.

RESULTS

Chest CT revealed that the extent of lung tissue damage
in group | was on average 41% (20-80%), which was
significantly higher than that in group I, with 33% (10-79%)
(p=0.0361). Moreover, group | recorded the following extent
of lung damage: CT1 (p = 0.0035), CT2 (p = 0.0471), CT3
(p = 0.0346), and CT4 (p = 0.0381).

The average oxygen saturation in the air upon hospital
admission was significantly lower in patients with diagnosed
AF paroxysms with 93% (76—97%) than in the comparison
group with 96% (84-98%) (p = 0.0001). Biochemical blood
parameters are presented in Table 2.

On analysis of biochemical blood test data, the patients
with AF showed higher concentrations of CRP (p = 0.0027),
ferritin (p = 0.0349), D-dimer (p = 0.0001), fibrinogen
(p = 0.048), and troponin | (p = 0.0027).

An increased risk of thrombogenesis and a higher
procoagulatory activity of the hemostasis system in group |,
compared to group Il, was evidenced by fibrinogen and
D-dimer values. This was also confirmed by the low platelet
count in groups | (50 x 10%/L) and Il (83 x 107/L).

The level of troponin I, which indicates the AMI level,
was 9.8-12.4 times higher in group | than in group L.
No significant difference in blood creatinine levels was
found. The severity of COVID-19 was indicated by low
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lymphocyte counts (1.15 (0.8-3.0) in group | and 1.3 (0.9-
2.8) in group II; p = 0.073), which is typical of COVID-19.
No significant difference in leukocyte and erythrocyte
counts was noted.

EchoCG parameters of patients with LVEF of >50% are
presented in Table 3. When comparing echoCG in patients
with LVEF of > 50%, group | had higher LV myocardial mass
indices (MMI) (p = 0.032) and left atrial volume index (LAVI)
(p=0.034) than group II. The LV end-diastolic volume indices
(EDVI) did not exceed the norm in all patients; however, they
were higher in group | than in group Il (p = 0.047). In addition,
patients with AF were older (p = 0.047).

All patients with LVEF of 40-49% had an increase in LV
MMI and LAVI; however, group | had higher values for both
LV MMI (p = 0.021) and LAVI (p = 0.003). Group | had higher
LV EDVI than group Il (p = 0.035). Group | patients were older
(62 (55-77) years) than group Il years (54 (51-60) years)
(p = 0.028) (Table 4).

EchoCG data in patients with LVEF < 40% are presented in
Table 5. In group | with LVEF < 40%, all echoCG parameters
exceeded the norm and were significantly higher than those
in group II. Thus, the LVMMI reached 201 g/m?, the EDVI
was 82 mL/m?, and the ESVI reached 41 mL/m?. Both atria
were enlarged (LAVI up to 70 mL/m?, RAVI up to 32 mL/m?).
The difference with the indicators of group Il was highly
significant. The age of patients with low LVEF ranged from
59 to 82 years, with an average of 70 years (p = 0.041).

Group 1 turned out to be very heterogeneous (Table 6).
Thus, in 16 of 36 patients (44.4%) (group IA) with LVEF < 50%, a

Table 3. EchoCG parameters in patients with left ventricular ejection fraction of > 50%

Atrial fibrillation patients, Patients without atrial fibrillation,
Parameters Group | (n = 20), Me (IQR) Group Il (n = 54), Me (IQR) P
LV MM, g/m? 119 (112-132) 107 (94-124) 0.032
EDVI, mL/m? 48 (38-60) 40 (38-52) 0.047
End-systolic volume index (ESVI), mL/m? 23 (20-27) 19 (18-23) 0.800
LAVI, mL/m? 44 (37-51) 31 (24-36) 0.034
Right atrial volume index (RAVI), mL/m? 23 (18-26) 21 (18-24) 0.230
LVEF, % 59 (52-64) 62 (58—-65) 0.068
Age, years 63 (44-79) 43 (35-54) 0.047

Table 4. EchoCG parameters in patients with left ventricular ejection fraction of 40-49%

Parameters Atrial fibrillation patients, Patients without atrial fibrillation, p
Group | (n = 12), Me (IQR) Group Il (n = 8), Me (IQR)
LV MMI, g/m? 135 (128-165) 123 (120-141) 0.021
EDVI, mL/m? 65 (51-74) 51 (43-56) 0.035
End-systolic volume index (ESVI) , mL/m? 30 (28-37) 26 (22-28) 0.090
LAVI, mL/m? 50 (40-56) 41 (38-45) 0.003
Right atrial volume index (RAVI), mL/m? 26 (24-30) 23 (20-28) 0.090
LVEF, % 44 (41-48) 46 (43-49) 0.044
Age, years 62 (55-77) 54 (51-60) 0.028
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Table 5. EchoCG parameters in patients with left ventricular ejection fraction (LVEF) < 40%
Atrial fibrillation patients, Patients without atrial fibrillation,
Parameters Group | (n = 4), Me (IQR) Group Il (n = 2), Me (IOR) p

LV MMI, g/m? 154 (141-201) 141 (132-163) 0.005
EDVI, mL/m? 77 (68-82) 59 (48-74) 0.021
End-systolic volume index (ESVI), mL/m? 39 (37-41) 32 (28-36) 0.047
LAVI, mL/m? 60 (56-70) 49 (43-52) 0.0001
Right atrial volume index (RAVI), mL/m? 34 (31-37) 30 (24-32) 0.043
LVEF, % 36 (35-38) 38 (37-39) 0.038
Age, years 70 (59-82) 65 (60-68) 0.041

Table 6. Comparative analysis of the biochemical parameters of the blood and echoCG parameters in group | with atrial fibrillation and
left ventricular ejection fraction (LVEF) < 50% and > 50%

Parameters LVEF < 50%, LVEF = 50%, Group IB (n = 20), p
Group IA (n = 16), Me (IQR) Me (IQR)
MMI, g/m? 154 (128-201) 119 (112-132) 0.0001
EDVI, mL/m? 73 (51-82) 48 (38-60) 0.001
End-systolic volume index (ESVI), mL/m? 34 (28-41) 23 (20-27) 0.001
LAVI, mL/m? 59 (56-64) 44 (37-51) 0.002
Right atrial volume index (RAVI), mL/m? 33 (24-37) 23 (18-26) 0.010
LV EF, % 40 (35-48) 59 (52—64) 0.001
CRP, mg/L 116 (57-189) 87 (30,5-127) 0.0001
Ferritin, pg/L 947 (232-3500) 567 (85-1504) 0.002
Troponin |, ng/L 546 (5,9-2041) 114 (14-365) 0.0001
D-dimer, ng/mL 2943 (564-16301) 1246 (375-6031) 0.005
Fibrinogen, g/L 5,8 (5,2-8,3) 4,9 (3,6-6,3) 0.0362
Lymphocytes, n 1,08 (0,8-1,3) 1,3 (1,1-3,0) 0.045
Platelets, 10%/L 277 (50-453) 185 (95-308) 0.038
Age, years 74 (48-82) 63 (44-79) 0.035

Table 7. Results of the correlation analyses between blood biochemical parameters and echoCG parameters in group IA with atrial
fibrillation and left ventricular ejection fraction (LVEF) < 50% (n = 16)

Parameters | eF<sox | Eew | Esw LAVI RAVI

p ~1.00 0.89 0.83 0.85 0.68

CRP P 0.0001 0.001 0.002 0.004 0.013
. p ~0.90 0.79 0.7 0.94 0.65
Troponin | p 0.0001 0.008 0.002 0.003 0.001
} r 089 0.84 0.68 0.61 0.81
Ferrtn p 0.0001 0.003 0.040 0.046 0.002
- r ~0.63 0.80 0.78 0.70 071
Fibrinogen p 0.040 0.0001 0.001 0.002 0.002
_ P 1.0 0.75 0.65 0.64 0.90
D-dimer p 0.0001 0.010 0.040 0.010 0.0001
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high LVMMI was noted, and cavities of both atria and ventricles
were dilated, as evidenced by the EDVI, end-systolic volume,
LA volume, and right atrial volume. This group consisted of
patients of middle, elderly, and late-life age.

In 20 of 36 patients (55.6%) (group IB) with LVEF of >50%,
the LYMMI moderately increased, and the LAVI increased.
The EDVI, ESVI, and RAVI were normal, and the difference
with group IA was highly significant. Group IB patients were
somewhat younger than group IA patients (p = 0.035).

Compared to group IB, group IA had significantly higher
indicators of the general inflammatory response (CRP and ferritin),
procoagulatory activity of the blood (D-dimer and fibrinogen),
and AMI level (troponin I). Thus, the CRP level was 1.3-1.5 times
higher, ferritin level 1.7-2.3 times higher, D-dimer level 2.4-2.7
times higher, fibrinogen level 1.2 times higher, and troponin | level
4.8-5.6 times higher. Moreover, the blood lymphocytes level
was 1.2-2.3 times lower than in group IB, which indicated
a more severe viral infection. Indeed, according to CT data,
the extent of lung tissue damage reached 62.5% (20-80%)
in group IA compared to 43.5% (20-70%) in group IB
(p=0.0001). This was accompanied by lower oxygen saturation
values, i.e., 92% (76-97%) and 94% (84-97%) (p = 0.0001),
respectively.

Spearman’s rank correlation was used to assess
the complex effect of inflammation, hypercoagulation, and
AMI on changes in echoCG parameters. Table 7 presents
the results of the correlation analysis in group IA.

The role of AMI in the dilatation of the cardiac chambers
in group IA was evidenced by a positive correlation between
troponin | and EDVI, ESVI, and LAVI.

A close relationship between the dilatation of the cardiac
cavities and inflammation was noted by a positive correlation
between (1) CRP and EDVI, ESVI, and LAVI, and between (2)
ferritin and EDVI and RAVI.

The pathophysiological effect of procoagulatory changes
on the development of cardiomegaly was indicated by
a positive correlation between the fibrinogen level and
EDVI, ESVI, RAVI, and LAVI. In addition, a positive and
strong correlation was detected between D-dimer and EDVI;
between D-dimer and RAVI.

Microcirculation disorders, acute inflammation, and
myocardial damage by COVID-19 were the main cause of
the decrease in myocardial contractility. In patients with LVEF
<50% and AF, a very strong and negative correlation was
noted between EF and (1) troponin |, (2) CRP and ferritin; and
(3) D-dimer (Table 7).

In 20 patients with LVEF of > 50% and AF in group IB,
the influence of the damaging and inflammatory effects of
SARS-CoV-2 on the myocardium was noticeably weaker.
Thus, a negative correlation was noted between troponin |
and EF and between D-dimer and EF. A positive correlation
was noted between EF and RAVI. No other statistically
significant correlations were observed.

In 10 of 64 patients (15.6%) of group I (without AF) with
LVEF < 50%, a moderately strong and negative correlation
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was detected between the CRP level and LVEF and between
the D-dimer level and EF, and a significantly positive
correlation was observed between the D-dimer level and
RAVI.

In = 50%, blood biochemical parameters did not affect
the size and the systolic function of the heart.

Thus, only patients with AF and reduced LVEF showed
significant AMI and pathophysiological changes in echoCG
parameters because of an inflammatory reaction and a
tendency to hypercoagulability. In patients with AF and EF
of = 50%, these changes were less pronounced or absent.

DISCUSSION OF RESULTS

Various mechanisms of myocardial injury in COVID-19
are described, namely, (1) direct myocardial injury, when
SARS-CoV-2 uses the angiotensin-converting enzyme
2 receptor (ACE2) and CD147 to enter the cell. ACE2 is
a membrane protein of the carboxypeptidase family,
which is found in many human organs, including heart,
kidneys, intestines, and lungs. By using spike proteins
to bind to the receptor and enter the cardiomyocytes,
SARS-CoV-2 initiates an inflammatory process in
the myocardium. Viruses, penetrating target cells, start
replication (reproduction) of their kind from the materials
of the cell where they parasitize. They damage the genetic
apparatus, destroy cell nuclei, and disrupt deeply
the intracellular protein metabolism, and the cell may die.
The products of the disturbed protein metabolism of cells
serve as antigens, causing the emergence of corresponding
antibodies and triggering the mechanism of autoimmune
myocardial damage. Newly emerged virions invade neighboring
cardiomyocytes, infecting them directly [12]; (2) development of
an acute systemic inflammatory reaction and a “cytokine storm”
with high levels of pro-inflammatory cytokines in the blood;
(3) increased myocardial oxygen demand in acute respiratory
distress syndrome (ARDS) caused by increasing hypoxia and
RF; (4) ischemic damage in the presence of atherosclerotic
changes in the coronary arteries and coagulopathy caused by
COVID-19; (5) electrolyte imbalance, primarily hypokalemia;
and (6) toxic effects of antiviral drugs on the heart [13].

Ruan et al. (2020) analyzed the case histories of
68 patients who died from COVID-19 and noted that they had
high blood serum levels of troponin and myoglobin during
their lifetime. The levels of troponin |, a highly specific protein
released into the bloodstream from cardiomyocytes during
structural damage of heart muscles, particularly during viral
lesions, myocarditis, pericarditis, and HF, depend directly on
the extent of myocardial damage. The authors suggested
that fulminant myocarditis was the cause of lethal outcomes;
however, no data from myocardial biopsy were provided [14].

In the present study, AMI in patients with AF was evidenced
by high levels of troponin |, which were 9.8-12.4 times higher
than in patients without AF. Moreover, in patients with AF and
LVEF < 50%, the level of troponin | in the blood serum was
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4.8-5.6 times higher than in patients with AF and a preserved
EF, which indicated a greater amount of myocardial damage.
The detected highly significant negative correlation between
the level of troponin | and LVEF and the positive correlation be-
tween troponin | and indexed atrial and LV volumes in patients
with EF < 50% confirmed the AMI attack in patients with AF.

According to Zylla et al. (2021), in patients with COVID-19,
the risk of AF in HF is increased by 5 times. They revealed
a direct correlation between the HF stage and the incidence
of AF. Thus, AF was detected in 30% of cases of Grade II-IlI
chronic heart failure (CHF) (according to the New York Heart
Association) and in 30-40% of cases in patients with grade IV
CHF [15].

According to our data, 27% of 74 patients with COVID-19
pneumonia and preserved LVEF were diagnosed for the first
time with AF paroxysms. In 26 patients with LVEF < 50%,
AF paroxysms were recorded in 61.5% of cases, which was
2.3 times more often.

Kogan et al. (2022) presented morphological and
immunohistochemical evidence for myocarditis in COVID-19.
A morphological study of cardiac autopsy data from
32 elderly patients revealed signs of active myocarditis.
Lymphocytic infiltrates and positive PCR confirmed the viral
nature of inflammation. Signs of lymphocytic pericarditis,
endocarditis and pancarditis with destructive coronary
disease, and thrombo-vasculitis with disseminated
intravascular coagulation were observed [16]. Moreover,
fatal arrhythmias may develop in patients with COVID-19,
which are not associated with damage to cardiomyocytes
but are caused by arrhythmogenic proinflammatory
cytokines [17].

The present study revealed that high levels of inflammation
markers in patients with AMI and AF, highly significant
correlations between CRP, ferritin, LVEF, and increased
indexed atrial, and LV volumes did not allow excluding
active myocarditis. During the pandemic, conducting special
examinations for diagnosing myocarditis in a large number
of patients with severe and extremely severe conditions was
quite difficult.

According to Coromilas et al. (2021), in the presence
of COVID-19, cardiac arrhythmias occur in 12.9% of cases
and 61.5% of them are AF. In such patients, LA appendage
thrombus occurs more often than in patients without
COVID-19 history and is characterized by parietal localization
of the thrombus. This suggested that the impaired integrity
and function of the endocardium, caused by its damage
during acute infection, is the cause of thrombogenesis [18].

The study of the incidence and characteristics of LA
appendage thrombus in 469 patients with persistent
nonvalvular AF enabled Mazur et al. (2023) to conclude
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that parietal thrombi occur 2.5 times more often in patients
after COVID-19. Logistic regression analysis showed that
the probability of such thrombus formation is independently
affected by previous COVID-19 and CHF [19].

According to our data, in patients with AF and LVEF < 50%,
a highly significant negative correlation was found between
EF and indicators of blood procoagulatory activity, namely,
D-dimer, and fibrinogen. In addition, a positive correlation
was noted between the levels of fibrinogen, D-dimer, and
indexed atrial and LV volumes.

Bhatla et al. (2020) examined nearly 700 patients with
COVID-19 and revealed a relationship between elderly
age, presence of HF, and AF risk [6]. Peltzer et al. (2020),
Podzolkov et al. (2022) noted that AF paroxysms during
the acute course of COVID-19 occurred significantly more
often in elderly patients and/or in patients with cardiovascular
diseases such as AH, CHD, and CHF [20, 21].

Corradi (2006) conducted a morphological analysis of atrial
myocardial regions in AF and demonstrated different degrees
of their remodeling at the histological and ultrastructural
levels [22]. Concomitant cardiovascular disorders contribute to
this architectural disorganization of the myocardium, participating
in the onset and the perpetuation of AF. The most common
causes of AF are considered AH, severe LV hypertrophy, fatty
and amyloid infiltration of the atrial tissue with the development
of fibrosis, and LA dilatation [7, 22, 23]. Therefore, patients
with new-onset AF may already have an existing substrate
for the formation of this arrhythmia, and acute COVID-19 may
trigger its initiation. AF recurrence in COVID-19 is registered in
23-33% of patients with ARDS and/or sepsis. In approximately
10% AF develops for the first time [24, 25].

Conclusion. In our study, the well-known thesis on
the predictors of AF development (AH, CHD, LV myocardial
hypertrophy, and LA dilatation) was confirmed. Besides, it
was shown that having COVID-19 pneumonia, new-onset
AF paroxysms were recorded in patients of middle, elderly,
and late-life age with a large area of lung damage and low
blood oxygen saturation. AF paroxysms occur in 27% of cases
with a preserved LV EF and in 61.5% of cases with EF < 50%.
Cardiomegaly is detected in 44.4% of patients with AF, and
the combination of acute myocardial damage, inflammation,
and high blood procoagulatory activity is important in its
development mechanisms.
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Features of the use of oral anticoagulants in clinical
practice: focus on gastrointestinal complications
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The review article presents dates about the physiology and pathophysiology of the hemostasis system, discusses the fea-
tures of the use of oral anticoagulants in clinical practice. Oral anticoagulants are drugs characterized by predictable pharma-
cokinetics and pharmacodynamics, a favorable efficacy and safety profile. The article considers the main clinical and pharma-
cological characteristics of apixaban, rivaroxaban and dabigatran (bioavailability, metabolism, excretion); factors that increase
the risk of gastrointestinal bleeding associated with anticoagulant therapy; drug interactions; the possibility of gastroprotection
in patients taking oral anticoagulants. In real clinical practice, the reason for not prescribing or unreasonably reducing the dose
of oral anticoagulants is the fear of bleeding. In this case, the risks of bleeding, as a rule, are overestimated. Knowledge of
bleeding risk factors, prognostic scales and management of risk factors is an approach that can improve the safety of anti-
coagulant therapy. In clinical practice, the choice of the ideal oral anticoagulants, in addition to taking into account the risk of
bleeding, should be based on a comprehensive assessment, including an assessment of the patient's age, risk of stroke and
coronary events, renal function, and predicted compliance.
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0630pHas cTaTba

Ocob6eHHOCTU NpUMEeHeHUs NepopanbHbIX
aHTUKOaryNsiHTOB B KJIMHUYECKOW NpaKTUKe:
¢oKyc Ha XenyAao4yHO-KULLIEYHble 0CJI0XKHEeHUS

H.B. bakynuHa, C.B. TuxoHos, A.l'. AnpecsH, W.I'. Unbswwesuny

CeBepo-3anafHblii rocyaapcTBeHHbI MeAMUMHCKUIA YHuBepcuTeT UM. W.U. MeununkoBa, CaHkT-[letepbypr, Poccus

B 0630pHOI cTaTbe NpeacTaBneHbl AaHHbIE 0 (M3MoNoruM U NaTohn3noNoruM CUCTEMBI reMocTasa, 00cyaatoTcs 0cobeH-
HOCTU MPUMEHEHNSA NPAMBIX NepopanbHblx aHTUKoarynsaHToB (MOAK) B knuHuyeckoii npakTtuke. MOAK — npenapatsl, xapaK-
TEpM3YIOLLMECS NPOrHO3upyeMoi (hapMaKOKMHETUKOW W (apMaKoaMHaMUKOKW, bnaronpusaTHeiM npoduneM 3ddeKTUBHOCTH
1 besonacHocTu. B cTaTbe paccMoTpeHbl OCHOBHbIE KITMHUKO-(hapMaKonorMieckue XapakTepucTUKM anukcabaHa, puBapoK-
cabaHa u paburatpaHa (6uopocTynHocTb, MeTabonuaM, BbiBeAeHWE); haKTopbl, NOBBILLALME PUCK IKENTYLAOYHO-KULLEYHBIX
KPOBOTEYEHWUH, aCCOLIMMPOBAHHBIX C aHTUKOATYNSHTHOW Tepanuen; MeXJ1eKapCTBEHHbIE B3aMMOLENCTBUS; BO3MOXHOCTM ra-
CTpONPOTEKUMM Y NaumeHToB, npuHumatomx MOAK. B peanbHoi KNMHMYECKOW NPAKTUKE NPUYMHON HE HA3HAYEHMSA UK He-
obocHoBaHHOro cHuxeHus fo3bl [OAK sBnseTca onaceHue KpoBoTeueHWid. [lpu 3TOM pUCKW KPOBOTEYEHMIA, KaK NpaBuno,
nepeoLieHNBatOTCA. 3HaHWe GaKTOPOB PUCKa KPOBOTEYEHUIA, MPOrHOCTUHECKMX LKA W ynpaBneHne haKkTopamMu pUcka — nog-
X0A, CNOCOBHBINA NOBLICUTL HE30MacHOCTb aHTMKOAryNsHTHOW Tepanuu. B KMHWMYeCKol npakTuke Bbibop naeansHoro MOAK,
KpOMe yyeTa pucKa KpOBOTEYEHWH, A0IKeH Ba3nMpoBaTbCs HAa KOMMIEKCHOW OLIEHKe, BKUloYas BO3pacT NaLMeHTa, pUCK WH-
Cy/bTa M KOPOHapHbIX COBLITUIA, DYHKLMIO NOYEK, @ TAKIKE MPOTrHO3UPYEMY0 KOMMJIAEHTHOCTb.

KnioueBble cnoBa: anukcabak; pVIBap0KC363H; ,u,a6mranaH; d)apMaKOKVIHeTVIKa; 6VIOJJ,0CTYI'IHOCTb; HeXenaresibHble JIeKap-
CTBEHHbIE peaKLWK; xenyaodHO-KULeYHble KPOBOTEYEHNA.
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BACKGROUND

The hemostasis system is a complex biological system
of adaptive reactions aimed at maintaining the liquid state
of circulating blood, arrest of bleeding in the case of
vessel damage, and lysing blood clots that have fulfilled
their function. Hemostasis is implemented to balance
the interaction between coagulation and anticoagulation
systems. The coagulation system includes a vascular platelet
and coagulation aspect, whereas the while anticoagulation
system consists of natural anticoagulants and a fibrinolysis
system that lyses blood clots [1, 2]. Under physiological
conditions, a thrombus occurs at the site of vascular wall
damage to stop bleeding and minimize the occurrence of
massive blood loss. A thrombus represents a lifetime blood
clot in a vessel lumen, which is a result of coagulation
system activation [2].

Rudolf Virchow, a German scientist, conducted a series
of studies in the mid-to-late XIX century and identified
the main predisposing factors for thrombogenesis. According
to the “Virchow triad”, a blood clot is formed for three main
reasons, namely, blood flow impairment (slowdown and
turbulence), vessel wall damage, including endothelium
pathology, and change in the blood component [3].

In the early stages of anthropogenesis, bleeding
risks in placental mammals and anthropoid apes were
extremely high. Evolutionary changes in the environment
when anthroposociogenesis contributed to a decrease
in the probability of traumatic injuries and bleeding in
the presence of multiple risk factors for pathological
thrombosis. Physical inactivity, eating disorders, and
excessive accumulation of adipose tissue can cause
the development of several diseases of the endocrine
and cardiovascular systems, which increase thrombosis
risk. Endothelial dysfunction and atherosclerotic plaques
predispose individuals to arterial thrombosis formation.
Insufficient physical activity and venous bed pathology
increase the risk of deep vein thrombosis (DVT) of the lower
extremities and thromboembolic complications. Diseases of
civilization (obesity, arterial hypertension, dyslipidemia, and
type 2 diabetes mellitus) are significant risk factors for both
arterial and venous thromboses [4-7].

In the 21 century, diseases with a significant or main
role of thrombogenesis in pathogenesis are a key medical
problem. Myocardial infarctions and ischemic strokes
are topical examples of arterial thrombosis. Lower-limb
DVT, including those complicated by pulmonary artery
thromboembolia (PATE), are common variants of venous
thrombosis. In patients with atrial fibrillation (AF), the left
atrial appendage is a common site for thrombus formation.
From this area, a thrombus can migrate into the aorta and
enter the internal carotid artery, causing acute ischemic
cerebrovascular accident (ACVA) [3, 8].

Observational case-control cohort studies have
contributed to the identification of risk factors for thrombosis,
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thromboembolic complications, and creation of scales that
predict the risks of thrombotic complications, such as
the Caprini scale (risk of thrombotic complications in patients
undergoing surgery), CHA2DS2VASc scale (risk of thrombotic
complications in patients with AF), Geneva index (risk of
PATE), and Wells scale (risk of PATE). Physicians used these
scales to assess the risk of thrombotic complications and
the need for antithrombotic prevention [9-11]. Antiplatelet
agents, anticoagulants, and fibrinolytic agents are drugs
used in clinical practice for the treatment of thrombosis and
thromboembolic complications. Antiplatelet agents are key
drugs for the prevention and treatment of arterial thrombosis,
myocardial infarction, and ACVA. Anticoagulants are used
to prevent and treat arterial and venous thromboses [12].
A special group is represented by patients with ischemic ACVA
who have the highest risk of thromboembolic complications.
According to Diener’s law, after exclusion on the day of
a hemorrhagic stroke, the anticoagulant therapy is resumed
according to the principle of 1:3:6:12. It is performed on
day 1 in patients with a transient ischemic attack, day 3 with
a minor stroke, day 6 with a moderate stroke, and day 12
with a severe stroke [13]. Patients with ACVA often have not
only chronic diseases of the gastrointestinal tract (GIT) but
also stress-dependent lesions of the gastroduodenal mucosa
(Cushing’s ulcer). The peculiarity of the management of
these patients is the lack of practice of routine endoscopic
examination of the upper GIT and the combined use of
anticoagulants with proton pump inhibitors (PPIs), including
parenteral forms [14-16].

Currently, direct oral anticoagulants (DOACs) are the main
anticoagulant drugs used for prophylaxis in outpatients. These
drugs are characterized by predictable pharmacokinetics
and pharmacodynamics and a favorable efficacy and safety
profile. Unlike heparin and low-molecular-weight heparins,
DOACs have an oral route of administration and are not
inferior in efficiency, and some of them are superior to
the vitamin K antagonist warfarin [17].

In the Russian Federation, three drugs belonging
to the DOAC class are registered, namely, dabigatran,
a reversible competitive direct inhibitor of thrombin, and
rivaroxaban and apixaban which are reversible, highly
selective direct inhibitors of factor Xa [18-21].

In actual clinical practice, the fear of bleeding is a reason
for not prescribing or unreasonably reducing the dose of
DOACs. Moreover, bleeding risks are usually overestimated
[22]. In AF, the HAS-BLED scale is recommended to assess
the risk of hemorrhage during DOAC therapy [23]. According
to current clinical guidelines, a high bleeding risk should
not be a reason to refuse anticoagulant therapy because
the benefits of treatment (reducing the risk of thrombosis)
outweigh significantly bleeding risks in various locations [20].

The awareness of bleeding risk factors, prognostic scales,
and management of risk factors can improve the safety
of anticoagulant therapy. In clinical practice, the choice of
the ideal DOAC, in addition to considering the bleeding risk,
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should be based on a comprehensive assessment, including
an assessment of the patient's age, stroke risk, coronary
events, renal function, and predicted compliance.

Pharmacokinetics of direct oral anticoagulants

To date, a series of randomized double-blind international
studies have demonstrated the efficiency of DOACs in
preventing stroke and systemic embolic events in patients
with non-valvular AF [24-27].

Literature data demonstrate that DOACs have predictable
pharmacokinetics, fewer drug interactions, and better efficacy
and safety profile than warfarin. The two classes of DOACs,
direct thrombin inhibitors and direct factor Xa inhibitors,
are fixed-dose targeted drugs, do not require international
normalized ratio monitoring, and are characterized by a broad
therapeutic index, rapid onset of action, and short half-life
[27]. The standard doses of DOACs (dabigatran 150 mg twice
daily, rivaroxaban 20 mg once daily, and apixaban 5 mg twice
daily) have been reported in patients with AF [17]. In some
clinical situations, for example, in renal failure, drug doses
may be revised in accordance with current instructions.

The safety of the use of these drugs in specific clinical
situations and the prediction of risk of adverse drug reactions
(ADRs), which are mainly dose-dependent and predictable,
remains unestablished [28]. Moreover, the pharmacokinetic
parameters of the main representatives of DOACs and their
safety profiles differ significantly. These pharmacokinetic
characteristics are presented in Table 1 [19-21].

Dabigatran is a prodrug metabolized by esterase enzymes.
Genetic polymorphism of esterases can cause significant
differences in drug metabolism and pharmacokinetics, acting
as a factor that determines the risk of side effects, particularly
bleeding [29]. Dabigatran has a high polarity that prevents
absorption in the GIT. Food intake slows down significantly
drug absorption but does not change bioavailability (6.5%).
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Considering low bioavailability, creation of high concentrations
in the intestinal lumen, and partial activation of the drug by
intestinal esterase, dabigatran etexilate can locally affect
the intestinal mucosa, causing damage and bleeding, including
from existing defects [30, 31]. After the oral administration,
the drug reaches maximum concentrations in the blood after
0.5-2 h, and 85% is excreted by the kidneys; therefore,
a creatinine clearance of < 30 mL/min is a contraindication
to the prescription of dabigatran. To reduce the risk of ADR
in patients aged > 80 years, patients with erosive esophagitis
and gastritis, and other patients with a high bleeding risk,
a reduced dose of dabigatran is recommended (110 mg two
times a day). Given that the prodrug of dabigatran etexilate
is a P-glycoprotein (P-gp) substrate, co-administration
of dabigatran with inhibitors and inducers of the P-gp
transporter has been studied. The simultaneous use of P-gp
inhibitors (amiodarone, verapamil, quinidine, ketoconazole
for systemic use, dronedarone, ticagrelor, and clarithromycin)
led to an increase in the plasma concentrations of dabigatran.
In a non-interventional prospective study of patients aged
> 85 years, the bleeding risk increased approximately sixfold
when dabigatran was co-administered with the potent P-gp
inhibitor amiodarone [32]. In accordance with the instructions,
the simultaneous use of dabigatran with ketoconazole,
cyclosporine, itraconazole, tacrolimus, and dronedarone is
contraindicated, and they must be cautiously used together
with amiodarone, verapamil, quinidine, and ticagrelor. When
combined with verapamil, the dose of dabigatran should be
reduced to 110 mg twice daily [20].

Rivaroxaban is rapidly absorbed and reaches peak
plasma concentrations within 2—4 h. Food intake increases
bioavailability up to 100%, probably due to the solubilization
and dissolution of the drug. Rivaroxaban is a substrate for
P-gp and is metabolized in the liver, with the participation
of the cytochrome P450 system (CYP3A4 and CYP2J2) [33].

Table 1. Main pharmacokinetic parameters of direct oral anticoagulants

Indicator Rivaroxaban Apixaban Dabigatran
Mechanism of action - point of application Xa inhibitor Xa inhibitor lla inhibitor
Bioavailability, % 66-100* ~50 6.5
Prodrug no no yes
T1/2, hours 5-13 12 12-14
T max, hours 2-4 3-4 0.5-2
Plasma protein binding, % >90 87 35
Renal excretion, % 33 27 85
Hepatic metabolism Moderate Moderate Low
Metabolism in CYP450 CYP3A4, CYP2J2 CYP3A4/5 No
Drug interactions CYP3A4 inhibitors, CYP3A4 inhibitors Rifampicin, quinidine,
P-glycoprotein amiodarone,

Dosing regimen

Once daily Twice a day

P-glycoprotein inhibitors

Twice a day

* The bioavailability of rivaroxaban is dose-dependent: for 10 mg, approximately 100% regardless of food intake; for 15 mg and 20 mg, approximately
66% when taken on an empty stomach and approximately 100% when taken with food.
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The drug has a double route of excretion, which provides
greater safety in patients with hepatic and/or renal
insufficiency. Considering the direct excretion of nearly
a third of the drug in the urine, creatinine clearance of 30-49
mL/min is an indication for prescribing a reduced dose of 15
mg once a day. The drug is contraindicated in patients with
creatinine clearance of < 15 mL/min [19].

Apixaban is absorbed mainly in the small intestine, with
a drug bioavailability of 50% [34]. Apixaban is metabolized
by CYP3A4/5 and secondarily by sulfotransferase 1A1 and
excreted in the urine (25%) and hepatobiliary route (75%).
The drug should be used with caution in patients with severe
renal insufficiency, and it is contraindicated in patients with
a creatinine clearance of < 15 mL/min. A reduced dose of
2.5 mg twice daily is indicated if two or more of the factors
are present: age >80 years, body weight <60 kg, and
plasma creatinine of > 1.5 mg/dL (133 pmol/L). In addition,
a dose of 2.5 mg twice a day is prescribed for patients with
creatinine clearance of 15-29 mL/min [21]. A retrospective
study by Hanigan et al. published in 2020 revealed that
the co-administration of moderate CYP3A4 inhibitors
(amiodarone, diltiazem, verapamil, erythromycin, etc.) with
apixaban or rivaroxaban for at least 3 months was associated
with a higher overall bleeding risk compared with DOAC
monotherapy [35]. Clinically significant drug interactions of
major DOACs are presented in Table 2.

All DOACs are contraindicated in patients with liver
diseases accompanied by coagulopathy, significant bleeding
risk, and Child-Pugh class C liver function impairment
[19-21]. According to the European Heart Rhythm Association
(EHRA) of 2021, rivaroxaban is contraindicated in patients
with Child—Pugh grade B hepatic cirrhosis, whereas other
DOACs can be used with caution. In the latest updates of
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the 2021 EHRA European Clinical Guidelines, unreasonable
frequent prescriptions of reduced doses of DOACs received
much interest. Experts emphasize the need for routine use
of the studied standard doses of anticoagulants and reduced
doses only in accordance with published and approved
criteria. When choosing a dose, the interests of the patient,
whose stroke risk prevails over the risk of hemorrhagic
complications, must be considered [36]. Russian researchers
take a similar position, pointing to an unreasonably frequent
reduction in DOAC doses [37].

Effect of direct oral anticoagulants
on the gastrointestinal mucosa

Despite the relatively favorable safety profile of DOACs,
bleeding risk, including Gl bleeding, is predominant and
determines the choice of DOACs. Currently, no studies have
directly compared the safety and efficacy of various DOACs.
Randomized clinical trials have shown that the incidence
of various hemorrhagic complications during anticoagulant
therapy is 2-5% annually [38, 40]; however, when analyzing
registries of patients with AF receiving long-term DOAC
therapy, the frequency of major bleeding was approximately
0.5% [41, 42]. Gl bleeding account for at least half of the total
cases of major bleeding [43-45]. In a long-term prospective
study within the REVAZA registry, the incidence of bleeding
from the upper GIT was registered three times more often
than that from the lower GIT [45].

Considering pharmacokinetics and pharmacodynamics,
DOACs should not have a direct damaging effect on
the Gl mucosa. Mihalkanin et al. demonstrated that within
3 months of monitoring patients who initially had no lesions
in the gastric mucosa and received DOACs, no clinically
significant GI hemorrhage (GIH) was detected [46]. A high

Table 2. Clinically significant drug interactions between direct oral anticoagulants and commonly used drugs [19-21]

Agent Apixaban Dabigatran Rivaroxaban
Antibacterial drugs
Clarithromycin No No No
Erythromycin No No No
NSAIDs and antiplatelet agents
NSAIDs * * *
Aspirin * * *
Clopidogrel Yes * No
Ticagrelor No * No
Antiarrhythmic drugs
Amiodarone Yes * No
Quinidine Yes Yes No
Verapamil No * No
Diltiazem No No No

Note. Yes, there is an interaction (it is not advisable to prescribe); no, no clinically significant interaction (preferably prescribed); * with caution (subject
to the measures specified in the instructions, taking into account possible changes in the concentration).
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bleeding risk is associated with the “manifesting effect” of
drugs on existing mucosal defects [47]. Thus, in a meta-
analysis of 43 studies involving > 160,000 patients treated
with DOACs, the incidence of GIH from the upper regions was
1.5% annually and 1.0% from the lower ones, which were
mainly caused by tumors of various localization, diverticulitis,
colon polyps, ulcerative colitis, hemorrhoids, and rectal
fissures [48].

Thus, DOACs have a “manifesting” effect on the already
altered Gl mucosa, and bleeding risk during anticoagulant
therapy depends on the profile of a patient and risk
predictors. Epidemiological studies have shown that GIH risks
are significantly increased in patients with comorbidities.
The main predictors of bleeding were Helicobacter pylori
infection with an odds ratio (OR) of 4.75; age > 75 years,
OR of 4.52; alcohol addiction, OR of 2.5; renal failure,
OR of 1.67; coronary heart disease, OR of 1.37; chronic
heart failure, OR of 1.25; and glucocorticosteroid intake,
OR of 1.17 [49, 50].

Before prescribing DOACs, in terms of preventing
the risk of complications, erosive and ulcerative damage to
the mucous membrane, H. pylori infection, oncopathology,
diverticulitis, and other clinically important diseases of
the GIT, which are potential sources of bleeding, must be
ruled out. In this regard, prompt endoscopic examination
of the upper and lower GIT is required [51]. To determine
the approach of managing a patient receiving anticoagulant
therapy, with Gl bleeding, the classification of hemorrhagic
complications based on the GARFIELD-AF registry (Table 3)
is used [37].

Minor hemorrhagic bleeding or “vexatious” hemorrhage
does not require medical intervention, changes in
the treatment regimen, does not change the patient’s
habitual activity, and includes minor hemorrhoidal bleeding,
minor nosebleeds, subcutaneous hematomas, and gingival
bleeding. According to the ORBIT-AF registry, which included
7372 patients on DOAC therapy, 20% experienced “vexatious”
bleeding, whereas 96% continued anticoagulant therapy
without changes. Over the next 6 months, when comparing
patients with “vexatious” bleeding and those without it,
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the risk of major hemorrhagic complications was not different.
Thus, minor hemorrhagic complications are not prodromes of
major bleeding, do not pose a serious threat to health, do
not affect the long-term prognosis of patients, and do not
serve as an indication for the discontinuation of therapy [52].
Kirchhof et al. demonstrated that when anticoagulant therapy
is interrupted, the risk of stroke increases, namely, by 6.2%
with temporary discontinuation and by 25.6% with long-term
cancelation [53]. According to the Russian clinical guidelines
of 2020, to prevent thromboembolic complications in patients
with AF and minor “vexatious” bleeding, postponing the intake
of one dose of DOAC until the bleeding stops is sufficient [51].

Currently, the scientific literature presents heterogeneous
data on the comparative safety of the main DOACs in terms
of the development of GIT complications, which is associated
with different study designs.

According to the ltalian National Pharmacovigilance
Network, 7273 serious ADRs were registered in
959.231 patients treated with DOACs — 3342/294721 (1.13%)
for dabigatran, 2032/317359 (0.64%) for rivaroxaban, and
1492/294721 (0.50%) for apixaban. The most frequent severe
ADRs were Gl bleeding (41.2% of cases) [54].

In a national population study, Ingason et al. analyzed
the data of 8892 patients who received therapy with various
DOACs between 2014 and 2019 (Table 4) [55].

Ingason et al. revealed that rivaroxaban therapy was
associated with an increased overall risk of GIH and risk
of major GIH compared with apixaban and dabigatran.
The causes of the increased risk in patients taking rivaroxaban
are unclear; however, the findings may be related to the study
design.

Higher bleeding rates with rivaroxaban intake should be
further analyzed. A randomized controlled trial of the efficacy
and safety of rivaroxaban (ROCKET AF) involved more patients
with severe diseases who initially had high bleeding risk [56].

GIH prevention

DOACs are used to prevent and treat potentially life-
threatening conditions (thrombosis and PATE); however,
their uses are at risk of ADRs, particularly bleeding. In clinical

Table 3. Classification of hemorrhagic complications based on the GARFIELD-AF registry

Major hemorrhagic complications

Overt bleeding with at least one of the following:

« Decrease in hemoglobin by >2 g/dL or

« Need for blood transfusion =2 doses of blood components

« Clinically significant localization (intracranial, intraspinal, intraocular, cardiac
tamponade, intra-articular, intramuscular with the development of compression
syndrome, and retroperitoneal bleeding)

« Fatal bleeding

Minor clinically significant hemorrhagic Overt bleeding that did not meet the criteria for major hemorrhage but required medical

complications

treatment, a change in the treatment regimen by the doctor, or accompanied by pain,

discomfort, or a change in the patient’s usual activity

Minor hemorrhagic complications
significant hemorrhage

All other bleeding events that do not meet the criteria for major and minor clinically
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Table 4. Incidence of gastrointestinal (GI) hemorrhage (GIH) according to a population study (n = 8892)

Therapy DOACs Events per 100 people/years
Total of GI hemorrhage
Apixaban 2.4
Dabigatran 1.6
Rivaroxaban 3.2
Major Gl hemorrhage
Apixaban 1.4
Dabigatran 1.1
Rivaroxaban 2.0
Bleeding from the upper Gl tract
Apixaban 0.8
Dabigatran 0.4
Rivaroxaban 1.0
Bleeding from the lower Gl tract
Apixaban 1.3
Dabigatran 1.2
Rivaroxaban 1.6

practice, to assess the risk of all hemorrhagic complications
when using DOACs, the HAS-BLED scale is recommended.
Patients who scored > 3 points on this scale have a high
bleeding risk [57]. According to the algorithm of the Eurasian
Association of Therapists for the Prevention of Hemorrhagic
Complications, patients with AF receiving DOACs should
have normal blood pressure, minimized risk of drug
interactions, and refused or minimized alcohol consumption,
and the efficiency and safety of anticoagulant therapy must
be evaluated at least once every 12 months, as well as
liver and kidney function. Patients aged > 75 years should
be followed up every 6 months, and those with creatinine
clearance < 60 mL/min once every N months (N = creatinine
clearance /10) [21, 58].

Before initiating DOAC therapy, erosive and ulcerative
lesions of the GI mucosa must be ruled out. Patients with high
bleeding risk require correction of modifiable risk factors,
such as eradication of H. pylori, minimizing or canceling
glucocorticosteroids and NSAIDs, and use safer NSAIDs
and antiplatelet agents (highly selective cyclooxygenase-2
inhibitors and adenosine diphosphate receptor blockers), and
acid-suppressive and gastroprotective therapy [51].

The COMPASS study was the first clinical randomized
trial to evaluate the efficacy and safety of PPIs in patients
receiving DOACs. That study revealed that PPIs did not
affect the GIH risk when using DOACs; however, they had
a positive effect on patients from the high-risk group [59].
Thus, PPls are recommended for all patients who scored
= 3 on the HAS-BLED scale [63]. PPIs should also be given
to patients receiving dual or triple antithrombotic therapy,
patients taking a combination of DOACs with NSAIDs and/or
glucocorticosteroids, and patients with concomitant acid-
related diseases [60].

DOl https://doiorg/10.17816/cardar321821

In some clinical situations (hypo- or anacidity,
duodenogastric reflux, microcirculation disorders, and use of
NSAIDs and other drugs that affect adversely the Gl mucosa),
antacids, alginates, rebamipide, bismuth tripotassium
dicitrate, and ursodeoxycholic acid can be used. No clinical
studies have evaluated the efficiency of these drugs in
patients receiving anticoagulants. Clinical studies have
demonstrated the effectiveness of rebamipide in patients with
NSAID gastroenteropathy by increasing the concentration of
prostaglandins in the GI mucosa, increasing the synthesis of
glycoproteins, and activating epidermal growth factor and its
receptor expression [61-64].

CONCLUSIONS

Currently, DOACs have a wide range of clinical indications,
including the prevention and treatment of thrombotic and
thromboembolic complications. Hemorrhagic complications,
particularly from the Gl tract, is the most common ADRs
associated with DOAC therapy. When deciding on DOAC therapy,
in each case, bleeding risk, age, risk of stroke or coronary events,
renal function, and predicted adherence to the therapy prescribed
must be considered. To minimize GIH risk, risk factors for
bleeding must be identified, modifiable factors altered, potential
drug interactions monitored, and, if necessary, acid-suppressive
and gastroprotective therapy prescribed.
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Review Article

Atrial fibrillation in patients with chronic kidney
disease: features of pathogenesis
and treatment

Natalya V. Bakulina, Mikhail R. Scherbakov, Lyudmila I. Anikonova

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

Atrial fibrillation (AF) is the most commonly diagnosed cardiac arrhythmia in adults, the frequency of which increases in
patients with chronic kidney disease (CKD). The substrate for the development of AF is atrial cardiomyopathy, which includes
structural, electrophysiological and molecular remodeling of the atria. AF, in turn, can initiate and accelerate the progression of
CKD. Such a bidirectional relationship causes a frequent combination of these two conditions, leading to both a prothrombotic
state and an increased risk of bleeding. In patients with CKD, the pharmacokinetics of drugs used in AF are changing, what
limits their use in CKD S4/S5. If previously patients with CKD S4-5 were excluded from randomized clinical trials (RCTs) on
treatment strategies for AF, a number of such studies on their management have been published to date. The purpose of the
article is to review existing ideas about the features of the pathogenesis of AF in CKD and strategies of recent years for the
treatment of AF with advanced stages of CKD.
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0630pHas cTaTba

dubpunnauma npeacepAanM y naumueHToB
C XPOHUYECKOWU 6051e3HbI0 NOYeK:
0c06eHHOCTM naToreHesa M JieyeHUs

H.B. bakynuna, M.P. LLlepbakos, J1.1. AHuKkoHOBa

CeBepo-3anafHbii rocyaapcTBeHHbI MeAMUMHCKUIA YHuBepcuTeT UM. W.W. MeunukoBa, CaHkT-[letepbypr, Poccus

Oubpunnsaumsa npepcepaui (M) Hanbonee yacTo AUarHocTMpyeMas cepfiedHas apuTMUS Yy B3pOCTbIX, YacToTa KOTOPOM
yBENMYMBAETCS NPU XpOHUYeCcKoii 6onesHu noyek (XBI). CybetpaTom passutus O saensetcsa npeacepaHas KapaMoMuonaTus,
BKJItOYalOLLas B cebsi CTPYKTYpHOE, 3NeKTPodU3N0NorMIecKoe 1 MONIEKYNSIpHOE peMoAennpoBakmne npegcepauin. O, B caolo
oyepefb, MOXeT MHULMMPOBaATL M yCKopATb nporpeccupoBanme XBI1. Takas AByHanpaeneHHas B3auMocBs3b 0bycnoBvBaeT
yacToe COYeTaHWe 3TUX [BYX COCTOSHWIA, NMPUBOASLLEE KaK K MPOTPOMBOTUYECKOMY COCTOSHMIO, TaK M K MOBBILLEHUO pU-
CKa pa3BuUTMsA KpoBoTeyeHWi. Y naumeHToB ¢ XBI1 MeHsieTca apMaKOKWHETMKA IeKapCTBEHHbIX MPEenapaToB, UCMONb3YeMbIX
npu @I, yTo orpaHMumMBaeT ux npuMeHeHue npu XBI 4-5-i1 ctapmn. PaHee naumentoB ¢ XBI1 4-5-# cTagum vcKoYanu
W3 paH0MM3MPOBaHHbIX KIMHUYecKUX uccnenoanuii (PKM) no neyebHbiM cTpaterusam npu O, 0fiHaKo K HacTosLleMy Bpe-
MeHM onybIMKOBaH psf UCCiefoBaHUiA Mo MX NieyeHuio. Llenb ctatbm — 0630p CyLLecTByOLWMX NpeacTaBeHuin 06 ocobeH-
HocTsax natoreHe3a @I npu XBI1 u cTpaterunii nocnegHux net no nedenunto O ¢ nospHuMK ctagnamm XBI1.

KnioueBble cnoBa: xpoHuyeckas bonesHb novek (XBI); pubpunnaums npeacepauii (OM); natodusmonorms; MHbIaMMacoMa;
npeacepAHbIn Gubpos; neyexue.
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BACKGROUND

Atrial fibrillation (AF) is the most commonly diagnosed
cardiac arrhythmia in adults around the world, the global
prevalence of which tends to increase [1]. AF is associated
with serious complications such as stroke and heart
failure leading to significant morbidity and mortality [2, 3].
Chronic kidney disease (CKD) is one of the risk factors for
the development of AF, defined as the presence of markers
of kidney damage (albumin/creatinine ratio > 30 mg/g in
a single urinalysis is usually used for screening) or a decrease
in glomerular filtration rate (GFR) < 60 ml/min/1.73 m?,
persisting > 3 months. Based on the presence of markers
of damage and the level of GFR, the following stages of
CKD are distinguished: ST — = 90 (high or optimal), S2 —
60-89 (slightly reduced), S3a — 45-59 (moderately
reduced), S3b — 30-44 (significantly reduced), S4 — 15-29
(drastically reduced), S5 — < 15 ml / min / 1.73 m? (end-
stage renal disease, ESRD) [4]. CKD is a rapidly growing public
health problem, with a global prevalence of CKD estimated at
9.1-13.4% [4, 5]. Patients with CKD demonstrate an
increased risk of developing AF and other cardiovascular
diseases, which are the most common cause of death in
CKD patients [4].

CKD and AF have a number of common predisposing
factors, including arterial hypertension, coronary heart
disease, and diabetes mellitus [6-8]. Patients with CKD
are characterized by such comorbidity, however, even after
adjustments for many co-factors, CKD remains an independent
factor in the development of AF [6, 8]. In turn, AF can initiate
and accelerate the progression of CKD. Such a bidirectional
relationship causes a frequent combination of these two
conditions, which worsens the prognosis, leads, on the one
hand, to a prothrombotic state, and, on the other hand, to an
increased risk of bleeding. Renal dysfunction is accompanied
by a change in the pharmacokinetics of many drugs that are
indicated for use in people with CKD, including direct oral
anticoagulants (DOACs), which limits their use in S4-5 CKD.
However, since the risk of thromboembolic complications
increases with decreasing GFR, more so than the risk of
bleeding, efforts continue to find the optimal treatment for AF
in this patient population. While previously patients with AF and
S4-5 CKD were excluded from randomized clinical trials (RCTs)
on treatment strategies for AF, a number of RCTs on the tactics
of managing these patients have been published to date [9-11].

EPIDEMIOLOGY

A meta-analysis of the risk of developing AF depending on
kidney function in a study that included 16.769 participants of
different ethnic groups, divided by categories of decrease in
estimated GFR (eGFR), showed a gradual increase in the risk
of developing AF: RR (95% CI) was 1.00, 1.09 (0.97-1.24),
1.17 (1.00-1.38), 1.59 (1.28-1.98) and 2.03 (1.40-2.96)
at S1, S2, S3a, S3b, S4, respectively [12]. A South Korean
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study (n = 4,827,987) also noted an increase in the risk of
developing AF depending on the severity of CKD: RR (95% Cl)
was 1.77 (1.69-1.85), 1.85 (1.85 80-1.91), 1.99 (1.95-2.04)
and 4.04 (3.07-5.33) in persons with CKD stages 1, 2, 3 and
4, respectively, compared with persons without CKD [13]. In
the ARIC study (n = 10328), a decrease in eGFR to 30-50 and
15-29 ml/min/1.73 m? was accompanied by an increase in
the risk of developing AF by 1.6 and 3.2 times compared with
that in individuals with normal renal function [14]. In a meta-
analysis of 25 RCTs of patients with ESRD, the incidence of
AF was 11.6% of patients [15]. In general, it is believed that
the prevalence of AF in CKD is 2-3 times higher than AF in
the general population [7]. And, conversely, as the analysis
of the Russian REQUAZA registry showed, almost half of
patients with AF may have concomitant renal pathology [16].

POTENTIAL MECHANISMS

FOR THE DEVELOPMNT OF ATRIAL
FIBRILLATION IN CHRONIC KIDNEY
DISEASE

The mechanisms of development of AF are not fully
understood. The substrate for AF is atrial cardiomyopathy, which
is a complex of structural, electrophysiological, and molecular
changes in the atrial myocardium that can cause and maintain
AF [2]. The term "atrial cardiomyopathy" and the definition
were given by the experts of the international Working Group
formed by the European Heart Rhythm Association (EHRA),
the International and Asia-Pacific Heart Rhythm Societies (HRS
and APHRS respectively) and the Latin American Society for
Cardiac Pacing and Electrophysiology (SOLAECE). The consensus
report published by EHRA/HRS/APHRS/SOLAECE presents
a classification of atrial cardiomyopathy and summarizes
the existing concepts of structural and electrophysiological
remodeling of the heart in AF [17].

As already noted, the development of AF in CKD has
a number of common risk factors with other diseases,
however, non-traditional risk factors for the development
of AF are identified. These include activation of the renin-
angiotensin-aldosterone system (RAAS) and hyperactivity of
the sympathoadrenal system (SAS), oxidative stress, systemic
inflammation, electrolyte disturbances, accumulation of
uremic toxins, and chronic anemia [6-8]. These factors are
difficult to isolate from others involved in atrial remodeling
and are common risk factors for the development of AF,
leading to atrial volume or pressure overload, however,
the contribution of “renal” factors to the development of AF
is generally recognized [6, 8]. Traditional Framingham risk
factors for cardiovascular disease have a weak predictive
power in CKD, and the addition of specific renal factors
significantly improves the correlation [18].

Renin-angiotensin-aldosterone system (RAAS).
Activation of the RAAS and its mediators is a major
factor in the pathogenesis and progression of CKD [7].
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Angiotensin Il (Angll) has profibrotic activity. All in
combination with aldosterone promotes the production of
reactive oxygen species by activating nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase, which in turn
stimulates the production of transforming growth factor p1
(TGF-B1). In general, the RAAS, with the help of its mediators,
initiates oxidative stress and the synthesis of profibrotic
growth factors, the production of pro-inflammatory
cytokines, cell adhesion molecules, extracellular matrix
proteins, plasminogen activator inhibitor-1 (PAI-1), promotes
the activation of macrophages [7]. RAAS activation is seen
as an important link between CKD and AF. In the formation
of an arrhythmogenic substrate in the heart in AF, three
interrelated pathways are believed to be involved —
RAAS, TGF-B1 and oxidative stress; the atria appear to
be more susceptible to fibrosis than the ventricles [7, 19].
In a transgenic mouse model overexpressing the constitutively
active form of TGF-P1, selective atrial fibrosis was observed,
which led to heterogeneous conduction and increased atrial
vulnerability to AF [20]. RAAS can also induce the activation
of the TGF-B1/Smad2/3 pathway, which is also promoted by
an increased level of reactive oxygen species and oxidative
stress [21]. An experimental decrease in TGF-B1 expression
with pirfenidone reduces the degree of fibrosis in the lungs,
liver, kidneys, and heart [7]. A study in nephrectomy rats,
which are used to model the pathogenesis of human CKD,
demonstrates the role of oxidative stress mediated by
NADPH oxidases in causing left atrial fibrosis and increased
vulnerability to AF. Treatment with a powerful antioxidant,
zinc sodium dihydrolipoyl histidinate, was effective in
reducing the inducibility of AF [7, 22].

Inflammation. CKD is considered a systemic inflam-
matory disease with many causes [23]. Elevated levels
of inflammatory markers (IL-6, tumor necrosis factor-a,
C-reactive protein, etc.) are found in the early stages
of CKD, which become more significant as the disease
progresses [24]. It is also known that elevated blood levels of
pro-inflammatory cytokines and inflammatory markers are
associated with an increase in the frequency and persistence
of AF [25]. There is no evidence of a direct relationship
between the level of circulating inflammation markers and
the formation of fibrosis in the atria, however, data have
been obtained on the activation of the NLRP3 inflammosome
in cardiomyocytes in AF and its role in atrial remodeling in
CKD [21, 26]. Compared to the well-established canonical
function of the NLRP3 inflammasome in innate immune
cells, mediating caspase-1 activation and interleukin-1p
(IL-1B) release, the role of the NLRP3 inflammasome in
cardiac cells and other non-immune human cells is less
well known. The first study that provided evidence of
NLRP3 inflammasome activation in heart cells as a key
event in the pathogenesis of AF was published in 2018 [26].
Cardiomyocyte-specific knockdown in a mouse model
(CM-KI) expressing constitutively active NLRP3
inflammasomes only in cardiomyocytes caused 100%
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premature atrial contractions with a significant increase in
induced AF. MCC950, a selective inflammasome inhibitor,
successfully reduced induced AF in CM-KI mice [26].

In the same year, the results of a study were presented
demonstrating the presence in the atrial myocardium of
rats serving as a model of CKD, components of the NLRP3
inflammasome activation and other biological pathways
(Fig. 1) involved in the formation of an arrhythmogenic
substrate in CKD [21]. The CKD model in the study was rats,
in which 3 months after partial nephrectomy (of the right
kidney and nephrotomy 5/6 of the left kidney), the level of
circulating creatinine and urea was significantly increased.
Also, at that time there were signs of RAAS activation:
the blood level of Angll and TGFB1 was 3 times higher
than in the control, which was served by rats without CKD
after laparotomy without kidney resection. The left atrial
tissue (LA) was quantitatively tested for the severity of
fibrosis and inflammation, expression of type | collagen,
a-SMA (a-smooth muscle actin), CTGF (connective tissue
growth factor), N-cadherin, expression and distribution of
connexins 40 and 43 (Cx40 and Cx43 are the two major
functional subunits of intercellular gap junctions in the atria)
using immunohistochemistry. Any changes in expression,
phosphorylation (regulator of gap channel activity in
the transport of molecules, Ca ions) and distribution of atrial
connexins were considered as proarrhythmic. The amount
of TGFB1, phosphorylated (activated) Smad 2 and Smad 3
(signal transduction mediators), a-SMA, type | collagen,
NLRP3, ASC (inflammasome component), caspase-1, IL-1,
IL-18, Rac-1, Cx40, Cx43 (total and phosphorylated) were
assessed in the atria by Western blotting. According to
echocardiography, uremia in rats led to an increase in LA and
left ventricular hypertrophy (LVH) without functional changes
in the latter. There was a significantly higher frequency of
AF occurrence provoked by atrial electrical stimulation in
the CKD group compared with the control group (p < 0.001)
and the duration of AF paroxysms in CKD (p < 0.001).
Studies using immunohistochemistry, biochemical, enzyme-
linked immunosorbent assays, and Western blotting made it
possible to identify participants in the activation of biological
pathways in the atrial tissue (Fig. 1). TGF-B1/Smad2/3/CTGF,
NLRP3 inflammasome and connexins (Cx), present in cardiac
cells, have been shown to be potential mediators of increased
vulnerability to AF in CKD. Fibrosis and remodeling of
Cx40/43-gap intercellular junctions are regarded as the main
pathological substrate in the development of AF. There was
a decrease in phosphorylated Cx43 (activated), a decrease
in Cx40 and a lateral distribution (instead of diffuse) of
Cx40 and Cx43 on the cell surface against the background
of an increase in Rac-1 (a signaling protein from the family
of small G proteins), CTGF and N-cadherin, activating
the synthesis of collagen, which disrupts the function of
connexins (Fig. 1) [21].

Thus, the researchers demonstrated the activation of
biological pathways in the atrial myocardium, leading to
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Fig. 1. Potential biological pathways involved in the formation of arrhythmogenic substrate of atrial fibrillation (AF) in chronic kidney disease
(CKD). Atrial fibrosis induced by CKD may be associated with activation of the TGFB1/Smads signaling pathway and NLRP3 inflammasome
signaling pathway, and the CKD induced Cx40/43- gap junction remodeling may be connected with the Ang ll-induced activation of Rac-1, CTGF
and N-cadherin in atrial cells. Ang Il — angiotensin Il; ASC — apoptosis-associated Speck-like protein containing the C-terminal CARD domain;
ASR — structural remodeling of the atria; a-SMA — a-smooth muscle actin; CTGF — connective tissue growth factor; Cx43 — connexin 43;
IL-1B, -18 — interleukin-1B, -18; NLRP3 — NOD-like receptor (NLR) containing pyrin domain 3; Rac1 — intracellular protein involved
in cellular signal transduction from a family of small G-proteins (small GTTases); TGF-B1 — transforming growth factor-p1 (adapted

from [21])

inflammation and increased fibroplastic processes, which
resulted in an extensive interstitial process in the atria and
increased arrhythmogenicity, showed the relationship of
these processes with azotemia, increased levels in the blood
and in the atria RAAS mediators — Angll, TGF-p1 [21].
The role of RAAS in the pathogenesis of AF is supported
by clinical data and studies in animal models showing that
the use of angiotensin converting enzyme inhibitors reduces
the incidence of AF and the level of atrial fibrosis [2, 7].
However, a complete understanding of the processes in
atrial cells is still a long way off. Probably, in AF, both in
the general population and in CKD, general processes in
the atrial myocardium take place, and triggers may be more
specific. Selective inhibition of various members of the NLRP3
inflammasome complex, the impact on participants in other
biological pathways that implement the processes of atrial
remodeling, may in the future become an effective therapeutic
method in the prevention of AF. The large-scale clinical trial
CANTOS showed that selective suppression of IL-1B with
the monoclonal antibody canakinumab can significantly
reduce the incidence of recurrent cardiovascular events [27].

Uremic toxins, oxidative stress, disorders of phosphorus-
calcium (P-Ca) metabolism. Disruption of systemic and
intracellular calcium homeostasis in CKD is a critical element

DOl https://doiorg/10.17816/cardar430414

in the pathogenesis of AF. Ca?* plays a central role in atrial
ectopic activity, re-entry formation, and electrophysiological
atrial remodeling [7]. In a rat model of CKD, the effect of
indoxyl sulfate (IS), a uremic toxin, on the calcium content in
cardiomyocytes isolated from the left atrium (LA), right atrium
(RA), sinoatrial node and orifice of the pulmonary veins (PV)
was studied [28]. Important electrical changes were noted,
including delayed post-depolarization in the PV, decreased
spontaneous sinoatrial node activation, shortening of the LA
action potential, and increased inducibility of AF. Ascorbic
acid, as an antioxidant, weakened the effect of the toxin on
the cardiomyocytes of LA PV, and sinoatrial node. According
to the authors, the uremic toxin indoxyl sulfate promotes atrial
and PV arrhythmogenesis by inducing oxidative stress and
disturbances in Ca?* current through ion channels, intracellular
Ca?* homeostasis, and may be a factor in the occurrence of
AF in patients with CKD [28]. In another study, CKD led to
significant disturbances in calcium homeostasis in pulmonary
venous cardiomyocytes, such as an increase in the amplitude
of calcium transport and calcium content in the sarcoplasmic
reticulum, large sodium/calcium exchange currents, but
a lower density of calcium currents in L-type channels due to
the activation of protein kinase A and accumulation of reactive
oxygen species [7]. Changes in Ca-P metabolism in CKD
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predispose to valvular heart disease in the form of calcification
of the mitral annulus or aortic valve, and may further contribute
to the development of AF due to pressure overload. Vascular
calcification, observed even in children with progressive CKD,
increases afterload and is a risk factor for the development of
LVH and subsequent LA overload [7].

Other uremic toxins (indole-3-acetic acid, p-cresol, and
p-cresyl sulfate) that accumulate in CKD are also involved in
oxidative stress, inflammation, and neurohumoral activation
pathways leading to cardiovascular fibrosis and oxidative
damage. The development of AF in CKD may be due to
increased regulation of the SAS and an increased risk of
cardiovascular diseases [7].

Molecular remodeling. In addition to the molecular
processes described above that occur in atrial cardiomyopathy,
new disturbances in various biological pathways in the atria are
being identified. The use of next generation gene sequencing
(NGS) methods allowed researchers to identify changes in
378 genes expressed in the heart in CKD [29]. Quantitative
analysis of the expression of RNA transcripts showed genes
with significantly increased expression, among which were
the genes for stress-induced proteins — CIRP (cold-induced
RNA-binding protein) and RBM3 (RNA-binding motif protein),
associated with the functioning of ion channels, and changes in
their expression may underlie ion channel remodeling in CKD.

Studies have appeared that emphasize the role of chronic
anemia and the participation of hypoxia-inducible factor 1a
(HIF-1a), as well as Klotho protein (co-factor FGF23) in
the development of arrhythmogenicity. The authors believe
that the responses of cardiac cells to stress are potential
targets for pharmacological intervention in CKD-induced
cardiac arrhythmias [29].

MANAGEMENT OF PATIENTS
WITH ATRIAL FIBRILLATION
AND CHRONIC KIDNEY DISEASE

Patient management includes stroke prevention
(anticoagulation), treatment of AF in the form of symptom
control (rhythm control or heart rate control), optimization of
treatment of underlying and concomitant diseases.

Assessment of the risk of thromboembolic
complications in patients with AF and chronic
kidney disease

AF and CKD, each by itself, are risk factors for acute
cerebrovascular accident (ACV). AF and CKD contribute
to the formation of blood clots due to the influence on
individual components of the Virchow triad [30]. In AF,
ischemic stroke (IS) and systemic thromboembolism (SE)
most often have a cardioembolic origin, which is associated
with stagnation of blood in the LA and the formation of
a thrombus in the ear, less often — in the cavity of the LA.
On the other hand, endothelial dysfunction and platelet
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activation are noted already in the early stages of CKD, and
the risk of thromboembolic complications (TEC) is increased
both at the pre-dialysis stage of CKD and during dialysis
[30]. The high risk of TEC is the most important problem
in CKD patients with AF [6, 8]. The CHA2DS2-VASc score is
recommended for stratifying the risk of stroke and systemic
embolism in patients with AF in the general population and
in AF with CKD. Continuous use of oral anticoagulants (OAC)
with a score of =2 in men and >3 in women is associated
with favorable effects in AF, including CKD (with a lower risk,
the issue of prescribing OAC is decided individually) [6, 31].

Bleedings risk assessment

Patients with CKD have an increased risk of bleeding
compared with the general population. Thus, the presence
of reduced kidney function (GFR < 60 ml/min/1.73 m?) leads
to an increase in the risk of hemorrhagic stroke by more
than 4 times in men and 7 times in women [32]. Bleeding
risk scales, in particular the HAS-BLED scale, take into
account the presence of CKD, and the risk of bleeding
when prescribing oral anticoagulants (0AC) should be taken
into account [2, 3, 6]. The value of the HAS-BLED index
> 3 indicates a high risk of bleeding, but does not exclude
the possibility of anticoagulant therapy, since in most cases
the risk of IS and SE is higher than the risk of bleeding.
Absolute contraindications to OAC therapy in CKD are
the same as in the general population [6].

Prescription of OAC in CKD S1-3. VKAs (vitamin K
antagonists) are effective and relatively safe in maintaining
international normalized ratio (INR) in the therapeutic
range >70% of the time (TRT). The frequency of hemorrhagic
and thromboembolic events correlates with the quality of
VKA treatment, as assessed by TRT [2, 3, 32].

All DOACs including direct thrombin inhibitor (dabigatran)
and factor Xa inhibitors (rivaroxaban, apixaban) have a certain
degree of renal excretion, ranging from 25% for apixaban to
80% for dabigatran, which should be taken into account in
the treatment of patients with CKD [2, 3, 6].

The results of RCTs and observational studies have
shown that in patients with mild to moderately reduced
renal function — creatinine clearance (CC) 30—-50 ml/min (for
apixaban 25-50 ml/min), calculated according to Cockcroft-
Gault, dabigatran, rivaroxaban and apixaban are equally
comparable to warfarin in terms of its effect in stroke
prevention [6, 32]. Also, in all major RCTs, the use of
DOACs in patients with CC in the range of 30-50 ml/min (for
apixaban — 25-50 ml/min) was associated with a significant
reduction (~ 50%) in the risk of intracranial hemorrhage
compared with warfarin [33].

In patients with moderate renal impairment,
the concentration of rivaroxaban in the plasma after a dose
of 15 mg once per day was identical to the concentration of
rivaroxaban in the blood plasma in people with normal renal
function after taking 20 mg once per day. A renal dose study
was planned in the ROCKET AF design, where all patients




REVIEWS E

(2) 2023

Table 1. Recommendations for the use of oral anticoagulant drugs in atrial fibrillation, depending on creatinine clearance’

Cardiac Arrhythmias

CKD stage CC, ml/min

| Drug, dose, frequency

Tn2 > 90 n 60-89

Warfarin, target INR 2.0-3.0
Dabigatran® 150 mg twice per day or 110 mg twice per day
Rivaroxaban 20 mg once per day

Apixaban, 5 mg, twice per day

3 30-59

Warfarin, target INR 2.0-3.0
Dabigatran? 150 mg twice per day or 110 mg twice per day

Rivaroxaban ® 15 mg once per day or Rivaroxaban 20 mg once per
day if CC = 50 ml/min

Apixaban* 5 mg or 2.5 mg twice per day

b4 15-29

Warfarin, target INR 2.0-3.0
Rivaroxaban 15 mg once per day
Apixaban* 2,5 mg twice per day

5 < 15 ml/min, hemodialysis

Warfarin, target INR 2.0-3.0

! CC — creatinine clearance estimated by Cockcroft-Gault formula;

Z reducing the dose is not associated with CC; see Table 2 for reducing the dose criteria;

% reducing the dose if CC is equal to 15-49 ml/min;

* reducing the dose if creatinine > 133 mmol/L; for additional criteria, see Table 2.

Table 2. Recommendations for reducing the dose of oral anticoagulant drugs in atrial fibrillation [3]

Dabigatran

Rivaroxaban Apixaban

Standard dose 150 mg twice per day

Reduced dose 110 mg twice per day

« Age > 80 years
« Concomitant use of verapamil or
« Increased risk of bleeding

Dose reduction criteria

20 mg once per day 5 twice per day

15 mg once per day 2,5 twice per day

CC 15-49 ml/min’ At least 2 of 3 criteria:

« Age > 80 years
« Body weight < 60 kg or
« Serum creatinine > 133 pmol/l

1 CC — creatinine clearance estimated by Cockcroft-Gault formula

with CC 30-49 ml/min received rivaroxaban at a dose of
15 mg once per day [34]. Recommended doses of 0AC are
presented in Table 1.

The choice of the dose of dabigartan and apixaban in
patients with CC > 30 ml/ min takes into account several risk
factors for bleeding indicated in the instructions (Table 2). In
the absence of these recommendations for dose reduction,
it is necessary to strive for the appointment of a full dose of
drugs [2, 3].

Prescription of OAC in CKD S4. Given the recommen-
dations of drug manufacturers, patients with CC < 30 ml/min
have historically been excluded from RCTs on treatment
strategies, so there is no evidence base for prescribing
DOACs with CC < 15-29 ml/min [6]. However, according
to Russian and European recommendations, the use of
direct factor Xa inhibitors, apixaban and rivaroxaban (but
not dabigatran) at reduced doses is allowed in patients
with AF and CC 15-29 ml/min (Table 1, 2), taking into
account their pharmacokinetic properties, and relying on
the results obtained in 2 cohort controlled studies [2, 3,
35, 36]. At the same time, the US FDA approved the use of
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dabigatran at a reduced dose of 75 mg twice daily, with a CC
of 15-29 ml/min [6]. VKAs have conflicting observational
data on their efficacy and safety, ranging from an increased
risk of death in warfarin users to a clear benefit, but their use
is independent of kidney function and is not contraindicated
for the prevention of stroke and SE in CKD S&-5 [6, 32].
Prescription of OAC in CKD S5 and CKD S5(D). Accor-
ding to the latest recommendations for AF, instructions
from manufacturers of drugs registered in the Russian
Federation, the use of DOACs is not indicated for patients
with CC < 15 ml/min (CKD S5 and CKD S5(D)), that is, both for
people without dialysis and receiving chronic hemodialysis
(CHD) [2, 3]. VKAs are approved for use in patients with AF
and CKD S5/S5(D) with recommendations for individual risk
assessment; an important condition for efficacy and safety
is the patient's stay >70% of the time in the recommended
INR range. It has been noted that more severe stages of
CKD are associated with a decrease in the period of INR
stay in the therapeutic range [37, 38]. VKA can lead to
CKD/exacerbation of CKD stage as a result of recurrent
subclinical glomerular hemorrhages or accelerated tissue
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and vascular calcification [37-39]. Available information on
the efficacy and safety of VKA use in patients with AF and
CKD S5/S5(D) is conflicting, and there are no large RCTs [37].
The results of a prospective study evaluating hemorrhagic
and thrombotic risks with VKAs versus no anticoagulants
in patients with AF and CKD on CGD are pending (AVKDIAL,
NCT02886962). According to Russian clinical guidelines
2020, the decision on the need for OAC and the choice of
an anticoagulant in patients with S5/S5(D) CKD should be
made by a multidisciplinary team of specialists, taking
into account all the characteristics of the patient. If, during
warfarin therapy, INR values are often outside the target
range (TRT <70%), the possibility of prescribing DOACs
should be discussed [2]. Experts participating in the KDIGO
2016 consensus conference suggest the use of apixaban at
a reduced dose of 2.5 mg twice daily in CKD S5/S5(D) [6].
Apixaban is also licensed in some European countries for
the prevention of stroke/SE in patients with S5/S5(D) CKD
at a reduced dose of 2.5 mg twice daily [9]. The US FDA
approved the use of apixaban 5 mg twice daily (with dose
reduction if necessary) and rivaroxaban 15 mg twice daily
in CKD S5 and CKD S5(D) based on limited pharmacokinetic
and pharmacodynamic data without clinical data security [6].
Recently, the results of small RCTs have appeared, indicating
a comparable safety with warfarin for the use of apixaban
in patients with CC <15 ml/min, or who need chronic
hemodialysis.

A South Korean study published in 2023 examined
the relative safety and efficacy of DOACs versus warfarin
or no 0AC in 260 patients with AF and S4/S5(D) CKD from
the CODE-AF registry, divided into 3 equivalent group, with
a median follow-up of 24 months. [10]. Serious/clinically
significant bleeding happened less often in the DOAC group
compared to the warfarin group (RR=0.11; 95% CI 0.01-0.93;
p =0.043). There were also fewer adverse outcomes
summarizing efficacy (thromboembolic complications, death)
in the DOAC group compared to the group without OAC
(RR 0.16; 95% CI 0.03-0.91; p = 0.039) [10].

An expected prospective RCT AXADIA comparing
the efficacy and safety of apiscaban 2.5 mg twice daily
with VKA, phenprocoumon (INR 2.0-3.0) was published in
2023 involving 97 patients with CKD S5(D) out of 39 medical
centers [9]. Serious or clinically significant bleedings were
observed in 45.8% of those treated with apixaban, and
insignificantly more often in 51.0% of those treated with
phenprocoumon; RR = 0.93 (95% Cl 0.53-1.65), p = 0.157.
TEC was also non-significantly more common in those
treated with phenprocoumon than with apixaban, 30.6%
vs 20.8%, respectively (p = 0.51; logarithmic rank). There
were no significant differences in individual outcomes
when comparing apixaban with phenprocoumon (all-cause
mortality, 18.8% vs 24.5%; major bleeding, 10.4% vs 12.2%;
myocardial infarction, 4, 2% vs 6.1% respectively). Thus,
patients with AF and S5(D) CKD who receive an OAC-VKA or
DOAC are still at high risk of cardiovascular complications,
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with no significant difference (perhaps due to the small
number of participants) in safety or efficacy when using
apixaban at a dose of 2.5 mg twice daily or phenprocoumon.
The authors emphasize the need for larger studies and
the development of additional measures to reduce the very
high risk of TECs and bleedings in the chronic hemodialysis
patient population [9].

Evaluation of kidney function when using DOACs.
According to the European and Russian 2020 guidelines for
AF, the protocols of the main RCTs for evaluating the efficacy
and safety of DOACs, as well as instructions for the use of
drugs registered in the Russian Federation, the assessment
of kidney function when prescribing DOACs should be carried
out by calculating the CC [2, 3]. The most common methods
for assessing kidney function in clinical practice are creatinine
clearance calculated according to Cockcroft—Gault (CC) and
estimated glomerular filtration rate (eGFR) using the MDRD
or CKD-EPI formulas [4]. Nephrologists prefer to use eGFR
according to the CKD-EPI formula, avoiding the Cockcroft-
Gault formula, considering it to overestimate true GFR in
advanced CKD, which is in conflict with the documents
described above. It was proposed to calculate CC and
pCKD in a particular patient and use the lowest value when
choosing a dose of DOACs. However, this is not consistent
with the indication of the Russian Clinical Guidelines 2020
on AF, which read to use CC to assess kidney function and
prescribe a full dose of DOACs, if there are no additional
restrictions [2].

A recent study assessed the value of the method of
assessing kidney function when prescribing DOACs in
patients with AF and CKD for the treatment outcomes of
patients enrolled in the ORBIT-AFIl program [40]. Dosing
was considered inadequate when the use of eGFR rather
than CC resulted in lower doses (undertreatment) or
higher doses (overtreatment). The primary serious adverse
outcome was considered combined cardiovascular death,
stroke or SE, new onset heart failure and myocardial
infarction. Among 8727 patients in the total registry cohort,
there was a correspondence between CC and eGFR in
93.5-93.8% of patients. Among 2184 patients with AF and
CKD, the correspondence between CC and eGFR was noted
in 79.9-80.7% of cases. A discrepancy between CC and eGFR
was noted in 41.9% of rivaroxaban users, 5.7% of dabigatran
users, and 4.6% of apixaban users. In 1 year, patients
treated with eGFR-adjusted doses of DOACs, as undertreated
patients, had significantly more serious cardiovascular
and neurological events compared with the group treated
with CC-adjusted doses of DOACs (adjusted RR = 2.93;
95% ClI 1.08-7.92; p = 0.03). The authors point out
the importance of using the calculation of CC for the selection
of the dose of DOACs [40].

Customization of the dose of DOACs based on a different
method of determining renal function may be justified, but
requires discussion with the participation of nephrologists,
cardiologists / arrhythmologists, primary care physicians
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and, preferably, clinical pharmacologists to assess
the risk/benefit ratio in a particular patient [1].

Left atrial appendage occlusion in CKD. The left
atrial appendage (LAA) is considered the site of thrombus
formation in most AF-associated cardioembolic strokes.
LAA occlusion has emerged as an alternative to OAC for
stroke prevention in patients with AF. To date, there are
no optimal regimens for the treatment of OAC in patients
with AF and ESRD. The effectiveness of LAA occlusion in
these patients has also not been proven in prospective
RCTs until recently. This year, the results of an expected
study evaluating the safety and efficacy of LAA occlusion in
patients with ESRD were published [11]. The study included
604 patients from the German multicenter Realworld registry
who underwent LAA occlusion, including 57 patients with
S5/S5 (D) and 57 with CKD S1/S2. The composite endpoint was
the occurrence of IS or transient ischemic attack, SE, and/or
major or clinically significant bleeding. Patients with CKD S5/
S5(D) were compared with patients with CKD S1/S2. A total
of 596 endocardial and 8 epicardial LAA occlusion procedures
were performed. The incidence of serious complications was
7.0% (42/604 patients) in the total cohort, 8.8% (5/57 patients) in
patients with ESRD and 10.5% (6/57 patients) in a comparable
CKD control group S1/S2 (p = 0.75). Estimated recurrence-free
survival after 500 days was observed in 90.7 + 4.5% in patients
with ESRD and 90.2 + 5.5% in a comparable control group
(p = 0.33). Thus, the study showed that the LAA occlusion
procedure can be the method of choice for medium-high
risk of stroke in patients with CKD, including those with
contraindications to long-term use of NOACs [11].

Documented AF

Initial assessment
Anamnesis (length of AF episode),
severity of symptoms, etc.
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Treatment strategy for patients with atrial
fibrillation and chronic kidney disease

For the treatment of patients with AF and CKD, as well
as patients with AF in the general population, two alternative
therapeutic strategies are recommended: 1) rate control;
2) heart rythm control. Treatment is carried out in order to
reduce the severity of AF symptoms, improve hemodynamic
parameters, and prevent possible complications [2, 3, 6].

The strategies of "rate control” and "rhythm control” in
the treatment of patients with AF are equivalent in reducing
the risks of development and progression of heart failure,
readmissions, deaths from cardiovascular and other causes.
When choosing antiarrhythmic therapy (AAT) — the "rhythm
control" strategy, the goal is to reduce the symptoms of AF,
and not improve the prognosis of health and life. In patients
without a clear indication for rhythm control, the “rate control”
strategy should be followed by default. The indications for
choosing a rhythm control strategy in patients with CKD are
similar to those in patients in the general population [6].
"Renal” factors in favor of the "rhythm control" strategy are
presented in Fig. 2.

Frequency control. The main indication for choosing
heart rate control in CKD is the presence of a structural
heart lesion. B-blockers, veropamil/diltiazem, digoxin are
used. In CKD, water-soluble drugs should be avoided, since
they can accumulate in the body due to a decrease in renal
excretion (atenolol and sotalol), it is necessary to adjust
the dose of drugs with a mixed metabolism (bisoprolol).
In patients with CKD, it is preferable to prescribe lipophilic

Physical examination

Lab tests >

Start of long-term therapy to control rhythm in order to improve symptoms of AF |

Frequency control against rhythm +
Multidisciplinary approach including arrhythmologist

AF factors CRF factors
- Length; - expressiveness; ¢
- LA size; - connection with
- left ventricular hemodialysis; Patient’s choice

hypertrophy, ejection
fraction of left ventricle;

- proarrhythmic factors
(K, Mg), dialysis program)

- long paroxysm

- normal tolerability
of hemodialysis;

- high comorbidity;
- large size of LA

- recent onset;

- short paroxysm;
- connection with
hemodialysis;

- reversible cause;
- no comorbidity;
- small size of LA

No or minimal symptoms of
structural heart damage

R

CCis less than 20 ml/min

— 2— dose correlation for eGFR less than 30 ml/min/1.73 m?, should be avoided in patients with organic heart disease,
including LVH, severe coronary heart disease

% — should be avoided in patients with organic heart disease, including LVH, severe coronary heart disease

Y v

Coronary heart disease; valvular
defects; left ventricle pathology

| i

Patient’s choice

]

Heart failure

Patient’s choice

[

- age;
- comorbidity;
- reversible cause ilide! .
[l))orzerflellr‘ii Catheter SRR one Catheter Amiodarone Catheter
‘ (2 ablation il e ablation Dofetilide’ ablation
+ + Flecalmde3 Droneron
Propafenol Sotalol
Frequency control: Rhythm control Sotalol
- old age; - young age;
- few symptoms; - symptoms;

! — the initial dose is individualized on the basis of CC; subsequent doses are based on CC and QT; contraindicated when

4 — contraindicated when CC is less than 35 ml/min

Fig. 2. Decision-making algorithm for frequency control or rhythm control in chronic kidney disease (CKD). AF — atrial fibrillation;
LA — left atrium; CRF — chronic renal failure; LVH — left ventricular hypertrophy (Adapted from [6])
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drugs that are metabolized in the liver (such as metoprolol
and carvedilol) [2, 6].

The results of a cohort study evaluating the risk of using
digoxin in patients with CKD for the treatment of AF and heart
failure, which included a total of 31.933 patients with CKD,
showed that all-cause mortality was higher in the digoxin
group than in the non-digoxin group [41]. In cases where
medical therapy does not control the ventricular rate,
ablation of the AV junction and implantation of a pacemaker
(pacer) should be considered. However, the high incidence
of complications with transvenous access of the pacemaker
in patients on hemodialysis limits the use of this method [6].

Rhythm control. Direct current cardioversion (DCVC) is
more effective in restoring sinus rhythm than antiarrhythmic
drugs, and, unlike most antiarrhythmic drugs, does not depend
on kidney function (Fig. 2). However, the risk of AF recurrence
is higher as the stage of CKD worsens; on the other hand, CKD
patients who remain in sinus rhythm show improvement in
renal function. The use of class IA (disopyramide, quinidine), IC
(flecainide, propafenone) and class Il (dofetilide, dronedarone,
sotalol) rhythm control agents in patients with CKD is limited
in those with decreased renal clearance and structural heart
damage due to proarrhythmic risks. It remains unknown whether
or not there is more pronounced organ toxicity of amiodarone in
patients with chronic renal failure. Catheter ablation to maintain
sinus rhythm is more effective than antiarrhythmic drugs alone
in patients with CKD, as in the general population [2, 6].
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CONCLUSIONS

An increase in the number of patients with both AF and
CKD is expected, including patients with AF on hemodialysis.
The coexistence of both conditions leads to an increased
risk of both thromboembolism and hemorrhage, and which
is especially high among patients with ESRD receiving
hemodialysis. The substrate for AF is atrial cardiomyopathy,
with structural, electrophysiological, and molecular
atrial remodeling. The study of the pathogenesis of AF at
the molecular level has begun recently. Understanding
the biological pathways of the pathogenesis of AF may help
in the future to develop new approaches to the treatment
of both patients with AF and CKD, and AF in the general
population.

Currently, among patients with ESRD, the methods of TEC
prophylaxis and treatment strategies are being introduced,
and the evidence base for their use among patients with
S4/S5 CKD, including patients on hemodialysis, is being
gathered, which requires large-scale RCTs.
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