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BACKGROUND: Catheter ablation (CA) is an established method for atrial fibrillation (AF) treatment. Up to 20% of patients
with AF develop coronary artery disease (CAD) as a secondary diagnosis. The data on whether the CAD affects the efficacy of
AF ablation is contrary, while arterial hypertension is a known risk factor for AF as well as for AF recurrence after the CA.

AIM: We conducted this research to assess the AF recurrence rate and its risk factors after the primary catheter AF abla-
tion procedure in the different clinical groups including IdiopathicAF, AF concomitant to arterial hypertension (HTN) and AF
concomitant to CAD.

MATERIALS AND METHODS: Patients who underwent 451 PVI procedures performed since January 2016 to December
2017 were screened for AH, CAD and other structural heart disease. Among them 153 pts were selected for the subsequent
analysis and divided into 3 groups — IdiopathicAF, AF + AH, AF + CAD.

RESULTS: The presence of CAD (r=0.313, p <0.001), age (r=0.224, p = 0.008), CHA2DS2-VASc score (r=0.279, p=0.001),
history of Ml (r=0.240, p=0.004), LA size (r=0.204, p=0.018) were correlated with the recurrence rate. In the AF + CAD group
patients older than 65 years demonstrated dramatically lower AF-free survival rate (37.5%) in comparison to younger CAD
population (75%, log-rank p < 0.001) as well as to younger and older non-CAD patients.

CONCLUSIONS: The presence of CAD should always attract the attention of physicians before considering the AF ablation
as an option to treatment. Elderly CAD patients have the lowest ablation efficacy and the best strategy for this group (more
extensive primary ablation or conversion to the permanent AF) needs to be studied.
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IddeKTMBHOCTL KaTeTepHOU abnauum ¢pubpuanauum
npeAcepAUNA B pasNMUYHbIX KIUHMYECKUX rpynnax:
BAMAHME MLIeMUYecKoU 6onesHu cepaLa M BospacTta

M.B. F'opes', W.J1. Ypa3oscKas?

! CeMmeltHbIit aokTop, Mocksa, Poccus;

2 CeBepo-3anafHbiil rocyapcTBEHHbIA MeAULMHCKIIA YHUBepcuTeT uM. W.W. Meunmkosa, CankT-letepbypr, Poccus

O6ocHoeaHue. KatetepHas abnaums (KA) — pacnpocTpaHeHHblii MeTop, NeyeHus ¢mbpunnaumm npepcepamin (OI).
Jlo 20 % nauwenToB c @I B KayecTBe COMYTCTBYHOLLEr0 AMarHo3a UMeKT uwwemuyeckyio bonesub cepaua (MBC). JaHHble
o BmsaHuM UBC Ha adpdektnBHocTs KA npu O npotuBopeumsbl. B To e Bpems apTepuanbHas runepTeHsus (Al saensetcs
U3BeCTHbIM (akTopoM pucka @I u peunauea @I nocne KA.

Llenns — oueHKa BeposTHocTH peumnama O nocne nepeuyHoM KA B pasHbIX KIMHUYECKMX FpyNnax NaLuyeHToB, BKIKOYas
uanonatnyeckyto @I, N Ha doxe Al u O, coveTarowytocs ¢ UBC.

Mamepuanel u Memodel. Cpeay naumneHToB, KoTopbIM ¢ sHBaps 2016 1. no aekabpb 2017 r. 6binn BeinonHeHs! KA no no-
Bogy OI1, bbin npoBeaeH CKpUHUHE Ha npeaMeT AT, BC 1 apyroi cTpyKTypHOM natonorum cepaua. Maumentsl ¢ TKMI 1 kna-
MaHHOM NaToorvei, a TaKKe NauneHTbl ¢ NoBTOPHbIMM KA Bbinu ucktoueHsl. [is nocneayloliero aHanu3sa bbiiv 0Tobpatbl
153 nauueHTa 1 pasgeneHbl Ha 3 rpynnbl — uamonatuyeckas @I, O + Al, © + UBC.

Pesynemamel. Hannume UBC (r = 0,313, p < 0,001), BospacT (r = 0,224, p = 0,008), puck no CHA2DS2-VASc (r = 0,279,
p=0,001), noctuHdbapKTHbIN Kapauocknepos (r = 0,240, p = 0,004) v nepeaHe-3aaHuii pasmep JI (r = 0,204, p = 0,018) Kop-
penupoBanu ¢ puckoM peunamsa Of. B rpynne O + UBC naumenTbl cTapLue 65 NeT MeNM 3HaYUTENbHO MeHbLUYI0 I deK-
TmBHOCTb KA (37,5 %), uem 6onee Monoable naumeHTsl ¢ MIBC (75 %, norapudmuyeckuin panr p < 0,001) u naumeHnTsl 6e3 UBC.

3axmoyenue. Hannuve y naumenta MBC LOMKHO yuMTLIBATHCA NPU NPUHATAM peLueHms o BoinonHeHun KA no nosogy Of1.
Bo3pactHble naumeHTsl ¢ MBC uMetoT Habonee HU3Kyo apdekTnBHOCTL KA 1 npeanoyTUTeNtbHan TaKTMKa NneveHuns (bonee
arpeccuHas KA wnmn nepesog B noctosHHyto dpopmy @) TpebyeT usyyeHus.

KnioueBble cnoBa: CI)VIﬁpVIﬂJ'IﬂLI,VIFI npeucepumﬁ; KaTeTepHasa abnauus; M30NAUMA NEroYHbIX BEH; apTepuanbHasa
rMnepTeH3uAa; uemMnyeckas bonesHb cepaua.
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BACKGROUND

Catheter ablation is an established method for atrial
fibrillation (AF) treatment [1]. Despite the fact that it is
the most effective approach to maintain sinus rhythm [2, 3],
the postprocedural recurrence rate remains high. Better
patient selection is one of several directions (as well as
durable pulmonary vein isolation (PVI) and looking for
additional AF triggers) to improve the AF-free survival after
ablation. Up to 20% of patients with AF develop coronary
artery disease (CAD) as a secondary diagnosis [4]. The data
on whether the CAD affects the efficacy of AF ablation is
contrary [6, 7] probably due to the heterogeneity of CAD
group (individual coronary anatomy, revascularization
status, signs of ischemia, heart failure and other
comorbidities, etc.) as well as the number of concomitant
risk factors affecting the risk of AF recurrence. We believe
that the separation of AF patients into several clinical
groups could help describe their profiles better and assess
the complex interactions between the AF and CAD in
the real-world population.

AIM

This study was aimed to assess the AF recurrence
rate and its risk factors after the primary catheter AF
ablation procedure in the different clinical groups including
IdiopathicAF, AF concomitant to arterial hypertension (HTN)
and AF concomitant to CAD.

METHODS
Study design

This study was performed as a single-center retrospective
comparison.
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Population

Of 451 PVI procedures performed since January 2016 to
December 2017, 396 were primary. Two-hundred and forty
patients with known coronary anatomy (Coronary angiography
(CAG) or computed tomography-angiography (CTA))
were selected for the subsequent analysis. Patients with
hypertrophic cardiomyopathy, mitral stenosis (valvular AF)
were not included in the study.

After exclusion of the nonqualifying patients, remaining
patients (n = 153) were retrospectively enrolled into this
study and divided into three groups based on the medical
history and CTA data: IdiopathicAF group, AF + HTN group
and AF + CAD group (Fig. 1).

IdiopathicAF group (n = 32)

Diagnosis of idiopathicAF was established in AF patients
without history of arterial hypertension and coronary
atherosclerosis (CCSi = 0).

AF+HTN group (n=73)

HTN was diagnosed according to guidelines [8]. In all
patients’ medications were titrated to keep blood pressure
at the target level less than 139/89 mmHg.

All patients in this group had no signs of coronary
atherosclerosis by CAG or CT-CAG (no stenoses and CCSi =0).

AF+CAD group (n = 48)

CAD was diagnosed in patients with at least one of
the following:

+ significant (> 50%) coronary artery stenosis revealed

by the CAG or CTA,

« history of percutaneous coronary intervention or

coronary bypass surgery before primary ablation.

All patients signed informed consent for the personal
data processing during their hospitalization for primary
ablation procedure.

Clinical and demographic data are presented in Table 1.

Fig. 1. Study groups selection work-flow
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Table 1. Demographic, echocardiography and intraprocedural data
Parameter IdiopathicAF AF + HTN AF + CAD
(n=32) (n=72) (n = 48) P
Male sex, n (%) 22 (68.8) 28 (38.4) 30 (62.5) ;:g ~ ggg;‘
Age, yrs 48.6 £11.9 59.6£9.2 6669 <0.001
HTN, n (%) 0 72 (100%) 48 (100%) -
DM, n (%) 13.1) 5 (6.8) 11229 ;:g 3 ggg?
MI, n (%) - - 19 (39.6) -
Revascularization, n (%) - - 20 (42) -
CHA2DS2-VASc score 03+0.7 23+1.2 37+13 < 0.001
Rivaroxaban, n (%) 9(45) 26(60) 18(69)
. . Apixaban, n (%) 3(15) 7(16) 0(0)
Anticoagulation ,
Dabigatran, n (%) 6(30) 10(23) 5(19)
Warfarin, n (%) 2(10) 0(0) 3(12)
History of stroke, n (%) 0 4(1.1) 9 (22.5) 0.044
Paroxysmal AF, n (%) 25 (78.1) 62 (84.9) 44 (91.7) ns
LV EF, % 644523 62345 612574 }:g - gggg
1-2 - 0.004
LA diameter, mm 394+ 40 42 + 4.4 443+ 4.8 1-3<0.001
2-3-0.011
Degree of MR 0.8+0.6 11£06 12+06 }:g B gg[g
CTI ablation, n (%) 6(18.8) 18 (25) 23 (47.9) 12__33__0600015
Energy used for PVI, n (%) RFA 19 (59.4) 55 (76.4) 38(79.2) "
CBA CBA 13 (40.6) 17 (23.6) 10 (20.8)

Note: AF — atrial fibrillation, HTN — arterial hypertension, CAD — coronary artery disease, Ml — myocardial infarction, LV EF — left ventricular ejection

fraction, LA — left atrium, MR — mitral regurgitation, CTl — cava-tricuspid isthmus, RFA — radiofrequency ablation, CBA — cryo-balloon ablation.

Catheter ablation procedure

Left atrial (LA) and pulmonary venous CTA was performed
in all patients to assess the individual anatomy and exclude
LA thrombosis. In some patients a transesophageal
echocardiography was used to exclude LA thrombi (on
condition CTA was performed more than 48 hours earlier
than ablation procedure) or to assist transseptal puncture.
Right femoral and right jugular (or left subclavian) venous
access were used to insert diagnostic and ablation catheters.
Transseptal access was performed under the fluoroscopy
guidance and the direct LA angiography was done while
pacing the ventricles at 200 bpm.

Different energy modalities were used to isolate PVs.
Radiofrequency ablation (RFA) was used in 112 pts (73.2%)
and cryoballoon ablation (CBA) — in 41 pt (26.8%) (Table 1).
During RFA procedures a “single puncture — double access”
approach was used. Multipolar circular diagnostic catheter
Lasso 2515 (Biosense Webster, USA) was introduced into

D0l https://doiorg/10.17816/cardar305725

the LA through the transseptal sheath SRO or SLO (Abbott,
USA). In the majority of cases RFA was performed under
the fluoroscopy guidance using an open-irrigated ablation
catheter Thermocool EZsteer (Biosense Webster, USA)
consecutively in the RSPV, RIPV, LSPV and LIPV. If non-
fluoroscopy mapping system Carto 3 (Biosense Webster,
USA) was used, the wide antral isolation of the right and then
left PVs was performed by Thermocool SF Nav (Biosense
Webster, USA) or Thermocool SmartTouch catheters
(Biosense Webster, USA). Contact force technology as well as
Ablation index and CLOSE protocol, were not routinely used in
patients enrolled in this study. Entrance and exit block were
checked and achieved at the end of procedure in all patients.

Cryoballoon ablation was performed using Arctic Front
Advance (Medtronic, USA) cryoballoon catheters. Single
240 sec application was performed consecutively in LSPV,
LIPV, RIPV and RSPV. Entrance and/or exit block were checked
after the cryoapplication in each vein using circular multipolar
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diagnostic catheter Achieve 20 mm (Medtronic, USA). Phrenic
nerve was paced from the SVC at cycle 1000-2000 ms and
voltage of 15 V during right PV cryoablation.

If isthmus-dependent atrial flutter was diagnosed prior
to or induced during the procedure, the linear RF ablation
in the cava-tricuspid isthmus was performed, and bi-
directional conduction block was confirmed at the end of
procedure.

Follow up

To collect the data on arrhythmia recurrence, patients on
antiarrhythmic therapy were interviewed by phone, the query
included the following questions:

1. Do you have episodes of palpitations after the ablation
procedure?

2. What time after the ablation were you diagnosed with
AF recurrence?

3. Has AF transformed to a permanent form?

4. If AF was paroxysmal, how often did the paroxysms
happen?

5. How many AF-related admissions did you have after
the ablation procedure?

6. What AAD/dosage are you taking now?

Mean follow up duration at the time of the call was similar
in the IdiopathicAF group (27.0 mos) and the AF + HTN group
(29.1 mos, p = 0.47), while in the AF + CAD group it was
significantly shorter (23.5 mos, pAF + CADvsldiopathicAF —
0.011, pAF + CADvs.AF + HTN < 0.001).

AF recurrence definition

Postablation recurrence was diagnosed if sustained AF
episode was registered by the standard surface 12-lead ECG
tracing or during ECG monitoring.

Antiarrhythmic therapy after ablation

Antiarrhythmic drugs were prescribed to all patients for
at least 3 months post ablation period. The decision whether

Table 2. Antiarrhythmic therapy in 2-years follow up
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to continue therapy, to change the drug or to discontinue its
use after 3 months was made by primary care physician.
As shown at the Table 2, at the moment of the phone call
70.5% in IdiopathicAF group, 42.3% in AF + HTN group and
45.4% in AF + CAD group were off Class 1 and 3 antiarrhythmic
drugs (p > 0.05).

Statistical analysis

Statistical analysis was performed using licensed SPSS
Statistics version 26.0 (IBM, USA) software.

Distribution normality test for continuous and categorical
parameters was performed using Kolmogorov-Smirnoff test.
Descriptive statistics were presented as a mean value and
a standard deviation. Nominal variables were described as
a number of cases and a valid percent.

Differences between two groups by quantitative
parameters were analyzed using Student’s t-test or Mann —
Whitney test depending on the normality of distribution. Three
and more groups were compared using Kruscall — Wallis
criterion or ANOVA.

Comparison of categorial data was performed using Fisher's
exact test or Chi-square criterion. To compare 3 and more
groups we performed Pearson’s Chi-square Post-Hoc analysis.

Kaplan — Meier analysis was used to compare the efficacy.
The difference was assessed by log rank test.

Correlations between the risk factors and recurrence
were assessed using Spearmen method.

Prognostic model was used to assess the dependence
of AF recurrence rate on the studied risk factors. Wald test
was used to test the significance of individual coefficients in
the model, and the factor with coefficient having the lowest
probability of being non-zero is excluded on each step.
AF recurrence probability was calculated using formula
p=1/(1+¢e?.

The differences in all tests were considered statistically
significant when p-value was below 0.05.

Antiarrhythmic drug IdiopahicAF AF + HTN AF + CAD

Off AAD (none+beta-blocker) 70.5% 42.3% 45.0%

None 47% 23.1% 21.2%

Beta-blocker 23.5% 19.2% 24.2%
Lappaconitine hydrobromide 5.9% 1.7% 9.1%
Propafenone 5.9% 1.7% 0
Flecainide 0 1.9% 0
Sotalol 17.6 32.7% 39.6%
Sotalol + Lappaconitine hydrobromide 0 5.7% 0
Amiodarone 0 1.9% 6.1%

Note: Overall difference between groups was not statistically significant (p-value — ns)

D0l https://doiorg/10.17816/cardar305725
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IdiopahicAF 83.3%
79.1%
AF + HTN
pi,=0.616 50%
pi_;=0.008 AF + CAD
Pyy = 0.002

12 15 18 21 24

Time to recurrence, months

IdiopahicAF | 24 | 24 | 24 | 24|22 22 |21 | 21 | 21
AF+HTIN | 67 | 67 | 65 | 62| 60 | 58 | 57 | 54 | 53
AF+CAD | 48 | 48 | 46 |42 [ 41| 35 | 33| 30 | 27

Fig. 2. Caplan — Meyer analysis of the AF recurrence over 2 years after ablation in different clinical groups

1.0
non CAD < 65 years
79.1%
0.8 AF + HTN
= pi,=0616 AF + CAD > 65 years 75%
) pi_s = 0.469
506 p_, = 0.001
2 P,_3 = 0.660
[}
g P, =0.000 AF + CAD < 65 years  37.5%
L p,, =0.039
<C
0.2
0
0 3 6 9 12 15 18 21 24
Time to recurrence, months
IdiopahicAF 24 24 24 24 22 22 21 21 21
AF + HTN 67 67 65 62 60 58 57 54 53
AF + CAD 16 16 14 14 14 13 12 12 12
AF + CAD > 65 years| 32 32 32 28 27 22 21 18 15

Fig. 3. Caplan — Meyer analysis of the AF recurrence over 2 years after ablation in different clinical groups depending of age. CAD patients

older than 65 years demonstrated worst AF-free survival

RESULTS

Recurrence rate in different clinical groups

As shown at the Figure 2, the patients in AF + CAD group
demonstrated significantly lower efficacy than in other clinical
groups: 50% vs 83.3% (IdiopathicAF, log-rank p = 0.008) and
79.1% (AF + HTN, log-rank p = 0.002). The recurrence rate
in the AF + HTN group did not differ from IdiopathicAF group
(log-rank p = 0.616).

D0l https://doiorg/10.17816/cardar305725

Risk factors affecting the recurrence rate

The presence of CAD (r=0.313, p <0.001), age (r=0.224,
p=0.008), CHA2DS2-VASc score (r=0.279, p=0.001), history
of Ml (r=10.240, p = 0.004), LA size (r=0.204, p=0.018) were
correlated with the recurrence rate. These weak correlations
were confirmed by significant differences which were found
during paired comparisons of subgroups of patients with vs
without recurrence by these factors.
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Table 3. Logistic regression sequence
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Risk factors | B-coefficient p-value
CAD 0.669 0.234
Age 0.023 0.442
CHADS-VASc score 0.184 0.350
Step | History of MI 0.427 0.500
LA size 0.057 0.211
Constant -5.468 0.037
CAD 0.864 0.072
Age 0.022 0.453
Step 2 CHADS-VASc score 0.177 0.368
LA size 0.054 0.231
Constant -5.305 0.042
CAD 0.887 0.065
CHADS-VASc score 0.268 0.087
Step 3 LA size 0.051 0.259
Constant -4.017 0.034
CAD 0.964 0.043
Step 4 CHADS-VASc score 0.293 0.059
Constant -1.948 0.000
Table 4. Subgroup analysis of AF recurrence risk factors inside the CAD group
Risk factor Younger 65 years (n = 16) 65 years and older (n = 32) p-value
Age, years 58.7 £4.9 69.7+4.2 <0.001
Male sex, n (%) 14 (87.5) 16 (50) 0.013
LA size, mm 45.6 + 4.7 437 + 4.7 < 0.001
CHA2DS2-VASc score 2711 425+ 1.1 0.0
AF history duration, Me (25; 75) 59.4 (14.5; 90) 43.5(12; 66) 0.001

Note: AF — atrial fibrillation, CAD — coronary artery disease, LA — left atrium

Logistic regression

All factors, correlating with the recurrence rate, showed
a low correlation level (less than 0.3) and lost its effects after
their inclusion into the regression model. Beta-coefficients
and p-values for every separate risk factor at each step of
binary regression are presented in the Table 3. At the final
step the presence of CAD stayed the only statistically
significant risk factor.

The final formula of binary logistic regression model
looked like this:

p=1/(1+¢e?-100%,

where z = —1.948 + 0.964 - CAD, p — probability of AF
recurrence, CAD — presence of CAD (0 — no CAD,
1 — CAD), were statistically significant (p-0,001) and

D0l https://doiorg/10.17816/cardar305725

the model had specificity of 87.1%, sensitivity of 31.7% and
diagnostic efficiency of 70.1%.

CAD and age interactions

Then we performed the search on the factors decreasing
the AF ablation efficacy in the AF + CAD group. To achieve
this goal we consecutively divided AF + CAD group into two
subgroups based on different parameters (male vs female,
paroxysmal AF vs persistent AF, DM vs no DM, LA < 40 mm
vs LA > 40 mm, LA < 45 mm vs LA > 45 mm, age < 60 years
vs age > 60 years, etc).

The age group over 65 years was the only significant risk
factor for AF recurrence.

In the AF + CAD group older patients demonstrated
dramatically lower AF-free survival rate (37.5%) in comparison
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to younger CAD population (75%, log-rank p < 0.001) as well
as to younger and older non-CAD patients (Fig. 3).

Risk factors for AF recurrence in CAD patients
older than 65 years

Older CAD patients differed from younger CAD population
by several significant parameters (Table 4). But none of these
factors was an independent predictor of AF recurrence in
the regression analysis.

DISCUSSION

Our results support the opinion that in patients with CAD
the results of AF ablation are worse than in those without CAD.
This could be explained by the effect of CAD itself as well as
by the complex action of several risk factors, which are more
common in CAD population. All these factors (age, LA size,
history of MI, presence of DM and HTN etc.) were found to be
insignificant after the adjustment of the presence of CAD.

Data on whether the CAD affects the AF ablation results
are contradictory. The retrospective analysis of the Leipzig
registry did not find the difference between CAD and non-CAD
populations [7]. Similar data are presented by L. Liu at al. in
their study [9]. Alternatively in papers by R. Winkle at al. the CAD
was described as one of the risk factors for AF recurrence
and was used for CAAP-AF score [6; 10]. These discrepancies
between studies could be explained by the different inclusion
criteria and arrhythmia recurrence definition.

Subsequent analysis of the same risk factors inside
the AF + CAD group showed the dramatic decrease in AF-free
survival in patients older than 65 years while in IdiopathicAF
and AF + HTN groups no correlation between the age and AF
recurrence was found.

It is well known that the aging plays an important role
in the pathogenesis of AF, as it promotes the atrial fibrosis,
dilatation and atrial cardiopathy [11, 12]. In most studies
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