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Objective

The search for predictors of severe (>35 %) left atrial (LA) fibrosis in patients (pts) with nonvalvular
atrial fibrillation (AF) directed for catheter ablation (CA).

Materials and Methods

69 pts with nonvalvular AF (57 paroxismal and 12 persistent) aged from 32 to 69 years (mean age
57.1±8.4, 28 females) were included in the study, among them 59 pts (86 %) with arterial hypertension
(AH), 24 (34.8 %) – with AH and CAD. Complete physical study, laboratory tests (including
NT-proBNP level), comprehensive echocardiography were performed. As a surrogate substrate
of LA fibrosis, the area of low-voltage (<0.5 mV) zones in LA was estimated in the process of voltage
electroanatomic mapping, as the first stage of CA. The total square of LA fibrosis in absolute values
(Sf, cm2) and in percent of total LA square (Sf%), as well as the degree of fibrosis: degree I – <5 %,
II – 5–19 %, III – 20–35 %, IV – >35 % were calculated. Degree IV of fibrosis was considered as severe
fibrosis.

Results

Extent of fibrosis didn’t depend on sex, age, body weight, presence of diabetes, CHA2DS2VASc scores,
duration of AF history. There was a tendency to smaller Sf in pts with spontaneous termination of AF
compared to those who required cardioversion: 7.2 cm2 (4.4; 17.1) and 12.6 cm2 (4.2; 30.5), respectively
(p=0.069). Although NT-proBNP level was normal in 62% of pts (<125 pg/ml), it was higher in Sf%
≥20% than in Sf% <5%: 146.0 (48.0; 276.0) and 42.8 (24.2; 91.0) pg/ml, respectively (p=0.0216). The
distribution of pts by left ventricular (LV) geometry types was as follows: normal geometry (t.1) – 34,
concentric remodeling (t.2) – 16, concentric LV hypertrophy (t.3) – 8, eccentric LV hypertrophy (t.4) – 11.
Compared to pts with t. 1 (reference level), pts with t.3 and t.4 had higher LA volume and LV myocardial
mass index, and pts with t.4 had larger end-diastolic LV volume and lower LV ejection fraction. Pts with
t.4 tended to have higher Sf% than t.1: 31.1 (10.2; 46.2) and 11.2 (5.1; 28.0), respectively (p=0.053).
Using logistic regression 3 independent predictors of LA severe fibrosis were detected: type 4 geometry of
LV – OR=8.893 (95% CI 1.150; 68.78), NT-proBNP >128 pg/ml – OR=6.184 (1.01; 37.99), LA volume
index >34 ml/m2 – OR=5.92 (1.05; 33.38). According to ROC analysis, the area of the curve AUC = 0.839
(p<0.001), model specificity – 85.1%, sensitivity – 70.0%, predictive accuracy – 82.5%.

Conclusion

In pts with nonvalvular AF predictors of severe (>35 %) LA fibrosis were LV geometry type in the form
of eccentric LV hypertrophy, LA volume index >34 ml / m2 and NT-proBNP >128 pg / ml.
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E

xtensive information obtained in clinical and inter
ventional studies confirmed that fibrosis of left atrium
(LA) is a critical factor for atrial fibrillation (AF) drivers [1].
The synergetic activity of pathological factors such as fibrosis,
changes in wall thickness and orientation of the muscle
fibers, anisotropy, and electrical remodeling results in the
unique characteristics of atrial tissue that contribute to the
formation of AF driver [2]. It was proved that more stable
forms of AF are associated with more severe fibrosis [3].
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Late gadolinium enhancement cardiac magnetic
resonance imaging (MRI) is the most commonly used
technique to assess fibrosis [4, 5]. The DECAAF study sho
wed that the degree of fibrosis, as determined by delayed
contrast-enhanced MRI, is the most significant predictor
of ablation efficacy [6]. It was also established that LA
fibrosis could be visualized using electroanatomical vol
tage mapping (EAM). This technique allows assessing
atrial fibrous tissue through the detection of a low voltage
47
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(< 0.5 mV) signal [7, 8]. Although neither technique is a
gold standard, a close correlation between the MRI and
EAM results was shown [9, 10].
There is evidence that the efficacy of catheter ablation
(CA) in AF depends on the severity of LA fibrosis [11, 12],
which is why trying to predict LA fibrosis size through the
non-invasive techniques before CA is extremely important,
as it allows choosing a patient with an estimated high
efficacy of CA or, on the contrary, deciding in favor of
conservative if the expected efficacy of CA is low [13].
The objective of the study was to identify predictors
of severe LA fibrosis in patients with nonvalvular AF
referred for CA.

Materials and Methods

The pilot study included 69 patients (28 females,
41 males) with nonvalvular AF, at the age of 32 to 69 years
old (mean 57,1 ± 8,4 years old) hospitalized for primary
CA due to AF in Tyumen Cardiology Research Center.
Inclusion criteria: individuals of both gender at the age
of 21 to 70 years old inclusive with paroxysmal or persistent
AF of nonvalvular etiology and indications for primary CA
due to AF as to the Consensus Statement on Catheter and
Surgical Ablation of Atrial Fibrillation [14].
Exclusion criteria: individuals younger than 21 and
older than 70 years old with rheumatic valvular heart
disease or mechanical heart valve prostheses, without
indications for CA due to AF or contraindications to this
procedure (a thrombus in the LA cavity identified by
transesophageal echocardiography, acute or exacerbation
of chronic inflammatory diseases, no remission in the case
of cancer) [14].
The study was performed under the Declaration of
Helsinki, the study protocol approved by the facility’s
local ethics committee. Informed consent was obtained
from all subjects. Source of financing: Tyumen Cardiology
Research Center, Tomsk National Research Medical
Center of RAS, Tomsk, Russia
Clinical characteristics of patients are provided in
Table 1. 82.6 % of patients had the paroxysmal form of
AF, 8 (11.6 %) patients had an isolated form. Forty-five
patients (65.2 %) with the preserved systolic function of
LV presented with signs of chronic heart failure (CHF),
predominantly of functional classes (FC) I and II.
Drug therapy included oral anticoagulants (OACs),
antiarrhythmic drugs (AADs), and background therapy
of the underlying disease. OACs were administered in all
patients at the outpatient stage before being admitted to
the hospital and within the hospitalization period and
continued even during the catheter ablation. The OACs
were distributed as follows: dabigatran – 22 patients,
rivaroxaban – 20, apixaban – 15, warfarin (the target level
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of international normalized ratio (INR) to be maintained
at 2.0 to 3.0) – 12 patients. The antiarrhythmic therapy
included amiodarone in 10 patients, propanorm – 15,
sotalol – 17, allapinin – 4, beta-blockers in 21 patients.
Two patients did not receive the AADs. As the background
therapy, ACE inhibitors were administered in 20 patients,
sartans – 34, diuretics – 22, statins – 50, calcium antago
nists – 8 patients.
All patients underwent before surgery the following
examinations: standard 12‑lead electrocardiography
(ECG), transthoracic echocardiography with a detailed
assessment of the structural and functional state of the
heart, and laboratory blood tests. Endocardial bipolar
voltage mapping of LA was performed as an initial stage of
the catheter isolation of the pulmonary vein (PV) mouths.
Transthoracic echocardiography included the asses
sment of sizes and volumes of the cardiac chambers
[15] and systolic and diastolic LV functions under the
current recommendations of the American Society
of Echocardiography and the European Association
of Cardiovascular Imaging [16]. The examinations were
performed by one investigator who used the Vivid E9
scanner, the data were saved, and indicators averaged for
three consecutive cardiac cycles were calculated. The type
Table 1. Clinical characteristics of the examined patients
Parameter

Value

Age, years

57.1±8.4

Female, n (%)

28 (40.6)

AH, n (%)
• stage 1, n
• stage 2, n
• stage 3, n

59 (86)
6
29
24

CAD, n (%)
including CAD combined with AH, n
History of MI, n

26 (37.7)
24
2

CHF, n (%)
• FC I, n
• FC II, n
• FC III, n

45 (65.2)
25
18
2

AF pattern
• Paroxysmal, n (%)
• Persistent, n (%)

57 (82.6)
12 (17.4)

Isolated AF, n (%)

8 (11.6)

Duration of AF history
• less than 1 year, n
• 1 to 3 years, n
• more than 3 years, n

7
22
40

Mean CHA2 DS2-VASc score, points
• > 0 point, n
• > 1 point, n
• ≥ 2 points, n

1.9
7
22
40

CAD, coronary artery disease; MI, myocardial infarction; CHF,
chronic heart failure; FC, functional class; AF, atrial fibrillation.
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of LV geometry was determined by the calculations LV
mass index (LVMI) and relative wall thickness (RWT)
LV [15]. LV RWT is calculated by the following formula:
2 x LV posterior wall thickness (mm) / LV end-diastolic
diameter (mm). The following types of LV geometry were
distinguished: type 1 (normal cardiac geometry): normal
LVMI (≤95 g / m2 in females and <115 g / m2 in males)
and RWT ≤0,42; type 2 (concentric remodeling): normal
LVMI and RWT >0.42; type 3 (concentric hypertrophy):
increased LVMI (>95g / m2 in females and >115 g / m2
in males) and RWT >0.42; type 4 (eccentric hypertrophy):
increased LVMI and RWT ≤ 0,42.
LA EAM was carried out as a first stage of the primary
radiofrequency isolation of PV orifices. The 3D-navigation
system Carto 3, the mapping ablation electrode Thermo
cool Smart Touch, and / or the multi-pole circular mapping
electrode Lasso NAV were used. Bipolar mapping was
mainly automatic using the mapping module Confidence
module or manual by the point-by-point method. The
voltage map of changes LA was analyzed after surgery
by an experienced electrophysiologist. Regions of low
voltage were identified at the bipolar signal amplitude
<0.5 mV [13].
Fibrosis sizes were calculated using the Area
Measurement module followed by automatic calculation
of the area of LA fibrosis; areas of the mitral valve and
the PV orifices were excluded from the calculation. The
following parameters were calculated: total area of LA
fibrosis (Sf, cm2, by summing up the individual zones),
Sf (%) – the percentage of fibrosis in the total area of LA,
the degree of fibrosis as by the UTAH score: degree I –
<5 %, II – 5–19 %, III – 20–35 %, IV – >35 % [4]. Fibrosis
degree IV was used as a criterion of significant fibrosis.
The laboratory tests included complete blood count,
blood chemistry, including serum creatinine, followed by
the calculation of glomerular filtration rate, N-terminal probrain natriuretic peptide levels – NT-proBNP (pg / mL), in
sulin (µIU / L).
When the signs of CFH were identified, a 6‑minute
walk test was performed to clarify the functional class.
Statistical analysis was carried the using Statistica 12.0
and SPSS 21.0 software packages. The distribution of
continuous variables was evaluated with the KolmogorovSmirnov test. In the normal distribution, data were
presented as the mean and standard deviation (M ± SD).
If the variables were not normally distributed, the data
were presented as the median and interquartile range, Me
[25 %; 75 %]. Depending on the distribution, the values
in two independent groups were compared using the
Student’s t-test or Mann-Whitney U-test, when three or
more independent groups were compared using ANOVA
or the Kruskal-Wallis test and the multiple-comparison
ISSN 0022-9040. Kardiologiia. 2020;60(2). DOI: 10.18087/cardio.2020.2.n850

approach. The quality indicators were compared using
the chi-squared test and the Fisher’s exact test. The
correlations between pairs of quantitative parameters
were estimated using the nonparametric Spearman’s rank
correlation coefficient. The method of logistic regression
was used to search for predictors of fibrosis and build the
model. The quality and efficacy of the model were assessed
using the ROC-analysis. The results were estimated as
significant at p < 0,05.

Results

In the assessment of fibrosis severity, total area Sf varied
from 0 cm2 to 89.8 cm2, median – 9.15 [4.2; 24.9] cm2.
The relative area of fibrosis Sf ranged from 0 % to 95.6 %,
median – 13.8 [5.3; 34.3] %. Patients were distributed
by the degrees of fibrosis as follows: degree I (< 5 %) –
14 patients, II (5–19 %) – 24 patients, III (2035 %) –
16 patients, IV (> 35 %) – 15 patients.
The comparative analysis between the groups of patients
with fibrosis of varying degrees revealed no significant
differences in such parameters as gender, age, body mass
index, diabetes status, chronic kidney disease, and anemia.
There was a trend towards less severe fibrosis in patients
with spontaneous reversal of fibrillation as compared with
those who required electric or drug cardioversion to stop
arrhythmia: Sf 7.2 [4.4; 17.1] cm2 and 12.6 [4.2; 30.5] cm2,
respectively (p = 0,069), and Sf% 11.9 [5.2; 27.9] % and
27.2 [6.8; 38.1] %, respectively (p = 0,086).
The Spearman analysis showed no significant correlation
between the size of fibrosis and CHA2DS2‑VASc score,
CHF FC and duration of AF history. NT-proBNP levels
were within the normal range (< 125 pg / mL) in 62 % of
patients. Nevertheless, and despite the lack of a significant
correlation between the size fibrosis and CHF FC, patients
with Sf% > 20 % had higher levels of NT-proBNP than
patients with Sf% < 5 %: 146.0 [48.0; 276.0] pg / mL and
42.8 [24.2; 91.0] pg / mL, respectively (p = 0,0216).
The relationship between the size of fibrosis and
echocardiographic parameters was studied: fibrosis area
Sf was significantly directly correlated with LA diameter
index (R = 0.47; p < 0.05), end-diastolic volume of LA (R
= 0.44; p < 0.05), LVMI (R = 0.35; p < 0.05), end-systolic
size of LV (R = 0.26; p < 0,05), and negatively correlated
with ejection fraction (EF) of LV (R = –0.27; p < 0.05).
Systolic pulmonary artery pressure (sPAP) increased
with higher degree of LA fibrosis: sPAP in patients with
fibrosis degree IV (28.07 ± 6.96 mm Hg) was higher than
in patient with fibrosis degree I and II: 23.14 ± 3.74 mm
Hg (p = 0.0114) and 22.04 ± 5.54 mm Hg (p = 0,0057),
respectively.
As there are no significant differences in most of
the determined parameters of LV diastolic function in
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LVMM index, g/m2
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patients with LA fibrosis of varying degrees, their detailed Figure 1. Comparison of echocardiographic
presentation is unreasonable. As for LA volume index as parameters with different types of LV remodeling
one of the main criteria of diastolic dysfunction in normal
140
80
*
LVEF, significant differences were found between the
70
*
120
*
60
groups of patients with LA fibrosis degrees IV and I: 34.75
100
50
80
± 10.04 mL / m2 and 26,49 ± 7,39 mL / m2, respectively (p
40
2
60
= 0,0462). LA volume index > 34 mL / m is known to be
30
40
20
one of four main criteria of the diagnosis of LV diastolic
20
10
dysfunction with preserved EF [16].
0
0
Patients are distributed by the types of LV geometry
Type of LV remodeling
Type of LV remodeling
as follows: 34 patients had regular cardiac geometry, 16 –
160
70
concentric remodeling, 8 – concentric LV hypertrophy,
140
***
68
120
and 11 – eccentric hypertrophy of LV. The results of
66
***
100
the comparison of the echocardiography parameters of
54
80
62
#
patients with different types of remodeling and regular LV
60
60
40
geometry are shown in Figure 1 (values of patients with
58
20
regular geometry were used as reference). Patients with
56
0
Type of LV remodeling
Type of LV remodeling
concentric (type 3) and eccentric (type 4) hypertrophy
differed by higher volumes of LA and LVMI. Patients
Legend
Type 1
Type 2
Type 3
Type 4
Type of LV remodeling:
with eccentric hypertrophy had additional differences,
such as the larger end-diastolic volume of LV and lower
LVEF. Thus, a trend toward the decrease in LV systolic
Type 1 – normal geometry of LV; type 2 – concentric
remodeling of LV; type 3 – concentric hypertrophy of LV;
was observed in patients with eccentric LV hypertrophy,
type 4 – eccentric hypertrophy of LV. EF, ejection fraction;
unlike in patients with regular LV geometry.
LV, left ventricle; LVMM, left ventricular myocardial mass;
When the sizes of fibrosis were compared in patients
LVEDV, left ventricular end-diastolic volume.
Significance of differences versus type 1:
with different types of cardiac geometry, a significant
* p <0,05; ** p <0,01; *** p <0,001; # p <0,1.
trend toward a larger area of fibrosis Sf% was observed in
patients with eccentric LV hypertrophy as compared with
the regular LV geometry: 31.2 [10.2; 46.2] cm2 and 11.2
The regression equation for the calculation of the pro
[5.1; 28.0] cm2, respectively (p = 0,053; Figure 2.); Sf% bability of fibrosis > 35 % can be as follows:
didn’t differ significantly between patients with concentric
remodeling and concentric hypertrophy and patients with
F= –5,54+2,158 х eccentric hypertrophy
2
regular geometry: 12.7 [0.8; 33.4] cm and 24.0 [11.7;
1,822 х NT-proBNP >128 pg / mL +
1,778 х LA volume index >34,0 mL / m2
45.5] cm2, respectively.
The next stage was the search for predictors of severe
LA fibrosis, as an arbitrary criterion of which fibrosis
The probability of LA fibrosis > 35 % can be calculated
degree IV was chosen (i.e., >35 % of the total area of LA). after applying the logit transformation of the resulting
Potential predictors considered were the parameters linear regression equation:
showing significant difference (p <0,05) or trend toward
Р = 1 / (1+е (- F)),
significant differences (p <0,1) between the patient groups
with and without LA fibrosis >35 % (Table 2).
where P is the probability of the event; e is the
The logistic regression was used to search for the mathematical constant equal to 2.718; F is the value of the
independent predictors of severe fibrosis. LA fibrosis regression equation.
of > 35 % was used as the dependent variable. The listed
The cut-off value for the LA fibrosis > 35 %, is 0.15.
parameters (see Table 2) were used as potential predictors.
The ROC-analysis was used to estimate the quality of
The cut-off values of the individual parameters were found the resulting model (Figure 3): AUC = 0,839 (p < 0.0001),
using the ROC-analysis, which allowed a variable to be specificity of the model is 85.1 %, sensitivity – 70.0 %,
presented in binary form. Eventually, it increased the prognostic accuracy – 82.5 %: prognostic accuracy of the
significance and quality of the model and made it more positive test result is 50 %, prognostic accuracy of the
convenient to use. These cut-off points were NT-proBNP > negative test result – 93.0 %.
128 pg / mL and LA volume index > 34 mL / m2. The results
Thus, this study made it possible to build a mathe
matical model allowing to predict, with a high probability
of the logistic regression analysis are provided in Table 3.
LVEF, %
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Figure 2. Comparison of the area of LA fibrosis
(Sf%) in patients with different types of LV geometry

Discussion

It has been established that radiofrequency CA is a
successful treatment technique in many patients with
100
AF. However, approximately ⅓ of patients suffer postsurgery AF recurrences even after several procedures [14,
80
17]. With stable AF, the recurrence rate reaches 50 % [18].
60
Therefore one of the ways to increase the efficacy of this
treatment method may be to improve the selection of
40
candidates for CA surgery.
Since fibrosis is associated with stable AF and
20
recurrences of AF after ablation [19], assessment of LA
fibrosis
before surgery may help to select patients for
0
successful primary or repeat procedure.
A recent prospective cohort study [13] has revealed
–20
1
2
3
4
that the size of low-voltage regions exceeding 30 % of the
LA area is a powerful predictor of recurrence within the
first year after primary CA. In this connection, fibrosis
Types of remodeling:
1 – regular geometry, 2 – concentric remodeling,
degree IV was (i.e., > 35 %) was chosen as a criterion of
3 – concentric hypertrophy,
significant fibrosis, which was clearly associated with the
4 – eccentric hypertrophy of LV.
expected low efficacy of planned surgery.
LA – left atrium; LV – left ventricle.
The development of AF is known to be associated with
* p = 0,053 between geometry types 1 and 4.
remodeling and dilation of LA and remodeling of LV [20].
(82.5 %) and using available noninvasive parameters, However, the association between a particular type of LV
whether patients with nonvalvular AF have severe (>35 %) geometry, dilatation of LA, and the development of AF
LA fibrosis, which is essential to choose the optimal is still understudied. A recent retrospective analysis of
4,444 patients showed that the incidence of AF depends
management.
% of LA fibrosis area

§

Table 2. Results of comparative analysis of the parameters depending on the presence or absence of severe LA fibrosis
Degree
Degree
of LA fibrosis >35%
p
of LA fibrosis <35%
(n = 16)
(n = 53)
sPAP, mm Hg
23.0±5.0
28.0±7.0
0.005
RA volume index, mL/m2
23.2±7.4
28.0±8.4
0.035
Eccentric hypertrophy of LV, n (%)
6 (11.3)
5 (31.3)
0.056
Normal geometry, n (%)
30 (56.7)
4 (25.0)
0.044
LVEF, %
67±5
61±7
0.002
NT-proBNP, pg/mL
70.8 [28.8; 148.5]
154.0 [113.5; 390.5]
0.012
LA volume index, mL/m2
29.5±7.8
35.4±10.1
0.019
2
LVMI, kg/m
91.3±21.4
103.8±17.3
0.007
Serum insulin, µIU/L
13.5±10.3
7.8±4.4
0.038
sPAP, pulmonary artery systolic pressure; RA, right atrium; LV, left ventricle; EF, ejection fraction; NT-proBNP, N-terminal pro-brain
natriuretic peptide; LA, left atrium; LVMI, left ventricular mass index.
Parameter

Table 3. Results of the logistic regression analysis to predict severe LA fibrosis
Predictors

В

Wald test

p

OR

95 % CI

Eccentric hypertrophy of LV
(0 – no, 1 – yes)

2.185

4.384

0.036

8.893

1.150–68.775

NT-proBNP > 128 pg/mL
(0 – no, 1 – yes)

1.822

3.868

0.049

6.184

1.006–37.999

LA volume index > 34 mL/m2
(0 – no, 1 – yes)

1.778

4.061

0.044

5.920

1.050–33.383

Constant

–5.540

11.416

0.001

0.004

–

LA, left atrium; OR, odds ratio; CI, confidence interval; LV, left ventricle; NT-proBNP, N-terminal pro-brain natriuretic peptide.
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Figure 3. ROC-curve
analysis to predict LA fibrosis > 35%
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on the type of geometric LV remodeling, which in turn is
associated with the size of LA and LVEF [21]. According
to this study, such type of LV geometry as eccentric LV
hypertrophy is most closely associated of all types of
remodeling with an increase in LA volume, reduced LVEF
and the incidence of AF, which was higher in patients
with eccentric hypertrophy (16.8 %) than in patients with
regular LV geometry (10,4 %), concentric remodeling
(10.5 %) and concentric hypertrophy (14.8 %) (p < 0.0001).
This is entirely consistent with our findings showing that
the LA fibrosis was most commonly observed in such type
of LV geometry as eccentric hypertrophy. According to our
findings, it is the presence of the eccentric LV hypertrophy
that was the most significant predictor of severe LA fibrosis:
it increased the risk of LA fibrosis > 35 % 8.89‑fold (95 %
CI 1.150–68,775; p = 0,036). As shown above, this type
of cardiac geometry was associated with the most severe
dilation of LA, increased LV myocardial mass, incipient LV
dilatation, and a tendency towards reduced LV function.
NT-proBNP > 128 pg / mL was the second independent
predictor of severe fibrosis. NT-proBNP > 125 pg / mL is

one of the criteria for the diagnosis of CHF with preserved
LVEF [22]. Although we have not found a significant
association between fibrosis sizes and clinical signs of
CHF, it is still can be concluded that severe LA fibrosis
is associated with the initial preclinical manifestations of
CHF. The effect of many AF risk factors is known to be
often implemented through LV diastolic dysfunction [23].
We have not found any significant associations between
the degree of fibrosis and most parameters of LV diastolic
function. However, the 3rd independent predictor, i.e., LA
volume index > 34 mL / m2, is one of the main criteria of
LV diastolic dysfunction [15].
The mathematical model incorporating data obtained
using the available non-invasive techniques can be used
in real-world clinical practice to identify patients with
severe LA fibrosis, which will allow selecting in advance
either a conservative treatment strategy or consider
comprehensive intervention in the arrhythmogenic
substrate of AF in LA during the primary CA.

Limitations

The study included a small number of patients. The
point-by-point EAM did not establish the optimal
parameters of mapping density. EAM was performed in
individual patients with AF, which could cause an error in
calculating the LA areas of low voltage.

Conclusion

Thus, when choosing patients for catheter ablation
due to atrial fibrillation, it is useful to predetermine the
probability of severe left atrial fibrosis by assessing the
left ventricular geometry, left atrial volume index and
determining blood levels of NT-proBNP.
Eccentric left ventricular hypertrophy, left atrial volume
index > 34 mL / m2, and NT-proBNP > 128 pg / mL are the
predictors of severe left atrial fibrosis (more than 35 % area
of the left atrium).

No conflict of interest is reported.
The article was received on 20/09/19

R EFER ENCES
1. 		 Hansen BJ, Zhao J, Csepe TA, Moore BT, Li N, Jayne LA et al. Atrial fibrillation driven by micro-anatomic intramural re-entry revealed by simultaneous sub-epicardial and sub-endocardial optical mapping in explanted human hearts. European Heart Journal.
2015;36(35):2390–401. DOI: 10.1093/eurheartj/ehv233
2. 		 Schotten U, Verheule S, Kirchhof P, Goette A. Pathophysiological Mechanisms of Atrial Fibrillation: A Translational Appraisal. Physiological Reviews. 2011;91(1):265–325. DOI: 10.1152/physrev.00031.2009
3. 		 Platonov PG, Mitrofanova LB, Orshanskaya V, Ho SY. Structural Abnormalities in Atrial Walls Are Associated With Presence and
Persistency of Atrial Fibrillation But Not With Age. Journal of the

American College of Cardiology. 2011;58(21):2225–32. DOI:
10.1016/j.jacc.2011.05.061
4. 		 Mahnkopf C, Badger TJ, Burgon NS, Daccarett M, Haslam TS,
Badger CT et al. Evaluation of the left atrial substrate in patients
with lone atrial fibrillation using delayed-enhanced MRI: Implications for disease progression and response to catheter ablation. Heart Rhythm. 2010;7(10):1475–81. DOI: 10.1016/j.
hrthm.2010.06.030
5. 		 Gal P, Marrouche NF. Magnetic resonance imaging of atrial fibrosis:
redefining atrial fibrillation to a syndrome. European Heart Journal.
2017;38(1):14–9. DOI: 10.1093/eurheartj/ehv514

52

ISSN 0022-9040. Kardiologiia. 2020;60(2). DOI: 10.18087/cardio.2020.2.n850

§

ORIGINAL ARTICLES
6. 		 Marrouche NF, Wilber D, Hindricks G, Jais P, Akoum N, Marchlinski F et al. Association of Atrial Tissue Fibrosis Identified by Delayed Enhancement MRI and Atrial Fibrillation Catheter Ablation: The DECAAF Study. JAMA. 2014;311(5):498–506. DOI:
10.1001/jama.2014.3
7. 		 Sanders P, Morton JB, Davidson NC, Spence SJ, Vohra JK, Sparks
PB et al. Electrical remodeling of the atria in congestive heart failure: electrophysiological and electroanatomic mapping in humans. Circulation. 2003;108(12):1461–8. DOI: 10.1161/01.
CIR.0000090688.49283.67
8. 		 van der Does LJME, de Groot NMS. Inhomogeneity and complexity in defining fractionated electrograms. Heart Rhythm.
2017;14(4):616–24. DOI: 10.1016/j.hrthm.2017.01.021
9. 		 Malcolme-Lawes LC, Juli C, Karim R, Bai W, Quest R, Lim PB et al.
Automated analysis of atrial late gadolinium enhancement imaging that correlates with endocardial voltage and clinical outcomes:
A 2-center study. Heart Rhythm. 2013;10(8):1184–91. DOI:
10.1016/j.hrthm.2013.04.030
10. Badger TJ, Daccarett M, Akoum NW, Adjei-Poku YA, Burgon NS,
Haslam TS et al. Evaluation of Left Atrial Lesions After Initial and
Repeat Atrial Fibrillation Ablation: Lessons Learned From Delayed-Enhancement MRI in Repeat Ablation Procedures. Circulation: Arrhythmia and Electrophysiology. 2010;3(3):249–59. DOI:
10.1161/CIRCEP.109.868356
11. Akoum N, Morris A, Perry D, Cates J, Burgon N, Kholmovski E
et al. Substrate Modification is a Better Predictor of Catheter Ablation Success in Atrial Fibrillation than Pulmonary Vein Isolation: An LGE-MRI Study. Clinical Medicine Insights: Cardiology.
2015;9:25–31. DOI: 10.4137/CMC.S22100
12. Akoum N, Daccarett M, Mcgann C, Segerson N, Vergara G, Kuppahally S et al. Atrial Fibrosis Helps Select the Appropriate Patient
and Strategy in Catheter Ablation of Atrial Fibrillation: A DE-MRI
Guided Approach. Journal of Cardiovascular Electrophysiology.
2011;22(1):16–22. DOI: 10.1111/j.1540-8167.2010.01876.x
13. Begg GA, Karim R, Oesterlein T, Graham LN, Hogarth AJ, Page SP
et al. Left atrial voltage, circulating biomarkers of fibrosis, and atrial fibrillation ablation. A prospective cohort study. PLOS ONE.
2018;13(1):e0189936. DOI: 10.1371/journal.pone.0189936
14. Calkins H, Hindricks G, Cappato R, Kim Y-H, Saad EB, Aguinaga L et al. 2017 HRS/EHRA/ECAS/APHRS/SOLAECE expert
consensus statement on catheter and surgical ablation of atrial fibrillation. Heart Rhythm. 2017;14(10):e275–444. DOI: 10.1016/j.
hrthm.2017.05.012
15. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L
et al. Recommendations for Cardiac Chamber Quantification

ISSN 0022-9040. Kardiologiia. 2020;60(2). DOI: 10.18087/cardio.2020.2.n850

16.

17.

18.

19.

20.

21.

22.

23.

by Echocardiography in Adults: An Update from the American Society of Echocardiography and the European Association of Cardiovascular Imaging. Journal of the American Society of Echocardiography. 2015;28(1):1-39.e14. DOI: 10.1016/j.echo.2014.10.003
Nagueh SF, Smiseth OA, Appleton CP, Byrd BF, Dokainish H, Edvardsen T et al. Recommendations for the evaluation of left ventricular diastolic function by echocardiography: an update from
the American Society of Echocardiography and the European Association of Cardiovascular Imaging. Journal of the American Society of Echocardiography: Official Publication of the American Society of Echocardiography. 2016;29(4):277–314. DOI: 10.1016/j.
echo.2016.01.011
Parkash R, Tang ASL, Sapp JL, Wells G. Approach to the Catheter Ablation Technique of Paroxysmal and Persistent Atrial Fibrillation: A Meta-Analysis of the Randomized Controlled Trials. Journal of Cardiovascular Electrophysiology. 2011;22(7):729–38. DOI:
10.1111/j.1540-8167.2011.02010.x
Verma A, Jiang C, Betts TR, Chen J, Deisenhofer I, Mantovan R
et al. Approaches to Catheter Ablation for Persistent Atrial Fibrillation. New England Journal of Medicine. 2015;372(19):1812–22.
DOI: 10.1056/NEJMoa1408288
Dzeshka MS, Lip GYH, Snezhitskiy V, Shantsila E. Cardiac Fibrosis in Patients With Atrial Fibrillation. Journal of the American College of Cardiology. 2015;66(8):943–59. DOI: 10.1016/j.
jacc.2015.06.1313
Tsang TSM, Barnes ME, Bailey KR, Leibson CL, Montgomery SC,
Takemoto Y et al. Left atrial volume: important risk marker of incident atrial fibrillation in 1655 older men and women. Mayo Clinic
Proceedings. 2001;76(5):467–75. DOI: 10.4065/76.5.467
Seko Y, Kato T, Haruna T, Izumi T, Miyamoto S, Nakane E et al. Association between atrial fibrillation, atrial enlargement, and left ventricular geometric remodeling. Scientific Reports. 2018;8(1):6366.
DOI: 10.1038/s41598-018-24875-1
Ponikowski PA, Voors AD, Anker S, Bueno H, Cleland JGF, Coats
A et al. 2016 ESC guidelines for the diagnosis and treatment of
acute and chronic heart failure. Russian Journal of Cardiology. 2017;22(1):7–81. [Russian: Ponikowski PA, Voors AD, Anker S, Bueno H, Cleland JGF, Coats A et al. Рекомендации ESC
по диагностике и лечению острой и хронической сердечной
недостаточности 2016. Российский кардиологический журнал.
2017;22(1):7-81.]. DOI: 10.15829/1560-4071-2017-1-7-81
Rosenberg MA, Manning WJ. Diastolic Dysfunction and
Risk of Atrial Fibrillation: A Mechanistic Appraisal. Circulation. 2012;126(19):2353–62. DOI: 10.1161/CIRCULATIONAHA.112.113233

53

