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Abstract
Background. The autonomic nervous system (ANS) plays an important role in modulation of cardiac electrophysiology and arrhythmogenesis. Disorders of
the ANS components can be a prognostic factor of an unfavorable course of cardiovascular diseases. The aim of the study was to evaluate the association
between e�cacy of radiofrequency (RF) surgical ablation of long-standing persistent atrial �brillation (AF) and neurohumoral transmitter levels as well as
correlation between these data with myocardial iodine-123-metaiodobenzylguanidine (123I-MIBG) uptake.

Methods. Two groups of patients with acquired valvular heart disease were compared: patients with surgical AF ablation and patients with sinus rhythm.

Results. The decrease of norepinephrine (NE) level in coronary sinus has a direct association with the heart-to-mediastinum ratio (p=0.02) and negative
correlation with 123I-MIBG uptake defect (p=0.01). NE level decreased signi�cantly after the main stage of surgery, both in patients with AF (p=0.0098) and
sinus rhythm (p=0.0039). Furthermore, the signi�cance (p=0.001) of the aortic root and coronary sinus gradient of NE level 0.405 pg/mL was determined as a
cut-off value for e�cacy evaluation of the RF denervation.

Conclusion. The practical signi�cance of the obtained results lies in the possibility of using the technique to predict the e�cacy of the ‘Maze-IV’ procedure,
which will allow assessing the risk of AF recurrence after ablation.

Introduction
The autonomic nervous system (ANS) plays an important role in modulation of cardiac electrophysiology and arrhythmogenesis [3]. Disorders of the ANS
components can be a prognostic factor of an unfavorable course of cardiovascular diseases.

Many studies have contributed to a better understanding of the anatomy and physiology of the ANS and have provided evidence of the relationship between
ANS and clinically signi�cant arrhythmias [3]. They demonstrated the prospects for the development of this area of research in arrhythmology.

Neurohumoral markers are an important discovery that re�ect the autonomic activity of the heart. Currently, there is no universal method for studying the ANS,
and modern research methods impose certain requirements that are not always possible to ful�ll. Therefore, the identi�cation of speci�c markers and triggers
of ANS in the development of arrhythmias can become an alternative to many invasive methods in studying autonomic cardiac activity. This is especially
relevant for patients with long-standing persistent atrial �brillation (AF).

AF is one of the most common complications of cardiac surgery. It occurs: in 30% of cases after coronary artery bypass surgery, in 40% of cases after valvular
correction and in 50% of cases after a combination of these interventions [1]. The risk of postoperative AF recurrence will reach 100% if there is AF in the
previous medical history [12]. Even without interventions, cardiovascular surgery patients have a high probability of postoperative AF occurrence. Patients with
insu�cient RF ablation of AF have a high risk of recurrence in the postoperative period. It is necessary to have clear criteria for AF treatment endpoint to
prevent recurrence. In terms of practical signi�cance, the evaluation of the ANS modulation of the myocardium after surgical treatment can serve as a
predictor of AF recurrence, as well as other undesirable cardiac events.

The aim of this study was to identify criteria for autonomic heart modulation after surgical treatment of long-standing persistent AF concomitant with valvular
heart disease correction.

Methods

Patients characteristics
A randomized, prospective study was performed. The object of the study were patients with mitral valve disease recommended for surgical correction. 68
subjects were included in the study; 53 of them had a mitral valve disease complicated with long-standing persistent AF, 15 patients had sinus rhythm (SR)
(Table 1).
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Table 1
– Main preoperative clinical and instrumental parameters of patients with AF (group I) and SR (control group II), who underwent sympathetic nervous system

examination (n = 68)
Parameter Group I. AF: AHD treatment + RFA (n = 53)

Me (Q1; Q3)

Goup II. Control group with SR (n = 15)

Me (Q1; Q3)

p-value

Age (years) 59.5 (53; 64) 57.0 (53; 64) 0.9

LA diameter (mm) 52,0 (47; 55) 46,0 (40; 46) 0.002

RV diameter (mm) 24.0 (21; 28) 22.0 (22; 24) 0.3

IVS (mm) 10.0 (9; 10) 9.0 (9; 10) 0.7

LVEDD (mm) 53.75 (51; 58) 53.0 (47; 56) 0.5

LVESD (mm) 33.5 (32; 39) 32.5 (29; 34) 0.2

LVEF (Teicholz) (%) 61.0 (56; 70) 69.0 (66; 75) 0.2

LVEF (Simpson biplane) (%) 66.0 (60; 68) 66.0 (65; 72) 0.3

LVEDV (mL) 132.5 (106; 194) 112.0 (104; 142) 0.6

LVESV (Ml) 45.5 (35; 71) 49.0 (31; 50) 0.5

RVSP (mmHg) 44.0 (40; 50) 40.0 (38; 61) 0.9

EuroSCORE, % 3.07 (1.96; 4.68) 2.27 (2.08; 4.81) 0.9

EuroSCORE, points 4.0 (3; 6) 3.0 (3; 5) 0.6

6-minute walking test (m) 220.0 (200; 256) 322.0 (250; 356) 0.02

Comments. LA - left atrium; RV – right ventricle; IVS – interventricular septum; LVEDD – left ventricular end-diastolic diameter; LVESD – left ventricular end-
systolic diameter; LVEF – left ventricular ejection fraction; LVEDV – left ventricular end-diastolic volume; LVESV – left ventricular end-systolic volume;
RVSP – right ventricular systolic pressure.

The including criterion for the study was the preserved function of the sinus node (SN), which had been determined by intraoperative electrophysiological (EP)
study (Fig. 1). Seven days before the surgery patients were taken off medications that affect the rhythm and conduction of the heart. Further, the
intraoperative EP study with the assessment of sinus node recovery time (SNRT), corrected sinus node recovery time (CSNRT) and Wenckebach point was
performed. Patients with preserved SN function were included in the study and randomized into 2 groups using envelopes. In the �rst group RF ablation was
combined with postganglionic plexi lesions in accordance with the N. Doll (2008) scheme, in the second group, lesions were performed in accordance with the
‘Maze-IV’ scheme without additional ablation of postganglionic plexi.

With normal SN function, RF ablation was performed according to the ‘Maze IV’ scheme (using penetrating technique) with both atrial appendages sealing
and additional RF exposure to the postganglionic plexi. The control group (n = 15) included patients with SR who underwent surgery only due to valvular
lesions.

Additional criteria for exclusion from the study: comorbidity, multivessel coronary disease, pericardial adhesions, multiple organ failure and the patient

srefusal → participate ∈ thestudy. Theprimaryendp∮swerecardiovasca
̲
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̲
revents, suchasmyocardial ∈

s refusal to continue participation in the study.

Each patient underwent a standard set of clinical and laboratory tests, including blood and urine tests, X-ray examination, echocardiography, carotid artery
sonography, spirometry, coronary angiography (in accordance with the recommendations [2]). Planar scintigraphy with 123I-metaiodbenzylguanidine (123I-
MIBG) was performed before and after the surgery. 123I-MIBG is an analogue of guanethidine adrenergic blocker allowing visualization of sympathetic
innervation of the heart with the assessment of myocardial adrenergic nerve activity in various cardiac pathologies, including arrhythmias [16]. The following
parameters were assessed during myocardial scintigraphy: heart-to-mediastinum ratio, early and late radiopharmaceutical (RP) washout, RP uptake defect.

A 6-minute walking test was used to determine the functional class of heart failure.

Patients with persistent AF (group I) were statistically signi�cantly different from patients with SR (group II) in the left atrial (LA) diameter and in the results of
the 6-minute walking test, which is most likely due to AF.

Chronic rheumatic heart disease was diagnosed in patients of group I in 50% of cases and in group II in 44.4% of cases. Connective tissue dysplasia was
found in 28% and 44.4% of cases, respectively. Some of patients from both groups required coronary artery bypass grafting (1–2 grafts).

Surgical treatment was performed in accordance with the recommendations for the management of patients with valvular heart diseases (ESC/EACTS, 2017).
The frequency of mitral valve (MV) repair with annuloplasty rings in the groups was 50% and 55.5%, respectively, and MV prosthetic valve replacement was
performed in 33.3% of cases in both groups. A number of patients required multi-valvular interventions: single-stage tricuspid valve repair was performed in
both groups in 28% and 22.2% of cases, respectively. Some (n = 4) patients underwent simultaneous intervention on the aortic valve.

Antiarrhythmic therapy in group I was prescribed in case of paroxysmal AF.
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Neurotransmitter levels assessment
Blood samples were collected intraoperatively from the ascending aorta (Ao) and coronary sinus (CS) before and after the main stage of the surgery. The
study was performed in the absence of any medications that could affect the catecholamine levels in the samples (in case of catecholamine injection,
patients were excluded from the study). NE level in blood were assessed before and after RF ablation. Plasma catecholamine level was determined by enzyme
immunoassay. The ‘Noradrenalin ELISA kit’ (IBL, Hamburg, Germany) was used for quantitative determination of plasma NE level.

Statistical processing of the obtained data
The data obtained are described using the Median, upper an lower quartiles (Me, Uq, Lq). The signi�cance of intergroup differences was assessed using the
Student T-Test and the Mann-Whitney U-test. To assess the signi�cance of intragroup differences (dynamic of indicators before/after exposure within one
group), the Wilcoxon test was used. P-value was 0.05, the con�dence interval Rconf = 0.95. Discriminant analysis was used to build a model for the
assessment of the RF ablation e�cacy based on neurohumoral factors.

Results
In patients with long-standing persistent AF, the median heart-to-mediastinum ratio in the early and late phase of the study before the intervention did not
differ signi�cantly from the group of patients with SR (1.75 (1.59; 1.91) and 2.06 (1.7; 2.1) respectively, p = 0.1). The washout rate also did not signi�cantly
differ between the groups (24.5 (10.8; 41.1) % and 24.3 (12.3; 29.9) %, respectively, p = 0.15). The 123I-MIBG uptake defect before surgery in both groups was
comparable and did not differ signi�cantly (13.0 (7.0; 24.0) % and 19.0 (9.5; 23.5%) %, respectively, p = 0.59).

Based on the preoperative data, there were no statistically signi�cant differences in sympathetic nervous system tonus in both groups.

Patients underwent a postoperative examination 4 week after surgery, which included several studies mentioned above (Table 2).

Table 2
Main postoperative clinical and instrumental parameters of patients with AF (group I) and SR (control group II), who underwent sympathetic nervous system

examination (n = 68)
Parameter Goup I. AF: AHD treatment + RFA (n = 53)

Me (Q1; Q3)

Goup II. Control group with SR (n = 15)

Me (Q1; Q3)

p-value

LA diameter before the surgery (mm) 45.0 (44; 49) 39.0 (25; 41) 0.005

RV diameter before the surgery (mm) 23.5 (20; 27) 20.0 (20; 22) 0.13

IVS before the surgery (mm) 10.0 (9; 10) 9.0 (9; 10) 0.5

LVEDD before the surgery (mm) 49.0 (47; 54) 46.0 (44; 48) 0.1

LVESD before the surgery (mm) 33 (30; 37) 30.0 (26; 35) 0.2

LVEDV before the surgery (mL) 119.5 (90; 127) 87.0 (72; 98) 0.2

LVESV before the surgery (Ml) 40.5 (34; 53) 31.0 (27; 37) 0.03

LVEF (Teicholz) before the surgery (%) 61.5 (57; 65) 64.0 (61; 75) 0.04

LVEF (Simpson biplane) before the surgery (%) 60.5 (58; 66) 67.0 (64; 70) 0.08

RVSP before the surgery (mmHg) 35.0 (30; 40) 35.0 (28; 37) 0.5

CPB time (min) 120.0 (110; 161) 120.0 (113; 140) 0.6

ACC time (min) 70.0 (57; 98) 92.0 (79; 110) 0.3

6-minute walking test after the surgery (m) 406.5 (380; 435.5) 412.0 (290; 450) 0.7

Comments. LA - left atrium; RV – right ventricle; IVS – interventricular septum; LVEDD – left ventricular end-diastolic diameter; LVESD – left ventricular end-
systolic diameter; LVEF – left ventricular ejection fraction; LVEDV – left ventricular end-diastolic volume; LVESV – left ventricular end-systolic volume;
RVSP – right ventricular systolic pressure; CPB – cardiopulmonary bypass; ACC – aortic cross-clamp.

The e�cacy of AF RF ablation was evaluated using postoperative 123I-MIBG scintigraphy and the neurotransmitters (metanephrine, normetanephrine, NE)
levels assessment in the blood from Ao and CS were assessed.

In patients with atrial RF fragmentation (group I), the heart-to-mediastinum ratio after intervention in the late phase of the study was signi�cantly lower
compared to the group of patients with SR: (1.5 (1.4; 1.6) and 1.8 (1.56; 1.83), respectively, p = 0.02). In group I, the uptake defect was signi�cantly higher than
in control group II (25.0 (24.0; 35.0) % and 15.0 (12.0; 20.0) %, respectively, p = 0.01).

A statistically signi�cant (p = 0.0098) decrease in the NE level in patients with RF ablation was found in the CS blood collected after the main stage of surgery
compared to preoperative level. In the control group, there was no signi�cant difference (p = 0.2) in the NE level in the CS blood.

There was a statistically signi�cant intergroup difference (p = 0.0039) in the postoperative NE level (Fig. 2). This correlates with scintigraphy data: 1) the
decrease in the heart-to-mediastinum ratio and reduction of the CS NE level in patients with RF ablation (group I) compared to group II after the intervention –
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a direct correlation, 2) the increased RP uptake defect and reduced CS NE level – an inverse relationship. Meanwhile, the differences between the subgroups
with the ‘Maze-IV’ procedure in the heart-to-mediastinum ratio (Fig. 3), the RP washout rate (Fig. 4) and the RF uptake defect (Fig. 5) were statistically
insigni�cant.

Discriminant analysis was used to build a model for the assessment of the RF ablation e�cacy based on neurohumoral factors. The Wilks` Lambda criterion
was p = 0.0037, indicating the adequacy of the created model (Table 3).

Table 3
Assessment of the adequacy of the RF denervation e�cacy model based on the Wilks` Lambda criterion

Parameter Wilks' Lambda: 0.56315 approx. F (3.23) = 5.9471.

p < 0.0037

Wilks` Lambda Partial Lambda F-remove (1.23) p-value Toler. 1-Toler. (R-Sqr.)

NE level gradient (Ao/CS) (pg/mL) 0.89 0.64 13.2 0.001 0.99 0.01

Normetanephrine level gradient (Ao/CS) (pg/mL) 0.59 0.94 1.41 0.24 0.99 0.006

Normetanephrine level gradient (Ao/CS) (pg/mL) 0.59 0.94 1.34 0.25 0.99 0.005

The difference in the NE levels after the main stage of the surgery is a signi�cant factor. This parameter was calculated separately for each patient as follows:

Δ NA = NAaa-NAcs,

where NA – noradrenaline; aa – ascending aorta; cs – coronary sinus.

Distribution in groups was carried out based on linear classi�cation. The total number of correct relationships to a group was 89%, that indicates a high
sensitivity and speci�city of the created model (Table 4).

Table 4
Classi�cation matrix

Group The percentage of correct assignments G_1:1

p = 0.7037

G_2:2

p = 0.2963

G_1:1 94.7 50 3

G_2:2 75.0 3 12

Total 88.9 53 15

Based on the coe�cients for the canonical linear discriminant function (CLDF), the following equation was calculated:

CLDF = 0.77 + 0.003ΔNAafter

The values of the centroid function were obtained (Fig. 6) by substituting the average values of predictors in the group of patients with postganglionic nerve
plexi ablation (control group) into the discriminant equation.

Thus, the centroid was 0.55 in patients with ablated postganglionic plexi, and minus 1.36 in the group without ablation. The cut off value ΔНА = − 0.405
pg/mL. The e�cacy of cardiac denervation can be calculated using the CLDF equation and the ratio of the obtained data to the centroids for each group and
the group separation boundary (Fig. 6).

Discussion
AF is a widespread heart rhythm disorder. AF is the result of interaction between the trigger that initiates arrhythmia and the substrate that keeps it persistent.
Despite a large number of studies, mechanisms of AF initiation are not fully understood [15]. However, it is generally accepted that sympathovagal imbalance
can lead to paroxysmal supraventricular arrhythmia [15] and paroxysmal AF [4]. Therefore, local denervation of the heart can play a major role in the surgical
treatment of long-standing persistent AF.

In�uence of sympathetic and parasympathetic nervous activity on cardiac
electrophysiology
The effect of the ANS sympathetic component on the EP of the heart is complex. It depends on the state of the myocardium itself (the presence of a substrate
for AF). The predominance of sympathetic activity in an intact heart leads to a shortening of the cardiac action potential (AP) duration and to decrease of the
repolarization dispersion. On the contrary, when the structure of the myocardium damages, sympathetic activity leads to an increase in the repolarization
dispersion and to the early afterdepolarization generation [3], which provides proarrhythmogenic effect. However, not only the ANS sympathetic component
can lead to arrhythmias. A few studies (Patterson et al.) based on the analysis of heart rate variability have shown that AF paroxysm can be the result of
combined activation of the sympathetic and parasympathetic components [5–8]. Sympathetic activity is the cause of increased calcium transit. The increase
of the parasympathetic tonus leads to the atrial effective refractory period shortening. The difference between the calcium transit and the AP duration
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(normally interdependent) leads to an increase of the Na+/Ca + + pump activity, which is responsible for the generation of early afterdepolarization and trigger
activity [3, 5].

There are two levels of vegetative regulation of heart activity – extracardiac (central) and intracardiac (internal). Activation of central regulatory mechanisms
does not always lead to an imbalance in the postganglionic neurons of the heart. Studies by Choi et al. have shown that external and internal mechanisms of
activation of sympathetic heart tonus are related. Some unexpected results show that although activation of extracardiac ANS contributed to the onset of
most AF paroxysms, in some cases (11% of AF paroxysms in the study by Choi et al.), internal nervous activity of the heart occurred before the external one
and led to the development of AF paroxysms [4]. Moreover, the internal sympathetic activity of the heart can activate the external parts of the ANS, leading to
the negative consequences. This mechanism is the basis of AF and it is implemented by sympathovagal imbalance [4].

Many qualitative and quantitative methods have been proposed for the study of the ANS. One of the most common is the analysis of heart rate variability.
However, this method has at least two limitations. First, the method is functional - it re�ects only the sympathovagal balance between the ANS components,
not their absolute activity. Second, this analysis requires an intact SN that mediates an adequate cardiac response to ANS activity. Some patients with long-
standing persistent AF and heart failure have comorbid SN dysfunction. This imposes restrictions in the use of functional methods for studying the ANS
tonus. Therefore, these methods are not suitable for this group of patients [3]. To assess the sympathetic tonus in such patients, quantitative methods of ANS
studying are used. The most common of them is 123I-MIBG scintigraphy. However, this method has an important drawback - the lack of clear diagnostic
criteria [9]. Other methods are not speci�c enough to determine cardiac autonomous activity or they are quite time-consuming, which imposes restrictions on
their use. Thus, there is no universal method for determining the ANS activity of the heart [10].

As mentioned above, the determination of neurohumoral factors levels for the myocardial vegetative activity studying can be an alternative to the
aforementioned methods. Determination of such mediators as metanephrine, normetanephrine and NE in the Ao and CS blood can provide an assessment of
the local vegetative activity of the heart.

This study shows that neurohumoral markers can serve as a quantitative criterion for the RF ablation e�cacy in long-standing persistent AF. Among the
markers of vegetative activity of the heart - NE plays a special role.

The main principle of surgical treatment of AF is the ablation of all abnormal pathways in order to ensure the normal conduction from the SN to the underlying
parts of the cardiac conduction system. In addition to interrupting re-entry circles and isolating trigger zones, sympathetic plexi are similarly ablated during the
procedure, which affects the activity of the sympathetic ANS component, including the NE level as a neurohumoral marker of vegetative activity of the heart.

The difference of NE level in Ao and CS blood after the main stage of surgery is an important factor in the RF ablation e�cacy assessment. During evaluation
of the quality model of atrial RF denervation based on the Wilks` Lambda criterion showed that the criterion itself was 0.89, and the ‘p’ for the postoperative
‘Ao/CS’ NE gradient level was 0.001, which indicates a signi�cant difference in the NE levels after the ablation. These data are correlated with scintigraphy
ones: a decrease in the heart-to-mediastinum ratio and an increase in the RF uptake defect are correlated with a decrease in the CS blood NE level.

Additionally, a comparative analysis of the ‘Maze-IV’ procedure was performed with and without additional ablation of sympathetic postganglionic plexi. The
data obtained shown that the full set of the ‘Maze-IV’ lesions allows performing heart denervation without additional impact on the sympathetic plexi.

It is necessary to consider the relatively small number of patients included in the study. Although the results of the study shown the importance of determining
the NE level in the assessment of autonomic atrial denervation, further studies is necessary to obtain more data.

Conclusion
1. Neurohumoral markers of the autonomical nervous system in the postoperative period correlate with the presence/absence of local autonomic denervation
during radiofreequency ablation. 2. The gradient of the norepinephrine level in the aorta and coronary sinus is a marker of sympathetic denervation of the
heart. 3. The cut off value between high-quality and low-quality denervation is -0.405 pg/mL. 4. The practical signi�cance of these results is the possibility of
using the technique to predict the e�cacy of the ‘Maze-IV’ procedure and assess of the atrial �brillation recurrence risk. 5. The method of assessment is more
accurate, as it is quantitative and imposes fewer requirements for a patient with cardiovascular disease.
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Figures

Figure 1

The design of the study. Note: AHD - acquired heart diseases; RFA - radiofrequency ablation; SR - sinus rhythm; SN - sinus node; EP - electrophysiological study;
SND - sinus node dysfunction
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Figure 2

NE level in CS (pg/mL) after the main stage of surgery
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Figure 3

Heart-to-mediastinum ratio in the late phase of the study in the group with SR and AF
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Figure 4

RP washout rate
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Figure 5

RP uptake defect

Figure 6

Model of quality assessment of RF denervation based on discriminant analysis


