The application of complementary ablation in patients with AVRT
Guangze Xu1  Zhikui Chen1  Haiyan Lin1
Abstract
Background:Radiofrequency catheter ablation(RFCA) has now become the standard and effective therapy for paroxysmal supraventricular tachycardias, but the success rates of ablation were reported different in a large number of single-centers[2-6]. It is estimated that there are still thousands of cases of relapse in China every year, among which the main cases are of accessory pathways(Aps) mediated tachycardia.
Objective: The purpose of this study was to compare the efficacy and safety of two different radiofrequency ablation strategies, improve ablation method and reduce the recurrence rate of ablation of accessory pathway mediated tachycardia.
Method and Result: 1712 consecutive cases of AVRT with 1741 accessory pathways were analyzed in our retrospectively observational study. They were divided into group S and group M (undergone complementary ablation) according to different strategies of RFCA. 882 cases with 898 Aps were enrolled in group S versus 830 cases with 843 Aps in group M. The results showed the cumulative recurrence number (rate) at the 1st, 3rd, 6th, 12th, and 24th month after ablation were 4(0.5%) vs 17 (1.9%) p=0.007, 5(0.6%) vs 27(3.0%) p=0.000, 6(0.7%) vs 34 (3.8%) p=0.000, 6(0.7%) vs 43 (4.8%) p=0.000, 7(0.8%) vs 45(5.0%) p=0.000, respectively; Complications of chest pain, over vasovagal reaction, steam pop, angina pectoris, and embolism were rare in both groups; No Valve damage, myocardial infarction, cardiac tamponade, periprocedural death or other serious adverse events occurred in the both groups. 
Conclusions：The strategy of complementary ablation significantly reduced the recurrence rate of radiofrequency ablation of accessory pathway without increasing the risk of complications.
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Introduction：
RFCA has been widely carried out in more than 600 hospitals in China since 1991. In 2018, the annual counts of radiofrequency catheter ablation in China reached 133,900 cases[1], of which about 50% were paroxysmal supraventricular tachycardias. Although the success rate of RFCA of PSVT was higher than that of other arrhythmias, there still 2%~5% of the cases recurrent reported by varieous electrophysiology laboratories (EP Labs). More than 3,000 cases/per year of PSVT were estimated to be recurrent after alation in China, and AVRT cases comprise the most. Aps of the failed cases were successfully ablated during a second or third session, suggesting that modification of ablation strategies could improve the success rate. After alteration of ablation strategy, the overall success rate of 2-year follow-up after initial ablation of AVRT in our center increased from 95% to 99.2% . We reported the relevant methods and experience.
1.Materials and methods:
1.1. Study population: 
1712 consecutive cases with 1741 Aps were enrolled in this study from year 2002 to 2018. They were divided into S group of 882 cases with 898 Aps and group M of 830 cases with 843 Aps according to different methods. Cases in our hospital were performed by S method before 2011, while ablation went with M method from 2012. Cases with Ebstein’s anomaly, and epicardial bypass tracts were excluded. We regected para-hisian Aps. Preoperative exclusion of combined severe diseases: acute myocardial infarction, hemodynamic instability, intracardiac thrombus, significant coagulation dysfunction, severe coronary heart disease without revascularization, symptomatic aortic valvular disease, active infective endocarditis, incompatibility with mental disorders, and extreme failure were observed. 
1.2. Electrophysiology study, mapping, and ablation strategy :
EP studies were performed after all cardioactive drugs had been discontinued for at least five
elimination half-lives. Seldlinger method was used to puncture femoral vein in all patients. With the guidance of X-ray (DSA, Simens Axiom Artis or Phillip UNIQ FD20), four 6F multielectrodes mapping catheters with spaces of 2-4-2mm between electrodes were introduced percutaneously through the right femoral and jugular veins. They were left in a stable position to record his bundle, lateral right atrium, right ventricular apex, and coronary sinus activities as required. Anticoagulation was started before the LV was accessed(with heparin, 100u/kg iv bolus, followed by 1000 U/hr infusion), to maintain the activated clotting time (ACT) between 250 and 300 seconds. Intrathecal heparinization was given for right bypass during the EP study.
4mm-tip conventional ablation catheter(⌀7Fr) were randomly selected from various manufacturers  (Biosense Webster TM, Abbott TM, TriguyTM, Synaptic TM). Filter of 0.5~500Hz was set for unipolar recording of electrocardiogram of endocardium, while 30~150Hz for bipolar recording. Three surface electrocardiographic leads were displayed and recorded simultaneously with intracardiac electrograms at a paper speed of 100mm/sec. High amplification in range of 0.1 mV/cm was used to record the potentials. GE/Cardio-clab EP recorder, Johnson & Johnson Stockert Ep-shuttle RF ablation apparatus and st.Jude Medical cardiac electrophysiological stimulator were used.
All the selected patients were performed with detailed electrophysiologic evaluation at our institution，and the diagnostic criteria for AVRT/WPW were referred to the 3rd edition of Clinical Cardiac Electrophysiology Techniques and Interpretations[7]. Multiple Atrioventricular Accessory Pathways was defined as two earliest excitatory sites more than 2cm apart or locating bilaterally.
Generally, the earliest atrial activation site (EAA) and earliest ventricular activation site (EVA) could be easily mapped in sinus rhythm. Atrial pacing would help reveal the intermittent preexcitation. Electrograms recorded from the CS provide a reference for atrial and/or ventricular insertion sites of Aps and be used to guide the ablation catheter to areas in which more detailed mapping needs to be performed. Most cases were primarily performed by transaortic (retrograde) approach, while transseptal approach facilitated mapping of the atrial aspect of the mitral annulus for cases with failed mapping and/or ablation in ventricular aspect. Some cases chose transseptal approach for quick discharge.
The reference criteria [8-10] for the ablation were list as : (1) Presence of Ap potential, (2) the interval from focal ventricular potential to ∆ wave of ECG >10ms for left-sided Aps, 10-30 msec for right-sided;(2) ratio of A/V>0, (3) short local AV or VA interphase, (4) bipolar potential reversal ,(5) monopole electrical diagram form (QS), (6) the change of A, V wave amplitude or A/V ratio over 5-10 beats < 10%, (7) unipolar PR or ST segment elevation, etc.  Whether did the catheter position on atrial(ventricular ) aspect or not could be verified by pacing the tip of electrode. The stability of the catheter was assessed by PR or ST segment elevation, consistent local electrographic amplitudes, and concordant motion of ablation catheters and CS. Swartz R0 long sheath were rountinely used for facilitating mapping along the tricuspid annulus.
Power of 30~50W with targeting a temperature of 50~60°C were set for procedure. If the Ap conduction was not blocked within 5 seconds, the energy delivery should be discontinued, and mapping criteria and catheter contact should be reexamined. If Aps were blocked within 5 seconds (loss of anterograde and retrograde conduction)，energy delivery should be continued for up to 90 seconds. Impedance, A/V electrogram, catheter position were continuously monitored over the ablation procedure. Completely bidirectional block of Aps was set as the end point of ablation procedure. In order to evaluate the retrograde conduction of Aps，electrical cardioversion was needed for cases combined with atrial fibrillation.
Initial bidirectional block of Aps conduction was set as the end point of the procedure of group S. Free wall Aps in group M were followed by an additional ablation on both side of the initial successful site (within 4mm) for further 60 seconds respectively. Aps of septal wall in group M were given a supplementary ablation for 60 seconds on one side, adjancent to the first successuful site , but away from septum. (figure 1 showed the interpretation of two procedure).
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Figure 1. A1 shows the localization of ablation site for free wall Ap in group S (red arrow refers to the initial successful ablation site), A2 shows complementary ablation on both sides adjacent to the initial successful ablation site for Ap of free wall (white point refers to the additional ablation site), and Aps of septal wall in group M were given a supplementary ablation on one side, adjacent to the first successful site ,away from septum (B1, B2).
All patients were routinely monitored for 24 hours after EP procedure. 2 hours’ compression was given to the puncture site of femoral vein , and 6 hours for femoral atery. All the procedures were preformed by experienced electrophysiologist, and all cases signed the informed consent.
1.3 Follow-up strategy: Main complications and recurrence after EPS procedures were all recorded. Follow-up was conducted in form of clinic intervew or telephone after discharge. In the first month after EPS procedue, routine review of 12-lead electrocardiogram was taken, and the longest observation period was set at 24 months or the time of recurrence. The mean duration of follow-up was 23.5±3.5month. Interphase of last two episodes was recorded as the frequency of tachycardia; The interphase of WPW was recorded as 0 (only a small number of cases). We promised to reduce the cost of EPS redo, so as to avoid the loss of recurrent cases to great extent. The data was mainly obtained during the observation period, the others was collected from information department and the medical record office. The cumulative recurrence rate at 1, 3, 6, 12, 24 months after ablation, and the incidence of perioperative complications: chest pain, over vagus reflex, thromboembolic events, pericardial tamponade, tissue vaporization (steam pop), valve damage, angina pectoris, and myocardial infarction were observed.
2. Statistical analysis:
The continuous data of normal distribution between groups were expressed as "mean ± standard deviation", independent sample t test was used; and the continuous data of non-normal distribution were expressed as Median (Q1,Q3), Mann-Whitney U test was used.The enumeration data were expressed by counting and rate, Fisher test or Pearson-X2 test was used. Recurrence survival rates were estimated with the Kaplan-Meier method. Cox proportional hazards models were used to assess which factors were associated with the risk of recurrence. SPSS 23 software was used for statistics, a=0.05 was set as the bilateral test level.
3. Results:
3.1 Baseline characteristics 
Preoperative and intraoperative baseline data were compared (table1) based on other reports [11-16]  :including age, gender, Aps loaction, the number of Aps, frequency of episodes of tachycardia, number of initial ineffective ablation, approach of chatheter, concomitant with CAD, atrial fibrillation, heart failure (EF%<35%), and other factors related to prognosis and complications.There were 882 patients with 898 Aps in the S group, ranging in age from 10 to 80 years (mean age, 47±16 years), consisting of 365 females and 517 males; Among all the 898 Aps, 688(76.6%) involved the left sided, 210 (23.4%) were right sided, 164(18.3%) were septal; The mean age of group M was 48±17 years old, with females accounting for 40.7%; There were 843Aps, 642 (76.2%) Aps on the left, 149(16.7%) involved the septal, 201(23.8%) Aps on the right. The median time of reccurrence between two groups was 1(1, 3)month in group S, and 1(1, 2)month in group M. In group S, 28.6% of the patients were successfully ablated on atrial aspect, and 27.4% in group M.In group S, 1.4% of the patients had a history of coronary heart disease, 2.4% had preexcitation with atrial fibrillation, and 0.2% with ejection fraction EF<35%. In group M, 0.8% of patients had a history of coronary heart disease, 1.5% had preexcitation with atrial fibrillation, and 0.4% with EF<35%.The basic characteristics dates in the two groups was similar to that reported on domestic and foreign reports [11-13], suggesting our study was representative.There was no statistical difference of all presented factors between the two groups (table 1). 
Table 1. Main clinical features by different ablation medthods.
	Basic characteristics
	Group S( 882pts)
	Group M（830pts）
	P

	Age（yrs）
	47±16
	48±17
	0.119

	Sex(female)
	365(41.4%)
	338(40.7%)
	0.781

	Ap number
	898
	843
	

	Multi Aps
	16(1.8%)
	13(1.6%)
	0.691

	Initial ineffective ablation
	1.72±0.80
	1.68±0.83
	0.379

	Left Aps
	688 (76.6%)
	642(76.2%)
	0.822

	Septal wall
	123(13.7%)
	119(14.1%)
	0.801

	Free wall
	565 (62.9%)
	523 (62%)
	0.706

	Wpw
	67 (7.5%)
	61 (7.2%)
	0.857

	Right Aps
	210 (23.4%)
	201(23.8%)
	0.822

	Free wall
	169 (18.8%)
	171 (20.3%)
	0.441

	Septal wall
	41(4.6%)
	30 (3.6%)
	0.288

	Wpw Ap
	23 (2.6%)
	19 (2.3%)
	0.676

	Episode frequence
	1(1, 3)
	1(1, 2)
	0.885

	Atrial aspect
	257 (28.6%)
	231 (27.4%)
	0.572

	Ventricular aspect 
	641
	612
	--

	Transeptal approach
	13 (1.5%)
	15(1.8%)
	0.227

	CAD history
	13 (1.4%)
	7 (0.8%)
	0.227

	WPWwith AF
	22 (2.4%)
	13 (1.5%)
	0.177

	EF*<0.35%
	2(0.2%)
	3(0.4%)
	0.607


EF*: Eject Fraction, CAD：coronary atery disease
3.2  Characteristics of Postprocedure (Table 2) :
3.2.1 The immediate success rate of both groups was 100%. A total of 1712 AVRT cases with 1741 bypasses were observed during the follow-up period.There were 882 cases in group S with 898 bypasses, and 830 cases and 843 bypasses in group M. All case were observed for 1-24 months,with a median follow-up of 24 months. There were 45 cases relapsed in goup S，7 cases in group M. Among all the 52 Aps of recurrence, 19 Aps involved the left sided, 33 were right sided. The cumulative recurrence rate of ablation at each observation period of group M was significantly lower than that of group S, and the cumulative recurrence number (rate) at month 1, 3, 6, 12 and 24 months were 4(0.5%) vs 17 (1.9%) p=0.007, 5(0.6%) vs 27(3.0%) p=0.000, 6(0.7%) vs 34 (3.8%) p=0.000, 6(0.7%) vs 43 (4.8%) p=0.000, 7(0.8%) vs 45(5.0%) p=0.000. More than 90% of recurrent events occurred within 1 year after ablation in both groups. and the cumulative recurrence rate of  group M was lower than that in group S during the whole follow-up period.
3.2.2 Procudure safety analysis: No perioperative deaths occurred in either group. A total of 41 patients in group S (51 in group M) developed ablation-related chest pain, which was relieved immediately by cease of energy delivery. 3 patients (1 in group M) complainted chest tight with transient changes of ST-T morphology of  ECG. One patient of group M complainted chest pain in the precardiac area with continuously typical ST-segment elevation during the initial energy delivery ,and instant coronary angiography confirmed that coronary artery occlusion was located at the site of ablation target. No myocardial infarction occurred in group S. There was no statistical difference in the incidence of excessive vagal response between the two groups: (19 (2.2%) vs 15(1.85%),p=0.607). No cardiac tamponade present in both group, only a small number of cases in the two groups were detected with small pericardial effusion by routine ultrasound check after EP procedure: (11(1.2%) vs 9(1.1%), p=0.754). One case suffered from pulmonary embolism(confirmed by CT angiography) at the end of limb braking in group S, with sudden dyspnea accompanied by decreased blood pressure, while none occurred in group M. Only a few cases suffered from lower extremity venous thrombotic associated edema: (2(0.2%) vs 1(0.1%) p=0.559) in both groups. No peripheral arterial embolization or valvular injury occurred. Steam pops happened infrequently in both group, and none occurred during the supplementary ablation procedure of group M.
Table2 Characteristics of Postprocedure
	characteristics of Postprocedure
	Group S( 882pts)
	Group M（830pts）
	P

	1.Success /recurrence rate
	
	
	

	1.a immediately
	898（100%）
	843(100%)
	

	1.b 1month
	17 (1.9%)
	4(0.5%)
	0.007

	1.c 3month
	27(3.0%)
	5(0.6%)
	0.000

	1.d 6month
	34 (3.8%)
	6(0.7%)
	0.000

	1.e 12month
	43 (4.8%)
	6(0.7%)
	0.000

	1.f 24month
	45(5.0%)
	7(0.8%)
	0.000

	
	
	
	

	Ap reccurence 
	
	
	

	Rigtht side
	16
	3
	0.000

	Left side
	29
	4
	0.000

	2.complications
	
	
	

	2a. death
	0
	0
	

	2b. chest pain
	47(6.1%)
	47(6.1%)
	0.468

	2c. over vagal response
	19 (2.2%)
	15(1.85%)
	0.607

	2d. Angina
	3 (0.3%)
	1(0.1%)
	0.347

	2e. myocardial infarction
	0
	1(0.1%)
	0.302

	2f. Pericardial effusion 
	11(1.2%)
	9(1.1%)
	0.754

	2g. Cardiac tamponade
	0
	0
	--

	2h. Valvular injury
	0
	0
	--

	2i. Steam pop
	3(0.3%)
	2(0.2%)
	0.707

	2j.Acute heart failure
	0
	0
	--

	2k.Atery embolism
	0
	0
	--

	2l. Pulmonary embolism
	1 (0.1%)
	0
	0.332

	2m. Deep venous thrombosis
	2(0.2%)
	1(0.1%)
	0.559


Figure 2. Kaplan-meier success rate curve during the 2-year follow-up:
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Separate Cox proportional hazards models were used to assess the risk of a recurrence, and 2 predictors were individually significant(P<0.05): (Methods, Aps location); Table 3 presents the results of the stepwise Cox proportional hazards multivariate regression analysis.
Table 3. Stepwise Multivariate Cox Proportional Hazards Model: Recurrence

	Predictor
	Partial

Risk Ratio
	95% CI
	Model P

	AP on right side（19/52）
	1.835
	1.043, 3.228
	0.035

	Alation in group M 
	0.162
	0.073, 0.36
	0.000


Table 3 showed the ablation of right Ap had a 6.16-fold–increased hazard of reccurrence compared with left. Complementary ablation reduced the hazard of recurrence by 83.8%.
5. Discussion:
RFCA is a highly effective and curative treatment for AVRT (>95%). Initially successful RF ablation is persistent, but late recurrence of Aps conduction after ablation is more common(5%) vs AVNRT. Given the technical expertise required to map arrhythmias accurately and to maintain adequate catheter-tissue contact to achieve adequate tissue heating, it is perhaps not unexpected that success was more likely at more experienced ablation centers.
As reports showed, most of the insertions of APS were typically discrete in size(1 to 3 mm) and close to the mitral annulus, the ventricular insertion site tends to ramify over the region of tissue and can be displaced a small distance away from the mitral annulus;  Theoretically, complete block would be achieved by single-point ablation for most Aps. However, 60-80% of Aps are oblique across the valve annulus [17-19], which would result in mapping pitfalls. In addition, The insertion cannot be always accurately located, due to speical anatomy such as wide Aps, or dendritic [20] insertion, far away from the valve annulus, resulting in incomplete bypass damage and recurrence. Mapping pitfalls are largely related to inaccurate localization of a Ap that has an oblique course. This is more likely to occur when retrograde atrial activation mapping is performed with the ablation catheter positioned at the ventricular side of the annulus; Because of the oblique course of the Ap, the site of earliest atrial activation recorded from the ventricular aspect of the annulus does not correspond to the ventricular insertion site. Similar situations can
occur when the ablation catheter is positioned on the atrial aspect of the annulus and RF applications are delivered where the earliest ventricular activation is recorded. In these situations, mapping for the earliest atrial activation site with the catheter on the atrial side of the annulus, or mapping for the earliest ventricular activation site with the catheter on the ventricular side of the annulus, should be undertaken. Occasionally, ablation at an atrial site proximal to the AP’s actual atrial insertion site can cause a substantial shift in atrial activation sequence simulating the presence of a second Aps . As reported earlier [12], our study showed higher recurrence rate of ablation of right free wall and septal APs than left free wall Aps. These findings can be understood if one considers the increasingly well recognized target-dependent differences that exist in the ease of mapping and the effectiveness of tissue heating. Chatheter shift reduce the effective damage depth of target site , and not propitious for further effective heat diffusion. We assumed giving conpmlementary ablation on vicinity next to the initial success site was advantageous for the energy spreading into depth from the side.
Transaortic approach is best suited for mapping anterograde Ap activation (i.e., preexcitation). Mapping retrograde activation from the subannular position is more difficult than for anterograde mapping because of obscuration of the low-amplitude atrial electrogram following the large ventricular electrogram; The transseptal approach is primarily used for mapping of the Ap atrial insertion site during retrograde Ap conduction (orthodromic AVRT or ventricular pacing), However, the transseptal approach provides less catheter stability and is associated with a higher risk of cardiac perforation and air embolism. Furthermore, the transseptal approach entails higher cost. VA/AV fusion and pseudo-disappearance of A in the process of mapping procedure would always lead to the phenomena of unrecognized EVA and EAA, and brought difficulties to the precise localization of the Ap insertion site, which was aslo considered to be a factor of relapse after single-target ablation. We tried the method of rapid pacing on the side of the target to identify A and V activation, which sometimes failed to help identify EAA or EVA. In addition, we found that in many cases, EAA and EVA were widely distributed, suggesting the possibility of wide pathway and increasing the difficulty of ablation. Mccleland et al[21] reported a group of bypass ducts, of which 18% needed ablation within the range of 3cm along CS to achieve completely bidirectional block. 
The initially success of immediate ablation indicates that the catheter tip is positioned at or near the insertion site of Ap, but whether the bypass has been irreversibly damaged cannot be ensured. Therefore, we proposed a method of complementary ablation beside the initial successful target to reduce the reccurrence rate of ablation. Earlier reports[22-23] showed that the effective ablation depth of conventional 4mm-tip ablation catheter is 4-6mm, and we set a distance of 4mm next to the initial successful target along cs as the site for complementary ablation; Theoretically, continuous fusion and effective heat penetration in target tissues can be obtained. Through the of strategy ablation, the success rate of AVRT ablation in our center has been significantly improved in the past 8 years. 
New mapping systems woking with AI and good energy delivery chatheter(eg.,irrigation chatheter)were expected to improve accuracy of the Ap localization, increase the stability of chatheter. and enlarge ablation lesion, but entail higher cost. Conventional mapping and catheter manipulation under fluoroscopy guidance is still the main method for EP procedure, and attempt of modifying ablation stratery to reduce the recurrence rate of ablation is necessary. 
Complementary ablation entailed X-ray exposure and EP procudure time. Theoretically, there is possible an increased risk of complications, including myocardial infarction, myocardial perforation, cardiac tamponade, especially for atrial aspect ablation. Repeated subvalvular ablation increases the risk of steam pop, and repeated catheter manipultion may increase the risk of thrombosis, embolism, and valve damage. It is neccesary all the above factors must be considered. Our study showed the incidence of complications was similar in both group S and group M, and  no complications occured during supplemental ablation in group M.The incidence rate of various complications in our center were lower than that reported in other EP centers [2,3,24]. We considered that if the initial success mapping and ablation was perfomed, the possibility of increased risk by complementary ablation is receptible.
Limitation: In our retrospective study, dates collected from different periods with inevitable bias in the two groups possibly affected the result. We hope a prospective, randomized ,and multicenter study to verify the result in future.
Conclusion:Compared with conventional ablation, the average EP procedure time was only extended by 5-10 minutes in complementary ablation group, but the recurrence rate decreased significantly without increased incidence of complications . The results of this study may serve as a reference to clinicians considering therapeutic options in patients.
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FIG.2B shows that the cumulative recurrence rate of follow-up cases in the ablation observation phase of the S method was higher than that in group M. The cumulative recurrence rate in the 2-year follow-up phase of the S group was up to 5%, and the cumulative risk in  group M was only 0.8%, P value = 0.000





FIG. 2A shows the survival analysis curves of the two groups during the 2-year observation period. The follow-up period ranged from 0 to 24 months.During the 2-year observation period, the cumulative recurrence rate of every observation timepoint in group M was significantly lower than that in group S. Group M showed an advantage of high ablation success rate, with Log Rank test (mantel-cox), p value=0.000








