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Background: Zero fluoroscopy during ablation of arrhythmias has been introduced to reduce radiation exposure.

However, the safety, feasibility and efficacy of the technique in pediatric populations have yet to be delineated.

Objectives: To investigate the safety, feasibility and effectiveness of zero fluoroscopic-guided transcatheter ablation

of right-sided supraventricular tachycardia substrates in a pediatric population.

Methods: Patients < 20 years of age who received ablation of right-sided accessory pathway-mediated arrhythmia

and atrioventricular nodal reentrant tachycardia at our hospital between January 2014 and July 2018 were enrolled,

and their medical records were reviewed. Patients undergoing ablations with conventional fluoroscopic guidance

were enrolled as the control group, and those undergoing ablations with zero fluoroscopic guidance were enrolled

as the study group. Repaired or complex congenital heart disease patients were excluded.

Results: One hundred and two patients (55 male; 47 female) received a total of 109 ablation procedures: 68

procedures in the control group and 41 in the study group. The mean procedure duration was 104.7 � 65.1 minutes

in the control group and 98.6 � 57.6 minutes in the study group (p = 0.62). The mean fluoroscopy time was 30.9 �

23.9 minutes in the control group, while all procedures in the study group were performed without fluoroscopy (p

< 0.001). In subgroup analysis, the results were similar. Acute procedural success rates were high in both groups

(98.5% vs. 97.6%, p = 1.0). The recurrence rate was 11.5% (7/61) in the control group and 7.5% (3/40) in the study

group (p = 0.78) at mid-term follow-up.

Conclusions: Using the zero fluoroscopy technique during pediatric ablation procedures for right-sided supraventricular

tachycardia substrates is safe and significantly reduces radiation exposure.
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INTRODUCTION

Supraventricular tachycardia (SVT) is the most com-

mon tachyarrhythmia in children and adolescents. The

mainstay of treatment for SVT is transcatheter ablation

using radiofrequency energy or cryoenergy.
1-3

In the past

decades, fluoroscopy has been used to guide transca-

theter ablation of arrhythmias. However, the stochastic

risks of ionizing radiation, including malignancies and

hereditary defects are of great concern.
4-6

The estimated

lifetime risk of cancer mortality can be markedly re-

duced by performing a fluoroless procedure.
7

In pediat-

ric populations, this issue has even greater importance

because of a longer life expectancy in which to express

the stochastic effects.
8-11
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Recent advances in technology have led to the de-

velopment of non-fluoroscopic electroanatomic map-

ping systems to reduce radiation exposure in ablation

procedures.
12,13

A recent study showed a potential 96%

reduction in the estimated risks of cancer incidence and

mortality using a zero fluoroscopy (ZF) approach com-

pared with a conventional approach.
14

However, few

studies have delineated the safety, feasibility and effec-

tiveness of the ZF technique in guiding transcatheter ab-

lation of arrhythmias in a pediatric population.
15

In chil-

dren and adolescents, atrioventricular reentrant tachy-

cardia (AVRT) and atrioventricular nodal reentrant ta-

chycardia (AVNRT) are the two most common types of

arrhythmia.
16

The aim of this study was to investigate

the safety, feasibility and effectiveness of ZF-guided

transcatheter ablation of right-sided SVT substrates, in-

cluding accessory pathway (AP)-related AVRT and AVNRT

in a pediatric population.

METHODS

In December 2016, the EnSite Precision
TM

Cardiac

Mapping System (Abbot, St. Paul, MN, USA) was intro-

duced to our electrophysiology (EP) laboratory and was

used to perform ZF in pediatric ablation procedures for

cardiac arrhythmias.

Study population

All patients undergoing EP studies and ablation pro-

cedures performed between January 2014 and April

2018 were included in the initial data collection. Those

who received ablation procedures for right-sided AP-re-

lated AVRT and AVNRT and those aged < 20 years were

enrolled in the study. Patients with repaired or complex

congenital heart diseases were excluded from the study.

Study design

We conducted a retrospective case-control study to

investigate the safety, feasibility, and efficacy of ZF in

ablations of right-sided SVT substrates, including right-

sided AP-related AVRT and AVNRT. Reviewing the me-

dical records, those who received ablation procedures

through conventional fluoroscopy guidance from Janu-

ary 2014 to November 2016 were enrolled as the con-

trol group, and those who received ablation procedures

under ZF guidance from December 2016 to April 2018

were enrolled as the study group. The demographics of

the patients and records of EP procedures were col-

lected. This research project was approved by the Na-

tional Taiwan University Hospital Research Ethics Com-

mittee, and the requirement for informed consent was

waived.

ZF technique guidance procedures

Written informed consent was acquired from each

patient or their parents before the procedures. Anti-

arrhythmic medications were discontinued for at least 3

days before the procedure, except for beta-blockers.

Conscious sedation was employed via intravenous gen-

eral anesthesia with propofol. The EnSite Precision
TM

Cardiac Mapping System was used to perform ZF. De-

tailed information about the Precision
TM

Cardiac Map-

ping system has been described previously.
17,18

. In brief,

a steerable decapolar mapping catheter was used to de-

pict the geometry of the venous route to the right at-

rium via femoral venous access. The catheter was then

deployed into the coronary sinus. A 4 Fr. or 5 Fr. multi-

polar catheter was advanced through the geometry col-

lected previously and placed into the right ventricle to

record the His bundle and the right ventricle apex sig-

nals concomitantly. A quadripolar catheter was placed in

the high right atrium in the same way. After placement

of the three catheters, the cardiac geometry was suffi-

cient for following mapping and ablation procedures.

Electrophysiological study and ablation procedure:

general description

Standard EP protocols were performed, and the me-

chanism of arrhythmias at the target sites of ablation

were confirmed by using standard burst pacing or extra-

stimulation pacing maneuver and standard atrioven-

tricular (AV) ring mapping techniques. The diagnosis of

AVNRT, parahisian, including antero-septal and mid-

septal AP, and other non-parahisian APs was made using

standard criteria. Cryoenergy was delivered with a 4-

mm, 6-mm or 8-mm cryoablation catheter (CryoCon-

sole, Freezor, Freezor Xtra, Freezor Max, Medtronic Cryo-

Cath LP, Quebec, Canada) for AVNRT and parahisian AP

after 2015. Radiofrequency energy was delivered with a

5Fr. temperature-controlled catheter (5-mm tip, S/S

curve, Fantasista, Japan Lifeline Co. Ltd, Tokyo, Japan or
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“IBI” Therapy
TM

Ablation Catheter, Irvine Biomedical,

Inc., a St. Jude Medical Company, USA) in all other abla-

tion procedures. Procedural success was defined as the

loss of antegrade and retrograde AP conduction, and a

lack of tachycardia induction in AVRT. For AVNRT, elimi-

nation of the slow pathway with no more than one echo

beat was defined as a procedural success. Recurrence

was defined as documentation of the reappearance of

an arrhythmia targeted for ablation.

Statistics

Values are shown as mean � standard deviation un-

less otherwise specified. The Statistical Package for Social

Sciences statistical software (SPSS, Version 20 for Win-

dows) was used for all statistical analyses. The independ-

ent t-test was used to compare the means among contin-

uous variables, and associations among categorical vari-

ables were compared using the chi-squared test. Kaplan-

Meier analysis and the log rank test were used for sur-

vival analysis of freedom from arrhythmia recurrence. A p

value < 0.05 was considered to be statistically significant.

RESULTS

Patient demographics

During the study period, a total of 102 patients (55

male; 47 female) received 109 ablation procedures in-

volving right-sided SVT substrates. The demographics of

the patients are demonstrated in Table 1. The mean age

at the procedure was younger in the study group (p =

0.004), and the body height and body weight were both

lower in the study group (p = 0.016, and 0.017, respec-

tively). However, after excluding the patients who re-

ceived ablation procedures with cryoenergy, the mean

age, body height and body weight were comparable be-

tween the control and study groups (age: 12.5 versus 12

years, p = 0.63; height: 155 versus 149.5 cm, p = 0.37;

weight: 53.1 versus 46.1 kg, p = 0.264). Five patients in

the control group received RF ablation of slow path-

ways. The overall schematic locations of the APs in the

two groups are demonstrated in Figure 1. Five proce-

dures (four in the control group and one in the study

group) involved multiple arrhythmia substrates. The

trend of procedure duration is shown in Figure 2, which

shows that almost no learning curve was needed to use

the ZF technique to guide ablation of right-sided SVT

substrates.

Acute results

The procedure durations in the two groups were

comparable [mean procedure duration 104.7 � 65.1

minutes in the control group versus 98.6 � 57.6 minutes

in the study group (p = 0.62)]. A marked reduction in
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Table 1. Demographics and results of control group and study group

Control group Study group p value

Number of patients 62 41 -

Number of procedures 68 41 -

Follow-up duration (months), mean � SD 22.7 � 15 10.7 � 4.40 -

Age (years), mean � SD .14 � 3.5 .12 � 3.4 0.004

Height (cm), mean � SD 157.3 � 16.80 149.4 � 1600. 0.016

Weight (kg), mean � SD 52.7 � 15.9 45.1 � 15.5 0.017

Sex (male: female) 32:30 24:17 0.490

Fluoroscopy time (minutes), mean � SD 30.9 � 23.9 0 < 0.001 <

Procedure duration (minutes), mean � SD 104.7 � 65.10 98.6 � 57.6 0.620

Arrhythmia mechanism, n (%)

AVNRT 37 (59.7) 10 (24.4) -

Parahisian AP 09 (14.5) 9 (22). -

Non-pararhisian AP 12 (19.4) 21 (51.2) -

Multiple mechanisms 4 (6.5) 1 (2.4) -

Types of ablation (n)

Radiofrequency ablation 22 22 -

Cryoablation 46 19 -

AP, accessory pathway; AVNRT, atrioventricular nodal reentrant tachycardia.



fluoroscopy time was achieved in the study group. The

mean fluoroscopy time was 30.9 � 23.9 minutes in the

control group while none of the patients in the study

group needed fluoroscopic guidance during the ablation

procedures (p < 0.001) (Figure 3). Furthermore, in sub-

group analysis, there were no significant differences in

procedure duration between the two groups in the pa-

tients with AVNRT, parahisian AP or non-parahisian AP

(AVNRT: 110.9 versus 93.7, p = 0.44; parahisian AP: 90.7

versus 118, p = 0.334; non-parahisian AP: 86.1 versus.

82.2, p = 0.83), and the reduction in fluoroscopy time

was significant in all arrhythmia mechanisms (AVNRT:

26.5 versus 0, p < 0.001; parahisian AP: 31.2 versus 0, p

< 0.001 ; non-parahisian AP: 41.6 versus 0, p = 0.002).

The overall acute procedural success rate was 98.5%

(67/68 procedures) in the control group and 97.6% in the

study group (40/41 procedures) (p = 1.0). One patient in

the control group had AVNRT (slow-fast, fast-intermedi-

ate, fast-slow AVNRT) and received cryoablation of re-

trograde slow and intermediate pathways successfully.

However, non-sustained SVT, suspected slow-fast AVNRT

or ectopic atrial tachycardia could be induced at the end

of the procedure. One patient in the study group was di-

agnosed with Wolff-Parkinson-White (WPW) syndrome

with right antero-lateral and right lateral Kent pathways.

Elimination of the delta wave could be achieved quickly

during the procedure, however the delta wave recurred

immediately in the EP laboratory. The procedure was

aborted due to a prolonged total procedure time. Dur-

ing the study period, none of the patients experienced

major procedural complications requiring emergency or

ongoing treatment such as cardiac perforation, pericar-

dial effusion with cardiac tamponade, high degree AV

block (second or third degree AV block), thrombi, em-

boli or death. In addition, none of the patients had vas-

cular complications such as pseudoaneurysm, or arterio-

venous fistula during the procedure and follow-up care

for the ablations.

Mid-term results

Recurrence of arrhythmia was monitored at a mean

follow-up duration of 22.7 � 15 months in the control

group and 10.7 � 4.4 months in the study group. The re-

sults are summarized in Table 2. The overall recurrence

rates were 11.5% (7 out of 61 patients) in the control

group and 7.5% (3 out of 40 patients) in the study group

(p = 0.78), and the recurrence-free survival rate was

similar between these two groups (p = 0.599) (Figure 4).

In subgroup analysis, there were no significant differ-

ences in the recurrence rates between the study and

control groups in AVNRT, parahisian AP and non-para-

hisian AP subgroups.

DISCUSSION

There are three main findings to this study: 1) the

use of ZF for right-sided SVT substrates in our pediatric
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Figure 1. Schematic demonstration of accessory pathway locations in

the two groups. Twenty-eight and 32 accessory pathway were treated in

control group (A) and study group (B), respectively. MA, mitral annulus;

TA, tricuspid annulus.

A

B

Figure 2. Dot-plot of procedure duration of each procedure demon-

strating that almost no learning curve were needed in performing

zero-fluoroscopy technique guidance ablation procedures. The grey line

indicates the mean procedure duration of study group, which was 98.6

minutes.



population was safe and did not increase the risks of

procedural complications; 2) the use of ZF in ablation

procedures is feasible for AVNRT and right-sided AP-re-

lated AVRT regardless of the location of the APs in pedi-

atric populations; 3) ablation procedures under ZF guid-

ance are as effective as conventional fluoroscopy guid-

ance regardless of the arrhythmia mechanisms and AP

locations with regards to acute success and arrhythmia

recurrence rates at mid-term follow-up.

In our EP laboratory, the as low as reasonably achiev-

able (ALARA) principle has been universally followed for

over 20 years during EP studies and ablation procedures.
19

A previous study reported that the lifetime attributable

risk of cancer mortality can be significantly reduced by

performing a fluoroless procedure.
7

The NO-PARTY trial

further reported a 96% reduction in the estimated risks

of cancer incidence and mortality with the use of a ZF ap-

proach compared to a conventional approach.
14

Pediatric

patients have a longer life expectancy and their organ

systems are still developing, so they have a greater

chance of expressing the stochastic effects of radiation.

Thus, reducing the use of fluoroscopy following the

ALARA principle during ablation procedures is even more

important in pediatric populations. In our study, all pro-

cedures in the study group were performed uneventfully

without fluoroscopy. That means that none of the pati-

ents in study group were exposed to a higher risk of can-

cer after the ablation procedure.
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Table 2. Subgroup analysis of success rate and recurrence rate

Control group Study group p value

All procedures (n) 68 41 -

Success rate (%) 67/68 (98.5) 40/41 (97.6) 1.00

Recurrence rate (%) 07/61 (11.5) 3/40 (7.5) 0.78

AVNRT (n) 42 10 -

Success rate (%) 41/42 (97.6) 10/10 (100) 1.00

Recurrence rate (%) 4/41 (9.8) 1/10 (10) 0.64

Parahisian AP (n) 9 9 -

Success rate (%) .9/9 (100) 9/9 (100) -

Recurrence rate (%) 01/9 (11.1) 0/9 (0) 0.26

Non-parahisian AP (n) 16 21 -

Success rate (%) 16/16 (100) 21/21 (100) -

Recurrence rate (%) 02/16 (12.5) 2/21 (9.5) 0.83

AP, accessory pathway; AVNRT, atrioventricular nodal

reentrant tachycardia.

Figure 3. Comparisons of procedure duration (A) and fluoroscopy time

(B) between study and control group. No significant difference of proce-

dure duration between study and control group.

Figure 4. No significant difference of 18-month freedom from arrhyth-

mia recurrence survival after ablation procedures between study and

control group (p = .599 by log rank test).

A

B



With improvements in technology and increased

experience with ablation, the overall procedural success

rate of ablation procedures has increased, and the num-

ber of procedural complications decreased. However,

minor and major complications still occur. Minor vascu-

lar complications such as pseudoaneurysm, arterioven-

ous fistula and minor bleeding have been reported in

1%-3% of ablation procedures in pediatric populations.
2

The most common serious complications are high de-

gree AV block, catheter perforation, and thrombi or em-

boli, which have been reported to occur in approximately

1% of procedures. In pediatric populations, AV block has

been reported to occur in 1.2% of cases.
20

None of our

patients experienced serious complications including

high degree AV block, cardiac perforation, and thrombi

or emboli regardless of the AP location or energy type.

In addition, none of the patients in the study group de-

veloped minor vascular events. The results of our study

confirm that using the ZF technique in ablation of right-

sided SVT substrates, including AVNRT and AP-mediated

AVRT, could avoid the harmful effects produced by radi-

ation exposure without increasing the risks of developing

minor or major vascular events and AV block in the abla-

tion procedures.

Wan et al.
21

reported factors associated with de-

creased fluoroscopy exposure with conventional cathe-

ter ablation versus electroanatomic navigation. They re-

viewed 234 substrates in which 107 (46%) procedures

were performed under electroanatomical guidance. The

fluoroscopy duration decreased significantly from a

mean of 11.1 � 10.1 to 3.5 � 6.2 minutes in the conven-

tional and electroanatomical guidance groups, respec-

tively. For those with AVNRT, right free wall APs, and

right septal APs, the mean fluoroscopy durations were

1.8, 2.8, and 2.8 minutes, respectively. Drago et al. re-

cruited 21 WPW patients with right Kent pathways re-

ceiving ablations at a mean age of 11.3 � 3.2 years, and

the mean fluoroscopy time was 9.2 � 7.7 minutes in the

12 patients in whom fluoroscopy was used.
22

In their re-

port, only 40% of the patients received mapping and ab-

lation procedures without fluoroscopy. The reasons why

the management of right-sided arrhythmia substrates

requires less fluoroscopy exposure may be because

right-sided procedures do not need high-risk maneuvers

such as trans-septal puncture and retrograde trans-aor-

tic maneuvers. However, few reports have thoroughly

investigated ZF ablation for right-sided ablation proce-

dures in pediatric populations. Scaglione et al.
15

re-

ported the use of ZF with a CARTO3 system in 26 pediat-

ric patients with right-sided AP ablations. However, the

cryo-catheter could not be visualized during cryoenergy

delivery with the CARTO3 system. In addition, high pro-

file catheters were needed, which can increase the risk

of vascular complications in small children. This limita-

tion increased the risk and uncertainty of ablation pro-

cedures. In our study, the procedural duration was com-

parable between the control group and the study group,

while no fluoroscopy was used in any patient in the

study group. Furthermore, none of our patients in the

study group experienced serious complications requir-

ing interventions. Thus, our study demonstrates that re-

ducing the fluoroscopy to zero in right-sided supraven-

tricular tachyarrhythmia substrates, including AVNRT

and right-sided AP, in pediatric populations is feasible.

A previous literature reported an initial success rate

of 93% for all SVT substrates in a pediatric population. In

further classifications, the AP ablation success rate was

94% (right free wall: 90%; right septal: 89%), and 99%

for AVNRT.
2

Recurrence at 12 months was related to the

substrate and was highest for right-sided APs (right free

wall: 15.8%; right septal: 24.6%).
2

A more recent multi-

center report from three Czech Republic centers in-

cluded 708 procedures in 633 pediatric patients, and re-

ported acute/long-term success rates for AP ablation

and AVNRT of 91.1/83% and 98.9/90.6%, respectively.
23

For specific localizations of AP in septal AP and right-

free wall AP, the results were 76.9/62.8% and 92.2/72.2%,

respectively. Some single center studies have reported

ablation of AVNRT in pediatric populations under near

zero or ZF with recurrence rates ranging from 0.9% to

13.7%.
24-26

However, some of these studies treated mul-

tiple cryo-lesions and some delivered cryo-energy dur-

ing AVNRT in the procedures. The safety and possibility

of late AV blocks are of great concern. In another small

series involving AP-mediated AVRT, Scaglione et al.
15

re-

ported the results of ZF ablation procedures performed

in patients at a mean age of 13.1 � 3.3 years under

CARTO3 electroanatomic mapping system guidance. The

percentage of recurrent arrhythmias was 15.9% (7/44

patients), and the mean elapsed time to recurrence was

7.0 � 15.2 months. In our study, the overall acute proce-

dural success rates were 98.6% in the control group and
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97.6% in the study group. In addition, the overall recur-

rence rates were 11.5% in the control group and 7.5% in

the study group at follow-up durations of 22.7 � 15

months and 10.7 � 4.4 months, respectively. These re-

sults are similar to data reported worldwide regardless

of the arrhythmia mechanisms and AP localizations in

both the control and study groups at our institution.

These results further support that ZF guidance during

ablation in a pediatric population is as effective as con-

ventional fluoroscopic guidance procedures. Therefore,

this technique should be considered as a recommended

procedure when dealing with right-sided SVT substrates,

including AVNRT and AVRT, especially in a pediatric po-

pulation.

Study limitations

Our study has some limitations. First, this is a retro-

spective case-control study, and selection bias may have

occurred. However, we enrolled all consecutive patients

to eliminate this potential confounding. Second, AVNRT

patients comprised a significantly large portion of the

study group. This may have been because cryoablation

was introduced to our institution in February 2015. Many

AVNRT patients diagnosed before this time were waiting

for this treatment, and thus there were more AVNRT pa-

tients in the control group than in the study group. This

may also have affected the average age, height and

weight. However, we performed subgroup analysis to

minimize such bias. Third, the long-term results of the

ZF-guided ablation procedures are not known due to the

short follow-up period. However, our follow-up duration

in the study group was longer than the average recur-

rence time reported in the literature. Further follow-up

and comparisons of the clinical conditions of the study

group are required to clarify the long-term follow-up re-

sults.

CONCLUSIONS

Using the ZF technique to diminish radiation expo-

sure during pediatric transcatheter ablation of right-

sided SVT substrates, including AVNRT and AP-related

AVRT is safe and feasible. The acute success and ar-

rhythmia recurrence rates at mid-term follow-up were

also comparable to the conventional fluoroscopic guid-

ance approach. We suggest that the ZF technique should

be considered as a recommended procedure when deal-

ing with right-sided SVT substrates, including AVNRT and

AP-related AVRT in pediatric populations.
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