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Feasibility and safety of
cavotricuspid isthmus ablation
using exclusive intracardiac
echocardiography guidance: a
proof-of-concept, observational
trial
Dorottya Debreceni, Kristof-Ferenc Janosi, Marton Turcsan,
Daniel Toth, Botond Bocz, Tamas Simor and Peter Kupo*

Heart Institute, Medical School, University of Pecs, Pecs, Hungary

Introduction: Catheter ablation is the preferred treatment for typical atrial flutter
(AFl), but it can be challenging due to anatomical abnormalities. The use of 3D
electroanatomical mapping systems (EAMS) has reduced fluoroscopy exposure
during AFl ablation. Intracardiac echocardiography (ICE) has also shown benefits
in reducing radiation exposure during AFl ablation. However, there is a lack of
evidence on the feasibility of ICE-guided, zero-fluoroscopy AFl ablation without
the use of EAMS.
Methods: In this prospective study, we enrolled 80 patients with CTI-dependent
AFl. The first 40 patients underwent standard fluoroscopy + ICE-guided ablation
(Standard ICE group), while the other 40 patients underwent zero-fluoroscopy
ablation using only ICE (Zero ICE group). Procedure outcomes, including acute
success, procedure time, fluoroscopy time, radiation dose, and complications,
were compared between the groups.
Results: The acute success rate was 100% in both groups. Out of the 40 cases, the
zero-fluoroscopy strategy was successfully implemented in 39 cases (97.5%) in the
Zero ICE group. There were no significant differences in procedure time [55.5
(46.5; 66.8) min vs. 51.5 (44.0; 65.5), p= 0.50] and puncture to first ablation
time [18 (13.5; 23) min vs. 19 (15; 23.5) min, p=0.50] between the groups. The
Zero ICE group had significantly lower fluoroscopy time [57 (36.3; 90) sec vs. 0
(0; 0) sec, p < 0.001] and dose [3.17 (2.27; 5.63) mGy vs. 0 (0; 0) mGy, p < 0.001]
compared to the Standard ICE group. Total ablation time was longer in the
Standard ICE group [597 (447; 908) sec vs. 430 (260; 750), p= 0.02], but total
ablation energy [22,458 (14,836; 31,116) Ws vs. 17,043 (10,533; 29,302) Ws,
p= 0.10] did not differ significantly. First-pass bidirectional conduction block of
the CTI and acute reconnection rates were similar between the groups. No
complications or recurrences were observed during the follow-up period.
Conclusion: Our study suggests that zero-fluoroscopy CTI ablation guided solely
by ICE for AFl is feasible and safe. Further investigation is warranted for broader
validation.
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Introduction

Typical atrial flutter (AFl) is a common type of

supraventricular tachycardia characterized by a macro-reentrant

circuit that involves the cavotricuspid isthmus (CTI), a narrow

strip of tissue connecting the inferior vena cava and the tricuspid

valve (1). Catheter ablation is the preferred initial treatment for

recurrent, symptomatic CTI-dependent AFl. This procedure

creates a bidirectional conduction block across the CTI and has a

high success rate both in the short term and long term, with a

low complication rate (2). Although catheter ablation of the CTI

has a high success rate (2, 3), it can be particularly challenging

in some cases, often due to anatomical abnormalities (4–6).

Traditionally, electrophysiology procedures are commonly

performed with fluoroscopy guidance, which exposes both

patients and medical staff to potentially hazardous levels of

ionizing radiation (7, 8).

The utilization of 3D electroanatomical mapping systems

(EAMS) during ablation procedures for typical flutter has

resulted in a significant reduction in exposure to fluoroscopy (4,

9, 10). Recent researches have demonstrated that it is feasible to

perform fluoroscopy-free ablation procedures for typical flutter

with the guidance of EAMS (5, 6, 11).
FIGURE 1

Typical flutter ablation. (A) preprocedural surface ECG (paper speed is 25
(B) coronary sinus (CS) electrocardiogram of a typical atrial flutter. (C)
(D) postprocedural ECG (paper speed is 25 mm/s) demonstrates normal sinus
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Intracardiac echocardiography (ICE) is a distinctive imaging

modality that provides real-time visualization of intracardiac

structures during catheter ablation procedures. A prior clinical

trial demonstrated that ICE-guided ablation of the CTI

significantly reduces the duration of the procedure and

fluoroscopy time, resulting in markedly decreased radiation

exposure and less time required for ablation when compared to

fluoroscopy-only procedures (Figures 1, 2) (4).

There is currently no scientific evidence available on the

feasibility of ICE-guided, zero-fluoroscopy CTI ablation without

the use of EAMSs. The primary goal of this prospective study

was to assess the feasibility and safety of using solely ICE-guided,

zero-fluoroscopy ablation techniques for ablation of the CTI in

patients diagnosed with typical AFl. Additionally, the study

aimed to compare the outcomes of this approach with the

standard CTI ablation technique.
Methods

Study population

In our prospective, observational single-center study, we

enrolled a total of 80 consecutive patients with ECG recordings
mm/s) displays the ongoing CTI-dependent flutter saw-tooth pattern.
intracardiac echocardiography-guided cavotricuspid isthmus ablation.
rhythm.
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FIGURE 2

Direct visualization of the ablation catheter on the cavotricuspid isthmus
by intracardiac echocardiography (ICE). Abl, ablation catheter; Ao, aortic
root; CTI, cavotricuspid isthmus; RA, right atrium; RV, right ventricle.
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suggesting ongoing or recent CTI-dependent AFl, based on ECG

criteria as adopted by Granada et al. (1). The first 40 patients

underwent standard ICE-guided CTI ablation according to our

institutional protocol (Standard ICE group), while the other 40

patients underwent zero-fluoroscopy CTI ablation, using only

ICE and intracardiac electrocardiograms for catheter navigation

(Zero ICE group).

We excluded patients from the study if they met any of the

following criteria: (a) being referred for a second procedure, (b)

having other arrhythmias in addition to AFl, (c) having

undergone cardiac surgery in the last 6 months, (d) having

undergone previous pulmonary vein isolation, or (e) being under

18 years old. The study was conducted in accordance with the

Declaration of Helsinki and was approved by the regional ethics

committee. All patients provided written informed consent to

participate in the study.
Study protocol

Patients were assessed while under sedation (midazolam 2–

5 mg administered intravenously) and/or analgesia (fentanyl

0.002–0.02 mg/kg) as needed. Three catheters were introduced

after local anesthesia through the right femoral vein for the

purposes of pacing, recording, and ablation. A decapolar

steerable catheter (ViaCath 10, Biotronik, Germany) was

positioned in the coronary sinus (CS), while an ablation catheter

(Biotronik AlCath LT G FullCircle, Biotronik, Germany) and an

additional 8F ICE catheter (AcuNaV TM 90 cm, Siemens Medical

Solutions, Mountain View, CA, USA) was inserted into the right

atrium. In the Standard ICE group, catheter placement was

initially guided by fluoroscopy, whereas in the Zero ICE group,

catheter manipulation was guided by ICE. No EAMS was used in

either group. CTI dependent AFl was confirmed by entrainment

maneuver in all patients with ongoing AFl. Radiofrequency

ablation (RFA) was conducted by creating a linear lesion at the
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middle of the CTI from the tricuspid annulus to the inferior

vena cava (Supplementary Video S1). RFA was performed in a

temperature-controlled mode, targeting a temperature of 43°C,

with power limited to 35–45 W and an irrigation rate of 15–

30 ml/min. After the arrhythmia was terminated as a result of

RFA, the procedure was concluded with CS stimulation. In

patients exhibiting sinus rhythm, mapping and ablation were

carried out while applying CS stimulation with a cycle length of

600 msec. All the procedures were conducted by an experienced

electrophysiologist who performs over 60 CTI ablations annually

using ICE guidance.
ICE-guided tracking and navigation

The ICE catheter was initially positioned within the right

atrium, precisely at the 6 o’clock orientation. Subsequently, the

CS catheter was advanced, and the presence of intracardiac

signals indicating its arrival in the right atrium was registered.

This event was visualized using the ICE probe with either

clockwise or counterclockwise rotation. The CS catheter was then

bent over through the tricuspid annulus while considering its

position by ICE. A slight clockwise rotation of the CS catheter

towards the CS ostium was performed, allowing visualization

through a corresponding slight clockwise rotation of the ICE

transducer from the home view. With gentle retraction of the CS

catheter, ICE was used to confirm its entry into the CS ostium.

Subsequently, the CS catheter was straightened and advanced

within the CS with meticulous and deliberate movements, all of

which were monitored using ICE. Once the CS catheter was

appropriately positioned within the CS, an ablation catheter was

introduced into the right atrium. Throughout the ablation

procedure, continuous verification of the ablation catheter’s

location along the CTI was maintained. The objective was to

create a continuous ablation line within the central portion of

the CTI, commencing from the tricuspid valve and extending

towards the inferior vena cava (IVC). Standard home view was

employed to visualize the middle of the CTI. A slight

counterclockwise rotation of the ICE transducer revealed the

lateral aspect of the CTI, while a slight clockwise rotation

enabled visualization of the septal portion of the CTI.
Study endpoints

Acute success was defined as the presence of bidirectional

conduction block along the isthmus by pacing from proximal CS

and inferior lateral wall, characterized by widely spaced double

potentials, which persisted for a duration of 20 min following the

last RF ablation. First-pass block was defined as the occurrence

of bidirectional conduction block of the CTI, either before or

upon completion of the CTI line ablation, without the

requirement of additional ablations. Procedure time, measured in

minutes, was determined from the initial femoral puncture until

the withdrawal of catheters. Fluoroscopy time and radiation dose

were automatically recorded by the fluoroscopy system. Ablation
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data, including the total amount of delivered radiofrequency energy

(expressed in Ws) and the duration of ablation (expressed in

seconds), were calculated and stored by the EP recording system

(CardioLab, GE Healthcare).
Statistical analysis

The distribution pattern of the data was evaluated using

Kolmogorov-Smirnov tests. All tests were conducted as two-tailed

tests with a significance level of p < 0.05. Continuous data were

expressed as either mean ± standard deviation (SD) or median

(interquartile range, IQR), depending on appropriateness.

Categorical variables were presented as absolute numbers and

percentages. Chi-square test, T-test, and Mann–Whitney U-test were

employed for appropriate comparisons. Statistical analyses were

performed using SPSS 28 software (SPSS, Inc., Chicago, IL, USA).
Results

In this study, we enrolled a total of 80 participants, with 40

assigned to the Standard ICE group and 40 to the Zero ICE

group. The baseline characteristics, including gender distribution

(female: 70.0% vs. 67.5%, p = 0.81) and age (49.6 ± 14.9 vs.

53.0 ± 13.4 years, p = 0.15), show no significant differences

between the two groups (Table 1). All 80 cases successfully

completed the procedural endpoint, resulting in a 100% acute

success rate.

Ongoing typical AFl was detected in 57.5% of cases in the

Standard ICE group and 52.5% of cases in Zero ICE group.

Analysis of the data revealed no significant difference in

procedure time [55.5 (46.5; 66.8) min vs. 51.5 (44.0; 65.5),

p = 0.50] and puncture to first ablation time [18 (13.5; 23) min

vs. 19 (15; 23.5) min, p = 0.50] between two groups. Additionally,

the time from the first to the last ablation [16 (10; 31) min vs.

12 (5; 25.5) min, p = 0.16] and the time from puncture to the last
TABLE 1 Clinical characteristics of the study population.

Standard ICE
group (n = 40)

Zero ICE group
(n = 40)

p
value

Age (years) 49.6 ± 14.9 53.0 ± 13.4 0.15

Male (%) 28 (70) 27 (67.5) 0.81

Hypertension (%) 30 (75) 35 (87.5) 0.15

Diabetes mellitus (%) 14 (35) 18 (45) 0.36

Heart failure (%) 13 (32.5) 8 (20) 0.20

Coronary artery
disease (%)

9 (22.5) 12 (30) 0.44

Chronic kidney
disease (%)

0 (0) 3 (7.5) NA

Prior stroke/TIA (%) 6 (15) 3 (7.5) 0.32

Atrial fibrillation (%) 5 (12.5) 10 (25) 0.15

COPD (%) 2 (5) 1 (2.5) 0.56

LA diameter (mm) 59.0 ± 9.0 58.9 ± 7.9 NA

Ongoing typical AFL
(%)

23 (57.5) 21 (52.5) 0.65

AFL, atrial flutter; COPD, chronic obstructive pulmonary disease; ICE, intracardiac

echocardiography; LA, left atrium; NA, not available; TIA, transient ischemic attack.
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ablation [35 (27; 50) min vs. 32 (24; 46.5) min, p = 0.51] also

demonstrated similar results.

In the Zero ICE group, 39 out of 40 patients (97.5%)

underwent fluoroless ablation, resulting in significantly lower

fluoroscopy time [57 (36.3; 90) sec vs. 0 (0; 0) sec, p < 0.001].

The range in the Standard ICE group was 29–184 s, while in the

Zero ICE group, it was 0–78 s. Similarly, the dose was also

reduced [3.17 (2.27; 5.63) mGy vs. 0 (0; 0) mGy, p < 0.001] in

comparison to the Standard ICE group.

In one case, fluoroless catheter insertion was unsuccessful due

to the kinking venous system, but no fluoroscopy was used after the

catheters reached the heart.

The total ablation time was longer in the Standard ICE group

[597 (447; 908) sec vs. 430 (260; 750), p = 0.02], while total ablation

energy did not differ significantly between the group [22,458

(14,836; 31,116) Ws vs. 17,043 (10,533; 29,302) Ws, p = 0.10].

First-pass bidirectional conduction block of CTI was achieved in

55% of cases in both groups, (22/40 patients vs. 22/40 patients,

p = 1.0), and acute reconnections occurred at similar rates (25.3%

vs. 35%, p = 0.31). However, all instances of acute reconnections

were effectively eliminated through additional RF applications.

Throughout the study no complications were observed. Result

are summarized in Table 2.
Discussion

Our single-center, prospective observational study

demonstrates that ICE-guided, zero-fluoroscopy CTI ablation is

feasible and safe without influencing the procedural time, first-

pass block and acute reconnection rates. The Zero ICE group

demonstrated a shorter total ablation time compared to the other

group. However, no significant difference was observed in total

ablation energy, indicating that, on average, higher power (W)

values were utilized for CTI ablation using the zero strategy. The

zero-fluoroscopy strategy was unsuccessful in only one case

during catheter placement, but no fluoroscopy was employed

after the catheters were successfully positioned within the heart.

Catheter ablation is the preferred method for maintaining sinus

rhythm in the chronic treatment of AFl and is more effective than

amiodarone (2). Ablation of the CTI with a confirmed bidirectional

conduction block results in a recurrence rate of less than 10% (2).

However, CTI ablation can be challenging in certain cases due to

anatomical factors such as long isthmus, prominent Eustachian

ridges, and pouches. Various visualization methods, including

right atrium angiography, transesophageal echocardiography, and

ICE, have been studied to identify the association between deep

pouch-like recesses, long isthmuses, prominent Eustachian ridges,

and increased procedure time, radiation exposure, and required

RF ablations during CTI ablation for typical AFl (9, 10, 12).

Extended exposure to radiation can heighten the risk of

dermatitis, cataracts, congenital anomalies, and elevate the

likelihood of developing cancer in individuals who have been

exposed (13). Additionally, the use of lead aprons is linked to an

increased incidence of work-related musculoskeletal pain (14).

Minimizing the utilization of fluoroscopy, or ideally eliminating it
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TABLE 2 Procedural parameters in the study population.

Standard ICE group (n = 40) Zero ICE group (n = 40) p value
Total procedure time (min) 55.5 (46.5; 66.8) 51.5 (44.0; 65.5) 0.50

From puncture to first ablation (min) 18 (13.5; 23) 19 (15; 23.5) 0.50

Total ablation time (s) 597 (447; 908) 430 (260; 750) 0.02

Total ablation energy (Ws) 22,458 (14,836; 31,116) 17,043 (10,533; 29,302) 0.10

From first to last ablation time (min) 16 (10; 31) 12 (5; 25.5) 0.16

From puncture to last ablation time (min) 35 (27; 50) 32 (24; 46.5) 0.51

Total fluroscopy time (sec) 57 (36.3; 90)
range: 29–184

0 (0; 0)
range: 0–78

<0.001

Total fluoroscopy dose (mGy) 3.17 (2.27; 5.63) 0 (0; 0) <0.001

First pass block (%) 55.0 55.0 1.0

Acute reconnection (%) 25.3 35.0 0.31

Acute success (%) 100 100 1.0

Complication (%) 0 0 NA

ICE, intracardiac echocardiography; NA: not available.
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entirely, is of utmost importance due to the potential harm even

from low doses and the absence of a clearly defined threshold

for completely safe radiation exposure. Therefore, during

electrophysiology procedures, the aim is to keep the use of ionizing

radiation as low as reasonably achievable (ALARA principle).

In recent years, the use of EAMSs as an alternative visualization

technique in electrophysiology procedures has gained popularity

due to its potential to decrease procedural time and reduce or

even completely eliminate radiation exposure. Numerous studies

have confirmed the feasibility of near-zero and zero-fluoroscopy

approaches for CTI ablation, including their successful

application as an extension to pulmonary vein isolation

procedures within a single session (5, 15–23). In addition, the

advent of visualizable steerable sheaths has yielded significant

advancements in mitigating radiation exposure during catheter

ablation procedures (24).

However, EAMSs have limited ability to directly visualize

intracardiac structures, which makes them less advantageous in

catheter ablation procedures for patients with atypical cardiac

anatomy.

ICE is a real-time imaging modality that facilitates catheter

ablations by providing visualization of intracardiac structures,

catheter position and stability, as well as lesion formation (4, 10).

The application of ICE in cardiac arrhythmia ablation has been

shown to be associated with significantly reduced fluoroscopy time,

fluoroscopy dose, and procedure duration compared to ablation

procedures conducted without the use of ICE (4, 25, 26).

In a previous study conducted by Bencsik et al., a randomized

trial was carried out to compare conventional CTI ablations with

ICE-guided CTI ablations in 102 patients (4). The findings of

this study demonstrated that ICE-guided CTI ablation

significantly reduces the duration of the procedure, fluoroscopy

exposure, and ablation time, as well as the total amount of

delivered RF energy, in comparison to the fluoroscopy-only

guided method without the assistance of EAMS. In the

fluoroscopy-only guided group, the option of additional ICE

usage was available in cases where the ablation or fluoroscopy

time was prolonged, leading to a crossover group. Among these

patients, a total of 7 individuals switched to ICE-guided EPS
Frontiers in Cardiovascular Medicine 05
from the fluoroscopic approach. Notably, in 6 out of the 7 cases,

a pouch near the Eustachian-valve/ridge was observed, and

shortly after the crossover, bidirectional isthmus block was

achieved. The authors concluded that the variable anatomy of

CTI is a primary factor contributing to unsuccessful procedures.

By employing ICE, the target site for ablation can be visualized

in real-time, allowing for the identification of anatomical

variations that may influence catheter ablation of CTI. As a result,

the utilization of ICE could be associated with reduced overall

procedure time, fluoroscopy exposure, and ablation duration.

Herman et al. conducted a comparative study involving 79

patients who underwent CTI ablation for typical AFl using either

an ICE-guided or fluoroscopy-only guided method (27). In line

with Bencsik et al., authors reported reduced fluoroscopy time

with association of the usage of ICE, moreover additional ICE

approach in unsuccessful fluoroscopy-guided CTI ablation

contributed a completed bidirectional line achievement. The use

of ICE resulted in a longer total procedure time compared to not

using it. The authors attribute this finding to the fact that the

ICE group involved an additional vein puncture, which

contributed to the overall duration of the procedure. Notably, the

total procedure time was measured until successful hemostasis,

hence the increase in procedure duration was primarily due to

the additional vein puncture and the time required for proper

hemostasis. Importantly, despite the extra 11F vein puncture in

patients receiving anticoagulation, no major vascular

complications were observed in the ICE group.

To the best of our knowledge, there is currently no scientific

evidence available that specifically focuses on zero-fluoroscopy

AFl ablation solely guided by ICE. However, a conference

abstract presented findings on 27 CTI ablation procedures where

a zero-fluoroscopy approach was safely achieved using ICE

without EAMS (28). All procedures could be successfully

accomplished without the need for fluoroscopy. In one patient,

an asymptomatic intramural hematoma was detected by ICE

following the successful ablation, while no other major or minor

complications were observed or documented throughout the study.

Compared to EAMSs, the utilization of ICE allows for real-time

catheter navigation within the heart. This approach can lead to a
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more rapid and efficient procedure while effectively eliminating the

requirement for radiation exposure. The main drawback of using

an ICE-guided method for CTI ablation is the additional cost

associated with its implementation. However, when compared to

the extra expenses incurred by utilizing EAMSs, this expenditure

is found to be similar, (29) or potentially lower, particularly if

the use of reprocessed ICE catheters is permitted (30).
Limitations

Our study was conducted at a single center with a highly skilled

operator in the use of ICE; therefore, our findings cannot be

generalized. Additionally, the number of patients included in the

study was limited. The relatively small sample size indeed brings

about limitations in establishing conclusive results regarding both

non-inferiority and equivalence. The reported acute success rates

[100% (95% CI: 91%–100%)] and the lack of complications [0%

(95% CI: 0%–8.8%)] are indicative, however, a larger sample size

would be necessary to draw more definitive conclusions. Besides,

according to the study protocol, the aim was to compare

procedural data between the groups, and long-term follow-up data

are not available. Further research with a more substantial sample

could provide a clearer picture of the approach’s effectiveness and

safety. To gain a better understanding of potential advantages in

clinical outcomes, multicenter trials are warranted. Finally, as

previously discussed, it is essential to take into account the

additional cost associated with utilizing an ICE catheter. Moreover,

the use of ICE necessitates a larger venous sheath, but this did not

result in an increase in access site complications.
Conclusion

Our findings suggest that zero-fluoroscopy catheter ablation for

typical AFL, guided exclusively by ICE, is both feasible and safe.

Furthermore, we found that this technique does not significantly

impact procedural data, safety, or efficacy when compared to

standard ICE-guided CTI ablations. Further investigation is

warranted for broader validation.
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