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Abstract: Radiofrequency ablation (RFA) of the cavo-tricuspid isthmus (CTI) is one of the most frequently performed 
procedures in electrophysiology. Despite a high success rate, ablation of the CTI can be unusually difficult in some cases. 
Multiple tools like angiography, 3D mapping, remote navigation and intracardiac echocardiography (ICE) have been in-
troduced to facilitate typical flutter ablation. This review article summarizes the clinical value of different strategies and 
tools used for CTI ablation focusing on the importance of approaches utilizing ICE. 
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INTRODUCTION 

 “The incidence of atrial flutter (Afl) in the general popu-
lation is 88/100,000 person/years” [1]. The incidence of Afl 
in men is 2.5 times higher than that in women and the inci-
dence increases exponentially with age. Clinical risk factors 
associated with Afl are heart failure and chronic pulmonary 
disease [1]. Afl is often (~60%) associated with atrial fibril-
lation and can lead to significant symptoms, tachycardiomy-
opathy, thromboembolic stroke and myocardial ischemia. 
The most frequent type of Afl is a cavo-tricuspid isthmus 
(CTI)-dependent flutter”, which is a macroreentrant atrial 
tachycardia with anatomically defined pathway. Its reentrant 
circuit rotates around the tricuspid valve annulus (TV), with 
the predominant area of slow conduction in the CTI. The 
shortcut activation towards the posterior right atrium is pro-
tected by the crista terminalis (CT). Pharmacological treat-
ment is rarely effective for conversion of Afl and insufficient 
to control the high ventricular rate during ongoing arrhyth-
mia [2, 3]. Direct current shock on CTI as a definitive treat-
ment for Afl was introduced by Saoudi et al. in 1990. The 
acute success rate was high but the Afl recurred in 37.5% of 
the patients during follow up [4]. Two years later, working 
groups led by Feld GK and Cosio FG developed a new 
method with high success and low recurrence rate using ra-
diofrequency ablation (RFA). The endpoint of the procedure 
is a permanent and continuous line of block along the CTI 
[5, 6]. “This method has been accepted as a first-line thera-
peutic option in the treatment of CTI-dependent Afl and one 
of the most commonly performed procedures in electro-
physiology” [5, 6]. RFA of CTI-dependent Afl is a highly 
successful intervention, but in about 1–12% of the patients 
the RFA remains unsuccessful [7-10]”. The principal  
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obstacle to successful ablation is the complex and variable 
anatomy of the CTI which has been demonstrated in ana-
tomical and angiographic studies” [5, 6]. “Intracardiac echo-
cardiography (ICE) has the potential role and capability to 
reveal anatomy of the isthmus and guide ablation in difficult 
cases” [5, 3]. This review article describes the importance of 
ICE in the ablation of typical flutter and presents available 
clinical data related to this issue.  

INTRACARDIAC ECHOCARDIOGRAPHY IN ELEC-
TROPHYSIOLOGY  

 In current practice, ablation catheter positioning is 
mainly guided by fluoroscopy and electrograms, although 
visualization by fluoroscopy is unable to depict the endocar-
dial surfaces and the anatomic details required for precise 
navigation. Moreover, the electrode tip-endocardial contact 
and lesion formation cannot be assessed directly with fluo-
roscopy and radiation exposure can potentially increase the 
risk of malignancy to the patient and the operator. Transtho-
racic echocardiography (TTE) is not suitable to guide the 
ablation procedures: the optimal acoustic window cannot be 
maintained by positioning of the patients during the proce-
dure along with the protected sterile field. Transesophageal 
echocardiography (TEE) is highly uncomfortable for patient 
and both TTE and TEE require a second operator. Almost 
two decades ago, Chu E. and colleagues demonstrated that 
ICE can be used in dogs to accurately guide radiofrequency 
lesion placement within the right atrium. In 97% of ablation 
points, ICE confirmed stable endocardial contact and the 
pathological examination proved that lesions were accurately 
placed less than 2 mm from an anatomically based target in 
the majority of cases [11]. Same year Chu E. and colleagues 
demonstrated the utility and feasibility of ICE in humans. 
They successfully identified anatomical structures in the 
right atrium and confirmed electrode tip-endocardial contact 
during ablation. In three cases of left atrial arrhythmias expe-
rienced operators were not able to cross the interatrial sep-
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tum with a Brockenbrough needle. In these patients, the ICE 
was able to depict the septum, the needle and to guide the 
successful transseptal puncture [12]. Later on, ICE emerged 
as a widely used tool in the everyday practice of interven-
tional electrophysiology. Beside real-time visualization of 
endocardial structures and catheters, it allows monitoring of 
ablation lesions, detection of intracardiac thrombi, facilitates 
transseptal puncture and allows early detection of complica-
tions. ICE also provides real-time anatomic data on the left 
atrium and pulmonary veins, allows precise positioning of 
circular mapping catheters in the ostium of pulmonary veins, 
prevents ablation in the pulmonary veins, promotes the 
transmurality of ablation lesions and prevents esophageal 
injury by monitoring the lesions caused by RFA on the left 
atrial posterior wall. ICE can provide additional information 
about arrhythmogenic substrate (scars, aneurysms) and the 
course of the coronary arteries. Its use has progressively in-
creased, mainly during the ablation of atrial fibrillation and 
ventricular arrhythmias [13]. Recent publications using 2D 
and 3D ICE with sophisticated details proved that anatomical 
characteristics of the ablation targets strongly correlate with 
the procedural success [14-17]. 

TOOLS FACILITATING RFA OF THE CTI 

 Catheter design: Studies comparing 4- with 8-mm tip 
electrodes for RFA of typical Afl [18-20] demonstrated 
higher success rate (67% vs. 92%) with a lower number of 
RFA application, shorter procedure and radiation time re-
quired for creation of bidirectional block with 8-mm tip 
electrodes. Feld et al. showed reduction in recurrence rate 
(from 43% to 10%) by using 8-mm tip catheters [19]. Stud-
ies evaluating the efficacy of RFA of typical Afl by using 
an 8-mm tip catheter (with 100 W power) reported 88%, 
90% and 99% acute success rates, respectively [21-23]. In 
the prospective, multicenter clinical trial (Atakr) with 8-
mm electrode catheter, Calkins et al. reported low compli-
cation rate (2.7%) but a significant number of recurrences 
(at 6 months 13% and at 12 months 20%). “Procedure time 
was the only predictor of recurrence of atrial flutter in this 
study” [21]. After introduction of irrigated-tip catheters, 
studies have found that these catheters are more effective 
and as safe as conventional 4-mm-tip catheters [23] but 
results comparing irrigated-tip and 8-mm-tip catheters were 
controversial. A metaanalysis by Da Costa et al. [24] which 
included seven trials and 603 patients concluded that irri-
gated-tip and 8-mm-tip catheters are equally effective for 
isthmus ablation with similar success rates (84% vs.85%) 
and procedural characteristics (RFA time, fluoroscopy and 
total procedure time). “In the review article by Da Costa et 
al., the authors concluded that 8-mm tip catheters seem to 
be more effective in patients with straight isthmus mor-
phology and irrigated catheters appear to be more effective 
in cases of complex CTI anatomy” [25]. In a recent pro-
spective, randomized, multicentre study comparing conven-
tional, 8-mm platinum–iridium-tip (Pt-Ir) catheters with 8-
mm gold-tip catheters, the authors found that procedure and 
fluoroscopy time, complication and recurrence rate were 
similar between the two catheters [26]. “The gold-tip cathe-
ter was, however, associated with a higher ablation success 
rate (94.3 vs. 89.0%, P= 0.042) and a lower incidence of 
char and coagulum formation” [26]. In a study by Feld GK 

et al. [27] cryoablation of the CTI demonstrated similar 
acute (87.5%) and long-term efficacy and safety as RFA, 
but the total procedure time, ablation time and fluoroscopy 
time were significantly higher than usual. In some difficult 
cases, the reason for failure to achieve block on the isthmus 
is a lack of stability and contact. Using a conventional long 
or a steerable sheath can overcome this obstacle. In a study 
conducted by Matsuo et al., the use of a steerable sheath 
decreased the procedure time and amount of RFA energy 
needed to achieve block on the isthmus in comparison to 
procedures performed with a non-steerable sheath [28]. As 
the procedural success is mainly defined by the preexistent 
anatomy of the CTI preprocedural (by TTE, CT or MRI) or 
intraprocedural (by angiography or ICE) imaging of CTI 
anatomy can facilitate the appropriate catheter selection 
[29-31].  

 Angiography: Heidbüchel et al. introduced biplane right 
atrial angiography [32] to reveal highly variable CTI anat-
omy before ablation (isthmogram). They adapted the abla-
tion approach to these anatomic findings. In patients with a 
long isthmus (�40mm), they inserted a 3-in catheter and in 
cases with deep pouches ablation catheters with a very short 
curve were used. Angiographic findings corresponded well 
with a previous anatomic descriptions of the CTI [33, 34] 

regarding width and shape and showed a prominent, muscu-
lar-type Eustachian valve (EVR) in 24% of cases. An angi-
ographic study by Da Costa et al. [35] proved that both CTI 
length and isthmus characteristics such as concavity and the 
presence of pouch-like recesses are factors that significantly 
increase procedure duration, x-ray exposure and require RF 
applications. The same group [36] demonstrated that pre-
ablation isthmogram can predict the success of RFA (the 8 
mm-tip catheter is more suitable in patients with straight 
isthmus morphology) and may prevent the crossover to an-
other ablation catheter. Right atrial angiography is performed 
with a pigtail catheter located at the inferior vena cava-right 
atrial junction using multiple contrast injections from differ-
ent fluoroscopic projections. Thereby this “diagnostic” step 
increases x-ray exposure and can result in contrast induced 
complications such as nephropathy. Angiography may be 
useful for determining contact with the wall in the right ante-
rior oblique projection but provides little information for the 
positioning in the left anterior oblique view. Information 
gathered by isthmogram is only two-dimensional and not 
real-time. Finally, there is no randomized study showing that 
CTI ablation with angiography is superior to the conven-
tional approach. 

 3D mapping systems: The use of 3D mapping systems 
for CTI ablation was introduced by Kottkamp et al. [37]. 
The Euroflutter study demonstrated that using 3D mapping 
system for CTI ablation the fluoroscopy exposure time can 
be reduced by almost 50% [38]. In 90% of all cases, fluo-
roscopy was not required (zero-fluoroscopy) for successful 
ablation of typical flutter using impedance-based 3D map-
ping [39]. Using 3D mapping systems about 1.2-6% of pro-
cedures remained unsuccessful and the total procedure time 
was longer than that in the conventional group although 
statistically it was not significant. The cost of procedure in 
a group with 3D mapping was remarkably higher than in 
the conventional group. “Introduction of 3D mapping sys-
tems for ablation of CTI did not result in a reduction of 
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procedure (and RFA) time and was not able to maximize 
the success rate which clearly proves that the main obstacle 
to successful isthmus ablation is the high anatomical vari-
ability of the CTI that can be overcome only with real time 
visualization” [5, 6]. 

 Remote navigation: The first human study with remote 
magnetic navigation system (MNS) for isthmus ablation 
was reported by Arya et al. in 2008 [40]. This study dem-
onstrated that using MNS for CTI ablation is safe, feasible 
and effective. Total procedure time, fluoroscopy time and 
RFA time were comparable with procedural parameters 
using a conventional approach in other studies, but not 
shorter. There was a short learning curve after which pro-
cedure time and fluoroscopy time shortened significantly, 
but RFA time remained the same. 4% of cases remained 
unsuccessful. A prospective, randomized trial conducted 
by Vollmann [41] et al. compared procedural parameters 
of typical flutter ablation using conventional approach 
versus MNS. The number of radiofrequency applications, 
the RFA time and the total procedure time were found to 
be higher in the group utilizing MNS, on the other hand 
the fluoroscopy time was shorter than that in the conven-
tional group. The acute success rate was found to be lower 
than that in the conventional group (73 vs.89%) and inter-
estingly the long-term recurrence rate was higher in the 
MNS group (13 vs.2%). A prospective, randomized study 
by Steven et al. [42] compared procedural parameters of 
CTI ablation using a conventional approach versus robotic 
navigation system (RNS). X-ray exposure and RFA time 
as well as the amount of radiofrequency energy were sig-
nificantly smaller in the RNS group, but “the total proce-
dure and preparation time was significantly higher in the 
group” using RNS. In summary, CTI ablation by MNS 
can result in decreased fluoroscopy times but the proce-
dure times and RFA times are comparable or even longer 
than those used by the conventional approach. Concerns 
can be raised related to acute and long term success rate 
of CTI ablation by MNS. 

 Real-time 3D TEE: A study by Regoli et al. [43] demon-
strated that real-time 3-dimensional transesophageal echo-
cardiography (RT3DTEE)–guided ablation of the CTI is 
feasible and safe and enables continuous visualization of the 
ablation catheter during RFA. Total procedure time, fluoros-
copy time, fluoroscopy dose and number of radiofrequency 
applications were significantly decreased in comparison with 
the conventional approach but RFA time was in the same 
range in both groups. RT3DTEE requires general anesthesia 
with its all possible drawbacks.  

 Voltage-guided ablation of CTI: In 2006, Redfearn et al 
[44] introduced a new ablation strategy targeting large volt-
age “bundles” without producing a continuous line on the 
CTI. “This ablation approach operates on the hypothesis that 
the muscle bundles in CTI act like a variably thick sheet of 
tissue and block can be obtained without ablation of the en-
tire isthmus by targeting only the functionally important 
muscle bundles” [44]. The same group in a prospective, ran-
domized trial demonstrated that using the voltage-guided 
technique for CTI ablation significantly reduces RFA time 
and the number of ablation lesions in comparison with the 
anatomically-guided strategy although without “a significant 

reduction in procedure or fluoroscopy time” [45]. Other 
studies have supported these results [46-48]. In the post-hoc 
analysis of AURUM 8 trial, Lewalter et al. confirmed that 
all procedural parameters are remarkably improved with 
voltage-guided technique, including fluoroscopy and total 
procedure times [49]. 

INTRACARDIAC ECHOCARDIOGRAPHY FOR CTI 
ABLATION 

 First ICE-guided RFA of typical flutter in humans was 
performed by Chu et al. [11] in 1994. ICU (10-MHz rota-
tional ICE inserted via femoral vein to the right atrium) 
was used to visualize a corridor defined by the ostium of 
coronary sinus, the inferior vena cava and the TV in the 
right atrium. Anatomic structures such as TV, the coro-
nary sinus ostium, the interatrial septum and EVR were 
identified with ICE in all patients. Additional manipula-
tion with the ablation catheter was frequently required to 
establish adequate contact on the CTI during ablation 
[12]. In the majority of the cases they were able to di-
rectly visualize the electrode-endocardial contact, con-
tinuous movements (sliding) of the ablation catheter, evo-
lution of thrombi and RFA lesions as well as microbubble 
formation. One year later, rotational ICE was used to fa-
cilitate endocardial activation and entrainment mapping of 
typical atrial flutter [50, 51]. Rotational ICE can promote 
endocardial mapping but is limited in visualization of 
other CTI details [52]. A study conducted by Morton et 
al. [53] in 2003 showed the feasibility and utility of 
phased-array ICE during ablation of typical Afl. They 
used 7.5-10 MHz phased-array ICE and visualized the 
CTI in its long axis. In this view, both the anterior and 
posterior borders of the isthmus were easily depicted. By 
clockwise rotation the septal part (coronary sinus ostium), by 
counterclockwise rotation the free wall of the right atrium 
were visualized. This observational study proved that ICE 
is a valid, high-definition real-time imaging modality for 
describing the complex morphology of the isthmus. ICE 
measurements (length and thickness of the isthmus) corre-
lated well with previous anatomical descriptions. ICE was 
able to visualize trabeculations, pouches and recesses as 
well as dynamic changes of the isthmus during the cardiac 
cycle. Moreover, ICE was able to monitor the evolution 
of RFA lesions, like swelling and changes in echo-
density. The study identified pouches in 73% of cases (5.9 
± 2.0 mm) and found them to be deeper in the septal isth-
mus. Previous anatomical studies described pouching of 
the isthmus in similar rates (two thirds of the patients) 
[33]. We reported the effectiveness of phased-array ICE 
imaging in two challenging cases of isthmus ablation [54, 
55]. In the first case, ICE imaging depicted a prominent 
EVR as a main obstacle to reach the sub-Eustachian part 
of the isthmus. The ablation catheter was bended and 
pulled down to reach the sub-Eustachian isthmus (Fig. 1). 
After RFA at this point isthmus block was achieved. In 
the second case despite 150 minutes of procedure and 40 
minutes of fluoroscopy time block on the CTI was not 
achieved. With introduction of ICE we found a highly 
prominent and muscular EVR (Fig. 2). With curving the 
ablation catheter (~320˚), we reached the edge of the thick 
and actively contracting EVR and recorded a high voltage 
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atrial potential in that location. After ablation at this 
point, we confirmed bidirectional block on the isthmus. 
Furthermore, we reported other complex and variable 
isthmuses depicted by ICE (Fig. 3 and Fig. 4) [56]. In our 
prospective, randomized study 102 patients were included 
[56]. Patients were randomized in two groups: fluoros-
copy (n=52) or ICE guided (n=50) g 

roup. Seven patients (13%) from the fluoroscopy group 
crossed over to ICE group because of failed RFA and in 
all of these patients block on the isthmus was obtained 
using the ICE (100% acute success rate). Regarding pa-
tients characteristics we found no significant differences 
between the two groups. Moreover, the complication and 
recurrence rates were identical in both groups [56]. We 
have shown that procedure and fluoroscopy time, the time 
spent for ablation were significantly shorter, radiation 
(dose-area product-DAP) and the sum of applied radiofre-

quency energy were significantly lower in the ICE-group 
(Table 1). ICE depicted individual characteristics of the 
isthmus and allowed real time navigation making the pro-
cedure faster and more effective.  

 Our study has shown that ICE-guidance during isth-
mus ablation reduces overall procedure time, radiation 
exposure and decreases needless radiofrequency delivery 
[56]. “We concluded that ICE-guided ablation of the CTI 
is not indicated routinely but in selected patients when the 
conventional approach has failed additional ICE-guidance 
permits 100% procedural success and becomes justified” 
[56]. 

CONCLUSIONS 

 ICE-guided ablation of CTI permits 100% acute success 
rate and low recurrence rate (1.96%). In comparison with 
angiography, 3D mapping systems, remote navigation tools 

 
 

Fig. (1). Intracardiac echocardiography (ICE) image of the CTI. The ablation catheter (Abl) is curved around the prominent Eustachian ridge 
(EVR). TV: tricuspid valve. 
 
 

 
 

Fig. (2). ICE image presenting a prominent, muscular and actively contracting EVR, which could only be engaged by curving the ablation 
catheter (Abl) into full circle (arrowheads) to touch the anterior surface of the valve. CS: coronary sinus, Tr: tricuspid valve. 
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and RT3DTEE, ICE-navigated ablation of CTI guarantees 
the best procedural parameters, namely: procedure time, 
fluoroscopy time, radiation exposure, RFA time and deliv-
ered radiofrequency energy. Different navigation tools have 
been introduced to facilitate ablation of typical Afl, to re-
duce the radiation exposure and procedure time [56]. ICE-
guided ablation allowed greater reduction in radiation ex-
posure in comparison to RNS or MNS and 3D mapping [8, 

41, 42, 57]. In contrast to these systems, ICE-guided abla-
tion of CTI resulted in a significant reduction of procedure 
and ablation time and markedly decreased the sum of de-
livered energy [56]. Radiation exposure and procedure time 
reduction were similar to that achieved by 3DTEE [43] but 
ICE was better in eliminating needless RF delivery [56]. 
We can conclude that ICE is an optimal imaging tool in 
cases of difficult CTI ablation. 

 
 

Fig. (3). CTI with a muscular bundle on the ventricular side and a deep and narrow pouch on the atrial side of the isthmus. Targeted ablation 
of both structures was needed to establish a block on the isthmus. Arrow: ablation catheter, P: pouch, M: muscular bundle.  
 
 

 
 

Fig. (4). ICE image of case where ablation of the muscular EVR was performed from the venous side to complete the block on the CTI. Ar-
row: ablation catheter, EVR: Eustachian-valve/ridge. 
 

Table 1. Procedural parameters of CTI ablation in ICE-guided versus fluoro-only guided groups.  

 ICE-group (n:50) Fluoro-only group (n:52) P-value 

Procedure time (min) 68.06±15.09 105.94±36.51 P<0.001 

Fluoroscopy time (min) 5.54±3.77 18.63±10.60 P<0.001 

Radiation exposure-DAP (cGycm2 ) 397.62±380.81 1312.92±1129.28 P<0.000 

RFA time (sec) 482.80±534.12 779.76±620.82 P 0.001 

Delivered radiofrequency energy (Ws) 10866.84±6930.84  16393.56±13995.78 P 0.048 
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