Folia Morphol.

m Vol. 84, No. 1, pp. 97-107
iy DOI: 10.5603/fm.100953

VIA MEDICA ORIGINAL ARTICLE Copyright © 2025 Via Medica
ISSN 0015-5659

elSSN 1644-3284
journals.viamedica.pl

Anatomical obstacles in cavotricuspid isthmus
detected by modified 2D transthoracic
echocardiography and long-term outcomes in
radiofrequency ablation of typical atrial flutter

Marta Kacprzyk', Ewelina Dotega-Dotegowska?, Grzegorz Karkowski'®,
Jacek Lelakowski'®, Artur Kacprzyk®®, Marta Krzysztofik?, Patryk Ostrowski® ¢®,
Michat Bonczar> ¢®, Halina Dobrzynski®> 7@, Marcin Kuniewicz' >7

'Department of Electrocardiology, Institute of Cardiology, John Paul Il Hospital,

Jagiellonian University Medical College, Krakdw, Poland

2Department of Cardiology and Internal Medicine, Ludwik Rydygier Memorial Hospital, Krakdw, Poland
3Doctoral School of Medical and Health Sciences, Jagiellonian University Medical College, Krakdw, Poland
“Department of Dermatology and Venereology, Stefan Zeromski Municipal Hospital, Krakdw, Poland
>Department of Anatomy, Jagiellonian University Medical College, Krakdw, Poland

®Youthoria Youth Research Organisation, Krakdw, Poland

“Division of Cardiovascular Sciences, University of Manchester, Manchester, United Kingdom

[Received: 1 June 2024; Accepted: 16 July 2024; Early publication date: 24 July 2024]

Background: Although radiofrequency ablation of the cavotricuspid isthmus (CTI),
responsible for sustaining atrial flutter, is a highly effective procedure, in extended
patient observations following this procedure, more than 10% becomeunsuccess-
ful. Therefore, this study was aimed at providing helpful information about the
anatomy of the CTl in transthoracic echocardiography, which could aid better
planning of CTI radiofrequency ablation in patients with typical atrial flutter.
Materials and methods: 56 patients with typical atrial flutter after radiofre-
quency ablation were evaluated at the end of a 24-month observation period.
With substernal modified transthoracic echocardiographic (mTTE) evaluation,
we identified four main anatomical obstacles impeding radiofrequency ablation:
tricuspid annular plane systolic excursion, cavotricuspid isthmus length, cavotri-
cuspid isthmus morphology, and the presence of a prominent Eustachian ridge/
/Eustachian valve. All intraprocedural radiofrequency ablation data was collected
for analysis and correlated with anatomical data.

Results: Over a 24-month observation period, freedom from atrial flutter was
67.86%. The mean length of the isthmus was 30.34 = 6.67 mm. The isthmus
morphology in the 56 patients was categorised as flat (n = 27, 48.2%), concave
(n =10, 17.85%), or pouch (n = 19, 33.9%). A prominent Eustachian ridge was
observed in 23 patients (41.1%). Lack of anatomical obstacles in mTTE evaluation
resulted in 100% efficacy, while the presence of at least two obstacles significantly
increased the risk of unsuccessful ablation with more than two (OR 12.31 p =
= 0.01). Generally, 8 mm electrodes were the most effective for non-difficult CTl,
while 3.5 mm electrodes used with a 3D system had highest performance for
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complex CTI. Notably, ageing was the only factor that worsened the long-term
outcome (OR 1.07 p = 0.044).

Conclusions: Preoperative use of mTTE evaluation helps predict difficulty in ca-
votricuspid isthmus radiofrequency ablation, thus allowing better planning of the
radiofrequency ablation strategy using the most accurate radiofrequency ablation
electrode. (Folia Morphol 2025; 84, 1: 97-107)

Keywords: atrial flutter, cavotricuspid isthmus, radiofrequency catheter

ablation

INTRODUCTION

Typical atrial flutter (AFL) is one of the most com-
mon arrhythmias in clinical practice for general prac-
titioners and cardiologists [16, 30]. Since AFL is rarely
susceptible to pharmacotherapy, the European and
American Cardiology Societies’ guidelines suggest
an ablation as the first-line treatment rather than
pharmacological treatment [14, 15, 24].

The cavotricuspid isthmus (CTI) plays an essential
role in sustaining AFL. This slow conduction area is
thus the main target for radiofrequency ablation (RFA)
[5, 22]. Despite easy access and a high success rate
in the short term, observations over a longer period
show that it may be unsuccessful.

The CTI (Fig. 1A) is a well-defined anatomical area
in the lower part of the right atrium (RA), bordered
posteriorly by the inferior vena cava (IVC) and ante-
riorly by the tricuspid valve (TV) [1, 3, 6, 20, 29]. The
superomedial margin of the CTI adjoins the inferior
border of the coronary sinus ostium, whereas the
final ramification of the crista terminalis lines its in-
ferolateral margin [6, 22]. Within the CTI area, three
levels of the isthmus can be distinguished: para-septal
isthmus, inferior or central flutter isthmus, and infe-
rolateral isthmus [20]. The inferior/central isthmus
between the orifices of the IVC and the TV represents
the optimal target for ablation of typical AFL [4].

Although the macroscopic characteristics of the
CTl have been investigated since the ablation of AFL
started, a deeper analysis of this region allows for
a better understanding of unsuccessful ablations.
We think that each CTI is different, starting from
the superficial CTI morphology and finishing in the
fibrous skeleton conformation insulating the atrial
myocardium'’s electrical activity.

The most common reasons for unsuccessful ab-
lations centre on the surface peculiarity of the CTI
due to irregular distribution of pectinate muscles
crossing the CTI and rough surface with many small
depressions (known in the literature as concave or
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pouch-like CTI recesses, also called sub-Eustachian
or sub-Thebesian) [4, 13]. Although many procedural
manoeuvres have been implemented for such obsta-
cles, some RFAs have been unsuccessful [3].

From a deeper perspective, the atrial muscle fibres
maintaining the arrhythmia are insulated from fibrous
structures, creating thick, nonhomogeneous struc-
tures with alternate energy absorption anteriorly by
the tricuspid annulus, and posteriorly by the tendon
of Todaro [7, 28] (Fig. 1A). The tricuspid annulus, via
the membranous septum and tendon of Todaro, has
an insertion in the right fibrous trigone enclosing the
triangle of Koch. The tendon of Todaro, right fibrous
trigone, and membranous septum constitute the
so-called ‘central fibrous body’ [2]. The only promi-
nent Eustachian ridge is a visual manifestation of the
presence of the tendon of Todaro. Its significance is
related to achieving a complete para-septal isthmus
block in patients with persistent AFL [9].

Numerous studies have reported that the mor-
phology of CTl is not dependent on age, sex, or any
other morphometric parameter [1, 6, 9, 11, 20, 22].

However, we believe that preoperative visualisation
of the CTl improves the procedural effectiveness of
successful ablation therapy, and so we established four
main anatomical obstacles: longer length of the CTI >
> 35 mm, the presence of pouch-like CTl recess or pect-
inate muscles encroaching onto the CTl, a prominent
Eustachian ridge, and lastly the hypermobility of the
tricuspid annulus measured with TAPSE [3, 9, 11, 20].

Various methods have been proposed for CTl eval-
uation. Although several studies have evaluated the
morphology of CTl by using computed tomography
(CT) [17, 21, 28], magnetic resonance imaging (MRI)
[28, 32], transoesophageal echocardiography (TEE)
[23], intracardiac echocardiography (ICE) [26], and
angiography [8, 9, 12], or have used cadavers [20,
22], little is known about the value of modified tran-
sthoracic echocardiography (mTTE) in CTl imaging
[10, 24].
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Figure 1. Anatomy of right atrium with CTl region. A. Graphical illustration of anatomical obstacles: 1 — TAPSE, 2 — CTl length, 3 — isthmus
morphology, 4 — ER/EV presence; B. RTG screen during intraoperation electrode manoeuvre of reverse loop; C. 3D Carto mapping of right
atrium with anatomical projection of IVC-TA region; D. 3D Carto mapping with acquired line for isthmus block.

AVN — atrioventricular node; CFB — central fibrous body; CS — coronary sinus; CT — crista terminalis; EV — Eustachian valve; FO — fossa
ovalis; HIS — his bundle; IVC — inferior vena cava; TA — tricuspid annulus; TAPSE — tricuspid annular plane systolic excursion; TT — tendon
of Todaro.

mTTE is a non-invasive, cost-effective, and anatomy of the CTl in transthoracic echocardiog-
widely available technique that was rarely used raphy, which could help towards better planning
before AFL ablation. Therefore, this study was of radiofrequency ablation in patients with typical
aimed to provide helpful information about the atrial flutter.
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Figure 2. Substernal modified transthoracic echocardiographic procedure for different isthmus morphology. A. Flat; B. Pouch; C. Concave;
D. Concave with prominent Eustachian ridge. EV — Eustachian valve; ER — Eustachian ridge; IVC — inferior vena cava; TA — tricuspid annulus.

MATERIALS AND METHODS
Study design

This study was performed in the Department of
Electrocardiology at John Paul 1l Hospital in Krakow,
Poland and was approved by the Bioethical Com-
mittee of Jagiellonian University Medical College
(1072.6120.96.2020 from 23.04.2020), and the Hos-
pital Scientific Board (approval NB.060.1.013.2024).
This retrospective study included patients with typical
AFL confirmed in electrocardiogram (ECG) or 12-lead
Holter monitoring who were qualified for catheter
RFA of CTI-dependent atrial flutter. Exclusion criteria
were: age below 16, severe congenital and acquired
heart defects, inability to visualise CTI (e.g. due to
obesity), and the absence of data concerning any of
the analysed parameters.

Patients were qualified for the catheter RFA in an
outpatient clinic c.3-6 months before the procedure
which was carried out by a specialist in electrocardiol-
ogy based on clinical criteria and ECG/12-lead Holter
monitoring parameters according to the guidelines
of the European Society of Cardiology [15].
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After admission to the ward, each patient received
standard care and underwent the ablation procedure
the following day. During the hospitalisation, their
heart morphology was assessed before and after the
ablation procedure, and a detailed assessment of
CTI was made from a sub-sternal modified position.

Two-dimensional (2D) transthoracic echocardiog-
raphy was performed one day before catheter RFA,
with images obtained using a 1.6-MHz to 3.2-MHz
probe. Apart from standard heart echocardiography,
we used a modified substernal mTTE view oriented
to the vena cava inferior with the patient lying flat
on their back to assess variation in isthmus anatomy
and other morphological features of the right atri-
um. After obtaining a standard substernal view, the
echocardiographic probe was gently turned 20-30°
anticlockwise to the patient’s right side to allow the
lower right atrium and CTI to appear. To standardise
each measurement, a ‘frozen’ image was captured
which contained the most significant dimensions of
IVC, CTl and TV (Fig. 2). In this view, CTI parameters
were carefully evaluated. In cases of difficulties in CTI
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visualisation, the patient was asked to take and hold
adeep breath, which simplified CTl area measurements.
All anatomical parameters were measured during
the atrial diastolic phase (the late phase before the
tricuspid valve opening).

Analysed parameters included: tricuspid annulus
motion — TAPSE; CTI length (measured as the linear
distance between the TV annulus and the IVC orifice);
CTl morphology, and the presence or absence of a Eu-
stachian ridge/Eustachian valve (ER/EV) and its length
(measured as the length of the free edge of the EV and
its attachment site to the right atrium; ER — classified
as < 1 cm and EV > 1 cm length). According to the
literature [25], > 35 mm CTI morphology is classified
as flat (< 3 mm), concave (3—-6 mm), or pouch-like
(> 6 mm) depending on its upright distance. Each
parameter is shown in Figure 1A.

Based on the analysis of CTI morphology, we used
four essential factors that make it challenging to
achieve a permanent bidirectional block in the CTI
in long-term follow-up. These included the length
of the IVC-TA isthmus being more than 35 mm, its
morphology being other than flat, the presence of
ER, and the mobility of the TV ring (TAPSE). For better
analysis, we reduced the morphology of the isthmus
to two types — simple i.e. without any obstacles, and
exacting i.e. containing any listed obstacles, pouch
and concave.

The choice of the electrode type was left to the
operator’s personal decision based on ultrasound
observations of the isthmus before the procedure.

Ablation procedure

One diagnostic decapolar catheter (Inquiry, Bos-
ton Scientific, Abbott) was placed through the right
femoral vein within the coronary sinus (CS) with the
proximal electrode pair positioned in the CS ostium.
Three types of ablation electrodes: an 8 mm-tip elec-
trode deflectable catheter (Blazer Il XP, Boston EP
Technologies, Marlborough, Boston, MA, USA), an
irrigated 3.5 mm (AlCath Flux G eXtra), and a THER-
MOCOOL EZSteer (Biosense Webster, Diamond Bar,
CA, USA) were used as the mapping/ablation catheter.
Catheter positions during the ablation procedure are
shown in Figure 1B, and the Carto image for mapping
electrodes is in Figure 1C. If the patient presented had
AFL during the procedure, the presence of CTl-de-
pendent AFL was determined by right atrial mapping
representative of anticlockwise or clockwise reentry
around the TV annulus confirmed by entrainment

101

mapping. AFL induction was not performed if the
patient presented in a sinus rhythm. Bidirectional con-
duction across the CTl was verified by the right atrial
activation sequence mapped during pacing from the
low lateral right atrium and CS ostium, and reversely.

RFA was performed with an 8 mm-tip ablation
catheter or irrigated ablation catheter using a point-
by-point application. The starting site of ablation was
fixed at the hinge point of the TV, and the catheter
was slowly pulled backwards to provide a linear le-
sion ending near the inferior vena cava. RF energy
was delivered using a Smart Ablate RF generator
(Biosense Webster, Diamond Bar, CA, USA) with
a power mode limit of 65W (temperature limit 60°C)
for non-irrigated and 35W (temperature limit 45°C)
forirrigated electrodes, a target temperature of 35°C,
and a 60-second time limit for each ablation point.

The procedural endpoint was defined as achiev-
ing a complete bidirectional isthmus block between
the TV and IVC. The bidirectional isthmus block was
confirmed by measuring the time between the CS
ostium and the low right atrium (LRA) and, in the
opposite direction, from the LRA to the CS ostium.
Also, we investigated double potentials during CS
ostium pacing along the isthmus line.

The persistent status of the bidirectional block
was assessed continuously over 20 minutes after
bidirectional block occurrence in the CS ostium stim-
ulation CL-600 ms with an ablation electrode placed
in the right atrial appendage. If conduction resumed
after ablation, a complete RF ablation sequence was
restarted until a bidirectional block was observed
again. The first ablation line was always performed
along the central isthmus. If the first sequence was
unsuccessful, another ablation lesion was made, pref-
erably by the inferolateral isthmus or rarely toward
the para-septal region. The cumulative time of RF
delivery was recorded, and procedural and fluoros-
copy time was calculated as the total time used for
catheter positioning and RF ablation, including time
to check the bidirectional block. The block lesion is
presented in Figure 1D.

After hospital discharge, beta-blockers, digoxin,
or lll antiarrhythmic drugs were prescribed to all
patients with previous concomitant atrial fibrillation.
Anticoagulation drugs with warfarin or novel oral
anticoagulant drugs were administered for at least
eight weeks and continued if indicated. Outpatient
follow-up included 12-lead ECG and Holter ECG moni-
toring, scheduled at three, six, 12, 18 and 24 months.
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Table 1. Baseline patient characteristics.

Patient details

Total number of patients investigated (n = 56)

Age (years) (mean = SD)

Gender (female, number, %)
CHA2DS2VASC score (mean =+ SD)
Hypertension (patient number, %)

Diabetes mellitus type 2 (patient number, %)
Prior revascularizsation (patient number, %)*
Stroke (patient number, %)

BMI [kg/m2] (mean = SD)

Right atrial dimension (cm in 4ChV view)
(mean + SD)

LVEF (mean = SD)
EHRA class (mean = SD)

62.6 = 12.15
21(375)
25512
44 (78.6)
15(26.8)
13(23.1)
4(7.1%)
2854 + 4.34
21.36 = 6.05

56.53 = 7.45
23+05

Data expressed as mean =+ standard deviation or n (%) unless otherwise indicated. *Revascularisation by percutaneous coronary intervention and/or coronary artery bypass grafting.
4ChV view — four-chamber—apical view; BMI — body mass index; EHRA — European Heart Rhythm Association; LVEF — left ventricular ejection fraction; SD — standard deviation.

Statistical analysis

Statistical analysis was performed using the Sta-
tistica program (13.3 Tibco Company, Palo Alto, CA,
USA). Data for continuous variables was expressed
as mean = standard deviation (SD). The normality of
data distribution was verified using the Kolmogorov-
-Smirnov test. Differences between groups were
calculated using the non-parametric Chi2 test. In
addition, a multivariable regression model was used
to test the effects of clinically significant predictors of
unsuccessful CTl ablation. Normally distributed con-
tinuous variables were compared using the student
t-test, and non-normally distributed variables were
compared using the Mann-Whitney U test. P <0.05
was considered statistically significant.

RESULTS

Fifty-six patients with CTl-dependent AFL under-
going CTI RF ablation were recruited for the protocol.
Their mean age was 62.6 = 12.15, and the group
consisted of 21 women (37.5%) and 35 men (62.5%).
The procedure’s effectiveness in a 2-year observation
of the entire study group reached 67.86%. There
were no significant differences in the procedure’s
effectiveness according to the sex, age, or weight of
the patients. The patients’ baseline characteristics are
set out in Table 1.

Electrophysiological results

In the study, a total of 26 8mm electrodes (46.4%),
20 irrigated electrodes (35.7%), and 10 electrodes
irrigated in combination with the 3D Carto system
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(17.8%) were used. The type of electrode used did
not significantly influence the procedural efficacy
over 24 months of observation (p = 0.436). However,
observable trends suggested enhanced effectiveness,
such as using an 8 mm electrode in longer isthmuses
(70% vs. 45%, p = 0.25) and cases with a large tricus-
pid annular plane systolic excursion, probably due to
improved stability. Irrigated electrodes without the 3D
system generally underperformed compared to 8 mm
electrodes. Conversely, using the 3D system marked
a significantimprovement in procedural effectiveness,
achieving 80% versus 55% without the 3D electro-
anatomic system globally, especially in the concave
type of CTl where the figures were 100% versus 25%.

Two parameters were analysed regarding proce-
dural efficacy in the short term: the time to achieve
bidirectional block and fluoroscopy duration. These
parameters are directly associated with the complexity
of the procedure, and the mean time to block achieve-
ment reached 1,091 seconds. The most prolonged
RF duration was recorded in the concave CTI (1,327
sec) while the shortest was in the pouch morphology
(961 sec). Of note, the pouch IVC-TA also exhibited
the shortest morphology distance between the tricus-
pid valve and inferior vena cava, requiring fewer RF
applications. Specifically, the shortest time to achieve
block was recorded in a flat isthmus using the 3D
system at 614 seconds (p < 0.05), while the longest
was in concave morphology using an irrigated elec-
trode without the 3D system at 1,719 seconds (p <
< 0.05). 100% of procedures reached a bidirectional
block at the end of the procedure, although this often



Marta Kacprzyk et al., Anatomical obstacles in cavotricuspid isthmus

required additional touchups or ablation lines i.e.
more medial or more lateral.

Achievement of bidirectional block was also as-
sessed if it was achieved in the first line (n = 6,
64.3%) or more (n = 20, 35.7%) and if the block
was disrupted in waiting time. Five CTIs required
another line to be provided more medially (8.9%).
The most common places for additional RF energy
were the region of ER/EV (n = 8, 14.3%), the pouch
region (n = 5, 8.9%), and the tricuspid annulus (n =
= 2, 3.6%). Comparing the CTl morphologies, the
flat morphology was the easiest to achieve first line
block n = 24, 88.9% p < 0.05. In comparison, 7 of
10 concaves (70% p < 0.05) and 10 of 19 pouches
(52.6% p < 0.05) required additional RF applications
or additional lines.

The second parameter, fluoroscopy time, had
a mean X-ray exposure of 15.03 min, with no signifi-
cant variance among different CTl types. However, the
use of the 3D system significantly reduced this time to
an average of 5.65 minutes (p < 0.05), particularly in
flat CTI morphology, where it was reduced to 2.52 mi-
nutes (p < 0.05).

The lengthiest procedure and application times
were associated with irrigated electrodes without
the 3D system, while the shortest was with 8 mm
electrodes. Detailed procedural characteristics are
set out in Table 2.

Anatomical observations

The isthmus morphology was categorised as flat
in 27 patients (48.2%), concave with multiple thick-
enings from the pectinate muscles in 10 (17.85%),
and pouches exceeding 6 mm in depth in 19 patients
(33.9%). The mean length of the isthmus was 30.34 +
= 6.67 mm. The longest morphology was in the
concave type, 31.4 = 6.65 mm, while the shortest
was in the pouch type, 27.26 £ 8.98 mm. In 21
cavotricuspid isthmuses (37.5%), the length exceed-
ed 35 mm, which was classified as an anatomical
challenge. A prominent Eustachian ridge (ER) was
observed in 23 patients (41.1%); in 12 of these, the ER
measured up to 50 mm, and in 11, a Eustachian valve
(EV) was noted. No correlation was found between
the occurrence of ER and EV and the morphology of
the isthmus. However, a significant correlation was
observed between the length of the CTl and the pres-
ence of ER/EV (32.56 mm with a prominent ridge vs.
28.79 mm with p = 0.047). A negative, though weak,
correlation was also found between the presence of
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ER and TAPSE (r = —-0.22, p = 0.031). No correlation
emerged between the length of the isthmus and the
patient’s age (r = 0.022, p = 0.49), nor between the
isthmus length and all measurement parameters in
pre-procedural echocardiography. Detailed echocar-
diographic characteristics are set out in Table 3.

Cumulative point of anatomical difficulties

A statistically significant difference was observed
in the effectiveness of achieving a bidirectional block
in IVC-TA isthmus without additional anatomical com-
plexities (100% effectiveness, p = 0.016) compared
to isthmuses with defined anatomical obstacles. The
presence of even a single additional anatomical factor
resulted in a considerable decrease in procedural ef-
fectiveness: 68.75% for one factor (p = 0.93), 63.64%
fortwo (p = 0.57), and 37.5% for three or more (p =
= 0.01) within two years of observation. These find-
ings are set out in Table 4.

Similar conclusions were drawn from a multivar-
iate analysis for unsuccessful ablation with anatom-
ical obstacles (OR). When analysing the impact of
a single obstacle on procedural success in multivariate
regression, none of the listed four had an impact on
final procedural success. Only advanced age of the
patient became significant, with OR 1.07 p = 0.044.
Multivariate regression analysis indicated statistical
significance even with two obstacles for OR 12.31,
p = 0.01, and for three or more obstacles for OR
33.00, p = 0.03.

DISCUSSION

Our literature review and study have shown that
CTl ablation is not so much an electrophysiological
challenge as an anatomical one [3, 5, 14, 29].

Since the start of inferior isthmus ablation, at-
tempts have been made to analyse the structure of
the isthmus and find a universal method for achieving
a conduction block [27]. On the one hand, there was
a search for an electrode that, despite anatomical
difficulties, would perform a quick ablation of this
region by creating a bidirectional block. On the oth-
er hand, different methods of imaging the inferior
isthmus were sought to allow for a compact and
effective ablation line [20, 26]. Currently, two types of
electrode are dedicated for inferior isthmus ablation:
an 8 mm one, the design of which allows it to ‘lay’
in the isthmus for linear applications, and irrigated
electrodes, the construction of which unfortunately
forces applications from the front of the electrode.
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Short — intraprocedural efficacy — 100%

Time to block achievement (sec.)

Isthmus morphology

Electrodes used All Flat (n = 27) Concave (n = 10) Pouch (n = 19)
Mean time for all: 1,091 1,054 1,327 961
8 mm 1,055 1,041 1,120 1,036
The 1,239 1,153 1,719 (p < 0.05) 977
The 3D 1,006 614 (p < 0.05) 1,078 825
Fluoroscopy time during procedure (min.)
Mean time for all: 15.1 15.6 16.6 11.7
8 mm 13.9 15.3 13.3 8.2
The 20.7 216 18.1 18.6
The 3D 5.65p < 0.05 2.52p < 0.05 112 5.1
First line block achievement (n = 36; 64.3%) 24 (88.9%) 3(30%) (p < 0.05) 9(47.4%) (p < 0.05)
(p < 0.05)

Additional full line ablation (n=15;8.9%) 0(0%) 3(30%) 2(10.5%)
Extra touchups, EV-reg (n=8; 14.3%) 2 (7.4%) 3(30%) 3(15.8%)
Extra touchups, pouch (n=15;8.9%) 0(0%) 0(0%) 5(26.3%)
Extra touchups, TA (n=2;3.6%) 1(3.7%) 1(10%) 0(0%)
Long term efficacy — after 24 months of observation

Efficacy after 120-mo Flat (n = 27) Concave (n = 10) Pouch (n = 19)
8 mm (26) 13.1% 72.2% (n = 18) 75% (n = 4) 75% (n=4)
The 3.5 mm (20) 55% 83.3% (n = 6) 25% (n = 4) 50% (n = 10)
The 3D 3.5mm (10) 80% 66.7% (n = 3) 100% (n = 2) 80% (n = 5)
All electrodes 67.86% 74.1% (n = 27) 60% (n = 10) 63.2% (n = 19)

CTI — cavotricuspid isthmus; EV — Eustachian valve; TA — tricuspid annulus.

Table 3. Anatomical characteristics of CTI.

Isthmus morphology

Total Flat (n = 27) Concave (n = 10) Pouch (n = 19)
CTllength 30.34 + 6.67 31.11 + 6.82 314 +6.65 27.26 + 8.98
(mean = SD)
No Eustachian valve or ridge n = 33(58.9%) 16 (59.3%) 6 (60%) 11 (57.9%)
ER n = 12(21.4%) 7(25.9%) 2(20%) 3(15.8%)
EV n=11(19.7%) 4(14.8%) 2(20%) 5(26.3%)

E0 ER EV p

CTl length 28.79 = 5.71 32.56 = 7.42 0.046
(mean = SD)

CTI — cavotricuspid isthmus; EO — no presence of Eustachian ridge or valve; ER — Eustachian ridge; EV — Eustachian valve; SD — standard deviation.

Due to access to the inferior isthmus from the inferior
vena cava, frontal applications are unstable, and the
approach of laying the electrode reduces its pene-
tration. Therefore, the 8 mm electrode is dedicated
to the flat isthmus, as the results prove. The mean
length of the CTI, 30.34 mm, should be ablated in
4-5 60-second touchups. Unfortunately, achieving
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a block is significantly hampered in cases of additional
anatomical difficulties such as pouches, numerous
pectinate muscles, or a prominent Eustachian valve.
The average time for block achievement reached
1,091 sec.

In comparison, the shortest time to block achieve-
ment reached 614 seconds, proving that CTl ablation
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Table 4. Anatomical obstacles with procedural outcomes in 24-month observation.

Number of obstacles Successful after 24 months [%] Unsuccessful after 24 months [%] p-value

Total 38 (67.86) 18(32.14)

0=10 10(100.00) 0(0%) 0.016

1=16 11(68.75) 5(31.25) 0.93

2=22 14 (63.64) 8 (36.36) 0.57

Jord=8 3(37.50) 5(62.50) 0.05
Multivariate analysis for unsuccessful ablation with anatomical obstacles

Parameter OR 95% CI p-value

TAPSE 246 0.57-10.57 0.23

CTllength 2.68 0.69-10.29 0.15

EV/ER presence 1.35 0.34-5.31 0.67

CTITYPE (no flat) 2.35 0.63-8.81 0.21

Age 1.07 1.00-1.13 0.044

Gender 1.23 0.31-4.80 0.77

Obstacles = 0 - - NS

Obstacles = 1 10.04 0.49-204.48 0.134

Obstacles = 2 12.31 0.64-237.74 0.01

Obstacles = 3 33.00 1.43-760.67 0.03

Cl — confidence interval; CTI — cavotricuspid isthmus; ER — Eustachian ridge; EV — Eustachian valve; NS — non-statistical parameter; OR — odds ratio.

rarely occurs in perfect conditions. More than one-
third of the RFA required additional lines or touch-
ups after performing the first line. Although 8 mm
electrodes in flat CTI quickly create the block in a way
other than flat morphology, or with prominent ER,
additional lines were required to extend the proce-
dural and X-ray exposure time. Meanwhile, irrigated
electrodes, having deeper penetration in the inferi-
or isthmus, required smaller steps, thus extending
the procedural time. In the case of the presence of
a prominent Eustachian valve or deep pouches,
special manoeuvres with the electrode — such as
a reversed loop — were also necessary, allowing for
deeper energy penetration, as if under the region of
tendon of Todaro and the valve itself (Fig. 1B).

The lack of 3D systems in the ablation of the in-
ferior isthmus significantly reduces the effectiveness
of procedures by observing only a two-dimensional
X-ray image. 3D systems precisely locate subsequent
applications and allow for the creation of a tight line
without extended X-ray exposure (p < 0.05), or even
with no fluoroscopy usage [18, 19, 31].

Our anatomical observations showed the com-
plexity of CTI. Almost half of the isthmus ended up
with the prominent ER, and one-third contained
a deep pouch > 6 mm, and the morphology was not
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correlated to any demographic value. Thus, for proce-
dural success, it is vital to understand the anatomy of
the inferior isthmus and identify potential difficulties.

This study has proved that a combination of an-
atomical obstacles significantly increases the risk of
unsuccessful RFA in the CTl in long-term observation,
especially when more than two occur (OR 12.31 p =
= 0.01). The cumulative point of anatomical difficul-
ties showed that in isthmuses without anatomical
difficulties i.e. short, flat, with low TAPSE, and without
the Eustachian valve, the procedure’s effectiveness
reached 100%. However, if even one anatomical dif-
ficulty appears, the procedure’s effectiveness worsens
and decreases to median effectiveness. Our assump-
tion of a closer analysis of fibrotic structures and
energy absorption may be proven by the statistical
significance of the ages of patients undergoing CTI
ablation. The sole factor impacting upon the long-
-term outcome was age, OR 1.07 p = 0.044. There-
fore, the fibrosis process intensifies with age and
requires more RF energy to maintain the bidirectional
block in CTI.

Preoperative imaging of the inferior isthmus with
CT or MR is desirable, although it may not reveal spe-
cific electrophysiological ‘traps’ in the isthmus area.
Often, small Eustachian ridges are also poorly visible
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[28, 32]. The use of intraoperative 3D systems is the
optimal solution, shortening the procedural time
and allowing for an exact line application. However,
in the image created in 3D, the pouches, pectinate
muscles, and, above all, the Eustachian valve are not
visible (Fig. 1C). Only echocardiographic assessment
can reveal all anatomical traps, including the mobility
of the tricuspid annulus — TAPSE and the Eustachian
valve (EV/ER). Identification of anatomical difficulties
allows the operator to choose the most appropriate
electrode, as well as modifications of the line con-
ducted in the inferior isthmus, resulting in faster
achievement of the block in the inferior isthmus.
Combining these methods, i.e. ultrasound (USG) and
3D imaging, provides the operator’s best anatomical rep-
resentation, making the ablation procedure for isthmus-
-dependent atrial flutter faster and more effective.
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