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Abstract
Background: An ablation catheter capable of contact force (CF) and local impedance 
(LI) monitoring (IntellaNav StablePoint, Boston Scientific) has been recently launched. 
We evaluated the relationship between the CF and LI values during radiofrequency 
catheter ablation (RFCA) along the cavotricuspid isthmus (CTI).
Methods: Fifty consecutive subjects who underwent a CTI- RFCA using IntellaNav 
StablePoint catheters were retrospectively studied. The initial CF and LI at the start 
of the RF applications and mean CF and minimum LI during the RF applications were 
measured. The absolute and percentage LI drops were calculated as the difference 
between the initial and minimum LIs and 100 × absolute LI drop/initial LI, respectively.
Results: We analyzed 602 first- pass RF applications. A weak correlation was ob-
served between the initial CF and LI (r = 0.13) and between the mean CF and LI drops 
(r = 0.22). The initial LI and absolute and percentage LI drops were greater at effec-
tive ablation sites than ineffective ablation sites (median, 151 vs. 138 Ω, 22 vs. 14 Ω, 
and 14.4% vs. 9.9%; p < .001), but the initial and mean CF did not differ. At optimal 
cutoffs of 21 Ω and 10.8% for the absolute and percentage LI drops according to the 
receiver- operating characteristic analysis, the sensitivity, and specificity for predict-
ing an effective ablation were 57.4% and 88.9% and 80.0%, and 61.1%, respectively.
Conclusions: The effective sites during the CF- guided CTI- RFCA had greater initial LI 
and LI drops than the ineffective sites. Absolute and percentage LI drops of 21 Ω and 
10.8% may be appropriate targets for an effective ablation.
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1  |  INTRODUC TION

Radiofrequency catheter ablation (RFCA) along the cavotricuspid 
isthmus (CTI) is a commonly utilized procedure for treating CTI- 
dependent atrial flutters.1,2 The goal of a CTI- RFCA is to complete 
bidirectional conduction block along the CTI.3 Several indices for 
contributing to successful completion of the CTI bidirectional con-
duction block have been reported: the contact force (CF),4 force- 
time integral (FTI),5 ablation index (AI) incorporating the CF, RF 
application duration, and power in a weighted formula,6,7 and elec-
troanatomic coupling index.8

Local impedance (LI) monitoring during RFCA has been reported 
to be useful for predicting an effective ablation,9,10 and greater LI 
drops are associated with an effective lesion formation.11– 13 In those 
previous studies with LI monitoring during RFCA, the LI values were 
measured using a 4- electrode method with micro- electrodes on the 
4.5- mm tip of the ablation catheter (IntellaNav MiFi OI, Boston 
Scientific). On the other hand, a newer ablation catheter capable 
of LI monitoring (IntellaNav StablePoint; Boston Scientific), which 
has been recently introduced to clinical practice, uses a 3- electrode 
method without micro- electrodes to measure the LI values and has 
a 4- mm catheter tip.14 In addition, the newer LI- monitoring abla-
tion catheter is also capable of CF monitoring. As a result of the 
difference in the LI measurement methods, size of the catheter tip, 
and presence or absence of CF monitoring, the LI values, and drops 
during a CTI- RFCA are likely to differ between those two types of  
LI- monitoring ablation catheters. So far there have been no pub-
lished clinical studies on CTI- RFCA using an ablation catheter ca-
pable of simultaneous CF and LI monitoring. Thus, we sought to 
investigate the relationship between the CF and LI values during 
a CTI- RFCA using the newer LI- monitoring ablation catheter and 
compared those values between the effective and ineffective ab-
lation sites.

2  |  METHODS

2.1  |  Study population

Fifty consecutive subjects who underwent a first CTI- RFCA and 
RFCA of atrial fibrillation (AF) at Gunma Prefectural Cardiovascular 
Center from December 2020 to July 2021 were included in this retro-
spective observational study. All RFCA procedures were performed 
using the IntellaNav StablePoint ablation catheter with the Rhythmia 
mapping system (Boston Scientific). Eleven subjects (22.0%) had 
CTI- dependent atrial flutters before the RFCA procedure.

Oral anticoagulation was started more than 1 month prior to the 
procedure and was continued throughout the periprocedural period. 
All class I antiarrhythmic drugs were stopped pre- procedurally for 
≥5 half- lives, while bepridil was continued during the periprocedural 
period. All subjects gave written informed consent, and the study 
protocol was approved by the local ethics committee and adhered to 
the Declaration of Helsinki.

2.2  |  RFCA

We previously published the RFCA procedures and periprocedural anti-
coagulation protocol.13,15 During the procedure, propofol or dexmedeto-
midine, and pentazocine were administered intravenously to maintain 
deep conscious sedation. The activated clotting time was maintained be-
tween 300 and 400 s by an intravenous continuous and bolus infusion of 
heparin throughout the procedure. A multielectrode catheter was posi-
tioned in the coronary sinus (CS) via the right femoral vein and served as 
the positional reference for mapping using the Rhythmia system. A steer-
able sheath (Agilis NxT; Abbott) was advanced into the right atrium (RA), 
and the ablation catheter was introduced through the sheath. The CTI 
linear ablation was performed with a point- by- point ablation from the 
tricuspid annulus to the inferior vena cava during CTI- dependent atrial 
flutters or pacing from the proximal CS. Continuous RF lesions were cre-
ated along the CTI with an inter- lesion distance of 4– 5 mm between 
two neighboring lesions. Each application of RF energy was delivered 
with a target CF of 5– 20 g, power output of 25– 40 W, RF duration of 
20– 40 s, and maximum temperature of 40°C at an irrigation flow rate 
of heparinized saline of 8 or 15 ml/min. The RF energy deliveries were 
started when the ablation catheter tip was positioned on the target abla-
tion site and the CF values reached ≥5 g and were stopped when the LI 
values reached the plateau of the impedance curve, decreased to >50 Ω 
from that when starting the RF applications, or increased steadily dur-
ing ongoing ablation.14 If the ablation catheter tip was displaced during 
the ongoing ablation, the RF energy deliveries were immediately stopped 
and applied again at the same site after repositioning the ablation cath-
eter tip. When the LI values did not sufficiently drop during the ongoing 
ablation, the RF power output was increased up to 40 W or the catheter 
orientation relative to the ablation site (parallel, oblique, or perpendicu-
lar) was changed at the operators' discretion. When the LI values rapidly 
dropped, the RF power output was decreased.

First- pass conduction block was defined as the completion of bidi-
rectional conduction block by the first linear ablation from the tricus-
pid valve annulus to the inferior vena cava without any additional RF 
applications. When the first- pass block was not achieved or the recov-
ery of conduction occurred during the waiting period, the conduction 
gaps were mapped using the ablation catheter or a 64- electrode mini- 
basket catheter (IntellaMap Orion, Boston Scientific), and additional 
RF ablation was applied to eliminate the gaps. During the additional 
RF applications at sites with gaps, the catheter orientation relative to 
those sites was changed from that during the initial RF applications, so 
that the LI values would further drop. The completion of bidirectional 
conduction block along the CTI was verified by standard electrophysi-
ological methods, including differential pacing maneuvers and record-
ing widely spread double potentials along the CTI ablation line.16,17

2.3  |  Procedural parameters

Effective ablation sites were defined as those sites without conduc-
tion gaps during the first- pass CTI- RFCA, while ineffective ablation 
sites were defined as those with conduction gaps. The following 
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procedural parameters during the first- pass CTI- RFCA were evalu-
ated: the CF, RF power output, RF application duration, RF energy 
delivery, FTI, and LI. The initial and mean CF were defined as the CF 
values measured at the start of the RF applications and the average 
value of the CF during the RF applications, respectively. The FTI was 
calculated by multiplying the mean CF by the RF application dura-
tion. The LI was measured using a 3- electrode method, by driving 
a non- stimulatory alternating current (5.0 μA at 14.5 kHz) between 
the tip electrode and proximal ring to create a local potential field.14 
The initial and minimum LIs were defined as the LI value measured 
at the start of the RF applications and minimum value during the RF 
applications, respectively (Figure 1). Further, the absolute and per-
centage LI drops were obtained as the difference between the initial 
and minimum LIs and 100 × absolute LI drop/initial LI, respectively.

2.4  |  Statistical analysis

Normally distributed continuous variables were expressed as the 
mean ± standard deviation (SD), non- normally distributed continuous 
variables were as the median and interquartile range (IQR, 25th– 75th 
percentile), and categorical variables were as the number and percent-
age of subjects. A Mann– Whitney's U- test was used for a comparative 
analysis between the effective and ineffective ablation sites during the 
first- pass CTI- RFCA. The relationship between the CF values and LI 
drops was evaluated using Pearson's correlation coefficient. To com-
pare the strength of the association of the parameters for predicting an 
effective RF ablation, the area under the receiver operating character-
istics (ROC) curve for each parameter was estimated. The statistical sig-
nificance for all tests was accepted at a p- value of <0.05. The statistical 
analyses were performed using JMP 11.2 software (SAS Institute Inc.,).

3  |  RESULTS

Tables 1 and 2 present the baseline and procedure- related char-
acteristics of the study subjects. The mean age was 67 ± 11 years, 
and 35 subjects (70.0%) were men. Thirty- two subjects (64.0%) had 
first- pass CTI conduction block, while the remaining 18 (36.0%) had 
some residual conduction gaps after the first- pass CTI ablation. No 

recovery of conduction along the CTI occurred during the waiting 
period in the study subjects. Finally, CTI bidirectional conduction 
block was completed in all subjects. No procedure- related complica-
tions occurred in this series, including an audible steam pop, cardiac 
tamponade, or stroke. During a median follow- up period of 169 days 
(IQR, 109– 231 days) after the RFCA procedure, none of the subjects 
had any recurrences of CTI- dependent atrial flutters.

3.1  |  CF and LI analyses during the first- pass 
CTI- RFCA

A total of 602 RF applications during the first- pass CTI- RFCA, includ-
ing 584 effective RF applications and 18 ineffective RF applications, 

F I G U R E  1  Real- time LI curves during 
the RF ablation. The yellow and white 
curves indicate the mean LI values for 
the last 3 s and raw data of the LI values, 
respectively. The initial and minimum LI 
values during the RF application were 
156, and 127 ohms, respectively, and the 
absolute and percentage LI drops were 29 
ohms and 18.6%, respectively. CF, contact 
force; LI, local impedance

TA B L E  1  Baseline characteristics of the study subjects

Number of subjects 50

Age (years) 67 ± 11

Male gender, n (%) 35 (70)

Body mass index (kg/m2) 24.0 (21.1– 26.5)

Hypertension, n (%) 30 (60)

Diabetes mellitus, n (%) 14 (28)

Heart failure, n (%) 13 (26)

Stroke/transient ischemic attack, n (%) 3 (6)

CHADS2 score 2 (1– 2)

Transthoracic echocardiographic findings

Left atrial diameter (mm) 42 (37– 46)

Left ventricular ejection fraction (%) 60 (45– 65)

Note: CHADS2, congestive heart failure, hypertension, age ≥ 75 years, 
diabetes mellitus (1 point for the presence of each), and a stroke and 
transient ischemic attack (2 points).

TA B L E  2  Procedure- related characteristics during the CTI- RFCA

Procedure time (min) 10.5 (7.0– 13.3)

Fluoroscopy duration (min) 3.4 (2.1– 5.4)

Number of RF applications 11 (9– 14)

Total RF duration (s) 408 (340– 485)

Abbreviations: RF, radiofrequency.
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were analyzed (Table 3). The LI values reached the plateau of the im-
pedance curve in 579 (99.1%) of the effective RF applications and 18 
(100%) of the ineffective RF applications, respectively. On the other 
hand, the LI values continued declining during the ongoing ablation 
in five (0.9%) of the effective RF applications and none of the inef-
fective RF applications, respectively, and those RF applications were 
stopped when the LI values decreased to >50 Ω. No RF applications 
exhibited an LI rise during the ongoing ablation.

The initial and mean CF, maximum RF power output, RF appli-
cation duration, RF energy delivery, and FTI did not significantly 
differ between the effective and ineffective ablation sites. A weak 
correlation was observed between the initial CF and LI values 
(r = 0.13, p = 0.0015). The effective ablation sites exhibited signifi-
cantly higher initial LI values than the ineffective ablation sites (me-
dian, 151 Ω [IQR, 142– 164 Ω] vs. median, 138 Ω [IQR, 135– 147 Ω], 
P = 0.0003) (Figure 2A).

The absolute and percentage LI drops were significantly greater 
at the effective ablation sites than ineffective ablation sites (median, 

22 Ω [IQR, 17– 29 Ω] vs. median, 14 Ω [IQR, 10– 19 Ω], p < 0.0001; 
median, 14.4% [IQR, 11.5%– 18.2%] vs. median, 9.9% [IQR, 6.9%– 
13.4%], p < 0.0001) (Figure 2B,C). A weak correlation was ob-
served between the mean CF value and absolute LI drop (r = 0.22, 
p < 0.0001), mean CF value and percentage LI drop (r = 0.22, 
p < 0.0001), FTI and absolute LI drop (r = 0.16, p < 0.0001), and FTI 
and percentage LI drop (r = 0.19, p < 0.0001) (Figure 3).

An ROC analysis demonstrated that the area under the curve 
(AUC) was 0.82 (95% confidence interval [CI], 0.73– 0.89) for the ab-
solute LI drop and 0.78 (95% CI, 0.66– 0.86) for the percentage LI 
drop, respectively, and the absolute LI drop had a significantly larger 
AUC than the percentage LI drop (p = 0.01) (Figure 4). According to 
the results of the ROC analysis, the sensitivity and specificity for 
predicting the effectiveness of ablation were 57.4% and 88.9% at 
an optimal cutoff of 21 Ω for the absolute LI drop and 80.0% and 
61.1% at an optimal cutoff of 10.8% for the percentage LI drop, 
respectively. The LI values reached the plateau of the impedance 
curve without an absolute LI drop of ≥21 Ω at 249 (42.6%) out of 584 

Effective sites 
(n = 584)

Ineffective sites 
(n = 18) p value

Maximum RF power output (W) 35 (30– 36) 35 (30– 36) 0.39

RF application duration (s) 30 (28– 34) 30 (29– 31) 0.93

RF energy delivery (J) 910 (762– 1070) 880 (728– 1006) 0.55

Initial CF (g) 8.3 (5.6– 11.8) 9.5 (5.7– 13.7) 0.48

Mean CF (g) 9.6 (7.3– 13.0) 10.6 (8.4– 14.0) 0.27

FTI (gs) 288.0 (216.6– 374.4) 342.2 (241.6– 453.8) 0.17

Initial LI (Ω) 151 (142– 164) 138 (135– 147) 0.0003

Minimum LI (Ω) 129 (122– 137) 125 (116– 134) 0.10

Absolute LI drop (Ω) 22 (17– 29) 14 (10– 19) <0.0001

Percentage LI drop (%) 14.4 (11.5– 18.2) 9.9 (6.9– 13.4) <0.0001

Abbreviations: CF, contact force; FTI, force- time Integral; LI, local impedance; RF, radiofrequency.

TA B L E  3  Comparison of the 
procedure- related parameters between 
the effective and ineffective ablation sites 
during the first- pass CTI- RFCA

F I G U R E  2  (A) Initial LI values, (B) absolute LI drops, and (C) percentage LI drops at the effective and ineffective ablation sites during 
the CTI- RFCA. The initial LI values and absolute and percentage LI drops are shown by the black dots. In the box- and- whisker plots, the 
horizontal lines with boxes and bars represent the median with interquartile range and maximum and minimum values (excluding outliers), 
respectively. LI, local impedance
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effective ablation sites and 16 (88.9%) out of 18 ineffective ablation 
sites, respectively (p = 0.0001), while the LI values reached the pla-
teau of the impedance curve without a percentage LI drop of ≥10.8% 
at 117 effective ablation sites (20.0%) and 11 ineffective ablation 
sites (61.1%), respectively (p = 0.0002).

Comparison of the procedure- related parameters between the 
initial and additional RF applications at the ineffective ablation sites 
during the first- pass CTI- RFCA.

Table 4 presents a comparison of the procedure- related parame-
ters between the initial and additional RF applications at the 18 inef-
fective ablation sites during the first- pass CTI- RFCA. The initial and 
mean CF, maximum RF power output, RF application duration, RF 
energy delivery, FTI, and initial LI values did not significantly differ 

between the initial and additional RF applications. The absolute and 
percentage LI drops were significantly greater during the additional 
RF applications than initial RF applications (median, 16 Ω [IQR, 13– 
21 Ω] vs. median, 14 Ω [IQR, 10– 19 Ω], p = 0.009; median, 12.2% 
[IQR, 9.5%– 14.8%] vs. median, 9.9% [IQR, 6.9%– 13.4%], p = 0.01).

4  |  DISCUSSION

4.1  |  Major findings

This retrospective observational study investigated the relationship 
between the CF and LI values during a CTI- RFCA using an ablation 
catheter capable of simultaneous CF and LI monitoring with the 
Rhythmia mapping system. We demonstrated that the LI at the start 
of the RF applications was significantly higher at the effective abla-
tion sites than ineffective ablation sites, while the CF at the start of 
the RF applications did not significantly differ between those sites. 
Thus, a weak correlation was observed between the initial CF and 
LI values. Further, the LI drops were significantly greater at the ef-
fective ablation sites than ineffective ablation sites, while the mean 
CF and FTI during the RF applications did not significantly differ be-
tween those sites. A weak correlation was observed between the 
mean CF and LI drops and the FTI and LI drops. The ROC analysis 
suggested that an absolute LI drop of 21 Ω and percentage LI drop 
of 10.8% may be appropriate targets for an effective RF ablation 
during a CTI- RFCA.

4.2  |  CF and LI monitoring during RFCA

The RF catheter tip- tissue contact significantly impacts the size 
and transmurality of RF lesions and the clinical outcomes of RFCA 
procedures.18,19 Real- time CF measurements during RF applications 

F I G U R E  3  Scatter plots between the 
(A) mean CF and absolute LI drop, (B) 
FTI and absolute LI drops, (C) mean CF 
and percentage LI drop, and (D) FTI and 
percentage LI drop for all RF applications. 
The r value in each scatter diagram 
indicates the correlation coefficient. CF, 
contact force; LI, local impedance; FTI, 
force- time integral

F I G U R E  4  Receiver operating characteristic curves for the 
absolute (red line) and percentage (blue line) LI drops as predictors 
of an effective RF ablation during the CTI- RFCA. AUC, area under 
the curve; LI, local impedance
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contribute to more a stable and efficient catheter- tissue contact.4 
Thus, the use of CF- sensing ablation catheters has been widespread 
in RFCA procedures and novel markers of the ablation lesion qual-
ity such as the AI and lesion size index have been developed.20,21 
On the other hand, the LI also provides information on the catheter- 
tissue coupling, issue characteristics, and tip electrode surface area 
covered by the myocardium. Previous studies reported that LI drops 
could predict the lesion formation during RF ablation and were 
significantly greater at effective ablation sites than ineffective ab-
lation sites.9– 13 However, the CF- related information was not avail-
able in those studies because the LI- monitoring ablation catheter 
(IntelaNav MiFi OI, Boston Scientific) used was not capable of CF 
monitoring. In addition, the newer LI- monitoring ablation catheter 
(IntellaNav StablePoint, Boston Scientific) has a different LI meas-
urement method than the former LI- monitoring ablation catheter 
used in those studies: 3- electrode method without micro- electrodes 
versus 4- electrode method with micro- electrodes.9,14 Further, those 
ablation catheters have different sizes of the catheter tips: 4.5 mm 
for the former ablation catheter versus 4 mm for the newer ablation 
catheter. Therefore, the LI data obtained from those studies with 
the former ablation catheter cannot be applied to the newer ablation 
catheter capable of simultaneous CF and LI monitoring. Actually, the 
initial LI tended to be higher and LI drops tended to be greater in the 
current study than our previous study with a CTI- RFCA using the 
former LI- monitoring ablation catheter.13

During the CTI- RFCA in the current study, the effective ablation 
sites exhibited a significantly higher initial LI and greater LI drop than 
the ineffective ablation sites. In an experimental study using the 
IntellaNav StablePoint catheter by Garrott et al., the LI drop strongly 
correlated with the lesion depth.14 Szegedi et al. reported that during 
a pulmonary vein (PV) isolation using the IntellaNav StablePoint 
catheter, the successful RF applications had a higher initial LI and 
larger LI drop than unsuccessful RF applications,22 which was con-
sistent with the results of the current study. On the other hand, the 
initial LI values were comparable between the effective and ineffec-
tive ablation sites in our previous study with a CTI- RFCA using the 
IntelaNav MiFi OI catheter, although the LI drops were significantly 

greater at effective ablation sites than ineffective ablation sites.13 
A possible explanation for the difference in the results may be the 
presence or absence of CF monitoring. As a result of the presence of 
CF monitoring in the current study, the catheter- tissue contact may 
have been more stable and constant.

4.3  |  Relationship between the CF and LI 
during the CTI- RFCA

The LI depends on not only the catheter- tissue contact but also sev-
eral factors: the tissue characteristics, catheter orientation relative 
to the ablation site (parallel, oblique, or perpendicular), and tip elec-
trode surface area covered by the myocardium.9,11,14,23 This may be 
why the initial CF hardly correlated with the initial LI in the current 
study. Further, the mean CF and FTI were comparable between ef-
fective and ineffective ablations sites, and the LI drops hardly corre-
lated with the mean CF and FTI. That may be because those factors 
that can affect the LI values mentioned above have an impact on LI 
drops during RF ablation. Since the CTI often has a complex anatomy, 
such as a pouch, not only the magnitude of the CF but also the cath-
eter tip- tissue coupling is important to achieve an effective RF abla-
tion. Therefore, simultaneous CF and LI monitoring appeared to be 
useful to improve the catheter tip- tissue coupling and consequently 
the RF lesion formation by directly providing biophysical feedback.

4.4  |  LI drops for predicting an effective ablation 
during the CTI- RFCA

The transmurality and continuity of the RF lesions are essential for 
creating bidirectional conduction block along the CTI.6,8 The current 
study suggested that the optimal absolute and percentage LI drops 
for an effective RF ablation during the CTI- RFCA were ≥21 Ω and 
≥10.8%, respectively. Szegedi et al demonstrated that an LI drop of 
>22 Ω along the anterior PV isolation line and >18 Ω on the posterior 
PV isolation line might be useful cut- offs for determining an optimal 

Initial RF 
applications

Additional RF 
applications p value

Maximum RF power output (W) 35 (30– 36) 35 (30– 35) 0.72

RF application duration (s) 30 (29– 31) 30 (29– 33) 0.29

RF energy delivery (J) 880 (728– 1006) 827 (664– 1071) 0.70

Initial CF (g) 9.5 (5.7– 13.7) 10.0 (5.8– 14.9) 0.38

Mean CF (g) 10.6 (8.4– 14.0) 10.7 (7.7– 15.0) 0.96

FTI (gs) 342.2 (241.6– 453.8) 349.5 (228.2– 486.1) 0.86

Initial LI (Ω) 138 (135– 147) 138 (130– 146) 0.48

Minimum LI (Ω) 125 (116– 134) 122 (113– 130) 0.05

Absolute LI drop (Ω) 14 (10– 19) 16 (13– 21) 0.009

Percentage LI drop (%) 9.9 (6.9– 13.4) 12.2 (9.5– 14.8) 0.01

Abbreviations: CF, contact force; FTI, force- time integral; LI, local impedance; RF, radiofrequency.

TA B L E  4  Comparison of the 
procedure- related parameters between 
the initial and additional RF applications at 
the 18 ineffective ablation sites during the 
first- pass CTI- RFCA



    |  251SaSaki et al.

lesion formation.22 Those target LI values during the PV isolation 
were similar to those during the CTI- RFCA in the current study.

Excessive ablation increases the risk of audible steam pops and 
char formation.18 Thus, it is critical to identify not only the minimum 
target of the LI drops for creating transmural lesions but also maxi-
mum target for preventing an excessive ablation during a CTI- RFCA. 
Nevertheless, no RF applications had any audible steam pops or 
charring on the ablation catheter tip and the maximum target of the 
LI drops remained unclear in the current study. Garrott et al. demon-
strated that the incidence of steam pops was 36% when the LI val-
ues decreased to >65 Ω from that when stating the RF applications, 
and the RF applications with steam pops exhibited a significantly 
greater LI drop than those without (70.3 ± 14 vs. 36.9 ± 24.0 Ω, 
p < 0.0001).14 We stopped the RF applications when the LI values 
dropped below 50 Ω from when they were started, which may be a 
reason for the absence of audible steam pops. Five RF applications 
had an overshoot of the LI drop of up to 51– 70 Ω after the RF energy 
deliveries were stopped, but none of the RF applications had any 
audible steam pops.

4.5  |  Study limitations

This study had several limitations. First, this was a retrospective, 
non- randomized, single- center study that included a limited sam-
ple size. A prospective, randomized, multicenter study comparing a 
CTI- RFCA guided by CF and LI monitoring and that guided by con-
ventional surrogate markers estimating the lesion formation will be 
needed to further validate the usefulness of simultaneous CF and LI 
monitoring during a CTI- RFCA. Second, this study focused on the 
acute success of the CF-  and LI- guided CTI- RFCA. The long- term ef-
ficacy of the CTI- RFCA procedure remains unknown. That is because 
11 subjects had clinically detected CTI- dependent atrial flutters, 
while the remaining 39 did not have pre- diagnosed CTI- dependent 
atrial flutters and underwent a CTI- RFCA as part of an AF catheter 
ablation. Third, the CF and LI values fluctuated with the respiratory 
movements during the CTI- RFCA. Finally, we did not evaluate the 
relationship between the LI and anatomical features of the CTI, such 
as the presence of a pouch, because not all subjects underwent ei-
ther right atreiography or intracardiac echocardiography.

5  |  CONCLUSIONS

Effective ablation sites during the CF- guided CTI- RFCA had higher 
initial LI values and greater LI drops than ineffective ablation sites. 
An absolute LI drop of 21 Ω and percentage LI drop of 10.8% may be 
appropriate targets for an effective ablation during a CTI- RFCA using 
an ablation catheter capable of simultaneous CF and LI monitoring.

ACKNOWLEDG MENT
We would like to thank Mr. John Martin for his help in the prepara-
tion of the manuscript.

CONFLIC T OF INTERE S T
The authors declare no conflict of interest for this article. The proto-
col for this research project has been approved by a suitably consti-
tuted Ethics Committee of Gunma Prefectural Cardiovascular Center 
(Approval number: 2021015; Approval date: November 12, 2021) and 
it conforms to the provisions of the Declaration of Helsinki.

ORCID
Kohki Nakamura  https://orcid.org/0000-0002-9777-4592 
Kentaro Minami  https://orcid.org/0000-0002-0071-0673 
Yosuke Nakatani  https://orcid.org/0000-0002-5427-5048 
Yuko Miki  https://orcid.org/0000-0002-2535-0360 

R E FE R E N C E S
 1. Nogami A, Kurita T, Abe H, Ando K, Ishikawa T, Imai K, 

et al; The JCS/JHRS Joint Working Group, JCS/JHRS 2019 guide-
line on non- pharmacotherapy of cardiac arrhythmias. J Arrhythm. 
2021;37(4):709– 870.

 2. Spector P, Reynolds MR, Calkins H, Sondhi M, Xu Y, Martin A, 
et al. Meta- analysis of ablation of atrial flutter and supraventricular 
tachycardia. Am J Cardiol. 2009;104(5):671– 7.

 3. Cauchemez B, Haissaguerre M, Fischer B, Thomas O, Clementy J, 
Coumel P. Electrophysiological effects of catheter ablation of infe-
rior vena cava- tricuspid annulus isthmus in common atrial flutter. 
Circulation. 1996;93(2):284– 94.

 4. Venier S, Andrade JG, Khairy P, Mondésert B, Dyrda K, Rivard L, 
et al. Contact- force- guided vs. contact- force- blinded catheter 
ablation of typical atrial flutter: a prospective study. Europace. 
2017;19(6):1043– 8.

 5. Gould PA, Booth C, Dauber K, Ng K, Claughton A, Kaye GC. 
Characteristics of cavotricuspid isthmus ablation for atrial flut-
ter guided by novel parameters using a contact force catheter.  
J Cardiovasc Electrophysiol. 2016;27(12):1429– 36.

 6. Viola G, Stabile G, Bandino S, Rossi L, Marrazzo N, Pecora D, et al. 
Safety, efficacy, and reproducibility of cavotricuspid isthmus abla-
tion guided by the ablation index: acute results of the FLAI study. 
Europace. 2021;23(2):264– 70.

 7. Tscholl V, Kamieniarz P, Nagel P, Landmesser U, Attanasio P, 
Huemer M. The use of a high- power (50 W), ablation index- guided 
protocol for ablation of the cavotricuspid isthmus. J Arrhythm. 
2020;36(6):1045– 50.

 8. Maines M, Peruzza F, Zorzi A, Catanzariti D, Angheben C, Del Greco 
M. Use of impedance- based catheter tip- to- tissue contact assess-
ment (electroanatomic coupling index, ECI) in typical right atrial 
flutter ablation. J Interv Card Electrophysiol. 2018;53(2):225– 31.

 9. Sulkin MS, Laughner JI, Hilbert S, Kapa S, Kosiuk J, Younan P, 
et al. Novel measure of local impedance predicts catheter- tissue 
contact and lesion formation. Circ Arrhythm Electrophysiol. 
2018;11(4):e005831.

 10. Martin CA, Martin R, Gajendragadkar PR, Maury P, Takigawa M, 
Cheniti G, et al. First clinical use of novel ablation catheter in-
corporating local impedance data. Circ Arrhythm Electrophysiol. 
2018;29(9):1197– 206.

 11. Munkler P, Gunawardene MA, Jungen C, Klatt N, Schwarzl JM, 
Akbulak RÖ, et al. Local impedance guides catheter ablation in 
patients with ventricular tachycardia. J Cardiovasc Electrophysiol. 
2020;31(1):61– 9.

 12. Solimene F, Giannotti Santoro M, De Simone A, Malacrida M, 
Stabile G, Pandozi C, et al. Pulmonary vein isolation in atrial fibril-
lation patients guided by a novel local impedance algorithm: 1- year 
outcome from the CHARISMA study. J Cardiovasc Electrophysiol. 
2021;32(6):1540– 8.

https://orcid.org/0000-0002-9777-4592
https://orcid.org/0000-0002-9777-4592
https://orcid.org/0000-0002-0071-0673
https://orcid.org/0000-0002-0071-0673
https://orcid.org/0000-0002-5427-5048
https://orcid.org/0000-0002-5427-5048
https://orcid.org/0000-0002-2535-0360
https://orcid.org/0000-0002-2535-0360


252  |    SaSaki et al.

 13. Sasaki T, Nakamura K, Inoue M, Minami K, Miki Y, Goto K, et al. 
Optimal local impedance drops for an effective radiofrequency 
ablation during cavo- tricuspid isthmus ablation. J Arrhythm. 
2020;36(5):905– 11.

 14. Garrott K, Laughner J, Gutbrod S, Sugrue A, Shuros A, Sulkin M, 
et al. Combined local impedance and contact force for radiofre-
quency ablation assessment. Heart Rhythm. 2020;17(8):1371– 80.

 15. Nakamura K, Naito S, Sasaki T, Take Y, Minami K, Kitagawa Y, et al. 
Uninterrupted vs. interrupted periprocedural direct oral anticoag-
ulants for catheter ablation of atrial fibrillation: a prospective ran-
domized single- Centre study on post- ablation thrombo- embolic 
and haemorrhagic events. Europace. 2019;21(2):259– 67.

 16. Shah D, Haissaguerre M, Takahashi A, Jais P, Hocini M, Clementy 
J. Differential pacing for distinguishing block from persistent 
conduction through an ablation line. Circulation. 2000;102(13): 
1517– 22.

 17. Tada H, Oral H, Sticherling C, Chough SP, Baker RL, Wasmer K, 
et al. Double potentials along the ablation line as a guide to ra-
diofrequency ablation of typical atrial flutter. J Am Coll Cardiol. 
2001;38(3):750– 5.

 18. Yokoyama K, Nakagawa H, Shah DC, Lambert H, Leo G, Aeby 
N, et al. Novel contact force sensor incorporated in irrigated ra-
diofrequency ablation catheter predicts lesion size and inci-
dence of steam pop and thrombus. Circ Arrhythm Electrophysiol. 
2008;1(5):354– 62.

 19. Afzal MR, Chatta J, Samanta A, Waheed S, Mahmoudi M, Vukas 
R, et al. Use of contact force sensing technology during radiofre-
quency ablation reduces recurrence of atrial fibrillation: a system-
atic review and meta- analysis. Heart Rhythm. 2015;12(9):1990– 6.

 20. Hussein A, Das M, Riva S, Morgan M, Ronayne C, Sahni A, et al. 
Use of ablation index- guided ablation results in high rates of du-
rable pulmonary vein isolation and freedom from arrhythmia in 
persistent atrial fibrillation patients: the PRAISE study results. Circ 
Arrhythm Electrophysiol. 2018;11(9):e006576.

 21. Dello Russo A, Fassini GM, Casella M, Romanelli E, Pala S, Riva S, 
et al. Lesion index: a novel guide in the path of successful pulmo-
nary vein isolation. J Interv Card Electrophysiol. 2019;55(1):27– 34.

 22. Szegedi N, Salló Z, Perge P, Piros K, Nagy VK, Osztheimer I, et al. 
The role of local impedance drop in the acute lesion efficacy during 
pulmonary vein isolation performed with a new contact force sens-
ing catheter- a pilot study. PLoS One. 2021;16(9):e0257050.

 23. Iwakawa H, Takigawa M, Goya M, Iwata T, Martin CA, Anzai T, et al. 
Clinical implications of local impedance measurement using the 
IntellaNav MiFi OI ablation catheter: an ex vivo study. J Interv Card 
Electrophysiol. 2021;63:185– 95. https://doi.org/10.1007/s1084 0- 
021- 00954 - 8

How to cite this article: Sasaki T, Nakamura K, Minami K, Take 
Y, Nakatani Y, Miki Y, Goto K, Kaseno K, Yamashita E, Koyama 
K, Naito S. (2022). Local impedance measurements during 
contact force- guided cavotricuspid isthmus ablation for 
predicting an effective radiofrequency ablation. J Arrhythmia. 
2022;38:245–252. https://doi.org/10.1002/joa3.12680

https://doi.org/10.1007/s10840-021-00954-8
https://doi.org/10.1007/s10840-021-00954-8
https://doi.org/10.1002/joa3.12680

