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Abstract

Introduction: Acute pulmonary vein reconnection (PVR) is associated with longer procedure time and radiofrequency time

during pulmonary vein isolation (PVI). However, determinants of acute PVR after high-power, short-duration PVI (HPSD-

PVI) in the guidance with unipolar signal modification (USM) remain unclear. Methods and Results: We evaluated 62 patients

(age, 62±12 y; 45 men) with paroxysmal atrial fibrillation undergoing USM-guided HPSD-PVI. A 50-W radiofrequency (RF)

was applied for 3–5 s after unipolar signal modification. In the segments adjacent to the esophagus (SAE), RF time was limited

to 5 s. Each circle was subdivided into 12 segments. For each radiofrequency tag within the circle, possible predictors of acute

PVR, including minimum contact force, minimum force-time integral, minimum ablation index (AImin), minimum impedance

drop (Imp-min), and maximum inter-lesion distance (ILDmax) were assessed. Acute PVR was observed in 43 (7%) SAE and 21

(17%) other segments (p = 0.001). RF energy, RF application time and bilateral isolation time were 28±8 kJ, 10±3 min, and

27±11 min, respectively. Imp-min and ILDmax had the highest area under the curve (0.69 and 0.68) and of all indices, and were

the sole independent predictors of acute PVR in segments other than the SAE and SAE, respectively, after adjusting for other

cofounders (odds ratio [OR]: 0.90 [0.85–0.95], p = 0.0003; and OR: 1.39 [1.11–1.74], p=0.005). Conclusions: In HPSD-PVI, a

non-negligible amount of acute PVR was still observed, which was possibly dealt with an optimal target value of impedance

drop and lesion distance.

Methods

Sixty-two participants who had undergone RF catheter ablation (RFA) for paroxysmal AF (PAF) using
HPSD-PVI strategy from October 2018 to June 2019 were evaluated. They were subjected to circumferential
PVI without any substrate modifications. 3-D cardiac computed tomography (CT) with or without contrast
agent and transthoracic echocardiography were performed before the procedure. Transesophageal echocar-
diography was performed for patients with a high CHADS2 score ([?]2 points) to rule out thrombus in the
left atrium. All antiarrhythmic drugs were stopped for at least five half-lives before the procedure. The study
was approved by our institutional review board (Tokyo Women’s Medical University) and was performed
according to the institutional guidelines. All patients provided written informed consent.

Catheter ablation protocol

The details of the catheter ablation protocol have been previously published[6]. Under uninterrupted anti-
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coagulants, all patients underwent PVI and superior vena cava isolation (SVCI). These were performed with
geometric information based on reconstructed 3-D CT imaging system (CARTO 3, Biosense Webster, Inc.,
Diamond Bar, CA). Two long sheaths with one circular multi-electrode catheter and a 3.5-mm open-irrigated
tipped catheter (ThermoCool STSF; Biosense Webster Inc., Diamond Bar, CA, USA) were used as ablation
tools. To monitor the esophageal temperature, a multi-electrode esophageal temperature-monitoring probe
was employed during the procedure (Esophaster, Japan Lifeline, Tokyo, Japan).

The detail of radiofrequency power was 50 W with an upper limit temperature of 42°C as recently
denoted.[5]Disappearance of negative deflection in the unipolar electrogram recorded at the distal tip of
the ablation catheter (unipolar signal modification, USM; Figure 1) was adopted as an indicator of sufficient
transmural necrosis.[4, 7] RFA was continued for 3–5 seconds after the USM in the segments other than those
adjacent to the esophagus (SAE). RF time was limited to 5 s or by the alert of the temperature sensor (upper
limit of 39°C) to avoid esophageal injury in the SAE. During each RF application, the modification of the
unipolar atrial electrogram was monitored in real-time at a sweep speed of 200 mm/s and filtered with a
0.5–120 Hz by the CARTO system.

To clearly visualize unipolar signals, a 10-polar electrode catheter with an indifferent electrode
(DECANAV®, Biosense Webster Inc., Diamond Bar, CA, USA) in the coronary sinus was used, where
a reference annotation signal was recorded from the bipolar signals. Targeted lesion distance was <5 mm
and contact force (CF) was aimed at 5–20 g (target 10 g) and at <10g in the segments other than SAE and
in the SAE, respectively. RFA was stopped at 3 s after the USM in case CF was above 15 g or catheter was
perpendicularly placed on the atrial wall. RFA was continued for 5 s after the USM if CF was below 10 g
or RFA site was near the carina. Intensive induction of atrial overdrive pacing with isoproterenol infusion
and the confirmation of the absence of dormant conduction with adenosine-triphosphate (ATP) infusion was
attempted. The confirmation was conducted for at least 20 min after the isolation of the ipsilateral PV pair.

Regional assessment of acute PVR

Acute PVR was defined as spontaneous or isoproterenol-induced PVR, or adenosine-induced dormant con-
duction. Each left atrial (LA) antrum was divided into 6 regions, including supero-/infero-anterior, supero-
/infero-posterior, roof, and bottom, and resulted in 12 segments. Here, relevant parameters were analyzed,
and the minimum values were identified for each segment such as minimum contact force (CFmin), minimum
force-time integral (FTImin), minimum ablation index (AImin), maximum inter-lesion distance (ILDmax),
and minimum impedance drop (Imp-min). Changes in three-dimensional-mapping-related indices were vi-
sualized using an on-site monitor. Total impedance decrease measured at every 100 ms was monitored in
graph viewer and later exported for processing, considering fluctuation related to respiratory cycle (Figure
1).

Follow-up after the procedure

All patients were given follow-up in the outpatient clinic at 1, 3, 6, 9, and 12 months after the procedure
and every 6 months thereafter. Atrial tachyarrhythmia (ATA) recurrence was evaluated according to patient
symptoms, electrocardiographic recordings, and 24-h ambulatory monitoring (3, 6, 9, and 12 months after
the ablation and every 6 months thereafter). Patients with palpitations were encouraged to use portable
electrocardiographic monitoring (HCG-801R; Omron, Kyoto, Japan). Recurrence was defined as recurrent
symptoms and/or detection of ATAs using aforementioned modalities or data provided by cardiac implantable
electrical devices (lasting >30 s) after a 2-month blanking period from the ablation procedure without any
anti-arrhythmic drugs (AADs). If AAD was administered for patient after the procedure, it was considered
as “ATA recurrence.”

Statistical analysis

Categorical variables were expressed as the mean ± standard deviation (SD) or median with interquartile
range (IQR). Student’s t-test was used to compare characteristics of the segments with acute PVR and those
without. Receiver-operating characteristics (ROC) curve analysis was utilized to identify the most optimal

2



P
os

te
d

on
A

u
th

or
ea

26
M

ay
20

20
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

05
02

96
.6

50
58

13
5

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

cut-off value (with a Youden index) to predict acute PVR among various indices, and to determine the
cut-off value with the specificity of 90%. Logistic regression analysis was performed to evaluate predictors of
acute PVR in univariate and multivariate model for all segments, and region-specific analysis. The log-rank
test was carried out for Kaplan-Meier curve analysis to assess cumulative rate of ATA-free survival in all
subjects. All tests were considered statistically significant at P -value <0.05. All statistical analyses were
performed with JMP® 13 (SAS Institute Inc., Cary, NC, USA).

Results

Background characteristics and clinical outcome

The baseline and procedural characteristics in 62 patients were given in Table 1. Structural heart disease
(SHD) was found in 11 (15%) patients, and median AF history of 8 months was noted. An average procedure
time was 125 minutes with RF time and energy for PVI of 10±3 min and 28±8 kJ, respectively. All patients
had undergone superior vena cava isolation after PVI. Complication occurred in only one patient: an acute
right phrenic nerve injury was identified following completion of the right-sided PVI before superior vena
cava isolation. This was almost fully recovered after 6-month follow up.

Region-specific analysis of acute PVR

In a total of 620 segments other than SAE and 124 SAE, acute PVR was observed in 43 (7%) and 21 (17%)
segments (p = 0.001), respectively. The detailed distribution of acute PVR sites is depicted in the Figure 2.
In SAE, there was only a significant difference in ILDmax between the segments with acute PVR and those
without; whereas in the segments other than SAE, there was a significant difference in CFmin, FTImin,
AImin, and Imp-min (Table 2). In the ROC curve analysis, ILDmax and Imp-min had the highest area
under the curve (AUC) to predict the absence of acute PVR in the SAE and the segments other than SAE,
respectively (0.68 and 0.69) among various 3-D mapping related indices.

ILDmax of 4.8 mm discriminated durable segments with a specificity of 90% in the SAEs and also in the
entire segments. Conversely, an Imp-min of 6.5 ohm could distinguish segments with gaps and no gaps with
a specificity of 90% in segments other than SAE. In entire-segment analysis, AI min of 383 au was required
to discern durable lesion with a specificity of 90%, while AI of 405 au for the segments other than SAE and
AI of 334 au for the SAE were related to the absence of acute PVR with a specificity of 90%.

Predictors of acute PVR

Table 3 shows the odds ratio of acute PVR in various 3-D mapping-related indices. Multivariate analysis
indicated that ILDmax and Imp-min were sole independent predictors of acute PVR in the SAE and segments
other than SAE, respectively.

Follow-up and late outcome

With the median follow-up of 12.8 months, ATA-free rate was 81% and 72% at 6 months and 1 year after the
procedure, respectively. Excluding patients with SHD increased this value to 86% and 83% at 6 months and
1 year after the procedure, respectively. Late adverse event was not observed during the follow-up period.
Of patients with late recurrence, 12 patients underwent a redo procedure. Ten patients had the segments
with late PVRs which consisted of 1 left infero-anterior, 4 left infero-posterior, 5 left supero-posterior, 3 right
infero-anterior, 1 right bottom, 1 right infero-posterior, 2 right supero-anterior, and 5 right supero-posterior:
9 (38%) SAEs versus 17 (14%) segments other than SAE (p = 0.01). Only three segments with late PVR
matched those with acute ones. There was no significant difference in 3-D mapping-related indices between
the segments with late PVR and those without. Only Imp-min tended to be higher in the segments other
than SAE without late PVRs than in those with (4.7±4.3 versus 2.7±3.3, p = 0.09).

Discussion

Main findingsIn patients with PAF, HPSD-PVI achieved relatively short procedure and isolation time, and
acceptable late outcome in the guidance with USM. Here, ILDmax and Imp-min independently predicted
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acute PVR during procedure in the SAE and the segments other than SAE, respectively, after adjusting for
potential cofounders.

Validity and safety of HP strategy

Recent clinical studies revealed the efficacy and safety of HPSD-PVI over conventional PVI at normal power
and duration,[8-10] where RF time and energy could be reduced.[2, 3] The result shown here concurred with
that of previous reports with total RF time of 10 min and RF energy of 29 kJ for PVI.[2, 11]

Theoretically, HPSD-PVI could lessen collateral damage with a shallow and wide lesion creation due to
resistive heating.[12, 13] Clinically, Winkle et al have recently demonstrated the extremely low complication
rate using HPSD-PVI, where a smaller number of atrio-esophageal fistula was observed compared to the
conventional strategy.[14] Similarly, by assessing esophageal thermal injury after HPSD-PVI by late gadoli-
nium enhancement magnetic resonance imaging within 24 hours post-procedure, Baher et al concluded that
the distribution and severity of esophageal damage was similar between HPSD-PVI and low power long
duration groups.[15] These data highlighted the safeness of HPSD-PVI over conventional strategy. In the
present study, only 1 patient with an enlarged LA had experienced acute right phrenic nerve injury after
right-sided PVI, although this partially recovered within half a year. Subsequently, a 10-mA stimulation test
was routinely performed at the right superior PV antrum to avoid phrenic nerve injury. In patients with
breathing disorder, deep sedation could hinder HPSD-PVI due to unstable catheter contact. Therefore, mo-
derate anesthesia with dexmedetomidine could keep optimal condition without evoking breathing disorder
in such cases. Similarly, controlled tidal volume using mechanical ventilator could allow for HPSD-PVI even
in patients under general anesthesia.

Indication for lesion creation in HP strategy

Several attempts have been conducted to increase ATA-free survival rate, including various guidance during
PVI (CF, FTI, AI, or impedance drop), or confirmation of acute PVR using isoproterenol infusion or ATP
after PVI, which was considered responsible for durable lesion creation. Most importantly, however, all of
acute PVRs were eliminated by touch-up procedure in the same session, and there had been enough waiting
time (20 min) after the final ipsilateral PVI, which rendered the lesion creation robust. In these respects, we
could not entirely expect additional effect of HPSD-PVI on the late outcome as previously described;[1, 2, 16]

however, further examination of acute PVR is required due to its substantial association with longer RF time
and larger RF energy delivery, which in turn leads to overheating of tissue. Thus, optimal measurements for
the durable lesion creation is needed for HPSD-PVI.

Although AI was a reliable indicator for lesion creation in PVI at normal power and duration, whether it was
also suitable in HPSD-PVI remains uncertain. Some researchers reported the efficacy of HPSD-PVI guided by
AI value without any in-procedure major complications.[1, 11] In recent literature, the same finding was noted
in lesion size index (LSI)-guided HPSD-PVI [17]. However, neither AI nor LSI could directly exacerbate tissue
damage; suggesting these were device-related parameters. Furthermore, since CF depends on the contact
sensor at the distal tip of the ablation catheter, sensor error occurrence is relatively common. Indeed, while
with specificity of 90% AI of 405 and 334 au for the segments other than SAE and SAE, respectively, were
associated with durable lesion creation in the present study, such values were remarkably low compared with
that applied in previous studies. [1, 11]Similarly, discrepancy between AI and impedance drop in the gap site
were also observed, which could be explained by lower reliability of AI value. Figure 3 showed the comparison
of VisTags of AI value and impedance drop, the latter of which clearly demonstrated gap site whereas the
former could not. Interestingly, cases of low AI value but sufficient impedance drop after the RF application
had been observed and resulted in absence of gaps. Figure 4 showed the relevant parameters in a durable site
where sufficient impedance drop and moderate AI value was found. These examples suggest AI value to be
a less reliable measurement than impedance drop. Since existing AI or LSI-guided HP strategy could deliver
excessive RF energy to tissues, impedance drop might be a more sophisticated indicator of lesion creation,
especially in the HP strategy.

In the present study of HPSD-PVI guided by USM, impedance drop solely and significantly predicted acute
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PVR after adjusting for AI and ILD. USM could directly enhance cellular necrosis without any collateral
damages and impedance drop appeared to behave similarly both experimentally and clinically.[7], [18, 19]Figure
1 showed an example of a durable site in the procedure, demonstrating that R-wave pattern in unipolar
signal was immediately (5 s) achieved after the RFA and reached a plateau; however, generator impedance
gradually decreased, finally resulting in an absolute change of 13 ohm 9 s after the RFA. This example could
demonstrate the importance of continuous application after the achievement of USM to create durable lesion.

Clinical implications of impedance-guided procedure

As our strategy was not dependent on the AI value, exact AImin value for durable lesion creation was
not determined. Although several data highlighted the significance of impedance drop in durable lesi-
on creation,[18, 20] certain limitations need to be considered such as insufficiency without stable catheter
contact[21] and influence by contact angle.[22] To avoid esophageal injury, we could not apply HP application
for up to 5 seconds; as such, impedance drop was not a preferable parameter to predict acute PVRs in
the SAE. Nevertheless, a strong association was identified between ILDmax and acute PVR in the SAE,
and ILDmax of 4.8 mm had a strong association with durability with a specificity of 90%, suggesting that
current protocol could be improved with tightened lesion creation. As Imp-min of 6.5 ohm was strongly asso-
ciated with an acute durability with a specificity of 90% in the segments other than SAE, impedance-guided
HPSD-PVI with a target value of above 6.5 ohm would be suitable in the future. Occasionally, unipolar
signal could not be visible due to electrical artifacts even with an indifferent electrode; and unipolar signal
could not be reflected by VisiTag on its nature. As impedance drop could be monitored on-site, and dynamic
change visualized by VisiTag color, it could be used during PVI in persistent AF patients. While efficacy of
impedance-guided HPSD-PVI requires further evaluation, providing sufficient catheter contacts and avoiding
perpendicular contact, this technique might prove applicable.

Study limitations

Firstly, although the relatively small number of subjects might underpower the statistical analysis, in this per-
segments analysis, 768 regions were considered, which in turn could improve statistical confidence. Secondly,
Imp-min and late recurrence had an associative tendency, although not significant in the segments other
than SAE, which might be derived from a small number of subjects for statistics. Thirdly, acute PVRs
were distributed heterogeneously; therefore, it was preferable to assess each segment to clarify the regional
difference in the characteristics of acute PVRs, which requires more number of subjects for evaluation. Lastly,
if the impedance-guided HPSD procedure is warranted for clinical practice, its safety aspects, especially
regarding esophageal injury, should be assessed as they have not been sufficiently evaluated to date.

Conclusions

From our results, lesion distance and impedance drop determined the acute PVR in the SAE and the
segments other than SAE, respectively, in USM-guided HPSD-PVI. This strategy could be improved with
the guidance of impedance drop and lesion distance, allowing for reduction in total amount of RF time and
energy as compared with existing HPSD strategy while maintaining an acceptable late outcome.

Acknowledgments: We would like to thank Editage (www.editage.jp) for English language editing.
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Figure legends

Figure 1. Unipolar signal modification and impedance changes

Example of a change in unipolar electrogram with dynamic changes in generator impedance. S-wave of uni-
polar signal disappeared three seconds after the radiofrequency application (RFA) according to significant
impedance decrease, and R-pattern was achieved five seconds after the RFA. After that, impedance gra-
dually decreased from 133 ohm, and finally reached 120 ohm while a notch in positive unipolar electrogram
completely disappeared.

Figure 2. The distribution of acute pulmonary vein reconnection site

The site of acute pulmonary vein reconnection (PVR) including time-dependent PVR and adenosine-induced
PVR was indicated by colored circles; as annotated in the figure.

ATP, adenosine triphosphate; RPV, right pulmonary vein; LPV, left pulmonary vein

Figure 3. The example of relevant parameters in a gap site

In a posterior-anterior projection, VisiTags indicated ablation index (A) and impedance drop (B) of each
lesion. The gap site was indicated by yellow circle at the right supero-posterior segment. Graph viewer
demonstrated dynamic change of impedance and contact force by green and blue, respectively. Fluctuation
of impedance was observed (C). Panel (D) showed the parameters corresponding to the gap site. Eso,
esophagus

Figure 4. The example of relevant parameters in a durable site

In a posterior-anterior projection, VisiTags indicated the ablation index (A) and impedance drop (B) of
each lesion. The durable site was indicated by a yellow circle at the supero-anterior segment. Graph viewer
demonstrated dynamic change of impedance and contact force by green and blue, respectively. Gradual
and stable decrease of impedance was observed (C). Panel (D) showed the parameters corresponding to the
durable site. Eso, esophagus

Tables

Table 1. Baseline and Characteristics

Baseline and Characteristics Baseline and Characteristics Baseline and Characteristics Baseline and Characteristics Baseline and Characteristics N = 62
Mean age, years Mean age, years Mean age, years Mean age, years Mean age, years 62±12
Male, n (%) Male, n (%) Male, n (%) Male, n (%) Male, n (%) 47 (76)
Structural heart disease, n (%) Structural heart disease, n (%) Structural heart disease, n (%) Structural heart disease, n (%) 11 (18)
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Echocardiographic parameter Echocardiographic parameter Echocardiographic parameter Echocardiographic parameter Echocardiographic parameter
LAVI, ml/cm2 38±12
LVEF, % 56±7

History of AF, months History of AF, months History of AF, months History of AF, months History of AF, months 8 (4-35)
Location of esophagus Location of esophagus Location of esophagus Location of esophagus Location of esophagus
　　　　 Left/Right/Middle, n 　　　　 Left/Right/Middle, n Left/Right/Middle, n 　　　　 Left/Right/Middle, n Left/Right/Middle, n 60/1/1
Left common pulmonary vein Left common pulmonary vein Left common pulmonary vein Left common pulmonary vein Left common pulmonary vein 4 (6)
Right middle pulmonary vein Right middle pulmonary vein Right middle pulmonary vein Right middle pulmonary vein Right middle pulmonary vein 1 (2)
RF time for PVI, min RF time for PVI, min RF time for PVI, min RF time for PVI, min RF time for PVI, min 10±3
RF energy for PVI, kJ RF energy for PVI, kJ RF energy for PVI, kJ RF energy for PVI, kJ RF energy for PVI, kJ 28±8
Time for bilateral PVI, min Time for bilateral PVI, min Time for bilateral PVI, min Time for bilateral PVI, min Time for bilateral PVI, min 27±11
Time for the left PVI, min Time for the left PVI, min Time for the left PVI, min Time for the left PVI, min Time for the left PVI, min 15±7
Time for the right PVI, min Time for the right PVI, min Time for the right PVI, min Time for the right PVI, min Time for the right PVI, min 12±6
Total procedure time, min Total procedure time, min Total procedure time, min Total procedure time, min Total procedure time, min 125±46
Bilateral isolation length, mm Bilateral isolation length, mm Bilateral isolation length, mm Bilateral isolation length, mm Bilateral isolation length, mm 238±31
Radiation exposure, min Radiation exposure, min Radiation exposure, min Radiation exposure, min Radiation exposure, min 10±8
Additional ablation Additional ablation Additional ablation Additional ablation Additional ablation

SVC isolation, n (%) SVC isolation, n (%) SVC isolation, n (%) 62 (100)
CTI linear ablation, n (%) CTI linear ablation, n (%) CTI linear ablation, n (%) 18 (29)
AT ablation, n (%) AT ablation, n (%) AT ablation, n (%) 7 (11)
Non-PV foci ablation, n (%) Non-PV foci ablation, n (%) Non-PV foci ablation, n (%) 2 (3)

Values are expressed as n (%), mean±SD, and median [IQR]

LAVI, left atrial volume index; LVEF, left ventricular ejection fraction; AF, atrial fibrillation; PVI, pulmo-
nary vein isolation; RF, radiofrequency; SVC, superior vena cava; CTI, cavo-tricuspid isthmus; AT, atrial
tachycardia; PV, pulmonary vein

Table 2. The difference of 3-D mapping related indices in the segments with and without acute PVR

Other than SAE Other than SAE Other than SAE SAE SAE SAE
Variables PVR (+) PVR (-) P-value PVR (+) PVR (-) P-value

N = 48 N = 602 N = 21 N = 109
CFmin, g 6.4±2.7 7.4±3.0 0.01 6.7±2.4 7.8±3.5 0.82
FTImin, gs 56±33 67±35 0.02 37±18 43±27 0.17
AImin, au 334±57 350±54 0.02 287±35 298±48 0.20
ILDmax, mm 6.7±1.8 6.6±1.7 0.69 6.9±1.9 5.9±1.4 0.001
Imp-min, ohm 3.2±4.1 5.4±4.5 <0.0001 3.4±3.3 4.1±3.8 0.34

Values are expressed as mean±SD

SAE, segments adjacent to esophagus; PVR, pulmonary vein reconnection; CFmin, minimum contact force;
FTImin, minimum force-time integral; AImin, minimum ablation index; ILDmax, maximum inter-lesion
distance; Imp-min, minimum impedance drop

Table 3. The predictors of acute PVR

Univariate analysis Univariate analysis Univariate analysis Univariate analysis Univariate analysis Univariate analysis
Other than SAE Other than SAE Other than SAE SAE SAE SAE

Variables OR 95% CI P value OR 95% CI P value
　AImin, au 0.99 0.99 – 1.00 0.02 0.99 0.99 – 1.00 0.21
　ILDmax, mm 1.02 0.89 – 1.18 0.69 1.42 1.13 – 1.78 0.002
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　Imp-min, ohm 0.89 0.83 – 0.94 <0.0001 0.95 0.85 – 1.06 0.34
　CFmin, g 0.88 0.79 – 0.97 0.01 0.89 0.78 – 1.02 0.08
　FTImin, gs 0.99 0.98 – 0.99 0.01 0.99 0.97 – 1.01 0.17

Multivariate analysis Multivariate analysis Multivariate analysis Multivariate analysis Multivariate analysis Multivariate analysis
Other than SAE Other than SAE Other than SAE SAE SAE SAE

Variables OR 95% CI P value OR 95% CI P value
　AImin, au 0.99 0.99 – 1.00 0.19 0.99 0.98 – 1.01 0.21
　ILDmax, mm 1.01 0.88 – 1.17 0.87 1.39 1.11 – 1.74 0.005
　Imp-min, ohm 0.90 0.85 – 0.95 0.0003 0.97 0.87 – 1.08 0.53

SAE, segments adjacent to esophagus; OR, odds ratio; CI, confidence interval; CFmin, minimum contact
force; FTImin, minimum force-time integral; AImin, minimum ablation index; ILDmax, maximum inter-
lesion distance; Imp-min, minimum impedance drop
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