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1 | INTRODUCTION

Abstract

Background: Fast anatomical mapping (FAM) of the left atrium and pulmonary veins
(PV) during PV isolation (PVI) generates anatomical information about the carina re-
gion additionally. We aimed to investigate the utility of these data in relation to con-
duction abilities of the intervenous carina.

Methods: We investigated 71 patients with drug-refractory atrial fibrillation (AF)
who underwent first-time circumferential PVI using an electroanatomical mapping
system. Carina width between ipsilateral PV was measured using FAM and an inte-
grated distance measurement tool. Encirclings were divided into carina ablation and
noncarina ablation groups based on the necessity of carina ablation to achieve PVI.
Results: In total, 142 encirclings were analyzed and first-pass isolation was observed
in 102 (72%) encirclings. Nonfirst-pass PVl solely due to a gap on the line or persistent
carina conduction was observed in 10 (7%) and 30 (21%) encirclings, respectively.
Encirclings were classified into a carina ablation group (n = 30, 21%) and noncarina
ablation group (n = 112, 79%). Carina width was significantly larger in the carina abla-
tion vs nonarina ablation group (right: 11.9 + 1.5 mm vs 8 + 1.4 mm, P < .001/left:
12.1 + 1.3 mmvs 8.1 + 1.1 mm, P < .001) requiring additional carina ablation.
Conclusion: Carina-related PV conduction is a common finding after the first-pass
ablation during PVI. Measurement of carina width using FAM is feasible and its value

correlates with the necessity of carina ablation to achieve PVI.
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represents still the most frequent ablation approach.’ After various

technological advancements have been introduced over the years,

Pulmonary vein isolation (PVI) has been established as a standard
procedure in treatment of drug-refractory atrial fibrillation (AF).1*
Among different ablation techniques and tools, using irrigated single-

tip ablation catheters and a three-dimensional (3D) mapping system,

rates of the first-pass PVI have improved substantially.® Several stud-
ies have hinted toward a role of the intervenous carina for persistent
conduction between pulmonary veins (PV) and the left atrium (LA)
due to an epicardial connection between the carina region and both
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atria.””? Therefore data referring to electrical and anatomical char-
acteristics of the carina region have been published recently.’**! In
our present study, we observed frequency and distribution of carina-
related PV conduction after encircling of ipsilateral PVs during PVI.
Furthermore, we hypothesized that carina width can be measured
utilizing a fast anatomical mapping (FAM) of the LA and its conjunc-
tive PV, which is generated routinely during PVI. Finally, we cor-
related values of carina width to the necessity of additional carina
ablation to achieve PVI.

2 | METHODS
2.1 | Study population

Study data were drawn retrospectively from a cohort of 71 consecutive
patients with drug-refractory AF who underwent their first-pass PVI
between January 2020 and November 2020 at our institution. Catheter
ablation was performed by a single experienced operator (DS). All pa-
tients provided informed consent for the ablation procedure, and the

local institutional review board approved data collection management.

2.2 | Catheter ablation

Ablation procedures were performed under deep sedation with intra-
venous application of midazolam and propofol in a fasting state. Direct
oral anticoagulation was withheld only for the morning of catheter ab-
lation. Continuous and noninvasive monitoring of blood pressure and
oxygen saturation was ensured. After femoral access, multielectrode
diagnostic catheters were placed in the apex of the right ventricle and
coronary sinus. Double transseptal puncture was performed by using
fixed and long sheaths (LAMP45; Abbott) and a transseptal needle
(BRK; Abbott) and guided by fluoroscopy and contrast without atrial
pressure measurement or ultrasound guidance. Afterward a bolus
of heparin was administered to achieve an activated clotting time of
>300 seconds. Both sheaths were flushed with heparinized saline con-
tinuously. A circular mapping catheter (Lasso Nav; BiosenseWebster)
and an irrigated ablation catheter (Thermocool ST; BiosenseWebster)
were placed in the LA. FAM of the LA and conjunctive PVs was cre-
ated by using a 3D mapping system (CARTO3; BiosenseWebster)
using a resolution setting of 12. Mapping points were collected by the
circular mapping catheter utilizing an automatic annotation system
(Confidense Mapping©; BiosenseWebster). Antral encircling of ipsilat-
eral PVs was performed by ablation in a power-controlled mode using
25 W at the posterior and 30 W at the anterior wall. Targeted ablation
index (Al) was >400 at the posterior and >500 at the anterior wall.
Ablation lesions were exclusively tagged by an automated tagging sys-
tem (VisiTag©; BiosenseWebster) using a tag size of 3 mm, a stability
maximum range of 2-3 mm, a stability minimum time of 8-10 seconds,
and force overtime set at 30%-50%. Between ablation points, no in-
terlesion distances of >6 mm were allowed. A contact force of 10-20 g

was targeted at any ablation point and no dragging of the ablation
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catheter was allowed. After a single and continuous encircling of ip-
silateral veins, PV isolation was assessed by placing the circular map-
ping catheter at the ostia of the superior and inferior PVs, respectively,
thus allowing to verify a bidirectional block. In case of nonisolation, the
complete ablation line was mapped with the ablation catheter carefully
to localize an electrical gap on the encircling lesion. A detected gap on
the line was closed by additional ablation. If the intervenous carina ap-
peared to be the site of residual conduction, a continuous lesion on the
carina was performed using 25 W and target Al of 350-400, and carina
isolation was verified by loss of LA capture while pacing from the ca-
rina and disappearance of all carina potentials recorded from the map-
ping catheter. After a waiting time of 30 min, persistent isolation of PVs
and carina was confirmed without adenosine administration. In case of
acute reconnection, additional ablation was performed until complete
isolation could be achieved. In patients with persistent AF, additional
LA ablation for substrate modification (roofline, posterior box lesion,
anterior mitral line) was performed at the discretion of the operator.

The study and ablation protocol is depicted in Figure 1.

2.3 | Carina width measurement

Analysis of the anatomical mapping was performed offline and
blinded to clinical parameters by a single investigator (DS). Carina
width was assessed by measuring the shortest distance between ip-
silateral superior and inferior PV ostia on the outside of the mapping
shell. Using a sagittal clipping, plane intervenous carina width was
also determined from the inside of the LA shell defining PV ostia
as the point of maximum inflection between the PV and LA wall
(Figure 2). Acommon PV ostium was defined as a merging of the su-
perior and inferior PV ostia before entering the LA. Average carina
width was calculated by averaging three different measurements.
Since no follow-up data can be provided, information about fol-

low-up settings have been removed.

2.4 | Statistical analysis

Statistical analysis was performed using an online-based statistic soft-
ware (Datatab). Continuous variables were reported as mean + SD or as
median where a normal distribution could not be assumed. Categorical
variables were expressed as number and percentage. Differences
between groups were tested using unpaired Student's t test, Mann-
Whitney U test,)(2 analysis, or Fisher test as appropriate. Statistical sig-
nificance was considered when the two-sided P-value was <.05.

3 | RESULTS
3.1 | Baseline characteristics

A total of 71 patients (41 male, age 63 + 9 years) and 142 encirclings

were included for analysis. Paroxysmal AF was present in 51 (72%)
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All 71 patients

‘ 142 encirclings of ipsilateral PVs ‘

First-pass isolation

Yes No

102 (72%) encirclings 40 (28%) encirclings

Additional RFA on the line
14 (10%) encirclings

Non-carina-ablation group
112 (79%) encirclings ‘

Ipsilateral isolation ‘

Yes No

10 (7%) encirclings ‘ 30 (21%) encirclings

Carina ablation

Carina-ablation group
30 (21%) encirclings

FIGURE 1 Study and ablation protocol. PV, pulmonary vein; RFA, radiofrequency ablation

) ® 13.0mm
/ .

FIGURE 2 Left-sided carina width measurement on the outside (A) and inside (B) of the FAM. The same measurement of the right-sided
carina from outside (C) and inside (D) of the shell. FAM, fast anatomical mapping

patients with a mean CHA,DS,-VASC score of 1.7 and a body mass from the first femoral venous puncture to removing all catheters,
index of 26.3 kg/mz. Comorbidity of hypertension, diabetes, coro- was 119 + 22 min and a mean radiofrequency (RF) application time
nary artery disease, and heart failure was present in 32 (45%), 5 (7%), of 38 + 11 min could be observed. Fluoroscopy time was 6 + 3 min

5 (7%), and 4 (6%) patients. Mean procedure time, defined as time resulting in a radiation dose of 320 + 240 uGy x m?. For FAM of the
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LA and PV, 716 + 115 mapping points were registered and localized
in the LA-PV junction area mainly. The baseline characteristics are
listed in Table 1.

3.2 | Carina width dimensions

Measurement of the carina width from inside and outside of the ana-
tomical mapping shell showed a significant difference for both sides
(right inside 10.8 + 2.3 mm vs right outside 9.5 + 2 mm, P <.001; left
inside 10.2 + 2.3 mm vs left outside 9 + 2 mm, P =.003) observing
the inside width being larger (Figure 3). Comparison of the right- and
left-sided carina width showed no significant difference (inside right
10.8 + 2.3 mm vs inside left 10.2 + 2.3 mm, P =.16; outside right
9.5 + 2 mm vs outside left 9 + 2 mm, P =.212). Also, no significant
difference of carina width could be found in patients with paroxys-
mal (Par) and persistent (Pers) AF (right insidep,, 10.6 + 1.7 mm vs
right insidep,, 10.9 + 2.4 mm, P =.61; left inside,, 9.8 + 2.2 mm vs
left inside,, . 10.1 + 2.3 mm, P =.65).

3.3 | Carina width related to the necessity of
carina ablation

Carina width was significantly larger in the carina ablation vs
noncarina ablation group. In the case of carina ablation, mean
carina width showed to be inside 11.5 + 1.5 mm and outside
10.2+1.3mmvs 10.3+ 2.4 mm (P=.002)and 9 + 2.1 mm (P <.001),
respectively. A comparable correlation could be observed in ana-
lyzing the right and left carina separately. In the carina ablation
group, right-sided carina width showed to be broader (inside
11.9 + 1.5 mm vs 8 + 1.4 mm, P <.001; outside 10.4 + 1.3 mm
vs 7 + 1.2 mm, P <.001) than in the noncarina ablation group.
Same findings could be detected for the left-sided carina (inside
12.1 +1.3mmvs 8.1 + 1.1 mm, P <.001; outside 10.6 + 1.2 mm vs
7.3 £ 1.3 mm, P <.001) (Figure 4).

3.4 | Distribution of carina and gap-related
conduction after first encircling

In total, 142 ipsilateral encirclings were performed in 71 patients.
First-pass isolation could be detected in 102 (72%) encirclings.
Fourteen (10%) encirclings showed a remaining gap on the line dur-
ing remapping, affording additional RF applications. After closing
these gaps, 10 (7%) of 14 encirclings resulted in isolation of the ipsi-
lateral PV, whereas in four encirclings, an additional electrical break-
through originating from the carina could be observed. In 26 (18%)
encirclings, no gaps on the line could be observed after the first-pass
ablation, demonstrating persistent carina conduction. Thus, in total
30 (21%), encirclings showed the necessity of linear carina abla-
tion resulting in the isolation of adjacent PV in all cases (Figure 1).

Distribution analyses showed that remaining carina conduction
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TABLE 1 Baseline, procedural characteristics, and complications

Clinical characteristics
Age (y)
Gender, male
Paroxysmal AF

Persistant AF

N=71

63+9

41 (57.7%)
51(71.8%)
20 (28.2%)

EHRA IIb 7 (9.8%)
EHRAII 58 (81.7%)
EHRA IV 6 (8.5%)
CHA,DS,-VASC 0-1 36 (50.7%)
CHA,DS,-VASC 2-3 29 (40.8%)
CHA,DS,-VASC >3 6(8.5%)
Body mass index, kg/m? 26 +4
Hypertension 32 (45%)
Diabetes mellitus 5(7%)
Sleep apnea 4 (5.6%)
Coronary artery disease 5(7%)
Left ventricular ejection fraction >55% 67 (94.3%)
Procedural characteristics
Procedure duration, min 119 + 22
Fluoroscopy time, min 6+3
Radiation dose, uGy x m? 320 + 240
RF time, min 38+ 11
Fast anatomical mapping points, n 716 + 315
Complications
Vascular complication 1(1.4%)
Pericardial tamponade 0
Phrenic paralysis 0
Transient ischemic attack 0
Stroke 0
Atrioesophageal fistulae 0
Death 0
Overall complication rate 1(1.4%)

after first-pass ablation was found more often at right-sided than
left-sided encirclings with 22 (15%) vs 8 (6%) (P =.008). Also gaps on
the line after first-pass ablation could be detected more often in the
right-sided than in the left-sided encirclings with 10 (7%) vs 4 (3%)
(P =.02) (Figure 5).

3.5 | Complications

The overall complication rate was 1.7%. One patient suffered from
an aneurysma spurium at the puncture site, which developed 3 days
after discharge and could be treated conservatively by manual com-
pression (Table 1).
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(A)

Carina width leftin mm

FIGURE 3 Measurement of the carina width from inside and outside of the left (A) and right (B) anatomical shell
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Carina width inside left in mm
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p=0.003

Carina inside

p<0.001

Carina outside

Carina ablation Carina non-ablation

(B)

16
14
12

10

Carina width right in mm

(B)

Carina width inside right in mm

p<0.001

Carina inside

p<0.001

Carina ablation

Carina outside

Carina non-ablation

FIGURE 4 Left (A) and right (B) carina width related to carina ablation or non-carina-ablation group showing values for measurement
from inside of the anatomical shell
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Right encircling

M Carina conduction

M Gap on the line
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FIGURE 5 Distribution of carina-related and gap-related conduction after single encircling
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4 | DISCUSSION
4.1 | Main findings

After Al-guided ipsilateral encircling, providing an interlesion dis-
tance of <6 mm, the intervenous carina seems to be the most com-
mon site of persistent conduction between PV and LA. Persistent
conduction could be detected more often on the right-sided carina.
Our data suggest that the necessity for carina ablation is related to a
larger carina width, which can be determined by routine anatomical

mapping during ablation procedure.

4.2 | Carina-related persistent conduction

The carina has been extensively observed as a potential electri-
cal connection site between LA and PV caused by muscular con-
nections due to crossing myocardial strands and bridges at the
interpulmonary isthmus, which can run also toward an epicardial
direction and set an epicardial connection of the encircled area to
the LA.12 Therefore Yoshida et al demonstrated that PVI could not
be achieved without carina ablation in 20% of treated patients due
to epicardial connections between the right-sided carina and right
atrium.’® In accordance with these published data, we also found
the carina being a critical breakthrough site in 21% of analyzed en-
circlings linked to the necessity of carina ablation to achieve PVI.
The intervenous carina has to be recognized as a primary site of
remaining PV-LA conduction during PVI, whereas gaps on the en-
circling line have become more uncommon due to improvement of
lesion transmurality and contiguity using ablation variables such as
Al and interlesion distance. In accordance, we observed a gap on the
circumferential ablation line only in 7% of studied encirclings. The
incidence of carina-related PV-LA conduction has also been studied
in relationship to the distance between the encircling line and the
PV ostia. Lin et al** showed that a lesion distance <8 mm to the
PV ostia resulted in a lower incidence of carina-related conduction
and a less common necessity for carina ablation. Furthermore, more
ostial ablation circles in a “figure of eight” manner at the PV carina
had been demonstrated to be more effective referring to first-pass
isolation rates. In conclusion, the intervenous carina has to be con-
sidered as a frequent ablation target in PVI.

Interestingly, first-pass isolation rates during PVI seem to differ
by location side. We found first-pass isolation in 91% of left-sided
and 78% of right-sided PV after single ipsilateral encircling. These
results correspond to recently published data by Mulder et al*® find-
ing a left- and right-sided first-pass isolation rate of 59% and 44%,
respectively. Further published data demonstrate first-pass isola-
tion rates between 43% and 98%,41¢17 showing a lower rate for
the right-sided encircling accordingly. We also observed a critical
breakthrough at the right-sided carina in 22 (73%) of 30 encirclings
in which carina ablation had to be performed. As we could not pro-
vide a difference of right- and left-sided carina width in our study, we

support the hypothesis of Yoshida et al*® that this might be related
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to increased epicardial connections of the right-sided pulmonary ve-
nous carina to the right atrium by small myocardial fibers. 18

We hypothesized that intervenous carina dimensions can be de-
picted and measured by using a distance measurement tool integrated
into the employed 3D mapping system. We found a correlation between
larger carina width and the necessity of carina ablation, which is in line
with published data, where carina dimensions have been determined by
computer tomography (CT) scans.®® Although we cannot compare our
values of carina width to published CT data directly, due to the lack of
own CT scans, it can be presumed that larger carina dimensions are as-
sociated with both a higher number and greater variation of myocardial
sleeves oriented between the LA and epicardial connection sites.

Increased connection possibilities may well be resulting in more
frequent carina conduction as a critical part of PVI. Thus carina
width analyses using 3D mapping systems and its routinely provided
anatomical mapping data of the LA-PV region can allude to the ne-

cessity of additional carina ablation to achieve PVI.

4.3 | Role of carina conduction in other
ablation techniques

The role of residual carina conduction after cryothermal PVI has been
observed by Tadafumi et al¥ina group of 96 patients. Although PVI
could be achieved in 85 (89%) patients, postablation bipolar voltage
mapping showed different ablation patterns with either antral PVI in-
cluding scarring of the carina region or ostial PVI with residual local
signals 20.1 mV at the carina region. The rate of 1-year freedom from
arrhythmia was significantly different with 84% and 57%, respectively,
pointing out the importance of the carina region for clinical success after
cryothermal PVI. While the carina region is ablated twice by treating the
superior and inferior PV (crosstalk), the remaining electrical LA-PV con-
nection associated with the carina region can be observed less often in
ablation techniques using balloon catheters. Recently, Bologna et al?°
published a very low incidence of carina-related electrical gaps after PVI
using an endoscopic ablation system, finding only 18 (5%) of 373 patients
with a carina-related reconnection site. Interestingly, utilization of high
power-short duration (HPSD) energy settings seems to be associated
with a higher rate of remaining carina conduction. Klein et al?* reported
different reconnection patterns with HPSD (50 W) and force-time in-
tegral guided low-power long duration (LPDL, 25-35 W) strategies.
Although both groups showed similar freedom of arrhythmia at 1 year
(79% vs 73%; P =.339), a higher propensity for reconnection at the right
PV carina was found in the HPSD group compared with the LPLD group
(46.7% vs 20.6%). Furthermore, patients undergoing HPSD ablation re-
quired more applications at the right carina to achieve PVI and had a sig-

nificantly higher rate of right carinal reconnections at redo procedures.

4.4 | Limitations

First, this is a single-center and retrospective study with a rather

small number of patients. Moreover, values of carina width using
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a 3D mapping system were measured by only one observer, thus
no data of interobserver variability can be given. Since no CT scans
have been performed, validation of measured values in relation to
carina width cannot be reported. We intended to illustrate a rela-
tionship between carina width size and electrical conduction abili-
tiesin a proportioned manner independently from its absolute value.
Furthermore, we did not measure the area size of the encirclings,
thus a possible relationship between carina conduction and en-
circling size cannot be evaluated by this study. Since no follow-up
data are presented, no clinical effects of carina ablation on clinical
outcomes can be provided. The aim of this study was to study the
impact of carina conduction on acute PVI during antral ablation.
According to published data by Mulder et al carina-related persistent
conduction after antral encircling did not impact AF recurrence clini-

cally in contradiction to gap-related persistent conduction.'®

5 | CONCLUSION

The remaining carina conduction after a single PV encircling is a
common finding during PVI. This was observed at the right-sided
carina more frequently and required additional carina ablation for

PVI. Carina width can be depicted and analyzed from the anatomical

mapping provided by the 3D mapping system.

CONFLICT OF INTEREST

The authors declare no conflict of interests for this article.

AUTHOR CONTRIBUTION

Concept/design: Dong-In Shin, Christian Blockhaus; Data analysis
/ interpretation: Dong-In Shin, Christian Blockhaus, Marc Horlitz;
Critical revision of article: Buelent Koektuerk, Hans Peter Waibler,
Alexander Bufe, Melchior Seyfarth; Data collection: Dong-In Shin,
Stephan List.

ORCID

Dong-In Shin https://orcid.org/0000-0002-8804-933X

REFERENCES

1. Cosedis Nielsen J, Johannessen A, Raatikainen P, Hindricks G,
Walfridsson H, Kongstad O, et al. Radiofrequency ablation as
initial therapy in paroxysmal atrial fibrillation. N Engl J Med.
2012;367:1587-95.

2. Wazni OM, Dandamudi G, Sood N, Hoyt R, Tyler J, Durrani S,
Niebauer M, et al. Cryoballoon ablation as initial therapy for
atrial fibrillation. N Engl J Med. 2021;384(4):316-24. https://doi.
org/10.1056/NEJM0a2029554

3. Walfridsson H, Walfridsson U, Nielsen JC, Johannessen A, Raatikainen
P,Janzon M, et al. Radiofrequency ablation as initial therapy in paroxys-
mal atrial fibrillation: results on health-related quality of life and symp-
tom burden. The MANTRA-PAF trial. Europace. 2015;17:215-21.

4. Blomstrom-Lundqvist C, Gizurarson S, Schwieler J, Jensen SM,
Bergfeldt L, Kenneback G, et al. Effect of catheter ablation vs
antiarrhythmic medication on quality of life in patients with
atrial fibrillation: the CAPTAF randomized clinical trial. JAMA.
2019;321:1059-68.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Chen J, Dagres N, Hocini M, Fauchier L, Bongiorni MG, Defaye P, et al.
Catheter ablation for atrial fibrillation: results from the first European
Snapshot Survey on Procedural Routines for Atrial Fibrillation Ablation
(ESS-PRAFA) Part Il. Europace. 2015;17:1727-32.

Phlips T, Taghji P, El Haddad M, Wolf M, Knecht S, Vandekerckhove
Y, et al. Improving procedural and one-year outcome after con-
tact force-guided pulmonary vein isolation: the role of inter-
lesion distance, ablation index, and contact force variability in the
'CLOSE'-protocol. Europace. 2018;20(FI_3):f419-27. https://doi.
org/10.1093/europace/eux376

Valles E, Fan R, Roux JF, Liu CF, Harding JD, Dhruvakumar S, et al.
Localization of atrial fibrillation triggers in patients undergoing pul-
monary vein isolation: importance of the carina region. J Am Coll
Cardiol. 2008;52:1413-20.

Udyavar AR, Chang S-L, Tai C-T, Lin Y-J, Lo L-W, Tuan T-C, et al.
The important role of pulmonary vein carina ablation as an ad-
junct to circumferential pulmonary vein isolation. J Cardiovasc
Electrophysiol. 2008;19:593-8.

Takigawa M, Yamada T, Yoshida Y, Ishikawa K, Aoyama Y, Yamamoto
T, et al. The incidence and clinical significance of non-isolation of
the pulmonary vein carina after encircling ipsilateral pulmonary
veins isolation for paroxysmal atrial fibrillation: a pitfall of the
double-Lasso technique. Europace. 2013;15:33-40.

Hanaki Y, Yoshida K, Baba M, Hasebe H, Takeyasu N, Nogami A,
et al. Interatrial distance predicts the necessity of additional carina
ablation to isolate the right-sided pulmonary veins. Heart Rhythm.
2020;1(4):259-67.

Manolis AS, Manolis AA. Pulmonary vein reconnection following
cryo-ablation: mind the "Gap" in the carinae and the left atrial ap-
pendage ridge. Indian Pacing Electrophysiol J. 2019;19:125-8.
Cabrera JA, Ho SY, Climent V, Fuertes B, Murillo M, Sanchez-
Quintana D, et al. Morphological evidence of muscular connections
between contiguous pulmonary venous orifices: relevance of the
interpulmonary isthmus for catheter ablation in atrial fibrillation.
Heart Rhythm. 2009;6:1192-8.

Yoshida K, Baba M, Shinoda Y, Harunari T, Tsumagari Y, Koda N,
et al. Epicardial connection between right-sided pulmonary venous
carina and the right atrium in patients with atrial fibrillation: a pos-
sible mechanism for preclusion of pulmonary vein isolation without
carina ablation. Heart Rhythm. 2019;16:671-8.

Lin Y-J, Tsao H-M, Chang S-L, Lo L-W, Tuan T-C, Hu Y-F, et al. The
distance between the vein and lesions predicts the requirement
of carina ablation in circumferential pulmonary vein isolation.
Europace. 2011;13:376-82.

Mulder MJ, Kemme MJB, Goétte MJW, Ven PM, Hauer HA,
Tahapary GJM, et al. Differences between gap-related persistent
conduction and carina-related persistent conduction during radiof-
requency pulmonary vein isolation. J Cardiovasc Electrophysiol.
2020;31:1616-27.

Taghji P, El Haddad M, Phlips T, Wolf M, Knecht S, Vandekerckhove
Y, et al. Evaluation of a strategy aiming to enclose the pulmonary
veins with contiguous and optimized radiofrequency lesions in par-
oxysmal atrial fibrillation: a pilot study. JACC Clin Electrophysiol.
2018;4:99-108.

Berte B, Hilfiker G, Moccetti F, Schefer T, Weberndérfer V, Cuculi
F, et al. Pulmonary vein isolation using ablation index vs. CLOSE
protocol with a surround flow ablation catheter. Europace. 2020;
22:84-9.

Ho SY, Sanchez-Quintana D, Cabrera JA, Anderson RH. Anatomy
of the left atrium: implications for radiofrequency ablation of atrial
fibrillation. J Cardiovasc Electrophysiol. 1999;10:1525-33.
Tadafumi N, Yotsukura A, Sano F, Suzuki G, Ishidoya Y, Yoshida I,
et al. A relation between ablation area and outcome of ablation
using 28-mm cryoballon ablation: importance of the carina region. J
Cardiovasc Electrophysiol. 2018;29:1221-9.


https://orcid.org/0000-0002-8804-933X
https://orcid.org/0000-0002-8804-933X
https://doi.org/10.1056/NEJMoa2029554
https://doi.org/10.1056/NEJMoa2029554
https://doi.org/10.1093/europace/eux376
https://doi.org/10.1093/europace/eux376

SHIN ET AL.

St of Atythis W 1LEY-T

20.

21.

Bologna F, Bordignon S, Perrotta L, Dugo D, Nagase T, Chen S,
et al. Incidence and pattern of conduction gaps after pulmonary
vein isolation with the endoscopic ablation system. J Interv Card
Electrophysiol. 2020;57:465-71.

Hansom SP, Algarawi W, Birnie DH, Golian M, Nery PB, Redpath
CJ, et al. High-power, short-duration atrial fibrillation ablation com-
pared with a conventional approach: outcomes and reconnection
patterns. J Cardiovasc Electrophysiol. 2021;32(5):1219-28. https://
doi.org/10.1111/jce.14989

How to cite this article: Shin D-I, Koektuerk B, Waibler HP, List
S, Bufe A, Seyfarth M, et al. Fast anatomical mapping of the
carina and its implications for acute pulmonary vein isolation. J
Arrhythmia. 2021;37:1270-1277. https://doi.org/10.1002/
j0a3.12601



https://doi.org/10.1111/jce.14989
https://doi.org/10.1111/jce.14989
https://doi.org/10.1002/joa3.12601
https://doi.org/10.1002/joa3.12601

