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Background: To investigate the anatomical features related to the failure of cryoballoon (CB) ablation for atrial
fibrillation (AF) on pre-procedural CT images.

Methods: We retrospectively analyzed CT images of 100 patients with AF who had undergone a first CB ablation
at our institution between June 2016 and April 2017. We measured the angle, short- and long axis length, and
the area and ovality of 4 major pulmonary vein (PV) ostium on CT images. We performed logistic regression
analysis to analyze the anatomical features related to the failure (incomplete CB ablation) of PV isolation. We
also performed a receiver-operating characteristic (ROC) curve analysis to identify an appropriate cut-off value
for anatomical features significantly associated with incomplete CB ablation.

Results: We analyzed 400 PVs in 100 patients [aged 64 (range, 27-82) years, 59% male]. The rate of incomplete
CB ablation was significantly higher for right-than left-sided PVs (p < 0.001). The anatomical feature sig-
nificantly associated with incomplete CB ablation was the angle at the right inferior PV (RIPV) (AOR: 1.17; 95%
CL: 1.09-1.27, p < 0.001) and the right superior PV (RSPV) (AOR: 1.12; 95% CI: 1.01-1.23; p = 0.014). In the
ROC analysis, the optimal cut-off value for RIPV and RSPV angle to discriminate an incomplete CB ablation were
40.1° and 79.7°, respectively.

Conclusion: Our findings may help to select the appropriate ablation strategy to treat patients with AF. We show
that the angle is an anatomical feature significantly related to failed CB ablation.

1. Introduction

Atrial fibrillation (AF) is the most common cardiac arrhythmia.1 Itis
significantly associated with morbidity and mortality due to stroke and
thromboembolism.>? Electrical isolation of pulmonary veins (PVs) by
catheter ablation is the standard approach to treat AF.*> Although
radiofrequency (RF) catheter ablation is the established treatment for

AF, cryoballoon (CB) ablation is a promising alternative to achieve PV
isolation. With CB ablation it is possible to obtain circumferential PV
isolation in a single procedure. Therefore, the procedure time is shorter
and the risk for thermal injury and PV stenosis are lower than with RF
ablation.®® In a recently multicenter randomized trial, CB- was not
inferior to RF ablation in patients with paroxysmal AF (1-year Kaplan-
Meier event rate estimates 34.6% and 35.9%, respectively; p < 0.001

Abbreviations: AF, Atrial fibrillation; AOR, adjusted odds ratio; AUC, area under the curve; CB, cryoballoon; CI, confidence interval; CNR, contrast-to-noise ratio;
FOV, field of view; HU, Hounsfield Units; LA, left atrium; LAA, left atrial appendage; LIPV, left inferior pulmonary vein; LSPV, left superior pulmonary vein; LV, left
ventricle; MPR, multiplanar reconstruction; PV, pulmonary vein; RA, right atrium; RF, radiofrequency; RIPV, right inferior pulmonary vein; ROC, receiver-operating
characteristic; ROI, region of interest; RSPV, right superior pulmonary vein; SD, standard deviation; 3D, 3-dimensional
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Table 1
Baseline characteristics.

100

64.0 (27.8-82.1)
59 (59.0%)

23.7 (14.6-33.7)
9.0 (0.3-168.0)
78 (78.0%)

1 (0-6)

37.0 (24.2-49.4)
90.3 (53.8-179.5)
66.7 (52.4-78.3)
49 (49.0%)

Number of patients

Age (years)

Male gender, n (%)

Body mass index (kg/m?)

Duration of atrial fibrillation (months)
Paroxysmal atrial fibrillation, n (%)
CHA,DS,-VASc score

Left atrial diameter (mm)

Left atrial volume (cm®)

Left ventricular ejection fraction (%)
Antiarrhythmic drug use, n (%)

Values are the median (range) or the number of patients (%).

The CHA,DS,-VASc score is a clinical estimation of the risk of stroke in patients
with atrial fibrillation; scores range from O to 9, with higher scores indicating a
greater risk of stroke.

for noninferiority).® However, CB ablation requires more extensive
fluoroscopic guidance to position the balloon catheter in the PVs. We
hypothesized that anatomical factors of proximal PVs related to success
of CB ablation. The purpose of our study was to investigate the ana-
tomical features related to the success or failure of CB ablation for AF
on pre-procedural cardiac computed tomography (CT) images.

2. Methods

This retrospective study was approved by our institutional review
board; informed patient consent for the analyses was waived.

2.1. Study population

Our retrospective study included 123 consecutive patients with
drug-refractory paroxysmal or persistent AF who had undergone car-
diac CT between June 2016 and April 2017 for the evaluation of their
left atrium (LA)- and the PV anatomy prior to the first CB ablation. AF
was diagnosed by a cardiologist with 25 years of experience based on
established guidelines.® Paroxysmal AF was defined as “AF that self-
terminates within 7 days of onset”, persistent AF as “persistent AF
lasting more than 7 days”. Inclusion criteria were patients who un-
derwent contrast-enhanced cardiac CT. Our exclusion criteria were se-
vere renal failure (estimated glomerular filtration rate < 45ml/min/
1.73 m?, 17 patients), a history of hypersensitivity to iodinated contrast
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medium (3 patients) or pregnancy. Also excluded were another 3 pa-
tients with a right or left common PV canal because a large-diameter PV
ostium could be an independent detrimental factor in CB ablation.' '
Thus, the final study population consisted of 100 patients (400 PVs);
their baseline characteristics are summarized in Table 1.

2.2. Computed tomography (CT) scanning

All patients were scanned on a 64-detector row CT scanner
(LightSpeed VCT; GE Healthcare, Milwaukee, WI, USA); retrospective
ECG-triggered helical scans were performed. The scan and reconstruc-
tion parameters were tube voltage, 80 kVp; tube current, 100-675 mA;
beam width, 40 mm; detector collimation, 64 X 0.625 mm; pitch factor,
0.16 or 0.2 mm/rotation; gantry rotation, 0.35s; slice thickness,
0.625 mm; scan field of view (FOV), 320 mm; display FOV, 200 mm;
matrix, 512 X 512; reconstruction, half; reconstruction kernel, stan-
dard; reconstruction method, filter back projection. Images were re-
constructed starting from early systole (10% of R-R interval) and ending
at end-diastole (90% of R-R interval) using 5% steps. An 70-80% phase
location corresponding to atrial end-diastole was selected for image
reconstruction in patients who were in sinus rhythm at the time of
imaging.'*'? If the patients had ongoing AF at the time of CT scan, a
50% phase location was selected for image reconstruction because it
yielded the best image quality.'* All scans were from the tracheal bi-
furcation to the level of the inferior margin of the cardiac apex in the
craniocaudal direction. All patients were able to perform breath-holds
during the examination. To evaluate coronary artery disease simulta-
neously, each patient was given nitroglycerin sublingually (0.3 mg)
5 min before scanning; patients whose heart rate exceeded 65 beats per
minute thereafter additionally received landiolol hydrochloride (Cor-
ebeta; Ono Pharmaceutical Co., Ltd., Osaka, Japan).

We injected contrast medium (iodine concentration 350 mg/ml;
Iomeron-350; Eisai, Tokyo, Japan) through a 20-gauge catheter into the
antecubital vein using a power injector (Dual Shot type GX; Nemoto
Kyorindo, Tokyo, Japan). The administered iodine dose was 245 mg/kg
body weight. The injection volume was body weight X 0.7 ml ad-
ministered in 14 s and followed by 20 ml of saline solution delivered at
the same injection speed. The scanning delay was determined using a
bolus-tracking method. A round, approximately 400 mm? region of in-
terest (ROI) was placed in the center of the LA. Scanning was started
manually 5s after contrast enhancement exceeded a predefined
threshold of 150 Hounsfield Units (HU).
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Fig. 1. Our process for measuring the PV angle. (A) A landmark (asterisk) is placed on the center of the atrial septum (point A). (B, C) Another landmark (asterisk) is
placed at the center of the left PV from the bottom of the LSPV and the roof of LIPV (point B). (D) The line connecting points A and B is our reference line. (E-H) The
angles of the RIPV, RSPV, LSPV and LIPV are obtained from the reference line and each PV ostium. LA, left atrium; LAA, left atrial appendage; RA, right atrium; LSPV,
left superior pulmonary vein; LIPV left inferior pulmonary vein; RIPV, right inferior pulmonary vein; RSPV, right superior pulmonary vein.
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Fig. 2. 3D reconstructed images (anteroposterior direction) detailing our PV angle measurement process. (A) A landmark (asterisk) is placed at the center of the atrial
septum (point A). (B, C) Another landmark (asterisk) is placed at the center between the bottom of the LSPV and the roof of the LIPV (point B). (D) The line
connecting points A and B is our reference line. (E-H) The angles of the RIPV, RSPV, LSPV and LIPV are obtained from the reference line and each PV ostium. LSPV,
left superior pulmonary vein; LIPV left inferior pulmonary vein; RIPV, right inferior pulmonary vein; RSPV, right superior pulmonary vein.

2.3. Quantitative evaluation

Using multiplanar reconstruction (MPR) images obtained by pre-
procedural cardiac CT, we measured 5 features of the ostium anatomy
of each PV, i.e. its angle, short- and long axis length, area, and ov-
ality’>'® on a CT workstation (Advantage workstation ver. 4.4; GE
Healthcare). All images were analyzed by two radiological technolo-
gists (Y.M. and T.M., with 13 and 15 years of experience with cardiac
CT studies, respectively). They were blinded to the outcome of the
clinical procedures and analyzed the CT images independently.

The PV angle was measured on coronal images as shown in

120

Fig. 3. Our process for measuring the short- and
long length, the area, and the ovality of the RIPV
ostium. (A) Crosshairs are placed in the RIPV
ostial on the axial image. (B) The crosshair is
rotated parallel to the RIPV ostium. (C) The
crosshair is rotated parallel to the RIPV ostium
on the oblique coronal image. (D) A cross-sec-
tion orthogonal to the RIPV ostium is acquired.
LV, left ventricle; LA, left atrium; RIPV, right
inferior pulmonary vein.

Fig. 1A-H. The center of the atrial septum was defined as point A
(Fig. 1A), the midpoint between the left superior- and left inferior PV
(LSPV and LIPV) as point B (Fig. 1B and C). The line connecting points
A and B was defined as the “reference line” (Fig. 1D) because the ca-
theter tip was usually located at the midpoint between the LSPV and
LIPV after catheter-puncture of the atrial septum during CB ablation.
Then we measured the angle between the reference line and each PV
(Fig. 1E-H). For a better understanding of our measurement process, 3-
dimensional (3D) reconstructed images demonstrating our PV angle
measurement are shown in Fig. 2A-H. Among our 100 patients there
were no anatomical variants such as an accessory PV. Even in subjects
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Fig. 4. Detailed procedural Results for CB ablation (400 PVs, 100 patients). (A) Breakdown of incomplete CB ablations (32 PVs, 25 patients); 20 RIPVs (20 patients)
required touch-up ablation with RF, as did 8 RSPVs (8 patients) and 4 LSPVs (4 patients). (B) The rate of incomplete CB ablation was 20% for RIPVs, 8% for RSPVs,
and 4% for LSVPs. All LIPVs were successfully ablated. RIPV, right inferior pulmonary vein; RSPV, right superior pulmonary vein; LSPV, left superior pulmonary vein;

LIPV left inferior pulmonary vein.

Table 2
The distribution of the 5 anatomical features of interest in the 400 PVs.

RIPV RSPV LSPV LIPV p-value
Angle (degree) 48.3 (18.4-77.7) 81.9 (56.2-110.1) 163.5 (142.2-175.1) 242.6 (209.8-267.6) < 0.001
Short axis length (mm) 12.8 (6.3-19.9) 14.0 (7.3-22.0) 14.0 (8.0-21.6) 9.9 (2.8-20.0) < 0.001
Long axis length (mm) 17.9 (12.3-25.7) 21.5 (14.4-29.5) 20.6 (14.6-28.5) 17.7 (11.5-22.9) < 0.001
Area (mm?) 178.0 (89.0-428.0) 230.5 (90.0-486.0) 218.0 (127.0-461.0) 134.5 (57.0-371.0) < 0.001
Ovality 0.3 (0.0-0.9) 0.4 (0.0-1.1) 0.3 (0.0-0.9) 0.5 (0.1-1.2) < 0.001

Values are the median (range).

with a right or left middle PV, our method allows measurements by
using the reference line. We defined the PV ostium as the visual in-
tersection of the PVs and the LA, determined by an inflection between
the LA- and the PV wall.'” The diameter of the short- and long axis
length and the area of each PVs ostium was recorded as described
elsewhere.'®** Fig. 3A - 3D show our measurement process at the right
inferior PV (RIPV) ostium. We first placed a cross-hair in the RIPV os-
tium on axial images (Fig. 3A), obtained an oblique coronal image by
rotating the cross-hair parallel to the RIPV (Fig. 3B), and then obtained
an orthogonal cross-section by rotating the cross-hair vertically to the

RIPV ostium on the oblique coronal image (Fig. 3C). The resulting
image yielded the best view of the PV ostium and could be used to
measure the diameter of the short- and long axis length and of the area
(Fig. 3D).*? Finally, we measured the diameter of the short- and long-
axis length and of the area of the PV ostium on the workstation. Ovality
was defined as the degree of deviation from perfect circularity and the
value was expressed as 2 X [(long axis length) - (short axis length)]/
[(long axis length + short axis length)].">*®

To investigate inter- and intraobserver variability in the quantita-
tive measurements we performed Bland-Altman plot analysis for
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Fig. 5. Interobserver agreement in the quantitative evaluation of the RIPV (Bland-Altman plot analysis). The solid line represents the mean difference and the dashed
lines represent the 95% limits of agreement (mean difference + 1.96 SD). SD = standard deviations.

specific sites on 100 datasets (one dataset for each patient). To assess
intraobserver agreement and to minimize recall bias, after a 2-week
interval, each case was independently reanalyzed by the observers.

To avoid the potential effect of contrast enhancement, image
quality, and especially of banding artifacts on the quantitative mea-
surements of the PV parameters, we recorded the CT number and image
noise [standard deviation (SD) of the CT number] in a circular ROI
placed in the center of the LA and the epicardial fat on axial images.
The size of the circular ROI cursors was as large as allowed by the LA
diameter (approximately 5.0-10.0mm?) and by epicardial fat (ap-
proximately 1.5-3.0 mm?). Based on the values obtained, we also cal-
culated the contrast-to-noise ratio (CNR) using the formula:

CT number (LA) - CT number (epicardial fat)/image noise (LA).**

We also recorded the number of patients whose images were com-
promised by banding artifacts and assessed their effect on the quanti-
tative measurement of our PV parameters.

2.4. CB ablation procedure

Two cardiologists (Y.M. and S.M., with 25 and 17 years of experi-
ence with catheter ablation, respectively) alternately performed all CB
ablations during the period covered in this study.

Ablation was performed with the patients under deep sedation. An
9-Fr intracardiac echocardiography catheter (ViewFlex Xtra, Abbott, St.
Paul, MN, USA) was introduced through the femoral vein and posi-
tioned in the right atrium. A 20-polar electrode catheter (BeeAT, Japan
Lifeline, Tokyo, Japan) was placed in the coronary sinus. Double trans-
septal puncture was performed using an RF needle (Japan Lifeline)
guided by both intracardiac echocardiography and fluoroscopy. After
gaining LA access, a 100 Ul/kg intravenous heparin bolus was injected.
A steerable 15-Fr over-the-wire sheath (FlexCath, Medtronic,
Minneapolis, MN, USA) was positioned in the LA. A circular mapping
catheter (Achieve, Medtronic) was then advanced into each PV ostium.
A 28-mm CB (Arctic Front Advance, Medtronic) was advanced over the
wire up to the LA, inflated, and positioned in each PV ostium. Optimal
vessel occlusion was defined by selective PV angiography showing total
contrast retention with no backflow into the LA.

122

After complete occlusion was confirmed, we proceeded to the de-
livery of cryothermal energy. The ablation sequence was LSPV-LIPV-
RIPV-right superior PV (RSPV). Our target temperature was —45 °C to
—50 °C within 180s.

During ablation of right-sided PVs, a decapolar catheter in the right
ventricle was moved into the brachiocephalic vein and used to capture
the diaphragm to warn of phrenic nerve injury. Phrenic nerve capture
was monitored by tactile feedback of diaphragmatic contraction and
assessment of the right diaphragmatic compound motor action poten-
tial. Ablation was terminated when the operator recognized a sig-
nificant reduction in the compound motor action potential vis-a-vis the
baseline. Amplitude variations dictated the application of the double-
stop technique.

2.5. Determination of complete- and incomplete CB ablation

The primary outcome was defined as the establishment of a bidir-
ectional block between the LA and PV, verified with a circular mapping
catheter. When PV isolation was not achieved despite a total of 3 CB
applications per vessel, we resorted to “touch-up” ablation with a
conventional RF catheter (FlexAbility, Abbott) until isolation was
confirmed. We recorded “complete CB ablation” when PV isolation was
achieved with CB ablation alone, and “incomplete CB ablation” when
CB plus RF ablation were required.

2.6. Statistical analysis

Continuous variables were expressed as the median and range, or as
percentages or counts, as appropriate.

The rate of incomplete CB ablation between right-sided and left-
sided PVs was assessed with the x*-test. As the level of expertise with
CB ablation may play a role in the success of the intervention, we also
compared the procedural outcomes using the x>test. Analysis of var-
iance was used to determine the distribution of the 5 features of interest
among the PVs. Inter- and intraobserver agreement by Bland-Altman
plot analysis was expected to converge to a 95% limits of agreement,
defined as a mean difference of + 1.96 SD. Univariable and
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Fig. 6. Intraobserver agreement in the quantitative evaluation of the RIPV (Bland-Altman plot analysis). (A) Observer 1 (B) Observer 2 The solid line represents the
mean difference and the dashed lines represent the 95% limits of agreement (mean difference = 1.96 SD). SD = standard deviations.

Table 3 Table 4
Results of univariate and multivariate logistic regression analyses of the effect Results of univariate and multivariate logistic regression analyses of the effect
of the 5 anatomical features of interest on incomplete CB ablation in the RIPV. of the 5 anatomical features of interest on incomplete CB ablation in the RSPV.
Predictor Univariate analysis Multivariate analysis® Predictor Univariate analysis Multivariate analysis®
OR  95%CI p-value AOR  95%CI p-value OR  95%CI p-value AOR  95%CI p-value
Angle 1.17 1.09 1.26 <0.0001 1.17 1.09 1.27 < 0.0001 Angle 1.09 1.01 1.19 0.0244 1.12 1.01 1.23 0.0136
Short axis 0.89 0.74 1.07 0.2136 - Short axis 097 0.79 1.19 0.7737 -
length length
Long axis 0.84 0.69 1.02 0.0784 0.86 0.69 1.09 0.2136 Long axis length 0.86 0.70 1.05 0.1342 094 0.75 1.17 0.5573
length Area 1.00 0.99 1.00 0.4712 -
Area 0.99 0.98 1.00 0.0842 - Ovality 0.24 0.01 8.32 0.4424 0.03 0.00 3.31 0.1357
Ovality 1.36 0.10 18.39 0.8158 0.56 0.02 14.69 0.7313
R? = 0.15, p = 0.03, n = 400.
R?=0.33,p < 0.0001, n = 400. AOR, Adjusted odds ratio.
AOR, Adjusted odds ratio. & Multivariate logistic regression with stepwize method (p < 0.25).

@ Multivariate logistic regression with stepwize method (p < 0.25).
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Fig. 7. ROC analysis of incomplete CB ablation and PV angles. (C)RIPV angle
cut-off of 40.1° discriminated an incomplete CB ablation with a sensitivity of
99% and specificity of 65%. (D) RSPV angle cut-off of 79.7° discriminated an
incomplete CB ablation with a sensitivity of 63% and specificity of 75%. RIPV,
right inferior pulmonary vein; RSPV, right superior pulmonary vein; ROC, re-
ceiver-operating characteristic; AUC, area under the curve.

multivariable logistic regression analysis was conducted for each PV to
investigate the relationship between incomplete CB ablation and the 5
features of interest. Incomplete or complete CB ablations were the
outcome variables; the explanatory variables were the angle, the short-
and long-axis length, and the area and ovality of the PVs. For multi-
variable logistic regression analysis we selected variables by the step-
wise method. A p-value < 0.25 was the criterion for variable selection.
We performed a receiver-operating characteristic (ROC) curve analysis
to identify an appropriate cut-off value for anatomical features sig-
nificantly associated with incomplete CB ablation. All statistical ana-
lyses were performed with JMP 14 (SAS Institute Inc., Cary, NC, USA).
Differences of p < 0.05 were considered statistically significant.
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3. Results
3.1. Procedural results

The outcome of CB ablation addressing 400 PVs in 100 patients was
retrospectively evaluated. Incomplete ablation was recorded for 32 PVs
(8%) in 25 patients (Fig. 4A, 4B). Of these, 13 patients (17 PVs) were
treated between 5 months; the other 12 patients (15 PVs) underwent
the procedure between 6 months. There was no significant difference in
the rate of incomplete CB ablation between the two periods
(p = 0.857). “Touch-up” ablation adding RF ablation was required to
treat 20 RIPVs in 20 patients (RIPV, n = 13; RIPV plus RSPV, n = 6;
RIPV plus LSPV, n = 1); in 12 patients a superior PVs underwent
“touch-up” ablation (RSPV, n = 8; LSPV, n = 4). All LIPVs (n = 100)
were successfully CB-ablated.

The rate of incomplete CB ablation was significantly higher for
right-than left-sided PVs (right-sided PVs, 28%; left-sided PVs, 4%j;
p < 0.001).

3.2. Measurement of the major PVs on pre-procedural cardiac CT images

The distribution of the 5 anatomical features of interest in the
400 PVs is summarized in Table 2; there were significant inter-vessel
differences in the PV angle, short- and long-axis length, area, and ov-
ality (all features, p < 0.001). The angle in particular tended to de-
pend on the PV location. The time required to measure the PV angles in
each patient was about 5 min.

Bland-Altman plots for inter- and intraobserver agreement with
respect to the RIPV in our 100 datasets are summarized in Figs. 5 and 6.
The plots nearly converged within the 95% limits of agreement for all
anatomical features.

On pre-procedural cardiac CT images, the median CT number for
the LA was 505.0 HU (range, 269.0-794.3 HU). The SD for epicardial
fat was 40.5 (range, 28.1-51.2). The CNR at these sites was 15.2 (range,
9.2-27.3). Banding artifacts were observed in 19 of the 100 patients.
While they did not affect the reference line in 10 of these patients, they
had an effect on measurements of the ostium of the RIPV (n = 2), RSPV
(n =4), LSPV (n = 1), and LIPV (n = 2).

3.3. Relationship between incomplete CB ablation and anatomical features

Univariate logistic regression analysis showed that the PV angle was
significantly associated with incomplete CB ablation of right-sided PVs.
For multivariate logistic analysis of the RIPV and RSPV we applied the
angle, the long-axis length, and PV ovality in a stepwise method. We
again found that the angle was significantly associated with incomplete
CB ablation of right-sided PVs [adjusted odds ratio (AOR) = 1.17; 95%
confidence interval (CI): 1.09-1.27, p < 0.001; AOR = 1.12, 95%
CI = 1.01-1.23; p = 0.014 for the RIPV and RSPV, respectively)
(Tables 3 and 4).

In the ROC analysis, the Az value and the optimal cut-off value for
RIPV angle to discriminate an incomplete CB ablation were 0.81 and
40.1°, respectively. The diagnostic ability of the cut-off value was
sensitivity of 99% and specificity of 65% (Fig. 7A). The Az value and
the optimal cut-off value for RSPV angle to discriminate an incomplete
CB ablation were 0.70 and 79.7°, respectively. The diagnostic ability of
the cut-off value was sensitivity of 63% and specificity of 75% (Fig. 7B).
In patients with PV angles predicting incomplete CB ablation, the
touch-up ablation was required in 13/14 (93%) and 6/40 (15%) pa-
tients at the RIPV and RSPV, respectively.

Representative cases of complete- and incomplete CB ablation at the
RIPV angle are shown in Fig. 8. In case 1 with complete CB ablation
(Fig. 8A), the measured RIPV angle on the CT image was 77.8°; it was
24.2° in case 2 with incomplete ablation (Fig. 8B). Fluoroscopic ima-
ging performed during CB ablation showed that the catheter angle re-
flected the vessel angle in both cases (Fig. 8C and D).
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Case 1 (complete CB ablation)
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Case 2 (incomplete CB ablation)

CT image

Case 1 (complete CB ablation)

S

Fluoroscopic image during CB ablation

CT image

Case 2 (incomplete CB ablation)

0. i
iy

Fluoroscopic image during CB ablation

Fig. 8. Representative cases with complete- (case 1) and incomplete (case 2) CB ablation. (A, B) MPR images derived from original CT images. The RIPV angle was
77.8° in case 1 (A) and 24.2° in case 2 (B). (C, D) Fluoroscopic images (30° right anterior oblique view) obtained during CB ablation of the RIPV. On the fluoroscopic
image of case 1 (C), the catheter forms a gentle curve. Complete PV isolation was obtained due to good adhesion between the CB and the RIPV ostium and CB ablation
was successful. In case 2 (D), the catheter curve was steep and adhesion between the CB and the RIPV ostium was inadequate. CB ablation was incomplete. RIPV,

right inferior pulmonary vein; CB; cryoballoon.

4. Discussion

We examined pre-procedural cardiac CT scans of 100 patients with
paroxysmal or persistent AF who had undergone a first CB ablation at
our institution. We found that the rate of incomplete CB ablation was
significantly higher for the RIPV among other major PVs and that the
anatomical feature significantly associated with incomplete CB ablation
was the vessel angle. In our series of 400 PVs, 368 (92%) were suc-
cessfully ablated after PV isolation.

Others'*'*° reported that anatomical PV features such as an oval
shape, early branching, and a dull-edged shape were associated with
difficult maneuvers during CB ablation and that the PV angle affected

PV isolation and played a role in the success or failure of CB abla-
tion."*'> However, the earlier reports failed to describe the method by
which the angle was measured. To obtain reproducible, objective angle
measurements, we placed a reference line that connected the center of
the atrial septum with the midpoint between the LSPV and the LIPV.
Our findings are comparable to those of earlier studies.®>24-27
Successful PV isolation for CB ablation may require a sufficiently low
temperature for good adhesion between the PV ostium and the bal-
loon.'®'" Anatomically, the RIPV ostium and fossa ovalis, the puncture
site, are located on adjacent sides of the same site. Schmidt et al.,? who
evaluated the mean distance between the fossa ovalis and 4 PVs on
magnetic resonance imaging scans, found that it was shortest to the
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RIPV. Consequently, catheter manipulation to the RIPV may be more
difficult than to other major PVs.'® We confirmed that good adhesion of
the balloon to the vessel ostium is particularly difficult when the RIPV
angle is small (Fig. 8). To obtain good adhesion, it may be advisable to
place the puncture at the lower side of the atrial septum, to adjust the
depth of the sheath, or to change the branch for the indwelling wire.
However, a small RIPV angle complicates complete CB ablation and
touch-up ablation with RF must be performed.

Our findings show that anatomical features, i.e. the short- and long
axis length, and the PV area and ovality, were not-while the PV angle
was associated with incomplete CB ablation. We encountered few in-
stances of incomplete CB ablation of left-sided PVs although others'*>®
reported that due to their ovality, it was difficult to isolate left PVs. Ang
et al.?® cited CB freezes, their duration, and the lowest obtainable
temperature as factors that rendered vessel isolation and CB ablation
difficult. Although we did not consider procedural details in our defi-
nition of complete and incomplete CB ablation, our findings are similar
to theirs. Ovality is a factor related to incomplete CB ablation of left
PVs, and further detailed analyses may be necessary.

Although others'®>® reported that ovality was a significant factor
related to incomplete CB ablation, in our series it was not. In the earlier
studies 23- or 28-mm CBs were used; we introduced only 28-mm CBs.
We hypothesize that good adhesion can be obtained by inserting 28-mm
CBs even when the PV ostium is oval.

To examine the reproducibility of our quantitative measurements
we performed Bland-Altman plot analysis. We found that with respect
to all studied anatomical features, our measurements were reproducible
and inter- and intraobserver agreement was high. Therefore we think
that anatomical measurements at major PVs are reliable for predicting
the success or failure of CB ablation.

The quantitative measurement of PV parameters might be moder-
ately affected by contrast enhancement, the image quality, and espe-
cially by banding artifacts. We found that the image quality did not
affect quantitative measurements of the PVs. Although a low image
quality and especially banding artifacts are encountered on images
acquired on 64-detector row CT scanners, these disadvantages can be
addressed by iterative reconstruction and by using wide-detector CT
scanners.

Pre-procedural cardiac CT studies are essential for morphological-
and thrombus evaluations and for 3D electroanatomical mapping sys-
tems>’; their careful quantitative analysis may facilitate the selection of
appropriate ablation strategies (CB- or RF ablation). The addition of
anatomical measurements may help further to predict difficulties in PV
isolation and contribute to reducing the cost of CB ablation and the
burden on patients and operators.

Our study has some limitations. It was a single institution, retro-
spective study on Japanese patients whose body habitus is different
from that of North Americans and Europeans, and our findings reflect
the skill and experience of the operator. Therefore, multi-center studies
that include large patient populations are needed to confirm our find-
ings. Also, as the use of our technique was not approved before June
2016, we cannot present long-term outcomes. In future studies we will
address the relationship of the PV anatomy and long-term treatment
Results by identifying the site of PV-LA reconnection. Lastly, there
might be a statistical issue with respect to multiple observations on
individual patients.’® Individuals generally harbor 4 PVs, and numer-
ical variables such as the PV angles may be correlated. To address this
issue, multiple measurement of individual variables should be recorded
for each patient although ethical considerations prevent the acquisition
of multiple cardiac CT scans for this purpose. Consequently, the results
of our multivariate logistic regression analysis may be over-stated.
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5. Conclusions

In conclusion, our analysis demonstrates that the rate of incomplete
CB ablation was significantly higher for right-than left-sided PVs and
that the PV angle was an anatomical feature significantly associated
with incomplete CB ablation. Anatomical information obtained on pre-
procedural cardiac CT scans is useful for selecting CB ablation strategies
and for predicting the treatment outcome.
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