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BRIEF SUMMARY

The incidence of pulmonary vein (PV) stenosis aKér ablation remains unclear and is limited to
single-center studies. The present study determihesincidence and predictors of PV stenosis
following radiofrequency ablation in the ADVICEdti In the first multicenter systematic evaluatain
post-ablation PV stenosis, no patients acquiredergeWPV stenosis. Although the results are
encouraging, 20.8% of patients had mild or modelPatestenosis, in which the long-term effects are

unknown.



ABSTRACT

BACKGROUND: Pulmonary vein (PV) stenosis is a complicatiorawfal fibrillation (AF) ablation.
The incidence of PV stenosis after routine posttadnrh imaging remains unclear and is limited to
single-center studies. Our objective was to deteenthe incidence and predictors of PV stenosis
following circumferential radiofrequency ablatiom the multicenteAdenosine Following Pulmonary
Veinlsolation to Target Dorma@onductionElimination (ADVICE) trial.

METHODS: Patients with symptomatic AF underwent circumféiednmadiofrequency ablation in one
of 13 trial centers. Computed tomography (CTA) cagmetic resonance (MRA) angiography was
performed pre-ablation and at 90-days post-ablaflevo blinded reviewers measured PV diameters
and areas. PVs with stenosis were classified asresdw70%), moderate (50-70%), or mild (<50%).
Predictors of PV stenosis were identified by mualtigble logistic regression.

RESULTS:. A total of 197 patients (median age 59.5 years4%29women) were included in the
present sub-study. PV stenosis was identified ipatients (20.8%) and 47 (8.2%) of 573 ablated PVs.
PV stenosis was classified as mild in 42 PVs (7.8#@) moderate in 5 PVs (0.9%). No PVs had severe
stenosis. Both cross-sectional area and diamettdeg similar classifications for severity of PV
stenosis. Diabetes was associated with a statigt&ignificant increased risk of PV stenosis [ORY4
(95% CI 1.45-16.66)].

CONCLUSION: In the first systematic multicenter evaluatiorpofkt-ablation PV stenosis, no patient
acquired severe PV stenosis. Although the restdt®acouraging for the safety of AF ablation, 20.8%

of patients had mild or moderate PV stenosis, irciwthe long-term effects are unknown.

KEYWORDS: pulmonary vein stenosis, atrial fibrillation, catéreablation



ABBREVIATIONS

AF= atrial fibrillation

CT= computed tomography

LA= left atrial

LVEF= left ventricular ejection fraction
MPR= multiplanar reconstruction
MRI= magnetic resonance imaging
PV= pulmonary vein

TEE= transesophageal echocardiography
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INTRODUCTION

Atrial fibrillation (AF) ablation is a minimally imasive intervention aimed to restore and
maintain sinus rhythm in patients with drug refoagtAF! AF ablation is relatively safe to perform,
however, a substantial risk of complications, sashpulmonary vein (PV) stenosis, remdinsPV
stenosis is defined as a reduction in PV dianelteis a consequence of thermal injury in the P\tan
junction or inside the PV ostia due to catheteatiah? Subsequently, intimal proliferation is initiated,
which results in narrowing of the PV from endovdaceontraction, myocardial collagen replacement,
and irreversible damage to venous tissieEpending on the severity, PV stenosis may caegers
dyspnea, cough, chest pain, hemoptysis, and pulmanterial hypertensioh®

Randomized trials and observational studies regaah incidence of PV stenosis following AF
ablation between <1% to 686.However, studies that performed routine post-ptace imaging have
reported incidences ranging from <1% to 100%.Reductions in PV diameter post-ablation are
detected from computed tomography angiography (Ci#ggnetic resonance angiography (MRA), or
transesophageal echocardiography (TEEJ* However, post-procedural imaging is not commonly
performed in asymptomatic patients. Less than 25%@ Heart Rhythm Society (HRS) task force
members screen asymptomatic patients for PV stelosis an estimated 65% of patients with PV
stenosis are asymptomatic, it is likely an undepdised complicatiofr?

The utilization of AF ablation as a treatment opthas increased in recent yearmdications
have expanded to include challenging subpopulatisunsh as patients with persistent AF or comorbid
heart failure’, who may be at an increased risk of PV stenosisaugore lesions and longer ablations.
Despite the increasing number of patients undeggéiR ablation, current evidence of post-ablation
PV stenosis from routine screening is limited toveys and single center studfes. Therefore, the
primary objective of the present study was to deiee the incidence and predictors of PV stenosis

following circumferential radiofrequency ablatiom the multicenteAdenosine Following Pulmonary
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Veinlsolation to Target Dormar@onductionElimination (ADVICE) trial. In addition, we compared

the magnitude and severity of PV stenosis meaduweadcross-sectional area and diameter.

METHODS
Clinical Trial

Detailed descriptions of the trial design, ablatpocedure, and protocol have been previously
published®® In summary, the ADVICE trial was a multicenteinge-blind, randomized controlled
trial in which symptomatic paroxysmal AF patientsdargoing AF ablation were enrolled. Patients
who underwent AF ablation and tested positive farntant conduction with adenosine were
randomized (1:1) to adenosine guided ablation offunther ablation. Patients who underwent AF
ablation but did not have dormant conduction weresjpectively followed in a registry for atrial
tachyarrhythmia recurrence.

AF ablation was conducted in accordance with stechdlinical practice. Irrigated-tip ablation
catheters, guided by 3-D non-fluoroscopy mappingrewused to perform circumferential ablation
lesions 1 to 2 cm from the PV ostia to electricaliplate the PVs. Radiofrequency energy was
delivered at a target temperature of ®D and a power of 25-35 watts. Following PV isolatio
intravenous adenosinel2 mg) was administered to test for dormant condnctPatients with
dormant conduction who were randomized to the aslerqguided ablation arm underwent additional
targeted ablations delivered at reconnection sifasgeted ablations were conducted until dormant
conduction was no longer detected by adenosinagest

The ADVICE study protocol did not mandate routpest-ablation CTA or MRA. Thirteen of
18 centers participating in the ADVICE trial perfeed post-procedural imaging. All patients
undergoing a post-procedural CTA or MRA were inelddin this pre-specified sub-study of the
ADVICE trial. The study was approved by the ingtdnal review boards of all 13 centers.

Detection of PV Stenosis



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Systematic imaging of the left atrium and PVs weegformed by MRA or CTA at baseline
(prior to AF ablation) and 90-days post-AF ablatiMeasurements of PV dimensions between MRA
and CTA are moderate to highly correlated (R=0.8B)0°*" Multiplanar reconstruction (MPR) of 3D
angiographic images was used to identify the P\gdaxis on oblique coronal and axial orientations
(Figure la and 1b) and to reconstruct a crossesedtiview of the PV from two orthogonal planes
(Figure 1c). The minor and major axis luminal diéene were measured, as well as the luminal cross-
sectional area (Figure 1c and 1d). The PV was medsat the hinge point between the vein and the
left atrial border or at the narrowest diametentdeed on the long-axis views. Only clearly visizald
PVs on pre- and post-ablation CTA or MRA imageseanecluded in the present analyses. Individual
PVs were excluded due to poor image quality oneeithe pre- or post-ablation image. All images
were stored in a core lab and each image was indepdy analyzed by two blinded reviewers
(imaging cardiologists). An interclass correlatmwefficient was calculated to compare the conststen
of measurements by reviewers.

PV stenosis was defined as the reduction in PV eliara or cross-sectional area post-ablation
compared to pre-ablation and was represented &scarmage of the pre-ablation diameter or cross-
sectional area, respectively. Based on the 2017rtHeAythm Society/European Heart Rhythm
Association/ European Cardiac Arrhythmia Societpé&rk Consensus statements, reductions in the PV
diameter or cross-sectional area of <50% was ¢iedsas mild PV stenosis, 50-70% as moderate PV
stenosis, and >70% as severe PV sterfoiglassification of stenosis severity (mild, moale, or
severe) differed based on the dimension measurapraxis diameter, minor axis diameter, or cross-
sectional area), stenosis severity was determirad 2 of 3 dimensions which categorized the PV
stenosis as the same severity.

Statistical Analysis
In descriptive analyses, distributions of continsiaariables were summarized with medians

and interquartile range (IQR) and categorical \@es were described by frequency and percentages.
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Univariate logistic regression models were useddemtify potential predictors of any PV stenosis
(mild, moderate, or severe). Predictors includedhatgaphic, clinical, and procedural variables.
Potential predictors with a p<0.2 in univariateighg regression models were incorporated into the
final multivariable logistic regression model. Tesass potential associations between PV size at
baseline and PV stenosis in each individual PWanmte logistic regressions were performed. Result
of predictor analyses were summarized by Odds Ratith 95% confidence intervals. For all analyses,
p-values <0.05 were considered statistically sigaift. Stata (Version 16, StataCorp, College Statio

Texas) was employed for all analyses.

RESULTS
Baseline characteristics

Of the 401 patients with dormant conduction orthe registry of the ADVICE trial, 197
patients from 13 (of 18) centers had pre- and pfd&As or CTAs and were, therefore, included in the
present sub-study. A total of 573 PVs were evatlifde stenosis. Fifty-four right PVs and 75 left #V
were excluded due to poor image quality of thewviatlial PV. Most PVs excluded due to poor image
quality were acquired by CTA (65.3% of excluded P\Ratients were a median age of 59.5 (IQR
53.4-65.1) years, 71% male, and 88% of patientsash@allADS score<1 (Table 1).

Freedom from atrial tachyarrhythmia (AF, atrial flutter, atrial tachycardia)

Of 147 patients with dormant PV conduction whoereed additional adenosine-guided
ablation, 69.4% remained free from symptomatia@ateachyarrhythmia between 91 and 365 days after
the ablation procedure compared with 42.3% of 1&¥epts with no further ablation (HR 0.44, 95% CI
0.31-0.64, P <0.0001). In patients without dormaoriduction, 55.7% were free from symptomatic
atrial tachyarrhythmia during the study period.

I ncidence of PV stenosis



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

PV imaging was performed at a mean of 103 days ¥SPDafter AF ablation. A total of 131
patients had a MRA at baseline and at 90 days &mhients had a CTA at baseline and 90 days. One
patient had a CTA at baseline and an MRA at 90.days

PV stenosis was identified in 41 (20.8%) patientd 47 (8.2%) of 573 ablated PVs. PV
stenosis was classified as mild in 42 PVs (7.3%(182%) patients) and moderate in 5 PVs (0.9% of
PVs; 5 (2.5%) patients). No PVs had severe stendsis most common sites for PV stenosis were
common ostium (4 of 21 PVs, 19.0%), left inferi@@ (of 122 PVs, 18.0%) and left superior (8 of 122
PVs, 6.5%) PVs (Table 2). Moderate stenosis (N=S)RWly developed in left inferior PVs. Although
PV stenosis was more frequent in the left PVs,ethvess a greater median reduction in PV size post-
ablation in right PVs with stenosis (Table 2). pltients with PV stenosis were asymptomatic and
none required an intervention (percutaneous baldm@ioplasty or stent implantation).

Comparison of cross-sectional area and diameter for the measurement of PV stenosis

There was a high degree of consistency in measuntsrbetween blinded reviewers (interclass
correlation coefficient=0.92) and percent stenos$ithe PVs determined by diameter or circumferéntia
area were highly correlated [Supplementary Figute &rrelation coefficients between 64-94%,
p<0.001 for all]. Overall, classifications of P\esbsis severity were consistent between dimensions
measured, however, the mean percent stenosis wategwith the measurement of cross-sectional
area (Table 2). Subsequently, circumferential arearestimated severity in 2 PVs and minor axis
diameter underestimated the severity in 4 PVs (Ei@).

Predictors of PV stenosis

In multivariable analyses, the presence of diabetellitus was associated with a statistically
significant increased risk of PV stenosis [OR 4(99% CIl 1.45-16.66)] (Table 3a). No other clinical
or procedural variables, including radiofrequencyergy or procedure times, were identified as
predictors for PV stenosis (Table 3a). In additidmere was no statistically significant association

detected between pre-ablation PV size and inciH®ngtenosis for all PVs investigated (Table 3b).

10
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DISCUSSION

In the first multicenter systematic assessmenpasdt-ablation PV stenosis, salient findings
include the following: 1) PV stenosis was identifisn 20.8% of patients and 8.2% of PVs; 2) no
patient had severe PV stenosis; 3) all patientaieed asymptomatic; 4) the most frequent site®¥or
stenosis were the common ostium and left PVs; amtidbetes was a predictor of PV stenosis.

To our knowledge, the present study was also tisé §iudy to compare the reduction in PV
size and classification of PV stenosis by crossiseal area and diameter measurements. Although the
magnitude of the reduction in PV size differed, ttlassification of severity of PV stenosis was
relatively consistent between approaches.

Incidence of PV Stenosis

There is a wide variation in the incidence of palsiation PV stenosis reported in published
literature. Randomized trials and observationatlists estimate an incidence between <1% to*6%.
However, only symptomatic patients typically underthe subsequent CTA or MRA imaging
necessary to diagnose PV stenosis in standaraalipractice. In contrast, single-center studieg th
performed routine systematic imaging post-ablatiorall patients report an incidence between <1% to
100% (Table 4%** The incidence of any PV stenosis in the presenVIEIE sub-study (20.8%) is
within the range.

In the largest single center study (N=11,103) tentdy the incidence of post-ablation PV
stenosis, Schoene et al reported an incidence7@8.All patients had a TEE to screen for post-
ablation PV narrowing and a CT or MRI was condudtalle patient was symptomatic or PV stenosis
was identified by the TEE.This was the only study which used TEEs to screatients for PV
stenosis. TEEs may underestimate the incidencé/aft€nosis as diagnosis is based on reductions in
Doppler velocity, instead of decreased luminal ditenand areiFurther, the incidence rate of 0.78%

is more consistent with the rate of severe sterinsither systematic assessments (0-4%4.
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Additional differences in the incidence rates abpstudies compared to the present ADVICE
sub-study may be reflective of more operators periiog AF ablations, timing and type of post-
ablation imaging, and more recently performed &maprocedures (i.e. improvements in ablation
techniques or technology reduce occurrence of BNGSIiS).

Severity of PV Stenosis

All patients with PV stenosis in the ADVICE suludy were asymptomatic. In prior studies,
symptoms were only reported in some patients witvere PV stenosfs’**! As no patient in the
ADVICE trial had severe PV stenosis, the absencgyofptoms is consistent with the milder forms of
PV stenosis observed.

Similar to the present sub-study, most patienth WK stenosis in other systematic assessments
had a mild or moderate degree of disease (Taté'4)mited evidence exists about the progression of
PV stenosis in moderate and mild patients and theslong-term effects are unknown. In a small sub-
study by Schoene et al (N=54 patients), classibioabf PV stenosis was shown to improve (i.e.
classification changed from moderate to mild) frdiagnosis of PV stenosis to a mean of 43 months
after diagnosis (p=0.001§.Subsequently, symptoms also reduced over follot@nly patients that
underwent repeat AF ablation had a further redacitiothe PV diameter. However, older studies by
Baranowski and Saad et al indicated that few ptstiaith mild or moderate PV stenosis at diagnosis
progressed to more severe PV stenosis after a favttist*°

In addition, long-term outcomes for patients wittodarate or mild PV stenosis remain
uncertain. A few studies have suggested that gatienth moderate PV stenosis may develop
pulmonary hypertension, progress to complete PMusmm, or become susceptible to recurrent or
drug resistant pneumonia over long-term follow*tip: Hemodynamic changes from PV stenosis, such
as increased pulmonary capillary pressure or ngiitricular systolic pressure, may underlie the
development of pulmonary hypertensidi° Congestion upstream from the obstruction has been

proposed to explain the increased susceptibilityeturrent pneumontd:?® Although studies by Yang
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and Di Biase indicate that early intervention fevere symptomatic PV stenosis may improve long-
term clinical outcomes and symptofit$>there is no evidence that intervening in patievita mild to
moderate PV stenosis is of value. Thus, addititora-term studies are warranted to determine itimil
or moderate PV stenosis poses a risk for patientee long-term and subsequently, if routine post-
procedural imaging to screen for PV stenosis iessary.
Classification of PV stenosis by cross-sectional area versus diameter

It has been suggested that classification of tivergg of PV stenosis may differ by the PV
dimension measured, either diameter or &teA.comparison of the incidence of severe PV stisrios
cryoballoon ablation studies showed that the inwdewas approximately 0% when PV diameter was
used to identify PV stenost$’ however, the Sustained Treatment Of Paroxymala/ibrillation
(STOP AF) trial used reduction in PV cross-secti@naa to detect PV stenosis and found an incidence
rate of 3.19%° The results of the present study also suggesttassification of PV stenosis based on
cross-sectional area may overestimate the pertcenvss and severity of PV stenosis compared to
diameter measurements. Nevertheless, misclassificaiased on cross-sectional area was marginal
(1.2% vs 0.8% of PVs with moderate stenosis, csessional area versus diameter, respectively).
Increased risk in common ostium and left PVs

PV stenosis has been shown to occur more frequenthe left PVs; an observation which is
confirmed by the present multicenter stddyThe left inferior PV is the smallest PV, lies aite to
the descending aorta, and often appears comprassisdhypothesized that the small diameter of left
inferior PVs and ablation sites for the left supefVs positioned closer to the ostium due to thers
coumadin ridge may render left PVs more susceptiblstenosis:® Further, the instability of the
coumadin ridge may explain the higher incidenc@fstenosis in the common ostium. There is also
evidence that PVs undergo mild reverse atrial regtiog and tissue shrinkage from ablation-induced
fibrosis after radiofrequency ablatiGh.Therefore, it is possible that the post-ablatidgruciural

changes occur differentially in PVs, such as themmmon ostium. However, the limited number of
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patients with pre- and post-imaging of the commastiuon and potential differences in the
measurement of area and diameter of the commounostiggest a larger study is required to confirm
these results.
Diabetes as a potential predictor for PV stenosis

Due to the relatively low incidence of PV stenossgidies had limited power to detect
predictors. Only prior AF ablation has been ideadifas a predictor of PV stenosis in patients who
underwent radiofrequency ablatibhThe present study suggests that diabetes meliitag be a
predictor of post-ablation PV stenosis. Diabetesstrongly associated with an increased risk of
microvascular and macrovascular complicatibrend has also been shown to be involved in atrial
structural and electrical remodeling in AF patiefit®Resulting endothelial dysfunction, collagen
disposition, inflammatory response, and reducednitlysis may be potential mechanisms for the link
between diabetes and PV stend8ifn addition, a study by Gibson et al found thatigras with
diabetes who underwent AF ablation were at an as&é risk of pulmonary hypertension (N=1,058,
multivariable OR 9.29 (95% CI 2.0-44.2%) Pulmonary hypertension is also a complication ¥f P
stenosis.® With the results of the present study, it is pissihat milder PV stenosis may be part of the
causal pathway between diabetes and pulmonary teyyseon. Further investigations are warranted to
determine the potential relationship between debahd PV stenosis.
Limitations

Although the present study is externally genesdlie as the first multicenter assessment of
post-ablation PV stenosis, several limitations néedbe considered. First, the sample size was
relatively small (<200 patients) with relativelywie(47) events. As a result, few predictors were
included in the multivariable model and results thoe predictor analysis were hypothesis generating.
Only a subset of patients enrolled in the ADVICHltgualified for inclusion in the present sub-stud
(i.e. those with pre- and post- imaging of PVs)isTd¢arries the potential to introduce a selectias lat

entry. However, this potential bias is unlikelyhave a major impact on the results consideringttieat
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distribution of baseline characteristics in the -stimly population was similar to the overall trial
population® In addition, we defined PV stenosis anatomicalty this study, the hemodynamic
consequences and clinical implications of a minineductions in PV area and diameter are unknown.
Although no patient developed symptoms related YosEenosis during the 12-month study period,
longer-term outcomes associated with PV stenosie wet captured by the ADVICE trial. Finally, as
patients had either a CTA or MRA, measurements ¢ hay have differed between imaging

modalities.

CONCLUSION

In the first multicenter systematic evaluationpokt-ablation PV stenosis, none of the patients
who underwent AF ablation acquired severe PV sienmsrequired an intervention. Although the
results are encouraging for the safety of AF abatnearly 21% of patients had a mild or moderate
degree of PV stenosis, in which the long-term eéffeare unknown. Further, the approach used to
classify severity of PV stenosis, cross-sectionaha@r diameter, yielded similar results and tlither
approach seems reasonable to detect PV stenodargér study is required to determine whether

certain patient or procedural factors are assatiaith a higher risk of any PV stenosis.
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FIGURE LEGENDS

Figure 1. Measurements of Pulmonary Vein Diameters
PV long axis in multiplanar reconstruction of thelmonary veins in the (A) coronal and (B) axial
orientations. (C) Cross-sectional view of the luahidiameter. (D) Circumferential area and diameter

measurements for pulmonary veins in the crossesitiview.

Figure2. Classification of PV stenosis by measurement type

PV stenosis classifications were compared betwhlenpercent stenosis from cross-sectional area,

major axis diameter, minor axis diameter measures.
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Table 1. Baseline characteristics

Patient characteristics N=197

Age, years* 59.5 (53.4-65.1)
Women, N (%) 58 (29.4)
Number of failed antiarrhythmic medications, N (%) 3 (2-4)
Hypertension, N (%) 68 (34.5)
Dyslipidemia, N (%) 74 (37.6)
Diabetes mellitus, N (%) 13 (6.6)
Ischemic heart disease, N (%) 17 (8.6)
Congestive heart failure, N (%) 8(4.1)
Prior stroke or transient ischemic attack, N (%) (49)
Chronic obstructive lung disease (COPD), N (%) 8)3
CHADS; Score*

0 110 (55.8)

1 67 (34.0)

>2 20 (10.2)
Left atrial size, parasternal long axis, mm* 39 (36-43)
Left atrial volume, mL/rft* 27 (21-32)
Left ventricular ejection fraction (LVEF), %* 60 (58-63)
Treatment arm, N (%)

Dormant conduction- no further ablation 79 (40.1)

Dormant conduction- additional ablation 73 (37.1)

No dormant conduction- registry 45 (22.8)
Type of sedation (conscious sedation vs generathesia), N (% 56 (28.4)
Procedure time, min* 159 (110-208)
Radiofrequency energy time, min* 44 (27-64)
Fluoroscopy time, min* 28 (21-38)

“Continuous variables are summarized by median (IQR)

*Measured by transthoracic echocardiogram (TTE).
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Table 2. Size of narrowed pulmonary veins pre- and post-Bl&atan

Pulmonary Pre-ablation Post-ablation % Reduction
Vein Diameter- | Diameter- | Cross- Diameter- | Diameter- | Cross- Diameter- | Diameter- | Cross-
(N=573) minor axis | major axis | sectional | minor axis | major axis | sectional | minor axis | major axis | sectional
(mm) (mm) Area (mm) (mm) Area (%) (%) Area
(mm?) (mm?) (%)
Common 13.9 (12.9-| 25.6 (24.4-| 3.3 (3.0- | 11.9(11.2- | 22.6 (19.3-| 2.2 (2.2- |12.0(2.8- | 14.3(13.2-| 32.1
Ostium 15.0) 26.8) 3.5) 12.7) 26.0) 2.2) 21.1) 15.3) (25.4-
(4/21 PVs, 28.8)
19.0%)
RSPV 16.8 (16.1-| 20.9 (16.7-| 3.2 (2.5- | 13.3(11.1- | 18.6 (16.1-| 1.9 (1.8- |11.4(10.9-| 17.3 (16.3-| 25.5
(7/143 PVs, 18.9) 22.1) 3.3) 15.9) 18.6) 2.5) 12.5) 17.3) (20.6-
4.9%) 26.3)
RIPV 16.6 (15.8-| 19.3 (19.6-| 2.7 (2.6- | 15.2 (13.4- | 16.6 (16.2-| 2.2 (1.9- |13.0(11.4-|11.2(5.3- | 274
(6/143 PVs, 18.6) 19.1) 3.3) 16.5) 17.1) 2.4) 16.4) 19.3) (17.1-
4.2%) 29.4)
LSPV 12.7 (12.1-| 18.5(16.9-| 1.9 (1.7- | 11.9 (10.6- | 16.2 (15.9-| 1.7 (1.3- |8.7(0.3- |9.2(0.5- |16.1(2.1-
(8/122 PVs, 13.8) 20.1) 2.5) 15.1) 18.9) 1.9) 17.3) 19.9) 28.9)
6.5%)
LIPV 9.3(7.4- |16.1(14.4-11.2(1.0- | 9.5(7.8- 159 (145-/1.2(1.0- |6.8(0.9- |8.3(0.0- |10.9(3.8-
(22/122 PVs, 11.8) 18.0) 1.7) 10.2) 17.5) 1.4) 13.2) 18.1) 17.9)
18.0%)

*Presented as median (IQR).
"The % reduction in PVs was calculated per patiEme. median (IQR) was calculated based on the gEmp&s reduction in PV.

$There was no PV stenosis in the 22 RMPVs ablated.
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Table 3a. Predictors of any pulmonary vein stenosis

Potential predictors | Oddsratio (95% CI) P-value
Univariate Analysis

Age, years 1.00 (0.96-1.03) 0.86
Female 0.99 (0.46-2.11) 0.98
Time between diagnosis of paroxysmal AF and ablatyears 0.97 (0.92-1.04) 0.33
Number of prior antiarrhythmic medications 0.96/®1.26) 0.42
Comorbidities
Hypertension 1.12 (0.55-2.30) 0.75
Diabetes mellitus 3.65 (1.15-11.53) 0.03
Congestive heart failure 1.28 (0.25-6.60) 0.77
Prior stroke or transient ischemic attack 0.46 (0.06-3.81) 0.43
CHADS, Score 1.08 (0.69-1.68) 0.73

>=2 1.74 (0.62-4.85) 0.31
Imaging characteristics
Left atrial size, mm 0.98 (0.92-1.05) 0.65
Left atrial volume, cc/m 0.96 (0.90-1.02) 0.16
Left ventricular ejection fraction (LVEF), % 0.90.92-1.02) 0.25

Ablation characteristics
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Randomization group

Adenosine guided ablation (dormant conduction) 0.94 (0.40-2.21) 0.89

Adenosine guided ablation (dormant conduction) 0.64 (0.25-1.59) 0.34

Registry group (no dormant conduction) 1.11 (0.47-2.63) 0.81
Sinus rhythm prior to ablation 0.84 (0.42-1.67) 0.23
Procedure time, min 1.00 (0.99-1.01) 0.81
Radiofrequency energy time, min 1.00 (0.99-1.01) 0.74
Fluoroscopy time, min 0.98 (0.93-1.05) 0.62
Type of sedation (conscious sedation vs generaitihaesia) 0.65 (0.28-1.47) 0.30

Multivariable analysis*Y

Diabetes mellitus 4.91 (1.45-16.66) 0.01
Left atrial volume, cc/rh 0.97 (0.90-1.04) 0.42

*Only potential predictors with a p<0.2 in univagdogistic regression models were included in mattable analysis.
"Potential predictors with p<0.05 in multivariableayses were considered statistically significant.
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Table 3b. Association between PV size at baseline and intidgnstenosis by individual PV

Pulmonary Ven

Cross sectional Area
OR (95% ClI), p-value

Major AxisDiameter
OR (95% ClI), p-value

Minor Axis Diameter
OR (95% ClI), p-value

Common Ostium

0.79 (0.24-2.56)

0.87 (0.65-1.17)

1.01(0.67-1.52)

(N=21 PVs) p=0.69 p=0.36 p=0.98
RSPV 1.74 (0.72-4.21) 1.08 (0.82-1.43) 1.17 (0.87-1.58)
(N=143 PVs) p=0.22 p=0.60 p=0.29
RIPV 0.97 (0.33-2.85) 0.85 (0.65-1.12) 1.06 (0.77-1.44)
(N=143 PVs) p=0.95 p=0.26 p=0.74
LSPV 0.78 (0.17-3.44) 0.92 (0.69-1.23) 0.95 (0.72-1.25)
(N= 122 PVs) p=0.74 p=0.57 p=0.72
LIPV 0.36 (0.12-1.02) 0.87 (0.73-1.03) 0.90 (0.75-1.08)
(N=22) 0.06 p=0.11 p=0.26

* PV size was not a predictor for PV stenosis ig BV (P<0.05 was considered statistically signiii}a
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Table 4. Incidence of pulmonary vein stenosis in studiewaiutine post-ablation screening (radiofrequeridgtéon only)

Study Study Type | Multicenter/ | Sample | Screening | Primary Timingof | Incidence of PV | Proportion
Single center | Size for PV ablation post- stenosis PV  stenosis
stenosis strategy ablation patients with
imaging symptoms
ADVICE RCT Multicenter | 197 CTorMRI| RF 3-months | 41 (20.8%) patients| 0 (0.0%)
sub-study (13 centers) circumferential 47 of 570 PVs
(2020) ablation Severe= 0 PVs
Moderate=5 PVs
Mild=42 PVs
Schoene et| Observational Single center| 11,103 TEE andRF or 6 to 12-| 105 (0.78%) patients| 35 (33.3%)
al. MRI or CT | cryoballoon months
(2018¥ ablation
Teunissen | Observational Single center| 976 MRIor CT RF PV antryr6-months | 335 (36.4%) patients1 (0.3%)
et al. isolation 572 of 4,171 PVs
(2017Y Severe= 9 PVs
Moderate= 50 PVs
Mild= 513 PVs
De Greef et Observational Single center| 50 CT RF 3-months | 50 (100%) patients | Not reported
al. circumferential 127 of 200 PVs
(2012F ablation Mild=64 PVs
Moderate=55 PVs
Severe=8 PVs
Baranowski| Observational Single center| 501 CT RF 3-months | 57 (11.4%) patients| 3 (0.5%)
et al. circumferential
(2010% ablation
Dong et al. | Observational Single center| 41 MRI RF Mean 5.7-| 30 (73%) patients 0 (0.0%)
(2005)* circumferentiall months | 60 of 157 PVs
ablation Mild=54 PVs
Moderate=5 PVs
Severe=1 PV
Saad et al. | Observational Single center| 608 CT RF Mean 3.5-| 95 (15.6%) patients | 13 (2.1%)
(2003)"° circumferential| months | Severe= 36 PVs

ablation
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*For classifications, patients may hax® PV with stenosis

28



Figure 1. Measurements of Pulmonary Vein uimensions

PV long axis in multiplanar reconstruction of the pulmonary veins in the (A) coronal and (B) axial orientations. (C) Cross-
sectional view of the luminal diameter. (D) Circumferential area and diameter measurements for pulmonary veins in the cross-
sectional view.



Figure 2. Classification of PV stenosis by measurement type
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