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Abstract

Introduction: Thermally induced cardiac lesions result in necrosis, edema, and in-

flammation. This tissue change may be seen with ultrasound. In this study, we

sought to use intracardiac echocardiography (ICE) to evaluate pulmonary vein tissue

morphology and assess the acute tissue changes that occur following radio-

frequency (RF) or laser ablation for atrial fibrillation (AF).

Methods and Results: Patients with AF underwent pulmonary vein isolation (PVI)

using irrigated RF or laser balloon. Pre‐ and post‐ablation ICE imaging was per-

formed from within each pulmonary vein (PV). At least 10 transverse imaging planes

per PV were evaluated and each plane was divided into eight segments. The PV/

atrial wall thickness and the luminal area were measured at each segment. Twenty‐
seven patients underwent PVI (15 with laser, 12 with RF). Ninety‐eight pulmonary

veins were analyzed (58 PVs laser; 40 PVs RF). At baseline, there were no regional

differences in PV wall thickness in the right‐sided veins. The anterior regions of left

superior pulmonary vein (LSPV) and left inferior pulmonary vein (LIPV) were sig-

nificantly thicker compared with the posterior and inferior regions (p < .01). Post‐
ablation, PV wall thickness in RF group increased 24.1% interquartile range (IQR)

(17.2%–36.7%) compared with 1.2% IQR (0.4%–8.9%) in laser group, p = .004. In all

PVs, RF ablation resulted in significantly greater percent increase in wall thickness

compared with laser. Additionally, RF resulted in more variable changes in regional

PV wall thickness; with more increases in wall thickness in anterior versus posterior

LSPV (75.4 ± 58.5% vs. 46.8 ± 55.6%, p < .01), anterior versus posterior right su-

perior pulmonary vein (RSPV) (62.9 ± 63.9% vs. 44.6 ± 51.7%, p < .05), and superior

versus inferior RSPV (69.1 ± 45.4% vs. 35.9 ± 45%, p < .05). There were no sig-

nificant regional differences in PV wall thickness changes for the laser group.

Conclusions: Rotational ICE can be used to measure acute tissue changes with

ablation. Regional variability in baseline wall thickness was nonuniformly present in

PVs. Acute tissue changes occurred immediately post‐ablation. Compared with laser
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balloon, RF shows markedly more thickening post‐ablation with significant regional

variations.
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1 | INTRODUCTION

Pulmonary vein isolation (PVI) was first described in 1998 and re-

mains the cornerstone of atrial fibrillation (AF) ablation in sympto-

matic patients who are refractory or intolerant to antiarrhythmic

drugs.1–3 To achieve the clinical objective of freedom from AF, the

technical goal of ablation is to deliver contiguous and transmural

lesions to create durable PVI. A variety of energy sources, such as

radiofrequency (RF), cryoenergy, and laser energy have been devel-

oped and refined on platforms to help achieve this goal; however,

optimizing the approach with these energy sources has been chal-

lenging. Despite acute PVI during initial procedures, recurrence of

AF is frequent, and pulmonary vein reconnection is most commonly

seen in patients who return for procedures.

The patients who undergo AF ablation are a very heterogeneous

group in many aspects. In addition to the variability in atrial size,

shape, and pulmonary vein (PV) anatomy, atrial tissue characteristics

can also be different as shown from magnetic resonance imaging

(MRI) data that have been used to stratify patients.4–6 Furthermore,

the atrial tissue thickness or location of adjacent structures, such as

the esophagus, can alter the techniques of ablation. All of these

variables contribute to the challenges associated with creating dur-

able PV isolation with any of these approaches.

During ablation, thermal injury applied to cardiac tissue results

in a combination of necrosis, edema, and inflammation, which lead to

acute changes in tissue thickness.7 Studies using intracardiac echo-

cardiography (ICE) to measure these changes have correlated well

with histological data.8,9 While these changes can also be directly

visualized during ablations, there are limited data regarding differ-

ences in ultrasound tissue characterization with respect to different

energies for PVI. Based on this consideration, the purpose of the

present study was to test the hypothesis that the laser balloon would

be associated with distinct tissue findings on ultrasound compared

with RF ablation.

2 | METHODS

This was a prospective, non‐randomized study to evaluate the

acute tissue changes using rotational ICE immediately following

pulmonary vein ablation with either RF energy or laser energy. All

RF ablation procedures were performed at University of Virginia

Hospital, Charlottesville, Virginia, USA, and all laser ablation

procedures were conducted at Na Homolce Hospital, Prague,

Czech Republic.

2.1 | Patient characterization

A total of 27 patients with paroxysmal or persistent AF underwent

PVI, with 15 patients in the laser balloon group (HeartLight®

Endocardial Ablation System; CardioFocus® Inc.) and 12 patients in

the RF group (ThermoCool®Bi‐directional ablation catheter, 3.5 mm

tip; BioSense Webster® Inc.). All patients underwent PVI under di-

rect visualization either by rotational ICE placed next to the ablation

catheter in the left atrium (LA) with navigation using EnSite™ NavX™

3‐D Cardiac Mapping System (Abbott Cardiovascular) for the RF

group or endoscopic visualization using the laser balloon.

2.2 | Ablation procedure

Before ablation procedures, all patients were placed under deep

sedation or general anesthesia. An infusion of heparin was main-

tained to achieve an activated clotting time of >300 s throughout the

catheter procedure.

2.2.1 | Laser ablation

Double transseptal punctures were performed for the deflectable

sheath/balloon ablation catheter (BAC) and the circular mapping or

ICE catheter which was placed in the left atrium (LA) during tissue

analysis. Before ablation, the circular mapping catheter was placed in

each PV to ensure that vein potentials were present. The char-

acteristics of BAC have been described previously.10 Briefly, the BAC

consists of a compliant balloon filled with deuterium oxide, an en-

doscope (to visualize the PV ostium and the lesions), and a 980‐nm
laser diode arc generator. During the ablation procedure, the BAC

was inflated and laser energy was delivered around the PV ostium

(Figure 1B). To achieve continuity of lesions, a 30%–50% overlap was

maintained during lesion placements. The laser ablation energy was

titrated between 5.5 and 12W based on location of energy delivery;

and the most common dose was 8.5W for 20 s.

2.2.2 | RF ablation

RF ablation was carried out by performing double transseptal

punctures. A left atrial geometry was created with EnSite NavX.

Before ablation, a multipolar circular mapping catheter was placed in

each PV to assure the presence of potentials. Using irrigated RF
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energy, lesions were applied in a circumferential manner under di-

rect visualization with ICE in the LA next to the ablation catheter to

assure both tissue contact and location of energy delivery

(Figure 1A). Lesions were delivered with 30W in all locations except

the posterior wall where 25W was delivered. Lesions were for up to

30 s each, and the endpoint was the elimination of local electro-

grams. Any tissue change visualized by ICE was not used as a sur-

rogate for adequate lesion delivery. Additional ablation beyond the

PVs was left to the discretion of the operator.

For both types of ablation procedures, the multipolar circular

mapping catheter was reintroduced post‐ablation in each PV to

confirm complete isolation by the presence of a bidirectional con-

duction block.

2.3 | ICE image acquisition

The PV and antral tissue were visualized by ICE imaging at two time

points—immediately before ablation and at least 30min post‐

ablation after confirming isolation of all PVs. A 9 F 9MHz ICE ca-

theter (Boston Scientific) was placed through a steerable sheath,

1–2 cm distal to each PV ostia. To ensure proper alignment of the

ICE catheter and sheath for the two acquisition of images, the fol-

lowing methods were used:

• Fluoroscopy: The sheath and ICE catheter were positioned within

the LA in two planes (left anterior oblique [LAO] 30° and right

anterior oblique [RAO] 30°).

• Ultrasound visual guidance: Visualization of adjacent structures and

their relationships to the PVs were used as the starting point for

the pullback maneuver (described below).

• Electroanatomical registration: For the RF group, the ablation ca-

theter was used to touch and mark on NavX the tip of the ICE

catheter and the tip of the steerable sheath before the pullback

maneuver.

A pullback maneuver was used for image acquisition as shown in

Figure 2A. The ICE probe was set on a linear pullback sled and was

F IGURE 1 Pulmonary vein isolation. The endpoint of ablation for both groups shows similar level of isolation as demonstrated on
electroanatomical voltage maps (purple > 0.2mV, gray < 0.1 mV). The insets show the views of energy delivery under direct visualization. For RF
(inset A), the tip of the ablation catheter (*) can be seen on the ultrasound image located on the posterior wall of the opening of the LSPV. For
laser (inset B), the aiming beam (*) can be seen on the endoscopic image of the RSPV and is positioned on the posterior wall. A, anterior; I,
inferior; LIPV, left inferior pulmonary vein; LSPV, left superior pulmonary vein; P, posterior; RF, radiofrequency; RIPV, right inferior pulmonary
vein; RSPV, right superior pulmonary vein; S, superior
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retracted at 1mm/s until reaching the sheath. Images were acquired

continuously at 30 frames/s during the pullback.

2.4 | ICE image analysis

All ICE images were analyzed using Vue PACS software (Version

11.3.2.4051; Carestream Health Inc.). Ten transverse imaging planes

per PV were evaluated and each plane was divided into eight seg-

ments as shown in Figures 2A and 2B. The PV and antral wall

thickness and luminal area were measured at each segment. To as-

sure measurements in the same area, both pre‐ and post‐ablation
images were analyzed concurrently with the investigator blinded to

both the ablation energy used and whether the acquired images

were pre‐ or post‐ablation (see Figure 2C).

2.5 | Statistical analysis

All continuous variables are expressed as means and standard de-

viation or median and interquartile range (IQR) where appropriate.

Continuous variables were reported as mean ± SD for normally dis-

tributed variables and median (25th–75th percentile) for non‐
normally distributed variables unless otherwise stated. Continuous

variables were compared using one‐way analysis of variance. Bon-

ferroni's multiple corrections to the critical p values were then

applied for mulitple comparisons test for normally distributed data.

Kruskal–Wallis tests followed by Dunn's multiple comparisons tests

were used for non‐normally distributed continuous variables. Sta-

tistical significance before the Bonferroni correction was established

at a p < .05. All data were analyzed using SPSS version 25 (SPSS Inc.,

Chicago, IL, USA).

3 | RESULTS

3.1 | Patient and procedural characteristics

A total of 98 pulmonary veins were analyzed in 27 patients (58 PVs

laser; 40 PVs RF). All patients underwent successful PVI using laser

(15 patients) or RF (12 patients) energy. Persistent AF was present in

21 (78%) patients; 13/15 (87%) in the laser arm and 8/12 (67%) in

the RF arm. There were no significant differences in baseline clinical

characteristics between the RF and laser groups (Table 1).

PVI was the only mandatory lesion set in both groups with any

additional ablation left to the discretion of the operator. All laser

patients had PVI only. Ten patients in the RF group had additional

ablation lesions with cavotricuspid isthmus ablation being the most

common. PVI energy delivery was longer with laser compared with

RF ablation (42 ± 9min vs. 23 ± 3min; p < .001). The average proce-

dure time was 144 ± 34min for laser and 179 ± 34min for RF

(p = .45). LA dwell time was similar in both groups (126 ± 33min for

F IGURE 2 Ultrasound assessment of the pulmonary veins after ablation. The ICE catheter was placed approximately 1–2 cm distal to the
ablation area and retracted using a pullback sled along the longitudinal plane of each vein at 1 mm/s (panel A inset). Images were acquired
continuously at 30 frames/s during the pullback. For each vein, images at multiple transverse planes (a–f) are taken and analyzed. Each imaging
plane was divided into eight segments (B). PV wall thickness and luminal area were measured at each segment. Panel (C) shows an example of
wall thickness measurements of segments 1 and 2 in transverse plane d of LSPV. A, anterior; I, inferior; ICE, intracardiac echocardiography;
LIPV, left inferior pulmonary vein; LSPV, left superior pulmonary vein; P, posterior; PV, pulmonary vein; RIPV, right inferior pulmonary vein;
RSPV, right superior pulmonary vein; S, superior
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laser vs. 129 ± 33min for RF, p = .80). The total energy for PVI only

was greater with RF ablation compared with laser (40 988 ± 6638 J

vs. 23 367 ± 5284 J, p < .001).

Procedural complications included two patients in the laser

group who developed pseudoaneurysm formation at the vascular

access site and were managed conservatively. One patient developed

transient phrenic nerve paralysis during laser ablation. No significant

complications occurred in the RF group.

3.2 | Baseline pulmonary vein wall thickness

A total of 8162 measurements of baseline pulmonary vein thickness

were taken of different segments in multiple transverse imaging

planes (Figure 2). The average wall thickness of all veins per patient

was 2.96 ± 0.35mm with no significant differences between the laser

or RF groups (laser 2.96 ± 0.31mm vs. RF 2.97 ± 0.4 mm, p = .22). At

baseline, the average PV wall thickness was 3.34 ± 0.69mm for left

superior pulmonary vein (LSPV), 3.05 ± 0.61mm for left inferior

pulmonary vein (LIPV), 3.81 ± 0.48mm for left common vein (LC),

2.64 ± 0.59mm for right superior pulmonary vein (RSPV), and

2.61 ± 0.61mm for right inferior pulmonary vein (RIPV).

Each vein was then divided into anterior, posterior, superior, and

inferior regions to further characterize differences in regional wall

thickness for each vein (Figure 3). There were no significant regional

differences in thickness within the right PVs (RSPV anterior

2.71 ± 0.74mm, posterior 2.5 ± 0.69mm, superior 2.69 ± 0.75mm,

inferior 2.63 ± 0.47mm, p > .05 for all comparisons; RIPV anterior

2.69 ± 0.67mm, posterior 2.71 ± 0.84mm, superior 2.58 ± 0.64mm,

inferior 2.43 ± 0.67mm; p > .05 for all comparisons). Within the

LSPV, the anterior region (4.05 ± 1.11mm) was significantly thicker

compared with the posterior (2.83 ± 0.57mm, p < .001) and inferior

regions (inferior 3.08 ± 0.63mm, p = .003). The anterior

(3.98 ± 1.09mm) region of the LIPV was significantly thicker than the

posterior (2.26 ± 0.4 mm, p < .001) and inferior (2.95 ± 0.67mm,

p = .01) regions. Differences in regional thickness between veins

were also assessed. The anterior and superior regions of LSPV and

LIPV were significantly thicker than the anterior and superior re-

gions of RSPV and RIPV (Figure 3).

Longitudinal differences in thickness were evaluated in proximal,

mid, and distal segments for each vein (Figure 4A). In the LSPV and

LIPV, the proximal segments of the veins were significantly thicker

compared with distal segments (3.79 ± 0.96mm vs. 3.01 ± 1.06mm

for LSPV, p = .011; 3.29 ± 0.63mm vs. 2.67 ± 0.85mm for LIPV,

p = .013). The proximal segments of RSPV (2.89 ± 0.67mm) were

significantly thicker than both the mid (2.45 ± 0.59mm) and the

distal segments (2.25 ± 0.5 mm), p = .047 and 0.002, respectively. In

RIPV, both the proximal (2.95 ± 0.88mm) and mid segments

(2.75 ± 0.81mm) were significantly thicker than the distal segments

(2.19 ± 0.54mm), p = .002 and .038, respectively.

The average PV luminal area was 3.04 cm2 in LSPV, 2.45 cm2 in

LIPV, 2.96 cm2 in RSPV, and 1.94 cm2 in RIPV. Figure 4B illustrates

variations in PV luminal area in longitudinal segments. Within both

LSPV and LIPV, there were no significant differences in PV area

between the longitudinal segments. In RSPV and RIPV, the PV lu-

minal area was greater in the proximal segment compared with mid

and distal segments.

3.3 | Changes in wall thickness post‐ablation

ICE measurements of PV wall thickness were repeated post‐PVI for
both the laser and RF groups. ICE imaging documented a consistent

increase in wall thickness in both groups immediately post‐ablation.
The average percent increase in thickness of all veins was greater in

RF compared with laser patients (24.1% IQR [17.2%–36.7%] vs. 1.2%

IQR [0.4%–8.9%]; p = .004). In all PVs, RF ablation resulted in sig-

nificantly greater percent increase in wall thickness compared with

laser (LSPV: 41.1% RF vs. 13.1% laser, p = .008; LIPV: 32.4% RF vs.

9.5% laser, p = .025; RSPV 12.3% RF vs. 1.6% laser, p = .007; RIPV

12.8% RF vs. 6.0% laser; p = .004).

Regional and longitudinal changes in wall thickness post‐ablation
are shown in Figure 5. RF resulted in a greater increase in wall

TABLE 1 Baseline characteristics

All patients Laser RF p value

n = 27 n = 15 n = 12

Age (years) 64.5 ± 9 64.5 ± 8.3 64.6 ± 10.1 .96

Female 10 (37%) 5 (33%) 5 (42%) .71

Persistent AF 21 (78%) 13 (87%) 8 (67%) .36

Comorbidities

HTN 18 (67%) 9 (60%) 9 (75%) .68

CAD 4 (15%) 2 (13%) 2 (17%) .61

Prior MI 2 (7%) 0 (0%) 2 (17%) .19

CHF 3 (11%) 3 (20%) 0 (0%) .23

Atrial flutter 6 (22%) 4 (27%) 2 (17%) .66

Diabetes

mellitus

3 (11%) 3 (20%) 0 (0%) .23

Previous

stroke/TIA

1 (4%) 1 (7%) 0 (0%) .56

Medications

Beta blocker 14 (52%) 6 (40%) 8 (67%) .26

Antiarrhythmic 22 (81%) 14 (93%) 8 (67%) .14

History of

cardioversions

19 (70%) 13 (87%) 6 (50%) .09

LVEF (%) 58.6 ± 10.5 60.3 ± 10.6 56.4 ± 10.5 .37

Abbreviations: AF, atrial fibrillation; CAD, coronary artery disease; CHF,

congestive heart failure; CKD, chronic kidney disease; COPD, chronic

obstructive pulmonary disease; EF, ejection fraction; HTN, hypertension;

MI, myocardial infarction; LVEF, left ventricular ejection fraction; OSA,

obstructive sleep apnea; RF, radiofrequency; TIA, transient ischemic

attack.
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thickness than laser across all regions (panel A). Across all long-

itudinal segments, RF resulted in a greater percent increase in

thickness compared with laser (Figure 5B).

3.4 | Variability of change in wall thickness

The median percent change in wall thickness post‐ablation per

transverse plane was 9.5% (IQR 0.5%–46.7%) for RF and 0.4% (IQR

−0.6% to 2.7%) for laser. Additionally, the changes were less diffuse

with laser as 81% of planes had less than 20% change in wall

thickness as compared with 41% of planes in the RF group

(p < .0001). Similarly, change in PV luminal area per transverse plane

was less variable with laser with 84% of planes having less than 10%

change in luminal area as compared with 41% planes in the RF group

(p < .0001). The median percent change in PV luminal area per

transverse plane was 0.36% (IQR −1.91% to 0.26%) in laser and

−12.1% (IQR −24.8% to 0.6%) in RF.

RF also resulted in more variable changes in regional PV wall

thickness. More increase was noted in LSPV anterior versus pos-

terior (75.4 ± 58.5% vs. 46.8 ± 55.6%, p < .01), RSPV posterior versus

anterior (62.9 ± 63.9% vs. 44.6 ± 51.7%, p < .05), RSPV superior ver-

sus inferior (69.1 ± 45.4% vs. 35.9 ± 45%, p < .05). There were no

significant regional differences in PV wall thickness changes.

F IGURE 3 Regional wall thickness of each vein was measured at baseline. There were significant differences in regional wall thickness
within the LSPV and LIPV but not within RSPV or RIPV. Anterior and superior regions of LSPV and LIPV were significantly thicker compared
with the anterior and superior regions of RSPV and RIPV (†p < .01 for all comparisons). I, inferior; LC, left common vein; LIPV, left inferior
pulmonary vein; LSPV, left superior pulmonary vein; RIPV, right inferior pulmonary vein; RSPV, right superior pulmonary vein; S, superior

F IGURE 4 Comparison of ultrasound findings among pulmonary veins. Comparison of baseline longitudinal differences in (A) PV wall
thickness and (B) PV area of each vein are shown in the box plots. *p ≤ .05; **p ≤ .01. LIPV, left inferior pulmonary vein; LSPV, left superior
pulmonary vein; PV, pulmonary vein; RIPV, right inferior pulmonary vein; RSPV, right superior pulmonary vein
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3.5 | Energy delivered

Significantly more energy was delivered per patient by RF for PVI

when compared with laser (5687 J [4769–6879 J] vs. 11 124 J [7197

J–19 021 J], p < .001) (Figure 6). There was also greater variability in

the amount of energy delivered in the RF group as compared with

laser. With RF ablation, more energy correlated with greater in-

crease in wall thickness (r = .50, p = .016), whereas there was no

correlation between energy and change in wall thickness in the laser

group.

3.6 | Clinical follow‐up

At 12months follow‐up, three patients in the laser group were lost to

follow‐up and no patients in the RF group were lost to follow‐up.
Atrial arrhythmia recurrence at 6months was noted in 1/15 (7%) of

patients who underwent laser ablation versus 1/12 (8%) of those

who underwent RF ablation (p = .7). At 12months, recurrence was

noted in 3/13 (23%) of laser ablation versus 1/12 (8%) of RF ablation

(p = .33). There was no correlation between baseline PV wall thick-

ness and recurrence of AF.

4 | DISCUSSION

We believe this study constitutes the most comprehensive evalua-

tion of atrial wall characteristics to date in patients undergoing PVI

for paroxysmal atrial fibrillation (PAF). It is well known that there is

great anatomical variations in PV anatomy, and this should be con-

sidered before any ablation procedure.11 We found marked varia-

bility in wall thickness when comparing different PVs; however,

perhaps the more striking finding is the regional variability at base-

line. This was particularly true for the left pulmonary vein in which

the anterior and superior segments may be twice as thick as the

posterior and inferior regions. This information may be critical for

operators to consider in order to titrate the proper amount of energy

to achieve transmural lesions in all luminal areas without damaging

adjacent structures such as the esophagus, which is frequently lo-

cated posterior to the left pulmonary veins.12–14

The ablation techniques in this comparison were under direct

visualization either with ultrasound or endoscopy. ICE is commonly

used in all AF ablations in US EP (electrophysiology) centers, but

placing the rotational ICE catheter in the LA directly adjacent to the

RF catheter during ablation is not a common technique, although it is

well described.15–20 The near field resolution of the rotational ICE is

excellent and can assist with small catheter movements and assures

ablation tip contact with the atrial wall. It also allows assessment of

tissue thickness and changes with ablation.9,21,22 Using this techni-

que with RF and the endoscopic placement of lesions with the laser

balloon allowed both groups to undergo ablation under direct vi-

sualization with an anatomical approach to PVI with endpoint con-

firmation using a multipolar catheter after the encirclement.

The primary goal of ablation for paroxysmal AF is to achieve

durable isolation of the PVs.10 The time course of reconnection is

variable and may be due to different mechanisms, such as non‐
transmural lesions, gaps, or resolution of edema. Very early

F IGURE 5 Wall thickness by region and longitudinal segment. The bar graph demonstrates the percent change in wall thickness post‐
ablation by (A) regions and by (B) longitudinal segment. **p ≤ .01

F IGURE 6 Energy comparisons. Comparison of average energy
used during ablation per patient for RF and laser groups are shown

XU ET AL. | 7



recurrence of PV conduction within 30min is more common in the

LSPV.23 We have shown that the superior and anterior segments of

the LSPV have the thickest wall at baseline and may create chal-

lenges for transmural lesions unless this is accounted for by either

higher energy titration, longer duration lesions, or addition ablation.

We also want to achieve permanent PV isolation with a minimal

amount of atrial tissue damage. MRI studies have demonstrated

using T2‐weighted imaging for edema and delayed enhanced (DE)

imaging for more permanent scarring that both are present early

after ablation and contribute to PVI within a 24 h window.7,24 A

greater recurrence of AF is seen when there was greater extend of

T2 signals (i.e., edema) and greater freedom from AF when there was

more DE signals.7 Also, great variation between patients in early T2‐
weighted imaging is seen.25

MRI has also demonstrated diffuse T2 changes away from the

proposed ablation sites with RF and more diffuse DE with RF when

comparing other energy forms for PVI at 24 h and 3months.7,26 In

this study, we demonstrated that the acute changes that occur im-

mediately after ablation are different when comparing RF versus

laser. We noted that overall, there are approximately three times as

much acute tissue thickening with RF compared to the laser. We also

showed that the change is dispersed throughout the PV/antral area;

whereas the laser lesions are concentrated in more discrete areas.

We believe the more diffuse changes in the RF group is likely due to

the movement of the point‐by‐point RF catheter during ablation with

the respiratory and cardiac movement. Even though ICE was placed

adjacent to the RF catheter to assure stability, the translation

movement of the hearts is unavoidable when point‐by‐point cathe-
ters are used as there will be sliding contact unless the catheter is

perpendicular to the endocardial surface. Another possibility is that

RF induces a cytokine inflammatory response and increased T2

imaging on MRI has been seen remote from ablation sites.27,28

Nearfield ultrasound has shown that edema occurs within sec-

onds with thermal injury.29 This technology with RF delivery has

shown a 25% increase in tissue thickening which is consistent with

our findings using different ultrasound technology and a time course

of at least 30min after lesion placement.29

Another point to consider is the efficiency of energy delivery to

the tissue and whether this could contribute to the acute tissue

changes. Significantly more energy was required to achieve PVI when

using RF compared with laser. This excessive RF energy is either

dissipated in the blood pool or delivered to the tissue. For laser, the

balloon displaces the blood from the cardiac tissue. The tissue then

directly absorbs the light energy from the laser and converts it to

thermal energy and tissue injury.

RF and laser ablation both result in thermal injury with a com-

bination of necrosis, hemorrhage, and edema. As the acute endpoint

of ablation is the elimination of electrograms distal to the applied

energy, if there is excessive tissue injury in which a component re-

solves, such as an edema, then this theory could account for some of

the PV reconnection upon resolution of the reversible changes. The

necrosis component is permanent and would result in durable le-

sions. This was a small study and not powered for clinical outcome

comparisons, but there may have been some beneficial effects from

either the additional non‐PV ablation or using ultrasound guidance

for lesions placement with RF (similar to the endoscopic placement

of laser lesions) to avoid gaps.

4.1 | Limitations

One limitation of our study is that we did not use contact force

catheters during RF ablations, which are frequently used at many

institutions. The ICE imaging during ablation served to ensure ade-

quate tissue contact. It is possible that changes in tissue thickness

post‐ablation may vary depending on the amount of force applied as

shown in the ventricles in animal models.30 Further studies are

needed to evaluate this relationship.

Additionally, the high‐power short‐duration ablation technique is

being used more frequently. In our study, we followed the re-

commendations for RF ablation based on FDA‐approved catheter

use. Additional studies would be needed to assess whether using

high‐power short‐duration lesions diminishes the increase in tissue

thickness seen post‐ablation.
The goal of this study was to assess acute changes in PV

thickness and luminal area post‐RF and laser ablation. Further

studies are needed to evaluate the clinical implications of these

changes.

5 | CONCLUSIONS

Atrial tissue thickness at sites targeted for PVI is highly variable

regionally. With ablation, the acute thermal injury results in sig-

nificantly more pronounced and diffuse tissue thickening with RF

ablation compared with ablation using laser energy.
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