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Abstract

Although cryoballoon ablation of atrial fibrillatio(AF) has been traditionally guided by
pulmonary vein (PV) occlusion, there is evidence growing interest in performing segmental,
non-occlusive cryoballoon ablation to target ndiydarge/common PVs, but extra-PV structures
such as the left atrial (LA) roof and posterior Mialconjunction with PV isolation. To date, a
number of studies have demonstrated improved elimifficacy associated with non-occlusive
cryoballoon ablatioof the LA roof and posterior waith addition to PV isolation, particularly in
patients with persistent AF. Not only the cryobatiacan be utilized for targeting extra-PV
structures through segmental, non-occlusive almiabat the large size and durability of
cryolesions coupled with the enhanced stabilitpraléd through cryoadhesion render the
cryoballoon an effective tool for such an approddfis manuscript reviews the rationale and the
practical approach to segmental, non-occlusivelmioon ablation of large/common PV antra

andthe LA roof and posterior wall.

KEYWORDS: atrial fibrillation; catheter ablation; cryoablani;, cryoballoon; intracardiac

echocardiography; mapping; posterior wall; pulmgnagin isolation; roof



69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

Introduction

Historically, cryoballoon ablation of atrial fibldtion (AF) has been guided by
pulmonary vein (PV) occlusichThis is supported by precliniéand clinicaf studies which
have shown that the magnitude of PV occlusionsgaificant determinant of PV isolation
(PV1) durability. However, PV occlusion is not apsalute requirement for creating durable
cryolesions:> Based on available data, myocardial cells aregesntielectrically dormant.€.,
reversible ion channel block) at +20°C to +25°Chviiteversible, lethal effects achieved at
temperatures of -20°C to -50%C Although PV occlusion likely augments the ‘magdiéof the
freeze’, optimal tissue contact and not necessBMyocclusion which in itself implies the same,
is quintessential for creating durable cryolesidrgs notion is further supported through finite
element modeling ddtand clinically corroborated when performing nortlasive cryoballoon
ablation (NOCA) to target large-sized PVs in a segtal approach as in the case of large,
common PV ostihand the left atrial (LA) roof (NOCAoon™®***?*%and posterior wall (PW)
(NOCALapw) #8178 1n fact, PV occlusion using the currently-avaiétixed-diameter
cryoballoons (23-/28-mm) is more likely to yieldosytimal results — namely, an ostial level
PVI — when treating large-sized PVs or patienthpiersistent/long-standing persistent AF who
typically exhibit large LA and PV antfd:?° This article will examine the procedural and
practical aspects of a segmental, NOCA strateggdueral LA structures, including

large/common PVs as well as extra-PV structureb agdhe LA ridge, carina, roof and PW.

1. NOCA of Large/Common PV Ostia.
The level of PVI achieved using cryoballoon ablatims been the subject of controversy.

First investigated by Reddy al.?*, the level of isolation using a 23-mm cryoballawas found
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to occur distally and predominantly at the PV qstibereas the PV antra were left largely
intact/unablated. However, subsequent stdtiféexamining the extent and level of PVI using a
28-mm cryoballoon found this to be more proximapatients with paroxysmal AF and
relatively normal-sized atria. Still, in those witiarked LA enlargement or large/common PV
ostia, PV occlusion using the currently-availaliilegd-diameter cryoballoons can yield
suboptimal/ostial PVI — even when using the la2fmm cryoballoor{Figure 1-A). As such, a
segmental, NOCA strategy may be required in soreescdNot only can such an approach
achieve an antral level P\Figure 1-B), but it can eliminate the need for contrast medium
injection and possibly even reduce the risk oftrigfrenic nerve (PN) injury by avoiding distal
placement of the cryoballoon into the PV oéfiarguably, this is one of the main reasons to
account for a higher rate of PN injury using bafldzased versus point-by-point radiofrequency
ablation (RFA) strategies.

The initial step for ensuring a successful segmeN@CA using any type of balloon
catheter involves careful planning of the transslgmincture. A posterior or a mid/high
transseptal site can significantly impede the datheach to the desired locations on the lower
segments of the LAPW and the inferior PVs. A lowd amterior transseptal puncture is essential.
In fact, some of the authors highly prefer crossheginteratrial septum at its utmost inferior
(‘thicker’ and muscular) portion, adjacent to théerior limbus for this approadlfrigure 2). It is
also believed that such a practice may reducenttidence of post-ablation iatrogenic atrial
septal defect& which may otherwise persist isof patients during long-term follow-uf8.

Once the balloon is inserted via the delivery gh@ab the LA, it is advanced over an
inner-lumen circular mapping catheter (ILC) or adguwire (GW), which is in turn positioned

inside one of the PVs. Proper positioning of thEAGW is critical to the procedure as it is used
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as a rail to place the cryoballoon at the desioedtion. The ILC/GW is typically positioned in a
superior PV for ablation of the superior antralmegts and in an inferior PV for targeting the
inferior segments. Initially, the ILC/GW may be gtal distally in the desired PV to provide
sufficient support and stability for the balloomrficularly when using the current-generation,
short-tipped cryoballoons. Subsequent advancemesitlodrawal of the ILC/GW directs the
cryoballoon away or toward the targeted PV, respelgt The delivery sheath should also be
deflected to point in the direction of the desisgdicture i.e., the inferior PVs, inferior LAPW).

It is much easier to navigate the cryoballoon aotiyror posteriorly once it has been inflated.
The balloon should be guided and advanced anadigiover the ILC/GW to avoid injury to the
tissue by the tip of the balloon catheter. With lit@/GW placed inside the left PVs, clocking
the delivery sheath will result in a posterior bah alignment, whereas a counterclockwise
torque will steer the balloon anteriorly. Conveyselith the ILC/GW positioned in the right
PVs, a clockwise torque will guide the balloon aioidy and a counterclockwise rotation will
direct it posteriorly. Positioning of the ballooarcbe further aided by intracardiac
echocardiography (ICE) which in some systems cantlegrated into the 3-D map (CartoSound,;
Biosense Webster, Irvine, CA) to allow direct vikzeation and recording of the balloon position
(Figure 3). Though fluoroscopy may help validate an antraldmadlplacement, injection of
contrast medium, itself, adds little value andy@idally avoided during segmental NOCA. Once
the balloon is placed at the desired location,tadianay begin. If suboptimal tissue contact is
suspected, the operator may exploit cryoadhesioméoemental adjustments in the catheter
position. This can be achieved by further clockingounterclocking the catheter in the desired
direction to improve the balloon—tissue contacte Balloon nadir temperature can prove

particularly helpful in this regard, as reductiomsiadir temperature correlate well with
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improvements in tissue contact during this procedtihis is also one of the inherent advantages
of performing non-PV occlusive applications usihg tryoballoon versus other similar tools.
Although a comparable strategy can be employedjubm RFA balloon (HelioStar; Biosense
Webster), to not only achieve wide-area, antral Blalso PW isolation (PWH#,in our
experience, catheter stability afforded througtoaghesion provides the cryoballoon a slight
advantage for such an approach.

Perhaps, the main limitation of NOCA as compared tonventional PV occlusion-
guided method has to do with the current lack sibie quality and durability markers. Although
a great deal of data has been acquired and publlmrer the last decade regarding the value of
procedural and biophysical markers of cryoballoblaon €.g., time-to-PVI, balloon cooling
rate and thaw time) in guiding cryo-dosing and ssisg lesion quality and durability these
were all investigated in the context of PV occlusamd therefore, do not reliably apply when
performing NOCA. As such, currently, most operawmsply deliver a series of overlapping

120-sec cryoapplications at each balloon location.

2. NOCA of the LA Ridge and Carina.

The LA ridge and carina are sites that are frequapared during PV-occlusive
cryoballoon applications. However, both can bectifely targeted using NOCA in a similar
manner as described for ablation of large PV aWtffaen ablating the LA ridge, the ILC/GW is
placed in either the left PV (superior or inferidepending on the PV anatomies and orientation)
or the LA appendage. The balloon is then exposed tnee ILC/GW. Upon inflation, the balloon
and sheath are counterclocked (with the ILC/GWdeasi PV) or clocked (with the ILC/GW in

the appendage), to position the balloon alongittger Once again, ICE can prove helpful when
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positioning the balloon. If the operator choosesliA appendage as the anchor site for the
ILC/GW, care should be taken to avoid injury oftktructure using the balloon tip. As such, the
balloon should always be advanced over an ILC/GVaddition, knowledge of the LA
appendage depth and morphology, as determinedByt@ngiography, is critical for safe
practices. With respect to the duration of appiocet, some of the authors favor prolonged
cryoapplications in this area.§., 180—240 sec) to create transmural lesions andtbfynthe
Ligament of Marshall.

For ablation of the LA carina between the rightesigr and inferior PVs, the ILC/GW is
inserted initially distally into one of the righ/B (most commonly, the superior) for stability.
Then, with a clockwise torque, the sheath andrifiated balloon are positioned anteriorly along
the carina. A similar strategy can be employed wihegeting the anterior antral region of the
right inferior PV by placing the ILC/GW into thiein. Once again, the key to ensuring optimal
catheter maneuverability and to easily and sucalgsiomplete NOCA at this location is a low,
anterior transseptal puncture. It should also bphasized that although NOCA is believed to
carry an overall lower likelihood of PN injuf{the anterior carina represents a site where PN
suppression/injury might occur during NOCA owingtorelative proximity to the right PN.
Thus, standard PN monitoring technigfi¥ée.g., high-output pacing) are warranted when
targeting this region. Moreover, cryoapplicatiohghese locations are typically minimized to
120-180 sec. Post-ablation, wide-area, antral PdIsaiccessful ablation of the LA ridge and
carina should be validated through detailed mapgrgferably using a high-density mapping
catheter €.9., Pentaray; Biosense Webster, Advisor™ HD Grid; Abbas well as high-output
pacing to illustrate absence of local pacing captlirany gaps are identified, ICE and

specifically ICE image integration may be usedtéwgeting these sitégigure 4-A).
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3. NOCA of Extra-PV Structures: Rationale.

Cryolesions created using the current-generatipobailoons are typically larg@;>%-3132
continuoud'*?and durabl&>**which render it an attractive tool for ablationeotra-PV
substrates. A studycomparing lesion characteristics and clinical ootes associated with
catheter ablation of AF using the hot balloon (SAEAHotBalloon; Toray Industries, Inc,
Tokyo, Japan) versus the current-generation cryatal(Arctic Front Advance; Medtronic,
Minneapolis, MN) found that lesions created usimglatter were significantly larger (38+12
cnt versus 24+8 cnf). Another studyf investigating the extent of LA isolation using ihser
balloon (HeartLightTM, CardioFocus, Inc, MarlbordydMA) versus cryoballoon (Arctic Front
Advance; Medtronic), discovered that total (42+1% wersus 57+14 cni) and antral (54+10%
versus 65+8%) areas of isolation were both greater uliedatter. Similar studies examining the
sizes of ablation lesions and the areas of isglat&ng the cryoballoon versus force-sensing
RFA have shown the lesions to be significantly wide.7+5.1 mnversus 5.3+2.3 mmj' and
more contiguous with fewer gasising cryoballoon. Though much of the publishéetiture
pertains to the Arctic Front Advance cryoballoone@tonic), early experiences with the Polar-
X cryoballoon catheter (Boston Scientific, Marlbogh, MA) suggests at least a similar or an
improved level of efficacy owing to the compliarmfethe latter cathetef.

Moreover, despite the weak level of evidence, shave also considered the cryoballoon
a safer tool for this approach. For instance, sdwtudies have found a lower incidence of
adverse events using cryoballoon versus point-igt[itFA, including a reduced rate of
perforation and tamponatleé® and with the exception of the PN, some have euggested a

higher degree of safety with respect to collatstalctured’*® Along these lines, a comparative
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study by Ripleyet al.>" found smaller esophageal lesions with cryoballeersus point-by-point
RFA. Additionally, cryoballoon was associated watlower incidence of partial- and full-
thickness esophageal ulcerations. Similarly, inudtioenter study of 376 patients with AF,
Squaragt al.* compared the outcomes of cryoballoon versus feeresing RFA and observed a

lower incidence of severe complications includisgghageal injury using cryoballoon.

4. NOCA of Extra-PV Structures: The LA Roof.

In most patients, NOC#vor can be effectively achieved through a series gfisetial,
non-occlusive, overlapping 120-180 sec applicatidhss is also a relatively common site for
AF termination during NOCA in patients with persist AF2* In several studies, this approach
when performed using the cryoballoon in conjunctitin PVI, has been shown to offer
favorable outcomes in patient with persistent’&E:*?*°This location is also the site of the
main autonomic ganglionic plexi related to the Lémk (.e., the superior LA ganglionated
plexus) which is believed to modulate extrinsicdéac innervation and facilitate the occurrence
of AF in a hyperactive autonomic stateAs such, catheter ablation at this site is betieee
greatly attenuate the input of these plexi to this Bnd interrupt the vago-sympathetic input to
the ligament of Marshall and the inferior left ghagated plexus which are both highly
implicated in the pathogenesis of AF.

Meanwhile, the LA roof is a location where adequetgsue contact using the cryoballoon
can be readily achieved and catheter maneuvesaisilielatively unimpeded. For this, the
ILC/GW is typically anchored in one of the supei®drs (most commonly, the left). With the
ILC/GW anchored, its progressive advancement fadhd farther into the vein, displaces the

inflated balloon outward, farther and farther aldhg roof, away from the PV. This allows the
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operator to systematically ablate the LA roof ussegal, overlapping cryoapplicatio(isigure

5). Once again, ICE can prove quite helpful, partidylen the setting of image integration
which allows direct visualization of the cryobaliotcations within the 3-D maffrigure 3) and
to target any remaining gaffsigure 4-B). Typically, between 3 and 5 applications are reqlire
to achieve block across the LA roof. With the IL@¥Gnside the left superior PV, slight
clockwise rotation of the sheath and balloon caprowe contact with the posterior aspect of the
roof, whereas a counterclockwise rotation will guttle balloon anteriorly. The converse of this
is true when the ILC/GW is anchored in the righpesior PV. That is, the operator will need to
counterclockwise rotate the sheath and the baliodarget the posterior segments of the roof,
whereas a clockwise torque will guide the ballontedorly. Using the right superior PV as the
anchor point is sometimes helpful when attemptingamplete the right segments of the roof
lesion set. In fact, in some instances, the righesior PV may be selected preferentially if the
left superior PV exhibits an acutely superior tdk¢Bupplementary Material 1). In such a
situation, the cryoballoon may not be aligned calixwith the ILC/GW, thereby,

compromising optimal tissue contact and balloontmrsng along the roof.

Post-ablation, complete block across the LA roaf loa verified through a delay in
conduction across the roof >120 msec when pacijageut to the line/ablated area and an
ascending activation over the LAPYAcute success in achieving block across the reisfgu
the current-generation cryoballoons ranges bet88e82%°**213Compared to PVI alone,
not only this approach does not result in higherdences of complications or recurrent atrial
arrhythmias, this strategy is in fact associatetth wilower incidence of arrhythmia recurrences
during long-term follow-up (24.4%ersus 43.0%; P=0.01} Moreover, in a multivariate

analysis, NOCAoorhas emerged as a significant predictor of freeffom recurrent atrial
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arrhythmias (hazard ratio: 2.13; P<0.64)Nonetheless, block across the roof must always be
validated post-ablation to avoid the possibilitjatfogenic roof flutters/tachycardia$*Rapid
ventricular pacing at 350-500 msec (titrated tgsaddic blood pressure >70 mmHg) is an
effective strategy practiced by some of the authmrsprove cryolesion formation at this site
and to enhance NOG#or In a prior study, this approach has been shownctease the
success of block across the LA roof through sigaiit reductions in the balloon nadir

temperature during NOG#or**

5. NOCA of Extra-PV Structures: The LAPW.

As with NOCAroor NOCA apw has been a recent subject of growing interest and
attention, particularly in patients with persistéft. Although a definitive role for empiric PWI
has not yet been establisH&d, seems plausible in those with persistent Afegithat persistent
AF is generally considered not a triggered, builzsgrate-based arrhythmia. Not only
cryoballoon PVI+PWI within the region of the PV cpamnent {.e., the LAPW segment lying
between the PV&j represents an extended form of wide-area, anttglwhich in itself has
been shown to be superior to ostial PVI strateljiesit there is anatomit**and
electrophysiologit*° evidence to suggest that this region of the LAP|y montribute to the
genesis and maintenance of fFupplementary Material 2). Meanwhile, several studies have
illustrated that cryoballoon PVI+PWI is of super&ificacy compared to PVI alone in patients
with persistent AR#>161718 mylticenter, retrospective stutdyfirst analyzed this outcome and
found that acute PWI using this approach was féagio>4 of the patientsyielding
significantly greater LAPW (77%ersus 41%) and total LA (53%ersus 36%) isolation as

compared to PVI alone with also a higher incidesic&F termination/conversion. Adverse
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events were similar between the two strategies.a¥ew recurrence of AF was significantly
reduced with PVI+PWI at 12 months of follow-up (920urther reduction as compared to PVI
alone)* In a Cox regression analysis, PVI+PWI also emegged significant predictor of
freedom from recurrent atrial arrhythmias (hazatibr 2.04; P=0.015}* Similar results have
been reported in subsequent retrospective analySesmd another stud$also found this
approach to be highly effective in patients undergoepeat ablation for recurrent AF, in whom
it yielded an 85% freedom from recurrent atriahgthmias at 1 year. More recently, these
findings were echoed by a multicenter, prospectiaedomized-controlled trial
(ClinicalTrials.gov #NCT03057548)which similarly showed that in patients with pstsht

AF, PVI+PWI was associated with a ~20% reductioAlrecurrence at 12 months over and
beyond PVI alone (25.5%ersus 45.5%; P=0.028). Furthermore, PVI+PWI once agaierged
as a significant independent predictor of freedoomfrecurrent AF during long-term follow-up
(odds ratio: 3.67; P=0.0085.

As for the approach, NOGApw is practically similar to performing NOG®or In
addition to incorporating this strate@fyigure 5), the approach also includes NOCA of the
inferior segments of the PY{Figure 6) to directly ablate and eliminate all electricatity
within the PV component. To target the lower segsehthe LAPW, the inferior PVs are
typically used to anchor the ILC/GW — most commeottie right inferior PV which often
exhibits a posterior takeoff. As with ablation b&troof, this is performed using sequential,
overlapping 120-180 sec applications by progrefsadvancing the ILC/GW deeper and
deeper into the right inferior PV, with each apation. This in turn allows for gradual
progression of the balloon away from the right iitiePV, along the inferior PW segments.

Depending on the LA size, between 8 and 14 cryaegipdns are typically required to complete

12
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PWI. The Cine recordings of the typical cryoballonaneuvers for PWI are depictedrigure
7. Although complete PWI can be successfully achiexsdg a 28-mm cryoballoon without the

*#"*8in some studies this has been shown to be

need for adjunct point-by-point cryo/RF,
necessary i of the patient§;***®particularly in those with an LA diameter >48 thiA gap,
if present, is normally encountered along the nadipn of the inferior PWFigure 8). As with
NOCA of other related structures, ICE and spediffd€E image integration (CartoSound;
Biosense Webster) can prove remarkably helpfudexttifying gaps among the lesion sets and to
complete the procedural endpoint while minimizihg heed for adjunct RF@igure 4).

Similar to NOCAroor block across the PW is critical when attemptingl PAs
illustrated by Nanbuet al.*® the 1-year incidence of freedom from recurrerttygthmias was
significantly greater in those with versus withcaomplete roof/PW block (78%ersus 45%). In
another study,the authors found that incomplete PWI was assediaith a high rate of atypical
roof/PW flutters and virtually every patient wittAPW reconnection exhibited such an
arrhythmia, either clinically or inducible at elegphysiology study. The authors also found PWI
using NOCA to be durable in 67/81 patients (82.@Ujng 18+4 months of follow-upLA
diameter emerged as a significant predictor fomided for adjunct RFA, particularly in those
with an LA diameter >48 mm (assessed in parastéongtaxis view). Additionally, patients
with LAPW reconnection were found to exhibit large, such that 71% of those with PW
reconnection exhibited an LA diameter >48 mm (nigggtredictive value=89.7%6)Given these
findings, when performing NOGApsw, We strongly recommend that the operator always
validate this endpoint through detailed high-dgn3+tD mapping €.g., Pentaray, Advisor™ HD

Grid, etc) as well as high-output pacing illustngtabsence of pacing capture, to avoid iatrogenic

atrial arrhythmias.
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Lastly, due to the close proximity of LAPW to th@ophagus, one must also consider the
possibility of increased risk of esophageal injurigough to date, an increased risk of
atrioesophageal fistula has not been describedMEAzoo/NOCA apw, the reported
experience remains limitéd*>***"**However, a study evaluating the outcomes of NQG#
has found that interruption of cryoapplicationg d&minal esophageal temperature >15°C is
associated with absence of esophageal thermah&SiGhis recommendation seems tangible as
it is consistent with findings from a prior studyieh reported the same when examining the risk

of esophageal injury in the setting of cryoballddvil.*°
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482 Figure 1. Cryoballoon ablation of PVs and extra-P\structures. 3-D electroanatomic voltage
483 maps (scar voltage cutoff: 0.05 mV) depicting submal, ostial PVI(A), antral PVI(B), antral

484  PVI with NOCAroor(C) and PVI+PWI(D) performed using the cryoballodnAA=eft atrial

485 appendage; LIPV=Ieft inferior PV; LSPV=left superior PV; RIPV=right inferior PV,

486 RSPV=right superior PV.

487

488 Figure 2. Suitable transseptal puncture site for N@A. ICE images illustrating a low and

489 anterior needle position (yellow arrows) at thestbbsvaligA, B), followed bypuncture(C) and
490 insertion of a cryoballoon shedt) through the most inferior segment of the interaséptum,
491 adjacent to the inferior limbus, most suitableN@CA. RA=right atrium; TSS=transseptal.

492

493 Figure 3. ICE-guided NOCA. Shown, are positions of 10 serial cryoballoon aggtions(A—J)

494  delivered antrally, outside the PVs along the iarad the PW, visualized using ICE image

495 integration (CartoSound; Biosense Webster). Afteating an LA shell using ICE, the position
496 of the cryoballoon can be directly recorded witthia 3-D map by creating an ICE contour of the
497 balloon at each location (turquoise representsligtal and yellow the proximal hemi-surfaces of
498 the cryoballoon to ensure proper balloon alignnuétit desired locations).

499

500 Figure 4. ICE image integration to target gaps ando complete LA roof and PW isolation.

501 (A) After cryoballoon PVI, a small gap/unablated anetedor to the right superior PV and a

502 roof-associated PV branch (arrows) are detectati@post-ablation high-density voltage map
503 (left panel). By positioning the cryoballoon didgabver each site under the guidance of ICE and

504 3-D mapping (middle panels), each location is sssitdly ablated using a single
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505 cryoapplication(B) Following PVI with NOCA apw, a small gap/unablated area is detected on
506 the LA roof (arrows) on the post-ablation voltagegmBy directly positioning the cryoballoon at
507 this location, guided by ICE and 3-D mapping, tie of interest is targeted using NOCQK)
508 After completion of wide-area, antral PVI with NOG#&yr PWI is performed using a series of
509 additional cryoapplications guided by ICE imagesgration and direct visualization in the 3-D
510 map.(D) After completion of PVI using a conventional PVehssive strategy, the PV

511 component of the LAPW is subsequently ablated uaiagries of overlapping cryoapplications
512 guided by ICE image integration and 3-D mappiByShown, are the cryoballoon positions
513 within a 3-D map as recorded on ICE to achieve veiga, antral PVI and PWI within the PV
514 component.

515

516 Figure 5. Cryoballoon positions for NOCAroor. Shown, are the typical positions of

517 cryoballoon applications (1-5) on the roof, indivadly (A—E) and collectively(F), to complete
518 NOCAgoor MV=mitral valve.

519

520 Figure 6. Cryoballoon positions for NOCA of the inkrior segments of the PWShown, are
521 the positions of serial cryoballoon applications{lLalong the inferior segments of the PW,
522 individually (A—G) and collectively(H), to complete NOCApw.

523

524  Figure 7. Cine images of the cryoballoon for perfaming PVI+PWI. Shown in the top row,
525 are Cine locations of the cryoballoon placed ovel& for NOCA of the lef{(A) and right(D)
526  superior PV antra, the lgfB), mid (C) and right(E) roof segments, and the mid portion of the

527 roof/PW(F). Shown in the bottom row, are the cryoballoon Giositions for NOCA of the left
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528

529

530

531

532

533

534

535

(G) and right(H) inferior PVs and the inferidil, J) and mid(K, L) segments of the PW.

CB=cryoballoon; CS=coronary sinus.

Figure 8. Incomplete isolation of the PW using NOCAIncomplete PWI using NOGApw
may be observed in/s-of patients when performed using a 28-mm cryoloalljsometimes
requiring adjunct RFA for completion. Shown, areiadons in gaps detected following such a
procedurgA—C). When present, these gaps are typically encouritecstl prominent along the

mid portion of the inferior PW (arrows).
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