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Abstract

Background The Rhythmia mapping system was recently
launched and allows for rapid ultra-high-resolution elec-
troanatomical mapping. We evaluated the feasibility, acute
efficacy and safety of this novel system for ablation of
atrial fibrillation (AF) and left atrial (LA) tachycardia
(AT).

Methods and results A total of 35 consecutive patients
(age 64.3 £ 8.6 years, LA diameter 44.4 £ 5.8 mm)
underwent catheter ablation for AF and/or AT. All proce-
dures were performed using Rhythmia in conjunction with
the Orion mini-basket catheter. Pulmonary vein isolation
(PVI) and linear lesions were performed applying
radiofrequency (RF) energy. PVI was confirmed by pres-
ence of entrance and exit block using the mini-basket
catheter. In addition, pacing maneuvers assessed bidirec-
tional conduction block across linear lesions. Procedure
duration was 110.3 & 33 min, fast acquisition mapping
(FAM) time was 19 +£9 min. A mean number of
10165 £ 5904 mapping points were acquired during the
initial map and 6379 + 3191 for a remap. A total number
of 31 &£ 15 RF applications were delivered within
45 + 22 min. Total fluoroscopy time was 21 £ 5,
5 £ 2 min were used for FAM. We observed a significant
learning curve for mapping duration (p = 0.01). Compli-
cations included pericardial tamponade (n = 1), transient
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air embolism in the right coronary artery (n = 1), and mild
groin hematoma (n = 2).

Conclusions The present study is the largest to describe
experience of LA ablation procedures using Rhythmia. PVI
was achieved in all patients. Applying this ultra high-res-
olution electroanatomical mapping system under routine
conditions leads to a high level of confidence. More data
will be mandatory before final conclusions can be drawn.

Keywords Atrial fibrillation - Electroanatomical
mapping - Pulmonary vein isolation

Introduction

Pulmonary vein isolation (PVI) is an effective treatment
option in patients suffering from paroxysmal (PAF) and
short-standing persistent atrial fibrillation (PERS). Free-
dom from PAF after PVI is reported from 56 to 89 % after
1 year [1]. However, multiple procedures can be manda-
tory due to recurrence of atrial fibrillation (AF) or atrial
tachycardia (AT). Reconnection of previously isolated
pulmonary veins (PV) and conduction across previously
complete linear ablation lesions are frequently observed at
repeat ablation procedures [2, 3], and might explain the
modest success rates [4].

Today, several electroanatomical mapping (EAM) sys-
tems utilizing various technologies are used in clinical
routine to facilitate mapping and ablation. Most of the
established EAM use point-by-point acquisition of elec-
trograms from a roving catheter with or without multi-
electrode mapping capability, and usually require manual
annotation [5, 6]. Recently, a novel mapping system
(Rhythmia, Boston Scientific, Cambridge, MA, USA)
became commercially available and allows for rapid and
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ultra high-resolution EAM and activation mapping. This
system is paired with a mini-basket catheter consisting of
64 electrodes (IntellaMap Orion, Boston Scientific, Cam-
bridge, MA, USA), which allows for simultaneous acqui-
sition and automatical annotation of thousands points.
Rhythmia has demonstrated its ability to rapidly obtain
high-resolution maps in animal models with no need for
additional manual annotation [7, 8]. Recently, two small
clinical studies reported that the Rhythmia system in con-
junction with the Orion catheter allows for determination
of successful PVI, and may be feasible for ablation of
complex atrial and ventricular arrhythmias [9, 10]. How-
ever, since these previous studies investigated a limited
number of patients and heterogeneous arrhythmias, we
sought to determine the acute procedural efficacy and
safety of this new system in a larger patient cohort with
atrial fibrillation (AF) and left atrial tachycardia (AT).

Methods
Patients

In this single-center study, the first 35 consecutive LA
ablation procedures using Rhythmia in conjunction with
the Orion mini-basket catheter were analyzed. All clinical,
imaging, and procedural data were recorded. Written
informed consent was obtained from each patient prior to
the procedure. The current study is a retrospective analysis
and was approved by the local ethics committee (WF-07/16
Arztekammer, Hamburg, Germany).

Procedural setup

A transoesophageal echocardiogram was performed prior
to ablation to rule out LA thrombus formation. AF as well
as AT ablation were performed on uninterrupted oral
vitamin K anticoagulants with an INR of 2.0-3.0 at the day
of the procedure. If a non-vitamin K anticoagulant was
used, this was discontinued 24 h before ablation. Catheter
ablation was performed under deep sedation with contin-
uous infusion of propofol. A 6-F catheter was inserted into
the distal coronary sinus via the right femoral vein to
achieve a stable position. Stable positioning was facilitated
by introducing the 6-F catheter via a long 8.5 F sheath
placed in the proximal coronary sinus (SL1, St. Jude
Medical Inc, St. Paul, MN, USA). Placement of two
additional 8.5 F SL1 sheaths in the LA using the modified
Brockenbrough technique was performed as previously
described in detail [11]. After transseptal puncture, intra-
venous heparin was administered, targeting an activated
clotting time (ACT) of >300s, and monitored every

30 min throughout the procedure with adjustment to the
heparin dosage according to the ACT.

Mapping system and mini basket multi-electrode
catheter

The Rhythmia mapping system and the Orion mini-basket
catheter were previously described [9, 10]. Briefly,
Rhythmia is a rapid high-resolution three-dimensional (3D)
EAM that uses a hybrid location technology combining
magnetic and impedance location. The magnetic field is
generated by a localization generator positioned under the
patient, and is capable of locating the magnetically tracked
mini-basket catheter with an accuracy of <1 mm. The
impedance location technology (accuracy of <2 mm) is
used to track catheters that are not equipped with a mag-
netic sensor, e.g., ablation catheters and diagnostic coro-
nary sinus (CS) catheters in this study. The system then
maps the impedance field measurements to the magnetic
location coordinates and creates an impedance field map.
This map is used to enhance the accuracy of the impedance
location. The Orion catheter is a bidirectional deflectable,
multielectrode, mini-basket mapping catheter with a max-
imum shaft diameter of 8.5 F. It was advanced into the LA
via an 8.5 F SL1 sheath. This basket catheter can acquire
points at variable degrees of deployment from undeployed
(3 mm) to fully deployed (22 mm).

Map acquisition

The mini-basket catheter was gently and slowly manipu-
lated inside the LA, pulmonary veins (PV) and left atrial
appendage (LAA), and automatically acquired points with
every accepted beat. Criteria used for beat acceptance were
(a) stable cycle length (CL), (b) stable timing difference
between two reference electrodes, (c) respiration gating,
(d) stable catheter location (e) stability of catheter signal
compared to adjacent points and (f) tracking quality.

Voltage and activation maps

The mapping window setup is automatically generated.
Therefore, the system calculates the mean CL of the
underlying rthythm over 10 s and consequently sets 100 %
of CL equally before and after the timing reference elec-
trode. The final maps visualize the activation propagation.
For bipolar time maps, the timing of the electrodes was
based on time difference between the maximum amplitude
of the bipolar electrogram and the first reference CS elec-
trode (timing reference). For electrograms with more than
one potential, the system selects the potential that best
matches the timing of the surrounding electrograms. For

@ Springer



994

Clin Res Cardiol (2016) 105:992-1002

unipolar time maps, the timing was based on the most
negative dV/dT around the timing of the max bipolar sig-
nal. The bipolar and unipolar voltage maps were based on
the difference between the maximum and minimum peak
of the signal that is automatically annotated. For the LA,
noise level and complete electrical silence were considered
as <0.01 mV and annotated in gray color, low voltage
areas were generally detected between 0.01 and 0.5 mV
(<0.2 mV assumed to be scar, annotated in red). Except for
patients presenting with AT, all remaining maps and
remaps were acquired during either sinus rhythm, or if
sinus rhythm was slow or unstable during atrial pacing
from the CS. In patients presenting with AF as the initial
rhythm, electrical cardioversion was performed after
transseptal puncture prior to mapping of the LA, which was
achieved in all patients.

Chamber geometry

The geometry of the LA, LAA, and PVs was gradually
acquired with every accepted beat based on the location of
the outermost electrodes of the mini-basket catheter. To
access the PVs and LAA, the Orion catheter was inserted in
an undeployed mode, then deployed within the PVs and
LAA, and slowly pulled back. In all cases, the system was
programmed to select and include only electrograms up to
2-5 mm from the surface geometry.

Ablation procedure

Ablation was performed with an open-irrigated catheter
(3.5 mm tip ThermoCool Celsius, Biosense Webster, Dia-
mond Bar, CA, USA or 4 mm Blazer, Boston Scientific,
Cambridge, MA, USA). After reconstruction of the LA,
each PV ostium was identified by selective PV angiography
and tagged on the 3D map. Afterwards, wide-area cir-
cumferential ablation (WACA) of the ipsilateral PVs was
performed aiming for PVI, while the mini-basket catheter
was placed in the respective PVs in a proximal position
(Figs. 1, 2). An anterior line from the mitral annulus to the
right superior PV was performed in case of perimitral
flutter (Figs. 3, 4, 5). Irrigated radiofrequency (RF) current
energy was delivered as previously described, targeting a
maximum temperature of 43 °C, a maximal power level of
40 W, and an infusion rate of 17-25 mL/min. Along the
posterior wall, the maximum power was limited to 30 W.
The procedural end points were defined as follows: (a) for
PVI: the presence of entrance and exit block within the PVs
using the mini-basket catheter, (b) for AT: PVI + termi-
nation and/or non-inducibility of AT with atrial burst
pacing (minimal cycle length 200 ms), and bidirectional
block along LA lines.
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Statistical analysis

Statistical analysis was performed using SPSS for Win-
dows (Version 19.0, SPSS Inc., Chicago, IL, USA). Con-
tinuous variables are expressed as mean =+ standard
deviation or as median with inter-quartile range, as
appropriate. Normally distributed data were compared
using the unpaired Student’s 7 test. A p value of <0.05 was
considered as statistically significant.

Results

We studied 35 consecutive patients, aged 64.3 + 8.6 years,
15/35 (43 %) male. A total of 21 patients presented with
PAF, 8 patients with PERS, and 6 patients with left AT.
The clinical baseline characteristics of the entire study
population are presented in Table 1. A total number of 56
high-resolution maps were acquired using the mini-basket
mapping catheter.

Procedural data

Normal PV anatomy was present in all patients. A total of
140 PVs were identified and successfully isolated. PVI was
visualized by the mini-basket catheter (Figs. 1, 2). Average
procedure duration (time from venous puncture to removal
of all sheaths) was 110.3 £ 33 min., mapping time was
19 £ 9 min. A mean number of 10,165 £ 5904 mapping
points were acquired during the initial map, and
6379 £ 3191 for remaps (performed in 21/35 (60 %)
patients). A mean total number of 31 £ 15 RF applications
were delivered within 45 £ 22 min. Mean total fluo-
roscopy time was 21 £ 5, 5 & 2 min were used for map-
ping of the LA/PVs. Correction of automatic annotation
was not necessary to reach procedural endpoints. Proce-
dural data is summarized in Table 2.

Safety and complications

The mini-basket catheter was flushed and inserted to the
cardiac chambers after an ACT >300 s was achieved, and
maintained with boluses of intravenous heparin. We
observed no embolic complications, including stroke or
systemic embolism. All catheters were checked and found
to be free from any visible thrombus formation at the end
of the ablation procedure. One patient developed pericar-
dial tamponade 3 h after the procedure, which could be
successfully drained (venous blood) without sequelae.
Tamponade was judged as probably unrelated to the basket
catheter. As minor complications a transient air embolism
(n =1) in the right coronary artery resolving sponta-
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Fig. 1 The upper two panels show a 3D reconstruction of the left
atrium (LA) and pulmonary veins (PV) during sinus rhythm in a
postero-anterior (PA) view. a Visualizes the LA myocardium with
normal bipolar voltages (>0.5 mV, purple) and the PVs with low
voltage (other colors than purple) in this patient with paroxysmal
atrial fibrillation. Gray zones indicate complete electrical silence
(<0.01 mV). The mini-basket catheter (white arrow) is placed within
the left superior PV (LSPV). Wide-area circumferential ablation
(WACA) was performed around the ipsilateral PVs (ablation points
marked with red dots). Time indicates mapping time in min/sec,
EGMs indicates number of electrograms acquired with the basket
catheter. b A remap of the LA and PVs during sinus rhythm after PV
isolation. Note that previously purple areas inside the ablation circle
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now appear in gray or red color (red far field signals (<0.2 mV) from
the LA/LAA, see also black arrow in c¢), indicating successful PV
isolation (entrance block). ¢ The surface ECG (fop lead I, II, and V1)
and intracardiac electrograms (bottom) during pacing from the distal
electrode of the coronary sinus catheter (CS 1-2). Electrical isolation
of the LSPV (A4-5 to H4-5: bipolar electrograms from the equatorial
electrodes of the basket catheter) is visualized during application of
radiofrequency current with the ablation catheter (Abl 1-2; red arrow
shows PV spike, black arrow shows atrial far field potential). Abl 3—4
proximal electrodes of the ablation catheter, CS 3—4 proximal
coronary sinus electrodes, RSPV right superior PV, RIPV right
inferior PV
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Fig. 2 The upper two panels show a 3D reconstruction of the left
atrium (LA) and pulmonary veins (PV) during sinus rhythm in the left
lateral (LL) view after wide-area circumferential ablation (WACA) of
the left PVs (LSPV left superior PV, LIPV left inferior PV). a An
activation map (remap) of the LA during sinus rhythm after WACA.
Of note, the superior branch of the LIPV shows late activation (purple
area indicated by curved black arrow) during sinus rhythm
corresponding to a borderline bipolar voltage area [b, black arrow,
and ¢ (enlarged black box from b)]. White arrows indicate position of
basket catheter. d Rhythmia correctly identified the gap in the

neously after 6 min, and mild groin hematoma (n = 2)
were noted. Once placed and fully deployed inside the LA,
the basket catheter never dislodged into the RA.

Accuracy of maps
The 56 acquired maps showed highly detailed endocardial

electrical activation and voltage. Manual re-annotation of
automatically acquired mapping points was not necessary

@ Springer

ablation line (red points). The LIPV was isolated in this area (yellow
points marked by black arrow). e The surface ECG (top lead 1, II, and
V1) and intracardiac electrograms (bottom) during sinus rhythm.
Electrical isolation of the LIPV (A4-5 to H4-5: bipolar electrograms
from the equatorial electrodes of the basket catheter; red arrows show
PV spike) is visualized during application of radiofrequency current
with the ablation catheter (Abl 1-2). Abl 3—4 proximal electrodes of
the ablation catheter, CS 3—-6 proximal coronary sinus electrodes, MA
mitral annulus

to reach procedural endpoints in this study. PVs, LAA,
atrial septum and LA anterior wall were reached and
mapped with the mini-basket catheter without the use of a
steerable sheath. Of note, all LA sides required for suc-
cessful ablation were reached using the mini-basket
catheter, although we cannot exclude having missed some
small parts in the LAA and mitral annulus, since we do not
routinely perform computer tomography or magnetic res-
onance imaging of the LA prior ablation. Yet, accuracy of
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Fig. 3 Upper panel 12-lead surface ECG and intracardiac electro-
grams [coronary sinus (CS) catheter] suggest counter-clockwise
perimitral LA flutter with a cycle length of 280 ms (CS activation
from proximal (CS 5/6) to distal (CS 1-2), black arrows) with
variable atrioventricular conduction. Lower panel LA electrical
propagation is visualized during perimitral flutter (a—c; left lateral
view). The rowing probe (white circle) shows mapping points in the

LA anatomy was verified by concomitant LA angiogra-
phies, additional 3D mapping with the ablation catheter,
and careful evaluation of electrograms. All PVs except one
(99.3 %) could be intubated with the Orion catheter. One
right inferior PV could not be intubated due to a rather
posterior transseptal puncture side. The anatomy of this
respective PV was reconstructed using the ablation
catheter.

The 3D visualization of the mini-basket catheter and the
ablation catheter in the EAM well corresponded to fluo-
roscopic findings, and were internally consistent in the
majority of cases. Tracking accuracy was determined
comparing the location of the ablation and mini-basket
catheter from EAM with selective pulmonary angiography
and fluoroscopy throughout the ablation procedure.
Tracking accuracy was generally <2 mm. However, in five
patients we observed a relevant anatomical map shift

LA around the mitral annulus (MA), in proximity to the left atrial
appendage (LAA) and left superior pulmonary vein (LSPV) obtained
by the mini-basket catheter during perimitral flutter. Local activation
on the mini-basket catheter (bipolar (b), white arrows) suggests
counter-clockwise perimitral LA flutter (white curved arrow). Ul
unipolar recordings

verified by the fluoroscopic location of the catheters
requiring a re-map. These map shifts occurred during our
very first experience with the system. After placing the
reference catheter very distally within the CS, using a long
SL-1 sheath if necessary, and avoiding—even small dis-
lodgements of the reference catheter—the problem of rel-
evant map shifts did not re-occur. Distal placement of the
CS catheter is routinely performed in our center, but the
SL-1 sheath was used in order to ensure accuracy of the
Rhythmia system.

Mapping of specific arrhythmias
Pulmonary vein isolation applying WACA and simultane-
ous activation/voltage mapping of the LA with the Orion

catheter during sinus rhythm or CS pacing was performed
in all patients with PAF (n = 21) and PERS (n = 8). After
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Fig. 4 Left panel (left anterior oblique view, LAO): due to extensive
scarring of the left atrial anterior wall (bipolar voltage map, scar
<0.2 mV displayed in red color), an anterior left atrial ablation line
was placed from the superior aspect of the mitral annulus (MA) to the
right superior pulmonary vein (RSPV; red dots ablation lesions), LAA
left atrial appendage. Right panel: Top surface ECG (lead I, II, and
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V1) and bottom intracardiac electrograms indicating deceleration
(from 335 to 370 ms) of counter-clockwise perimitral flutter and
finally termination (red arrow) during placement of the anterior
ablation line with the ablation catheter (Abl 1-2), black arrow
indicates sinus rhythm. CS /—10 coronary sinus electrodes (CS 1/2
distal, CS 9/10 proximal)

Fig. 5 Example of electrical propagation in the LA (white arrows,
left anterior oblique view) during pacing from the proximal coronary
sinus (red arrow) after block of the anterior left atrial ablation line

ablation, a remap was performed in 21 patients (60 % of all
procedures), predominantly to visualize PVI (n = 8)
(Figs. 1, 2) or to confirm that an atrial ablation line was
blocked in patients with previous sustained AT (n = 3)
(Figs. 3, 4, 5). These remaps were acquired in
9.4 £ 4.7 min, consisting of 6509 & 3980 points. In all

@ Springer

(red dots). There is no conduction gap within the line, the anterior and
posterior LA are activated in parallel, and both activation fronts
(white arrows) do not cross the ablation line

but two patients the remaps during sinus rhythm showed
bipolar voltages <0.2 mV within the PVs and PV-LA
junction, well corresponding to entrance block on the
basket catheter (Figs. 1, 2). In the other two patients, the
remap and signals on the basket catheter indicated a con-
duction gap into the PVs. In one patient, the bipolar
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Table 1 Baseline patient characteristics

Table 2 Procedural data

Parameter Patients (n = 35) Parameter Procedures (n = 35)
Age 64.3 + 8.6 Type of ablation procedure
Sex: man, n (%) 18 (51) Paroxysmal AF 21
Paroxysmal AF, n (%) 21 (63) Persistent AF 8
Duration of the arrhythmia (months) 26 + 32 Atrial tachycardia 6
Hypertension, n (%) 18 (51) FAM mapping time for the initial map (min) 19 £ 9
Diabetes, n (%) 39 Mapping points for the initial map (n) 10,165 £ 5904
Coronary artery disease, n (%) 5 (15) Remap (n) 21
History of TIA/stroke 1(3) Mapping points for the remap (n) 6379 £+ 3191
Left ventricular ejection fraction (%) Total ablation time (min) 45 + 22

Mean + SD 595 Total number of RF applications (1) 31+ 15

Range 47-65 Total procedure time (min) 110.3 £ 33
Left atrial diameter (mm) All PVs isolated (%) 100

Mean + SD 444 £ 5.8 Total number of isolated pulmonary veins (n) 140

Range 30-55 Normal pulmonary vein anatomy (%) 100
CHA,DS,-VASc Score Contrast agent (ml) 91.5 + 21

Mean £+ SD 241 Mean fluoroscopy time (min) 21 +5

Range 04 Fluoroscopy time for the map (min) 5+2
Implanted device, n (%) 1(3) Cumulative radiation dose (Gy cm?) 1691.5 £ 824.7
EHRA-Score Minor complications 3

Mean + SD 2+1 Major complications 1

Range 2-4
Oral anticoagulation

Warfarin 10 (30)

NOAC 25 (70 patients. There were no significant differences regarding
Valvular heart disease >2° 13 patients’ characteristics and the type of ablation procedure

threshold for scar was reduced from 0.2 to 0.05 mV to
facilitate the identification of gaps after initial WACA
without direct PVI (Fig. 2).

Six macro re-entry ATs were mapped and in all cases,
the novel system annotated 100 % of the CL correctly.
Five patients suffered from perimitral AT and one
patient presented with a LA roof dependent AT. In this
context, Rhythmia allowed visualization of counter-
clockwise perimitral flutter in one patient, in whom the
LA propagation map comprising 5739 points was
acquired within 5.4 min (Fig. 3). Due to extensive
scarring of the LA anterior wall, an anterior LA line
from the anterior mitral annulus to the right superior PV
was placed by slowing down and finally terminating the
AT (Fig. 4).

Learning curve analysis
We divided the 35 patients into two groups in order to

perform a learning-curve analysis with particular focus on
procedural data between the first 18 and the following 17

between the two cohorts. There was a significant reduction
of mapping duration using the basket catheter (28 £ 10 vs.
15 &£ 7 min; p = 0.01), and total procedure time
(119 £ 35 vs. 97 & 25 min; p = 0.04), whereas no sig-
nificant differences were observed for total ablation time
(p = 0.33), total fluoroscopy time (p = 0.84), and cumu-
lative radiation dose (p = 0.71).

Discussion

To the best of our knowledge, this is the largest study
evaluating the feasibility, acute efficacy and safety of
Rhythmia, a novel high-resolution -electroanatomical
mapping system, for PVI and ablation of left AT. This
analysis has three major findings. First, Rhythmia in con-
junction with the Orion catheter allows for rapid and
accurate generation of high-density propagation and volt-
age maps of the LA. Second, this mapping system proved
to be effective and safe for PVI and ablation of LA
tachycardia. Third, we were able to demonstrate a signifi-
cant learning curve for manipulating the mini-basket
catheter within the LA, thereby reducing mapping and
overall procedure time.
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Procedural data

Our fluoroscopy times were higher compared to some pre-
vious studies since we routinely perform selective PV
angiography to annotate the PV-LA junction in the 3D
mapping system. Yet, the mean procedure duration and flu-
oroscopy time of this study did not significantly differ from
previous LA ablation data reported form our own group [11].
During the very first ablation procedures we observed a
relevant anatomical shift in five patients. As a consequence, a
re-map was performed using the mini-basket or ablation
catheter. Instability of the diagnostic reference catheter
placed within the CS and responsible for accurate impedance
tracking of the ablation catheter, has been reported as a
potential reason for the map shift [12]. The re-maps pro-
longed procedure duration and fluoroscopy times by no more
than 30/5 min, respectively. In this context, the hybrid
location technology of Rhythmia allows the utilization of
diagnostic and therapeutic catheters without magnetic sen-
sors including such from other providers. However, potential
disadvantages constitute the lower tracking accuracy of
impedance based tracking (<2 mm) as compared to mag-
netic tracking (<1 mm), as well as the predisposition for
relevant map shifts depending on the motion and dislocation
of the diagnostic reference catheter. In this study, we
observed no more relevant map shifts after placing the ref-
erence catheter very distally within the CS.

Generation of maps

Our initial data demonstrates that Rhythmia can be used in
a routine clinical setup. In addition, the basket catheter can
safely be manipulated within the atria, and does not require
any additional stiff wire or balloon to be deployed [13, 14].
All anatomical regions were reached without the need for a
steerable sheath. The PVs and LAA were intubated in an
undeployed mode, whereas the LA anterior wall and septal
part could be reached in the deployed mode. Irrespective of
this observation, a long steerable sheath may be useful in
very dilated atria or in patients with challenging anatomy
like congenital heart disease [15].

Using the established 3D EAM, the acquisition of even
some hundred points can be time-consuming and a manual
annotation is often required. The Orion catheter features 64
closely spaced electrodes with a low noise level of gener-
ated contact electrograms. In conjunction with Rhythmia
and its specific algorithm for point acquisition and anno-
tation, several thousand points were acquired during sinus
rhythm, pacing from the CS or during AT with high
accuracy. At the same time, all points were automatically
annotated by the system in about 20 min with a mean
fluoroscopy time of 5 4+ 2 min (Table 2). Furthermore,
there was no need for manual re-annotation of
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automatically annotated points to reach our procedural
endpoints, which is in line with previous data [7, 10].

Mapping of specific arrhythmias

In the current study, the Rhythmia system was used to
evaluate its acute procedural efficacy, safety, and potential
limitations in the ablation of LA arrhythmias. Our data
demonstrate that Rhythmia in conjunction with the mini-
basket catheter can reliably visualize PVI, detect gaps after
WACA, and visualize electrical propagation of atrial
macroreentrant tachycardia, corroborating previous results
from animal and human studies [7, 9, 10, 16].

In this context, Anter et al. [9] have shown that the
Orion catheter underestimates PVI in comparison to a
standard circumferential spiral mapping catheter. This was
explained by the potential issue that the mini-basket
catheter is very sensitive for picking up electrical signals
due to its 64 electrodes. In our study, we evaluated the
ability to confirm PVI using the Orion catheter, as assess-
ment of PVI did not pose any challenge with our local
approach. Furthermore, focused ablation on the site of the
revealed gap from atrial voltage mapping after incomplete
WACA led to immediate PVI [17]. In case of an AT, the
atrial voltage assisted to decide on further linear lesions,
based on highly detailed information of LA voltage and
scarring. As can be appreciated from Figs. 1 and 4, patients
with PAF and PERS AF/AT had variable amounts of LA
low voltage, which was expected, and in line with previous
studies on older 3D mapping systems. Patients with PAF
presented with normal LA voltages (>0.5 mV). In patients
with AT, Rhythmia was able to visualize area of low
voltage/scar, guiding AT ablation in these patients. As can
be depicted from Fig. 4, this patient with perimitral flutter
had extensive scarring of the anterior LA wall, so the
detailed voltage map was very helpful to guide ablation. In
this case, we decided to deploy an anterior ablation line
from the anterior aspect of the mitral annulus to the right
superior PV, instead of deploying a posterior mitral-isth-
mus line, since it is easier to block the anterior line in case
of extensive anterior scarring then the mitral isthmus. Of
note, without high-resolution mapping LA macro re-entrant
tachycardia with multiple circuits may have been misin-
terpreted as AF in one patient. However, it may be nec-
essary to decrease bipolar voltage cut-offs for visualizing
scar tissue for an improved understanding of the substrate
(Fig. 2), since the electrical signals recorded from the
basket catheter have a very low noise level of <0.01 mV.
Thus, the system may improve the differentiation of
complete electrical silence, e.g., within the very distal PVs,
from areas with some remaining myocardial fibers within
scar tissue. Yet, differentiation between far field signals
and local PV spikes can sometimes be challenging with the
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Rhythmia system, particularly for the superior PVs. Thus,
in our study electrical isolation of PV was always con-
firmed by routine measures such as demonstration of
entrance block on the mini-basket catheter during sinus
rhythm and pacing from the distal CS/LAA, as well as exit
block by pacing from the PVs with local capture of PV
myocardium. In fact, remaps after electrical isolation
sometimes showed far field potentials as can be appreciated
from Fig. 1, particularly in the left superior PV, which is
dependent on the anatomy of the PV-LA junction and
proximity of the left PVs and LAA. However, these far
field signals did not display bipolar voltages >0.2 mV,
yielding a color code of gray (<0.01 mV) or red
(<0.2 mV). Activation maps after PVI were rarely
required, but as can be appreciated from Fig. 2 the acti-
vation re-map in this patient during sinus rhythm showed
red signals (early activation) in the left superior PV,
although this PV was isolated by standard measures. When
electrical signals in the left superior PV during this acti-
vation re-map were analyzed, we verified that these signals
were early and preceded atrial signals in the CS, reflecting
far field signals from the LA/LAA. Thus, we believe that
particularly for the superior PVs in case of any doubt, after
PVI it may be important to manually proof local signals
and automated annotation with the rowing probe.

Learning curve

To perform a learning-curve analysis for using Rhythmia in
conjunction with the Orion catheter, we observed differ-
ences in procedural data between the first 18 and the fol-
lowing 17 patients. Although there were no significant
differences regarding patient characteristics and the type of
ablation procedure between the two cohorts, we observed a
significant shortening of mapping duration, and total pro-
cedure time, which is in line with previous data [18-20].
Shorter total procedure times were mostly related to shorter
mapping times with the mini-basket catheter and avoidance
of relevant anatomical shifts necessitating remaps, since
other procedural parameters did not significantly differ
between the two groups. Of note, ablation time and total
fluoroscopy time did not significantly change over time.
Our data further implies that the Orion catheter is user-
friendly since it can be manipulated within the atria with
ease, and atrial mapping duration was reduced to <15 min
after a couple of procedures in experienced hands.

Safety

The Orion catheter in conjunction with the Rhythmia system
proved to be safe for LA ablation procedures. Entrapment of
the basket catheter in the mitral valve apparatus was not
experienced in this study. As recommended by the provider,

the mini-basket catheter was flushed with heparinized saline,
and inserted to the cardiac chambers including the RA after
an ACT >300 s, which was maintained throughout the pro-
cedure. With these recommendations, we observed no
embolic complications. In addition, all catheters were
checked and found to be free from any visible thrombus
formation at the end of the ablation procedure. One patient
developed pericardial tamponade 3 h after the procedure,
which was successfully drained from venous blood without
further sequelae. As minor complications a transient air
embolism (n = 1) in the right coronary artery during pul-
monary vein angiography resolving spontaneously after
6 min, and mild groin hematoma (n = 2) were noted. As an
important practical consideration, once placed in the LA, the
deployed mini-basket catheter did not dislodge into the RA.
Therefore, additional transseptal punctures were not neces-
sary, which may reduce procedural risk.

Limitations

Although this is currently the largest study reporting data
from AF/AT ablation using the novel Rhythmia system,
patient numbers were relatively low hampering more
complex analyses, particularly in the subgroup of patients
with AT. Considering a stroke risk of less than 1 % in
current AF ablation procedures, procedural risk in this
study may have been underestimated. Furthermore, since
no information on scar was available from cardiac MRI or
CT, we could not scrutinize the accuracy of the voltage
maps, but this will be a topic for further research.

Conclusions

The current study demonstrates our first clinical experience
with Rhythmia, a novel high-resolution electroanatomical
mapping system. Our initial data demonstrates that the
combination of Rhythmia and the Orion catheter allows for
a high level of acute procedural success and procedural
safety for PVI and ablation of LA tachycardia. Further
large-scale prospective studies with focus on LA ablation
procedures including long-term follow-up data are war-
ranted to finally determine a potential benefit for patients’
treatment.
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