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1 | INTRODUCTION

Three unique catheter ablation patients of symptomatic
inappropriate sinus tachycardia underwent an initial abla-
tion procedure using classical sequential mapping system
(CARTO), and a redo procedure using a novel noncontact
mapping system (AcQMap). We aim to demonstrate the
crucial benefit of this novel technique for the ultimate
success of eliminating IAST.

Inappropriate sinus tachycardia (IAST) is an uncom-
mon form of supraventricular arrhythmia defined by in-
explicably high sinus node frequency at rest or at minimal
physical activity." Although the prevalence of IAST is rela-
tively low, in selected patients it may require catheter abla-
tion (CA).2 Mapping and CA of IAST results in reasonably
good primary success, however, it has high recurrence
rate among patients requiring multiple redo procedures.’
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Ablation procedures using classical sequential mapping systems may fail to
eliminate IAST. The AcQMap dipole charge density mapping technique may offer im-
proved accuracy and has a potential added value for the ultimate success of eliminating
IAST. The use of the AcQMap should be considered for redo, as well as first line therapy
for patients with symptomatic IAST.
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Beyond the very well protected epicardial anatomical po-
sition, recurrences could also be related to the suboptimal
mapping of the targeted region. The major limitation of
the currently used standard mapping techniques include
suboptimal spatial and temporal resolution.

With the introduction of novel mapping technologies,
such as dipole charge density mapping, the possibility of
successful mapping and ablation in challenging arrhyth-
mias are instantaneously improving.* Due to the unique
technological features, this mapping technology has the
potential of increasing both short-term and long-term out-
comes in patients even with uncommon arrhythmias. By
offering a global endocardial three-dimensional anatom-
ical map combined with high-resolution charge density
maps of electrical activation, the AcQMap mapping sys-
tem may offer advantages as compared with the currently
used sequential mapping techniques.
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The aim of this case series draws attention to the possi-
ble benefit of using AcQMap mapping system in the map-
ping of IAST in highly symptomatic patients.

2 | CASE PRESENTATIONS

2.1 | Patient1

A 29-year-old woman patient, presenting palpitations and
vasovagal syncope, has been experiencing disabling symp-
toms since 2013 and received an ILR device (Medtronic,
Reveal LINQ) in 2015. Due to a quasi-continuous sinus
tachycardia, (average heart rate between 143 and
154 bpm) despite beta-blocker and ivabradine treatment
she was referred for an EP study in 2020. All arrhythmia
substrates (concealed bypass, slow pathway, atrial tachy-
cardia) were excluded and she underwent sinus node
modification using the CARTO system. Ablation was per-
formed with 10 RF applications using the following power
settings: 45W, 43C, and 17 ml/min. Unfortunately at the
earliest activation site, the phrenic nerve was detected and
no further ablations were applied to this area. Despite this,
the procedure resulted in 10% reduction in sinus node fre-
quency. Shortly after the procedure, the patient experi-
enced recurrences and was rescheduled for ablation using
the AcQMap system. The procedure was performed under
local anesthesia. Under intravenous infusion of isoprena-
line, a dipole change density map of the sinus node region
using AcQMap mapping system was performed. The ear-
liest site was assessed and ablation was performed using
the following power settings: 55W, 43C, 30 ml/min, with
a total number of 15 applications and a 7-min fluoroscopy
time. Interestingly enough, at the earliest spot depicted
by AcQMap, there was no phrenic nerve captured. This
clearly highlights the advantages of an improved spatial
resolution. Reduction of frequency was obtained with a
maximal heart rate of 90 beats per minute under isoprena-
line administration. After a 30-min waiting time, reduced
frequency was maintained. A month after the procedure,
the patient received a DDD pacemaker (St. Jude Medical,
Assurity MRI) indicated by low heart rate and frequent
vasovagal syncope. At the 3-months and 6-months follow-
up visits the underlying rhythm during Holter monitoring
was paced atrial rhythm.

2.2 | Patient?2

Our second redo patient is a 22-year-old woman with a
past medical history of ADHD and asthma. She experi-
enced palpitations from 2018 and received an implanted
ILR device (Medtronic, Reveal LINQ +TruRhythm) after

a negative EP study in 2019. ILR recordings confirmed
that her symptoms are associated with sinus tachycardia.
In 2020, the patient underwent a second EP study and CA
for IAST with the CARTO/ Stereotaxis system. Ablation
was performed by applying 18 RF applications with the
following power settings: 45W, 43C, and 17 ml/min.
Sudden reduction of sinus node frequency was achieved
with a heart rate of maximum 110 beats per minute under
isoprenaline administration. Three months after CA, the
patient complained about persisting palpitations despite
metoprolol and her ILR confirmed recurrence of IAST.
She was also rescheduled for ablation with the AcQMap
mapping system. SuperMaps (Acutus, see below) were
performed in the right atrium. Ablation with 13 RF appli-
cations targeted the earliest activation. Significant reduc-
tion of sinus node frequency was successfully achieved.
Satisfying long-term results were recorded at 6-months
and 12-months follow-up visits without recurrences.

2.3 | Patient3

Similarly to the previous patients, a 50-year-old woman
patient presenting palpitations from 2015 was referred for
EP study and ablation procedure for IAST in 2018 using
the CARTO system. Ablation was performed with 9 RF
applications using identical power settings. Heart fre-
quency showed only moderate decrease under isoprena-
line administration. In the following months, the patient
was experiencing persisting palpitations despite medi-
cal treatment with ivabradine and beta-blocker. In 2021,
she was referred for a redo procedure with the AcQMap
system. During the procedure, SuperMap was performed
(see below). Ablation was performed using the following
power settings: 50W, 43C, and 20 ml/min, with high num-
ber of applications (49). She developed significant sinus
bradycardia during the procedure.

2.4 | AcQMap technology

In all of these patients, the AcQMap mapping system was
used during the redo procedure. It is a novel 3D imaging
and mapping system (Acutus Medical Inc.,) that provides
highly accurate ultrasound-based anatomical reconstruc-
tions combined with high-resolution maps of electrical
activation. The system is comprised of an invasive diag-
nostic recording basket catheter, the AcQMap 10F nonde-
flectable catheter, which is introduced into the chamber
of interest over a 0.032-inch guidewire. The catheter and
system are designed to acquire data using noncontact
sensors that enable a continuous global view of the con-
duction of each beat and permits mapping of any atrial
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arrhythmia. The endocardial surface is reconstructed
based on point sets (115.000 surface points per minute)
generated with the use of ultrasound imaging techniques.
From the ultrasound point set, the 3D surface is algorith-
mically reconstructed (Figure 1A). The resulting chamber
anatomy corresponds to the end-diastolic size and shape.
Besides being used to navigate auxiliary catheters, the 3D
anatomy is also key for the inverse solution to derive the
location of charge sources on the endocardial surface. In
addition, the AcQMap catheter has 48 biopotential elec-
trodes measuring the noncontact unipolar voltage field
(150.000 intracardiac unipolar voltages/second) to calcu-
late cardiac activation as charge density via the inverse
solution based on Poisson's Equation.’ Activation maps
are created within approximately 2 min and displayed as a
spatiotemporal window of activation history across the re-
constructed 3D anatomical image with a spatial resolution
of 1 mm (Figure ). A propagation history map uses bands
of colors to show the location and velocity of the leading
edge of the activation wave front over a set duration of
time. The noncontact module of the AcQMap system con-
sist of two different mapping modalities, single position
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mapping and superposition of multiple noncontact charge
density mapping (SuperMap). In all of the three patients
the SuperMap feature was utilized. It is a newly designed
algorithm to map stable or transient rhythms with mul-
tiple morphologies. Due to the diagnostic error caused
by signal attenuation over distance inherent to single
position mapping, the SuperMap mapping modality was
developed in order to acquire points in closer proximity
to the endocardial wall. For the SuperMap algorithm,
noncontact unipolar voltage electrograms were acquired
by hovering the AcQMap catheter in the atria. A visual
guided interface of surface illumination, when the non-
contact electrodes were within 10-mm distance, assisted
the operator in the data acquisition process. After roving
around the AcQMap catheter in the chamber of interest,
multiple noncontact catheter positions were time aligned
based on coronary sinus (CS) activation. The CS channel
with the least signal variability and largest peak-to-peak
amplitude was automatically selected as the default pri-
mary reference. Subsequently, unipolar electrograms
from CS were analyzed and binned based on morphol-
ogy into beat groups. Selected beat groups were processed
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FIGURE 1 Panel A shows the 3D anatomy reconstruction of the right atrium (RA). The first two images show the collection of points

with the basket catheter. After a minimal editing on the surface mesh, the final RA anatomy is reconstructed. In Panel B unipolar charge

signal is presented, with the activation map showing he leading edge of the activation wave front. Fluoroscopy image showing catheter

position is presented in Panel C
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TABLE 1 Procedural characteristics

AcQMap

CARTO

Total

RF

Procedure

time

Total

RF

Procedure

time

mapping

Fluoroscopy
time (min)

time
(s)

mapping

Fluoroscopy
time (min)

time
(s)

HR2 AHR

HR1

time (min)

HR2 AHR (min)

HR1

time (min)

(min)

31

57
48

83
131
100

13
20

451
509
2081

101
111
151

17
70
19

59
37%
87

71
127
107

33

10

282
184
728

91
131
131

Patient 1

63

44
69

Patient 2
Patient 3

43

57¢

14
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Note: HR1, heart rate before procedure (bpm); HR2, heart rate 24h after procedure (bpm); AHR, reduction of heart rate calculated from HR1 - HR2, represented in percentage.

post ablation heart rhythm is not sinus rhythm, but atrial escape.

through the charge density inverse solution and presented
as propagation history map. Simultaneously, relative uni-
polar charge amplitude maps can be generated from the
same data acquisition and displayed side by side.

2.5 | Ablation procedure

Initial ablation procedures were performed using the
NaviStar RMT ThermoCool (Biosense Webster) cath-
eter, redo ablation procedures were performed using
the MagnoFlush (MedFact) catheter with a power set-
ting between 10 W and 50 W and temperature limit set
to a maximum of 43°C with flow rate of 17-30 ml/min
using the Stereotaxis remote magnetic navigation system
(Stereotaxis). Acute procedural success was defined by the
decrease of the sinus node frequency. Following the ab-
lation procedure, all three patients were examined at the
outpatient clinic at regular intervals. Follow-up visits were
planned based on the institutional methodology plan.

3 | DISCUSSION

Catheter ablation for IAST has been a successful, despite a
difficult approach, with the use of conventional sequential
mapping techniques.® Previous studies evaluating CA in
highly symptomatic IAST patients observed inconsistent
results on whether this approach is providing satisfying
short-term and long-term outcomes.®® In recent litera-
ture, the recurrence rate varies between 16% and 30%.> To
the best of our knowledge, this is the first report of the
use of the AcQMap novel noncontact mapping technique
in the ablation of IAST. The SuperMap algorithm offered
by AcQMap provides a global real-time anatomy of the
cardiac chamber, and accurately creates a high-resolution
propagation history map of electrical activation. Using
this propagation history map, the site of earliest activa-
tion can be rapidly and precisely determined and success-
fully ablated. Due to its high spatial resolution, the system
could successfully exclude the phrenic nerve implication
in patient 1, which was the reason for cancellation of
the initial procedure with the CARTO mapping system.
Although these features do not shorten procedural times,
they provide more sustained acute and long-term results
compared with other sequential mapping techniques
(Table 1). Additionally, the AcQMap system creates more
complete anatomical reconstructions in significantly
shorter mapping times compared with the CARTO map-
ping system. Interestingly enough, in all these three cases
a first CA was attempted with the CARTO mapping sys-
tem. The initial procedures failed to relieve symptoms in
all three patients and there was no lasting effect on heart
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rate, as assessed by Holter ECGs during the follow-up vis-
its. Comparing the maps acquired using the CARTO sys-
tem to the maps acquired with the AcQMap system, we
observed a difference in the locations of activation sites in
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Prananatinn Hictaru(C)

Propagation History(C)
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all three patients (Figure 2). Consequently, we can affirm
that the AcQMap mapping technique is more accurate in
localizing early activation sites and it provides a crucial
added value for the ultimate elimination of IAST.

FIGURE 2 Panel A, C and E shows
CARTO maps from the initial procedure
for every patient. In panel B, D and F
AcQMap acquisitions are presented

for every patient. In all three patients,
these ultrasound-based maps offer more
realistic anatomical reconstruction than
the CARTO maps showed in panel A,
w C and E. In every patient, a difference
between the locations of the activation
sites can be observed when comparing the
CARTO to the AcQMap images
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4 | LIMITATIONS

The small number of patients represents the major limita-
tion of this report, which is due to the rare nature of the ar-
rhythmia. Despite these promising results, future studies
are required in order to prove the efficacy and efficiency
of this novel mapping method in the treatment of IAST.
Due to the small number of patients, data pooling should
be considered. Considering that in all three patients the
ablation procedures with AcQMap were redo procedures,
we cannot exclude the possibility that the RF application
in the first sessions may have shifted the earliest site of
tachycardia. However, this is less likely in three consecu-
tive patients. Further specific randomized studies are re-
quired for clarification.

5 | CONCLUSION

The current report suggests that the AcQMap mapping
system may offer advantages over traditional sequential
mapping systems in the treatment of symptomatic IAST.
It may be considered for redo after failure of initial proce-
dure, as well as for first-line therapy. Further research is
needed to more rigorously demonstrate the advantages of
this system.
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