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Abstract 

Background: The Advisor™ HD Grid Mapping Catheter (Abbott Technologies, Minneapolis, MN) has been recently 
introduced. Although the clinical use of HD Grid mapping catheter is well described in adults with no congenital 
heart disease, there is limited data on the feasibility of using the HD Grid multipolar catheter to create voltage and 
activation mapping in adults with congenital heart disease. The purpose of this study was to evaluate the safety and 
technical feasibility of using the Advisor™ HD Grid mapping catheter during the catheter ablation of atrial arrhythmias 
in adults with congenital heart disease. We included 6 consecutive adults with congenital heart disease suffering from 
atrial arrhythmias in our study. The HD Grid mapping catheter was used to perform voltage and activation mapping.

Results: Six patients with congenital heart diseases (d-TGA n = 1, Tricuspid atresia n = 1, atrioventricular defect repair 
n = 1, secundum atrial septal defect n = 1, double-inlet single-ventricle n = 1, Tetralogy of Fallot = 1); majority (84%) 
male, with the mean age was 35 ± 10 years included in our series. The mean ablation duration and the fluoroscopy 
time were 789 ± 433 and 502 ± 355 s, respectively. The mean radiation dose was 7.52 ± 9 milliGy/cm2. The HD Grid 
mapping catheter was used successfully for entire arrhythmia mapping in 5 out of 6 cases. During one procedure, HD 
Grid mapping catheter could not be used for the entire mapping due to suboptimal reach through baffle puncture. 
The acute success rate of ablation was 100% with no immediate complications.

Conclusions: The use of HD Grid mapping catheter is a safe and valuable adjunct to accurately create voltage and 
activation mapping in ACHD patients undergoing radiofrequency catheter ablation. However, a contact force-sensing 
ablation catheter should be considered in conjunction to supplement data acquisition in challenging anatomy and 
substrates.
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Background
Adults with complex congenital heart disease (ACHD) 
may develop symptomatic drug-refractory arrhythmias 
requiring electrophysiology (EP) studies and catheter 
ablations. The arrhythmia substrates include scars from 

previous cardiac surgeries, abnormal cardiac anatomy 
and changes in electrophysiological properties of the 
myocardium due to chronic myocardial remodelling [1, 
2]. The dominant mechanism of atrial arrhythmias (AA) 
in ACHD population is intra-atrial-re-entrant tachy-
cardia (IART) which manifest as macro-reentry atrial 
tachycardia (MAT), atrial flutter (AFL) and focal atrial 
tachycardia [3]. Catheter ablation of AAs in ACHD 
patients is generally challenging considering the modified 
cardiac anatomy and extensive tachycardia substrates.
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Conventional ablation involves local bipolar and uni-
polar electrograms (EGM) including the amplitude and 
morphology to identify ablation targets, but their inher-
ent drawbacks limit their accuracy, especially in complex 
ACHD substrates [4].

Studies have demonstrated that the use of three-
dimensional electroanatomic mapping systems to guide 
atrial arrhythmia ablation in ACHD patients are associ-
ated with better clinical outcome [5, 6]. Traditionally, 
either the ablation catheter or a circumferential mapping 
catheter is utilized to create the geometry of the chamber 
of interest and to perform the activation mapping. Owing 
to their complex cardiac anatomy, the mapping pro-
cess is often time-consuming and challenging in ACHD 
patients. Often, these patients have multiple inducible 
arrhythmias, so repeated mapping is time-consuming 
and also makes the procedure long.

Recently, the Advisor™ HD Grid Mapping Catheter 
(Abbott Technologies, Minneapolis, MN) has been intro-
duced. This catheter is uniquely designed in a steerable 
bidirectional platform with a grid consisting of 16 equi-
distant electrodes across 4 splines with 3–3.3 mm spac-
ing allowing precise electrogram acquisition. One study 
reported that the HD Grid mapping catheter (HGMC) 
could facilitate rapid and accurate high resolution atrial 
mapping for catheter ablation of atrial tachycardia and 
atrial fibrillation in non-ACHD patients [7].

HGMC theoretically would be a very well-suited diag-
nostic catheter for ACHD cases, but the data concerning 
the role of HGMC to guide catheter ablation in ACHD 
population with abnormal anatomy is not available. The 
purpose of our study was to assess the feasibility and 
safety of using the HGMC to facilitate the catheter abla-
tion in patients with ACHD.

Methods
This case series includes six consecutive ACHD patients 
referred to our centre for EP study and catheter ablation 
of drug refractory symptomatic AAs. They underwent 
pre-procedural cardiac computed tomography to deline-
ate substrate anatomy. All antiarrhythmic drugs were dis-
continued at least five half-lives prior to the procedure.

EP study and ablation
AAs were induced using the programmed atrial stimu-
lation protocol unless the patient was already in AA on 
arrival at the EP laboratory. Ensite Precision cardiac 
three-dimensional mapping system (St. Jude Medical, St. 
Paul, Minnesota), HGMC and TactiCath™ Contact Force 
Ablation Catheter was used for or all cases. The geometry 
of the chamber(s) of interest was created initially with a 
force sensing catheter (TactiCath) to delineate appropri-
ate shell (contact force 5–10 gm) to ensure optimal endo-
cardial contact with HGMC followed by deployment of 
the HGMC. A decapolar catheter was placed in the coro-
nary sinus or superior vena cava as a reference point for 
geometry creation and arrhythmia activation mapping.

Results
Baseline characteristics
Six ACHD patients were included in the study. Five (84%) 
were male with mean age 35 ± 10 years. The mean abla-
tion duration and the fluoroscopy time were 789 ± 433 
and 502 ± 355  s, respectively. The mean radiation dose 
was 7.52 ± 9  mGy/cm2(Additional clinical details are 
available in Table 1). The mean total collected points dur-
ing the activation mapping of IARTs and the mean acti-
vation mapping time were 5413 ± 2376 and 11 ± 8  min, 
respectively (Table 2).

Table 1 Clinical and electrophysiological characteristics of patients

IART  intra-atrial re-entrant tachycardia, d-TGA  dextro-transposition of the great arteries

Patient 
number

Age (Y) Gender Type of congenital 
heart disease

Type of tachycardia Procedure performed Ablation 
duration 
(Second)

Fluoroscopy 
time (Second)

Radiation 
dose (Gy/
cm2)

#1 32 Female d-TGA IART Critical Isthmus abla-
tion

402 1008 3.35

#2 38 Male Tricuspid atresia IART Substrate modification 1218 444 4.55

#3 50 Male Tetralogy of Fallot IART Substrate modification 774 672 23.5

#4 23 Male Atrioventricular septal 
defect

IART Critical Isthmus abla-
tion

320 78 1.07

#5 76 Male secundum atrial septal 
defect

Atrial fibrillation Pulmonary veins 
isolation

4935 354 3.76

#6 35 Male Double-inlet single-
ventricle heart and 
TGA 

IART Critical Isthmus abla-
tion

1233 312 5.13
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Patient #1
In this patient with atrial baffle, the presenting rhythm 
during the procedure was atypical AFL with the cycle 
length (CL) of 296  (ms). The Mustard baffle was punc-
tured with transesophageal echocardiography guidance. 
Use of HGMC was easy in the superior vena cava (SVC) 
and inferior vena cava (IVC) baffles and the systemic 
venous atrium. However, HGMC was unable to reach 
the inferior aspect of the pulmonary venous atrium, 
due to the position of the baffle puncture, with resultant 
incomplete data acquisition. The TactiCath was used to 
supplement activation mapping data. The tachycardia 
was propagating around the right-sided atrioventricu-
lar valve (AV) annulus in a counter-clockwise fashion 
(Fig. 1). The right-sided AV valve to IVC isthmus region 

was successfully ablated anterior and posterior to the 
baffle and bidirectional electrical conduction block was 
achieved. There was no inducible AA post procedure.

Patient #2
In this patient with univentricular physiology, we were 
unable to induce any tachycardia in the EP laboratory. 
After initial Fontan geometry creation with TactiCath 
(5–10 gm force), voltage and activation map during 
sinus rhythm was performed with HGMC, revealing 
two potential isthmus areas with critically slow conduc-
tion; one located posterosuperiorly between right atrial 
wall scar and the superior vena cava and the second area 
was between the right side of atrioventricular groove and 

Table 2 IART activation map and substrate map characteristics

IART  intra-atrial re-entrant tachycardia, PVI pulmonary vein isolation

Patient # Type of map Total points collected during 
mapping

Map point used Time to map

1 IART activation map 8108 1495 6 min 8 s

2 Substrate map 3186 1518 32 min 26 s

3 Substrate map/IART activation map 8597 2350 35 min 24 s

4 IART activation map 4512 1075 7 min 7

5 Substrate map (pre and post PVI) 6115 1592 17 min 11 s

6 IART activation map 3619 1394 21 min 22 s

Fig. 1 The right anterior oblique view-the left image- and the left anterior oblique view -the right image- are demonstrating the macrorentry AA 
that is propagating around the right-sided atrioventricular valve annulus (morphologic tricuspid valve) in a counter-clockwise fashion. The patient 
had history of D-transposition of great arteries status post Mustard procedure and superior vena cava stenosis requiring stenting
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the inferior vena cava (Fig. 2). These isthmus areas were 
ablated. There was no inducible AA post procedure.

Patient #3
This patient with repaired Tetralogy of Fallot had a very 
dilated right atrium (RA). The RA geometry was initially 
created using the ablation catheter (TactiCath). HGMC 

guided voltage mapping identified an area of scar in the 
posterior inferior RA (Fig. 3). An IART with CL of 380 ms 
was induced following a programmed atrial stimulation 
which was mapped with HGMC. After initial ablation, 
HGMC also identified an area on the posterior aspect of 
the RA which was giving rise to a significant amount of 
premature atrial complexes. The critical isthmus area and 

Fig. 2 The voltage mapping of the atrium revealed two areas with critically slow conduction. One located posterosuperiorly between right atrial 
wall scar and the superior vena cava and the second area was between the right side of atrioventricular groove and the inferior vena cava. The 
patient had history of tricuspid atresia, pulmonary stenosis, bilateral modified Blalock Shunt and Fontan Procedure

Fig. 3 The voltage mapping of the right atrium identified the tachycardia substrate in posterior inferior lateral wall of the right atrium which was 
successfully ablated. The patient had history of Tetralogy of Fallot required several surgical repairs
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the premature atrial complex focus were ablated success-
fully. The tachycardia was non-inducible post ablation.

Patient #4
This patient with repaired atrioventricular septal defect 
presented with an IART with the CL 244  ms in the EP 
laboratory. After creating the initial endocardial shell of 
the RA with TactiCath, the voltage and activation map-
ping of the IART were performed using the HGMC. The 
activation map was suggestive of a right AV valve to IVC 
isthmus-dependent clockwise flutter (Fig. 4). The isthmus 
region then was successfully ablated and bidirectional 
block was achieved. No arrhythmia was inducible post 
ablation.

Patient #5
This 76-year-old patient with large unrepaired atrial 
septal defect with pulmonary hypertension and decom-
pensated heart failure underwent bilateral pulmonary 
vein isolation (PVI) procedure for drug refractory per-
sistent atrial fibrillation. After creating initial endo-
cardial shell with TactiCath, the HGMC was used to 
perform left atrial geometry and voltage mapping. 
Following PVI, the left atrial voltage mapping was 

repeated. This revealed acute reconnection of left supe-
rior pulmonary vein and right inferior pulmonary vein 
PV requiring re-ablation which was successfully per-
formed (Fig. 5).

Patient #6
In this 35-year-old patient with Fontan circulation, the 
initial endocardial geometry of the classical Fontan 
shell was created with the TactiCath, the HGMC was 
used to create the RA and Fontan circuit geometry. Fol-
lowing programmed atrial stimulation, a IART with CL 
of 300 ms was induced. The activation mapping showed 
that AFL was using the isthmus between the right-sided 
AV valve and the IVC and a part of the Fontan circuit 
(Fig. 6). The isthmus area was successfully ablated, bidi-
rectional block was achieved and the tachycardia was 
non-inducible post procedure.

Complications
There was no acute procedure-related or HGMC use 
related-complications.

Fig. 4 The right anterior oblique (left image) and left anterior oblique views (right image) of the activation map were consistent with 
CTI-dependent clockwise right atrial flutter. The His Cloud (white arrows) was 16 mm away from the ablation site. The patient had history of 
atrioventricular septal defect required surgical repair as well as persistent left sided superior vena cava
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Follow‑up
All patients have remained asymptomatic and with no 
evidence of the recurrence of original arrhythmias on 
ECG or Holter monitor during 6-month follow-up.

Discussion
This study demonstrated that HGMC is a useful adjunct 
to perform high density activation and substrate mapping 
in complex atrial ablations in a series of ACHD patients 
and result in relatively short mapping and procedural 
times with excellent immediate and short term success.

The unique configuration of the HGMC includes a 
paddle consisting of 4 × 4 grid of 16 equidistant elec-
trodes across 4 splines with 3–3.3  mm spacing (Fig.  7). 
These specifications allow fast and accurate high-density 
bi-dimensional bipolar recording along and across the 
splines required for substrate and activation mapping.

Unlike traditional mapping catheters which only record 
bipolar signals in one direction, HGMC has the ability of 
performing uninipolar mapping that allows greater map-
ping sensitivity regardless of wavefronts’ direction of 
activation. The ability of HGMC to simultaneously record 
bipolar EGMs along and across the splines (orthogonal 
bipolar EGMs) at the same location enables the mapping 
system to choose the best EGM with the highest peak-
to-peak voltage to create high-definition map (HD wave 
solution) [8].

The bidirectionality of HGMC enables the catheter 
to reach up to 35  mm in D curve and up to 42  mm in 

Fig. 5 Post PVI voltage mapping revealed acute reconnection of 
left superior pulmonary vein and right inferior pulmonary vein. The 
patient had history of secundum atrial septal defect

Fig. 6 The activation mapping of showed that AFL was using the isthmus between the right-sided atrioventricular valve and the inferior vena cava 
and a part of the Fontan circuit The patient had history of double-inlet single-ventricle heart with transposition of great arteries required several 
surgical repairs including Blalock shunt and classic Fontan procedure connecting right atrium to pulmonary artery.
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F curve flexion which makes it very useful to reach the 
target of interest in very large chambers of interest, espe-
cially very dilated cardiac chambers like atrio-pulmonary 
Fontan circuits.

We did not notice any discernible arrhythmogenicity 
of HDMC, presumably due to the flexibility. However, we 
had to be cautious with its manoeuvrability in relatively 
stiffer cardiac anatomy like intracardiac baffles and near 
calcified areas and prosthetic valves. Also, the catheter 
needs to be negotiated carefully in smaller structures as 
coronary sinus and smaller pulmonary veins.

Hong et  al. demonstrated that in non-ACHD popula-
tion undergoing PVI, the HGMC could rapidly and accu-
rately assess bidirectional conduction block along the line 
of ablation as well as identifying areas of acute reconnec-
tion [7]. In our ACHD patient with AF who underwent 
PVI, the HGMC similarly was able to quickly identify the 
points of acute reconnection.

In our experience of using HGMC for ACHD cases 
with IARTs and AF was safe and valuable. The catheter 
was able to rapidly and accurately collect electrogram 
data samples in order to create substrate and activation 
mapping in these anatomically complex patients. The 
HGMC was able to collect very high number of points 
to create the maps in relatively short period of time in 
patients with complex cardiac anatomy. These advan-
tages of the HGMC could potentially reduce ablation 
time, fluoroscopy time and radiation dose.

This important observation needs to be validated in a 
larger study where the performance HGMC and conven-
tional mapping catheters could be compared in ACHD 
population. Due to the close inter-electrode spacing, 
another capability of HGMC was, recognizing the tachy-
cardia substrate(case#2&3), especially in the presence of 
a scar.

One of the disadvantages of using HGMC that we 
encountered was the HGMC’s limited manoeuvrabil-
ity in small or non-distensible cavities (e.g. atrial baffles 
in Mustard circuit)and potential of generating relatively 
high wall tension if used for shell geometry creation as 
the primary tool as the tactile feedback of the HGMC 
itself is unreliable.

In certain areas of ACHD anatomy and in several pae-
diatric patients, HGMC may be too large and therefore 
difficult to manoeuvre, so supplemental data acquisition 
with a smaller catheter is required. We therefore propose 
the manufacturer could also consider producing HGMC 
with a smaller grid and spines that would be suitable to 
use in smaller structures like the coronary sinus, pulmo-
nary veins, perivalvar substrates, etc., not only for ACHD 
patients but also the paediatric population.

Study limitation
The present study was a small case series that has its own 
limitations. However, we were able to demonstrate that 
using HGMC in ACHD patients with AA is feasible and 
safe. There are significant anatomical and substrate vari-
abilities in ACHD population which limit the scope of 
larger studies.

Conclusions
The HGMC identifies areas of potential electrical isth-
muses and reconduction in complex ACHD atrial 
arrhythmias. The rapid data acquisition of the HGMC 
facilitates fast detection and analysis of arrhythmias and 
results in potentially low procedure times and radiation 
exposure for the patient and the health care providers. 
The role of HGMC may be limited in some ACHD anato-
mies, but when used judiciously and in conjunction with 
other catheters, the HGMC use is feasible and safe in 

Fig. 7 The Advisor™ HD Grid catheter is a bidirectionally steerable mapping catheter that has four splines consisting of 4 electrodes each. 
Inter-electrode spacing is 3 mm equally across and along the splines
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complex ACHD population undergoing radiofrequency 
ablation procedures.
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