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chapter

3-D Distribution of Bipolar
Atrial Electrogram Voltages in
Patients with Congenital
Heart Disease

Natasja M.S. de Groot, Aaf F. M. Kuijper, Nico A. Blom,
Marianne Bootsma, Martin J. Schalij



Abstract

Introduction: Voltage differences might be used to distinguish normal atrial tissue
from abnormal atrial tissue. This study was aimed at identifying lowest voltage
areas in patients with atrial tachycardia after surgical correction of congenital heart
disease and to evaluate whether identification of these areas in diseased hearts
facilitates selection of critical conduction pathways in reentrant circuits as target

sites for catheter ablation.

Methods and Results: Ten patients (4 male, 39 + 15 yr) with normal sized atria
and atrio-ventricular reciprocating tachycardia (control group) and ten patients (5
male, 32 + 7 yr.) with congenital heart disease and post-operative atrial tachycardia
(CL =281 + 79 ms) referred for radiofrequency catheter ablation were studied.
Mapping and ablation was guided by a 3-D electro-anatomical mapping system
(CARTO) in all patients. In the control group, voltage maps were constructed
during sinus rhythm and during tachycardia to evaluate the voltage distribution.
The amplitude of bipolar signals was 1.90 + 1.45 mV (0.11-8.12 mV, n = 660)
during sinus rhythm and 1.45 £ 1.66 mV (0.12-5.83 mV, n = 440, p <0.05) during
atrio-ventricular reciprocating tachycardia. In the study group, the amplitude of
1962 bipolar signals during tachycardia was 1.01 = 1.19 mV (0.04-9.40 mV), which
differed significantly from the control group during tachycardia (p <0.0001).

No significant difference in the tachycardia cycle length between the control and
study group was found (p <0.05).

As the lowest voltage measured in normal hearts was 0.1 mV, this value was used
as the upper limit of the lowest voltage areas in the patients with congenital heart
disease. These areas were identified by detailed voltage mapping and represented
by a gray color. Activation and propagation maps were then used to select critical
conduction pathways as target sites for ablation. These sites were characterized
by fragmented signals in all patients. Ablation resulted in termination of the
tachycardia in 8/10 (80%) patients. Complications were not observed.

Conclusion: ldentification of the lowest voltage areas using a cut-off value of
0.1 mV in congenital heart disease patients with post-operative atrial reentrant
tachycardia facilitated the selection of critical conduction pathways as target sites

for ablation.



Introduction

Atrial tachy-arrhythmias after surgery for congenital heart disease have become a more
frequently encountered clinical problem since patients with congenital heart disease have
an improved life expectancy due to the good results of surgical interventions." Reentry is
the mechanism causing most of these arrhythmias.> In these patients, delineation of the
reentrant circuit is often difficult, as these circuits may be complex with multiple exits, en-
trances, dead-end pathways and bystander-loops. This is the result of enlarged atria with
distortion of the anatomy by, for example, incisions, patches, baffles, and conduits.”®
Drug therapy, still the first choice treatment modality in most patients, is associated
with high recurrence rates. * If the arrhythmia recurs, anti-tachycardia pacing or radio-
frequency catheter ablation (RFCA) may serve as alternative treatment modalities.®™
RFCA of post-operative atrial tachycardia is targeted at areas of slow conduction, which
can be identified, by fragmented intra-cardiac signals and entrainment with concealed
fusion.”* The target areas for ablation are typically bounded by anatomical barriers such
as the AV annulus and surgical suture lines. '®

Accurate localization of these structures is therefore mandatory for successful ablation.
To facilitate 3-D reconstruction of the atria in these patients, the CARTO electro-ana-
tomical mapping system can be used.'®?'

Areas of abnormal atrial tissue can also form the border of a critical conduction pathway
in a reentrant circuit.?’ To distinguish normal atrial tissue from abnormal atrial tissue
voltage differences might be used. As the CARTO system allows on-line construction of
color-coded 3-D voltage maps, these maps can be used to identify low voltage areas,
that are scattered throughout the atrial wall and difficult to localize by a fluoroscopically
guided mapping technique.?’

However, until now, no study has compared the voltage distribution between patients
with normal and abnormal hearts. Therefore we evaluated the distribution of bipolar
signal voltages in patients with normal hearts and atrio-ventricular reciprocating tachy-
cardia and in patients with atrial tachycardia after surgical correction of congenital heart
disease in order to determine a cut-off value for the lowest voltage areas in abnormal
hearts. Our objective was to determine whether identification of these lowest voltage
areas facilitates the selection of critical conduction pathways in the reentrant circuits of

patients with post-operative tachycardia prior to ablation.
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Methods

Study Group

The study population consisted of 10 patients with atrial tachycardia after surgical repair
of congenital heart disease referred for RFCA. Prior to ablation, all patients underwent
full cardiac examination including 24-hour Holter monitoring and echocardiography. An
electrophysiological study was performed prior to the ablation procedure. Data regarding
cardiac diagnosis, surgical procedures, previous arrhythmias, usage of anti-arrhythmic
drugs, were obtained from patient files. During the procedure, Heparin was administered
intravenously to maintain an anti-clotting time of 2.5-3 times the control value for ad-
equate anticoagulation. Systemic blood pressure and heart rate were monitored continu-

ously. If necessary, patients were sedated with Midazolam and Fentanyl intravenously.

Control Group

The control group consisted of 10 patients referred for RFCA of an accessory pathway.
None of these patients had undergone prior cardiac surgery.

In both the control and study group, anti-arrhythmic drugs were discontinued at least 3

days prior to ablation.

Mapping System

Endocardial mapping was performed with the CARTO 3-D electro-anatomical mapping
system (Biosense Webster, USA).""® A 7F Navi-Star catheter (Biosense Webster,USA) with
a 7F 4 mm tip was used as mapping and ablation catheter. The tip of the catheter con-
tains 2 bipolar electrode pairs with an inter-electrode distance of 2 mm. Recordings from
a quadripolar 6F diagnostic catheter (Biosense Webster, USA) positioned into either the
right atrial appendage or the coronary sinus were used as a electric timing reference. After
amplification and filtering (bandwidth 10-400 Hz) the signals were multiplexed and dis-
played on a computer monitor. Programmed electrical stimulation applying up to three
extra-stimuli was performed with a constant current stimulator (Medtronic, USA) using

pacing stimuli at twice diastolic threshold with a 2 ms pulse width.

Mapping Procedure

After localization of anatomical landmarks (e.g. superior caval vein, tricuspid valve, His
bundle and surgical conduits), 3-D electro-anatomical activation and voltage maps of
the right atrium were constructed by sequential recording of signals at multiple sites. A
data point was accepted only when the variability in cycle length, local activation time
and maximum beat to beat difference of the catheter’s location were less than 2 % and 3
ms and 4 mm respectively. These parameters, combined with fluoroscopy and impedance
measurements were used to exclude signals with low amplitudes due to poor contact of

the catheter’s tip with the endocardial wall. Moving the catheter’s tip until the icon on



the screen bended against the virtual atrial wall further ensured the contact with the en-
docardial wall.

Activation maps were constructed by determining the local activation time for each re-
corded bipolar signal relative to the electric timing reference. Maximum amplitude of the
bipolar signal was used to define the local activation time. The amplitude of the bipolar
signals were measured automatically and used to construct voltage maps.

Points indicating anatomical structures were defined as location only and their ampli-
tude was not taken into account. Activation and voltage maps of the right atrium were
obtained in the control group during both sinus rhythm and tachycardia. Frequency dis-
tribution histograms were used to compare the frequency distributions of the signal’s
amplitude during sinus rhythm and atrio-ventricular reciprocating tachycardia. This fre-
quency distribution was assumed to represent the range of amplitudes of bipolar signals
present in normal atria.

In the study group, voltage maps were only constructed during tachycardia. The right
atrium was mapped in all patients. In patients who underwent a Mustard procedure, the
left atrium was mapped also.

The lower limit of voltages found in the control group was used as the upper limit for the
lowest voltage signals in the study group. Low voltage electrogram areas (<cut-off value)
were gray-colored and labeled as scar tissue, thereby signifying the most diseased areas of
atrial tissue. Finally, by combining information obtained from voltage -, activation -, and
propagation-maps, critical conduction pathways which are central common pathways of

the reentry circuit, were identified. These sites were target sites for RFCA.

Radiofrequency Ablation Procedure

After voltage- and activation- mapping, a temperature controlled radiofrequency catheter
ablation was performed (maximum tip temperature set at 70° C). Ablation was aimed
at creating lines of conduction block between anatomically or surgically created conduc-
tion barriers or between zones identified as scar tissue. Ablation was continued until the

tachycardia was terminated and no longer inducible.

Statistical analysis

All data are expressed as mean values = SD. An independent two-sample T test was used
to compare the tachycardia cycle length between the control group and study group.

An unequal independent T-test was used to compare 1) the amplitude of bipolar signals
recorded during sinus rhythm and tachycardia in the control group and 2) the mean am-
plitude of bipolar signals between the control group and study group during tachycardia.
Statistical significance was defined as p < 0.05.
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Table 1. Patient characteristics

Number 10

Male/ female 5/5

Age 32+ 7yr.
left atrial dimension (echocardiography) 5.0£0.9cm
interval operation-arrhythmia 17 + Syr.

Table 2. Patient pathology operation age at the time number of of the operation operations

1 transposition great arteries Mustard 3

2 tricuspid atresia (type IB) Fontan 7 2

3 tricuspid atresia (type 11B) Fontan 1 2

4 tricuspid atresia Fontan 3 4

5 atrial septal defect closure defect 5 2

6 double inlet ventricle Fontan 14 2

7 transposition great arteries Mustard 1 2

8 atrio-ventricular septal defect closure defect 15 2

9 transposition great arteries Mustard 1 1

10 tricuspid atresia Fontan 9 1

Table 3. Patient antiarrhythmic drug failed pacemaker lead AR drugs system

1 verapamil 1 AAI endocardial

2 amiodarone 3 AAl endocardial

3 amiodarone 4 AAI epicardial

4 amiodarone 1 - -

5 digoxin 1 - -

6 = ) = =

7 = 2 = =

8 sotalol 3 = =

9 sotalol 2 - -

10 sotalol 1 - -

Table 4.

Patient CL (ms) Points N Total Activation  Procedure time  Fluoroscopy Time
Time (ms) (min) (min)

1 417 236 385 320 70

2 245 203 285 300 64

3 434 216 411 296 44

4 225 173 131 100 7

S 270 192 308 315 17

6 266 330 316 253 51

7 236 192 214 230 38

8 270 184 267 228 23

9 250 242 250 360 67

10 200 202 200 276 42

+SD 28175 217 +43 277 + 80 268 + 68 42 +21




Results

Study population

The characteristics of the study group (n =10, 32 + 7 yr, 5 male) are summarized in Table
I. The anatomy before surgery included: Atrio-ventricular septal defect (1); Atrial septal
defect (1); Transposition of the great arteries (3); Double inlet ventricle (1); and Tricuspid
atresia (4). The age at the time of the initial operation ranged from 1-15 (6 £ 5) years. The
surgical procedures (Table II) included: closure of an atrial septal defect with a Dacron
patch (1); closure of an atrio-ventricular septal defect (1); Mustard (3) and Fontan (5)
procedures. Additional procedures preceding the Fontan operation included a classical
Glenn operation and the construction of a Blalock shunt.?»** Conduit replacement was
performed in two patients.

The interval from the time of the initial operation to the onset of the arrhythmia ranged
from 10 to 26 (17 £ 5) years. Before the ablation procedure, 8 patients used anti-arrhyth-
mic drugs and a pacemaker was implanted in 3 patents (Table IlI).

Control Group
All ten patients (39 + 15 yr, 4 male) had normal sized atria as established by echocardiog-
raphy and had no history of atrial flutter or atrial fibrillation.

Mapping Procedure

In the control group, right atrial activation maps were constructed during sinus rhythm
(CL =749 + 153 ms) and tachycardia (CL = 325 + 54 ms). The sinus rhythm and tachy-
cardia activation maps consisted of respectively 75 + 37 and 53 + 24 points with a total
activation time of 143 + 68 ms and 91 + 46 ms. The amplitude of 660 bipolar signals
recorded during sinus rhythm was 1.90 + 1.45 (0.11-8.12) mV whereas the amplitude of
440 bipolar signals recorded during tachycardia was 1.45 + 1.66 (0.12-5.83) mV (Figures
1 and 2). The amplitude of the remaining points was not taken into account as they rep-
resented anatomical structures. There was a significant difference between the amplitude
of bipolar signals during sinus rhythm and tachycardia (p <0.05). Activation maps were
obtained in all patients with congenital heart disease during tachycardia (CL = 281 + 75
ms, Table V). These activation maps consisted of 217 + 43 points with a total activation
time of 277 + 80 ms. The amplitude of 1962 bipolar signals recorded during tachycardia
was 1.01 + 1.19 (0.04-9.40) mV and differed significantly from the control group during
tachycardia (p <0.0001). No significant difference in the tachycardia cycle length be-
tween the control and study group was found (p <0.05). Again, the amplitude of points
indicating anatomical structures was not taken into account. As can be seen in Figure 3
the frequency distribution of the bipolar electrogram voltages shifted to lower values in
the study group as compared to the control group.

In the control group, the amplitude of the recorded bipolar signals, both during sinus

rhythm and tachycardia, was never lower than 0.1 mV. This value was therefore used as a
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Figure 1.

Frequency distribution of the amplitude of bipolar signals during sinus rhythm in the control group. The ampli-
tude of 660 bipolar signals recorded during sinus rhythm was 1.90 + 1.45 (0.11-8.12) mV. No signals with an
amplitude of <0.1T mV were recorded.

30+

frequency

Figure 2.

Frequency distribution of the amplitude of bipolar signals during tachycardia in the control group. The ampli-
tude of 440 bipolar signals recorded during tachycardia was 1.45 + 1.66 (0.12-5.83) mV. Again, no signals with
an amplitude of <0.1 mV were recorded.



400 1

300 1

frequency
g1
(=
(=]

100 1 L

Ghemwnoaomh =BG o0
O T T NN D OO NN
mV
B
= 30
o
o
[*]
o
o
8 20
[

vy wy ") wn wn wn n wy
o™ o) = w [rsl ~ 2] o
mV

Figure 3.

Frequency distribution of the amplitude of bipolar signals during tachycardia in the study group. The amplitude
of 1962 bipolar signals recorded during tachycardia was 1.01 + 1.19 (0.04-9.40) mV. + 10% of signals recorded
had an amplitude of <0.1T mV.

cut-offvalue for the lowest voltage areas in the study group. These low voltage areas (< 0.1
mV) were marked as scar tissue, and comprised 11 + 4 % of the points sampled from the
endocardial surface of the atria in patients with congenital heart disease.

An example of a right atrial voltage map recorded during tachycardia (CL =435 ms) in a
patient after a Fontan procedure is shown in Figure 4 (panel A, antero-posterior view).
The tricuspid valve and inferior caval vein were marked. Corresponding high and low volt-
age signals are shown. The amplitudes of these signals ranged from 0.017 mV to 3.69 mV.

Bipolar atrial signals with amplitudes <0.1 mV were labeled as scar tissue (gray colored

oL sadey>

aseasi(] JueaH [enuaduor) yim sjuaned ui saSejjop weaSoa1d3[] [eLy tejodig Jo uonnquisiq a-¢



CL 435 ms

. -
TV dirple

CL325 ms

— -
200 ms 200 ms

Figure 4.

Scar tissue mapping. The amplitudes of the recorded bipolar signals are indicated by the color legend at the top
of the map. Panel A: A right atrial voltage map in the antero-posterior view recorded in a patient with a tricuspid
atresia who underwent a Fontan procedure is shown. Low voltage areas are colored orange where as high volt-
age areas are colored purple. Bipolar atrial signals with amplitudes <0.1 mV were defined as scar tissue and
represented by the gray colored areas. Corresponding high and low voltage signals are shown.

Panel B: A right atrial voltage map recorded during tachycardia in a patient who underwent RFCA of an ac-
cessory pathway is shown in the antero-posterior view (panel B). No areas with amplitudes of <0.1 mV were
recorded. Corresponding signals recorded in this patient are shown.

SCV = superior caval vein, ICV = inferior caval vein, TV = tricuspid valve markings.

areas). A right atrial voltage map recorded during tachycardia (CL = 325 ms) in a patient
with a normal heart who underwent RFCA of an accessory pathway is shown in panel B
(antero-posterior view). No low voltage areas (<0.1 mV) were recorded. Corresponding
signals recorded are shown; the lowest amplitude recorded in this patient was 1.09 mV.

Figure 5 gives the computer reconstructed propagation map during tachycardia (same
patient shown in figure 4). The yellow line indicates the direction of the activation wave
front. A counterclockwise propagating wave front conducted slowly through the narrow
isthmus between the areas of scar tissue, before activating the remaining part of the RA.
During RF ablation, a line of block was created between the 2 areas of scar tissue. During

ablation, tachycardia was terminated and non-inducible.
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Figure 5.

Propagation maps during tachycardia recorded in the same patient shown in figure 4. The red areas represent
activated regions and the blue areas represent non-activated regions. The yellow arrows indicate the direction
of the wave front. A counter clockwise propagating wave front conducted slowly through a pathway (yellow
star) between 2 areas of scar tissue. RF ablation of this slowly conducting isthmus resulted in termination of
the tachycardia.

SCV = superior caval vein, ICV = inferior caval vein, TV = tricuspid valve marking.

After the careful reconstruction of voltage and propagation maps, RF current was applied
at areas of slow conduction bounded by scar tissue, anatomical structures, or surgical su-
ture lines. Each ablation site was marked, which facilitated the creation of complete lines
of conduction block. In this way, by selecting target sites for RFCA using both voltage-,
activation- and propagation maps, application of RF energy resulted in termination of the
tachycardia in 8/10 patients (80 %). In the 2 remaining patients, RF ablation resulted in
the induction of another and faster tachycardia. DC-shock cardioversion was necessary
in these 2 patients to restore sinus rhythm. In both patients, extensive areas of scar tissue

were found throughout the RA.
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In the patient with an atrial septal defect the line of block was created between two areas
of scar tissue in the inferior part of the RA. In the patient with the atrio-ventricular septal
defect the line of block was created between the tricuspid valve and the inferior caval vein.
In 5 patients who had undergone a Fontan procedure a line of block was created either
between 2 areas of scar tissue or between a scar tissue area and the atrio-pulmonary
conduit. Successful target sites for RFCA in three patients who had undergone a Mustard
procedure were located along the baffle and between areas of scar tissue located in the
anterior wall of the RA.

The mean procedure and fluoroscopy time was respectively 255 + 73 min and 39 + 23 min.

No procedural complications were observed.

Follow-up

After a follow-up period of 12 + 3 (3-11) months, one patient (with a tricuspid atresia
after a Fontan procedure) and had undergone a unsuccessful ablation procedure, died
due to hemodynamic deterioration during an episode of pneumonia (5 months after the
ablation procedure). No recurrences were observed in the other patients.



Discussion

We reported the use of a 3-D electro-anatomical mapping system (CARTO) for evalua-
tion of differences in the distribution of bipolar signal voltages in patients with normal

hearts during sinus rhythm and during atrio-ventricular reciprocating tachycardia and

in patients with atrial tachycardia after surgical repair of congenital heart disease. From

these data we defined a cut-off value for the lowest voltage areas, which were subsequent-
ly labeled as scar tissue in the congenital heart disease patients. Delineation of these areas

of scar tissue facilitated RFCA of post-operative atrial arrhythmias.

RFCA of post-operative reentrant tachycardia may be guided by conventional mapping
techniques, 3-D electro-anatomical mapping or non-contact mapping.®”-?"*%2> Conven-
tional mapping however is time consuming, and require long fluoroscopy times.® Fur-
thermore, multiple catheters are often required in order to locate the reentrant pathway
accurately.”

Regardless the mapping technique used, the major problem of mapping post-operative

atrial tachyarrhythmias, is the exact anatomical location of scar tissue and other struc-
tures in the atrium (like conduits). As scar tissue may serve as the border of a critical

conduction pathway in a reentrant circuit, it is of importance to delineate it correctly. Be-
cause of the fact that the atria of these patients are often diffusely diseased low amplitude
fragmented signals can be recorded at multiple sites. To discriminate scar tissue from

diseased but conducting tissue, Dorostkar et al. first used the CARTO system in operated

congenital heart disease patients with atrial tachyarrhythmias.?® They introduced the so-
called patch index, which is the ratio of the local impedance divided by the amplitude of
the local signal, as scar tissue is characterized by a high electrical impedance and a low
amplitude of the signal. From this study it became clear that a value of >200 {)/mV corre-
lated with either patch or diseased tissue and a value of 100 {0/mV correlated with normal

cardiac tissue. However, it is not possible (with the CARTO system) to automatically cal-
culate this patch index on-line, therefore the patch index is not suitable for identification
of scar tissue during an ablation procedure.

As the voltage of the recorded signals is displayed on-line, voltage mapping may serve as
an alternative approach to identify the lowest voltage areas. The use of unipolar signals,
by reflecting local electrical activity more accurately than bipolar signals, may be prefered.
However, the quality of unipolar signals is often negatively affected by electromagnetic
interference from equipment in the catheterization laboratory.?® This interference makes
it often difficult to distinguish fractionated low-amplitude signals, representing local elec-
trical activity, from far-field electrical activity. Therefore in this study, we used bipolar
signals. The amplitude of bipolar signals is in general influenced by the area of a dipole
layer, the distance between the dipole and the recording electrode, properties of the un-
derlying tissue, recording techniques, the inter-electrode distance, and the angle between

the activation wave front and the recording electrodes.?” The different angles between
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the activation wave fronts and the recording electrodes during sinus rhythm and during
tachycardia may explain the difference in voltage distributions found in the control group
during sinus rhythm and during tachycardia. Furthermore the high rate during tachycar-
dia may be responsible for the lower voltage (1.90 + 1.45 mV during sinus rhythm, 1.45 +
1.66 mV during tachycardia, p <0.05).

Comparing the results of the study group with the results of the control group, in which
the recording techniques and the inter-electrode distances were identical and assuming
a statistically similar distribution of angles between the wave fronts and the recording
electrodes, the different voltage distribution can only be explained by differences in the
properties of the underlying atrial tissue or by differences in the distance between the
bipolar recording electrode and the atrial tissue.

As the lowest voltage recorded in the control group during sinus rhythm and during tachy-
cardia, was respectively 0.11 mV and 0.12 mV, we have defined 0.1 mV as the cut-off value
of the lowest voltage signals. Each site at which a voltage of <0.1 mV was recorded was
therefore marked as scar tissue. Using this cut-off value, 11 + 4% of the points sampled
from the endocardial surface were labeled as scar tissue in patients with congenital heart
disease. As shown, scar tissue was found in more or less circumscribed areas throughout
the atria and was not limited to surgical suture lines, patches, baffles or conduits only.
The importance of demarcating regions of scar tissue prior to ablation is supported by the
observation that in all patients scar tissue formed at least one border of a critical conduc-
tion pathway during reentry.

Recently, Nakagawa and Jackman also demonstrated that delineation of scar tissue by
voltage mapping might facilitate RFCA of atrial tachycardia. However they used a cut-off
value of 0.5 mV.2" As shown in Figure 3, the use of this cut-off value in our patients would
have resulted in a significant increase of the low-voltage areas. Consequently we would
have missed some of the slow conduction pathways (Figure 4 A and Figure 5) critical for
the perpetuation of the reentrant tachycardia. Therefore, although the cut-off value of
0.1 mV may have resulted in an underestimation of the area of scar tissue, in combina-
tion with the activation and propagation maps it allowed us to reconstruct a reentrant
pathway in all patients.

In patients with congenital heart disease, structural damage of atrial myocardium is
caused by prior surgical interventions and/or hemodynamical overload. As a consequence
of this, separation of myocardial fibers by interposition of fibrous tissue occurs.?® This
deposition of fibrous tissue gives rise to low-amplitude, fractionated signals as it results
in widely separated myocardial fiber which are activated asynchronously.”” As shown, the
critical conduction pathways, being target sites for RFCA, exhibited fractionated activity,
indicating areas of slow and asynchronous conduction. In conclusion, accurate localiza-
tion of anatomical structures by voltage mapping and detailed activation mapping are

equally important to reveal the exact reentrant pathway in these patients.



Clinical Implications

Previous studies showed that target sites for RFCA in patients with post-operative atrial
reentrant arrhythmias are frequently located between anatomical structures and surgical-
ly created barriers like atrio-pulmonary conduits, atriotomy scars, patches and baffles.”
The results of our study emphasize the role of low voltage areas as they may serve as bor-
ders of a critical conduction pathway within a reentrant circuit. Therefore, 3-D scar tissue
mapping combined with activation and propagation maps may enhance the results of
RFCA of atrial tachy-arrhythmias in congenital heart disease patients.

Study Limitations

Although we used a number of different methods, as described above, to exclude poor
contact signals, some low amplitude signals could have been the result of poor contact of
the catheter’s tip with the endocardial wall.

In most studies regarding RFCA of post-operative atrial reentrant arrhythmias, selection
of target sites was based on entrainment techniques.” We did not use this technique
as pacing often did not result in capture of the myocardium and entrainment of these
complex reentrant circuits may cause a change in the reentrant pathway or results in the
induction of atrial fibrillation. If this occurs, a new activation map should be constructed
resulting in a significant prolongation of the procedure time.

Patients in the study group were only studied during tachycardia as most patients had
already a tachycardia at the beginning of the ablation procedure. Construction of an
activation map during sinus rhythm would have prolonged the procedure time and was
therefore not performed.

Though the initial results were promising, larger studies with a longer follow-up period
will be necessary to evaluate the long-term outcome of RFCA of post-operative atrial re-

entrant tachycardias in congenital heart disease patients.

Conclusion

RFCA may be a successful treatment modality in congenital heart disease patients with
post-operative atrial reentrant arrhythmias. Three-dimensional scar tissue mapping, as
described in this study, using a cut-off value of 0.1 mV for the discrimination between
scar tissue and conducting tissue in combination with activation- and propagation-maps
facilitated the outcome of RFCA in these patients.
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