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Linear Lesions Guided by Noncontact Mapping. This case report describes the histopathologic
� ndings associated with two left ventricular, linear radiofrequency lesions in a patient who underwent
cardiac transplantation shortly after an ablation procedure for ventricular tachycardia. The lesions were
created with conventional ablation equipment guided by a noncontact mapping system. The � ndings
provide pathologic validation that continuous, linear lesions are feasible using a noncontact mapping
system for guidance. (J Cardiovasc Electrophysiol, Vol. 13, pp. 79-82, January 2002)
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Introduction

The reentrant circuit during monomorphic ventricular
tachycardia (VT) in patients with coronary artery disease
usually involves a critical endocardial isthmus that can be
targeted with catheter ablation.1 ,2 Occasionally, the isthmus
is broad and a linear lesion is required for successful abla-
tion.3 -5 Because � uoroscopy provides poor resolution during
intracardiac catheter manipulation, creation of linear lesions
with contiguous applications of radiofrequency energy is
dif� cult. We describe the pathologic � ndings associated
with two endocardial, linear lesions created in a patient with
ischemic VT using the non� uoroscopic guidance of the
EnSite 3000™ mapping system (Endocardial Solutions,
Inc., St. Paul, MN, USA)6 ,7 and conventional ablation
equipment.

Case Report
A 57-year-old man with coronary artery disease, left ven-

tricular ejection fraction of 0.15, and congestive heart failure
received multiple shocks from his implantable de� brillator. He
had undergone three previous catheter ablation procedures for
recurrent VT. The stored intracardiac electrograms demon-
strated VT at 130 to 135 beats/min.

The patient underwent a catheter ablation procedure 5
days after admission. Intravenous amiodarone and oral mexi-
letine were discontinued the night before the procedure. A
retrograde aortic approach was used to position an EnSite
balloon catheter and a quadripolar Blazer™ ablation catheter
with a 4-mm distal electrode (EP Technologies Inc., San Jose,
CA, USA) into the left ventricle. Multiple VTs were induced by
programmed stimulation. The VTs were associated with he-
modynamic collapse and were dif� cult to pace-terminate. Fol-
lowing several internal cardioversions, the patient had spon-
taneous monomorphic VT that was associated with a systolic
blood pressure of 100 mmHg. The VT had a left bundle branch

block, inferior-axis morphology, and cycle length of 660 msec.
This VT was targeted for ablation.

The noncontact mapping system was used to construct
virtual, endocardial, isopotential maps of the spontaneous VT
using a high-pass � lter of 8 Hz with a color gain between 0.000
and 2 0.090 mV (Fig. 1). A line was drawn on the isopotential
map that transected the presumed isthmus of the VT reentrant
circuit. The locator signal of the EnSite system was used to
guide navigation of the ablation catheter. Thirteen contiguous
radiofrequency current applications were delivered to the left
ventricular posterior septum to create a linear lesion that
transected the isthmus using a standard radiofrequency gen-
erator (EP Technologies). Current was delivered at each site
for 60 seconds using automatic temperature control with a
maximum power setting of 50 W and a target temperature of
65° to 70°C. After creation of the linear lesion, the targeted VT
was no longer inducible.

Programmed stimulation resulted in induction of VT with a
cycle length of 400 msec that was not hemodynamically toler-
ated. The presystolic zone of the reentrant circuit was identi-
� ed using the isopotential maps (Fig. 2). Using the same tech-
nique that was used to create the � rst linear lesion, 19
contiguous radiofrequency energy applications were delivered
to the anterior left ventricular septum, approximately parallel
to the previous line. After the second linear lesion, this VT also
was no longer inducible.

The patient developed progressive heart failure and under-
went implantation of a left ventricular assist device 5 days
after the ablation procedure. Ten days after the ablation pro-
cedure, he underwent successful cardiac transplantation. The
heart was examined following cardiac transplantation.

Inspection of the endocardium revealed two linear lesions
along the left ventricular septum (Fig. 3). Each lesion appeared
grossly as a linear, tan discoloration with a surrounding dark,
ecchymotic border. The individual lesions were contiguous or
overlapping, and the width of each linear lesion ranged from 8
to 14 mm. The more posterior of the two lesions continued
beyond where the heart had been transected, but the visible
portion had an irregular border, was along a groove, was at
least 34 mm long, and was 8 mm deep at the base of the septum
(Fig. 4). The more anterior of the two lesions had straight
edges along the endocardium, was located on a convex portion
of the septum, was 27 mm long, and was 6 mm deep at the base
of the septum. In addition to the linear lesions, there were
spotty lesions along the septum and posterior wall believed to
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represent chronic lesions from previous catheter ablation pro-
cedures.

Microscopic analysis of the two linear lesions revealed con-
� uent coagulation necrosis with hemorrhage. There was no
normal myocardium within the necrotic areas.

Discussion

The patient underwent an ablation procedure for VT in
which an attempt was made to connect sequential, focal,
radiofrequency lesions using the locator signal of a noncon-
tact mapping system, with the goal of creating two linear
lesions in the left ventricle. Inspection of the heart following

cardiac transplantation revealed continuous, endocardial le-
sions in the anticipated locations. The accuracy of the lo-
cator signal of the noncontact mapping system used in this
case has been shown to be within 0.8 mm in a saline-� lled
tank simulation8 and 1.0 mm in the canine atrium.9 The
present case provides human pathologic evidence that con-
tinuous linear lesions are feasible in the left ventricle using
conventional radiofrequency ablation guided by the locator
signal of a noncontact mapping system.

There are two previous reports of the anatomic and
histologic characteristics of radiofrequency lesions in the

Figure 1. Sequential isopotential maps of the � rst ven-
tricular tachycardia (VT) that was targeted for ablation.
Each map is displayed on a three-dimensional endocar-
dial reconstruction with the posterior wall cut away to
view the anterior and septal endocardium, and is ori-
ented with the apex at the top of the picture, aortic (ao)
out� ow at the bottom, septum (sept) to the left, and
lateral (lat) wall to the right. The virtual electrograms
recorded during VT from the area of the � rst ablation
line are displayed in the center. Each vertical line
represents the time at which the isopotential map was
recorded in A through C. (A) Isopotential map of VT at
a time of 80 msec before the onset of QRS. (B) Isopo-
tential map of VT at a time of 33 msec before the onset
of QRS. (C) Isopotential map of VT at a time of 20 msec
before the onset of QRS. (D) The linear lesion that was
created for the � rst VT is shown and was created to
transect the presystolic conduction path. Each radiofre-
quency lesion that was delivered to achieve a line of
block is denoted with a magenta circle.

Figure 2. Sequential isopotential maps of the second
ventricular tachycardia (VT) that was targeted for
ablation. The orientation and abbreviations are the
same as in Figure 1. The virtual electrograms re-
corded during VT from the area of the second abla-
tion line are displayed in the center. Each vertical line
represents the time at which the isopotential map was
recorded in A through C. (A) Isopotential map of VT
at a time of 35 msec before the onset of QRS. (B)
Isopotential map of VT at a time of 20 msec before the
onset of QRS. (C) Isopotential map of VT at a time of
0 msec before the onset of QRS. (D) Both linear
lesions that were created in this patient are shown.
The lesion on the right was the second lesion created.
Each radiofrequency lesion that was delivered to
achieve a line of block is denoted with a magenta
circle.
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left ventricle in humans.10 ,1 1 The � rst report described focal
lesions using a standard radiofrequency ablation catheter.
Lesions ranged from 2 to 10 mm in width and up to 3 mm
in depth. The second report described lesions created
using a saline-cooled radiofrequency catheter. The lesion
depth was up to 7 mm. The only human pathologic report
of a linear endocardial lesion is a histopathologic descrip-
tion of a linear endocardial scar after radiofrequency
ablation of the low, right atrial isthmus for atrial � utter in
a patient who underwent cardiac transplantation 4 months
later.1 2

Thomas et al.13 used a hand-held device and radiofre-
quency current to create linear, endocardial, atrial lesions
intraoperatively in patients with atrial � brillation. Despite
direct visualization at open heart surgery, discontinuities in
the linear lesions were common and resulted in postopera-
tive atrial � utter. The ventricular lesions in the present case
were not transmural. However, microscopic analysis of the
endomyocardial radiofrequency lesions in this case demon-
strated con� uent necrosis without viable myocardium
within the lesions.

In summary, the present case provides pathologic vali-

Figure 3. The heart has been transected basally at the level of the aortic root
(Ao) and the posterior wall (POST) has been cut from the base to the apex. The
heart is opened to view the endocardium and is oriented with the apex at the
top of the picture, base at the bottom, septum (SEPT) to the left, lateral wall
(LAT) to the right, and anterior wall (ANT) in the center. A centimeter ruler is
positioned at the bottom of the picture for scale. A portion of the hose from the
left ventricular assist device (LVAD) is sewn to the apex of the heart and is cut
open along the posterior aspect. Two linear endomyocardial lesions are visible
along the left ventricular septum (dotted lines). The septum is cut at the level
of the basal aspect of each lesion to permit better visualization of the deeper
portions of the lesions. Each lesion is continuous, and the width of each lesion
ranges from 8 to 13 mm. The more posterior of the two lesions is on the left
and continues beyond where the heart had been transected, but the visible
portion had an irregular border, is along the groove between the septum and
posterior wall, and is at least 34 mm long. The more anterior of the two lesions
is on the right, has straight edges, is located on a convex portion of the septum,
and is 27 mm long. The location of the lesions correlates with the location of
the lesion sets that were marked on the virtual endocardium displayed by the
noncontact mapping system. Because the heart is cut and opened, the orien-
tation of the heart in this � gure is not the same as the orientation of the
endocardial reconstruction of the mapping system. There are endocardial
scars (*) anteriorly that most likely represent lesions from previous catheter
ablation procedures.

Figure 4. Cross-section of the more posterior septal
lesion (arrow) is shown in this � gure viewed from the
base of the heart. The ruler on the right demonstrates
that the depth of the lesion at this level is 8 mm and the
width is 14 mm. Abbreviations as in Figure 3.
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dation that continuous linear lesions are feasible using con-
ventional radiofrequency ablation and a noncontact map-
ping system.
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