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Abstract
Objective—To study the value of epicardial mapping through the coronary venous system in patients with sustained
ventricular tachycardia.
Design—20 consecutive patients with sustained ventricular tachycardia who were
candidates for radiofrequency ablation.
Setting—Electrophysiological laboratory.
Interventions—Coronary venous angiography was performed with a catheter,
which provided coronary sinus occlusion
during injection of contrast media.
Multipolar microelectrode catheters were
then manoeuvred into the tributaries of
coronary sinus, using an over-wire system
or an on-wire system. An endocardial
ablation catheter was positioned in the left
ventricle. Conventional programmed ventricular stimulation was performed for
sustained ventricular tachycardia induction. Endocardial radiofrequency ablation
was performed using impedance or temperature monitoring.
Results—Coronary veins were catheterised in all patients; 20 had induction of
sustained ventricular tachycardia, 14 were
stable. Presystolic epicardial electrograms were recorded in six patients and
concealed entrainment in two, helping as a
landmark for endocardial ablation. After
simultaneous epicardial and endocardial
mapping, successful endocardial radiofrequency ablation was achieved in nine of 14
patients with stable ventricular tachycardia (64%).
Conclusions—Epicardial mapping through
the coronary veins in patients with ventricular tachycardia is feasible, safe, and
can be a useful landmark for endocardial
catheter mapping and ablation.
(Heart 1998;79:59–63)
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In the majority of patients with ventricular
tachycardia, at least a portion of the reentrant
circuit involves the subendocardium.1 Endocardial catheter mapping techniques have
mainly been used in clinical practice and are
responsible for our current understanding
about the mechanisms and sites of origin of
ventricular tachycardia.2 However, intramyocardial and epicardial regions of slow conduction can be critical components of reentry
circuits,3 4 and might be better defined by epi-

cardial mapping than by conventional intracavitary mapping techniques. The coronary
venous system is a complex network with many
anastomoses5 but only the coronary sinus has
been used for diagnostic and therapeutic
interventions.6–9 Detailed studies of coronary
venous angiography have not been reported,
though they could provide important background information for epicardial mapping
through the venous system of the heart.
The aim of this paper is to describe the
anatomy of the venous system of the heart, and
to evaluate microelectrode catheter techniques
using the coronary veins for electrophysiological epicardial mapping in patients with sustained ventricular tachycardia.
Methods
PATIENTS

Twenty consecutive patients with sustained
clinical ventricular tachycardia were admitted
to the clinical cardiac electrophysiology section
of Paulista School of Medicine, Federal
University of Sao Paulo, and included in the
present investigation. There were 17 men and
three women, ages ranging from 35 to 76 years.
Five patients had a history of myocardial
infarction, three had idiopathic ventricular
tachycardia, and 12 had dilated cardiomyopathy (nine of chagasic aetiology). All patients
had Holter monitoring, electrophysiological
studies, and coronary and left ventricular angiography.
ANGIOGRAPHIC CATHETER PLACEMENT

After written informed consent had been
obtained, coronary venous angiography was
performed through the right internal jugular
vein using a 7 F occlusion catheter with a balloon located 10 mm from the tip to provide
coronary sinus occlusion (Electro-Catheter
Corporation, Rahway, New Jersey, USA) and
consequently better visualisation of the venous
system during injection of contrast media.10
After balloon inflation with 1.5 ml room air,
5–10 ml of contrast was delivered in the distal
and proximal segments of the coronary sinus.
Angiography was recorded in right anterior
oblique (30°) and left anterior oblique (45°)
projections.
ANGIOGRAPHIC ANALYSIS

Angiographic analysis was performed through
automated detection of the venous contours,
using the Cardiovascular Measurement System, version 3.0 (Medical Imaging Systems,
Neunen, the Netherlands). The 7 F coronary
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MICROELECTRODE CATHETER PLACEMENT

STATISTICAL ANALYSIS

After coronary venous anatomy was defined, an
El-Gamal type II guiding catheter (Medtronic,
San Jose, California, USA) was used for
cannulating the coronary veins selectively, and
multipolar microelectrode catheters were manoeuvred into the tributaries of the coronary
sinus, using either an over-wire system (Tracer,
Cardima, Fremont, California, USA) or an
on-wire system (Pathfinder, Cardima, Fremont, California, USA).

Results are presented as mean (SD). Statistical
comparisons were made using analysis of variance, Wilcoxon, and Tukey tests. Significance
was defined as p < 0.05.

Figure 1 Right anterior oblique coronary venous angiography performed with coronary
sinus occlusion technique. Coronary vein anastomoses are clearly seen in this patient. AIV,
anterior interventricular vein; CS, coronary sinus; PIV, posterior interventricular vein; PV,
left posterior vein.

VENTRICULAR TACHYCARDIA MAPPING

Conventional endocardial catheters for programmed ventricular stimulation, mapping,
and ablation were placed in the right and left
ventricle. Bipolar recording of epicardial and
endocardial electrograms filtered at 30 and
500 Hz were obtained during ventricular
tachycardia and recorded on a Bard Electrophysiology LabSystem version 2.56 or TEB-SP
12 (Tecnologia Eletronica Brasileira), at paper
Table 1

Angiographic anastomosis of coronary veins

AIV-PIV

PIV-LM

PIV-PV

AIV-LM

AIV-PV

19/20
(95%)

2/20
(10%)

11/20
(55%)

3/20
(15%)

9/20
(45%)

AIV, anterior interventricular vein; LM, left marginal vein; PIV,
posterior interventricular vein; PV, left posterior ventricular
vein.

Table 2

Left ventricular vein diameter
Distal calibre

AIV
PIV
PV

Mid-calibre

Proximal calibre

1.11 (0.20) mm 1.69 (0.29) mm 2.82 (0.79) mm
1.85 (0.56) mm* 2.10 (0.60) mm* 3.20 (1.09) mm
1.45 (0.27) mm* 2.40 (0.56) mm* 3.24 (0.81) mm

Values are means (SD).
*p<0.05 v AIV.
AIV, anterior interventricular vein; PIV, posterior interventricular vein; PV, left posterior ventricular vein.

Figure 2 Coronary venous angiography with anastomosis
connecting the anterior interventricular vein with the
posterior interventricular vein. Mapping of the anterior and
posterior walls of the left ventricle was possible using a single
microelectrode catheter. This patient had severe coronary
artery narrowings but normal coronary veins. Top, 30°
right anterior oblique; bottom, 45° left anterior oblique.
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sinus occlusion catheter was used for calibre
measurements. After length measurements,
three equal segments—proximal, middle, and
distal—were defined for each vein. Vein diameter was obtained in the mid-portion of each
segment.

speeds of 100 and 200 mm/s. After induction
of clinical sustained ventricular tachycardia
(similar to the documented spontaneous arrhythmia), bipolar microelectrode epicardial
mapping was obtained from the interventricular anterior vein, left ventricular posterior vein,
and interventricular posterior vein. If epicardial
or endocardial presystolic activation was recorded during ventricular tachycardia, pacing
with stimuli twice the diastolic threshold and
2 ms in duration was performed at these sites,
starting at cycle lengths of 20 to 40 ms shorter
than the ventricular tachycardia cycle length
and decreasing by 20 ms until the ventricular
tachycardia was entrained.2 If presystolic activation, fragmentation, or concealed entrainment were obtained from one of these veins
during epicardial mapping, this position was
subsequently used as a landmark during endocardial catheter mapping and ablation. Success
of radiofrequency (RF) ablation was defined as
termination and non-inducibility of sustained
ventricular tachycardia after endocardial RF
application.
During mapping, intravenous heparin
5000 IU was given as a bolus, followed by
1000 IU/h as an infusion, which was maintained to the end of the procedure.
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PROGRAMMED VENTRICULAR STIMULATION

Conventional programmed right ventricular
stimulation induced sustained ventricular
tachycardia in all patients. Mean (SD) cycle
length of ventricular tachycardia was 334
(62) ms. Mapping was possible in only 14
patients; in six patients ventricular tachycardia
was unstable despite the use of procainamide,
and required termination of the ventricular
tachycardia, so mapping could not be performed.
EPICARDIAL MAPPING

After induction of sustained ventricular tachycardia, presystolic activation, pace mapping,
and concealed entrainment were used by
epicardial and endocardial recordings to identify the site of the origin of ventricular
tachycardia. During epicardial mapping presystolic activation was obtained in six patients
(ranging from 30 to 80 ms) and concealed
entrainment in two (fig 4).
ENDOCARDIAL MAPPING AND RADIOFREQUENCY
ABLATION

An 8 mm tip catheter was used for endocardial
mapping and ablation during induced sustained ventricular tachycardia. Localisation of
the site of the origin of ventricular tachycardia
was initially done using epicardial signals as

Figure 3 Top: Left anterior oblique coronary venous angiography in a patient showing the
coronary sinus (CS), small cardiac vein (SCV), and posterior interventricular vein (PIV).
Bottom: Microelectrode catheters positioned in the same veins (arrows) for simultaneous
recording during epicardial mapping.

Results
CORONARY VENOUS ANGIOGRAPHY

The coronary veins were studied according to
their number, calibre, and distribution in the
anterior and posterior wall of the left ventricle.
Angiographic anastomosis was a common
finding (table 1), connecting the anterior interventricular vein, the left marginal vein, the posterior interventricular vein, and the left posterior vein (fig 1). The veins of the posterior wall
of the left ventricle had a significantly greater
calibre in the mid and distal portions than
those of the anterior wall (table 2). Potentially
cannulated
veins
(mid-portion
calibre
> 1.3 mm) were also significantly more frequent in the posterior wall (median 3.1 veins)
than in the anterior wall (median 1.9 veins).
Coronary venous narrowings were not observed (fig 2).
CORONARY VEIN CATHETERISATION AND MAPPING

Twenty seven veins were catheterised by
microelectrode catheters for epicardial mapping during induced sustained ventricular

Table 3 Clinical and electrophysiological characteristics of
patients with sustained ventricular tachycardia during
epicardial mapping
Age
Patient (years) Aetiology Vessel

EpicPSA
(ms)

EpicCE

EndocRF
success

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

62
58
65
59
59
42
55
71
52
76
35
29
42
47
62
71

Chagas
Chagas
MI-Inf
CMP
ILVT
CMP
Chagas
MI-Ant
MI-Inf
RVOT
Chagas
CMP
Chagas
Chagas
Chagas
MI-Ant

–
30
40
30
–
–
80
–
40
–
–
–
–
–
–
–

–
–
–
–
–
–
+
–
+
–
–
–
–
–
–
–

+
+
–
–
+
–
+
–
+
+
–
–
+
–
–
–

17
18
19
20

52
45
71
46

Chagas
ILVT
MI-Inf
Chagas

–
–
–
80

–
–
–
–

+
–
–
+

PV
PV
PV
IAV/PIV
AIV
PV(2)
PV
AIV
PV(2)
AIV
PIV
AIV/PIV
PV
PV(2)
AIV
AIV/PIV/
SCV
PV
AIV
AIV
PV

AIV, anterior interventricular vein; Ant, anterior; CMP, cardiomyopathy; Endoc-RF success, successful endocardial radiofrequency ablation; Epic-CE, epicardial concealed entrainment;
Epic-PSA, epicardial presystolic activation; ILVT, idiopathic left
ventricular tachycardia; Inf, inferior; MI, myocardial infarction;
PIV, posterior interventricular vein; PV, left posterior ventricular vein; RVOT, right ventricular outflow tract tachycardia; SCV,
small cardiac vein; (2), cannulation of two left ventricular posterior veins.
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tachycardia. Epicardial mapping was performed with one microelectrode catheter in 14
patients (fig 3) and with multiple catheters in
six; epicardial mapping with simultaneous
recording using two veins was obtained in five
patients and with three veins in one patient.
Angiographic anastomosis were used for catheterisation of two veins with the same catheter
in four patients.
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landmarks in the six patients who had presystolic activity during epicardial mapping. In two of
these patients, concealed entrainment was also
obtained from the distal pair of electrodes of
the epicardial catheter; these landmarks were of
the utmost importance for positioning the
endocardial catheter for mapping and ablation
(fig 5). After simultaneous epicardial and
endocardial mapping, successful endocardial
radiofrequency ablation using impedance or
temperature monitoring was achieved in nine
of 14 mappable patients (table 3).
Discussion
Studies in patients with myocardial infarction
and ventricular tachycardia support the prime
importance of the endocardium in the initiation of this arrhythmia. However, animal and
human experiments have shown a variety of
reentrant circuit configurations, suggesting
that intramural and epicardial reentry may also
be critical in the genesis and maintenance of
ventricular tachycardia.
Radiofrequency catheter ablation of supraventricular tachycardia has success rates of
95–100%. These rates are greater than those
obtained in patients with sustained ventricular
tachycardia, especially when associated with
organic heart disease. A non-critical role of the
endocardium in such tachycardias, and macroreentrant circuits involving the intramural or
epicardial layers, can explain some of the
failures that have occurred when endocardial
techniques have exclusively been used for
mapping and ablation.
There are few reports of intravascular
epicardial approaches for the diagnosis and
treatment of cardiac arrhythmias. They have

used the coronary arteries for mapping right
cardiac pathways or performing chemical ablation of cardiac arrhythmias.11–13 Atherosclerosis, dissection, and spasm of coronary arteries
are important limitations of this technique.
The coronary venous system could be an
attractive option for intravascular epicardial
mapping of ventricular tachycardia. The use of
the balloon occlusion technique was very
important in our study. Clear visualisation of
coronary veins was achieved in all patients and
their anatomy was not aVected by underlying
heart disease. Coronary veins were significantly
more numerous and larger in the posterior wall
of the left ventricle; these data are very important when considering mapping or epicardial
interventions in this area. For purposes of
catheterisation and manoeuvrability, we analysed veins with a mid-portion calibre greater
than 1.3 mm (4.0 F) in this study. The
diameter of the microelectrode catheters available in our study varied from 1.8 F to 3.4 F.
Selective catheterisation with microelectrode
catheters was technically simple, causing no
discomfort and based on our preliminary
experience two catheters can be introduced
easily in the majority of patients. In two of our
patients (10%) who had previously undergone
unsuccessful endocardial mapping, the epicardial intravascular technique was important not
only for mapping but also for guiding radiofrequency endocardial catheter ablation. These
patients probably had macroreentrant circuits:
epicardial concealed entrainment and successful endocardial radiofrequency ablation were
obtained in the same patients, in the posterior
wall of the left ventricle.
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Figure 4 Coronary venous mapping during ventricular tachycardia. Five surface ECG leads and electrograms from the
right ventricle (RV), proximal posterior vein (PVp), distal posterior vein (PVd), and left ventricular endocardial ablation
catheter (EXP). (A) During sustained ventricular tachycardia, presystolic activation was recorded simultaneously from the
epicardial (PVp and PVd) and endocardial (EXP) electrode catheters. (B) Epicardial pacing from PVd electrode pair:
concealed entrainment of ventricular tachycardia with stimulus to QRS interval (70 ms) similar to presystolic activation
and return cycle (370 ms) equal to ventricular tachycardia cycle length.
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Figure 5 The same patient as in fig 4. Top: Right anterior oblique angiography showing
anastomosis of the left posterior veins (PV) and posterior interventricular vein (PIV) in the
posterior wall of the left ventricle. Bottom: Selective catheterisation of the left posterior vein
showing the distal (Pvd) and proximal (Pvp) pair of electrodes where concealed
entrainment was obtained. These intravascular epicardial electrodes guided an 8 mm
endocardial catheter (EXP) for a successful radiofrequency ablation.
MAPPING LIMITATIONS

The precise localisation of the critical components of a reentry circuit may be identified by
epicardial mapping when one or more veins are
adjacent to the site of the origin of ventricular
tachycardia. The venous system of the posterior wall of the left ventricle oVers a greater
chance of mapping success, but not all the
veins are suitable for selective cannulation.
Miniature catheters and new mapping
techniques14 may contribute to mapping large
epicardial areas.
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Catheter ablation of ventricular tachycardia
is technically challenging. Intravascular epicardial techniques performed through the coronary venous system are feasible and safe, but
further studies are required to determine the
value of this new technique in patients with
ventricular arrhythmias. It may be useful in
providing landmarks for endocardial catheter
mapping and ablation, especially when the site
of ventricular tachycardia is located in the posterior wall of left ventricle. Finally, epicardial
mapping may also identify intramural and subepicardial circuits where special new techniques, including epicardial ablation, should be
considered in the future.

