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KADISH, A.H., ET AL.: The Effect of Electrode Configuration on the Unipolar His-Bundle Electrogram.
Although "unipolar electrograms" recorded from the His-bundle position have been used to help posih'on
catheters/orHis-bundie ablation, the techniques used to record such e/ectrograms have not been standard-
ized. The effects of five anode locations fright chest waJJ, anterior chest wall, left chest wall, posterior chest
waJi, and inferior venu cava) on unipoiar atrial, His bundle and ventricular electrograms recorded from
the His-bundie position were examined in ten patients undergoing clinical electrophysiology studies.
Electrograms were recorded at filter settings of 50-500 as well as 0.05-1000 Hz. The location of the anode
had no consistent effect on the amplitude, duration or morphology of any of the eJectrograms at either /liter
setting, but signals recorded with the inferior vena cava anode had the highest signai-to-noise ratio. A filter
setting of 50-500 Hz decreased the amplitude of atrial (0.72 to 0.33 mV-P< 0.01), His bundle fO.38 vs 0.32
mV-P < 0.01) and ventricular eJectrograms (3.71 vs 2.01 mV-P < 0.001} compared to a filter setting of
0.05-1,000 Hz. The filter setting did not affect electrogram duration. We concluded that the use of an
electrode catheter in the inferior vena cava as the anode when recording "unipolar electrograms" from the
His-bundJe position yields a better signaJ-to-noise ratio than a skin patch on the chest and appears to be the
optima] method for recording unipolar electrograms. fPACE, Vol. 12, September 1989]
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Introduction

His-bundle electrograms were first recorded
in man in 1969.̂  In recent years, precise localiza-
tion of the His deflection has gained importance
with the advent of catheter ablation of the atrio-
ventricular (AV) junction.^^'' "Unipolar" record-
ings have been suggested at the optimal method
by which to localize the His bundle for ablation.^
Evans et al. have reported that the probability of
successful catheter ablation of the AV junction is
related to the amplitude of the His-bundle elec-
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trogram recorded at the shock site.^ However,
most recordings made in the clinical electrophysi-
ology laboratory are not truly unipolar in that an
anode is located somewhere in the extracardiac
space. The location of this electrode could poten-
tially affect the amplitude of electrograms re-
corded from the His-bundle position since in fact
a wide bipolar electrogram is being recorded.
Therefore, this study was undertaken to examine
the effects of the position of the anode on the
amplitude and duration of electrograms recorded
from the His position.

Methods

Patient Population

Ten patients undergoing a clinically indi-
cated electrophysiology study were the subjects
of this article. Thirteen patients were Initially
evaluated for the study, but three had marked
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Table 1.

Clinical Characteristics of Subjects

Age
50 ± 4 years

Sex
6 Male
4 Female

Heart Disease
Coronary artery disease
Cardiomyopathy
None

Referring Dx
ventricular tachycardia
syncope
palpitations
bradycardia

HV Interval 50 + 3 msec (>55 msec in 2 patients)

7
1
2

5
3
1
1

beat-to-beat variability in His amplitude using
unipolar or bipolar recording techniques and
were excluded. Eight patients had heart disease
and two did not. Characteristics of the study pop-
ulation are shown in Table I.

Study Protocol
Studies were performed in the fasting and

unsedated state. Two or three quadripolar cath-
eters were inserted through the femoral vein and
advanced to the heart as required for the clinical
study. Blood pressure was monitored through a 5
Fr sheath in the femoral artery as clinically indi-
cated.

One 6 Fr quadripolar catheter with a 1-cm
interelectrode distance {USCI, USCI, Billerica,
MA, USA) was placed in the His-bundle position
in the standard fashion. Electrograms were re-
corded before any attempt at tachycardia induc-
tion, to minimize the effects of catecholamine re-
lease. Bipolar electrograms were recorded in a
routine fashion at filter settings of 50-500 Hz from
poles 1 and 2, 2 and 3, and 3 and 4 of the catheter.
The largest bipolar His deflection was identified
and the proximal pole of this bipolar pair was
used for unipolar recordings.

Unipolar electrograms were recorded on a
Siemens Mingograf 7 [Siemens-Elema, Solona,
Sweden) at a paper speed of 100 mm/sec. In each
case the electrode catheter in the His-bundle po-
sition was used as the cathode. Recordings were

made at filter settings of both 0.05-1000 Hz and
50-500 Hz. Electrograms at filter settings of
50-500 Hz were recorded at a gain of 20-40
mm/mV while electrograms at filter settings of
0.05-1,000 Hz were recorded at gains of both
20-40 mm/mV and 10 mm/mV to allow mea-
surement of the higher amplitude ventricular
electrograms. Five locations were used for the
anode: four on the chest wall at the level of the
fifth intercostal space (right lateral, center, left
lateral, center back) and one in the inferior vena
cava at approximately the level of the renal veins.
The indifferent electrodes located on the chest
wall or leg were silver, silver/chloride electrodes
with an active area of 12 mm and a total size of 20
mm. The cable consisted of shielded copper wire.
The skin was abraded with guaze and electrode
gel was used at the electrode-skin interface. The
inferior vena cava electrode was the distal pole of
a 6 Fr USCI Quadripolar catheter. Parameters
measured at each filter setting for each anode lo-
cation included peak-to-peak electrogram ampli-
tude and electrogram duration. Measurements of
the atrial. His, and ventricular electrograms were
made manually. Electrogram durations were
measured to the nearest 5 msec at a fixed gain of
40 mm/mV. Atrial and His-bundle electrograms
were measured to the nearest 0.05 mV and ven-
tricular electrograms to the nearest 1 mV. Five
consecutive sinus beats were averaged and the
mean value used for data analysis.

Data Analysis

Data are expressed as Mean ± Standard Error.
The effect of patch location, filtering, and their
interaction was analyzed using a repeated mea-
sures analysis of variance. Multiple comparisons
were performed using Fisher's least significant
difference procedure. To examine variahility in
electrogram measurements within individual pa-
tients, a coefficient of variation was calculated for
the five measurements made in each patient. A P
value of < 0.05 was considered significant.

Results

The mean bipolar electrogram amplitude was
0.52 ± 0.04, 0.35 ± 0.04, and 2.86 + 0.18 mV for the
atrial, His, and ventricular electrograms, respec-
tively. The mean durations of these electrograms

1446 September 1989 PACE, Vol. 12



UNIPOLAR HIS-BUNDLE ELECTROGRAMS

FiH»r O5 -1 H I
Gain SmmmV

Filter .05-1HZ
Gain

FHIar 50-500Hz
Gain 20 mnVi

Filter 5O-5O0HZ
Gain 20mfn/my

B r
F»tw.05-1Hz
Gain Smfn/mV

I

r
filtw 0.5-1 Hz
Gain 5mm/mV

Flltw 50'5O0Hz
Gain 20mni/mV

Filter S0-500HZ
Gain 20mni/mV

Figure 1. Electrocardiogram and unipolar eiectrogram tracings recorded from the His-hundle
position. Panels A-D are recordings made with the anode located on the right chest (panel A).
anterior chesl fB], left chest (C) and posterior (D) chesl ivaJi at Ihe ieveJ of the fifth inlercostai space.
Panel E shows recordings ohtained with an electrode cathefer in the inferior vena cava serving as
the anode. Each panel is simiiariy organized with EKG leads V,, I, His-bundle eJectrogram with
^Iter settings of 0.05 Hz-1 kHz, His-bundie electrogram with jiiter settings of 50-500 Hz and EKG
lead 111 shown from top to bottom. There were no signi^cant di^erences in eJectrogram amplitude
or morphology between the various anode locations. The JVC electrode recording has the highest
signal to noise ratio as is evident in the recording made with a 20 mm/m V gain.
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Filter .05-1 Hz
Gain 5mni/mV

FtttBf 50-500 Hz
Gain 20 mm/mV

Figure 1. Continued

were 54.1 ± 1.6, 16.7 ± 0.4, and 95.1 ± 2.0 msec,
respectively.

Effect of Anode Location on Electrograms

Figure 1 shows examples of electrograms re-
corded with each of the two filter settings utiliz-
ing each of the five anode locations. There is a
small amount of beat-to-heat variahility in the
amplitudes of the various components of the
electrograms. However, there were no major dif-

ferences in electrogram amplitude, duration or
morphology hetween the various anode locations.

Tahle II summarizes data on electrogram am-
plitudes. Data from each filter setting and pooled
data from hoth settings are shown. There were no
significant differences in electrogram amplitude
hetween the various anode locations. In addition,
there was no interaction between the effect of
filter setting and anode location on electrogram
amplitudes. Although there was no systematic ef-
fect of anode location on electrogram amplitudes,
small differences were ohserved between differ-
ent locations in individual patients. The mean co-
efficient of variation was 15% for atriai ampli-
tude, 17% for His hundle electrogram amplitude,
and 16% for ventricular amplitude.

Table III summarizes data on electrogram du-
rations. Once again, anode location had no effect
on electrogram characteristics and there was no
interaction between filter settings and anode lo-
cation on electrogram duration. The use of an
electrode catheter in the inferior vena cava as the
anode was consistently associated with the lowest
noise level, as shown in Figure 1.

Effect of Filtering on Electrogram
Characteristics

The use of filter settings of 50-500 Hz de-
creased the amplitude of all electrogram compo-
nents. Mean atriai electrogram amplitude was
0.72 mV with 0.05-1,000 Hz filtering and 0.33 mV

Electrogram

Atrial

His

Ventricular

1448

Filtering

50-500 Hz
0.05-1000 Hz
Total
50-500 Hz
0.05-1000 Hz
Total
50-500 Hz
0.05-1000 Hz
Total

Table II.

Electrogram Amplitudes

Right
Chest

0.32 ± 0.07
0.70 ±0.14
0.51 ± 0.09
0.33 ± 0.14
0.41 ± 0.14
0.37 ± 0.10
2.21 ± 0.46
3.74 ± 0.68
2.98 ± 0.43

Anterior
Chest

0.29 ± 0.05
0.73 ± 0.18
0.51 ±0.10
0.29 ± 0.05
0.38 ±0.14
0.35 ± 0.09
1.88 ±0.33
3.63 ± 0.69
2.76 ± 0.42

September 1989

(mV)

Anode Location

Left
Chest

0.28 ± 0.04
0.69 ±0.14
0.48 + 0.09
0.32 ± 0.12
0.38 ± 0.12
0,35 ± 0.08
2.04 ± 0.34
3.68 ± 0.62
2.86 ± 0.39

Posterior
Chest

0.37 ± 0.09
0.81 ± 0.20
0.59 ± 0.12
0.32 ±0.12
0.38 ± 0.12
0.35 ± 0.08
1.88 ±0.36
3.60 ± 0.59
2.74 ± 0.39

Inferior
Vena Cava

0.38 ±0.10
0.67 ±0.14
0.52 ± 0.09
0.31 ±0.12
0.35 ± 0.13
0.33 ± 0.09
2.01 ± 0.37
3.87 ± 0.59
2.99 ± 0.41

PACE, Vol. 12



UNIPOLAR HIS-BUNDLE ELECTROGRAMS

Electrogram

Atriai

His

Ventricular

Filtering

50-500 Hz
0.05-1000 Hz
Total
50-500 Hz
0.05-1000 Hz
Total
50-500 Hz
0.05-1000 Hz
Total

Table III.

Electrogram Duration

Right
Chest

45 ± 6
54 ± 5
52 ±4
16 ± 2
18± 2
16 ± 1
98 ± 7
94 ± 5
96 ± 4

Anterior
Chest

50 ±6
52 ±6
53 ±4
18± 1
19± 2
18 ± 1
94 ±7
90 ±6
92 ± 5

(msec)

Anode Location

Left
Chest

48 ± 6
56 ± 6
54 ± 4
17 ± 1
17 ± 1
16± 1
96 ± 8
95 ± 7
95 ± 5

Posterior
Chest

48 ± 6
56 ± 6
53 ± 4
15± 1
17± 1
16± 1
98 ± 7
96 ± 6
96 ± 4

Inferior
Vena Cava

54 ± 5
59 ± 4
56 ± 3
16± 1
18± 1
16± 1
99 ± 7
94 ±6
96 ±5

with 50-500 Hz filtering (P < 0.01). Mean His am-
plitude was 0.38 mV with 0.05-1,000 Hz filtering
and 0.32 mV with 50-500 Hz filtering (P < 0.01).
Mean ventricular amplitude was also lower with
50-500 Hz filtering (2.01 vs 3.71 mV; P < 0.001).
No significant differences in electrogram dnra-
tions were found between filter settings. Data on
electrogram characteristics at the two filter set-
tings for each of the patch locations are shown in
Tahles II and III. There was no interaction he-
tween the type of filtering used and the effect of
the indifferent electrode on electrogram charac-
teristics.

Discussion

The major finding of this study is that the
location of the anode does not effect the ampli-
tude of the His-bundle electrogram. Since the use
of an electrode catheter in the inferior vena cava
as the anode produces results similar to skin elec-
trodes on the chest, but with a larger signal to
ratio, it appears to be the optimal way to record
unipolar electrograms.

Techniques of Unipolar Recordings

"Unipolar electrograms" have heen used ex-
tensively in studying cardiac activation. Spach et
al demonstrated that the peak negative dV/dT of
the unipolar electrogram corresponds to activa-
tion times derived from transmembrane poten-

tials.^ Unipolar electrograms have often been re-
corded using a distant reference electrode as the
anode.^'^ Levine et al. have demonstrated that
during the delivery of large energy shocks to ab-
late ventricular myocardium, current can be di-
rected from an anode to a distant cathode.^ Thus
the location of a distant cathode could potentially
modulate current fields near a recording catheter
and affect the characteristics of a "unipolar" re-
cording. However, the effects of the location of the
anode on unipolar electrograms previously have
not heen systematically evaluated. Several anode
positions for recording the unipolar anode His-
Bundle electrogram were examined in this study.
The location of the anode had no effect on unipo-
lar electrograms recorded from the atrium, His
bundle or the ventricle. The small surface area of
the recording electrode and the anode as well as
the relatively large distance hetween them may
he in part responsible for this lack of effect.

A method that allows the recording of true
unipolar electrograms is the use of a Wilson Cen-
tral Terminal as the anodal pole, and this method
should not be subject to positional variabilities.^°
This technique has been incorporated into several
computerized intraoperative mapping systems
but has not been widely used in the clinical elec-
trophysiology laboratory because it requires cus-
tom designed equipment. However, since no ef-
fect of anode location was found in this study, it
appears that using an anode located at some dis-
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tance away in the extracardiac space adequately
approximates a true unipolar recording.

Effects of Filtering

Analog filters attenuate incoming signals but
have the advantage of rejecting unwanted elec-
trical activity or noise. Josephson and Soides'^
showed that filtering the His-bundle electrogram
at 40-500 Hz produced a more clearly defined
electrogram. but also reduced electrogram ampli-
tude'^ (Figs. 2-3 in their text). As expected, we
found that filtering at 50-500 Hz reduced the am-
plitude of the atriai, His, and ventricular deflec-
tions compared to filtering at 0.05-1000 Hz. How-
ever, at neither filter setting was there a relation-
ship between anode position and electrogram
amplitude or morphology.

Noise

Filtering at 50-500 Hz reduced noise levels in
electrogram recordings (Fig. 1). The use of a skin
patch as the anode was associated with a higher
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