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Electrical catheter ablation of the AV conduction system is a
safe and effective procedure for patients with intractable atrial
tachyarrhythmias, including patients with previously implanted
pacemakers. Seven such patients were treated with this procedure,
and there were no complications. All seven patients’ tachycardia
was relieved, and six had sustained, chronic, complete AV block
at follow-up (mean 7.4 months). Production of chronic, complete
AY block appears to require two shocks at initial ablation and a
unipolar His-bundle electrogram =0.4 mV. Electrical ablation of
the AV conduction system seems to have permanently converted
one patient’s chronic atrial fibrillation to sinus rhythm., This
procedure caused no adverse sequelae in previously implanted
pacemakers or leads. In one patient, the procedure temporarily
elevated pacing thresholds in the ventricle and the atruium.

Index terms: Heart block * Tachycardia
Cleve Clin Q 53:151-157, Summer 1986

Most patients with chronic, recurrent supraventricular
tachycardias can be successfully treated with various med-
ications that prevent arrhythmia or control ventricular
response. Occasionally, antitachycardia devices are also
indicated. For the rare patient who does not respond to or
tolerate medical management, interrupting the AV node-
His conduction system is often considered an alternative
therapy. Until recently, this could only be accomplished
surgically.'® Closed-chest electrlcal catheter ablation was
first performed in dogs,*® and since then has been per-
formed in a number of carefully selected patients’'* with
good success and rare complications.
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The procedure has not been carried out uni-
formly: some investigators have used specialized
catheters,® various amplitudes of electrical dis-
charge, or different catheter positions.>!! Data
regarding long-term follow-up and properties of
the escape rhythm are still being compiled.’
Until now there have been no reports on ablation
in patients with previously implanted pace-
makers.

In this report we describe our experience with
this relatively new procedure and provide our
follow-up of these patients, some of whom had
prior pacemaker implants.

Methods .

The seven patients in this report were referred
for catheter ablation of the AV node-His con-
duction system because of intractable atrial fi-
brillation-flutter with rapid ventricular response
or other atrial tachyarrhythmias. Pertinent back-
ground data on these patients are given in Table
1. All patients had persistent symptoms or could
not tolerate multiple medications, including
many type I agents, beta blockers, and high doses
of digoxin. Amiodarone was used in four pa-
tients. At the time of the procedure, five of the
seven patients had previously implanted pace-
makers, indicated for by tachycardia-bradycardia
syndrome or symptomatic, drug-induced brady-
cardia. One of them had an antitachycardia de-
vice that could scan as well as deliver two pro-
grammed extra stimuli.'® All patients had electro-
physiologic evaluation before the procedure, as
summarized in Table 1.
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Fig. 1. Recordings from patient 2 just before ablation. The

three ECG recordings are at the top. These are followed by the
three unipolar electrograms (EGM) from each electrode of the
tripolar His-bundle catheter. The shock was delivered through the
distal electrode, which displays the highest-amplitude signal (0.5
mV).

a = atrial EGM; k1 = His-bundle EGM; v = ventricular EGM.

Table 1. Patient background data

Pt. no. Age/Sex Cardiac disease* Rhythmt Drug trials} Electrophysiologic study§

1 56 F PMD AF, LBBB D, Q, PA, HV =70, AF, AAVNC
V, A

2 53 F none PSVT, normal ECG D, Q, PA, HV =60, AVNRT
DL V,P

3 57T M PMD AF, normal ECG D,V,PA A HV =50, AF, AAVNC

4 60 F PMD AF, LBBB D,LLV,Q, HV =100, AT, AF
PA,DL A

5 37TM Friedrich’s ataxia, PMD AT D,M HV =60, AT

6 50 F RHD AF DA HV =64, AF

7 70 F mitral valve prolapse AF D,Q,P HV =55, AF

* PMD = primary myocardial disease; RHD = rheumatic heart disease.

T AF = atrial fibrillation-flutter; LBBB = left bundle-branch block; PSVT = paroxysmal supraventricular tachycardia; AT = atrial tachycardia

(ectopic or intraatrial reentry).

I D = digoxin; Q = quinidine; PA = procainamide; DI = disopyramide; V = verapamil; A = amiodarone; P = propranolol; M = metoprolol.
§ HV =interval from His deflection to earliest recorded ventricular electrogram in milliseconds; AAVNC = accelerated AV nodal conduction;

AVNRT = AV nodal reentry tachycardia.
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Fig. 2. The apparatus for the ablation procedure. The tripolar His-bundle ablation catheter and unipolar anodal
catheter are on the left. The switching device in the center allows the pole on the His-bundle catheter to be switched
from the recording device on the right to the defibrillator patch above. The anode of the defibrillator is connected to
the large back patch (upper left), which is positioned just adjacent to the left scapula.

Before the ablation procedure, a quadripolar
catheter was placed in the right ventricular apex
for recording and temporary pacing. A standard
no. 6 or 7 French tripolar catheter (USCI, Biller-
ica, MA) was placed in the His-bundle region,
where bipolar and unipolar recordings were ob-
tained. A skin electrode served as the indifferent
electrode for the recordings in the first ablation
patient, and a catheter electrode was used in the
inferior vena cava just below the right atrium in
the others. All catheters were placed from the
femoral vein. The His-bundle catheter was posi-
tioned to obtain the highest-amplitude bipolar
and then unipolar His-bundle electrogram as well
as a high-amplitude atrial electrogram from the
distal pole. A representative recording from pa-
tient 2 is shown in Fig. 1.

When the catheters were positioned appropri-
ately, the patient received either methohexital
sodium (Brevital) or general anesthesia (patient
5). A switching device allowed the distal pole of
the tripolar catheter to be connected to the cath-
ode of the cardioversion unit (Physio-Control
Life Pack-6, Redmond, WA). The anode was
attached to a patch electrode (R-2 Corp., Skokie,
IL) on the patient’s back, just adjacent to the left
scapula (Fig. 2). Then, one or two shocks of 200
to 360 J were administered (Table 2).

All patients were observed initially in the lab-
oratory for postablation arrhythmias and return
of AV conduction as well as for hemodynamic
instability. It was difficult to record His-bundle

~ electrograms after ablation. The response of ven-

tricular rate to atropine (2 to 3 mg IV) was
assessed. Following the procedure, all patients
were monitored by telemetry for several days
before their discharge. Patients 3 and 7, who did
not have pacemakers implanted previously, had
one implanted within 48 hours of the His-bundle
ablation.

All patients were seen as outpatients several
weeks after the procedure and then several
months later (Table 3). Only three patients had
Holter-monitor recordings performed. Patients
1, 2, 3, and 4 had a routine stress test. All
patients’ intrinsic rhythms were assessed by re-
programming their pacemakers to below the es-
cape rate and/or by exercise stress testing. Before
patients were discharged and at followup, the
pacing and sensing thresholds of their pace-
makers were assessed thoroughly.

Results
After ablation

Patients 1 and 5 had one shock on two separate
occasions because AV conduction or tachycardia
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Table 2. Ablation procedure data
Unipolar
His-bundle Unipolar (No. shocks)/ Postablation
EGM* atrial EGM* Preablation strength rhythm [acute] Postablation
Pt. no. (mV) (mV) QRSTt (joules) (beats/min)i QRS
1. 0.16 0.18 LBBB (1) 300 (CHB,) 60 LBBB
At 4 mos — — LBBB (2) 360 (CHB) 42 LBBB
2 0.5 0.38 normal (2) 300 (CHB) 55 IVCD
3 0.4 0.5 normal (2) 300 (CHB/SR) 30 normal
4 0.6 0.8 LBBB (2) 200 (CHB) 60 atrial LBBB
asystole
5 0.55 1.0 normal (1) 200 (CHB) 33 RBBB
At 5 days 0.30 0.70 RBBB (2) 300 (CHB) 33 RBBB
6 0.5 — normal (2) 200 (CHB) 45 IVCD
7 — — IVCD (2) 300 (CHB) 40 IVCD
At 2 wks — ) — (2) 360, 300 IVCD
At 5 wks — — (2) 300 IVCD

* EGM = electrogram.

+ LBBB = left bundle-branch block; RBBB = right bundle_—branch block; IVCD = nonspecific intraventricular conduction

delay.
I CHB = complete AV block; SR = sinus rhythm.

recurred after the first shock. Patient 7 also re-
quired multiple shocks on separate occasions. All
others received two successive shocks during one
procedure with the same catheter in the same
position. All patients had complete AV block
immediately after the first shock. The escape rate
varied from 30 to 60 beats per minute (mean
46.1 beats per minute). Three patients had new
intraventricular conduction delays; two of them
had a nonspecific conduction delay and the other
had complete right bundle-branch block. Two
patients had preexisting left bundle-branch
block, which did not change. All patients except
1, 5 (second attempt), and 7 had unipolar His-
bundle electrograms =0.4 mV (average 0.51
mV). No patient had complications. After abla-
tion patient 4’s slow atrial flutter converted to
atrial asystole and a wide, complex escape
rhythm. Her atrium could not be paced with up
to 12-mA and 2-msec pulse-width impulses. Two
days later, her atrial arrhythmia returned with
paced ventricular rhythm, but it was temporarily
converted by esophageal pacing in an attempt to
restore a sinus rhythm. Patient 3 had a 13-year
history of persistent atrial fibrillation. Following
ablation, his fibrillation converted to sinus
rhythm with complete AV block. Immediately
after ablation, no patient had significant abnor-
malities involving the implanted pacemakers.
Only patient 4’s permanent pacemaker was tran-
siently unable to capture the ventricle, so the
temporary pacing catheter was used for one to
two minutes during this time.

At follow-up

All patients were followed for two to 15
months (mean 7.4 months) (Table 3). All except
patient 5 had complete AV block at follow-up.
Their QRS complexes were unchanged from the
immediate postablation rhythm, and their intrin-
sic heart rates ranged from 36 to 50 (mean 43.6

- beats per minute). None of the patients had clin-

ical recurrence of tachycardia, and the three
patients who had Holter monitors had no tachy-
cardia recorded. At follow-up, five patients were
taking no specific antiarrhythmic medications,
and patient 1’s medications were discontinued.
Her medications were the same ones that were
unsuccessful in controlling atrial fibrillation be-
fore ablation. Patient 5 is still taking 100 mg
amiodarone every other day as well as digoxin.
All patients felt significantly better, and none had
had palpitations or tachycardia. In patients who
had stress tests, heart rate with exercise did not
increase significantly, suggesting a low junctional
escape rhythm. Most patients’ heart rates rose
from between 3 to 40 beats per minute higher
than their resting rates (mean 18 beats per min-
ute increase from rest); however, in the two pa-
tients with sinus rhythm, atrial rates increased
normally with exercise.

At follow-up, all patients’ pacemakers were
functioning normally, with evidence of normal
lead integrity, and all had routine evaluation of
pacing and sensing thresholds as well as fluoros-
copy of leads. Patient 1’s pacemaker had an
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Table 3. Patient data at follow-up

Follow-up at Resting rhythm QRS Exercise rhythm Pacemaker

Pt. no. (mos.) (beats/min)* pattern (beats/min)* Medications} type

1 6 (CHB) 42 LBBB (CHB) 45 A, D VVI

(discontinued)

2 8 (CHB/SR) 50 IVCD (CHB) 58 none DVI

3 15 (CHB/SR) 40 normal (CHB) 80 none DDD

4 9 (CHB/AF) 36 LBBB (CHB) 55 none VVI

5 9 — 1° AV block, RBBB — A, D DVl

6 3 (CHB/AF) 50 IVCD — none VVI

7 2 (CHB/AF) 45 IVCD paced none VVIi

* CHB = complete AV block; SR = sinus rhythm; JVCD = nonspecific intraventricular conduction delay; AF = atrial fibrillation/flutter.
1 LBBB = left bundle-branch block; IVCD = nonspecific intraventricular conduction delay; RBBB = right bundle-branch block.

1 A = amiodarone; D = digoxin.
§ Medtronic #8400 Activitrax.

oversensing problem seven months after abla-
tion, so the pacemaker was explanted and an-
other implanted at another hospital. She had no
symptoms of pacemaker dysfunction following
His ablation. The types of pacemakers each pa-
tient had are shown in Table 3. Patient 7 had an
activity-tracking pacemaker (Medtronic #8400
Activitrax), a VVI unit that increases its rate
depending on the patient’s activity, which is
sensed by a piezoelectric crystal in the pacemaker
that detects chest-wall vibration.

Discussion

In our series of patients, successfully producing
complete AV block was related to the number of
shocks and the amplitude of the unipolar, His-
bundle electrogram, which depends on the cath-
eter position. Of three patients who had only
temporary complete AV block, two (patients 1
and 5) had one shock initially. Patient 1 also had
a low-amplitude His-bundle electrogram at the
initial attempt. The second attempt in patient 5
was done at a time when the unipolar His-bundle
electrogram was also of low amplitude. Patient 7
had very low-amplitude electrograms from the
first attempt. Two shocks of 200 to 360 J each
produced chronic, complete AV block in all other
patients. In patients receiving two shocks, the
His-bundle electrogram is poorly recorded fol-
lowing the first shock. Other authors also sug-
gest that one shock may not be adequate,”®'"
and even recommend two shocks at higher ener-
gies than we have used.® In dogs, single shocks
produced chronic, complete AV block in only
50% of the animals.>®

The ratio of atrial to His-bundle electrograms
in our study is lower than that suggested for
optimal AV conduction damage and production

of bundle-branch block.%” Also, our His-bundle
electrograms were usually of higher amplitude
than those in these reports. These discrepancies
may be due to our technique of using the anode
in the inferior vena cava electrode to record
unipolar electrograms. In addition, five of our
patients were in atrial fibrillation and had low-
amplitude fibrillation or flutter waves. Good-
quality unipolar electrograms could only be ob-
tained in five of our patients.

Patient 3 demonstrates an interesting phenom-
enon: his chronic atrial fibrillation resolved fol-
lowing successful ablation of the AV conduction
system. His electrocardiogram (Fig. 3) at follow-
up during a stress test shows that during exercise
he had sinus tachycardia and remained in com-
plete AV block. Since the His ablation, when the
shock converted his tachycardia to sinus rhythm,
he has retained a sinus mechanism and complete
AV block. This patient now has a normally func-
tioning sinus rhythm and a rate-responsive DDD
pacemaker. Like him, many other patients with
chronic atrial arrhythmias may in fact convert to
sinus rhythm permanently after ablation. Why
this patient’s atrial fibrillation disappeared is un-
clear, but one explanation is that a part of the
atrium involved in the reentry was destroyed.
Another possibility is that, with a slower ventric-
ular response, the ventricle can contract more
efficiently, thus allowing atrial size to decrease.

Transient atrial standstill and the inability to
pace the atrium after ablation is an important
feature in patient 4. As was mentioned, this pa-
tient also had transient elevation of threshold in

the ventricle. It has been shown that intracavitary

shocks may raise thresholds, or make it impossible
to pace, because of either local or distant ef-
fects.'®'” It is not known whether a shock applied

Downloaded from www.ccjm.org on July 16, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

156 Cleveland Clinic Quarterly

Vol. 53, No. 2

Tt
"

NENE BEEE

r=cag

SEEEE

T

T T
T T
1 T

JeENERREEEEE

i

:Iié HH

sanmE

2o f T os Raidiasaciacis

Sgns sngen sanas o

e
fEiiss IR Eeast sasts )

3§ BFgE man: T tH 1
e hiEEE I ”‘1“

Fig. 3. Patient 3’s ECG during follow-up stress test with his pacemaker programmed to below the intrinsic escape
rate. Complete AV block is demonstrated with two simultaneously recorded leads, V1 and V5. The atrial rate (denoted
as p) is approximately 150 beats per minute. The ventricular response is approximately 80 beats per minute.

at the His-bundle area could cause ventricular
asystole and inability to pace the ventricle. Con-
ceivably, this could happen if the catheter is too
distal and in the ventricle. This again underlines
the importance of having backup capability for
temporary pacing with higher energy if needed,
regardless of the presence of a permanent pace-
maker.

It remains unknown whether complete AV
block must be induced by catheter ablation to
adequately control arrhythmia. One patient who
did not sustain chronic, complete AV block (pa-
tient 5) has had no recurrence of rapid AV con-
duction while he has been taking minimal doses
of amiodarone and digoxin. Other authors have
suggested that only modifying the AV conduc-
tion system, without causing complete AV block,
effectively controls atrial fibrillation and even
eliminates AV nodal reentry tachycardia.”'*'*'®

All seven patients have had significant clinical
improvement and relief of tachycardia. Often,
patients do not require medications and have

significant improvement in function. Their pre-
viously implanted pacemakers exhibited no mal-
function on follow-up, as determined by testing
the sensing and pacing thresholds of the pro-
grammable pulse generators. Escape rhythms ap-
pear to be stable, and no exacerbation of any
arrhythmia has been documented. Immediately
after ablation, however, one patient’s pacemaker
had transient elevation of thresholds, with loss of
capture. Consequently, after His-bundle abla-
tion, pacemaker function should be followed very
carefully for any changes in pulse generator func-
tion or lead integrity.

Ablation of the AV conduction system is an
effective, safe technique for controlling or elim-
inating various supraventricular arrhythmias.
Production of complete AV block appears to
depend on the number of shocks delivered and
the position of the catheter, as reflected by intra-
cardiac electrograms. Infranodal escape rhythms
appear consistent and may show intraventricular
conduction defects. At present, permanent pace-
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makers are indicated for all patients with com-
plete heart block. Previously implanted pace-
makers continue to function normally after the
procedure. Modifying the AV conduction system
without causing complete AV block may effec-
tively control or eliminate arrhythmias and may
obviate permanent pacemakers. Future refine-
ments in this technique may allow predictable
alteration of AV conduction without causing
complete AV block.

James D. Maloney, M.D.

The Cleveland Clinic Foundation
9500 Euclid Avenue

Cleveland, Ohio 44106
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