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Atrioventricular Conduction System

G. NEAL KAY, MD, ROSEMARY S. BUBIEN, RN, MSN, SHARON M. DAILEY, MD,
ANDREW E. EPSTEIN, MD, FACC, VANCE J. PLUMB, MD, FACC

Birmingham, Alabama

The clinical efficacy and complications asseciated with ablation of
the atripventricular (AV) conGuction system by the selective
infusion of ethanol into the AV node artery were prospectively
assessed in 12 ive patients with refractory atria
arrhythmias. Six of the patients had previously failed to have
permanent complete AV block created with direct current or
radiofrequency catheter ablation, The AV node artery was can-
nulated with a 0.816 in. (0.041 cm) guide wire in all 12 patieats, It
was also possible to advance a 2.7F infusion catheter into the AY
node artery in all patients,

Trapsient AV block was induced by selective injections into the
AV node artery of iced saline solutien (8 patients) and of radio-
graphic contrast agent (ioxaglate) (10 patients). The infusion of
2 m! of ethano! (96% ) induced immediate complete AV block in all
10 patients who demonstrated AV block with ioxaglate. The
escape thythm exhibited a narrow QRS complex preceded by »
His bundle deflection in nine paticnts and left bundle branch block
in one patient. The immediate mean rate of the escape rhythm was
453+ 13.4b In two patients who d reflux of

conirast agent into the distal right coronary avtery with selective
injections into the AV node artery, transient ST segment elevation
developed in the inferior electrocardiographic leads with the
infuslon of ethanol. There was no change in the [eft ventricular
ejection fraction from the baseline value (0,53 = 0.12) to that
measured after ablation (0.55 = 0.11) and no patient developed
wall molion abnormalities. All 10 patients developing complete
AV block after ethanol infusion were discharged without AV
conduction, After 8 mean follaw-up period of 134.8 days {range 48
t0 216), AV conduction returned in three patients (noted at 6 days
and 4 and 6 weeks, respectively, after the procedure) who were
discharged with complete heart block. Intracoronary ablation of
the AV conduction system by the selective infusion of ethanol into
the AV node artery can be performed with a low risk of serious
complications. However, reflux of ethanol into the distal right
coronary artery may occur. In addition, AV conduction may
return in approximately 30% of patients who initially develop
camplete AV block.

(J Am Coll Cardiol 1991;17:1634-40)

Catheter ablation of the atrioventricular (AV) conduction
system and rate-adaptive pacemaker implantation can con-
trol atrial tachyarrhythmias that are refractory 1o medical
management and improve the guality of life (1), Although
catheter ablation using direct current shocks or radiofre-
quency energy is usually effective for creating complete AV
block, approximately 35% of patients will have return of AV
conduction after use of these techniques (2-4). Clinical
experience with the selective intracoronary infusion of eth-
anol for the ablation of ventricular tachycardia foci has
suggested thal chemical ablation may provide effective long-
term control of cardiac arrhythmias (5,6). Wang et al. (7}
demonstrated that the AV node artery can be selectively

lated in dogs with induction of AV block by
embolization of a mixture of coilagen and ethanol. Friedman
et al. (8) showed that the AV node artery can be selectively
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catheterized in humans and that AV nede conduction can be
modified by the infusion of pharmacologic agents.

In addition to these preliminary studies, recent reports
(9.10) d d that y ablation of the AV
conduction sysiem by the selective infusion of ethanol into
the AV node arlery is feasible. However, the initial report of
Brugada et al. (9) also suggested that the procedure may be
complicated by damage to the right coronary artery if proper
safeguards are not taken. Because of the limitations of
alternative techniques for catheter ablation and the apparent
feasibility of intracoronary ablation, we investigated the
utility of selective infusion of ethanol into the AV node
artery in a consecutive series of patients with medically
refractory airial arrhythmias. In this report, the clinical and
intermediate-term follow-up results of this procedure are
described.

Methods

Patient selection. Between January | and July 1, 1990, ull
patients who were refer . * to the electrophysiology labora-
tory at the University « 1labama at Birmingham for cathe-
ter ablation of the AV conduction system were invited to
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Table 1. Clinical Characteristics of the 12 Study Patients
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Escape

Pt Age (yr) CK MB Rate Initia} Final U
No. Gender Diagnosis (IUMiter} (beats/min} Rhythm Rhythm (days) Clinical Result
1 61/F AVNRT 43 30 CHB CHB 26 Success
2 65iF AFl 64 48 CHB CHB 204 Success
3 HF AFl 49 48 CHB CHB 195 Success
4 68M AFib R 42 CHB CHB 9t Suceess
5 BT AFib - - - CHB 150 Failure. ethana! not infused
6 53M AFib 885 - NSR CHB 147 Failure. no response to ethanol
7 52M AFib 47 & CHB CHB 125 Success
8 60M AFl 0 20 CHB CHB 104 Success
9 59M Ectopi= A Tach 4 35 CHB Failure %0 Conduction return
10 6F AVNRT 47 45 CHB I’AVB 63 Conduction return. clinicai success
1 M AFI 1.207 32 CHB Failure 68 Conduction return
n 23F AVNRT 2% 48 CHB CHB 48 Success

*Patients without prol of i (AV) cond

with selective injection of contrast medium into the AV node artery. AFib = atrial

fibriltation; AFI = atrial flutter; A Tach = atrial tachycardia; AVNRT = AV node reentranl tachycardia: CK MB = crealine kinase MB fraction ({Uitery; CHB =
complete AV block: F/U = follow-up: M = male: NSR = normal sinus rhythm: 1°AVB = first degree AV blnck.

participate in an investigational protocol involving the intra-
coronary mfusnon of ethanol into the AV node artery. The
| was appi { by the Interval Re-
view Commmee for Investigation lavolving Human Sub-
Jjects. All patients apreeing 1o participate were given the
option of standard direct current or radiofrequency catheter
ablation and gave informed written consent. Potential can-
didates for the study included patients who had suffered
from recurrent, highly symptomatic supraventricular tachy-
arrhythmias that were refractory to medical therapy. The
exclusion criteria were fanlure to give informed consent.
ble angina, my ion within & months.
uncompensated congestive heart failure or known allergy to
radiographic contrast agents.

Study patients (Table 1). A total of 14 patienis were
screened for catheter ablation of the AV conduction system.
Two patients were excluded. one because of an allergy to
iodinated contrast agent and the other because of severely
impaired left ventricular function and uncompensated con-
gestive heart failure. The remaining (2 patients gave in-
formed consent and were prospectively evaluated. The
indication for interruption of AV conduclion was recurrent
medically refractory atrial fibrillation in four patients, atrial
flutter in four, AV node reentrant tachycardia in three and
ectopic atrial tachycardia in one patient. There were six men
and six women with a mean age of 57.9 + 13.3 years.
Catheter ablation of the AV conduction system by direct
current or radiofrequency energy had been attempted and
failed in 6 of the 12 patierts, including the first 4 patients
entered into the study. All patients were severely limited by
arrhythmias that were refractory to rigorous trials of anti-
archythmic medications.

Investigational protocol. A baseline radionuclide angio-
gram was obtained before the ablation procedure. In patients
with atrial arrhythmias that interfered with accurate assess-
ment of regional wall motion or left ventricular ejection

" il aoh 4

fraction, a baseline t am was
obtained. The intracoronary ablation protocol was per-
formed after an overnight fast and premedication with intra-
venous diphenhydramine. Antiarrhythmic medications were
continued as required for routing clinical purpeses. All
patients were given midazolam and miperidine intravenously
for scdation.

A 6F quadripolar catheter (Bard Electrophysiology) was
inserted into the right femoral vein and advanced to the right
ventricular apex for ventricular pacing. A second 6F quad-
ripnlar catheter was positioned across the tricuspid valve for
recording of the His bundle electrogram. Surface electrocar-
diographic (ECG) leads 1. I, {11 and V| and bipolar intra-
cardiac el grams filtered at a of 30 to 500 Hz
were recorded on photographic paper with use of a switched
beam oscilloscopic recorder (model VR-16. Electronics for
Medicine) and on FM tape with use of a Honeywelt 101
recorder.

An 8F arterial sheath was introduced percutaneously into
the right femoral anery and heparin (7.500 U) was adminis-
tered i ly. An 8F angiographic guiding catheter (Bax-
ter Healtheare Corp.) was then advanced to the ostium of the
right coronary artery. Right coronary arteriograms were
performed in multiple projections to visualize the AV node
artery. This artery was then cannulated using a 0.016 in.
{0.041 cm) diameter steerable puide wire that was loaded
within a polyethylene infusion catheter (Target Therapeu-
lics). The infusion catheter tapered to an external diameter
of 2.7F with a radiopaque marker located ui the tip. The
guide wire was advanced by means of the guiding catheter
into the right coronary artery and positioned in the AV node
artery under fluoroscopic guidance. The infusion catheter
was then advanced over the guide wire into the AV node
artery. After fluoroscopic confirmation that the infusion
catheter was positioned in the AV node artery. the response
of the AV conduction system to selective injections of iced
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saline solution and iodinated contrast agent (ioxaglale,
Mallinckrodt) into the AV node artery was assessed. The
arterial blood pressure. surface ECG and His bundle elec-
trogram were continuously monitored. Any reflux of radio-
graphic contrast medium from the AV node artery into the
distal right coronary artery was carefully searched for and
recorded. The infusion catheter was then cleared of conlrast
medium by an injection of saline solution. A total of 2 ml of
ethano! (dchydrated 96%, Abboit Laboratories}) was then
slowly infused through the infusion catheter into the AV
node artery over a period of approximately 2 min. The infusion
catheter was allowed to remain in this artery for =5 min after
ethanol infusion. After creation of complete AV block by the
infusion of ethanol, the right ventricle was paced at a rate of
approximately 70 beats/min. The surface ECG and His
bundle electrogram were recorded continuously for the next
30 min. with periodic assessment of the ventricular escape
thythm during inhibition of ventricular pacing.

A rate-adaptive permanent pacing system was implanted
immediately after ablation of the AV conduction system with
introduction of the transvenous pacing leads through the left
cephalic vein. The femoral artery and vein sheaths were then
removed and hemostasis was assured. The patient was
returned to a standard hospital room for telemeiric ECG
mionitoring. Serum creatine kinase isoenzymes were mea-
sured immediately after the procedure and every 6 h over the
nexl day A rest radlunuchde dngxogram (or twa-dimensional

am, depending on e baseline test) was ob-
tained 2 days after ablauon for follow-up assessment of
regional wall motion and global left ventricular ejection
fraction. Patients were generaily discharged on day 2 after
the procedure. All patients in whom complete AV block was
created were discharged from the hospital without antiar-
rhythmic medications.

Clinical follow-up. All patients were evaluated in the
cardiac ¢lectrophysiology clinic 4 to 6 weeks after hospital
discharge. The permanent pacemaker was inhibited during
the follow-up clinic evaluation and a 12 lead ECG was
obtained 10 assess the rate and configuration of the underly-
ing ventricular rhythm.

Results

Selective catheterization of the AV node artery, The AV
node artery, which originated from the right coronary aitery
in all 12 patients, was successfully cannulated with a guide
wire in all patients (Fig. 1A and B). The infusion catheter
could also be advanced into the AV node artery in each
patisat {Fig. 1C). Selective injections of iced saline solution
into the AV node artery produced prolongation of the AH
interval in 8 of the 12 patients. Transient AV Wenckebach
block was induced by injections of ioxaglate into the AV
node artery in 10 patients (Fig. 2); in the other two patients
(Patients 3 and 6), there was no change in the AH interval
with injections of either iced saline solution or ioxaglate.
Selective injection of radiographic contrast agent into the
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AV node artery produced myocardial staining in the inter-
atrial septum in all 12 patients (Fig. 1C). In two patients
(Patients 6 and (1), there was evidence of reflux of contrast
agent into the posterolateral segment of the distal right coro-
nary artery during selective injection of the AV node artery.
Selective infusion of ethanol. Ethanol was selectively in-
fused into the AV node artery in 11 of the 12 patients. In one
of the two patients who did not develop prolongation of the
AH interval with selective injection of contrast medium into
the AV node artery (Patient 5), ethanol was not infused and
standard direct current His bundle ablation was performed.
In the other patient who demonsirated no change in AV
conduction with selective injections of iced saline solution or
ioxaglate (Patient 6), there was no change in AV conduction
after ethanol infusion. This patient developed transient ST
segment elevation in ECG leads 11, 11l and aVF and was
subsequently treated with direct current ablation. In all 10
patients who developed transient AV block with selective
injections of contrast medium into the AV node artery,
complete AV block was immediately induced with the
infusion of 2 ml of ethanol (Fig. 3 and 4), Complete AV block
was maintained over the subsequent hospital course in all 10
of these patients, All patients developed a ventricular escape
rhythm i iately after induction of lete AV block at
rates that ranged from 20 to 70 beats/min (mean 45.3 + 13.4).
The QRS configuration of the escape rhythm was identical ta
the QRS configuration before ablation in 9 of the 10 patients.
ip one patient (Patient 12), the escape rhythm exhibited a
typical left bundle branch block configuration. A His bundle
deflection was recorded before ventricular activation in all
10 patients developing complete AV block. The duration of
the procedure ranged from 45 to 2d0 min (mean 135).
Complicati The i iated with intra-
coronary ethanol ablation of the AV node included transient
ST elevation in the inferior ECG leads in two patients
(Patients 6 and 11) (Fig. 5), No patient developed abnormal
Q waves or loss of R wave amplitude. Right coronary
arteriograms performed an average of {5 min afier injection
of ethanol revealed that the AV node artery was occluded in
all patients. One patient (Patient 11) had occlusion of a small
branch of the posterolateral segment distal to the AV node
artery after ethanol administration. A follow-up arteriogram
in this patient | month later revealed that the AV node artery
and posterolateral segment were patent with nermal flow.
The mean peak serum creatine kinase MB fraction for the
entire study group was 225 + 379 1U/liter after the proce-
dure. The two patients with evidence of reflux of contrast
medium into the distal right coronary artery had the highest
peak serum creating Kinase levels (885 and 1,207 [U/liter). In
contrast, the peak level for the nine patients without evi-
dence of contast medium reflux was 68 IU/liter. There was
no evidence of abnormal right or left ventricular wall mollon
on the foll p lide angiogram or ech
in any patient. The mean left ventricular ejection fracuon
was (.53 £ 0.12 before and 0.55 + 0.11 after the procedure.
All patients reported traasient chest discomfort immedi-
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ately after injection of ethanol into the AV node artery.
Chest discomfort was mild and generally lasted <60 s. In the
two patients with transient ST elevation in the inferior ECG
leads, the chest discomfort was described as moderate and
lasted up to 1 h. Thrombotic or hemorrhagic complications were
not ebserved and no patient required thrombolytic therapy.

Clinical follow-up. All 12 patients were discharged from
the hospital with complete AV block. 10 as a result of
ethanol ablation alone and 2 after direct current His bundle

Figure 1. A. The steerable guide wire and infusion catheter used to

lectivel the atri icular (AV) node artery are in the
right coronary artery. The black arrow identifies the distal portion of
the 0.016 in. (0.041 cm) diameter guide wire that is positioned in the
AV node artery under fluoroscopic guidance. The radiopaque
marker at the distal end of the polyethylene infusion catheter (white
arrow) is in the distal right coronary artery. Standard quadripolar
electrode catheters are at the right vemiricular apex and across the
tricuspid valve for recording of the His bundle elecirogram. B.
Injection of radiographic contrast medium into the right coronary
artery confirms that the guide wire (small arvow) is correctly
positioned in the AV node artery. The tip of the infusion catheter
(larger urrow) is in the distal right coronary artery. The infusion
czlheter is advanced over the guide wire into the AV node artery
and the guide wire is then withdrawn. C, Selective injection of
radiographic contrast medium into the AV node artery. The small
arrow identifies the tip of the infusion catheter in the AV node
artery. Staining of the interatrial septum by radiographic contrast
medium is produced by selective injections inte the AV node artery
(larger arrow}.

ablation. Over a mean folfow-up period of 134.8 days (range
48 to 216). complete heart block has been maintained in 9 of
the 12 patieats. including 7 of the 10 patients discharged with
complete AV block after ethanol administration. The ven-
tricular escape thythm was assessed at 6 weeks in all
patients. In each of the seven patients with persistent AV
block after intracoronary ablation, the ventricular escape
rhythm exhibited a narrow QRS complex at rates ranging
from 42 to S8 beats/min. In three patients, AV conduction
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was noted to return at intervals of 6 days and 4 and 6 weeks,
respectivelv. In a patient with AV node reentrant tachycar-
dia (Patient 10), AV conduction returned and was associated
with a PR interval of 0.36 o 0.40 5. This patient has had no
episodes of recurrent AV node reentrant tachycardia after
ethanol ablation and has had an excellent clinical result. In
Patients 9 and 11, rapid AV conduction during ectopic atrial
tacnyardia or atrial fibrillation was noted during follow-up
visits at 4 and 6 weeks, respectively, after ablation. Both
palicnts were symptomatic during tachycardia and were
subsequently treated with catheter ablation using direct
current energy.

Discussion
Cytotoxic effects of ethanol. Ethanol is a direct cytoloxin

H,
’\A\-___«f,,_..,‘ A—

JACC Vol. 17, No. 7
June 1991:1634-40

Figure 2. Paticnl 11. Response of the atrioventric-
ular {AV) conduction system to the selective infu-
sion of radiographic contrast medium {ioxaglate)
into the AV node artery. Surface electrocardio-
graphic leads 1, aVF and V, are recorded simul-
taneously with bipolar electrograms from the
proximal (HBE,)) and distal (HBE,) electrodes of
a His bundie catheter. The arterial (ART) pressuze
tracing is atso shown. The injection of contrast
medium into the AV node artery results in AV
Wenckebach block.

arterial ¢ have been produced (15). k )-
nary injection of ethanol induces myocardial necrosis, often
with intramural hemorrhage (16-18). When directly injected
into a large diagonal coronary artery in dogs, ethanol usually
produces transmural necraosis (16). In addition, intimal injury
and intraluminal thrombi may be produced. In experiments
using intracoronary injection of ethanol into a major epicar-
dial coronary artery in swine, transmural necrosis is fol-
fowed by thinning and aneurysm formation (17). Expenmen-
tal studics (16} have indi d that ethanol

>25% are required to induce myocardial necrosis. Because
of the potent cytotoxic effects of ethanol, the safe use of this
agent requires that it be delivered selectively to the site
intended to be ablated (9,18,19). The observation of a narrow
QRS escape rhythm with a p g His bundle d

suggests that the site of conduction block produced by

that has been used both experi lly and therapeutically

to destroy renal tumors (11-14). The induction of tumor
necrosis by selective intrarenal ethanol injection is a direct
effect that is not dependent on occlusion of the arterial blood
supply. Ventricular fibrillation has resulted from mlrarenal
injection of ethanol, probably because signifi y

of ethanol into the AV node artery is the AV node.
However, one patient developed a left bundle branch block
escape rhythm, suggesting that a more distal portion of the
conduction system may have been affected.

Overall procedural success. Although many centers have

gained iderable experience with both direct current

1
W A /\_\/
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Figure 3, Patient 3, Complete atrio-
ventricular (AV}) block after selve-

AVF A A

N

tive infusion of ethanol into the AV
node artery. Surface electrocardio-

graphic leads L, 11, aVF and V, are

i

recorded simultancously with bipo-
Iar electrograms from the proximal

j\f“’_-“
(HBE,) and distal (HBE,) elec-

trodes of a His bundle catheter and

ot from the right ventricular apex
= (RVA). Note that there is complete

AV block with a narrow QRS es-
cape rhythm. A His bundle deftec-

tion precedes each ventricular es-
cape complex with an HV interval
of 45 ms,
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Figure 4. Patient 2. Complete atrioventricular {AV) block
after selective infusion of ethanol into the AV node artery
The surface el di leads and i di
electrograms are the same as in Figure 3. Note that there is
complete AV block with a narrow QRS escape rhythm that
is preceded by a His bundle deflection. The HV interval
measures 40 ms.

shocks and radiofrequency energy for interruption of the AV
conduction system, these techniques may be ineffective ina
significant minority of patients (2-4). Because of these
limitations, ablation of AV conduction by embolization of
the AV node artery has been proposed (9). Wang et .l. {7)
demonstrated that the selective embolization of cross-linked
collagen fibrils in either saline solution or ethanol resuited in
an acute prolongation of the AV node refractory period and
Wenckebach cycle length in dogs. At short-term follow-up
evaluation (37 days), the AV node refractory period re-
mained prolonged in only one of six animals. Thus. it seems
likely that simple occlusion of the arterial blood supply to the
AV node is unlikely to produce permanent AV block.
Brugada et al. (9) demonstrated that the selective infusion of
ethanol into the AV node artery may be effective in inter-
rupting AV conduction in patients in whom standard ablative
procedures have failed. Despite these intitial reports. the.

0000000000 A
. _ ———— @ @@
AVFo e o~ N~

Figure 8, Patient 8. Complete atrioventricnlar
(AV) block after selective infusion of ethanol into
the AV node artery. The surface electrocardio-
graphic leads and intracardiac electrograms are the
same as in Figure 2. Note that the escape ventric- v
ular rhythm demonstrates a narrow QRS complex
with ST segment elevation in fead aVF, There was
evidence of reflux of contrast medium from the AV
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clinical utility of intracoronary ethanol ablation of the AV
node has not been clearly defined (19).

The present study was designed to test the safety and
efficacy of this lechaique in a consecutive series of patients
referred for ablation of AV conduction because of medically
refractory atrial arrhythmias. Six of the 12 patients. includ-
ing the first 4 patients entered into the study. were severely
symplomatic after previous unsuccessful standard catheter
ablation with direct current shocks or radiofrequency en-
ergy. Our results indicate that intracoronary ethanol ablation
provided effective control of refractory atrial arthythmias in
8 of the 12 patients who were intended to be treated with this
method. placing the overall effectiveness of the technique in
approximately the same range as that of direct current
shocks and radiofrequency energy. These results are also
similar to those abserved by Sneddon et al. (10) with
intracoronary ethanol ablation of the AV node in humans.

NI

node artery into the posterolateral segment of the  HBE Il

distal right coronary artery in this patient. A right > 1/ 14
coronary arteriogram after infusion of ethanol dem- !
onstrated occlusion of a terminal branch of the HBE, IR '
posterolateral segment as well as the AV node N | |

artery: on repeat coronary arteriography 1 month
fater, these occluded vessels were patent.

-—1 Sec—=

| [ ! !
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Intracoronary ablation was associated with the cc

of transient ST segment elevation in two patients, but was
generally well tolerated. At follow-up study, all patients who
maintained complete heart block after ethanol ablation ex-
hibited a stable ventricular escape rhythm at rates ranging
from 42 to 58 beats/min. Thus, nose of the patients were
paccmaker dependent,

Observations regarding intracoronary ablation. Several
important observations regarding intracoronary ethanol ab-
lation of AV conduction were made during the study. 1) A
guide wire cauld be advanced into the AV node artery with
minimal difficulty in all patients. This confirms an iaitial
report (8) in a smaller group of patients. 2) It was possible 10
advance an infusion catheter with a lip diameter of 2.7F into
the AV node artery in all patients. 3) The response of the AV
conduction system to injections of iodinated contrast agent
predicted the effect of ethanol infusion. The only patient who
failed to develop interruption of AV coinduction with etha-
nol infusion also failed to develop prolongation of the AH
interval with selective contrast agent injections. This obser-
vation sugpests that ethanol shouid not be administered if
there is no change in the AH interval with selective injec-
tions of radiographic contrast agent, even if the anatomic
location of the infusion catheter appears io be optimal.

4) During selective injections of contrast agent into the
AV node artery, evidence of reflux into the distal right
coronary artery predicted the development of transient ST
segment elevation and excessive serum creatine kinase
release with ethanol infusion. In the presence of reflux,
efforts should be made to wedge the catheter as distally as
possible in the AV node artery, If reflux persists, consider-
ation should be given to the use of an infusion catheter with
an inflatable balloon t occlude return flow into the distal
right coronary artery. Despite the transient inferior ST
segment elevation in two patients, pathologic Q waves did
not develop and there was no detectable change in left
ventricular function after the procedure. Although it has
been suggested that mixing contrast medium and ethanol
may help 1o recognize reflux (19), we have found that both
ionic and nonionic contrast agents precipitate in the pres-
ence of ethanol. Thus, care must be taken ta recognize reflux
by injections of contrast medium alone. 1t also seems clear
that very slow infusion of ethanol does not prevent reflux.
Because of these observations, further refinements in the
technigue of intracoronary ethanol ablation are likely to
depend on the development of very small infusion cathelers
that incorporate an occluding balloon. 5) Approximately
30% of patients discharged from the hospital with complete
AV block after intracoronary ablation will have return of AV
conduction. Whether the use of greater amounts of ethanol
or the use of an infusion catheter with an occluding balloon
will decrease this occurrence is uncertain.

Conclusions, Sclective infusion of ethannl mto the AV
node artery is an effective tech for i
AV block in the majority of patients with medlcally refrau:-
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tory atrial arrhythmias. The AV node artery can be cathe-
terized with a high degree of reliability and complete AV
block can be induced. Important limitations of the technique
involve the patential for reflux of ethanol into the distal right
coronary artery and the late return of AV conduction in
approximately 30% of patiez .- who inilially develop com-
plete AV block. 1t is possible that these limitations can be
overcome with improvements in the design of infusion
catheters, Although intracoronary ablation of the AV con-
duction system may be especially useful in patients who
cannot be adequately treated by direct current shock or
radiofrequency energy, the technique should continue to be
considered an investigational procedure.
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