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Effect of phentolamine on atrioventricular
conduction in man assessed by recording
His bundle potential
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The effect of phentolamine on atrioventricular conduction was studied in 6 patients using the
technique of recording the His bundle potential. Right atrial pacing was used in order to keep the
heart rate constant before and after administration of the drug.

Increasing the heart rate by right atrial pacing resulted in a progressive increase in the PH
interval, which represents atrial and atrioventricular conduction time, but had no effect on the
HV interval, which represents intraventricular conduction. Ten mg phentolamine intravenously
effectively shortened the PH interval and had no effect on the HV interval. In one patient this
effect was blocked by the previous administration of 5 mg propranolol intravenously, suggesting
that the mode of action of phentolamine may be through local release of catecholamines. Our
results show that phentolamine improves atrioventricular nodal conduction and has no effect on

intraventricular conduction.

Phentolamine, an alpha-receptor blocking
agent, has recently been used as an antiarrhy-
thmic agent. Oral administration of phen-
tolamine was effective in abolishing or greatly
diminishing the number of ventricular extra-
systoles in most of the patients studied by
Gould, Gomprecht, and Zahir (I97I). It was
also pointed out by the same authors that in
some of their patients phentolamine was suc-
cessful in abolishing ventricular extrasystoles
when other antiarrhythmic drugs like procain-
amide had failed. The mechanism of action
of phentolamine as an antiarrhythmic agent
remains unknown. It was the purpose of this
investigation to study the effects of phen-
tolamine on atrioventricular conduction by
recording the His bundle potential. Since
Scherlag et al. (I969) introduced the technique
of recording His bundle potentials in man it
became possible to determine the atrial,
atrioventricular nodal conduction time, de-
noted by the PH interval, and intraventricular
conduction time, denoted by the HV inter-
val, separately. The effect of phentolamine
was studied on the atrioventricular nodal
conduction time and intraventricular con-
duction time with the help of the technique
of recording His bundle potentials.
Received I6 March 1972.

Subjects and method
Six patients were studied who already had some
degree of conduction abnormality and they were
being studied to locate precisely the conduction
delay by recording the His bundle potential.
Phentolamine was given to study its effect on
atrioventricular conduction in these patients
after obtaining informed consent. Clinical de-
tails of each patient are given in Table i.

Patients were studied in the supine position
without premedication. A size 6 bipolar pacing
catheter was introduced by percutaneous punc-
ture of the right femoral vein by the Seldinger
technique and positioned under fluoroscopic
control beneath the septal leaflet of the tricuspid
valve to record the His bundle potential. The
proximal terminals of the catheter were attached
to the electrocardiogram amplifier, and the bi-
polar His electrogram was recorded at a fre-
quency setting of 40-500 Hz at a paper speed of
200 mm/sec on an Electronics for Medicine DR8
similtrace recorder. A simultaneous surface
electrocardiogram lead was also recorded in
addition to the His bundle potential. A Zucker
bipolar pacing catheter was placed at the junc-
tion of the superior vena cava and right atrium
for pacing purposes in order to keep the heart
rate constant. The His bundle potential, in addi-
tion to atrial and ventricular potential, was re-
corded at identical paced heart rates from ioo-
I6o/minute before and 5 minutes after the slow
injection of io mg phentolamine intravenously.
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TABLE I Clinical data of patients studied

Case Age Sex Medication Electrocardiogram findings Diagnosis
No.

I 58 F Diuretics Normal sinus rhythm; Rheumatic heart disease;
left atrial enlargement; mitral stenosis
first-degree AV block

2 50 F Prednisone First-degree AV block Sarcoidosis
3 50 M Normal sinus rhythm; Intermittent complete heart

bilateral bundle-branch block block; Adams-Stokes attacks
4 67 M Normal sinus rhythm; Intermittent complete heart

bilateral bundle-branch block block; Adams-Stokes attacks
5 I5 M Severe sinus bradycardia with Syncope

junctional premature beats
6 45 M Propranolol, Normal sinus rhythm; Hypertrophic obstructive

5 mg i.v. bilateral bundle-branch block cardiomyopathy

The PH interval, denoting atrial, atrioventricular
nodal conduction time, and the HV interval,
denoting intraventricular conduction time, were
determined before and after the administration
of phentolamine. The PH interval was measured
from the beginning of the pacing stimulus to the
beginning of the His potential, and the HV
interval was measured from the beginning of
His potential to the beginning of the QRS com-
plex on the simultaneously recorded surface
electrocardiogram lead. A recording of His bundle
potential with atrial and ventricular potentials
is shown in Fig. i.

Results
The measurements of PH and HV intervals
at all paced heart rates are shown in Table 2.
Phentolamine improved atrioventricular nodal

conduction as indicated by shortening of the
PH interval at all comparable heart rates in
all cases except Case 6, which is discussed in
detail below, and had no effect on intra-
ventricular conduction as indicated by ab-
sence of any change in the HV intervals
(Fig. 2 and 3).

Discussion
Large numbers of investigators (Damato and
Lau, I970; Narula et al., I970) have shown
the value of recording the His bundle poten-
tial in order to study various types of con-
duction disturbances and to study the effects
of various drugs on atrioventricular conduc-
tion. This technique has also been found

FIG. i Recording of His bundle electrogram (top) and simultaneous surface electrocardiogram
(bottom) at a paper speed of 200 mm/sec. PS=pacing stimulus; A = atrial potential;
H= His potential; V= ventricular potential.

I.I I:.,. .t i

flV
.,,@} | PH- 120 milliseconds

HV- 45 milliseconds

irfaeF C Gr Lead I

;I

;)Url1LA;.V.Jt Luau I

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.34.11.1102 on 1 N
ovem

ber 1972. D
ow

nloaded from
 

http://heart.bmj.com/


1104 Khan, Boughner, and Haider

TABLE 2 Measurement of atrioventricular conduction in 6 patients before and after
administration of IO mg phentolamine

Case No. Heart Control Phentolamine
rate

PH interval HV interval PH interval HV interval

I I00 250,340,480 70 i6o 70
(Mobitz I block)
220, 300,370
(Mobitz I block)
2I0
(2: i AV block)
320
(2:I AV block)

I00 i6o, I90
(Mobitz I block)

II0 i6o
(2: i AV block)

I20 i6o
(2:I AV block)

I30 i6o
(2:I AV block)

I50 i8o
(2: i AV block)

I00 i6o
110 I70
I20 I75
130 i8o
I50 i8o
100 I70
II0
I20 200
I30 I80, 230

(Mobitz I block)
I50 i8o

(2: i AV block)

I00 -
110 II0
I20 I20
I30 I35
I50 I55
100 220
II0 I90,230

(Mobitz I block)
I20 200

(2:I AV block)
I30
I50

70

70

70

55

55

55

55

55

90

90
90
90
90

70
70

80

200

210

200

240

I30

I6o

I60

i8o

120
120
I20
I20
I30

I20
I30
i6o
i6o

I50, 200, 220

240, 280
(Mobitz I block)

90

110

II5
I25
2I0
I70, 2I0, 240, 280

(Mobitz I block)
200

(2:I AV block)

45
45
45
45

60

6o

60

Note: When more than one number is mentioned under PH interval it indicates Mobitz Type I AV block with
progressive delay in the AV node before the blocked beat. If only one number is mentioned it implies i: i AV
conduction unless specified 2:I AV block. The block in all cases studied occurred above the His deflection.

FIG. 2 Effect of increasing heart rate on
atrioventricular conduction (Case 5).
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helpful in understanding the mode of produc-
tion and correct diagnosis of various rhythm
disturbances. The configuration and rela-
tions of the bundle of His potential have
been validated by direct placement of the
electrode on the His bundle during cardio-
tomy under experimental conditions and by
its response to various physiological and
pharmacological stimuli in relation to atrial
and ventricular potentials (Alanis, Gonzalez,
and Lopez, 1958; Hoffman et al., I960).
Leimdorfer (1952) showed that intravenous
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administration of phentolamine prevented
the arrhythmias induced by nicotine sulphate
and ephedrine in his experimental work on
dogs. He also showed that administration of
phentolamine converted methocholine-in-
duced atrial fibrillation to normal sinus
rhythm. Ettinger et al. (I969) rapidly digital-
ized io normal dogs with ouabain until
electrocardiographic abnormalities of rhythm
occurred. Phentolamine administered in a
dose of 03 mg/minute rapidly abolished
ventricular tachycardia in 4 out of 5 animals
and ventricular premature beats in another
3 animals. Phentolamine has also been shown
to possess positive inotropic properties. The
drug was shown to increase the left ventricular

a dp/dt (Gould, Zahir, and Ettinger, i969).
The administration of phentolamine at an
infusion rate of 0o3 mg/minute to patients in
congestive heart failure led to striking haemo-
dynamic improvement. The cardiac output,
cardiac rate, and stroke index increased while
the pulmonary artery pressure, systemic
resistance, and left ventricular end-diastolic
pressure fell.
Dairman et al. (I969) observed, after in-

jection of phentolamine (5 mg/kg) to rats,
that at the height of the alpha-receptor
blockade the conversion of a tracer dose of
tyrosine 14C to norepinephrine in the heart,
brain, and adrenal gland was increased three-
fold, with no alteration in specific activity of
tyrosine in blood and tissues. It was con-
cluded by Dairman from these observations
that receptor blockade by phentolamine led
to increased synthesis and release of nore-
pinephrine in these 3 organs. Thus increased
local synthesis and release of catecholamine
could explain the positive inotropic action of
phentolamine. The positive inotropic effect
of phentolamine has also been clearly shown
in acute left ventricular failure due to experi-
mental myocardial infarction in dogs (Hood
et al., I97I). They also showed that adminis-
tration of propranolol, a beta-receptor block-
ing agent which blocks the beta-receptor
mediated effect of catecholamine, will block

t the positive inotropic effect of phentolamine.
The release of catecholamine also explains

the improvement in conduction through
atrioventricular node, as shown by the
shortening of PH intervals in the present
study. Phentolamine had no significant effect
on intraventricular conduction, as indicated

A by absence of change in the HV interval. It
has been shown experimentally that sympa-
thetic stimulation or the administration of
epinephrine or norepinephrine will enhance
atrioventricular nodal conduction (Wallace
and Sarnoff, I964). In Case 6 it can be seen
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FIG. 3 Effect of phentolamine on atrio-
ventricular conduction (Case 3).

that the administration of phentolamine had
no effect on the PH interval since this patient
had already received 5 mg propranolol as
part of the study of the effect of propranolol
on the haemodynamics of hypertrophic
obstructive cardiomyopathy. This finding
also supports the idea that phentolamine may
enhance the conduction through the atrio-
ventricular node by local release of catechol-
amine, and the action ofreleased catecholamine
in Case 6 has been blocked by previous
administration of propranolol. Hence both
the inotropic and chronotropic effects of
phentolamine can be blocked by previous
administration of propranolol.
The progressive increase in HV interval

in Case 4 is not related to the administration
of phentolamine. It probably reflects pro-
gressive fatigue of the diseased conduction
tissue below the His bundle resulting from
the increased number of pacing stimuli de-
livered by the improved conduction through
the atrioventricular node after the administra-
tion of phentolamine. Another possibility is
the spontaneous variation in conduction
velocity in diseased distal conduction tissue
since this patient had intermittent complete
failure of conduction in distal conduction
tissue resulting in Adams-Stokes syndrome.
A grossly prolonged HV interval in the
control recording in Case 4 and Case 3 sup-
ports the fact of greatly impaired intraventri-
cular conduction. Both these patients had
evidence of bilateral bundle-branch block on
the surface electrocardiogram. It has been
shown that in some patients with bilateral
bundle-branch block when the atrial rate is
increased by atrial pacing a delay in conduc-
tion in the His Purkinje system occurs which
is manifested by further prolongation of HV

t

0 -0
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interval and the impulses may be completely
blocked distal to the His potential while in
others there may be no further prolongation
of the HV interval as seen in Case 3 (Narula
and Samet, I970; Schuilenburg and Durrer,
I970).

The mechanism of the antiarrhythmic
action of phentolamine is not fully under-
stood. The concomitant release of catechol-
amine with administration of phentolamine
may increase the low transmembrane poten-
tial of Purkinje fibres shown by Hoffman
(I967) and improve conduction in certain
areas of depressed conduction which may be
serving as pathways for re-entrant ventri-
cular premature beats. This change in conduc-
tion may be of small magnitude so as to be
unable to be reflected as a change in HV
interval, yet it may be critical to terminate
the re-entrant arrhythmias. The improve-
ment in left ventricular function may be
another important factor in antiarrhythmic
action of phentolamine.

We are indebted to Professor J. F. Goodwin and
to Dr. C. M. Oakley for their continual interest
and critical comments. Thanks also are expressed
to Mr. G. Rainbow for excellent technical assist-
ance. This study was supported by grants from
the Wellcome Trust and the R. S. McLaughlin
Foundation.
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